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Abstract

The Epstein–Barr virus (EBV) infection is an endemic disease, over 90% of the population being exposed to it by adulthood. EBV is implicated
in the etiology of a significant number of neoplasms, which acquire particular features in terms of course and prognosis. Incidence rates
are much higher in children. To establish the link between EBV and neoplasms, EBER (Epstein–Barr virus non-encoded RNAs) needs to
be highlighted in tumor tissue. The role of EBV in patient response to oncological treatment remains controversial.
Keywords: EBER, cancer, children, chemotherapy.

 Introduction
The incidence of pediatric cancer is continuously growing and contributes, from an epidemiological standpoint,
to the high incidence of the disease worldwide. In 2012,
GLOBOCAN estimated to 14.1 millions the number of
annual new cases, to 8.2 millions the number of annual
cancer-related deaths and to 32.6 millions the number of
cancer patients for whom less than five years have passed
since diagnosis/treatment [1].
The growing incidence of pediatric cancer depends on
the age of onset of the disease, some studies estimating the
growth rate to be much lower. However, an extremely
important difference between pediatric and adult cancer
is made by prognosis. An Italian study assessing data
from 31 cancer registries for 2003–2008 revealed that
the mortality rate in that timeframe was three times lower
than in the 1970’s [2].
The multifactorial etiology of cancer poses significant
problems in terms of screening, early diagnosis or effective
treatment. The continuous phenotypic change of cancer
cells in their effort to adapt to the aggression of their
host’s immune system or of the oncological treatments
administered represents an extremely important cause of
treatment failure.
The Epstein–Barr virus (EBV) is representative for a
virus group that is extremely widespread in the general
population, over 90% of the individuals developing antibodies before reaching adulthood. The initial infection
is asymptomatic in most of the cases, which allows for a
lifelong persistent latent infection to settle in the host’s
body. Expression of a true arsenal of proteins with
extremely diverse roles, it ensures cell proliferation and
the survival of the virus. In the latency period, expressed
proteins ensure the proliferation of cells responsible for
preserving the viral reservoir, keeping it “invisible” to
the immune system and infecting new cells or hosts [3].
ISSN (print) 1220–0522

The factors associated with EBV reactivation or dramatic
clinical presentations, which may culminate in patient
death, remain unknown. EBV has the versatile capacity
of infecting a wide variety of cell types: T-cells, B-cells,
natural killer (NK), epithelial cells and muscle cells [4].
EBV is considered by World Health Organization
(WHO) to be a class I carcinogenic agent and it is associated in terms of etiologic factors with nasopharyngeal
cancer, Hodgkin lymphoma, non-Hodgkin lymphoma –
Burkitt lymphoma. The tumor spectrum in which its
involvement is identifiable is constantly changing, the
latest sites referring to stomach and breast cancer [5, 6].
It is one of the largest viruses with double-stranded linear
DNA genomes, encoding over 100 genes, most of whom
are dormant during the latency period. During the latent
infection stage, some of them encode important proteins
such as EBV nuclear antigen (EBNA) 1, 2, 3A, 3B, 3C
and EBNA-leader protein (EBNA-LP), latent membrane
proteins (LMP) 1, 2A, 2B [7]. The EBV genome also
contains two small EBER (Epstein–Barr virus non-encoded
RNAs), EBER-1 and EBER-2 [7]. EBER is the sole gene
expressed in all types or latency stages [8].
EBV may be considered the causative agent of a
malignancy provided that the presence of viral genes or
gene products in the tumor tissue is demonstrable. Given
its constant presence, EBER is an ideal candidate in proving the viral etiology of EBV for some malignancies.
Demonstrating the viral etiology of a malignancy may
have a practical relevance through the potential screening
of the oncological treatment administered: the viremia
level or other proteins expressed by the viral infection
may become therapeutic targets. The presence of EBER
in tumor tissue is determined through in situ hybridization,
the gold standard in place. Among all EBV genes, EBER is
the most intensely expressed in EBV-induced tumors [9].
The pro-tumor role of EBER has not been fully clarified
ISSN (on-line) 2066–8279
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yet. It appears that, in gastric cancer, EBV stimulates the
insulin-like growth factor (IGF-1), an autocrine factor,
which accelerates tumor growth [10]. On the other hand,
the presence of EBV though LMP-1 increases cancer
cell resistance to Fluorouracil (5FU)- and Taxotere-based
chemotherapy [10]. Another mechanism consists in stimulating IL-10 secretion, thus favoring cell multiplication
[11]. It appears that EBER inhibits apoptosis by blocking
the protein kinase phosphorylation and it confers resistance to the pro-apoptotic effects of IFN-γ [11, 12].
Moreover, the detachment of EBV-infected cells in the
EBER interstitial environment stimulates the production of
type 1 IFN and of proinflammatory cytokines, responsible
for the presence of B-type clinical symptoms in lymphoproliferative disorders [11].
 Working hypothesis. Goals
In patients with EBV-induced neoplasms, the natural
history and the prognosis of the disease are different. The
immunosuppression induced by the tumor itself or by the
treatment administered may be accountable for the viral
reactivation of EBV. This can be objectivized by determining the anti-viral capsid antigen immunoglobulin G
titers (anti-VCA IgG) and viral DNA in the blood. The
pre-therapeutic anti-VCA IgG titer may be considered an
independent tumor prognostic factor, as in the case of
nasopharyngeal carcinoma [13]. The sensitivity and specificity values of EBV DNA appear to be higher than those
of anti-VCA Ig in cancer diagnosis [14].
EBV DNA serum is a marker of viral replication
correlated with viral load. Published studies also revealed
that the EBV DNA level in cancer patients and their
response to treatment are directly proportional [15]. Still,
EBV DNA cannot replace EBER in identifying the viral
etiology of a neoplasm [16].
The goals of this study were to assess possible correlations between the anti-VCA IgG titer (serological marker
for EBV infection intensity) and the presence of EBER
in tumor tissue and also to evaluate the prognostic role of
EBER in the response treatment of pediatric neoplasms.
 Materials and Methods
A retrospective study including 20 children monitored
either by the “Prof. Dr. Ion Chiricuţă” Oncological Institute
of Cluj-Napoca or by the Pediatric Emergency Hospital of
Cluj-Napoca (Romania) was conducted. Inclusion criteria:
age <18 years, histopathologically confirmed malignancy,
chemotherapeutic treatment, available paraffin block,
positive serous status with known anti-VCA IgG serum
level. Exclusion criteria: absence of histopathological
confirmation of the tumor type, biological or clinical
status not allowing for the administration of oncological
treatment, non-compliant patient, incomplete clinical or
paraclinical data and chemotherapy in a medical center
other than those indicated above. The study group included
12 boys and eight girls.
Paraffin blocks were retrieved from the archives of
the “Prof. Dr. Ion Chiricuţă” Oncological Institute or of
the Pediatric Emergency Hospital (Cluj-Napoca). Glass
slides were prepared from these blocks. They were first reread to confirm initial diagnostic and they subsequently

followed the preparation stages imposed by immunohistochemistry (IHC).
Clinical and paraclinical data from the patients’ records
were also assessed – following classic prognostic factors
in connection with the EBER status: treatment response,
tumor dimension, “bulky” stage, changes in hematological
and biochemical parameters during chemotherapy.
Detection of EBV by in situ hybridization
Section selection

Four to 6 μm sections were cut from the paraffin
blocks and stained with Hematoxylin and Eosin (HE),
in compliance with standard protocol. The glass slides
of interest were selected among the examined sections
(criteria: maximal density of cancer cells or of malignant
lymphoid cells).
Section preparation for hybridization

New 5 μm sections were cut from the paraffin blocks
from which the sections examined previously had been
obtained. The sections were spread on glass slides in
compliance with the usual procedure. The deparaffination
of the sections was performed by successively immersing
them in three Xylene baths of three minutes each, followed
by two minute-baths in 99% and 95% ethylic alcohol
respectively. The glass slides were subsequently immersed
in double-distilled water for one minute.
Pre-treatment and protease digestion

Proteinase K was applied on the sections – 100 mL of
15 μg/mL solution (500 μg of lyophilized Proteinase K
to which 1 mL of 50 mM Tris/HCl buffer with a pH 7.6
was added). The glass slides were incubated for 30 minutes
at a temperature of 370C. After digestion, the glass slides
were immersed in a double-distilled water bath for three
minutes.
Section dehydration

Section dehydration was achieved by three minuteimmersions in two ethylic alcohol baths (95% and 99%,
respectively).
Hybridization

An oligonucleotide probe was used for the detection
of Epstein–Barr viral RNA, conjugated with Fluorescein
(Novocastra Fluorescein-conjugated probes for in situ
hybridization Epstein–Barr Virus Probe ISH Kit), out of
which 20 μL of probe were added per section. The process
lasted for 20 minutes and unfolded at a temperature of
370C. Digestion was blocked by incubating the glass slides
for 10 minutes with 100 μL of blocking solution.
Detection

The anti-FITC/AP antibody (Anti-Fluorescein Isothiocynanate/Alkaline Phosphatase) was added to the sections,
for binding purposes, for 30 minutes. The glass slides
were placed in a Tris-buffered saline (TBS) solution for
three minutes and in Alkaline Phosphatase substrate buffer
for five minutes. In order to prove Alkaline Phosphatase
activity, the glass slides were incubated in the dark,
overnight, at room temperature, with the mixture obtained
from 5-Bromo-4-chloro-3-indolyl phosphate and Nitro blue
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tetrazolium, in Dimethylformamide, to which Levamisole
was added in compliance with the proportions indicated
by the producer. The following day, the glass slides were
washed for five minutes, counterstained with Mayer’s
Hematoxylin and mounted (aqueous mounting medium).
Statistical analysis
Chi-square or Fisher Exact Test was used to evaluate
correlations between quantitative variables, following
standard application criteria for each test. Normality of
continuous data was tested using the Shapiro–Wilk test.
Based on normality testing results, between-group differences in continuous data were assessed using either the
Student t-test or the Mann–Whitney U-test. Receiver
operating characteristic (ROC) analysis, including curve
construction, area under curve (AUC) with a 95% confidence interval (95% CI) and cut-off determination was
performed. Sensitivity and specificity were also determined
for the identified cut-off value. A significance threshold
of p≤0.05 was selected for all tests. SPSS 13.0 (Chicago,
IL, USA) and MedCalc 8.3.1.1 software applications were
used for data analysis.
 Results
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included 35 patients, the regression curve revealed an
anti-VCA IgG cut-off value of 213.44 IU/mL, predictive
of whether or not complete remission will be achieved
in children with EBV-induced neoplasm at the end of
treatment with classic chemotherapy agents.
Comparing the EBER status against the EBV infection
intensity – highlighted using the anti-VCA IgG titer level –
results in the following contingency table (Table 2).
Table 2 – EBER status contingent on the anti-VCA
IgG titer
EBER status

IgG <213.44 IU/mL

IgG >213.44 IU/mL

EBER-negative

5

5

EBER-positive

4

6

The statistical analysis did not reveal any significant
correlation between the anti-VCA IgG titer and the EBER
status (p=0.653).
Treatment response
In the study group, complete remission was achieved
for 70% of the EBER-negative patients and for 60% of
the EBER-positive patients (Table 3), the difference being
statistically insignificant (p=0.639).
Table 3 – Treatment response versus EBER status

The mean age of the patients enrolled in the study
group was of 12.4 years, the youngest subject being two
years and the oldest being 17 years.
The types of neoplasms developed by these patients
were: Hodgkin lymphoma – eight patients, non-Hodgkin
lymphoma – eight patients, nasopharyngeal carcinomas –
four patients.
Several aspects related to the neoplastic tumor the
patients had developed were assessed in correlation with
the EBER status.
Histological type
The classification according to tumor type and EBER
status, as well as the microscopic details of the neoplasms
studied are presented in Table 1 and Figures 1–6.
Table 1 – EBER status versus histological type
Histological type

EBER-positive

Hodgkin lymphoma

4

EBER-negative
4

Non-Hodgkin lymphoma
Nasopharyngeal
carcinoma

3

5

3

1

EBV infection intensity
In a previous cohort study (previous published), which

EBER status

CR

< CR

EBER-negative

7

3

EBER-positive

6

4

CR: Complete remission.

Initial tumor dimension
The initial dimension of the tumor does not appear
to have influenced the EBER-positive status in any way,
the differences obtained being statistically insignificant
(p=0.497).
Variations in hematological and biochemical
parameters during treatment, contingent on the EBER
status

We assessed the connection between the EBER status
(positive or negative) and the initial values, as well as their
variations (nadir) during chemotherapy, so as to verify
whether or not the presence of EBV induces additional
toxicity. Blood count was used to assess the level of
leukocytes, neutrophils, lymphocytes, monocytes, thrombocytes and hemoglobin level. The following parameters
were taken into account from biochemical analyses:
aspartate aminotransferase (ASAT), alanine aminotransferase (ALAT) and lactate dehydrogenase (LDH) (Table 4).

Table 4 – ASAT values contingent on the EBER status: statistical significance
ASAT
Mann–Whitney
21.000
U-test
Wilcoxon
66.000
test

C2

C3

C4

C5

C6

ALAT

C2

C3

C4

C5

C6

9.500

11.500

10.000

14.500

9.000

34.500

32.000

28.500

15.000

10.000

6.500

64.500

66.500

55.000

50.500

30.000

79.500

87.000

83.500

60.000

46.000

12.500

Z-test

-1.724

-2.495

-2.540

-1.667

-.811

-.640

-.530

-.293

-1.348

-1.000

-1.466

-.300

Asymptotic

.085

.013

.011

.096

.418

.522

.596

.769

.178

.317

.143

.764

Exact Sig.
*
[2 (1-tailed
Sig.)]

.094

.010

.009

.112

.435

.610

.605

.813

.182

.364

.171

.786
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Out of the elements taken into account in the study,
the EBER-positive status only had a statistically significant impact on the ASAT level, during the second and
third chemotherapy cycles. A tendency towards statistical
significance was noted for the forth cycle, also suggesting
that EBER presence significantly increases cholestasis
in the context of chemotherapy.
Disease-free survival rate versus EBER status
Disease-free survival (lack of relapse) does not seem
to be influenced by the EBER status, the differences being
statistically insignificant (Tables 5 and 6; Figure 7).

Table 5 – Disease free survival rate versus EBER status

EBER-negative

No. of
patients
10

EBER-positive

10

2

8

80

Total

20

2

18

90

Group

Occurrence
0

Censored
N
10

100

%

Table 6 – Disease free survival versus EBER status:
statistical significance
Log-rank (Mantel–Cox)

Chi-square

df

Sig.

2.110

1

.146

Figure 1 – Lateral cervical lymph node metastasis of
nasopharyngeal carcinoma. HE staining, ×400.

Figure 2 – EBER positive for the case presented on
previous figure: nasopharyngeal carcinoma. IHC for
EBER, ×200.

Figure 3 – Nodular sclerosis Hodgkin lymphoma. HE
staining, ×400.

Figure 4 – Nodular sclerosis Hodgkin lymphoma, EBERpositive. IHC for EBER, ×1000.

Figure 5 – Burkitt lymphoma. HE staining, ×100.

Figure 6 – EBER positive Burkitt lymphoma. IHC for
EBER, ×100.

The prognostic role of EBER in pediatric cancer

Figure 7 – Ten-year disease-free survival (DFS10) rates
contingent on the EBER status.

 Discussion
Fifty percent of the children with Hodgkin lymphoma
in the study group where EBER-positive, the rate being
of 37.5% in those with non-Hodgkin lymphoma and of
75% in those diagnosed with nasopharyngeal carcinoma.
In specialized literature, data on EBV positivity in children
with neoplasms significantly vary. On the one hand, this
discrepancy reflects the geographical differences recorded
in connection with the incidence of the EBV infection. A
Chinese study reveals an incidence rate of 73.5% whereas
an Iraqi study reports an EBER-positive rate of less than
5% in children with lymphoma [17, 18]. It appears that
EBV is most frequently associated with the mixed cellularity subtype (71%) and with nodular sclerosis (54.2%)
[19].
The number of new cancer cases that can be attributed
to EBV infection varies according to the regional socioeconomic level, with a high number of cases in areas with
limited development [20]. Khan & Hashim estimated
that the global death burden, for the period of 1990–
2010 attributed to EBV-related neoplasm worldwide was
of 142 979, which is translated into 1.8% of all cancer
deaths. More concerning is that for the mentioned period
the authors reported an increasing trend in the number
of cases [21].
The EBV infection is strongly linked to the development of nasopharyngeal carcinoma. In virtually all cases,
EBV DNA can be identified in geographic areas with high
and intermediate-incidence and in approximately 80% of
cases in low-incidence areas (limited available data) [20].
The virus infects epithelial cells from the oropharynx and
the associated B-cells, in the mucosa, by using the CD21
complement receptor [22].
Evidence regarding the implication of EBV in carcinogenesis of nasopharyngeal carcinoma is brought by the
identification of a clonal EBV genome in the tumor cells
[23, 24]. These facts argue in favor of the presence of
the infection prior to the development of the neoplastic
process [22]. However, the exact role of the EBV infection
in the development of nasopharyngeal carcinoma is still

1273

debated. In most cases, the virus establishes a non-lithic
or minimally lithic relationship with the host cell, favored
by a low level of viral gene expression [21]. In the case
of nasopharyngeal carcinoma, the virus assumes a type II
latency behavior [characterized by expression of EBVencoded RNAs (EBERs), BamHI-A rightward transcripts
(BARTs), Qp promoter-induced EBV nuclear antigen-1
(EBNA-1) and a variable expression of LMP-1, LMP2A
and LMP2B] [21, 23]. In undifferentiated nasopharyngeal
carcinomas, the most common early chromosomal abnormalities involve losses of genetic material in 3p and 9p.
This is translated into inactivation of RASSF1A, p16,
p14ARF, CDKN2A [23, 25]. Evidence suggests that
p16 hypermethylation significantly increases the risk of
development of nasopharyngeal carcinomas [26, 27]. The
silencing of p16 and RASSF1A creates a favorable context
for the progression of the EBV infection, which in turn
will promote tumor progression [23].
In the case of Hodgkin’s lymphoma, EBV shows a
similar latency state [23]. The detection of EBV gene
products in tumor cells is highly variable and dependent of
several factors (age, area and histological subtype) [20].
Although the data is limited, it estimated that the overall
prevalence of EBV infection in HL is around 40% [20].
The tumor cells of classic Hodgkin’s lymphoma
[Hodgkin and Reed–Sternberg (HRS) cells] are considered
transformed B-cell with a germinal center or post germinal
center origin [23, 27]. The infection does not adversely
affect the integrity and viability of the cell, but favors
viral replication. LMP-1 mimics the presence of the CD40
receptor in its active state, which leads to the stimulation
of cell proliferation [22]. LMP-2 shows a homologous
function to the B-cell receptor and LMP-2 signaling plays
a key role in the immortalization HRS cells [28]. EBV
uses the cellular signaling pathways (NF-kB, JAK/STAT
and phosphatidylinositol 3-kinase/AKT) through LMP-1,
which adds a survival and proliferation advantage to
HRS cells [22, 29]. Evidence suggests that EBV impede
cytotoxic T-cell response [30].
The mean age of the patients enrolled in the study was
of 12 years. Literature suggests an early onset of the EBV
infection in developing countries, where population density
is higher [31].
Patient age is a determining factor in EBV-positive
classic Hodgkin lymphoma (cHL) prognosis. Studies have
shown that EBV+cHL have a worse prognosis especially
in the elderly [32–36]. For young adults (16 to 34 years
of age), some studies have shown a survival advantage in
EBV+ cases [37]. For EBV-associated Burkitt’s lymphoma,
it seems that age does not influence the presentation type
abdominal versus extra abdominal [38]. Overall survival
is statistical influenced by age only in univariate analysis
[39]. In contrast, in other studies, the presence of EBV
itself represents a negative prognostic factor for overall
and progression free survival of diffuse large cell lymphoma [40]. Moreover, the presence of EBV in strong
enough as prognostic factor for both groups of patients:
young and aged. Non-Hodgkin’s lymphoma represents
only 6–10% of pediatric neoplasia [40]. In pediatric
population the EBV-associated lymphoma has a significantly higher incidence among patients <10 years and
immunosuppressed [41]. EBV could be implicated in
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approximately 30% of sporadic Burkitt’s lymphoma
compared to 25–40% in immunocompromised hosts [42].
In Indian population like other developing countries,
Epstein–Barr virus (EBV) association of malignant hemopathies confirmed by Epstein–Barr virus encoded RNA
(EBER) RISH or EBV-LMP-1 IHC revealed an EBV
association of 93% [43]. In Western countries, the EBV
etiology of Hodgkin’s disease is met more lately and with
a lower frequency – 20–40% [16].
There was no statistically significant correlation between
the EBV infection intensity and the EBER status for the
group under study, although there are studies that establish
a connection between EBV positivity and high antibody
levels [44].
Nowadays is little known regarding the correlation,
if any, between EBV-negative DNA load and EBER
status. In a retrospective study of 140 patients [45], EBV
DNA load was significantly higher in EBER positive than
in negative lymphomas. Despite this fact, a significant
DNA load (more than median number of copies) was
present also in EBER-negative patients (>70% of patients).
DNA intense load in EBER-negative patients altered the
overall and progression free survival, underlying that DNA
load is not a surrogate for EBER status, on the contrary,
it could represent an independent prognostic factor [45].
In Hodgkin’s lymphoma patients, the serum level of EBV
DNA seems to be correlated with response to chemotherapy [15]. Even in immunocompromised hosts, Epstein–
Barr DNA is not detected in malignant cells of all
lymphoma subtypes. In AIDS-related lymphoma, EBV
viral load had a significant decrease after chemotherapy
treatment [46], but this viral load remains significantly
higher in EBER-positive patients than in EBER-negative.
EBV viral load could be predictive for oncological response;
meanwhile, EBER expression was associated to advanced
stages of disease and worse immune status. EBV DNA in
plasma has a high specificity (90%) but low sensitivity
(65%) in order to certify the EBV association in HL [16].
EBV viral load correlate with high infiltration of the
tumor with macrophage and low serum level of EBNA1
and lymphocytes, which may suggest a reduction of
immunosurveillance needed for expansion of Reed–
Sternberg cells.
The standard method applied to identify EBER is
in situ hybridization (ISH). Automated analysis is more
effective, with a sensitivity of 94%, a specificity of 94%
and a global accuracy of 83% [47]. The positivity rate for
Hodgkin lymphomas varies significantly, ranging from
20 to 70% [48]. The comparison between immunohistochemistry (IHC) for LMP-1, PCR for EBER-1 and PCR
for BamHI W fragment revealed the superiority of the
PCR-based method [48].
In cytoplasm, EBER is sometimes represented by over
one million copies/cell, while LMP-1 is found in cytosol
and on the surface of the cytoplasmic membrane [24]. Their
expression on the Reed–Sternberg (RS) cells abides by the
“all or nothing” rule. If equivocal results are obtained,
the material is likely to have been degraded during the
preparation stage [49]. The major advantage of EBER
technique is represented by a particularity of these
particles, which consist in being amplified and present

at high levels in all latency forms of EBV infection. By
this, they are ideal targets for ISH, which is widely
considered the gold standard for the detection of EBV
latent infection, more sensitive than the immunohistochemical evaluation of LMP-1 expression [42].
Plasma EBV-DNA could serve as a surrogate for
EBER-ISH and need further studies to explore its
prognostic utility in HL. In a published study, Cancer
Cooperative Intergroup Trial E2496, a cut-off value of
60 copies/100 μL plasma yielded 96% concordance with
positivity of EBER on ISH [50].
No correlation was established between EBER status
and response to chemotherapy in our study. The prognostic
role of the EBV infection remains controversial despite
the description of distinct entities of EBV-positive
lymphoproliferations. A possible explanation lies in the
role played by EBV in maintaining the RS cells in the
cycle, which renders them highly sensitive to chemotherapy and radiotherapy, thus increasing the chances of
achieving complete remission [51]. Other studies reports
that EBER-positive status of lymphoma is correlated with
poor survival [45]. The positivity of EBER is associated
with male gender, poor performance status and lower
response to the first line of chemotherapy [40]. EBER
positive status is linked to more advanced stage, more
than one extranodal involvement, higher International
Prognostic Index (IPI) risk group, presence of B-symptom
[52].
Classical Hodgkin’s lymphoma (cHL) is characterized
by a small number of neoplastic cells in a background of
reactive cells. In a population of 100 children with HL,
a morphological analysis revealed that children <10 years
and EBV-positive cases have an intense T-cell infiltrate,
exhibiting a cytotoxic/Th1 profile, characterized by higher
numbers of CD3+, CD8+, TIA1+ and TBET+ lymphocytes [53]. That could be explained by physiological
changes of the immunity depending on time of developing
of the disease and by interactions with EBV.
The survival rate of the patients included in the study
was not influenced by the EBER status. Other studies on
pediatric patients confirm these results [54]. However,
EBER seems to be correlated with the tumor proliferative
index [54]. EBV appears to be absent in lymphomas of low
malignancy [55]. In nasopharyngeal carcinomas, where
EBV has a very strong causative role, the survival rate of
EBV-positive patients being statically higher than the
survival rate of EBV-negative patients. By contrast, in
aggressive non-Hodgkin’s lymphomas, the presence of
EBV may be a negative prognostic factor, especially in
elderly patients [56].
The presence of EBV in hematological hemopathies
could represent a factor, which aggravates the clinical
behavior of a tumor. This influence can affect recipients
with normal or altered immunity. EBV favors a window in
immunological surveillance, which permits proliferation
of EBV-transformed B-cells. Existing published report
present infaust prognostic for patients with coinfection
of EBV after hematopoietic stem cell transplantation by
the developing of post-transplant lymphoproliferative
disorder [57]. Chemotherapy used in such cases include
a target therapy consisted in Rituximab an anti-CD20
antibody. Despite aggressive treatment, the clinical evo-
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lution could be aggressive with little or no response to
chemotherapy regimen. The tumor suffers genetic and
clonal changes induced by chemotherapy action, for
example, CD20-positive could disappear and be replaced
by CD19-negative CD20-negative EBER-positive, more
aggressive and less responsive to treatment. In a larger
analysis of bone marrow transplants recipients, negative
prognostic factors linked with high rate of mortality were
(amongst others): involvement of extralymphoid tissue,
acute graft-versus-host disease (GVHD), and a lack of
reduction of immunosuppression upon post-transplant
lymphoproliferative disease (PTLD) diagnosis [58]. In
immunocompetent patients, the appearance of an EBVpositive lymphoma (especially NK or T) is characterized
by an aggressive evolution. In the vast majority of them,
they will present B-symptoms (80%), an advanced Ann
Arbor stage (III, IV) (87%) and an International Prognostic
Index high or high/intermediate (87%) [59]. The association of EBV (quantified by positivity of EBER) with NK
and peripheral T-cell lymphomas not otherwise specified
(PTCL NOS) was underlined by a morphopathological
analysis [60]. The mismatch EBV between donor and
recipient it is thought to be a risk factor [61].
In order to minimize the risk of PTLD it is necessary to
closely monitor the cytomegalovirus (CMV) reactivation.
In multivariate analysis, the reactivation of CMV is strongly
related with EBV reactivation [62]. A single administration of Rituximab in patients with EBV DNA more than
10 000 copies/100 μL seems to do the viral clearance
and to prevent the risk of progression into EBV-related
PTLD [62].
Closely monitoring the viral load of EBV could identify
the patients at risk for lymphoproliferative disorders [63].
Nearly 75% of those with less than 1000 copies/100 μL
will not have any EBV-associated lymphoproliferative
disease. Monitoring the viral load of EBV could help
physicians for an early intervention in EBV-associated
lymphoproliferative disease and also for follow-up of
the efficacy of the antiviral therapy.
 Conclusions
The results of this study did not highlight the prognostic
factor of EBER in the evolution of children neoplasms.
There were no statistically significant correlations between
infection intensity, measured using the anti-VCA IgG
titer and EBER, between EBER and patient response to
oncological treatment or between EBER and the diseasefree survival rate. The results of this study must be
interpreted cautiously, given the low number of patients
included in the study, the histological heterogeneity of
the neoplasms studied as well as the potential presence
of false-negative reactions caused by the degradation of
viral miRNA during the processing stage.
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THE PREVALENCE OF CONGENITAL HEART DISEASES AMONG ROMANIAN CHILDREN — EXPERIENCE
OF A SINGLE CENTER
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Aim. Congenital heart defects (CHD) are the leading cause of infant mortality
becoming an important public health problem. Time trends in CHD by specific
phenotype and with long follow-up time are rarely available for a large pediatric
population.
Material and methods. We present the prevalence of CHD over the past 5 years
among Romanian children. Individuals with CHDs were classified by several criteria
including type of pathology, association of the pathology with various syndromes
and abnormalities, postnatal complications or treatment.
Results. The overall CHD birth prevalence increased. Generally, prevalence
increased for defects diagnosed in infancy and preschoolers patients. Isolated
septal defects such as atrial septal defect (ASD) was present in 29,69% of patients
while transposition of the great vessels was present in 1,87% of children,
respectively. Among the severe defects, tetralogy of Fallot — atresia/hypoplasia of
the pulmonary artery association showed the largest prevalence. Considering the
syndromatic CHD, the highest incidence (78,78%) was recorded for Down
syndrome, followed by Turner syndrome. The most frequent postnatal complication
in CHD patients was cardiomegaly, followed by pulmonary hypertension. Only
29,94% of the patients underwent corrective surgery, the rest remained on
medication. The highest incidence rate was recorded for tetralogy of Fallot
(42,85%), followed by isolated septal defects. On average, tetralogy of Fallot
cases were operated on 16,6 months after diagnosis while transposition of the
great vessels after 2,5 months.
Conclusion. The increasing prevalence of CHDs reported was confirmed in the
present study. This is mostly due to an increasing number of isolated septal defects
diagnosed in infancy. In the future, the etiology of CHD needs to be further clarified
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and prospective birth defect registries covering the a large population are needed to
determine the exact birth prevalence of CHD.
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РАСПРОСТРАНЕННОСТЬ ВРОЖДЕННЫХ ПОРОКОВ СЕРДЦА СРЕДИ РУМЫНСКИХ ДЕТЕЙ — ОПЫТ
ОДНОГО ЦЕНТРА
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Цель. Врожденные пороки сердца (CHD), являющиеся ведущей причиной
младенческой смертности, становятся важной проблемой общественного
здравоохранения. Тенденцией последнего времени в области диагностики
CHD направлены на конкретный фенотип и по причине длительного времени наблюдения редко бывают доступны для большей части детского
населения.
Материал и методы. Мы представляем распространенность CHD за последние 5 лет среди румынских детей. Лица с CHD были классифицированы
по нескольким критериям, в том числе вида патологии, ассоциации патологии
с различными синдромами и аномалиями, послеродовыми осложнениями или
лечением.
Результаты. Общее количество CHD при рождении увеличилось. В целом,
увеличилось распространенность диагностирование пороков у младенцев
и дошкольников. Изолированные септальные пороки, такие как дефект межпредсердной перегородки (ASD) присутствовали у 29,69% пациентов, тогда
как транспозиция магистральных сосудов присутствовала у 1,87% детей,
соответственно. Среди серьезных дефектов, тетрада Фалло — ассоциация
атрезия/гипоплазия легочной артерии проявила наибольшую распространенность. Учитывая симптоматические CHD, наиболее высокий уровень заболеваемости (78,78%) был отмечен для синдрома Дауна, сопровождаемого синдромом Тернера. Из наиболее частых послеродовых осложнений у больных
CHD наблюдалась кардиомегалия, затем легочная гипертензия. Только 29,94%
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пациентов, были подвергнуты хирургическим операциям, остальные оставались на лекарственной терапии. Наивысший уровень заболеваемости был
отмечен при тетраде Фалло (42,85%), а также изолированных септальных
пороках. В среднем, больные с тетрадой Фалло были прооперированы через
16,6 месяцев после установления диагноза, в то время как с транспозицией
магистральных сосудов через 2,5 месяцев.
Заключение. Сообщение о растущем преобладании CHD было подтверждено
в настоящем исследовании. Это произошло, в основном, за счет увеличения
количества изолированных септальных дефектов, диагностируемых в младенчестве. В будущем, этиология CHD нуждается в дальнейшем уточнении
и создание перспективных реестров дефектов при рождении, охватывающих
большие группы населения, необходимо для определения точной распространенности CHD.
Российский кардиологическийй журнал 2014, 7 (111), Англ.: 47–50
Ключевые слова: врожденный порок сердца, распространенность, дети,
синдром, беременность.
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Introduction
Congenital heart diseases (CHD) are the most common
cause of congenital anomalies being an increasing health
problem. Twenty-eight percent of all major congenital
anomalies consist of heart defects [1]. CHD comprises a
wide range of cardiovascular malformations from critical
forms presenting in the immediate newborn period to mild
defects which may not be detected until adulthood [2].
The birth prevalence of CHD is estimated to 8 per 1,000
live births [3]. Nowadays, the cardiovascular diagnostics
and cardiothoracic surgery have improved, leading to an
increased survival of newborns with CHD. Thus, a lot of
patients with CHD reach adulthood. The prevalence of
CHD is estimated to be 4 per 1,000 adults [4], the number
of adults with CHD exceeding the number of affected
children [5]. Despite remarkable progress in the clinical
care there are major challenges regarding the management
of CHD, which remains the leading cause of infant
mortality among birth defects [6]. In our study, we aimed
to evaluate the prevalence of CHD in Romanian children
admitted in our hospital.

Table 1
Types of congenital heart defects
Type of defect

Number

Atrial septum defect

79

Ventricular septum defect

40

Tetralogy of Fallot

30

Patent ductus arteriosus

27

Valvular defects

40

Common atrioventricular canal

14

Coarctation of the aorta

10

Transposition of the great vessels

5

Others

21

78,19% (208) mothers had a normal evolution of the
pregnancy, whereas 21.80% (58) had coexisting conditions
or abnormalities. The main events that caused the
abnormal progression of this pregnancies were divided
into: particular situations (gemellary pregnancy 21%, in
vitro fertilization 8%); abnormal pregnancy (placenta
praevia 8%, oligo and polyhydramnios 5%, gestational
diabetes 5%, pre-eclampsia 31%); incidents during
pregnancy (imminent abortion, abdominal pains and
bleeding 32%). We note that 204 of the deliveries were
spontaneous and that 62 were C-sections. 84,96% (226) of
the deliveries were on due date whereas 40 were preterm
deliveries.
The most frequently encountered types of CHD are listed
in Table 1. The most frequent CHD was atrial septum defect
(ASD) present in 29,69% of patients while transposition of
the great vessels was present in 1,87% of children. 33,08% of
patients with confirmed CHD suffer from complex heart
defects. The most frequent association is the one between
bicuspid aortic valve and stenosis or aortic regurgitation (12
patients, 13,63%), followed by the atrial septal defect —
patent ductus arteriosus (9 patients, 10,22%) and the
ventricular septal defect — tricuspidic regurgitation
associations 9 patients, 10,22%). Eight patients (9,09%)
suffer from the tetralogy of Fallot — atresia/hypoplasia of the
pulmonary artery association. The rarest association is the
one between ventricular septal defect and coarctation of the
aorta, association encountered in only 1 patient.
87,60% (233) patients included in the group under
study do not suffer from chromozome abnormalities,
whereas 12. 40% (33) of these patients do suffer from this
type of pathology. The highest incidence (78,78%) is
recorded for Down syndrome, which affects 26 children,
followed by Turner syndrome.
The most frequent postnatal complication in CHD
patients was cardiomegaly, followed by pulmonary
hypertension (Figure 1).
29,94% of the patients underwent corrective surgery,
the rest remained on medication. The highest incidence
rate is recorded for tetralogy of Fallot (42,85%), followed
by atrial septal defect and ventricular septal defect

Material and methods
We carried out a descriptive study over a period of five
years (2007–2012) on patients admitted in the Department
of Pediatrics II Cluj-Napoca, Romania. We enrolled 266
children diagnosed with congenital heart defects based on
their echocardiographic examination. The inclusion
criteria were the maximum age of 18 years at the diagnostic
and the need for corrective surgery.
The following data was taken into account: type of
pathology, association of the pathology with various
syndromes and abnormalities, postnatal complications or
treatment.
The study was approved by the local Committee of
Ethics of the University of Medicine and Pharmacy of
Cluj-Napoca. Informed consent was obtained from
parents or legal tutors at the moment of admission to
hospital in compliance with the principles of the Helsinki
Declaration.
Statistical analysis was performed using Statistical
Package for Social Sciences (SPSS) 21.0 for Windows for
a descriptive analysis of the population. Results were
expressed as means ± standard deviations.
Results
Mean patients age was 3,66±4,60 years (male:
female = 151:115). The following age groups are taken
into account:
• 0–1 month: newborn (27 patients)
• 1–12 months: infant (92 patients)
• 12 months — 36 months: toddler (37 patients)
• 36 months — 72 months: preschooler (45 patients)
• 72 moths — 120 months: older child (39 patients)
• 120 moths — 168 months: puberty (13 patients)
• >168 months: adolescence (13 patients).
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(37,68%), the coarctation of the aorta 12,98% and
transposition of the great vessels (6,49%).
The highest number of surgeries was performed on
toddlers, preschoolers and infants. The fewest surgeries
were recorded children having reached puberty (Figure 2).
On average, tetralogy of Fallot cases were operated on 16,6
months after diagnosis. This condition is followed by the atrial
septal defect (10,5 months), ventricular atrial defect (10
months), common atrioventricular canal (6 months), patent
ductus arteriosus (4 months) and transposition of the great
vessels (2,5 months).
Discussion
We determined the beginning and the incidence of the
pathology, as well as its association with other syndromes and
defects. We analyzed symptomatology and gathered data on
the age at which the congenital heart defects were diagnosed,
as well as other data regarding the optimal age for performing
surgical treatment, therapeutic attitude and results obtained.
Over the decades the prevalence of CHD birth increased
substantially, from 1 per 1,000 live births in 1930 to 9 per 1,000
live births in recent years [7]. The rise in observed prevalence of
CHD is likely multifactorial. This may be caused by changes in
diagnostic methods and screening modalities rather than a true
increase. Specialized pediatric cardiologists are being trained
and the screening for CHD became an important step before
noncardiac surgery causing an increase in diagnoses of minor
lesions such as a small ventricular septum defect (VSD) or
ASD. Survival of premature infants has improved over the last
century, attributing to an increase in total CHD and especially
VSD birth prevalence [6].
In addition, the patient population with GUCH is
steadily increasing and their offspring is at increased risk of
having a congenital abnormality [8]. Furthermore, factors
such as maternal pre-gestational diabetes mellitus,
phenylketonuria, infections, various therapeutic drug
exposures, vitamin A use, have been proven to be associated
with increased risk of CHD [9]. The impact of increased
use of fetal echocardiography and pregnancy termination
on reduction of CHD birth prevalence is expected in the
next time periods [10].
One reason could be that the classification of CHDs is
challenging because of the wide range of known defects,
with different underlying etiologies for each class of
defects.
Congenital heart defects include a range of defects
that, according to errors in specific sequences of cardiac
development can be broadly be classified [11]. Various
heart malformations may occur in combination or, as
single defects. However, an increase in prevalence due to
improved diagnostics may also have been counteracted by
increased prenatal screening for congenital malformations
and subsequent termination of affected pregnancies. In the
present study, the prevalence of severe CHDs overall and
by specific defect corresponded well with estimates from
comparable population-based registers [12].

Fig. 1. The histogram showing the postnatal complications in CHD patients.

Fig. 2. The scatter-plot showing the age groups.

For some time, the pathogenesis of CHD has been
attributed to genetic and environmental factors, including
possible interactions between them. The epidemiological
evidence strongly points to genetic factors playing a crucial
role in the pathogenesis of CHD. The causes of CHD
remain largely unknown. Aneuploidies such as trisomy 21
(causing Down syndrome) are strongly associated with
CHD. Using technologies that detect copy number
variants has uncovered numerous other segmental
aneuploidies that cause CHD [13]. However, genetic
factors underlying CHD largely remain to be elucidated.
This is due to the challenges associated with that pathology.
The increasing prevalence of CHDs reported was
confirmed in the present study. This is mostly due to an
increasing number of isolated septal defects diagnosed in
infancy, although we also found that severe defects contributed
to the increase in CHD prevalence. It remains uncertain
whether detected differences in CHD birth prevalence
represent true or merely methodological differences.
In the future, the etiology of CHD needs to be further
clarified and population wide prospective birth defect
registries covering the entire world population are needed
to determine the exact birth prevalence. These data have
been important in generating interest in adult CHD as a
new subspecialty of cardiology.
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Abstract
Cancer represents an important public health challenge worldwide due to the continuous increase of its incidence. The
general prognosis is more and more favourable with new treatments which allow long survival. Chemotherapeutical
treatments affect the patients, one of the most important issues being represented by cardiotoxicity, which is low responsive
to conventional treatments and finally will determine the survival rate. In this paper we discuss the chemotherapeutical
category of agents incriminated to produce cardiac toxicity and the workup indicated for an early diagnostic.

Rezumat
Cancerul reprezintă o problemă de sănătate publică, din cauza incidenței în continuă creștere. Prognosticul general este din ce
în ce mai favorabil, datorită noilor tratamente, care permit prelungirea duratei de viață. Chimioterapia afectează acești
pacienți, una din cele mai importante aspecte fiind cardiotoxicitatea, care este puțin responsivă la tratamentele convenționale
și care va determina în final rata de supraviețuire. În acest articol se vor prezenta categoriile de agenți chimioterapeutici care
provoacă cardiotoxicitate și protocoalele necesare pentru un diagnostic precoce.
Keywords: anti-cancer drugs, cardiotoxicity, pathogenesis, prognosis

Introduction

diseases in patients previously treated with
chemotherapy. The incidence of these pathologies
increases with age and shows no tendency to
plateau [22].
The negative prognosis in the case of anthracyclineinduced cardiomyopathies is explained by the lack
of effective treatments, the 2-year mortality rate
being of over 60% [19]. Over 50% of the patients
under chemotherapy suffer from subclinical heart
dysfunction, 5% to 16% of them developing a
cardiomyopathy that deteriorates into heart failure.
The 5-year survival rate is below 50% [19].
Cardiovascular complications represent the main
cause of morbidity and mortality in childhood
cancer survivors. The Childhood Cancer Survivor
Study shows that the mortality risk associated with
cardiovascular diseases is eight times higher in
cancer-free patients who were treated with anthracycline than in the rest of the population [19, 22, 35].
Modern cancer treatment encompasses a great
variety of active agents used in regimens that
combine several classes of chemotherapeutic
agents. The newest class of targeted molecular
agents is just an example. We will further detail the
most important classes of chemotherapeutic agents
that cause cardiotoxicity. As far as polichemotherapy regimens are concerned, it is very difficult

Cancer represents an extremely important public
health issue. According to World Health
Organisation (WHO), the incidence of this
pathology was, in 2012, of 14.1 million cases every
year. This figure is expected to increase to 19.3
million annual cases by 2025, thus exceeding the
incidence of cardiovascular diseases [11]. The
cancer treatments are more and more effective and
could cure, or at least transform cancer into a
chronic disease with long-term survival. It is
estimated that, in 2012, there were at least 13.5
million cancer survivors treated with chemotherapy
in the United States [35].
Childhood Cancer Incidence. Survival Data
If the rate of cancer-free adult patients does not
generally exceed 40% worldwide, in paediatric
oncology, over 80% of the patients suffering from
this disease are cured [32]. Nevertheless, the longterm toxicity induced by the treatment received
during childhood is responsible for cardiovascular
morbidity and other health issues during adulthood.
Several studies have already pointed out higher
incidence rates for cardiovascular diseases, new
malignancies, endocrinopathies, muscular or kidney
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to assess the degree by which each class of
cytostatic drugs could affect the cardiac function.

myocardial contractility. The oxygen-free radicals
generated by anthracyclines may determine additional
cell destruction or accelerate apoptosis [5, 33].
Alkylating Agents
Cyclophosphamide and ifosfamide are the most
frequently used alkylating agents in oncology
treatment. High doses (> 1000 mg/m2) may affect
the endocardium or the myocardium and entail
modifications in vascularization. These changes are
transitory and tend to regress upon treatment
completion, the highest cardiotoxicity being recorded
during the first ten days of treatment [13].
The pathogenesis of the cardiotoxicity induced by
alkylating agents
Studies on animals revealed that alkylating agents
seem to interfere with the metabolism of free longchain fatty acids (FLCFA) at mitochondrial level,
thus decreasing their mitochondrial input. The high
pool level of FLCFA damages muscle cells [29].
Other hypotheses are linked to the fact that
cyclophosphamide increases the production of
oxygen-free radicals, the ineffectiveness of the
inactivation mechanism being responsible for the
myocardial lesions induced [30].
5 FU/prodrug of 5 FU (5-fluorouracil)
5-fluorouracil (5 FU) may determine cardiotoxicity
through induced coronary artery spasm which may
lead, in extreme cases, to myocardial infarction [26].
Toxicity seems to depend on the regimen schedule
of administration: 5 FU administered by continuous
perfusions in conjunction with folinic acid seems to be
more cardiotoxic than 5 FU by continuous perfusions
without folinic acid, which is sequentially more
toxic than 5 FU administered by short perfusion [8].
Toxicity does not seem to depend on the dose and
the presence of other cardiovascular risk factors is
not predictive for 5 FU cardiotoxicity [26].
Another possible mechanism is represented by the
alteration of the electrical potential of the
mitochondria, which will eventually lead to the
activation of caspase-3 and to myocardial necrosis,
which seems to be a common feature of both 5 FU
and capecitabine (prodrug of 5 FU) [8].
Even prodrugs of 5 FU (capecitabine) maintain the
coronary artery risk reported for 5 FU; the
estimated risk is of up to 6% [40].
Taxanes
Taxanes are used as standard therapy in various
lines of treatment for breast cancer, lung cancer,
prostate cancer, head and neck cancers, stomach
cancer. In the chemotherapy regimens commonly
used in the clinic, these compounds are either
associated with anthracyclines or follow a first-line
anthracycline-based chemotherapy regimen [39].
The data published on the cardiotoxic effect of
taxanes are contradictory: some support their
cardiotoxicity whereas others underline their
protective effect [31].

Standard therapies
Anthracyclines
Anthracyclines are key components of chemotherapy regimens in oncology. As in the case of
adult chemotherapy, over 60% of the regimens
prescribed in paediatric oncology include one
anthracycline [34].
Anthracycline-induced toxicity may be acute
(during treatment or shortly after the completion of
the chemotherapy cycles) or late – occurring years
after the oncologic treatment is completed. The
incidence of the anthracycline-induced cardiotoxicity varies significantly contingent on the study
that is taken into account – from 5.5% 20 years
after the end of chemotherapy to 10% for a
cumulative dose of 300 mg/m2 [17, 20, 34].
Depending on the associated risk factors, the
incidence rate may reach 57% 6.4 years from the
completion of the treatment [34].
The heart damage induced by anthracycline is
irreversible. Even years after the administration of
the treatment, it prevents the resumption of
anthracycline-based chemotherapy in the event of a
relapse, given the high risk of cardiomyopathy.
Anthracycline-induced
cardiotoxicity
already
represents an increasingly important issue since
oncologic therapies are becoming increasingly
successful in ensuring long-term survival. Even
minor symptoms could affect the patients’ quality
of life: they last, on average, at least three months
from the completion of chemotherapy [15]. The
mortality rate associated with heart damage is 8 to
10 times higher in these patients than in the rest of
the population [21, 32].
The cumulative dose approved for adults is of 550
mg/m2 for doxorubicin (800 - 1000 mg/m2 for
epirubicin). It is reduced to 450 mg/m2 if the left
hemi-thorax was irradiated > 20 Gy (Gray = unit of
absorbed radiation) (radiation accelerates atherosclerosis) [7]. Past the before mentioned dose, the
incidence of anthracycline-induced cardiomyopathy
increases exponentially – to 26% for doses
exceeding 550 mg/m2 and to 48% for doses of over
700 mg/m2 [37]. No international consensus has
been reached concerning the dose approved for
children. Doses exceeding 410 mg/m2 cause
cardiomyopathy in over 10% of the children treated
with anthracyclines [15, 21].
The pathogenesis of anthracycline-induced cardiotoxicity
It seems that anthracyclines cause myocardial
toxicity through their interference with mitochondria,
the energy depletion resulting from the mitochondrial
destruction being responsible for the decrease in
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The studies conducted in vitro and on animals
revealed that taxanes (paclitaxel and docetaxel)
increase the metabolic rate of doxorubicin with the
formation of an alcohol metabolite – doxorubicinol
– at mitochondrial level, which damages muscle
cells [27]. The concentration of this metabolite
depends on the taxane dose – low doses stimulate
its formation while high doses inhibit it [27]. In
light of the existing data, it is still debated whether
or not the weekly administration of taxanes
involves a higher toxicity risk.
There are also data which shows that taxanes have a
protective role, mainly by inhibiting free radical
formation and lipid peroxidation [38]. The
protective effect seems to be more complex and is
related to the proteins involved in glycolysis, in the
tricarboxylic acid cycle and at mitochondrial level
[23]. In the laboratory animals, the levels of these
proteins were assessed, extremely significant
differences being noted, contingent on the treatment
administered: doxorubicin alone, taxane followed
by 12 hours of doxorubicin or simultaneous
administration of taxane and doxorubicin [23].
Data on blood, neurological, liver and kidney
toxicity do not favour this association. Still,
pharmacokinetic data would probably impose the
administration of taxanes as first-line therapy and
the putting back by at least 12 hours of the
administration of doxorubicin. The data for over
18,000 patients treated with chemotherapy using this
association of cytostatics, which were published in
a meta-analysis, support the feasibility of this
association from the point of view of cardiotoxicity,
the risk being statistically significantly lower than
for anthracyclines administered independently [10].
Vinca alkaloids
Vinca alkaloids are known to cause neuropathies
mainly at the level of the autonomic nervous
system, which regulates the heart rate, innervates
the coronary vascular system etc. Since Vinca
alkaloids (alkaloids from Vinca minor) are part of
many chemotherapy regimens for malignant hemopathies or solid tumours, the possibility of
cumulative cardiotoxicity was assessed. Contrary to
prior beliefs, the studies conducted proved that
Vinca alkaloids seem to protect against anthracycline-induced cardiotoxicity [2] through the
stimulation of an alternative pathway to inhibit
apoptosis (the mitogen activated protein kinases
(MAPK) pathway) and by inhibiting the synthesis
of a gene which generates a protein that decreases
intracellular NAD levels and causes cell-death [2].

reason, conventional chemotherapy regimens have
multiple adverse effects. The progress made during
the last few years allowed a better understanding of
the genesis and progression of malignant tumours,
which outlined multiple potential therapeutic
targets specific solely to cancer cells. Thus, in
recent years, new molecules characterized as
„targeted” therapies were discovered. It must be
underlined that these new drugs have adverse
effects as well, which differ nevertheless from the
toxicities specific to conventional chemotherapy.
The cardiotoxicity-related data for these new drugs
will be presented hereinafter.
Anti EGFR (epidermal growth factor
receptor) antibodies: trastuzumab, lapatinib
The emergence of a new chemotherapeutic class in
oncology – the “targeted therapy” – and its
associated toxicities must be approached separately.
In patients with Her2/neu-positive breast cancer,
the administration of trastuzumab as an adjuvant or
in metastases already represents standard therapy.
As this new medication is becoming increasingly
accessible, cases of initially unreported toxicity
appear, as in the case of herceptin, which causes
cardiotoxicity mainly in patients who received
anthracyclines in previous chemotherapy regimens.
The incidence of the trastuzumab-induced cardiotoxicity appears to be between 0.6 and 4% [3]. The
level of toxicity seems to be lower in the case of a
monotherapy with trastuzumab than in the case of
its association with other agents, more precisely of
3-7% by comparison with 27% respectively [12].
The pathogenesis of cardiotoxicity is different from
that of anthracyclines and is not fully understood
from the point of view of electron microscopy. It is
not additive or dose-dependent, it is reversible for
most cases and the patients’ heart tolerates well the
resumption of the therapy [9].
Anti VEGF (vascular endothelial growth
factor) antibodies (angiogenesis inhibitor)
Coupled with anthracyclines, bevacizumab increases
the risk of cardiotoxicity in patients with stomach
cancer, fact which is clinically reflected either by
the asymptomatic decrease in the ejection fraction
by more than 15%, the absolute value being below
50% (double in patients treated with bevacizumab –
21.2% compared to 11.1%) or by the clinically
significant decrease in the ejection fraction by more
than 10% compared to the normal lower threshold
(15.3% compared to 8.9% in patients not treated with
bevacizumab) [24]. Some microRNAs: miR1254
and miR579 may represent biomarkers announcing
the cardiotoxicity of bevacizumab in patients with
colorectal cancer under chemotherapy [41].
Tyrosine kinase inhibitors
This class includes more and more therapeutic
agents which, by interfering with the intracellular
signalling pathways, block several carcinogenesis

Targeted therapies
The main adverse feature of conventional
chemotherapy is the fact that it is non-selective – it
kills both cancer cells and healthy cells. For this
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pathways. Examples include imatinib, sunitinib and
sorafenib, which are used to treat hepatocellular
carcinoma, renal cell carcinoma and gastrointestinal
stromal tumours. This new class of drugs may induce
cardiotoxicity through its intrinsic pharmacological
target: tyrosine kinase. The more it inhibits (to
block as many carcinogenesis pathways as possible),
the higher the chances that muscle cells are
damaged [14].
The pathogenesis of the Sunitimib-induced cardiotoxicity is unknown but it could be linked to the
coronary and cardiac dysfunction. A study conducted
on 175 patients suffering from kidney cancer treated
with sunitinib revealed a frequency of heart dysfunctions of 6.9%. Imatinib rarely damages the
myocardium, the pericardium being affected more
often [1, 6, 16].

term survival obtained in oncology; besides of that,
heart damage has a vital prognosis and sometimes
has an irreversible or little reversible character, as
well as limited possibilities of specific therapy.
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useful in the early assessment of the cardiotoxicity
risk. These biomarkers include: troponin, atrial
natriuretic peptide and certain cytokines such as
ST2 (a member of the interleukin family) [28].
Their early increase may be an alarm signal
regarding the subsequent development of
cytostatic-induced cardiomyopathy [18].
The Doppler myocardial imaging, which assesses
myocardial function, seems to be more sensitive
than the conventional one, which only measures the
ejection fraction (LVEF), because these modifications
seem to occur earlier, before the decrease in LVEF;
the differences are statistically significant [5].
The frequency at which echocardiograms must be
performed is yet to be clarified; generally, it is
recommended to repeat them every 6 to 8 weeks
during chemotherapy (every two chemotherapy
cycles) [36].
Conclusions
In conclusion, the early and reliable detection of the
cardiotoxicity of conventional or modern “targeted”
chemotherapy must be a priority given the long490

FARMACIA, 2016, Vol. 64, 4

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

International Agency for Research on Cancer.
Available from http://globocan.iarc.fr.
Fiúza M., Cardiotoxicity associated with
trastuzumab treatment of HER2+ breast cancer.
Adv Ther., 2009; 26(Suppl 1): S9-S17.
Gharib M.I., Burnett A.K., Chemotherapy-induced
cardiotoxicity: current practice and prospects of
prophylaxis. Eur. J. Heart Fail, 2002; 4: 235-242.
Hasinoff B.B., Patel D., The lack of target
specificity of small molecule anticancer kinase
inhibitors is correlated with their ability to damage
myocytes in vitro. Toxicol. Appl. Pharmacol.,
2010; 249(2): 132-139.
Jensen B.V., Cardiotoxic consequences of
anthracycline-containing therapy in patients with
breast cancer. Semin. Oncol., 2006; 33(3 Suppl 8):
S15-S21.
Kerkelä R., Grazette L., Yacobi R., Iliescu C.,
Patten R., Beahm C., Walters B., Shevtsov S.,
Pesant S., Clubb F.J., Rosenzweig A., Salomon
R.N., Van Etten R.A., Alroy J., Durand J.B., Force
T., Cardiotoxicity of the cancer therapeutic agent
imatinib mesylate. Nat. Med., 2006; 12: 908-916.
Kremer L.C., van Dalen E.C., Offringa M.,
Ottenkamp J., Voute P.A., Anthracycline-induced
clinical heart failure in a cohort of 607 children:
long-term follow-up study. J. Clin. Oncol., 2001;
19: 191-196.
Ky B., Putt M., Sawaya H., French B., Januzzi J.L.
Jr., Sebag I.A., Plana J.C., Cohen V., Banchs J.,
Carver J.R., Wiegers S.E., Martin R.P., Picard
M.H., Gerszten R.E., Halpern E.F., Passeri J.,
Kuter I., Scherrer-Crosbie M., Early increases in
multiple
biomarkers
predict
subsequent
cardiotoxicity in patients with breast cancer treated
with doxorubicin, taxanes, and trastuzumab. J. Am.
Coll. Cardiol., 2014; 63(8): 809-816.
Lipshultz S.E., Alvarez J.A., Scully R.E.,
Anthracycline associated cardiotoxicity in survivors
of childhood cancer. Heart, 2008; 94(4): 525-533.
Lipshultz S.E., Colan S.D., Gelber R.D., PerezAtayde A.R., Sallan S.E., Sanders S.P., Late
cardiac effects of doxorubicin therapy for acute
lymphoblastic leukemia in childhood. N. Engl. J.
Med., 1991; 324(12): 808-815.
Nicolae A.C., Drăgoi C.M., Ceaușu I., Poalelungi
C., Iliescu D., Arsene A.L., Clinical implications of
the indolergic system and oxidative stress in
physiological gestational homeostasis. Farmacia,
2015; 63(1): 46-51.
Oeffinger K.C., Mertens A.C., Sklar C.A., Kawashima
T., Hudson M.M., Meadows A.T., Friedman D.L.,
Marina N., Hobbie W., Kadan-Lottick N.S., Schwartz
C.L., Leisenring W., Robison L.L.; Childhood
Cancer Survivor Study. Chronic health conditions
in adult survivors of childhood cancer. N. Engl. J.
Med., 2006; 355(15): 1572-1582.
Ohyama K, Tomonari M., Ichibangase T., To H.,
Kishikawa N., Nakashima K., Imai K., Kuroda N.,
A toxicoproteomic study on cardioprotective
effects of pre-administration of docetaxel in a
mouse model of adriamycin-induced cardiotoxicity.
Biochem. Pharmacol., 2010; 80(4): 540-547.

24. Okines A.F., Langley R.E., Thompson L.C.,
Stenning S.P., Stevenson L., Falk S., Seymour M.,
Coxon F., Middleton G.W., Smith D., Evans L.,
Slater S., Waters J., Ford D., Hall M., Iveson T.J.,
Petty R.D., Plummer C., Allum W.H., Blazeby
J.M., Griffin M., Cunningham D., Bevacizumab
with peri-operative epirubicin, cisplatin and
capecitabine (ECX) in localised gastro-oesophageal
adenocarcinoma: a safety report. Ann. Oncol.,
2013; 24(3): 702-709.
25. Oreto L., Todaro M.C., Umland M.M., Kramer C.,
Qamar R., Carerj S., Khandheria B.K., Paterick T.E.,
Use of echocardiography to evaluate the cardiac
effects of therapies used in cancer treatment: what
do we know? J. Am. Soc. Echocardiogr., 2012;
25(11): 1141-1152.
26. Saif M.W., Shah M.M., Shah A.R., Fluoropyrimidine-associated cardiotoxicity: revisited.
Expert Opin. Drug Saf., 2009; 8(2): 191-202.
27. Salvatorelli E., Menna P., Cascegna S., Liberi G.,
Calafiore A.M., Gianni L., Minotti G., Paclitaxel
and docetaxel stimulation of doxorubicinol
formation in the human heart: implications for
cardiotoxicity of doxorubicin-taxane chemotherapies.
J. Pharmacol. Exp. Ther., 2006; 318(1): 424-433.
28. Sawaya H., Sebag I.A., Plana J.C., Januzzi J.L., Ky
B., Tan T.C., Cohen V., Banchs J., Carver J.R.,
Wiegers S.E., Martin R.P., Picard M.H., Gerszten
R.E., Halpern E.F., Passeri J., Kuter I., ScherrerCrosbie M., Assessment of echocardiography and
biomarkers for the extended prediction of cardiotoxicity in patients treated with anthracyclines,
taxanes, and trastuzumab. Circ. Cardiovasc.
Imaging, 2012; 5(5): 596-603.
29. Sayed-Ahmed M.M., Aldelemy M.L., Al-Shabanah
O.A., Hafez M.M., Al-Hosaini K.A., Al-Harbi N.O.,
Al-Sharary S.D., Al-Harbi M.M., Inhibition of
Gene Expression of Carnitine Palmitoyl transferase I
and Heart Fatty Acid Binding Protein in Cyclophosphamide and Ifosfamide-Induced Acute Cardiotoxic Rat Models. Cardiovasc. Toxicol., 2014;
14(3): 232-242.
30. Schimmel K.J., Richel D.J., van den Brink R.B.,
Guchelaar H.J., Cardiotoxicity of cytotoxic drugs.
Cancer Treat. Rev., 2004; 30: 181-191.
31. Senkus E., Jassem J., Cardiovascular effects of
systemic cancer treatment. Cancer Treat. Rev.,
2011; 37(4): 300-311.
32. Shankar S.M., Marina N., Hudson M.M., Hogdson
D.C., Adams M.J., Landier W., Bhatia S., Meeske K.,
Chen M.H., Kinahan K.E., Steinberger J., Rosenthal D.,
Cardiovascular Disease Task Force of the Children's
Oncology Group, Monitoring for cardiovascular
disease in survivors of childhood cancer: report
from the Cardiovascular Disease Task Force of the
Children’s Oncology Group. Pediatrics, 2008;
121(2): e387-e396.
33. Simůnek T., Stérba M., Popelová O., Adamcová
M., Hrdina R., Gersl V., Anthracycline-induced
cardiotoxicity: overview of studies examining the
roles of oxidative stress and free cellular iron.
Pharmacol. Rep., 2009; 61(1): 154-171.
34. Smith L.A., Cornelius V.R., Plummer C.J., Levitt
G., Verrill M., Canney P., Jones A., Cardiotoxicity

491

FARMACIA, 2016, Vol. 64, 4

35.

36.

37.

38.

of anthracycline agents for the treatment of cancer:
systematic review and meta-analysis of randomised
controlled trials. BMC Cancer, 2010; 10: 337.
Steingart R.M., Yadav N., Manrique C., Carver
J.R., Liu J., Cancer survivorship: cardiotoxic
therapy in the adult cancer patient; cardiac
outcomes with recommendations for patient
management. Semin. Oncol., 2013; 40(6): 690-708.
Stortecky S., Suter T.M., Insights into cardiovascular side-effects of modern anticancer therapeutics.
Curr. Opin. Oncol., 2010; 22(4): 312-317.
Swain S.M., Whaley F.S., Ewer M.S., Congestive
heart failure in patients treated with doxorubicin: a
retrospective analysis of three trials. Cancer, 2003;
97(11): 2869-2879.
Tomonari M., To H., Nishida M., Mishima T.,
Sasaki H., Kurose H., Mechanism of the cardio-

protective effects of docetaxel pre-administration
against adriamycin-induced cardiotoxicity. J.
Pharmacol. Sci., 2011; 115(3): 336-345.
39. Tsavaris N., Kosmas C., Vadiaka M., Efremidis M.,
Zinelis A., Beldecos D., Sakelariou D., Koufos C.,
Stamatelos G., Cardiotoxicity following different
doses and schedules of 5-fluorouracil administration
for malignancy - a survey of 427 patients. Med. Sci.
Monit., 2002; 8(6): PI51-PI57.
40. Walko C.M., Lindley C., Capecitabine: a review.
Clin. Ther., 2005; 8: 23-44.
41. Zhao Z., He J., Zhang J., Liu M., Yang S., Li N., Li
X., Dysregulated miR1254 and miR579 for
cardiotoxicity in patients treated with bevacizumab
in colorectal cancer. Tumour Biol., 2014; 35(6):
5227-5235.

492

JBUON 2016; 21(2): 349-359
ISSN: 1107-0625, online ISSN: 2241-6293 • www.jbuon.com
E-mail: editorial_office@jbuon.com

ORIGINAL ARTICLE

Results of third-generation epirubicin/cisplatin/xeloda adjuvant
chemotherapy in patients with radically resected gastric cancer

Calin Cainap 1,2, Viorica Nagy 2,3, Andrada Seicean 2,5, Alexandra Gherman1, Istvan
Laszlo3, Cosmin Lisencu 2,4, Al Hajar Nadim 2,6, Anne-Marie Constantin2, Simona Cainap2
1Prof. Dr. Ion Chiricuta” Institute of Oncology, Department of Medical Oncology, Cluj-Napoca; 2Iuliu Hatieganu University of
Medicine and Pharmacy, Department of Oncology, Cluj-Napoca; 3“Prof. Dr.Ion Chiricuta”; Institute of Oncology, Department
of Radiotherapy, Cluj-Napoca; 4“Prof. Dr.Ion Chiricuta”; Institute of Oncology, Department of Oncologic Surgery, Cluj-Napoca;
5 rd
3 Medical Clinic, “Prof. O Fodor” Institute of Gastroenterology, Cluj-Napoca; 63rd Surgery Clinic, “Prof. O Fodor” Institute of
Gastroenterology, Cluj-Napoca, Romania

Summary
Purpose: The purpose of this study was to evaluate the efficacy and toxicity of a third-generation chemotherapy regimen in the adjuvant setting to radically operated patients
with gastric cancer. This proposed new adjuvant regimen
was also compared with a consecutive retrospective cohort
of patients treated with the classic McDonald regimen.
Methods: Starting in 2006, a non-randomized prospective
phase II study was conducted at the Institute of Oncology
of Cluj-Napoca on 40 patients with stage IB–IV radically resected gastric adenocarcinoma. These patients were
administered a chemotherapy regimen already considered
to be standard treatment in the metastatic setting: ECX
(epirubicin, cisplatin, xeloda) and were compared to a retrospective control group consisting of 54 patients, treated
between 2001 and 2006 according to McDonald’s trial.
Results: In a previous paper, we reported toxicities and the
possible predictive factors for these toxicities; in the present article, we report on the results concerning predictive

factors on overall survival (OS) and disease free survival
(DFS). The proposed ECX treatment was not less effective
than the standard suggested by McDonald’s trial. Age was
an independent prognostic factor in multivariate analysis.
N3 stage was an independent prognostic factor for OS and
DFS. N ratio >70% was an independent predictive factor
for OS and locoregional disease control. The resection margins were independent prognostic factors for OS and DFS.
Conclusion: The proposed treatment is not less effective
compared with the McDonald’s trial. Age was an independent prognostic factor in multivariate analysis. N3 stage
represented an independent prognostic factor and N ratio
>70% was a predictive factor for OS and DFS. The resection
margins were proven to be independent prognostic factors
for OS and DFS.
Key words: adjuvant chemotherapy, ECX, gastric cancer,
overall survival, predictive factors, toxicity

Introduction
Given the late symptomatology and its moderate sensitivity to chemotherapy and radiotherapy, gastric cancer is one of the most difficult tumor sites to treat.
According to the latest estimations, its incidence places it among the first 5 tumor sites worldwide (after lung, breast and prostate cancer) [1].
More than 800,000 patients are diagnosed yearly

worldwide, approximately 500,000 of whom will
have died one year from diagnosis [2]. Gastric cancer ranks second in terms of mortality [3].
Surgical intervention is the only curative
treatment in gastric cancer; there is a general consensus regarding its role in the improvement of
overall results in this tumor site. Still, how much
extensive, surgery does not manage to eliminate
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local relapse. Even in the case of a D2 dissection,
the local relapse rate remains high: 5 years after,
the risk of local relapse is estimated at 43% for
D1 dissections and at 37% for D2 dissections in a
Dutch trial [4]. Data provided by autopsy studies
reveal even more alarming figures, of up to 8093% [5]. The overall results concerning the treatment of gastric cancer remain poor in the USA,
with 5-year survival rates of 20-30% [5].
The poor overall results in the treatment of
gastric cancer convinced the oncological community (surgeons, radiotherapists, medical oncologists) to seek other routes to improve them.
Neither adjuvant radiotherapy alone nor adjuvant
chemotherapy alone were able to improve these
results. Nevertheless, associating them changed
the standard therapeutic attitude. In this respect,
the largest and most significant study remains the
US Intergroup 0116, which demonstrated survival
benefit of adjuvant chemotherapy for the first time
[6]. The benefit reported then was confirmed almost 10 years later - for all categories of patients,
except for those with diffuse adenocarcinoma - in
a presentation made at the 2009 American Society
of Clinical Oncology (ASCO) Annual Meeting [7].
The purpose of this study conducted at the Institute of Oncology “Prof. Dr. Ion Chiricuta” was
to assess the potential benefit of a new postoperative chemotherapy administered to patients having undergone radical resection.

Treatment

Methods

The follow-up evaluation consisted of physical
examination and of serological and imaging examinations such as chest x-rays and abdominal ultrasound
or abdominal and pelvic CT scan at the beginning and
the end of treatment, followed by repeat imaging every
3 months for 2 years, every 6 months for 3 years and
annually after 5 years.

This was a phase II non-randomized prospective
study conducted at the Institute of Oncology “Prof. Dr.
Ion Chiricuta” and approved by the Institutional Review
Board. All of the patients enrolled in the study required
histological confirmation (endoscopic or postoperative)
of gastric adenocarcinoma. Only those meeting the criteria for radical resection in accordance with the European
Society for Medical Oncology (ESMO) Clinical Practice
Guidelines were selected [8]: dissection > D0, R0 or R1
resection. Prior to starting treatment, each patient was required to sign informed consent. Other inclusion criteria
were: age >18 years; normal kidney, liver and heart function; normal complete blood count: leukocytes >3,000/
mm3, neutrophils >1,500/mm3, thrombocytes >100,000/
mm3, hemoglobin >8g/dL; ECOG performance status (PS)
0,1 or 2; TNM stage IB – IV (M0).
Exclusion criteria were: cases unconfirmed histologically; R2 resection; PS >2; deterioration in kidney, liver
and heart function; patient’s refusal; cytologically-confirmed metastases/peritoneal carcinomatosis; second cancer 5 years from diagnosis, with the exception of basal
cell carcinoma or in situ carcinoma of the cervix.
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The patients enrolled formed the study group – 40
subjects receiving the ECX regimen. In order to compare the ECX results, a control group consisting of 54
patients treated according to the McDonald’s regimen
[6] between 2001 and 2006 was also selected in a retrospective consecutive manner.
All study and control group patients received chemoradiotherapy according to the schedule and dosing of
McDonald’s trial [6]: 50.4 Gy with concomitant chemotherapy consisting of 5-fluorouracil (5-FU) (425 mg/
m2/day) and folinic acid (20 mg/m2/day), 4 consecutive
days at the beginning of radiotherapy and 3 consecutive days at the end of it.
The ECX adjuvant regimen was administered in
the study group patients and consisted of epirubicin
(50 mg/m2/day 1), cisplatin (60 mg/m2/day 1), and
xeloda (capecitabine) (1,000/mg/m2 bid, days 1-14) on
21-day cycles.
In the control group the adjuvant chemotherapy
regimen included 5-FU (425 mg /m2/day, days 1-5) and
folinic acid (20 mg/m2/ day, days 1-5) in 28-day cycles.
In both groups, the first cycle of adjuvant chemotherapy was administered before the start of chemoradiotherapy and 2 more cycles were administered
postchemoradiotherapy.
Toxicity
Acute haematological and gastrointestinal toxicities were evaluated according to the CTC V3.0 scale.
Follow-up

Survival
OS was calculated from the date of the surgical
operation until the patients’ death. DFS was calculated
from the day of the first chemotherapy cycle until tumor progression (locoregional or metastatic) according
to the Response Evaluation Criteria in Solid Tumors
(RECIST).
Statistics
For data analysis we used methods for descriptive
and inferential statistics. For descriptive statistics we
used frequencies tables (for qualitative variables), but
also values of parameters of dispersion (standard deviation, range) and centrality (average, median value) for
quantifiable variables were used.
Inferential statistics for qualitative variables in-

ECX adjuvant chemotherapy in gastric cancer
cluded the calculation of p value through x2 or Fischer’s
exact test. A p value<0.05 was considered as statistically significant.
The dynamics of the evolution of different parameters were analyzed with the dynamic curves method.
Our options were in favor of percentage recording of
values, taken as 100% the initial value (first record of a
value of the parameter).
Differences between subgroups were tested with
the area under the curve test (AUC) for each subgroup,
followed by the non parametric Mann-Whitney U test
of the differences between values of the areas. We also
investigated the possible correlations between the dynamics of the evolutions of two distinct parameters.
This was done using the same percentage exprimation,
reported to initial value, for having a uniform exprimation of the units of measurements of the two selected
parameters. The testing process was Spearman’s correlation coefficient with known interpretation levels:
-0.25 < R< 0.25 – weak correlation or none.
R between -0.5 till -0.25 or more than 0.25 to 0.5acceptable correlation.
R between -0.7 till -0.5 or more than 0.5 to 0.7 moderate correlation.
R between -1 till -0.75 or more than 0.75 to 1- good
or very good correlation.
For certain numeric parameters we evaluated the
prediction power by using receiver operating characteristics (ROC) with AUC (AUROC) calculation (95%
CI) and their statistical significance. Global accuracy
of each investigational parameter was doubled by the
identification of cut-off value, but also by the calculation of sensitivity, specificity, positive and negative
predictive values of the identificated value of the parameter.
For data analysis the SPSS 17.0 software (Chicago,
Ill) was used. Also Microsoft Office Facility, Excel 2007
for constructing the dynamic curves was used. These
curves were represented by using average values for
each subgroup for all time intervals taken into considerations.
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Table 1. Main patient and disease characteristics
Control
group
N (%)

Study
group
N (%)

51

40

32/19

27/13

56.4±9.5

55.0±11.0

Distal

24 (47.1)

15 (37.5)

Proximal

27 (52.9)

25 (62.5)

1

11 (21.6)

3 (7.5)

2

19 (37.3)

14 (35.0)

3

21 (41.2)

23 (57.5)

Intestinal

21 (41.2)

12 (30.0)

Difuse

30 (58.8)

19 (47. 5)

Mixed

0 (0.0)

6 (15.0)

Perineural invasion

21 (41.2)

3 (7.5)

Vascular invasion

13 (25.5)

9 (23.1)

Lymphatic invasion

12 (23.5)

9 (22.5)

T1

2 (3.9)

30 (75.0)

T2

20 (39.2)

4 (10)

T3

22 (43.1)

21 (52.5)

T4

7 (13.7)

13 (32.5)

Characteristics
Number of patients
Sex (M/F)
Age (mean±SD)
Localisation of primary
tumor

Grade of malignancy

Histological type

T stage

N stage
N0

8 (15.7)

2 (5.0)

N1

17 (33.3)

10 (25.0)

N2

23 (45.1)

15 (37.5)

N3

3 (5.9)

10 (25.0)

IA

2 (3.9)

5 (12.5)

IB

2 (3.9)

1 (2.5)

II

8 (15.7)

7 (17.5)

Results

IIIA

21 (41.2)

14 (35.0)

IIIB

10 (19.6)

7 (17.5)

Patient characteristics

IV

8 (15.7)

5 (12.5)

Subtotal

29 (63.0)

6 (15.0)

Total

17 (37.0)

19 (48.7)

<14

31 (60.8)

20 (51.3)

14-25

17 (33.3)

20 (50.0)

3 (5.9)

15 (37.5)

27 (52.9)

5 (12.5)

The characteristics of the patients included
in both groups were detailed in a previous article, which presented the toxicities encountered
during treatment [9]. Several factors which might
have a predictive role in the patients’ response to
treatment and the improvement of the results in
connection to OS and DFS were studied. Table 1
shows the characteristics and Table 2 the toxicities reported during treatment.

TNM stage

Type of gastrectomy

Number of resected lymph
nodes

>25
Death
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Table 2 . Main toxicities in the two patient groups
Kinds of toxicity

Grade of
toxicity

Number of chemo cycles
Type of toxicity

Control group

Study group

153

120

Number of patients ( %)

Number of patients ( %)

Gastrointestinal

1

3 (5.88)

18 (45)

Nausea

0

41 (80.39)

16 (40)

Vomiting

2

7 (13.72)

4 (10)

3

0 (0)

2 (5)

0

48 (94.11)

20 (50)

1

2 (3.92)

13 (32.5)

2

1 (1.96)

5 (12.5)

3

0 (0)

2 (5)

0

47 (92.15)

24 (60)

1

1 (1.96)

5 (12.5)

2

2 (3.92)

5 (12.5)

Diarrhea

Hematologic
White blood cells

Hb

Platelets

3

1 (1.96)

6 (15)

0

50 (98.03)

25 (62.5)

1

1 (1.97)

9 (22.5)

2

0 (0)

5 (12.5)

3

0 (0)

1 (2.5)

0

48 (94.11)

35 (87.5)

1

3 (5.88)

0 (0)

2

0 (0)

4 (10)

3

0 (0)

1 (2.5)

0

49 (96.07)

24 (60)

1

1 (1.97)

7 (17.5)

2

1 (1.97)

8 (20)

3

0 (0)

1 (2.5)

Hand-foot syndrome

Overall survival
The control and the study group included 91
patients (51 and 40, respectively), for whom the
2-year overall survival rate was of 60.4% (Figure
1).
Taken separately, the control group had a
higher overall survival rate (62.7 vs 57.5%) compared with the study group; however, this difference was not statistically significant (p= 0.494)
(Figure 2).
Disease-free survival
The 2-year DFS of the control and study group
was 58.2% (Figure 3).
Assessed separately, the control group had
better DFS (60.8 vs 55%), but without statistical
significance (p=0.431) (Figure 4).
JBUON 2016; 21(2): 352
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Figure 1. Global overall survival.
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Months

Months

Figure 2. Overall survival in the control group and the
study group.
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Figure 5. Disease-free survival in N3 stage vs other N
stages.

Predictive or prognostic factors

Months

Figure 3. Global disease free survival.

The following factors were assessed:
Clinical factors: gender distribution and the
influence of gender on OS and DFS; average age;
median age; stage distribution; presence of alarming symptoms.
Histological factors: cancer site; histopathological type (diffuse, intestinal, mixed), tumor grade;
presence of lymphatic, vascular, perineural invasion on the resection specimen; number of patients who underwent optimal lymphadenectomy;
type of resection (R0, R1 or R2).
Treatment-related factors: type of surgery (total or subtotal gastrectomy)
In what follows, only the items that are statistically relevant will be detailed.
1. N category

Months

Figure 4. Disease-free survival per group.

Studied separately, for each of the groups, the
N category did not have any statistically significant impact on OS or DFS. It is noteworthy that
the percentage of N3 stage patients was 5.88% in
the control group, whereas in the study group it
was twice as high (12.5%), with an extremely low
survival rate (0%). Given the preliminary statistical results and the reserved prognostic significance of the N3 stage, its influence on OS and
DFS was assessed. Separate group assessment did
not provide any statistically significant results (it
should be reminded that the percentage of stage
N3 patients was twice as high in the study group
as compared to the control group).
The overall assessment showed that the impact of the N3 stage on DFS was statistically significant (Figure 5).
The impact of the N3 stage on OS was mainJBUON 2016; 21(2):353
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tained, as in the case of DFS (Figure 6).
In the study group, the N3 stage was an independent prognostic factor for both OS and DFS. In the control group, it was of borderline statistical significance.
2. N Ratio

Months

Figure 6. Overall survival in N3 stage vs other N
stages.

Figure 7. Sensitivity and specificity of N ratio in
predicting overall survival. Area under the ROC
curve=0.650; Standard error=0.063; 95% confidence interval=0.539-0.751.

Given the fact that, in clinical practice, having patients with optimal lymphadenectomy is
not always the case, the literature available analyses the ratio between positive lymph nodes and
the total number excised i.e. the N ratio. A first
data interpretation was done according to a first
division: N ratio 0, 0%; N ratio 1, 1-9%; N ratio
2, 10-25%; N ratio 3, >25%, which was not statistically significant. By contrast, the “N ratio parameter” had high potential in predicting relapse
(AUROC=0.642, p=0.022). Thus, at cut-off values
of over 70%, the N ratio presented a sensitivity=37.1% and specificity=91.8% in predicting future relapse or death of the patient (Figures 7 and
8).
Predictive factors of positive adenopathy
such as T category, grade of malignancy, histological type, tumor site, age and lymphatic invasion
as predictive factors in clinically positive N stage
patients were studied. The calculations did not reveal any statistically significant correlation.
Part of the TNM staging system, the N category was not statistically significant when correlated with OS or DFS in the groups studied.
The following factors were not statistically
significant either: grade of malignancy (p=0.934),
histological type (p=0.093) - the diffuse type being the most frequently associated with positive
adenopathies - , age group (p=0.883), tumor site
(p=0.547) and presence of lymphatic invasion
(p=0.315).
3. Resection margins
a) Overall survival

Figure 8. Sensitivity and specificity of N ratio in predicting relapse. Area under the ROC curve=0.642; Standard error=0.062; 95% confidence interval=0.530-0.743.
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Patients in the control group who underwent
incomplete resection (R1-microscopic residual tumor) accounted for 15.68% of all cases and had
an OS rate much lower (25%) than those with R0
resection (69.8%). The correlation between the resection margins and OS was statistically significant, as shown in Figure 9.
Likewise, resection margins had a statistically significant impact on patients’ survival in the
study group (Figure 10).
b) Disease-free survival
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Months

Figure 9. Overall survival in the control group according to the resection margins.
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Months

Figure 11. Disease-free survival in the control group
according to the resection margins.

Months

Months

Figure 10. Overall survival in the study group according to the resection margins.

Figure 12. Disease-free survival in the study group
according to the resection margins.

In the control group, DFS was influenced by
the resection margins, being 25% for R0 resections vs 67.4% for R1 resections. Of the patients,
15.68% underwent R1 resection and this difference was statistically significant (Figure 11). The
percentage of patients with invaded margins in
the study group was higher (27.5%), with a lower
DFS rate (40%), than patients who underwent a R0
resection (62.1%) (Figure 12). The correlation between the status of the resection margins and DFS
was statistically significant for the study group as
well.
In multivariate analysis, the status of the
resection margins was proved as independent
prognostic factor for OS and DFS in both groups –
those who had invaded margins had poorer prog-

nosis as compared to those who underwent a R0
resection (p=0.000 and 0.032, respectively).
4. Histology
The diffuse type had a more severe evolution,
with lower OS and DFS rates than the intestinal
type, without reaching the threshold for statistical significance (p=0.282 and 0.205, respectively).
Multivariate analysis revealed that the histological type was not an independent prognostic factor
for the groups under study.
5. Grade of malignancy
In multivariate analysis, the grade of malignancy was statistically significant in the control
JBUON 2016; 21(2):355
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group and of borderline statistical significance in
the study group. It was an independent prognostic
factor for OS but not for DFS (p=0.038 and 0.052,
respectively).
6. Lymphatic, vascular, perineural invasion
In multivariate analysis, lymphatic invasion
(p=0.198 and 0.447, respectively), vascular invasion (p=0.147 and 0.426, respectively), perineural
invasion (p=0.198 and 0.447, respectively) were
not independent prognostic factors for OS or DFS.
7. Type of lymphadenectomy (optimal=15 lymph
nodes or recommended=25 lymph nodes)
Lymphadenectomy did not influence DFS or
OS in any of the groups studied (p=0).
8. Age
The patients’ age did not have any impact on
OS in the control group; in the study group, the
lowest survival rate was recorded in patients in
the 2nd and 6th decades. The correlation between
age and DFS was not statistically significant. In
multivariate analysis, age between the 2nd and 6th
decades seemed to be an independent prognostic
factor for OS and DFS only in the study group
(p=0.000 vs 0.187 in the control group).
9. Gender
In multivariate analysis, gender was not an
independent prognostic factor for OS or DFS but it
was of borderline statistical significance in women, especially if they were in their 2nd decade of
life (p=0.064 in the control group vs 0.114 in the
study group).
10. Alarm symptoms
“Alarm” symptoms such as dysphagia, hemorrhage or weight loss were studied. In multivariate
analysis, the number of symptoms, as well as each
symptom taken separately were not proven to be
independent prognostic factors for OS or DFS.
11. Type of surgery
The correlation between the type of surgical
procedure and DFS was not statistically significant for the groups studied.

Discussion
Given the short follow-up period, the data of
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this study were reported at a fortuitous 2-year interval.
Overall survival and disease-free survival
In our study, the 2-year OS rate was 60.4%
and the 2-year DFS rate assessed globally, for the
two groups, was of 58.2%.
When assessed separately, a higher OS rate
was noted for the control group (62.7 vs 57.5%
in the study group); the same trend characterized DFS, with 60.8 vs 50%. However, the difference was not statistically significant, which denotes that the treatment administered (ECX) was
not less effective than the standard treatment in
McDonald’s trial. The results are comparable
to those of McDonald’s trial [6], who obtained a
3-year OS rate of 50% and a 3-year DFS rate of
48%.
The poor results of our study were mainly
the consequence of the fact that patients are diagnosed in advanced stages, only 25 to 40% of them
being detected while cancer is still localized [4].
Predictive factors for overall survival and disease-free
survival
Surgery practically involves two stages: one
concerns the primary gastric tumor (gastrectomy), the other the excision of the perigastric
lymph nodes (lymphadenectomy). The final aim is
to perform a R0 resection.
Gastrectomy can be total or subtotal, classic
or laparoscopic. Of the patients, 39.21% in the
control group underwent total gastrectomy, as opposed to 52.5% of the patients in the study group.
The correlation between the type of gastrectomy
performed and OS or DFS was not statistically
significant in any of the groups studied.
Patients in the control group who underwent
incomplete resection (R1-microscopic residual tumor) and who accounted for 15.68% of the cases,
had a lower OS rate (25%) compared to those who
underwent R0 resection (84.32%). In the study
group, 27.5% of the patients underwent R1 resections. Surgical resection margins represented key
elements, which had a statistically significant impact on OS and DFS in both groups. In multivariate analysis, the status of the resection margins
represented an independent prognostic factor for
OS and DFS in both groups; patients with invaded margins had a poorer prognosis than patients
with R0 resection.
Surgery represents the only curative treatment available for gastric cancer [10]. For this rea-
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son, achieving a R0 resection (resection margins
with no microscopic residual tumor) is mandatory
and is the strongest prognostic factor in gastric
cancer [11,12]. One of the biggest issues was to
define R0 resection. According to most surgeons,
a R0 resection involves a distance of at least 6 cm
from the top of the tumor and a safety margin
of at least 1 cm under the pylorus [13]. Abiding
by this principle calls into question the need to
perform total gastrectomy, despite some authors’
belief that it is only this type of gastrectomy (and
not subtotal gastrectomy) that can provide reasonable safety margins [14,15].
On the other hand, the effort of obtaining a
resection optimal from an oncologic standpoint is
worth making, irrespective of the patient’s age; a
study conducted in Germany [16] showed that the
resectability of gastric cancer is not age-dependent, but that postoperative morbidity tends to be
higher in seniors, due to associated comorbidities.
An important study proved that in T4 stage patients [17], the resection of two or several organs,
especially after the age of 70, is encumbered by
mortality and additional morbidity. The Japanese
[18] also suggest the survival benefit of curative
R0 resections in T4 stage patients. Aging is the
most important factor that contributes to the increasing incidence of cancer. Advanced age is accompanied with various comorbidities and metabolic changes, making cancer treatment more
difficult. However, every effort should be done to
administer an optimal anticancer treatment since
this is connected with improved survival [19].
Younger patients (under 40) seems to have more
undifferentiated and more aggressive gastric cancer [20]. Given the increase in morbidity and
perioperative mortality in advanced locoregional
stages, patient selection is essential – only those
in whom R0 resection may be achieved are to undergo multiorgan resection; N3 stage cancels the
potential benefit of aggressive surgery [21].
The presence of microscopically positive
margins significantly alters survival, especially in
incipient stages I-II; its impact in advanced stages
III and IV is not statistically significant [22].
The presence of positive perigastric lymph
nodes is the strongest prognostic factor for gastric cancer after R0 resection [23]. The predictive
factors for lymph node invasion are the T stage
and the lymphatic vessel or submucosal invasion.
The extent of lymphadenectomy is still an extremely debated topic. The only consensus is that
a D0 dissection (no excised lymph nodes) is suboptimal from an oncological point of view.
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The correlation between OS or DFS and standard lymphadenectomy – 15 lymph nodes, according to the ESMO and ASCO guidelines in place
or optimal lymphadenectomy > 25 lymph nodes,
was not statistically significant in our study. The
great advocates of extended lymphadenectomy
are the Japanese: a D2 dissection is considered to
be the standard procedure in Japan – many of the
very satisfactory results that have been published
being obtained for retrospective groups [13]. The
trials conducted in Europe did not manage to
achieve the same results. The relative morbidity
and mortality risk increases significantly when
splenectomy and pancreatectomy are performed
during a D2 dissection and when patients are over
70, age at which the potential benefit is canceled
by excess morbidity and mortality [13]. Splenectomy contributes to morbidity with a relative risk
of 2.16 and pancreatectomy with a relative risk of
3.34 [13]; this is why they are to be avoided if the
intraoperative status allows it.
An extremely interesting American study has
shown that, for every 10 excised lymph nodes,
survival improves by 7.6% [24]. There are studies which have proved that extended lymphadenectomy is the most important prognostic factor
for overall survival and recurrence, especially for
stage III gastric cancer patients [25].
The question arose as to whether it was the
site or rather the number of positive lymph nodes
that was more important. In order to answer this
question, several studies have been conducted.
Some suggest that the site of the positive lymph
nodes (especially if we refer to the cardia) is not
an independent prognostic factor – in other words,
site matters [26]. Other studies have found a lesser impact on the prognosis for a lower number
of pathologically positive lymph nodes (pN1
and pN2) with a possible influence of the site; by
contrast, pN3 seems to be a reserved prognostic
factor that is not site-dependent [27]. Our study
points to the same direction.
Given the fact that not all patients undergo
optimal lymphadenectomy which, according to
the ESMO Clinical Practice Guidelines, means at
least 14 excised lymph nodes (25 is the optimal
number) [8], the question as to whether or not the
N ratio (the ratio between positive lymph nodes
and the total number of lymph nodes excised) reflects better the prognosis of patients, especially
of those with less than 14 excised lymph nodes. In
a study which included 1850 patients initially divided according to the number of the lymph nodes
excised (under or over 15) and, subsequently, acJBUON 2016; 21(2):357
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cording to the following scheme: N ratio 0, 0%; N
ratio 1, 1-9%; N ratio 2, 10-25%; N ratio 3, >25%, it
was noted that, in both groups, the N ratio was an
independent prognostic factor which also allowed
the ordering of the patients who underwent insufficient lymphadenectomy [23].
Some still doubt that the excision of as many
lymph nodes as possible is the best solution [23].
As a matter of fact, trials concerning the extent of
the surgical intervention (D2,D3) in gastric cancer revealed that, despite the excision of a large
number of lymph nodes, no significant improvement was recorded in survival rates. The increase
in the number of excised lymph nodes does not
seem to be an aim in itself to achieve better results. It is rather a way of “measuring” the quality of the surgical procedure [23]. Nonetheless,
an increasing number of studies talks, apart from
“stage migration”, of a potential curative benefit
of enlarged lymphadenectomy [24]. Of course, this
benefit seems small but, for certain subgroups of
patients, it can be a survival benefit, especially
now, when it is unanimously accepted that a D3
dissection can be done in specialized centers with
minimal morbidity and mortality risk.
We restate the fact that, to date, there is neither irrefutable proof nor an international consensus regarding the way in which lymphadenectomy should be performed and regarding its
curative role in gastric cancer. In our study, the N
ratio >70% was a predictive factor for relapse and
gastric cancer-related death.
The site of the primary tumor – even if the
proximal tumor is coupled with a reserved prognosis and its incidence was increasing – was not
proven to statistically correlate with OS or DFS in
this study. The histological type and the grade of
malignancy do not have a statistically significant
impact, even though previously published studies granted them an uncertain prognostic significance [18]. In the case of R0 resection, the impact
of the grade of malignancy on survival decreases significantly [18]. According to some studies,
lymphatic or vascular invasion is an independent
prognostic factor [27].

Nonetheless, the timing of administration of
adjuvant treatment is also extremely important as
several authors underline that a delay more than 45
days could impair the survival of these patients [28].
The “alarm symptoms” - weight loss, dysphagia and palpable tumor mass in the epigastrium
seem to be correlated with patient survival. Their
accumulation is associated with higher mortality risk [29]. Emergency surgery in gastric cancer
(hemorrhage, perforation) alters the prognosis,
but to a lower extent, if R0 is achieved.

Conclusions
1. OS and DFS were similar in both groups (the
proposed treatment is not less effective than the
standard imposed by McDonald’s trial).
2. Patients from extreme age groups (adolescents/2nd decade and seniors/6th decade) have the
most reserved prognosis. Age is an independent
prognostic factor in multivariate analysis, for OS
as well as for DFS.
3. N3 stage represented an independent prognostic factor for OS and DFS in multivariate analysis. The percentage of N3 stage patients was
double in the study group as compared to the control group.
4. N ratio >70% represents a predictive factor
with a 37% sensitivity and 95% specificity for OS
and locoregional control in gastric cancer.
5. Positive resection margins were represented to a larger extent in the study group than in
the control group (27.5 vs 15.68%). The resection
margins were proven to be independent prognostic factors for OS and DFS.
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Summary
Purpose: To describe the high-risk profile group, susceptible cells values, LDH, SF and leukocyte values, LVEF and NTto develop anthracycline-induced cardiomyopathy in chil- proBNP values and LVEF and troponin T values were also
dren with acute leukemia.
identified. A weak negative correlation between E/E’ ratio and
blast cells values has been observed. All of these correlations
Methods: The study involved 35 pediatric patients diagwere statistically significant (p<0.05).
nosed with acute lymphoblastic (ALL) or acute myeloblastic
leukemia (AML), from March 2014 to December 2016. Se- Conclusions: Leukocyte value, as well as the other serologirologic markers used for the analysis of cardiac dysfunction cal markers assessed (NT-proBNP, Troponin T), are useful
were troponin T, NT-proBNP and PCRhs. Also, the patients tools to evaluate the risk of anthracycline-induced cardiotoxhave had echocardiographic evaluation at the beginning of icity. The variation of the biological markers at the begintreatment to determine LVEF, SF and A, E, E’ Doppler waves. ning of the cytotoxic treatment confirms the presence of an
early myocardial dysfunction, emphasizing the importance
Results: Positive linear correlation was shown between NTof systematic evaluation of this particular group of patients.
proBNP and leukocyte values, NT-proBNP and blast cells
value, and NT-proBNP and LDH. Significant linear nega- Key words: biomarker, cancer, cardiotoxicity, chemotherapy,
tive correlations between LVEF with leukocyte values, blast leukemia, pediatric patients

Introduction
Chemotherapy-induced cardiotoxicity is an important emerging health issue in cancer survivors.
This is even more notable in pediatric cancer survivors, in whom the toxic effects of the antineoplastic
treatment can affect early the myocardial tissue.
Also, the longer life expectancy increases the im-

pact of these long-term side effects on their overall
quality of life and health status. Considering the
increase in childhood cancer survivor rates (from
50% 5-year survival rate in the 1970s, to approximately 80% in 2016), cardiomyopathy is expected
to be diagnosed more frequently in the future [1,2].
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Biomarkers and echocardiography to assess anthracyclines’ cardiotoxicity risk

Neoplastic pathology is generally rare in children, its annual incidence in the USA being 1.6 per
100,000 children [1,3]. However, its incidence continues to increase, cancer being the main cause of
death caused by disease in children (12.8%) [1,2,4].
Of all cancers, hematopoietic cancers represent the
most frequent type of cancer in this age group, up
to 40% of all pediatric cancers. Leukemia, especially ALL, is the most frequent cancer diagnosis
encountered in children [3].
Chemotherapy is the main treatment method
used in pediatric leukemia, one of the main drug
groups used being anthracyclines [5,6]. All chemotherapeutic agents are known for their toxicity
on rapidly growing tissues (hair, gastro-intestinal
mucosa), but anthracyclines are also well known
for their toxicity on the myocardial tissue [7-9].
As shown by the Childhood Cancer Survivor Study,
patients treated with anthracyclines in their youth,
have an 8-fold higher risk of death caused by cardiac pathology as compared to the general population [10]. It has been estimated that in the present
time there are over 363,000 survivors of pediatric
cancers, with over 60% of them presumed to have
been exposed to anthracyclines [9].
Anthracycline-induced cardiotoxicity can present during the cytotoxic treatment as an acute
event (myocarditis, pericarditis or even acute heart
failure), or after a short time from treatment cessation, or, most often as a late side effect of the

cytotoxic drugs [6]. Chronic cardiotoxicity manifests as a progressive decrease in cardiac function,
leading most often to chronic heart failure (CHF)
with a very poor prognosis. Diagnosing this form
of cardiomyopathy in its symptomatic form offers
little possibilities regarding its treatment, affecting
severely these patients’ quality of life [6,11].
All these considered, it has proven to be extremely important to identify patients at risk of
developing anthracycline-induced cardiomyopathy
even before they start developing signs or symptoms of cardiac dysfunction [12]. This could allow
the development of specific treatment protocols for
these patients in order to slow down the progression to heart failure, or even prevent it.

Methods
The present study involved 35 pediatric patients diagnosed with ALL or AML, from March 2014 to December 2016. All the patients belonged to the Hemato-Oncology department of the Children’s Emergency Hospital
from Cluj-Napoca. Patients’ data are listed in Table 1.
Inclusion criteria
•
•
•
•

Table 1. Demographic and clinical characteristics
Characteristics

n (%)

Gender
Male

17 (49)

Female

18 (51)

Age at diagnosis (years)
1-10
>10
Mean ± SD

25 (71)
10 (29)
7.4 ± 4.35

Diagnosis
ALL
T cell subtype
AML
M0

25 (71)
1
9 (25)
3

M7

1

Mixed type

1 (3)

Risk group
SRG

13 (37.14)

MRG

12 (34.29)

HRG

10 (28.57)

SD: standard deviation, ALL: acute lymphoblastic leukemia,
AML: acute myeloblastic leukemia, SRG: standard risk group,
MRG: medium risk group, HRG: high risk group
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Children between 1 and 18 years old, with histologically positive diagnosis of ALL or AML.
Chemotherapy protocol, which involved administration of anthracyclines.
Biological parameters within acceptable limits in order to permit chemotherapy (hematologic, hepatic,
renal function).
Informed consent signed by both parents, approved
by the Ethics Commission from Cluj-Napoca University of Medicine and Pharmacy.

Exclusion criteria
•
•
•
•

Mediastinal radiotherapy in the patient’s history.
Left ventricular ejection fraction (LVEF) <50% at the
beginning of chemotherapy.
Preexisting heart diseases or arterial hypertension.
Collagenosis and other systemic diseases.

Echocardiographic evaluation
The echocardiographs were performed using a VIVID S5 echocardiograph (General Electric).
Heart function was assessed using two windows:
parasternal long axis and apical four chambers. The
systolic function of the left ventricle was evaluated
by calculating the LVEF and SF (shortening fraction)
using two methods: M mode and volumetric method.
The diastolic function of the left and right ventricle was
assessed using Pulsed Wave Doppler (PW) at the apex
of the mitral and tricuspid valve, from the apical four
chamber window, with the patient in supine position.
The E/A ratio was measured. To enhance the accuracy,
Tissue Doppler Imaging (TDI) was performed, with the
cursor being placed on the lateral side of the mitral and
tricuspid valve. The E/E’ ratio was measured, thus enabling the evaluation of LV filling pattern.
JBUON 2018; 23 (Suppl 1): S123
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Serologic markers
Serologic markers used for the analysis of cardiac
dysfunction were: troponin T, NT-proBNP and PCRhs.
They were determined using the TNT hSST Roche kit,
the NT-proBNP Roche kit and the C-reactive Proteing latex High Sensitive Assay (Roche). The device used in the
evaluation of these biomarkers was COBAS 6000(e601)/
Roche/Germany.

arddeviation. Student-t- two-tailed tests were used in
order to evaluate the statistical significance of the correlation coefficients. Also, chi-square test and regression
analysis were used in order to determine relationships
between qualitative variables. A p value <0.05 was considered to be statistically significant.

Results

Characteristics of the studied group are shown
in
Table
1.
Data obtained was analyzed using Office Excel 2013.
Median age of the included patients was 7.4 ±
Normal data distribution was reported as mean ± stand4.35 years, with 2 peaks of incidences: 4-5 and 1213 years.
Table 2. Biological markers
The pathologies were represented by ALL (72%
of the patients), 25% with AML, and 3% with mixed
Markers
Mean ± SD
pathology. Of the patients, 37.14% were standard
Hemoglobin (g%)
6.58 ± 2.50
risk patients, 34.29% medium risk and 28.57% high
Leukocytes (cells/mm3)
18.468 ± 30.713.51
risk.
3
Blast cells (cells/mm )
12.820.56 ± 29.855.57
Eight of the 35 patients died during the study,
3
Platelets (no./mm )
67.857.14 ± 69.621.07
4
due
to progressive disease and 4 from sepsis secLDH (U/l)
662.89 ± 927.23
ondary
to aplasia during chemotherapy.
Troponin T (pg/ml)
4.35 ± 2.59
All
biological markers analyzed had a normal
CK-MB (U/l)
20.44 ± 12.92
distribution in the studied group. The mean value
NT-proBNP (pg/ml)
507.09 ± 1,754.31
and the standard deviation (SD) are shown in Table
PCRhs (mg/l)
29.65 ± 55.99
2. Also, the echocardiographic parameters had a
LDH: lactic dehydrogenase, CK-MB: creatinkinase MB (musclenormal distribution in the studied group, with their
brain), NT-proBNP: terminal prohormone of brain natriuretic
peptide, PCR: reactive proteine C high-sensitivity
mean and SD are listed in Table 3.
Statistics

Associations between specific cardiac biomarkers values at diagnosis and other biological parameters

Table 3. Echocardiographic parameters
Parameters

Mean ± SD

LVEF (%)

66.67 ± 8.85

SF (%)

38.25 ± 6.40

E/A

1.76 ± 0.34

E/E’

7.20 ± 1.71

LVEF: left ventricular ejection fraction, SF: shortage fraction,
E/A: ratio of early diastole (the E wave) to peak velocity flow
in late diastole caused by atrial contraction (the A wave), E/E’:
ratio between early mitral inflow velocity and mitral annular
early diastolic velocity

There was a statistically significant, linear,
positive correlation (r=0.68; p=0.00) between leukocyte values at diagnosis and NT-proBNP values
(Figure 1). Also, NT-proBNP values had a positive correlation with LDH values (r=0.82; p=0.00)
and blast cells value in peripheral blood (r=0.72;
p=0.00). Thus, it can be estimated based on the determination coefficient the NT-proBNP variation
was dependent on the leukocyte, blast cells and

Table 4. P values according to Pearson correlation coefficient
Variables

Leukocytes

Hemoglobin

Thrombocytes

LDH

Blasts
%

p value

Troponin T
CK-MB

0.65
0.81

0.25
0.85

0.23
0.27

0.98
0.81

0.3
0.31

0.81
0.73

NT-proBNP

0.00

0.052

0.36

0.00

0.01

0.00

PCRhs

0.61

0.8

0.64

0.5

0.26

0.65

LVEF

0.001

0.48

0.06

0.004

0.03

0.001

SF

0.16

0.67

0.67

0.16

0.1

0.15

E/A

0.71

0.51

0.32

0.88

0.6

0.57

E/E’

0.12

0.49

0.04

0.12

0.04

0.06

CK-MB: creatinkinase MB (muscle-brain), NT-proBNP: N-terminal prohormone of brain natriuretic peptide, PCRhs: reactive proteine
C high-sensitivity, LVEF: left ventricular ejection fraction, SF: shortage fraction, E/A: ratio of early diastole (the E wave) to peak
velocity flow in late diastole caused by atrial contraction (the A wave), E/E’: ratio between early mitral inflow velocity and mitral
annular early diastolic velocity
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LDH values variation. A mean value NT-proBNP for
included patients was 507.09±1754.32 pg/ml with
a high normal value considered to be 125 pg/ml.
Considering high normal level value of 14 pg/
ml for troponin T, all included patients had values
within normal range, the mean value for included
group being 4.35±2.59 pg/ml.
On the contrary, for CK MB, for a high normal
level of 24 UI/L, 35.39% of the included patients
had values higher than the normal limits at diagnostis (upper level 24Ul/L, 20.44±12.92 U/l).
CRPhs above 3 mg/l was seen in 53% of the
Figure 1. Dispersion diagram of NT-proBNP values ac- included patients (mean value 29.65±55.99 mg/l).
Out of the total 35 patients included in our
cording to leukocyte values.
study, 14.71% had none of the cardiac function
biomarkers above the normal limit, 41.17% had
one marker above the normal range, 35.29% had
two markers above the limits, and 8.82% had three
markers above the normal values.
Other correlations between hematological parameters and Troponin T, CK-MB or PCRhs values
were not statistically significant (p>0.05; Table 4).
Associations between echocardiographic and hematological parameters
There was a statistically significant, linear,
negative correlation (r=-0.62) between leukocyte
values at diagnosis and LVEF values (Figure 2). It
could be estimated that 38.99% of the LVEF variation was dependent on the leukocyte values variation (r2=0.3899; p=0.0016). Also, LVEF values had
a significant negative correlation with LDH values
(r=-0.56; p=0.004) and blast cells value in peripheral blood (r=-0.63; p=0.001). Thus, it could be concluded that LVEF value variation was dependent on
the leukocyte, blast cells and LDH values variation.
Also, a weak negative correlation between
E/E’ ratio and blast cells values and thrombocyte
values was observed (r=-0.42; p=0.046 for both
correlations).
Figure 3. Dispersion diagram of LVEF values according to
Other correlations between hematological paNT-proBNP values.
rameters and LVEF, SF and E/A, E/E’ values showed
no statistical significance (p >0.05; Table 4).
Figure 2. Dispersion diagram of LVEF values according to
leukocyte values.

Associations between echocardiographic and cardiac
function biomarkers
There was a statistically significant, linear,
negative correlation (r=-0.54; p=0.006) between
LVEF values and NT-pro BNP values (Figure 3). It
could be estimated that 29.62% of the LVEF variations were dependent on the NT-proBNP values
variation (r2=0.2962).
Also, there was a statistically significant, linear,
negative
correlation (r=-0.41; p=0.044) between
Figure 4. Dispersion diagram of LVEF values according to
LVEF values and Troponin T values (Figure 4). It
troponin T values.
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Table 5. LVEF versus number of cardiac function markers
outside the normal range
Number of markers outside

0

1

2

3

1

2

5

1

4

5

3

2

of normal range
LVEF ≤ 65
No of patients
LVEF > 65
No of patients

LVEF: left ventricular ejection fraction

could be estimated that 16.8% of the LVEF variations were dependent on the Troponin T values
variation (r2=0.168). A statistically significant positive correlation was observed between E/A values
and Troponin T (r=0.64; p=0.01) and CK-MB (r=0.45;
p=0.029) values.
No other statistically significant correlations
were observed.
We tried to establish whether there was any
correlation between the total number of cardiac
function markers above the normal range and LVEF
values or not. For this, x2 test was used and the
observed frequencies are shown in Table 5. As no
given guidelines for normal pediatric LVEF values
exist, a cut-off value was determined in our study
by using regression analysis. We thus established
that a value of LVEF over 65% is considered normal, and values under this limit will be taken into
consideration as an altered LVEF function. Given
the resulted p value over 0.05 (p=0.396), we could
state that the distribution observed was purely hazardous, there was no significant correlation in our
studied group between LVEF value and the number
of cardiac function markers situated outside the
given normal values.

Discussion
Our results have shown that there is a certain
degree of cardiac function alteration even from the
start of chemotherapy. Thus, it is important not
only to determine the initial value for these parameters, but also to re-evaluate them periodically,
starting right from the first days of treatment. In
this way, we can determine the group of patients
who present a higher risk of developing anthracycline-induced cardiotoxicity during or after their
treatment.
Cardiac function biomarkers
The scientific community has greatly debated
the use of troponins in the evaluation of cardiac
side effects in oncology. Dolci et al. wrote in 2008 a
review on this subject, stating that troponin evaluJBUON 2018; 23 (Suppl 1): S126

ation could predict up to 3 months ahead the development of a clinically significant LVEF dysfunction. Also, their study states that, for patients with
high troponin levels receiving anthracyclines, the
persistence of these high values for over a month
after treatment is correlated with 85% probability
of developing a major cardiac event in the first year
following cytotoxic treatment [13]. Another article, which assessed the histological involvement
of the anthracycline treatment showed that both
cardiac Troponin I and T are effective in identifying doxorubicin-induced injury as indicated by
vacuolization of cardiomyocytes of the atria or ventricles [14]. There are other studies, which state
that Troponin I could be a more sensitive marker
for the evaluation of the cardiotoxicity risk in this
particular group of patients [15-17]. Sherief et al.
have evaluated 50 patients, survivors of childhood
leukemia, out of which none presented with high
levels of Troponin T [18]. However, Cheung et al.
have shown in their study that there is a correlation between high values of this parameter and
the alteration of the myocardial contraction of the
LVEF. In their study, Troponin T high values have
also varied with the higher dose of anthracycline
given and the leukemia relapse [19].
Our study has shown no patient with a troponin
T value over the limit of 14 pg/ml (similar to the
cut-off value used by Xue et al. in their study [20]),
therefore emphasizing the low sensitivity of this
marker in predicting cardiac function alterations,
during and after cancer treatment. However, in our
study Troponin T values have been correlated with
LVEF and E/A ratio values, thus confirming its role
as a cardiac function marker, but with a very low
sensitivity for subclinical heart disease.
Another study evaluated the utility of troponines in 76 childhood cancer survivors with a
median follow up of 9 years. Cardiac troponins
T (cTnT) and I (cTnI) were evaluated but none of
them were at measurable levels in order to provide
additional information regarding the late cardiotoxicity of anthracyclines [21].
There are published data suggesting that highsensitive cardiac troponin-I could predict cardiotoxicity induced by anthracyclines-containing regimens even in subclinical stages. A cut-off values
of an absolute increase value of 30.7 ng/l seems
to be statistically significant for predicting cardiac
toxicity [22].
Nathan et al. in a published review underlined
that a persistent high value of troponin after chemotherapy administration could identify a very highrisk population to develop cardiomyopathy (86%
of them will develop a certain degree of disease
during a period of 20 months) [23].
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One of the most important inconvenience of
the troponins are represented by the inconsistent
release of the biomarker through the blood, which
makes mandatory to serial samples from the patient in order to eventually discover pathologic
values.
The usefulness of troponins is variable for
early diagnosis of cardiomyopathy. For example,
there is a well recognized elevation of troponins
in anthracyclines treatments - 30% of them are
with elevation of troponin I, which is considered
predictive for future cardiac events [24]. More than
50% of patients with anthracyclines in their chemotherapy regimen could develop cardiac function
abnormality in 10-20 years and 5% could develop
congestive heart failure [25].
The specificity of troponin T elevation does not
vary significant over time (in acute injury of the
myocardium) with values from 86 to 98% in serial
testings [26]. In chronic injuries of the myocardium (like cardiomyopathy) the level of cTn is rarely above 1 ng/ml and serial values do not change
significantly [27]. Possible elevations of cTn could
be seen in decompensations of cardiomyopathies,
the level reached and longer period of time with
elevated cTn could be related with prognosis of the
patients [27].
More important seems to be the persistence
of cTn levels after anthracycline chemotherapy.
Persistent cTnT elevation in children with hematological neoplasias throughout the first 90 days
following the treatment could predict the development of cardiac toxicity in the 4-year interval
of follow-up [28]. In adult patients the absence of
elevation of cTn reduces the risk of cardiotoxicity
at 1 % [28]. The persistence of cTnI >0.08 ng/ml 1
month after cessation of chemotherapy increases
the risk up to 84% compared to 37% for transient
elevation [28].
NT-proBNP has been widely accepted as an
important marker in the diagnosis and evaluation
of cardiac failure in adults as well as in children.
In 2010, Rusconi et al. have shown that a value of
over 1000 pg/ml is associated with highly symptomatic children (III-IV NYHA functional class) with
95% sensitivity and 80% specificity [29]. In 2013,
Lin et al. specified that a NT proBNP level of ≥598
ng/l, combined with a modified Ross criteria score
≥4, is highly diagnostic of heart failure in children
[30]. Unfortunately, its utility in diagnosing a subclinical cardiac dysfunction has been poorly documented, with no current agreement on a specific
cut-off value for asymptomatic patients. However,
its utility in diagnosing a subclinical cardiac dysfunction has been poorly documented. There are
few studies showing an increased value for this
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parameter following cancer treatment in pediatric
patients with subclinical LV dysfunction [16].
In the studied group, 50% of the patients presented a value of NT-proBNP over 125 mg/l. As this
marker shows increased myocardial stress, these
high values could point out alterations in the cardiac kinetics or hemodynamics. Moreover, many
studies have linked this marker with the heart
failure severity, demonstrating its important prognostic role [13,31]. Therefore, patients presenting
high NT-proBNP levels in our study are considered
to be at risk of developing anthracycline-induced
cardiomyopathy later in life, its values correlating
negatively with the LVEF values, so this marker
could predict cardiac function alteration even before LVEF reduction.
The primary mechanism for NT-proBNP elevation is myocardic wall stress, that is why the
potential use of this biomarker is more likely for
chronic disease than for acute injury of the myocardium and could be related with cardiac architecture remodeling [24]. There are conflicting data
regarding the exact role of monitoring the levels of
NT-proBNP. Despite the fact that NT-proBNP correlates well with LVEF declining levels in already
published data, it is unclear whether it precedes
or it is only a secondary phenomenon to cardiac
failure [24].
There are some small studies which identify a
possible role for NT-proBNP in the early detection
of cardiotoxicity and also its role in risk stratification or as a prognostic factor [32]. In the PREDICT
trial, which included 582 adult patients, serial
measurement of NT-proBNP could help identify a
high-risk population for cardiac event/cardiac failure. The cut-off value in this trial for NT-proBNP
was 100 pg/ml and this cardiac biomarker had a
high specificity and negative predictive value (85
and 92% prospectively) [33]. Published clinical experience in childhood cancer survivors regarding
early detection of cardiomyopathy is scarce. An important percent (13 to 30%) of survivors had abnormal level of NT-proBNP with unknown significance
[34]. Another published data suggested an inverse
correlation between the level of NT-proBNP and left
ventricle mass in children treated with regimens
containing anthracyclines [35]. A published study
of 200 children treated with a chemotherapy regimen with anthracyclines showed, with the exception of NT pro-BNP, no correlation between B-type
natriuretic peptide and Troponin-T with LVEF [36].
The Children’s Oncology Group for long-term
follow-up of childhood survivors recommendation
version 4 does not sustain the necessity of including cardiac biomarkers in cardiomyopathy screening programs [37].
JBUON 2018; 23 (Suppl 1): S127
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Regarding CK-MB values, 36% of the included
patients presented with values over 24 U/l in our
study. Many studies have shown that anthracycline
treatment can cause not only late-onset CHF, but
also acute cardiotoxicity presenting as coronary
vasospasm or even acute myocardial infarction
[38]. Although rare, these acute side effects are
life-threatening, so it is vital to identify them as
soon as possible, by obtaining an ECG prior and
during anthracycline treatment and by evaluating
CK-MB values periodically. On the other hand, an
increased value for this marker could be the expression of cardiac ischemia in the context of a
later-onset CHF, proving to be useful in monitoring these high-risk patients. In children exposed to
anthracyclines in a small study which included 22
patients, CK-MB was in normal range before and
during 72 hrs of treatment [39]. CK-MB remained
within normal range even if the pediatric patients
followed a high dose chemotherapy regimen needed in hematopoietic stem cell transplantation [40].
If the exposed total dose of anthracyclines is taken
into account, CK-MB variations seem to be without
statistical significance in a study that included 131
patients [41].
PCRhs values are closely correlated with the
risk of acute cardiac events. In the studied group,
more than half of the patients presented values
above 3 mg/l of this marker, putting themselves in
the high-risk group for these types of cardiac pathology [42]. Thus, PCRhs could be used as a marker for acute anthracycline cardiotoxicity. However,
cancer patients are known to have an increased proinflammatory status, which could in turn explain
the increase PCRhs values. This is why periodic
evaluation of this marker could help distinguish
between the two causes, indicating the high-risk
patients which need more careful future monitoring. In a published randomized study of 205 pediatric patients with anthracyclines chemo regimen,
PCRhs level was similar between groups through
all the study time and were not statistically associated with any echocardiographic variables [43].
Hematologic parameters and cardiac function
In the studied group, leukocyte value at diagnosis has proven to have an important role in
the later development of a CMP (cardiomyopathy).
Leukemia patients are classified into three risk
groups according to a number of criteria, one of
which is the number of leukocytes at diagnosis. A
leukocyte count at diagnosis of over 50000/mm3
includes the patient in the high-risk group (HRG),
meaning a more aggressive treatment, thus a higher total dose of anthracyclines. However, a high
level of leukocytes at diagnosis could also imply
JBUON 2018; 23 (Suppl 1): S128

myocardial infiltration by cancer cells, thus leading
to impaired cardiac function. This is why the sensitivity and specificity of this marker in predicting
future cardiac dysfunction is hard to assess. In our
study, hematological parameters (leukocyte, LDH
and blast cell values) have been correlated positively with NT-proBNP values and negatively with
LVEF values. Also, E/E’ values have been correlated
negatively with blast cell values. This is of high
importance, as it points out the degree in which
the level of malignant cell presence in the body affects cardiac function even in the absence of an oncological treatment. This might signal infiltration
of the myocardium with malignant cells, meaning
that all these patients suffer a pre-treatment alteration of their cardiac function, which would then
be amplified by the cytotoxic treatment. This is of
vital importance since, by proving the existence
of this already influenced cardiac status, would
urge the initiation of a cardio-protective treatment
right from the diagnosis. Also, considering that the
higher the number of leukocytes, thus the patient
being in the high risk group, the higher the given
dose of anthracycline will be, it is noticeable that
these are the patients that will require the most
intensive cardiac monitoring, and also long-term
cardio-protective treatment.
Echocardiographic parameters
With regard to the echocardiographic evaluation, it is widely accepted (class I recommendation)
that children receiving cardiotoxic chemotherapeutic agents should have a baseline evaluation as well
as frequent follow-ups, in order to determine subclinical cardiac ischemia [43]. The measurement
of the echocardiographic LVSF and LVEF are both
non-invasive and available in most pediatric oncology centers, being the most widely used diagnostic method for detecting cardiotoxicity in children.
However, these measurements have their limitations, their value depending on the exact methods
used to obtain the LVSF or the LVEF [44]. Moreover,
no studies have evaluated the predictive value of
the echocardiographic LVSF as a surrogate marker
for the future development of clinical heart failure
after anthracycline therapy [45], as was confirmed
by an extensive literature search. Generally, the
cut-off value for SF is 28-29% and for LVEF 6065%. The same cut-off values have been considered in this study. A more accurate approach is to
measure the difference between their values from
one examination to another: a decrease of LVEF of
over 10% being considered significant for an alteration of the heart’s function. The present study has
established its cut-off value of 65% for LVEF using
regression analysis in the given patient group.
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Recent studies have shown lack of sensitivity of the classical echocardiographic parameters
(LVEF, SF) in the early diagnosis of cardiac dysfunction. The reduction of LVEF is considered a
late phenomenon, which is a clinical result of the
failure of myocardium systolic function recovering. McKillop et al. determined that an abnormal
radionuclide LVEF at rest (≤45%) had a sensitivity of 53% and a specificity of 75% for detecting
patients at moderate or high risk of developing
CHF, with SF presenting an even lower sensitivity
and specificity value [46]. Our study is consistent
with these findings, proving an increased sensitivity of the biological markers as compared to the
echocardiographic ones. However, this study has
shown that there is not an exact biological profile
that could predict a future decrease of cardiac function, as each patient presents with a particular set
of altered biomarkers. One of the most important
issues regarding echocardiography is represented
by inter-operator variability.
The comparative analysis on risk groups of
LVEF and SF showed a difference of about 3% and
4%, respectively, between the mean values for
these parameters in the standard risk group (SRG)
and high-risk group (HRG), but this difference was
not statistically significant (p>0.05). However, it
was noticed that in the case of ultrasound determinations, patients included in HRG are more likely
to develop subsequent cardiotoxicity, with initially LVEF and SF slightly lower than those in the
SRG.
With regard to the values of E and A waves,
determined by PW, and E’ respectively, determined
by the TDI method, normal values were considered
those proposed by Eidem et al. in 2004 [47]. For
adults, four diastolic filling patterns are known depending on the E/A and E/E’ ratio: normal, pseudonormal diastolic filling, impaired LV relaxation, and
restrictive diastolic dysfunction. For children, there
is currently no similar classification according to
the echocardiographic parameters. However, due to
the relative stabilization of diastolic velocities in
children around 3 years of age, it is considered that
the models used in adults can be applied to children
over this age. In the studied group we identified
three such patients, who had diastolic dysfunction
according to the above-mentioned classification:
two patients with impaired relaxation, presenting
E/A and E/E’ values below the normal limits, and
one patient presenting with a restrictive dysfunction pattern with both parameters exceeding the
maximum limit for their age group.
In recent studies, PW and TDI parameters are
considered highly useful in the early diagnosis
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of diastolic dysfunction. Cengiz et al., declare in
their study that the TDI method allows an early
and accurate identification of diastolic dysfunction
in patients treated with anthracyclines, the sensitivity of which increases with the time elapsed
since cessation of treatment [48]. Also, Sherief et al.
found a variation of TDI parameters in 26% of the
50-childhood leukemia surviving patients included
in their study [18]. They point out that alteration of
these parameters was also found in patients who
had normal cardiac function in basal echocardiography. On the other hand, although Doppler evaluation improves early detection of cardiac dysfunction in these patients, there is limited knowledge
regarding the normal values of these parameters,
as well as the interpretation of values situated outside the reference limits in children [49,50]. This
makes it difficult to diagnose cardiac dysfunction
using PW and TDI, increasing the dependence on
the examiner’s expertise and interpretation.

Limitations and Conclusion
The present study was mainly limited in terms
of the number of patients and their adherence to
the study. Of the initial number of 35 patients, only
24 were present for echocardiography. For these
reasons, the results are difficult to extrapolate. Our
results offer a pre-chemotherapy image of pediatric
oncological patients, in which even the leukemic
cell load could determine a preexisting subclinical cardiomyopathy which could be over-expressed
during specific treatment, as statistically demonstrated correlation between blastic load and NTproBNP and E/E’ values negatively correlated with
blast cell values. This hypothesis could change the
cardio-protective strategy by initiating the cardioprotective treatment right from the diagnosis. It is
also necessary to monitor these patients at the end
of treatment as well as 1 and 2 years after the end
of treatment. In this way the predictive value of the
biological markers and the echocardiographic parameters in anticipating cardiac dysfunction, could
be determined properly.
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Summary
Gastric cancer represents one of the most severe cancers with
poor overall survival. Despite the availability of published
data on the efficacy of adjuvant treatment, the actual percentage of treated patients remains low. The toxicity of radiotherapy or chemotherapy regimens differ and clinicians
need accessible tools in order to better select candidates for
adjuvant treatment. In this review, we present published data

from clinical trials and cancer registries that might be useful
for properly balancing the efficacy and toxicity of adjuvant
treatment in gastric cancer patients who underwent surgery
with curative intent.
Key words: gastric, cancer, adjuvant, radiotherapy, chemotherapy

Introduction
Gastric cancer represents one of the most severe types of malignant tumors. Despite its lowered incidence due to better food preservation techniques, it remains a deadly disease.
In 2018, Globocan reported over 1 million new
cases with a mortality of 780000 per year, which
places gastric cancer on the fifth place in terms of
prevalence and on the third place in terms of cancer-specific deaths [1]. Worldwide, gastric cancer

is ranked third in mortality, regardless of national
income [2].
As far as society costs are concerned, gastric
cancer is one the most expensive diseases in Southern and Central-Eastern Europe, where the socioeconomic impact is estimated at 5.4 and 6.1% of
total costs [3]. The estimated negative impact of
premature death in cancer patients in Europe was
75 billion euros in 2008 [3].
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The natural history of gastric cancer

The general trend in gastric cancer survival is
positive as the 5-year overall survival increased from
Patients with gastric cancer are difficult to di- 15% in 1975 to approximately 31% at present [10].
agnose due to their unspecific symptoms. Because
they are frequently diagnosed at an advanced T stage
clinical stage, only oncological treatments with
Depth of tumor invasion seemed to be a progpalliative intent can be administered. With the nostic factor for OS in a published retrospective
exception of Japan and Korea, there are currently analysis of 1715 patients with curative resection
no guidelines for gastric cancer screening [4]. A for gastric cancer [11].
recommended screening schedule is not available
T stage has been demonstrated to be linked with
even for patients with premalignant lesions.
the risk of local relapse compared with N stage,
which is more related with distant metastasis [12].
Prognostic factors – a means of better
A more advanced depth of tumor invasion
increases the risk of lymphovascular invasion or
patient selection
lymph node micrometastasis [13]. This is why the
A better selection of the patients at risk repre- evaluation of gastric cancer patients with more adsents one way of improving gastric cancer results. vanced T stages (T3 and T4) requires the harvestThis can be achieved through the panel of prognos- ing of a higher number of lymph nodes (at least
tic factors presented below.
18), which seems to be significantly linked with
improved OS [14].
Clinical symptoms
Even in a very early stage (T1), the invasion of
The clinical symptoms are not very specific muscularis mucosa produced lymph node metasand therefore unable to signal the presence of tasis in 4% of the cases [15]. In the case of tumors
neoplasia. Weight loss, dysphagia and a palpable larger than 2 cm invading more than two portions
epigastric mass, which were reported by patients of the stomach, 20.5% of the patients had already
late in the natural history of the disease, usually developed peritoneal metastasis [16].
Adjuvant treatment such as chemotherapy (CT) or
indicate an advanced disease stage with a high risk
of cancer-related death [4]. In a prospective clinical chemotherapy plus radiotherapy (CTRT) should be prostudy of 1852 consecutive cases of gastric cancer, posed to patients in stages higher than T2 depending
Kapoor et al showed that weight loss and dyspha- on the postoperative histological results, performance
gia represent predictive factors for cancer but their status and prognostic factors.
value is very limited [5]. Patients with no alarm
symptoms seem to have a better survival and a N stage
lower stage of the disease [6]. On the other hand, an
Lymphatic invasion is one of the most powerabdominal palpable mass seems to be more closely ful prognostic factors in gastric cancer. Even in
associated with poor survival probability than all early gastric cancer limited to the mucosa, the apthe other alarm symptoms, with a median survival proximately 3% estimated risk of positive lymph
of only 10 months [7]. Less common, this clinical nodes (depending on tumor size, presence of ulpresentation could be misinterpreted as pancreatic ceration, grade of differentiation, perineural and
lymphatic invasion) is not to be neglected [17].
cancer [8].
Overall, the positive predictive value of symptoms
for gastric cancer is below 10 %, which makes the clini- Lymphadenectomy – curative or staging purpose?
cal use of alarm symptoms very limited [9].
The number of lymph nodes that should be
removed during surgery continues to be a subject
TNM stage
of debate. For the time being, the 8th edition of the
The general prognosis is related to the clinical UICC/AJCC staging system for gastric cancer, simievolution and stage, which are both taken into ac- larly to the 7th edition, recommends the removal
count when establishing the clinical management of at least 16 lymph nodes for correct lymph node
plan for gastric cancer patients. Locoregional or assessment, as shown in a systematic review conmetastatic spread of the disease have different ducted by Coburn et al [14].
life expectancies. Overall survival (OS) at 5 years
Is lymphadenectomy simply a pathological stagreached 68.1% in patients with local disease, but it
ing method or should it be the aim of curative
diminished to 30.6% in case of lymph node involveintervention?
ment and to 5.2% in a metastatic setting [10]. The
OS at 5 years was less than 50% in patients with a
A meta-analysis by Mocellin and Nitti comparclinical stage higher than II [11].
ing D1, D2 and D3 resections in more than 2500
JBUON 2019; 24(6): 2210
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patients showed that D2 offers better diseasespecific survival (DSS) but no OS and disease-free
survival (DFS) advantage compared with D1, while
no differences between D2 and D3 in terms of DSS,
DFS and OS were found [18].
An analysis of “real life patients” using the US
Surveillance, Epidemiology, and End Results database investigated the number of lymph nodes removed by stage subgroup (T1/2N0, T1/2N1, T3N0,
and T3N1) [19]. The OS results showed that every
10 lymph nodes removed led to statistically significant survival advantage for each analyzed stage,
which ranged between 5 and 11% depending on
the final clinical stage [19].
It must be underlined that a low number of
nodes was involved in the stages included in the
analysis, which facilitated the surgical effort. Not
least, the surgeon must be aware that in 3.9% of
gastric cancer patients who are resectable a skip
metastasis could be met [20].
N3 patients
A previous TNM staging classified stage N3
(more than 15 positive lymph nodes) as stage 4
without visceral metastasis. The OS in a large series
of 422 N3 gastric cancer patients ranged between
10.5% and 0%, depending on T stage (T1-3 and T4,
respectively) [21]. T4N3 patients had slightly lower
survival than those with M1 (visceral metastasis).
Distant metastasis rather than locoregional
relapse is a more frequent cause of death in this
category of patients. The addition of radiotherapy to
chemotherapy does not improve the general results for
N3 stage, as shown in a retrospective analysis of
276 patients who underwent D2 and R0 resection
plus adjuvant chemotherapy or radiochemotherapy
[22]. In N1-2 stages only the 3-year DFS and local
control seem to be higher, but not the OS. Even the
addition of anthracycline to a chemotherapeutic
regimen seemed to not improve OS [23].
Lymph Node Ratio (LNR)
LNR (the ratio of involved lymph nodes to the
total number of removed lymph nodes) could be
an important tool for better selection of adjuvant
treatment in patients with optimal surgical resection (D2) according to recently published data suggesting that LNR > 25% treated by chemotherapy
in association with radiotherapy had better DFS
compared with patients treated by adjuvant chemotherapy alone [22]. LNR could also be used as a
prognostic factor even in patients with less than
15 lymph nodes removed (suboptimal resection according to the UICC/AJCC), as demonstrated on a
large cohort of patients (>2500) in China [25].
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Moreover, in a cohort of 3284 patients, LNR
showed to be a better predictor of OS than N stage
[26]. A lower LNR (less than 6%) from a higher
number of lymph nodes removed was found to
statistically correlate with better OS in patients
with pN2, pN3a, and pN3b stages [26]. LNR could
discriminate between subgroups with different
chances of survival [27].
Adjuvant treatment in the form of chemotherapy
associated with radiotherapy could be chosen in patients with high LNR, who have higher survival improvement chances.
N negative
In a retrospective study conducted by Jin et al,
39% of 805 patients with resected gastric cancer
had stage N0. As the most powerful negative prognostic factor was absent in this cohort of patients,
the risk of relapse was statistically correlated with
stage T3, the presence of lympho-vascular invasion
invasion and signet cell histology [28].
These negative factors were also analyzed by
other researchers, as detailed below.
In a retrospective analysis of 1971 patients
with early stage gastric cancer (IB), Wang et al
found that T1N1M0 patients had a worse survival
than T2N0M0 patients, especially when surgical resection was suboptimal (less than 15 lymph
nodes removed) [27].
With regard to adjuvant treatment, no difference
between chemotherapy and radiochemotherapy was
highlighted for T1N1M0 versus T2N0M0 [29].
Histological type
In a series of 410 patients with gastric cancer
treated with neoadjuvant chemotherapy before curative surgery, the intestinal histological subtype
seemed to be a predictive and prognostic factor
for OS [30]. The intestinal subtype of gastric cancer had a better response to the standard perioperative chemotherapy regimen (FLOT) in terms
of pathological complete response as 85% of the
good responders had this histology [31]. The efficacy of CTRT administration in the adjuvant setting
was confirmed 10 years after the McDonald et al
trial, with the exception of diffuse type histology
[29].
Moreover, the same intestinal subtype could
be related to a higher probability of being associated with HER2-positive gastric tumors, as shown
by Wang et al meta-analysis including 10 studies
on 1529 patients between 2012 and 2017 [33].
HER positivity was not correlated with T stage
or lymphovascular invasion, although some correlations with the grade of malignancy and male
JBUON 2019; 24(6): 2211
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gender were established. In the ToGA trial, the intestinal subtype of gastric cancer was associated
with HER2 overexpression in 32.2% of the cases
compared with 6.1% for the diffuse subtype [34].
Breast cancer clinical experience showed that HER
overexpression is associated with tumor aggressiveness and lower OS [35].
In the adjuvant setting, the importance of HER
overexpression for selecting the intensity of adjuvant treatment has not been established yet.
FLOT could be the preferred chemotherapy regimen for the intestinal type of gastric cancer while
radiotherapy could be less effective for the diffuse
subtype.
Grade of malignancy / differentiation
In a cohort of 3090 patients treated for gastric
cancer, a high grade of malignancy was statistically significantly linked to more advanced disease
(T3-4 stage) and more lymph node involvement,
therefore the presence of this prognostic factor
should be crucial for the administration of an adjuvant treatment [36]. A multivariate analysis of
3039 patients who underwent D2 surgery between
2008 and 2015 showed that, after matching age,
T, N stage and tumor size, the results no longer
supported the prognostic role of the grade of malignancy in terms of OS (without statistical significance) [36].
Although, according to the available data, the
grade of malignancy might not contribute significantly to the selection of CT or CTRT as adjuvant treatment in resected gastric cancer patients, it remains
a prognostic factor in favor of adjuvant treatment
administration.
Lymphatic or vascular invasion (LVI)
In a retrospective series of resected patients,
LVI was found in 44.3% of them [13]. The depth of
tumor invasion and lymph node invasion (macro
or micrometastases) are statistically linked to LVI
positivity.
LVI also increased the risk of positive resection margins in patients with curative resection
[37]. In patients with N0, the presence of LVI should
add chemoradiotherapy to the treatment strategy since
LVI correlated with decreased OS in a retrospective
analysis of 12504 patients [38].
Positive resection margins (R1)
Data from the two large databases – Lee et al
from Korea (1788 patients) [39] and Postlewait and
Maithel from the USA (965 patients) [40] underline
that the main goal of gastric cancer surgery is to
obtain tumor-free resection margins. The length
JBUON 2019; 24(6): 2212

of resection margins does not seem to influence
recurrence and survival in more advanced gastric
cancer stages (higher than II) [39,40]. R1 resection could be a factor in favor of locoregional and
distant relapse [40]. Surgical re-resection could
improve prognosis and should only be taken into
account in patients with less than 5 positive lymph
nodes but it is definitely not indicated in those with
N3 disease [40].
Advanced T and N stage, lymphovascular invasion and a high degree of malignancy are factors
that could increase the risk of positive resection
margins [37].
Data collected from a US National Database
showed that OS was better in patients with R1 resection treated with adjuvant radiochemotherapy
compared to chemotherapy alone [37].
The Dutch clinical trial conducted by Dikken
et al on 91 patients treated with adjuvant radiochemotherapy compared with a historical group
of 694 patients randomized between D1 and D2
resection, supports the role of adjuvant chemoradiation treatment, which improved general survival and
the local relapse rate (2% versus 8% but statistically
significant only for D1 resection) in patients with
positive resection margins [41].
Tumor markers
Traditional tumor markers are usually used
only for monitoring oncological treatment as parts
of a complicated puzzle where each component
such as imaging, biochemical status, clinical status,
tumor markers, nutrition and so on are weighed in
order to take the most appropriate decision regarding the possible use of oncological treatment. The
diagnostic use of tumor markers is not recognized
by well-known international guidelines, although
published data suggest their prognostic and predictive role.
In 587 early gastric cancer patients monitored
by multiple tumor markers, only CA 19-9 seemed
to be statistically significantly linked to the risk
of lymph node metastasis [42]. A meta-analysis of
38 clinical trials including more than 11400 patients confirmed that serum levels of CA 19-9 are
statistically significantly capable of discriminating between the TNM stage of the disease (III-IV
versus I-II), the T stage (T3-4 versus T1-2), lymph
node invasion versus N0, presence or absence of
vascular invasion [43].
Moreover, a high level of CA 19-9 could predict
reduced OS, DFS and DSS [39]. In another study,
the early decrease of CA 19-9 (4 weeks after the
surgical intervention) was found to be statistically significantly linked to better OS and DFS in a
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population of 259 advanced gastric cancer patients
(N3 stage) [44].
CA 72-4 is considered more specific and sensitive for gastric cancer [45]. A published meta-analysis, which included 33 clinical trials and 2390 patients, showed that CA 72-4 is the most correlative
marker for gastric cancer, with a sensitivity of 50%
and an accuracy of 77% [45].
The role of CEA in gastric cancer diagnosis was
studied on 4157 subjects (2288 patients with gastric cancer and 1869 patients with benign gastric
pathology) [46]. High levels of serum tumor markers correlated with advanced disease stages.
Perineural invasion (PNI)
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chemotherapy at any time seemed to be superior
in terms of OS over surgery alone, with a 27-29%
reduction in death rate [48]. Chemotherapy administration, especially in more advanced stages (2 and
3), led to superior OS in each group of patients
compared to controls, although no differences were
proven as far as the timing of chemotherapy administration was concerned – same OS for early
compared with delayed chemotherapy. A retrospective analysis on 266 patients done by Qu et al
showed that starting chemotherapy earlier than 45
days could improve OS [49].
Therefore, CT should be administered whenever
possible, regardless of its traditional timing after
surgery.
Regarding CTRT, a meta-analysis of 13 randomized clinical trials including nearly 3000 patients did not find any difference between neoadjuvant
and adjuvant chemoradiotherapy [49].

A published meta-analysis showed the independent prognostic role of perineural invasion in
terms of OS and DFS independently of T stage, N
stage or tumor size [47]. The median rate of positivity in more than 30000 patients with curatively
resected gastric cancer was around 41% [47]. The 2. Chemotherapy
presence of PNI should indicate the need for adjuvant
Older clinical trials investigated the potential
treatment in the form of chemotherapy associated with role of adjuvant chemotherapy in resected gastric
radiotherapy.
cancer. Inadequate numbers of patients and suboptimal chemotherapy regimens (in today’s view)
Standard adjuvant treatment
could explain the lack of statistically significant
results. Meta-analyses were the first to confirm
1. Timing of adjuvant treatment in gastric can- the positive influence of adjuvant chemotherapy
cer patients
in terms of OS. Table 1 summarizes the most imTraditionally, adjuvant treatment was initiated portant meta-analyses published to date [50-56].
The most recent results of a meta-analysis con6-8 weeks after surgery. Greenleaf et al investigated the impact of timing of adjuvant chemotherapy ducted by Cao et al on 8580 patients with resected
on OS in 7942 resected gastric cancer patients [48]. gastric cancer, with or without chemotherapy in
The groups were as follows: no chemotherapy, less the adjuvant setting showed an almost 7% OS adthan 8 weeks after surgery, between 8 and 12 weeks vantage at 5 years [57]. Adjuvant chemotherapy
and more than 12 weeks after resection. In mul- seemed to decrease locoregional relapse rates by
tivariate analysis, the administration of adjuvant diminishing lymph node, local and peritoneal re-

Table 1. Meta-analysis of adjuvant chemotherapy in resected gastric cancer
Author

No. of trials

Year of publication

No. of patients

P value
OS

Adj CT > observation

Hu et al. [51]

14

2002

4543

0.0008

Yes

Panzini et al. [52]

17

2002

3118

0.005

Yes

Mari et al. [53]

20

2000

3658

0.001

Yes

Sun et al. [54]

12

2009

3809

0.001

Yes

Zhao et al. [55]

15

2008

3212

0.001

Yes

Liu et al. [56]

23

2008

4919

0.001

Yes

Cao et al. [57]

29

2014

8580

DFS
RFS

Yes

Paoletti et al. [58]

31

2010

6390

0.001

Yes

OS: overall survival, DFS: disease-free survival, RFS: relapse-free survival, CT: chemotherapy
*RFS lower recurrence rate (RR: 0.79, 95% CI: 0.74-0.84)
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currence [57]. This is a better result for adjuvant
chemotherapy compared to the previous metaanalysis, which estimated a lower benefit - 25 patients treated in order to save one. Concerning the
type of chemotherapy needed to be used, probably
an oxaliplatin-based regimen, should be taken into
account; the role of anthracyclines in gastric cancer
is contested today despite the fact that some metaanalyses prove a positive effect [58].
In a retrospective analysis of 341 patients Gunaldi et al showed no benefit by adding taxane to
classic 5FU and oxaliplatin combination for aged
patients (over 65 years) [59]. Oxaliplatin itself could
be challenging to be administered due to frequent
hypersensitivity reactions on a chronic administratiosn [60].
Furthermore, new data from phase III randomized trials such as ACTS-GC [56] and CLASSIC
[62] showed that adjuvant chemotherapy led to a
significant OS advantage (10% benefit on average
compared with surgery alone).
Moreover, the ESMO guidelines recommend
perioperative chemotherapy as the preferred strategy for resectable gastric cancer [63]. Recently
published studies demonstrated that adjuvant
treatment has an important role in the general
management of a case, especially in patients with
positive ypN or more than 50% vital tumor cells after neoadjuvant chemotherapy [64]. A meta-analysis published by Hu et al revealed that neoadjuvant
sequence of perioperative chemotherapy seemed
to be superior in terms of OS at 1.3 and 5 years
intervals than surgery alone or surgery followed
by adjuvant chemotherapy [65].
It is worth mentioning that the role of adjuvant chemotherapy in elderly patients (>65 years)
was investigated in a meta-analysis of 512 subjects published by Chang et al. Adjuvant chemotherapy was not associated with OS advantage
despite a statistically significant improvement in
the relapse-free survival [66]. The potential benefit
of adjuvant chemotherapy could not be denied in
these patients, although it might remain small and
require the assessment of adverse events related to
the chosen chemotherapy regimen.
Target therapy – targeting the EGFR, HER or
angiogenesis pathways are not recommended in
the adjuvant setting for the time being [63,67].
3. The association of radiotherapy and chemotherapy (CTRT)
Standards of treatment in the adjuvant setting
The association of chemotherapy and radiotherapy after the surgical resection of gastric cancer represents a standard of treatment as the MacJBUON 2019; 24(6): 2214

donald trial and the Korean observational study
proved the benefit of adjuvant chemoradiation in
terms of OS and DFS [68,69]. The positive results of
the Macdonald trial in terms of OS were confirmed
10 years after initial data collection in all categories
of patients except in those with the diffuse histological type [32]. In the Korean study, which included
544 gastric cancer patients who underwent D2 resection and adjuvant chemoradiotherapy (CTRT),
survival benefit was obtained even in patients with
D2 surgical resection, with a 20% reduction in the
death rate and a statistical DFS advantage in favor
of CTRT administration for stages II, IIIA, IIIB and
IV [69].
N ratio
The ARTIST phase III trial failed to demonstrate a survival advantage for CTRT in patients
who underwent D2 resection, although a DFS advantage was highlighted in those with positive
nodes [70]. Moreover, a LNR>25% seems to be predictive in patients who benefit the most from CTRT
compared to CT alone in terms of OS [70]. These
results are conflicting with the Dutch trial [41].
A meta-analysis of 3 randomized controlled
trials including 895 patients who underwent D2
resection found that CTRT had a beneficial role in
improving locoregional recurrence-free survival
and DFS but not OS and distant metastasis recurrence-free survival [71].
CTRT for D1 versus D2 resection
In patients requiring extensive surgical effort
(a minimum of 25 lymph nodes harvested during
D2 resection) [72]), the results of adjuvant chemoradiotherapy are not in favor of adjuvant treatment
due to the fact that OS is statistically not different
between arms. In patients with R1 resection, the
administration of combined adjuvant treatment
is associated with OS advantage and fewer local
relapses [40], but only in patients with less than 5
positive lymph nodes, as already mentioned [39].
A retrospective analysis of the Surveillance, Epidemiology and End Results database, which included
11630 patients with gastric cancer between 1990
and 2003, confirmed the role of adjuvant radiation
therapy in improving the OS rate [73].
In patients with positive nodes, extensive surgery could help the efficacy of radiotherapy if more
than 15 lymph nodes are removed in N1 and N2
disease. In N3 stage patients, the surgical effort is
even more aggressive since more than 30 lymph
nodes need to be removed [73].
Ohri et al meta-analysis did not find any subgroup of patients with resected gastric cancer who
did not benefit from adjuvant CTRT [50].
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4. CT versus CTRT
The ESMO guidelines suggest that patients
treated with perioperative chemotherapy should
not receive adjuvant CTRT [63].
The CRITICS trial compared CTRT versus CT
alone after neoadjuvant chemotherapy in 788 patients and found that adjuvant CTRT did not yield
an OS advantage [74].
Data from the ARTIST trial suggest that
CTRT could have a positive effect compared with
CT alone in patients with LNR>25% [69].
A retrospective analysis of the California Cancer Registry including 2146 patients with stages
from IB to III showed that those treated by CTRT
had the longest OS (52 months) followed by perioperative chemotherapy (33 months) and observation (25 months), based on statistically significant
results (p=0.015). Patients with negative nodes
and signet ring histology seem to benefit most
from CTRT [75]. The same authors published another retrospective analysis of 1493 node-positive
patients with stages IB-III and found a statistically significant advantage in OS for patients with
LNR>10% who underwent combined treatment
compared to chemotherapy alone [64]. We must
underline that over 40% of the patients had suboptimal lymph node resection (less than 15) [70].
Another retrospective analysis of the US
National Cancer Registry (1998-2006) on 3008
patients who received adjuvant CTRT or CT demonstrated that CTRT led to superior median OS in
comparison with CT (36.1 vs 28.9 m; p<0.0001) in
N-positive patients, regardless of TNM stage or
adequacy of lymph node staging [76]. This benefit
was not found in N0 patients.
Dai et al published a meta-analysis which included 1171 patients from 6 randomized trials
and showed statistically significant better 5-year
DFS and locoregional recurrence rate (LRRR) in
patients who underwent CTRT compared with
CT alone [77]. A meta-analysis of 4 randomized
controlled trials including 960 patients with R0
resection and D2 surgery showed the benefit of
CTRT compared with CT alone in terms of locoregional recurrence rate and DFS, but not in terms
of OS [78].
Another meta-analysis included 15 randomized clinical trials totaling 3347 patients who
underwent surgery and adjuvant treatment in
the form of CTRT, chemotherapy or radiotherapy
alone. Only 923 patients (27.57%) were included
in clinical trials that directly compared adjuvant
CTRT with chemotherapy while 2050 patients
were not compared with an adjuvant arm [78]. No
5-year OS or DFS benefits were observed in the
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adjuvant CTRT arm compared with chemotherapy alone, even after stratification for well-known
prognostic factors. 811 (24.23%) patients received
suboptimal doses of irradiation (30-37 Gy), which
could impair the statistical significance. The meta-analysis of Wang et al on 15 randomised controlled trials which included 3347 patients did not
find a 5-year OS statistically significant benefit for
CTRT over chemotherapy alone in patients with
gastric cancer [79].
Ohri et al meta-analysis which investigated
the role of adjuvant CTRT in gastric cancer patients found no advantage for CTRT over CT in
terms of OS, despite a tendency for statistical
significance (p=0.08), but an advantage in terms
of DFS in favor of CRT [46]. This advantage was
more obviously seen in patients with D0 resection while in those with D1 and D2, the differences were not statistically significant (for D1
p=0.056).

Predictive factors (clinical, histological
and molecular)
The US Gastric Cancer Collaborative database
analyzed 719 patients who underwent curative resection for gastric cancer, out of which 59.7% had
lymph nodes metastasis, and showed that 45.2 %
of patients were treated by surgery alone, 35.2%
received radiotherapy in association with chemotherapy and 19.6% chemotherapy alone [76].
A positive node ratio was defined (0, 0.01-0.10,
0.10-0.25, >0.25). Patients who received CTRT had
a statistically significant survival advantage over
patients who underwent chemotherapy alone but
only if the lymph node ratio was higher than 0.25
[80]. A positive node ratio >0.25 seems to be a
highly predictive and prognostic factor in favor
of adjuvant CTRT compared with chemotherapy
alone, regardless of lymphadenectomy extent (D2
or D3 versus D0, D1). In patients with suboptimal
surgery (D0) the advantage in OS offered by the
association of radiotherapy and chemotherapy
underlines that the combined treatment is more
appropriate instead of chemotherapy alone, regardless of the positive node ratio [80].
Patients aged over 65 years seem to be less
frequently selected for adjuvant treatment, irrespective of its form [73]. Pathological T3 or T4
stage, presence of LVI and a high grade of malignancy were associated with the lowest OS. A
recently published article showed that younger
patients (less than 40 years) with gastric cancer
compared with older patients had the same OS
[81].
JBUON 2019; 24(6): 2215
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Conclusions

•

Chemoradiotherapy:
• Postoperatively, if NO preoperative radiochemotherapy was administered, especially
in locally advanced esophagogastric junction
(EGJ) adenocarcinoma.
• T3 / T4 or node-positive (except for LN ratio
>25 %, N3 or D2 resection, poorly cohesive
type).
• T2 + 1 of the following : LVPn+, G3, < 50 of age,
< D2 resection.
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Abstract
The optimal sequence of the targeted therapies in metastatic colorectal cancer is not established. We aimed to analyse if
previous administration of bevacizumab impacts the response to epidermal growth factor receptor inhibitors in subsequent
lines of therapy. It was performed a retrospective analysis on KRAS or KRAS/NRAS wild-type metastatic colorectal cancer
patients that received an epidermal growth factor receptor inhibitor in the second or later lines of therapy and their outcom es
were analysed according to previous exposure to bevacizumab. 85 metastatic colorectal cancer patients were included, of
whom 22 had received previous chemotherapy (group A) and 63 previous chemotherapy plus bevacizumab (group B). The
overall survival was significantly higher in the group B (35.6 months versus 24.8 months, p = 0.01). The overall survival and
progression-free survival calculated from the start of the epidermal growth factor receptor inhibitor did not significantly
differ between the groups. The multivariate analysis revealed that using bevacizumab did not significantly impact the
survival. Our results show that previous administration of bevacizumab does not influence the efficacy of epidermal growth
factor receptor inhibitors in later lines of treatment.

Rezumat
Secvența optimă a tratamentelor moleculare țintite în cancerul colorectal metastatic încă nu este stabilită. Obiectivul studi ului
a fost de a analiza dacă răspunsul terapeutic la inhibitorii receptorului factorului de creștere epidermal în liniile ulterioare de
tratament este influențat de administrarea anterioară de bevacizumab. A fost efectuată o analiză retrospectivă a pacienților cu
cancer colorectal metastatic fără mutații KRAS sau KRAS/NRAS, care au primit tratament cu un inhibitor al receptorului
factorului de creștere epidermal în linia a doua sau ulterioară de tratament și a fost analizată evoluția clinică a pacienților în funcție
de expunerea anterioară la bevacizumab. În studiu au fost incluși 85 pacienți cu cancer colorectal metastatic, dintre care 22 au
primit chimioterapie anterioară singură (grupul A), iar 63 au primit chimioterapie anterioară cu bevacizumab (grupul B).
Supraviețuirea globală a fost semnificativ mai mare în grupul B (35,6 luni versus 24,8 luni, p = 0,01). Supraviețuirea globală
și supraviețuirea liberă de progresia bolii calculate de la debutul liniei cu agentul inhibitor al receptorului factorului de
creștere epidermal nu a fost semnificativ diferită între cele două grupuri. Analiza multivariată a supraviețuirii a arătat c ă
administrarea bevacizumabului nu a influențat semnificativ supraviețuirea. Rezultatele studiului arată că administrarea
anterioară de bevacizumab nu influențează eficiența inhibitorilor factorului de creștere epidermal în liniile ulterioare de
tratament.
Keywords: colorectal cancer, EGFR inhibitors, sequence, bevacizumab

Introduction

develop metastases during the course of the disease,
either synchronous or metachronous [14]. Metastatic
disease has a poor prognosis, with 5-year relative
survival rates only reaching 13.1% [6]. The clinical

Colorectal cancer (CRC) is the third most diagnosed
cancer and the second cause of cancer-related death,
worldwide [1]. More than 50% of all CRC patients will
656
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outcomes have greatly improved in stage IV patients,
with a median overall survival (OS) reaching 30 months,
due to better management that uses a “treatment
continuum”. This therapeutic approach encompasses
the sequential administration of systemic drugs and
local treatments for the primary tumour and/or
metastases, where feasible [25].
Chemotherapy regimens for RAS wild-type metastatic
colorectal cancer (mCRC) are most commonly based
on fluoropyrimidines (5-fluorouracil or capecitabine),
oxaliplatin or irinotecan and are usually associated
with molecular targeted treatments, according to the
treatment line, usually an inhibitor of the epidermal
growth factor receptor (EGFRI) – cetuximab or
panitumumab or an antiangiogenic - bevacizumab,
aflibercept, ramucirumab, regorafenib. The associations
could have different toxicities depending on multiple
factors [3].
When it comes to choices for first- and further-line
therapies, up to date there is no unequivocal evidence
on the optimal treatment sequence and it has become
clear that all cytotoxic agents previously mentioned
and all targeted therapies, EGFR inhibitors (EGFRIs)
and antiangiogenics, have to be administered at some
point during the course of the disease for “fit” patients.
According to the European Society for Medical Oncology
Guidelines, the aim is that 70 - 80% of patients receive
second-line and 50 - 60% third-line therapy [25].
In first-line all-RAS wild-type mCRC, clinical trials
could not establish an absolute superiority of a targeted
agent (EGFRI or bevacizumab) in the detriment of the
other, although post-hoc analyses of the FIRE-3 [22]
(in Germany - Austria) and CALGB trial [26] (in US)
showed a major impact of primary tumour location on
survival: left-sided, RAS wild-type tumours benefited
the most, while right-sided tumours did not benefit at
all from the EGFRIs. In FIRE-3, but not CALGB trial,
patients treated with first-line cetuximab had higher
OS than those with first-line bevacizumab. Also, a
meta-analysis performed on 2576 mCRC patients,
RAS wild-type, in order to determine which agent
renders better outcomes in first-line showed better OS,
higher objective response rates and more complete
responses for patients receiving first-line cetuximab
versus bevacizumab [29]. Nevertheless, a systematic
review and meta-analysis performed on seventeen
randomized trials in first-line mCRC did not confirm
the superiority of EGFRIs over bevacizumab in terms
of OS and progression-free survival (PFS) [13]. The
benefits of bevacizumab in first-line mCRC exist
regardless the KRAS gene status [12].
After failure of first-line treatment, in the second-line,
fit patients with good performance status should receive
either the re-introduction of the first-line chemotherapy
after a de-escalation maintenance, or a different chemotherapy backbone than in first-line, any of the above
combined with a biological agent: an antiangiogenic
if none administered in first-line (bevacizumab or

aflibercept) or, if patients had first-line bevacizumab,
either bevacizumab beyond progression or ramucirumab.
Clinical trials showed that the administration of an
antiangiogenic in the second line improved OS. If an
EGFRI (cetuximab or panitumumab) is not administered
in first-line, it should be considered in second-line,
but the survival benefits are similar when used in
second or subsequent lines [25]. An analysis of the
impact of subsequent treatments on survival, performed on
KRAS exon 2 wild-type tumours in the FIRE-3 clinical
study, pointed out better second-line PFS in patients
receiving chemotherapy plus bevacizumab than in
patients receiving chemotherapy plus cetuximab [18].
In the present study, we aimed to test the hypothesis
that previous administration of bevacizumab impacts
the benefits of subsequent EGFRI administered in
further lines, by retrospectively analysing the outcomes of
the patients treated in a tertiary care oncology centre.
Materials and Methods
Study population: We conducted a retrospective
analysis that included consecutive patients addressed
to our tertiary care oncology centre between January
2007 and December 2017 and treated for mCRC, with
available information regarding demographics, tumour
and disease characteristics, treatments received and
clinical outcomes. The study was approved by the
Ethics Committee of the “Prof. Dr. Ion Chiricuță”
Institute of Oncology Cluj-Napoca, Romania, No 42/
8th December 2015. All data regarding patients were
obtained from the Institutional Cancer Registry.
We included patients that had a histologically confirmed
diagnosis of CRC with distant metastases either from
the initial diagnosis (synchronous) or after recurrence
(metachronous), KRAS exon 2 wild-type or KRAS/
NRAS (all-RAS) exons 2,3,4 wild-type tumours. Because
this was a retrospective study and patients were treated
during an eleven years period, the mutational status
of KRAS or KRAS/NRAS genes was performed at the
time of treatment for each individual patient, according
to international guidelines. Included patients did not
have any medical contraindication to chemotherapy,
bevacizumab or cetuximab/panitumumab had an adequate
follow-up (at least monthly clinical check-up and CTscans every 3 to 4 months).
We identified 85 eligible patients with mCRC that
received an EGFRI in second or later lines of therapy
and divided them into two groups according to the
treatment received: chemotherapy alone followed at
disease progression by cetuximab/panitumumab
(group A = 22) or chemotherapy plus bevacizumab
followed in subsequent lines of therapy by cetuximab/
panitumumab (group B = 63). EGFRIs were administered
as single agents or combined with chemotherapy.
Individual choices of treatment and sequences were
made at the time by referring physicians.
657

FARMACIA, 2020, Vol. 68, 4

Treatments and response evaluation: Chemotherapy,
bevacizumab, and cetuximab/panitumumab were
administered according to international or institutional
guidelines available at the time of treatment. Delays
or dose adjustments were made whenever considered
necessary by the referring oncologist. bevacizumab
was administered every 2 or 3 weeks, according to
the chemotherapy regimen, at a dose equivalent to
2.5 mg/kg b.w./week. Cetuximab was administered at
an initial dose of 400 mg/m2, followed by subsequent
weekly doses of 250 mg/m2. Panitumumab was administered
at a dose of 6 mg/kg b.w. every 2 weeks. Response
evaluation was performed on computed tomography
assays according to RECIST 1.1.
Endpoints: The main endpoints were OS and progressionfree survival (PFS) for the EGFRI treatment-line. Both
OS and PFS were calculated from the date of starting
the EGFR inhibitors to death and disease progression,
respectively OS was also calculated from the initial
administration of first-line metastatic treatment to
death (total OS).
We also analysed parameters known to affect patients’
survival outcomes: demographic data, tumour-sidedness,
RAS mutational status (KRAS or all-RAS wild type),
number and location of metastatic sites (liver, lung,
peritoneum, other), metastases type (synchronous/
metachronous), whether surgery was performed on
primary tumour and/or metastases, the EGFRI treatment
line, chemotherapy associated with the EGFRI (oxaliplatin-based, irinotecan-based, fluoropyrimidine alone,
none). Right-sided primary tumours included tumours

located proximally to the splenic flexure, while leftsided primaries were the tumours located distally to
the splenic flexure, including the rectum. The metachronous disease was considered when metastases
occurred at > 6 months after the initial diagnosis of
CRC. Although two EGFRIs (cetuximab or panitumumab)
were used, they were analysed together as their efficacy
is considered to be similar in mCRC patients.
Statistical analysis was performed using the MedCalc
Statistical Software version 19.1.5 (MedCalc Software
bv, Ostend, Belgium). Quantitative data is described
by median and 25 - 75 percentiles while nominal data
is expressed as frequency and percentage. A comparison
between groups was carried out with the Man-Whitney
test or chi-square test, whenever appropriate. Univariate
survival analysis was performed using the KaplanMeier test. Multivariate analysis for survival was
carried out using the Cox regression. A p-value < 0.05
was considered statistically significant.
Results and Discussion
The characteristics of the study groups are presented
in Table I. There were no differences between groups
regarding the age or gender of the patients. Cancer
location and number of metastatic sites did not differ
between groups. Group B had significantly more liver
metastases, synchronous metastases and received
cetuximab in the third or later lines of treatment.
The total OS was also longer in group B.
Table I
Characteristics of study groups

Variable
Age (years)
Gender

Male
Female
Location of the primary tumour
Metastases

Group A (n = 22)
58.5 (51.5; 58.5)
13 (59.1%)
9 (40.9%)
3 (13.6%)
19 (86.4%)
15 (77.3%)
5 (22.7%)
12 (54.5%)
7 (31.8%)
2 (9.1%)
5 (22.7%)
11 (50%)
11 (50%)
12 (54.5%)
10 (45.5%)
11 (50%)
11 (50%)
17 (77.3%)
8 (36.4%)
7 (31.8%)
11 (50%)
4 (18.2%)
5.9 (3.9; 10.1)
24.8 (14.2; 38.8)

Right-sided
Left-sided

<2
≥2

Liver metastases
Lung metastases
Peritoneal metastases
Other locations of metastases
Metastasis type
metachronous
synchronous
All RAS wild type
KRAS wild type
Cetuximab line of treatment
2
≥3
Primary tumour resection
Metastases resection
Chemotherapy backbone
None
5-FU
Irinotecan-based
Oxaliplatin-based
PFS 2 (months)
Total OS (months)
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Group B (n = 63)
58 (54; 64)
32 (50.8%)
31 (49.2%)
12 (19%)
51 (81%)
54 (85.7%)
9 (14.3%)
50 (79.4%)
9 (14.3%)
7 (11.1%)
9 (14.3%)
14 (22.2%)
49 (77.8%)
40 (63.5%)
23 (36.5%)
15 (23.8%)
48 (76.2%)
55 (87.3%)
23 (36.5%)
12 (19%)
1 (1.6%)
43 (68.3%)
7 (11.1%)
6.5 (3.7; 10.2)
35.6 (24; 49.3)

p
0.3
0.6
0.7
0.5
0.04
0.1
1
0.5
0.02
0.6
0.04
0.3
1
0.3

0.9
0.01
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OS from the start of cetuximab therapy

10.2 (5.1; 22.6)

10.3 (5.4; 17.8)

0.8

Data concerning patients’ survival is revealed in
Table II.

We did not find any associations between PFS under
EGFRI and other variables.
The median interval from the last dose of bevacizumab
and the first dose of cetuximab was 45 days.

Table II
Analysis of survival
Variable
Group

A
B

Age
Gender

Female
Male
Location of the primary
Right-sided
tumour
Left-sided
Metastases
<2
≥2
Liver metastases
Lung metastases
Peritoneal metastases
Other locations of metastases
Metastasis type
metachronous
synchronous
All-RAS wild-type
Cetuximab line of treatment
2
≥3
Primary tumour resection
Metastases resection

Deceased (n = 69)
18 (26.1%)
51 (73.9%)
56 (50.5; 65)
35 (50.7%)
34 (49.3%)
33 (47.8%)
36 (52.2%)
59 (85.5%)
10 (14.5%)
52 (75.4%)
14 (20.3%)
8 (11.6%)
8 (11.6%)
18 (26.1%)
51 (73.9%)
36 (52.2%)
18 (26.1%)
51 (73.9%)
56 (81.2%)
23 (33.3%)

Survivors (n = 16)
4 (25%)
12 (75%)
62 (59; 66.5)
5 (31.3%)
11 (68.8%)
9 (56.3%)
7 (43.8%)
12 (75%)
4 (25%)
10 (62.5%)
2 (12.5%)
1 (6.3%)
6 (37.5%)
7 (43.8%)
9 (11%)
16 (100%)
8 (50%)
8 (50%)
16 (100%)
8 (50%)

HR* (95% CI)
1.7 (1 - 3)

p-value
0.04

0.98 (0.9 - 1)
0.84 (0.5 - 1.2)

0.3
0.4

1 (0.6 - 1.6)

0.8

1.5 (0.7 - 3.1)

0.2

1.1 (0.6 - 2)
1.8 (1 - 3.3)
2 (0.9 - 4.2)
0.81 (0.3 - 1.6)
1.1 (0.6 - 1.8)

0.5
0.04
0.07
0.5
0.8

0.47 (0.2 - 0.7)
0.74 (0.4 - 1.2)

0.003
0.2

0.51 (0.2 - 0.9)
0.52 (0.3 - 0.8)

0.03
0.01

* HR – hazard ratio

Table III
Multivariate analysis of survival

Group B
Lung metastases
Peritoneal metastases
All RAS wild-type
Primary tumour resection
Metastases resection

B

P

HR

-0.09
0.62
1.36
-0.89
-0.81
-0.43

0.7
0.06
0.001
0.001
0.02
0.1

0.90
1.87
3.92
0.40
0.44
0.64

95.0% CI for HR
Min
Max
0.49
1.66
0.97
3.59
1.69
9.06
0.24
0.69
0.21
0.89
0.37
1.12

in mCRC is raised because of the patients’ outcomes
seen in clinical trials, together with the pharmacokinetics particularities of bevacizumab and the preclinical data on in vitro and in vivo models regarding
mechanisms of resistance to EGFRIs.
Bevacizumab has a long half-life of approximately 20
days (ranging from 11 to 50 days) [20]. A pharmacokinetic study performed on stage II-III CRC patients
treated with adjuvant bevacizumab for one year within
the AVF3077 study, showed persistent serum concentration
at 3 and 6 months after the last administered dose. As
previously stated by the authors of this study, it is
important to take this into consideration when response
assessments to further therapies after bevacizumab
are performed [15]. In vitro studies show that bevacizumab resistant CRC cells present higher autocrine HIFVEGF signalling and resistance to hypoxia [16]. Wang

Multivariate analysis of survival was carried out in
order to better understand the factors that influenced
independently the mortality, as seen in Table III. The
presence of peritoneal metastases greatly enhanced
the probability of death. The presence of all RAS
wild-type and primary tumour resection was associated
with increased survivability.
Patients from group A were significantly more likely
to die as compared to patients in group B (Figure 1A).
Patients with lung metastases (Figure 1B) or peritoneal
metastases (Figure 1C), patients with KRAS wild-type
(versus all RAS wild-type) (Figure 1D), with un-resected
primary tumour (Figure 1E) or patients who did not
go through with metastases resection (Figure 1F), had
a higher probability of dying.
The question whether bevacizumab negatively impacts
the response to further-line cetuximab/panitumumab
659

FARMACIA, 2020, Vol. 68, 4

et al. [28], proved that in CRC cells, an important role
in resistance to EGFR inhibitors is played by HIF-1
alfa. A previous study showed increased levels of
plasmatic VEGF-A in mCRC patients after bevacizumab

administration and on in vitro studies, the same authors
proved that CRC cells exposed to VEGF-A become
resistant to the EGFRI through VEGFR-2 and Stat-3
activation [5].
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Figure 1.
Kaplan-Meier curves of overall survival according to: (A) treatment group – group A without bevacizumab,
group B with bevacizumab, p = 0.04; (B) presence of lung metastases, p = 0.04; (C) presence of peritoneal
metastases, p = 0.07; (D) RAS mutational status, p = 0.003; (E) primary tumour resection, p = 0.03;
(F) metastases resection, p = 0.01
Although preclinical trials showed that the two
biologicals (EGFRI and bevacizumab) have additive
antitumoural effects [4], clinical trials have shown

that the combination is detrimental. CAIRO-2 was
a prospective, randomized phase 3 clinical trial on
755 mCRC patients that aimed to establish whether
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first-line PFS was improved if an EGFRI – cetuximab
was added to first-line CAPOX + bevacizumab; the
study was performed in an unselected population
regarding the RAS mutational status and used the
combination of capecitabine + cetuximab, and is no
longer recommended today due to the higher toxicity.
PFS was significantly higher in the group without
cetuximab (10.7 months versus 9.4 months, p = 0.01)
[24]. The PACCE trial [10] was performed on 1053
mCRC patients that were randomized to receive either
chemotherapy (oxaliplatin or irinotecan-based) plus
bevacizumab, or chemotherapy plus bevacizumab plus
panitumumab. The primary end-point, PFS within
oxaliplatin cohort (n = 823), was of 10.0 versus 11.4
months (HR, 1.27; 95% CI, 1.06 to 1.52) and also
toxicity was higher for the combination, proving the
detrimental effect of adding the second biological and
possible due to allergic reaction to oxaliplatin [8]. The
study treatment was administered to an unselected
RAS population (40% had KRAS mutations).
Hsu and colleagues questioned the best sequence of
the two targeted treatments (EGFRIs and anti-VEGFs)
in mCRC. They performed a retrospective analysis on
102 mCRC patients, KRAS wild-type, of whom 46
received first-line cetuximab and third-line bevacizumab
and 56 received the reverse sequence, first-line
bevacizumab and third-line cetuximab. The first group
had significantly better total OS and OS calculated
from the start of second and third-line treatment
(30.4 vs. 25.7 months, 20.6 vs. 14.8 months and 12.5
vs. 9.9 months, respectively). Regarding the PFS, only
third-line PFS was significantly better in the cetuximabbevacizumab sequence [11].
The results of our study show that previous bevacizumab
does not alter the clinical outcomes in patients
receiving subsequent EGFRIs. The PFS for the EGFRIregimen was not different between the groups. Although,
patients in group B (chemotherapy plus bevacizumab
before treatment with EGFRIs) had more synchronous
metastases and liver metastases, both known to be
associated with poor prognosis and 76.2% received
the EGFRI in later lines of treatment (≥ third line)
versus 50% in group A, they had a significantly higher
OS, with a median of 35.6 months versus 24.8 months.
We also assessed the OS from the start of the
EGFRI in order to exclude the potential benefit of
prior therapies on OS and there was no significant
difference between the groups. Taking all these into
consideration, we wanted to further investigate if prior
bevacizumab was responsible for better outcomes
in group B or there were also other factors. In the
univariate analysis of survival, patients from group A,
patients with lung metastases, peritoneal metastases,
un-resected primary tumour and patients without
resection of metastases had a significantly higher
probability of dying. Nonetheless, underlying the
importance of other variables, in the multivariate
analysis prior treatment with bevacizumab did not

affect significantly the outcome. Other factors had a
significant impact on the probability of dying: patients
with peritoneal metastases and un-resected primary
tumour were more prone to die, while all-RAS wild
type versus KRAS wild-type status was correlated with
a better survival rate. The relatively small number
of patients did not validate the predictive status for
survival of some parameters (e.g. location of the
primary tumour).
Lung metastases are more frequently associated with
rectal tumours compared to colon tumours and in the
vast majority of cases are disseminated and therefore,
inoperable. If surgery is not performed, their prognosis
remains poor [17].
Peritoneal metastases are well-known to carry a poor
prognosis and their resection has no benefit. An
analysis on 10553 mCRC patients included in 14
clinical trials (from the ARCAD database) showed
that 2% of them had peritoneum-only metastases and
11% peritoneum and other site; OS for peritonealonly was significantly worse than for other unique
metastatic site and the differences became even more
marked in patients that received chemotherapy plus
targeted therapies [7]. In peritoneum-only metastatic
patients, there was a significantly higher proportion
of BRAF-mutated patients (18%), also in multiple
metastatic sites including the peritoneum (12%) when
compared to patients with other non-peritoneal sites,
solitary or multiple (9%). BRAF mutations are of
negative prognosis and they are associated with poor
response to anti-EGFR agents, especially in second and
further lines of therapy [21]. We have no information
regarding the BRAF mutational status in our patients.
Multiple clinical studies were conducted with the
purpose of establishing the benefits in performing
surgery for the asymptomatic primary tumour in stage
IV disease with un-resectable metastases. A retrospective
study on 1446 mCRC treated between 2003 and 2006,
out of which 16% had resection of the primary tumour
without metastasectomy, showed better OS for the
resected group [9]. At that time, however, systemic
treatment options were limited. In a more recent analysis
on 26170 mCRC patients diagnosed between 2010
and 2016 (the SEER database), there was an important
survival benefit in patients that had surgery for the
primary tumour and chemotherapy as the first choice
of treatment [27].
Because this was a retrospective study and we did not
have access to tumour blocks, we could not assess
the all-RAS mutational status in our patients. Today
it is well-known that patients with mutations in the
KRAS exons 2,3,4 and NRAS exons 2,3,4 do not
respond to EGFRIs, but the assessment of the NRAS
status was recommended and became mandatory only
starting 2014. Almost 40% of our patients were only
known to be KRAS exon 2 wild-type, without available
information regarding the KRAS exons 3,4 and NRAS
status, while the remainder 60% was all-RAS wild661
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type. Most probably, additional mutations were present
in the KRAS exon 2 wild-type patients, fact that could
explain why the all-RAS wild-type was a marker of
significant better survival in a population with 100%
KRAS wild-type.
Other research groups also studied the effect of previous
bevacizumab on clinical outcomes of patients treated
with an EGFRI. Burge and colleagues performed a
retrospective study that included 222 RAS wild-type
mCRC patients treated with an EGFRI in second or
third-line, out of which 77% received previous
bevacizumab. OS and PFS were calculated from the
start of the EGFRI to death and progressive disease,
respectively. Their results showed that there was no
impact of prior bevacizumab treatment neither on OS,
nor on PFS. A median interval of 6 months from the
last dose of bevacizumab to the first dose of cetuximab
was reported and they further split the group that
received previous bevacizumab into two (< 6 months
vs. > 6 months) and found that an interval of < 6
months was associated with lower PFS, but only in
right-sided tumours [2]. A different study showed
that the shorter the interval, the higher the probability
of interfering with the efficacy of EGFRIs [23]. In
our study, the interval was much shorter (1.5 months),
so no further analysis was performed in this regard.
Another team investigated the effect of prior bevacizumab
on treatment with cetuximab in patients experiencing
failure on irinotecan. A total of 58 patients were
included, among which 13 were pre-treated with
bevacizumab; none of the 13 responded to cetuximab
and PFS was significantly lower than in the group
without prior Bevacizumab [19].
Derangère and colleagues included in their study 128
patients with KRAS/NRAS wild-type mCRC treated
with cetuximab or panitumumab in the second- or
third-line treatment, as single agents or combined with
chemotherapy, of whom 59% received bevacizumab
in the first line. Median PFS during the treatment with
the EGFRI was significantly better in the group without
previous bevacizumab. However, the OS did not differ
[5].

it included real-life patients as seen in daily practice
and not an over selected population such as patients
included in clinical trials. In order to perform better
choices of systemic treatment sequences, identification
of biomarkers for treatment response is needed and
should be addressed by future clinical trials.
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Summary
Purpose: Bevacizumab or cetuximab represent the standard
treatment in association with classical chemotherapy in confirmed metastatic colorectal cancer (mCRC). Bevacizumab
could be continued after the first disease progression with an
overall survival (OS) advantage, compared to chemotherapy
alone, but the optimal dose remains a debatable issue.

tients, while irinotecan was used in 75% DDB and 27% SDB
patients. Second-line oxaliplatin was given to 50% DDB and
29.7% SDB patients, while irinotecan was administered to
47.5% DDB and 70.3% SDB patients. The median values
were: OS - 41 months in the DDB group and 25 months
in the SDB group (p = 0.01); TTF - 24 months in the DDB
group and 19 months in the SDB group (p=0.009); PFS1 - 17
Methods: In a retrospective analysis of mCRC patients
months in the DDB group and 12 months in the SDB group
treated with bevacizumab, we selected patients with admin(p=0.008); PFS2 - 9 months in the DDB group and 5 months
istration beyond progression, and stratified them according
in the SDB group (p = 0.03).
to the dose received– same dose bevacizumab (SDB) as firstline chemotherapy or double dose bevacizumab (DDB). For Conclusions: Doubling the dose of bevacizumab at proeach group we evaluated OS, time to treatment failure (TTF) gression seems to provide OS and PFS advantage for mCRC
and progression-free survival in the first-line (PFS1) and in patients.
the second-line (PFS2).
Results: In the first-line therapy, oxaliplatin backbone regi- Key words: colorectal, cancer, progression, bevacizumab,
men was used in 73% SDB, compared with 22.5% DDB pa- metastasis

Introduction
Colorectal cancer (CRC) represents one of the ber of new cases at 1,850,000/year, being in the
most frequent types of cancer worldwide. In Sep- third place as incidence, with a mortality of 880,000
tember 2018 GLOBOCAN approximates the num- cases (second place regarding the total number of
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deaths induced by cancer) [1]. Age-standardized incidence of CRC rates per sex in Europe ranks this
pathology on the third place for both genders [1].
In Romania, CRC is in the second place as incidence
after lung cancer, with more than 11,000 new cases
every year and a mortality of 6,500/year [1]. This
type of cancer is actually the main cause of death
in patients with digestive cancers in Romania [2].
The age of developing CRC is decreasing;
younger ages seem to be more affected by the
disease. In a 10-year surveillance of a national
insurance system regarding the new cases with
CRC (more than 1,2 million diagnosed in the mentioned period), Moghadamyeghaneh identified an
approximately 10% increase of the CRC incidence
for patients younger than 65 years and an increase
between 9-12% for those under 50 [3]. Fifteen percent of younger patients under the age of 50 years
had more advanced stages of CRC compared with
older ages [3].
Twenty percent of CRC patients had metastasis
at diagnosis [4]. Seven to 26% of patients with localized disease will develop metastasis, and more
advanced stages (regional disease) will have 2544% risk of distant disease [5].
The general prognosis in metastatic colorectal
cancer (mCRC), has changed in the last decade, the
OS expectancy reached more than 30 months in
response to triple-agent chemotherapy regimens
combined with targeted therapy [6]. The secret of
having good and prolonged survival is to adapt the
strategy of treatment in terms of association of
drugs, sequences, doses and maintenance therapy
for disease, which tends to be chronic, but still remains deadly.
Standard therapy for mCRC is represented by
the classical chemotherapy backbone – fluoropyrimidine with oxaliplatin or irinotecan, combined
with either anti-EGFR (epidermal growth factor
receptor) or anti-VEGF/R (vascular endothelial
growth factor receptor) antibodies. Of these agents,
bevacizumab is one of the most used.
Guidelines could offer various options for
available treatments but cannot answer all the
questions raised by clinical situations. One of these
issues concerns the available data regarding administration of bevacizumab beyond progression
(BYP). Published data of randomised phase 3 trials confirmed the value of this strategy, but the
optimal dose of bevacizumab BYP (same dose as
in first-line therapy or doubling the dose), remains
debatable. In addition to that, bevacizumab has
been demonstrated to be an essential component
of the maintenance therapy for mCRC. The optimal chemotherapy partner in case of progression
for bevacizumab BYP remains less studied (same
JBUON 2020; 25(2): 876

chemotherapy as induction phase similar to OPTIMOX trials or changing the regimen) [7].
Our study was performed with the aim of adding new information regarding the preferences,
strategies and results of clinicians treating of “real
life” mCRC patients.

Methods
Study’s population
We performed a retrospective consecutive analysis
of patients of the Institute of Oncology “Ion Chiricuta”
Cluj-Napoca (IOCN) treated for mCRC with bevacizumab
and chemotherapy, bevacizumab being continued beyond progression (BYP). The ethics committee of the
Institution approved this study. The included patients
were stratified according to the dose of bevacizumab BYP
– same dose of bevacizumab as for the first-line therapy
(SDB) or the double dose of bevacizumab (DDB).
Inclusion criteria: age above 18, histological confirmation of CRC, hematological tests with liver & renal
functions adequate for chemotherapy, no cardiological
contraindication for chemotherapy (including bevacizumab) administration, at least 1 metastatic measurable
lesion according to RECIST 1.1 criteria, good performance status (0 to 2), at least 2 months of chemotherapy
regimen administration, complete data on treatments
and survival.
Exclusion criteria: previous administration of bevacizumab or other anti-angiogenic medication; uncontrolled comorbidities, such as hypertension or hypertensive crisis; acute myocardial infarction or unstable
cardiovascular disease; gastro-intestinal fistula or bleeding, acute thromboembolism, significant surgical procedure (with a duration of more than 30 min), acute wound
trouble of healing, untreated and uncontrolled spinal
cord compression or brain metastases, altered performance status, inadequate hematological, hepatic or renal
functions.
Chemotherapy regimens and follow-up
Chemotherapy regimens used for included patients
were: CAPEOX or XELOX – oxaliplatin 130 mg/m2 every
21 days with capecitabine 1000 mg/m2 BID 14 days of
21, FOLFOX 4 – oxaliplatin 85 mg/m2 every 14 days ,
5FU 400 mg/m2 bolus and 600 mg/m2 continuous infusion days 1 and 2, folinic acid 400 mg/m2 days 1 and 2,
CAPIRI or XELIRI – irinotecan 240 mg/m2 every 21 days
capecitabine 1000 mg/m2 BID 14 days of 21, FOLFIRI
– irinotecan 180 mg/m2 every 14 days, 5FU 400 mg/m2
bolus and 600 mg/m2 continuous infusion days 1 and 2,
folinic acid 400 mg/m2 days 1 and 2. Bevacizumab was
administered at 7.5 mg/kg every 21 days in combination
with CAPIRI/XELIRI or XELOX/CAPEOX in the first-line
and also in the second-line for SDB group of patients,
while 15 mg/kg were used in the second-line in the DDB
group. For FOLFIRI or FOLFOX regimens bevacizumab
was administered at 5 mg/kg every 14 days in the firstline of therapy and in the second-line in the SDB group,
or 10 mg/kg in the second-line in the DDB group of
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patients. Dose modifications during treatments were according to general recommendations of the guidelines
or drug marketing authorities; no dose reduction was
done for bevacizumab but delay in administration was
allowed in case of toxicity. No significant toxicities in
terms of proteinuria or hypertension crisis were noted
in the included patients.
After the first-line chemotherapy, most patients
underwent maintenance therapy with less aggressive
chemotherapy until disease progression or surgical
resection. Same or double dose bevacizumab was continued beyond disease progression in combination with
a different chemotherapy regimen. All patients were
evaluated by CT scan, according to RECIST 1.1.
Statistics
OS was defined as the period of time between the
first cycle of chemotherapy and death, time-to-treatment
failure (TTF) as the period of time between first cycle
of chemotherapy and last cycle of second line with
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bevacizumab (time to second progression), PFS of firstline (PFS 1) – time between first cycle and last cycle of
first-line of chemotherapy, PFS of second line (PFS 2) –
time between first cycle and last cycle of second line of
chemotherapy.
The distribution of patient characteristics (numbers
and percentage) was evaluated using x2 test for association. Survival curves were estimated by Kaplan-Meier
method, with differences assessed by log-rank test. Cox
regression analysis was used to generate hazard ratios
(HRs) and corresponding 95% CI. Two-sided p value less
than 0.05 indicated statistical significance. All analysis
were performed using R version 3.5.1 and Excel 2010.
The items considered of interest were: age, gender,
body mass index, type of chemotherapy partner for bevacizumab in first and second-line therapy, dose for each
chemotherapeutic agent including bevacizumab, dates
for each cycle of chemotherapy and date of death. The
main objectives of this analysis were OS, TTF, PFS 1, PFS
2 for both groups – SDB and DDB.

Table 1. Patient, treatment and disease characteristics
Characteristics

DDB (n=40)
n (%)

SDB (n=111)
n (%)

58 (41-77)

57 (19-75)

Male

24 (60.0)

62 (58.9)

Female

16 (40.0)

49 (44.1)

Oxaliplatin-based

9 (22.5)

81 (27.0)

Irinotecan-based

30 (75.0)

30 (73.0)

1 (2.5)

0 (0.0)

Oxaliplatin-based

20 (50)

33 (29.7)

Irinotecan-based

19 (47.5)

78 (70.3)

1 (2.5)

0 (0)

p value

Age (years)
Median (range)
Sex

0.69

First-line chemotherapy

Other

<0.001

Second-line chemotherapy

Other

0.014

Disease site

0.23

Left

12 (30.0)

23 (20.7)

Right

28 (70.0)

88 (79.3)

Metastasis localization

0.98

Liver

30 (62.5)

91 (58.0)

Pulmonary

6 (12.5)

19 (12.1)

Peritoneal

6 (12.5)

25 (15.9)

Adenopathies

2 (4.2)

6 (3.8)

Bone

1 (2.1)

6 (3.8)

Other

3 (6.3)

10 (6.4)

Total number of metastasis

48

157

Average number of metastasis / patient

1.2

1.41

Number of organs with metastasis

0.13

1

32 (80.0)

78 (70.3)

2

8 (20.0)

23 (20.7)

More

0 (0.0)

10 (9.0)

DDB: bevacizumab double dose, SDB: bevacizumab standard dose
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Table 2. Chemotherapy regimens depending of the laterality of primary tumor
Characteristics

All (n=151)
n (%)

Right sided cancer (n=35)
n (%)

Left sided cancer (n=116)
n (%)

Age (years)

0.80

Under 65

123 (81.5)

28 (80.0)

95 (81.9)

Over 65

28 (18.5)

7 (20.0)

21 (18.1)

57 (19-75)

57 (25-74)

57 (19-75)

Median age (range)

p value

Sex

0.02
Male

86 (57.0)

14 (40.0)

72(62.1)

Female

65 (43.0)

21 (60.0)

44 (37.9)

Oxaliplatin-based

90 (59.6)

16 (45.7)

74 (63.8)

Irinotecan-based

60 (39.7)

19 (54.3)

41 (35.3)

1 (0.7)

0 (0.0)

1 (0.9)

Oxaliplatin-based

53 (35.1)

16 (45.7)

37 (31.9)

Irinotecan-based

97 (64.2)

18 (51.4)

79 (68.1)

1 (0.7)

1 (2.9)

0 (0.0)

Liver

121 (59.0)

25 (51.0)

96 (61.5)

Lung

25 (12.2)

3 (6.1)

22 (14.1)

Peritoneum

31 (15.1)

12 (24.5)

19 (12.2)

Adenopathies

8 (3.9)

3 (6.1)

5 (3.2)

Bone

7 (3.4)

2 (4.1)

5 (3.2)

Other

13 (6.3)

4 (8.2)

9 (5.8)

205

49

156

1

110 (71.9)

24 (64.9)

86 (74.1)

>1

43 (28.1)

13 (35.1)

30 (25.9)

First-line chemotherapy

Other

0.12

Second-line chemotherapy

Other

0.05

Metastasis - types

Total number of metastasis

0.18

Metastasis – organ involved

0.27

Results
Patient characteristics
Of 694 patients treated with bevacizumab for
mCRC in our Institute between 2009-2017, only
162 patients met the criterias for inclusion – bevacizumab BYP. Of these, 11 had bevacizumab BYP in
later lines of chemotherapy and were not included
in the analysis.
The main characteristics of the included patients are detailed in Table 1.
There were no significant differences between
the investigated groups of patients – BSD and BDD,
in terms of age, gender, site of primary tumor, types
of metastasis and number of organs with metastasis with the exception of the use of oxaliplatin in
the first and second-line therapy, which was more
frequent in the SDB arm.
Regarding the laterality of primary tumor and
other patient characteristics, the left-sided cancer
was significantly more frequent in males (Table 2).
JBUON 2020; 25(2): 878

Figure 1. Kaplan-Meier survival estimates for patients – overall survival. SDB: bevacizumab standard dose
as first-line; DDB: bevacizumab double dose; CI: confidence
interval; HR: hazard ratio.
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Survival analysis by dose of bevacizumab beyond Time-to-treatment failure (TTF)
progression
The median TTF (lines 1 and 2) for the DDB
group was 24 months compared with 19 months
Overall survival (OS)
for the SDB group (log rank p=0.009). The correThe differences between Kaplan-Meier sur- sponding HR for death was 0.6067 (p=0.0985; 95%
vival curves were compared by log-rank test. The CI: 0.415-0.886) (Figure 2).
median duration of survival for the DDB group
(treated with a higher dose of bevacizumab) was Progression free survival in the first-line chemotherapy
(PFS 1)
41 months compared with 25 months for the SDB
group (treated with a lower dose of bevacizumThe median PFS in the first-line for the DDB
ab) (log rank p=0.01). The corresponding HR for group was 17 months compared with 12 months
death was 0.616 (p=0.0159) (95% CI 0.416-0.913) for the SDB group (log rank p=0.008). The corresponding HR for death was 0.637; (p=0.0157; 0.95
(Figure 1).
CI: 0.442-0.912) (Figure 3).
Regarding the chemotherapy regimen for
bevacizumab-irinotecan or oxaliplatin backbone
regimen in the first-line therapy, PFS 1 favored
irinotecan associations with statistical significance
as shown in Figure 4.
Statistical analysis showed that HR for PFS 1
was 0.687 (95% CI: 0.494 - 0.955, p=0.0255), favoring irinotecan-based chemotherapy.
Progression free survival in the second-line chemotherapy (PFS 2)
The median PFS in second-line for the DDB
group was 9 months compared with 5 months for
the SDB group (log rank p=0.03). The corresponding HR for death was 0.666 (p=0.0369; 95% CI:
0.455-0.976) (Figure 5).
In the second-line therapy no differences in
terms of PFS 2 were demonstrated when we comFigure 2. Kaplan-Meier survival estimates – time to treatment failure. SDB: standard dose bevacizumab; DDB: double pared irinotecan with oxaliplatin-based chemodose bevacizumab; CI: confidence interval; HR: hazard ratio. therapy, with a corresponding HR for death 0.9026
(p=0.563; 95% CI: 0.6379-1.277).

Discussion
The treatment of patients with mCRC remains
one of the most challenging issues. It is well known
that only 10-15% of those marginally operable or
initially non-surgical patients will become candidates for metastasis resection.
Nowadays, we have multiple chemotherapy
regimens options, with different types of toxicities
and different impacts on treatment strategies. Despite recent scientific progress in the last decades
essential questions still remain.
In daily clinical activities, the oncologist
faces some critical issues – and one of them is
represented by the associations of systemic
treatments which need to be administered in
Figure 3. Progression-free survival in the first-line treat- the first-line therapy. These therapeutic schemes
ment (PFS1). SDB: standard dose bevacizumab; DDB: double are chosen in regard to patients and their physidose bevacizumab; CI: confidence interval; HR: hazard ratio. cians’ intentions- either conversion to surgery
JBUON 2020; 25(2): 879
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in first- and second-line therapy (anti-EGFR even
in third line) [8].
Concerning anti-VEGF vs anti-EGFR therapies– we have data from the published clinical trials FIRE-3 (AIO KRK-0306) [9], the phase II PEAK
[10], and CALGB/SWOG 80405 [11]. Their primary
endpoints (response rate, PFS or OS) were not met,
so for the time being no definite conclusions could
be drawn. The chemotherapy partners were either
a chemotherapy regimen backbone with irinotecan or oxaliplatin. Little transparencies - if any were shown concerning the scientific arguments
to choose oxaliplatin instead of irinotecan or vice
versa in addition to a biological treatment in these
published trials.
Figure 4. Progression-free survival in the first-line treatment (PFS1) depending of chemotherapy combination. IRI:
irinotecan-based regimens (FOLFIRI or CAPIRI), OX: oxaliplatin-based regimens (FOLFOX or CAPEOX); CI: confidence
interval; HR: hazard ratio.

Timing of traditional chemotherapy: what should be
administered first?
ESMO guidelines recommend the oxaliplatin
backbone regimen as the first-line therapy if the
case could become operable [12].
Tournigand et al in their randomised study
demonstrated that the sequence of oxaliplatin regimen followed by irinotecan-based chemotherapy
or the other way around, had similar efficacy in
terms of OS, same rate of response (approx. 55%),
and PFS1 (PFS until first disease progression), but
with different spectrum of toxicities - as more neuropathies and neutropenia occurred in the case of
oxaliplatin administration or cardiomyopathies
with 5FU [13-15]. Due to these chemotherapy
side effects which involve oxaliplatin, especially
for neuropathic toxicity which is dose-related and
partially reversible, a strategy of “stop and go” was
investigated and proved efficient in OPTIMOX-1
trial [7,16].
Which is the best partner for bevacizumab as first-line
treatment for mCRC?

Figure 5. Progression-free survival in the second-line
treatment (PFS2). SDB: standard dose bevacizumab; DDB:
double dose bevacizumab; CI: confidence interval; HR: hazard ratio.

or an increased life expectancy with a tolerable
toxicity.
In order to maximize the rate of response it is
important to choose in the first-line of therapy the
systemic regimens associations with the highest
probability to obtain a tumor response. That means
for both – classic chemotherapy regimen and biological factors (anti-VEGF/R or anti-EGFR) – the
rate of response is the priority. In mCRC patients,
FDA and EMA approved both categories of treatments – anti-VEGF (bevacizumab) and anti-EGFR
JBUON 2020; 25(2): 880

ESMO guidelines do not outline any clear discrimination regarding the first-line therapy efficacy
between both backbone chemotherapy regimens
(oxaliplatin or irinotecan) associated to bevacizumab [12].
The CALGB/SWOG 80405 trial which compared anti-EGFR versus anti-VEGF, both combined
with chemotherapy regimens in first-line therapy
of mCRC, is the only trial conducted as a headto-head analysis of FOLFIRI versus FOLFOX combined with bevacizumab in 1140 patients. FOLFOX
combined with bevacizumab produced a median
OS of 26.9 months, compared with FOLFIRI + bevacizumab with a median OS of 33.4 months (no
statistical analysis was done in the original trial)
[11]. The preferences of investigators for FOLFOX
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chemotherapy associated with bevacizumab or
cetuximab (73.2%) makes it very difficult to draw
definite conclusions [11].
In ARIES, an observational study, Bendell et al
analyzed the efficacy of FOLFOX or FOLFIRI combined with bevacizumab in the first-line therapy,
in 1211 patients with mCRC. No differences in
PFS or OS were observed between arms, although
the absolute value OS was superior for FOLFIRI
arm (25.5 months) compared with FOLFOX (23.7
months) (not statistically significant – HR: 0.95;
95% CI: 0.78–1.16; p = 0.625) [17]. Due to a higher
risk for adverse events linked to classic chemotherapy regimens for the FOLFOX arm, these patients
had a more frequent change of the treatment (23.7
vs. 16.2%) compared with FOLFIRI arm [17]. In the
ARIES study, both FOLFOX or FOLFIRI seemed
to be equal partners for bevacizumab in first-line
therapy for patients with mCRC. In real-life conditions, the BEAT study included 1914 patients with
mCRC treated with FOLFIRI, FOLFOX or XELOX
plus bevacizumab [18]. No statistically significant
differences were found neither in terms of PFS between arms (11.6 months for FOLFIRI, 11.3 months
and 10.8 months, respectively for FOLFOX and
XELOX), nor in OS [16]. The MAVERICC study on
376 patients did not find any differences for OS
or PFS between FOLFOX and FOLFIRI in firstline therapy when combined with bevacizumab
[19].
In our study patients treated with irinotecan backbone chemotherapy had a statistically
significant superiority in OS and PFS compared
with oxaliplatin, in first-line therapy but not in
second-line treatment, regardless of the dose of
bevacizumab (same dose or doubled after disease
progression).
In the future the CAIRO 5 trial could offer more
accurate data regarding the best partner for bevacizumab treatment in first-line therapy of mCRC
patients [20].
Bevacizumab beyond progression – to double or not
the dose?
Bennouna et al in ML 18147 phase 3 trial, assigned 409 patients (50%) to bevacizumab (2.5 mg/
kg per week) plus chemotherapy and 411 (50%)
to chemotherapy alone. The study demonstrated
a median OS advantage in favour of continuation
of bevacizumab beyond disease progression [21].
These findings were confirmed by Masi et al in the
smaller BEBYP trial on only 185 included patients,
in which PFS and OS supported bevacizumab continuation beyond disease progression [22]. Koeberle
et al, in SAKK 41/06 trial, investigated bevacizumab
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continuation versus no continuation, but failed to
demonstrate the non-inferiority of treatment noncontinuation vs continuing bevacizumab therapy
[23]. CAIRO 3 demonstrated that a continous care
in mCRC is better served by bevacizumab administered continously (same dose), either associated
or not with 5FU/capecitabine [24].
In a small phase 2 trial, bevacizumab associated with FOLFIRI after progression on a first-line
chemotherapy regimen with bevacizumab showed
that doubling the dose of bevacizumab led to the
same results in terms of PFS and OS as those reported for the second-line combination (without
bevacizumab in the first-line) [25].
One of the first evidence in favor of bevacizumab continuation beyond disease progression
was given by BRiTE study, where 1445 patients
were treated with bevacizumab in first-line therapy
and were then treated with or without second-line
bevacizumab after progression. Multivariate analysis showed that bevacizumab continuation beyond
progression was statistically significantly associated with improved survival (HR, 0.48; p<0.001)
[26].
In ARIES observational study, post-progression
survival of 1550 included patients was statistically
linked to a cumulative dose of bevacizumab after
the first progression (p=0.0040) [27]. Same postprogression survival advantage in favor of bevacizumab continuation was found for 573 patients by
Cartwright et al [28].
Double dose bevacizumab as second-line of
treatment was investigated in ECOG E3200 trial
[29]. It was a second-line trial with progression after classic chemotherapy, bevacizumab was not administered truly beyond progression, since it was
not part of the first-line treatment. The addition
of bevacizumab at a double dose improved PFS,
OS and showed a statistically significant response
rate.
Do PFS1, PFS2 or TTF increase the OS?
These notions were more frequently met in
the maintenance treatment strategy in mCRC as
defined in CAIRO 3 trial [24]. PFS1 could be inappropriately evaluated due to retreatment periods at
disease progression and TTF seems to characterize
better the entire treatment efficacy as maintenance
therapy. PFS2 is linked mainly to the maintenance
period.
Petrelli and Barni showed in 34 randomized
clinical trials that OS was better characterized by
post-progression survival (PFS2) while each improvement in overall PFS (or TTF) had statistical
significance for OS [30].
JBUON 2020; 25(2): 881
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In our study all items PFS1, PFS2, TTF, OS need to be reassessed according to tumor microwere in favor of doubling the dose of bevacizumab environment and Consensus Molecular Subtypes
at progression. An analysis for predictive or prog- (CMS) classification.
nostic factors is ongoing.

Conclusions
Our study demonstrates that doubling the dose
of bevacizumab at progression could improve OS
and time to TTF in patients with mCRC.
Irinotecan could improve the results of systemic association if it is administered in the firstline treatment with bevacizumab.
Available data from published clinical trials
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Abstract: Lung cancer is the third most diagnosed cancer, but the first cause of cancer-related deaths worldwide.
This rather high death rate is due mainly to the fact that most patients are diagnosed with advanced-stage cancer,
for which the conventional treatment does not work. The most used screening method for lung cancer is a low-dose
CT scan, but it is recommended for specific age populations and it also started different debates on its advantages
for lung cancer diagnosis. Over the year, several new techniques have been developed that are less invasive, have
lower side effect, and can be implemented at all types of populations. This article aimed to present the advantages
and disadvantages of using several methods for lung cancer diagnosis, including analysis of volatile organic compounds, exhaled breath condensate analysis and specific genomic approaches.
Keywords: Lung cancer, early diagnosis, volatile organic compounds, exhaled breath condensate, genomic
approaches

Introduction
Lung cancer is the third most diagnosed cancer, but the most prevalent cause of cancerrelated deaths worldwide [1]. This rather high
death rate is due mainly to the fact that most
patients are diagnosed with advanced-stage
cancer, for which the conventional treatment
does not work [2]. In order to overcome this
problem, the US changed in 2013 the guidelines for lung cancer screening and recommended low-dose CT (LDCT) scan for adults
between 55 and 80 years that smoke 30
packs yearly or have quit smoking less than
15 years [3]. Different trials tried to identify different screening methods for lung cancer diagnosis, and it was observed that chest radiography or sputum sample are less efficient
[4] than LDCT [5]. The choosing of screening
methods has aroused different debates regarding the pros and cons of CT scan and how
it can be implemented with a larger population
range. In this way, Hofmann et al. presented in

their analysis on LDCT that its implementation
is costly but it presents a better alternative
that standard CT scans, obtaining a risk reduction of lung cancer between 0.76-4.7 percent
[6]. Previous data suggested that in order to
improve the early diagnosis of lung cancer, better selection of target population, based on
age and smoking habit are not enough [7].
Therefore, several methods based on the analysis of volatile organic compounds (VOCs),
exhaled breath condensate analysis (EBC), or
specific genomic approaches have been developed to improve the early diagnosis of lung
cancer. The term EBC was firstly described in
2001 by an international organization formed
to evaluate its use and define standardization
factors for collection, storage, measurements,
and contaminant. It was demonstrated that
EBC collection is a non-invasive technique that
can use portable devices, which makes it easy
to implement in any situation and can be used
in different epidemiologic studies. Its main
drawback at that moment was the small num-
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Table 1. Methods used for VOCs analysis
Method
SIFT-MS
PTR-MS
IMS
Sensor array
GC-MS
LAS

Detection limit
ppb
ppt
ppb
ppb
ppt-ppb
ppb

Sensitivity
High
High
Medium
Medium
Very-High
High

Sensibility
High
Medium high
Medium
Medium
Very-high
High

Type of detection
Real-time
Real time
Real time
Reference to a database
Pre-concentration
Real-time

Ref
[52]
[52]
[53]
[28]
[28]
[54]

ppb - parts per billion in volume, pptb - parts per trillion in volume, SIFT-MS - selected ion flow tube mass spectrometry, PTR-MS
- proton transfer reaction mass spectrometry, IMS - ion mobility spectrometry, GC-MS - gas chromatrografy-mass spectrometry,
LAS - laser absorption spectroscopy.

ber of studies on biomarkers identified in EBC,
which the task force determines to be not yet
ready to use in the clinic [8], but the research
could overcome this thing in this specific area.
In 2017, the same task force made another
analysis of EBC and observed that now there
are a large number of studies in this area in different diseases, but still there is not a standardized way to evaluate biomarkers in EBC,
mainly because there are no validated reference values for these biomarkers [9]. There
are reference values only for some biomarkers
like H2O2, 8-isoprostane, adenosine, pH, and
leukotrienes [8, 10, 11]. The VOC terminology
was introduced several years ago and it comprised all the volatile organic compounds that
can be found in the human body. In a previous
analysis, B de Lacy Costello et al. [12].
described the VOCs that can be found in the
healthy human body and how they can be
metabolized, also establishing a database of
VOCs from healthy humans that can be used as
reference when compared to disease VOCs
[12]. The VOCs may be analyzed either by
standard breathomics methods [13-16] or even
by high throughput techniques that are included in areas of genomics, metabolomics or proteomics [17-20].
Consequently, in this article, we present up-todate information about the advantages and
disadvantages of using analysis of volatile
organic compounds (VOCs), exhaled breath
condensate analysis and specific genomic
approaches to improve the diagnoses of lung
cancer.
Analysis of VOCs in exhaled breath
Previous data have suggested that some volatile organic compounds (VOCs) contained in
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breath could be useful for lung cancer detection [21-23]. VOCs are organic compounds with
a high vapor pressure at room temperature.
They can show a distinct pattern in the pathological state, and this pattern is affected by a
modification that appears in different cellular
processes. After production, VOCs are excreted in blood from where they get in the lungs
and exhaled [24]. These compounds have
shown a great interest in lung cancer, mainly
because patients with lung cancer are diagnosed in advanced stages [25, 26] but also
because lung cancer diagnosis is challenging
[27]. Since the detection of VOCs in breath is
in the range of parts per billion (ppb), several
techniques capable of identifying VOCs have
been developed during the time [28]. However,
these methods present different limits of
detection, sensitivity, and type of detection,
those based on mass spectrometry (MS),
seem to be more reliable (Table 1). Nevertheless, these methods are pretty expensive
and difficult to be implemented in daily practice. They are mostly used to evaluate the best
mixture of VOCs detected in the breath that
can then be used for the development of portable sensors [29]. Accordingly, in one study,
by combining GC-MS with support vector
machine assessment, the Sakumura’s group
pointed out a mixture of five VOCs, including,
isoprene, CHN, 1-propanol, CH3CN, and methanol, correlated with lung cancer [30]. Even
though the most reliable VOCs analysis method is GC-MS, data analysis can be provided
by multiple algorithms, such as: partial leastsquares regression (PLS) [31], forward stepwise discrimination (FSD) [32, 33], weight digital sum discriminator [34], logistic regression
[35], random forest classification (RFC) [36],
linear canonic discriminant analysis (CDA) coupled with principal component analysis (PCA)

Am J Cancer Res 2020;10(7):1993-2009

Early diagnosis and screening in lung cancer
Table 2. Advantages and disadvantages of e-noses techniques of analysis
Analysis Techniques

Advantages

Disadvantages

colorimetric sensor assays

Fast and cheap
Easy to use
Small sample size
Customization for specific analysis
Versatile-liquid or gas samples
can be integrated in smart phones

Reproducibility of printing and imaging
Stability
Difficult to determine the exact composition of
a mixture
Extensive data set analysis using chemometric
methods

[55]

conductive polymer gas sensors

Easy to adjust the sensitivity of the sensor
Operated at room temperature
High sensitivity
Easy fabrication

Long time storage in the air makes them
instable
Low selectivity

[56]

quartz microbalance sensor array

Robust performance
Simple construction
Sensitive detection
Versatile

Moderate reproducibility
Complex manufacture
Sensitive to humidity and temperature

[57]

metal oxide sensors

High sensitivity
Rapid response

High-temperature operation
Sensitive to sulfur, low acids, and humidity
Limit sensor coating
Low precision

[58]

[37], that could lead to different results.
Meaning, using PLS, which is a linear chemometric test, the obtained results may be underestimated and better results can be provided using nonlinear methods [31]. In the
case of FSD, this analysis is based on the
assumption of a multivariant normal distribution, and in most of the case, the analyzed
subgroups are smaller than the starting group
but the performance is similar [38]. RFC is a
method based on tree-based algorithms and
uses several decision trees used from randomly selected subsets [39]. PCA is used to
transform observations, characterizing different variable into a smaller set of values uncorrelated to variables. CDA uses linear, orthogonal transformation of a set of observed variable, when we compare the two methods CDA
gives better results [40]. Recently, some new
approaches to analyze VOCs with good results
have been developed. One example is given by
electric noses, which can employ different
techniques for analysis, as colorimetric sensor
assays [35, 41, 42], conductive polymer gas
sensors [37, 43, 44], quartz microbalance sensor array [31, 45, 46], metal oxide sensors [47,
48] and gold nanoparticle sensor array [49-51].
Some advantages and disadvantages of these
techniques are presented in Table 2.
VOC analysis was applied by several studies
that provided different conclusions about their
accuracy to diagnose lung cancer. Some study
says that increase concentration of xylene in
cancer patients is correlated to smoking [59].
Others say that this is correlated with the pro-
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gression of lung cancer and shows no correlation to smoking status [60]. However, even if
VOCs seems to be the same between healthy
people and lung cancer patients, their concentration is different, for example, the propane
concentration in a healthy individual is between 3.45-5.96 ppb, while in lung cancer
patients is 3.19-9.74; hexane 1.75-6.31 ppb
and 0.82-1.88 ppb, respectively [61-63]. As
can be seen, the concentration of VOCs, are
very different between each cancer patient
and control individual, and in some part they
overlay, which makes it hard to choose to find
one VOC that could discriminate between cancer and healthy persons. Moreover, as can be
observed in Table 3 a mixture of VOCs could
increase the accuracy of lung cancer diagnosis,
when compared with individual VOC, but still,
there is not a standardized mixture observed in
all tested patients, and the values differ from
study to study.
One major disadvantage of this method is the
ranges of concentrations of VOCs that can be
obtained both for cancer patients and controls and also the fact that in some cases the
ranges for cancer patients overlap with those
for healthy individuals (see also Table 3). As
can be observed from the data presented in
Table 3, if there is an increased number of
VOCs tested, the specificity and the sensitivity
of diagnosis lung cancer is pretty high. A major
disadvantage is due to the fact that there are
no standardized regulations for VOCs analysis
regarding units for concentration, and also,
there is not a reference value for each VOC in
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Table 3. The mixture of VOCs correlated to lung cancer and the specificity and sensitivity of the group
of VOCs to discriminate between patients with cancer and healthy individuals
VOCs
Butane
3-methyl Tridecane
7-methyl Tridecane
4-methyl Octane
3-methyl Hexane
Heptane
2-methyl Hexane
Pentane
5-methyl Decane
Isoprene
Methylpentane
Pentane
Ethylbenzene
Xylenes
Trimethylbenzene
Toluene
Benzene
Heptane
Decane
Styrene
Octane
Pentamethylheptane
Isobutane
Methanol
Ethanol
Acetone
Pentane
Isoprene
Isopropanol
Dimethylsuflide
Carbon disulfide
Benzene
Toluene
Cyclododecatriene
Pentane
Benzoic acid
Propanoic acid
azepine
Cyclohexadiene
Benzene
Furan
Biphenyl
Pentanone
Caryophyllene
Indene

1996

Value (concentration in controls
(ctr) and cancer patients (cc)
NA
NA
NA
NA
NA
NA
NA
NA
NA
Ctr-3.789, cc-6.041
Ctr-0.277, cc-1.39
Ctr-0.268, cc-0.647
Ctr-0.013, cc-0.024
Ctr-0.031, cc-0.068
Ctr-0.006, cc-0.014
Ctr-0.0808, cc-0.158
Ctr-0.044, cc-0.094
Ctr-0.008, cc-0.013
Ctr-0.208, cc-0.568
Ctr-0.012, cc-0.017
Ctr-0.020, cc-0.061
Ctr-0.0009, cc-0.002
cc-6.48
cc-84
cc-603
cc-321.25
cc-1.875
cc-103
cc-438.75
cc-1.37
cc-1.9
cc-2.6
cc-4.27
0.57
0.69
0.69
0.77
0.77
0.8
0.79
0.79
0.79
0.8
0.8
0.87

Unit
NA
NA
NA
NA
NA
NA
NA
NA
NA
nmol/L
nmol/L
nmol/L
nmol/L
nmol/L
nmol/L
nmol/L
nmol/L
nmol/L
nmol/L
nmol/L
nmol/L
nmol/L
ppbv
ppbv
ppbv
ppbv
ppbv
ppbv
ppbv
ppbv
ppbv
ppbv
ppbv
AUC
AUC
AUC
AUC
AUC
AUC
AUC
AUC
AUC
AUC
AUC
AUC

Sensitivity Specificity
Ref
(%)
(%) (AUC)
89.6
82.9
[33]

72.2

93.6

[64]

71.4

91.9

[43]

84.6

80

[65]
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Propanol
Decane
Benzenedicarboxylic acid
Hexadiene
Benzene
isoprene
acetone
methanol
Pentanal
Hexanal
Octanal
Nonanal
Hexadecanal
2,6,10,14-tetramethylpentadecane
Eicosane
5-(2-methyl) propylnonane
7-methylhexadecane
8-methylheptadecane
2,6-di-tert-butyl, 4-methylphenol
2,6,11-trimethyldodecane
3,7-dimethylpentadecane; nonadecane
8-hexylpentadecane
2,6,10-trimethyltetradecane
5-(1-methyl-) propylnonane
2-methylnapthalene
2-methylhendecanal
nonadecanol
2-pentadecanone
3,7-dimethyldecane
tridecanone
5-propyltridecane
2,6-dimethylnaphthalene
tridecane
2,8-dimethylhendecane
5-butylnonane
Dodecane
Butanol
Metylbutylacetat
Hexanol
Cyclohexanon
Iso-propylamin
nNonal
Cyclohexanon
Ethylbenzol
Hexanal
Heptanal
Pentane
Hexane
Heptane

1997

0.87
0.86
0.87
0.9
Ctr-2.4, cc-2.9
ctr-105.2, cc-81.5
ctr-627.5, cc-458.7
ctr-142, cc-118.5
Ctr-0.002, cc-0.019
ctr-0, cc-0.01
Ctr-0.011, cc-0.052
Ctr-0.033, cc-0.239
0.949
0.936
0.828
0.8
0.754
0.743
0.738
0.719
0.708
0.674
0.661
0.659
0.658
0.653
0.646
0.640
0.638
0.627
0.623
0.618
0.616
0.613
0.604
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
Ctr-5.1, cc-6.6
ctr-0.8, cc-1.2
ctr-1, cc-1

AUC
AUC
AUC
AUC
ppb
ppb
ppb
ppb
nmol/L
nmol/L
nmol/L
nmol/L
AUC
AUC
AUC
AUC
AUC
AUC
AUC
AUC
AUC
AUC
AUC
AUC
AUC
AUC
AUC
AUC
AUC
AUC
AUC
AUC
AUC
AUC
AUC
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
ng/l
ng/l
ng/l

71

100

[66]

75
8.3
58.3
33.3
96.47

95.8
91.7
91.7
95.8
97.47

[67]

76

100

[69]

80

90

[70]

[68]
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Octane
Dodecane
2-Methylpentane
3-Methylpentane
Cyclohexane
Benzene
Ethylbenzene
Propylbenzene
Propanal
Butanal
Pentanal
Hexanal
Octanal
Nonanal
Decanal
Butanol
Butanone
Pentanone
Isoprene
Acetone
2-Propanol

Ctr-0.9, cc-1
Ctr-1.5, cc-2
Ctr-1.9, cc-1.7
Ctr-0.9, cc-0.8
Ctr-4.8, cc-1.7
Ctr-0.3, cc-3.4
Ctr-0.5, cc-1.4
Ctr-0.17, cc-0.33
Ctr-18.3, cc-58.5
Ctr-0.5, cc-1
Ctr-0.7, cc-0.9
ctr-3, cc-3.3
Ctr-0.5, cc-0.9
ctr-1.3, cc-2
Ctr-0.8, cc-1.9
Ctr-1.9, cc-6.4
Ctr-4.8, cc-6.9
Ctr-3.1, cc-2.8
Ctr-730, cc-720
Ctr-9900, cc-7980
Ctr-3750, cc-6070

ng/l
ng/l
ng/l
ng/l
ng/l
ng/l
ng/l
ng/l
ng/l
ng/l
ng/l
ng/l
ng/l
ng/l
ng/l
ng/l
ng/l
ng/l
ng/l
ng/l
ng/l

NA - not available; AUC - area under the ROC (receiver operating characteristic curve) curve.

control individuals which makes it harder to
discriminate between cancer samples and
controls.
Exhaled breath condensate analysis
Exhaled breath condensate (EBC) is obtained
by cooling the exhaust air from patients. These
approaches represent useful tools for monitoring diseases that are related to oxidative
stress. By EBC, it is possible to evaluate the
presence of aldehydes, peroxide, leukotriene,
cytokines, and adenosine, which are essential
biomarkers in several different diseases including lung cancer [71-74]. Nunez-Naveira et
al. observed that dermcidin or proteolysisinducing factor (PIF) and S100A9 could be
potential biomarkers for disease progression
as they can be detected in EBC. They are overexpressed in lung cancer samples, and they
are correlated with lung cancer development
[75]. Previous data have pointed out specific
EBC profiles for lung cancer patients, and that
these metabolite profiles could discriminate
between different stages of lung cancer.
Accordingly, Peralbo-Molina et al. observed
that several specific metabolites (13-Heptadecyn-1-ol, Monopalmitin, n-Hexadecylindane,

1998

Monostearin, and Squalene) can differentiate
between lung cancer patients and risk factor patients [76]. Moreover, they observed
that other set of BEC metabolites including
cumyl alcohol, benzoic acid methyl ester,
2,4,6-triisopropylphenol, 2,6-bis (1,1-dimethylethyl)-4-(1-methyl-1-phenylethyl) phenol, 2,4bis (1-methyl-1-phenylethyl) phenol and 2,4-bis
(dimethylbenzyl-6-t-butylphenol can discriminate between lung cancer patients stage I+II,
III+IV and patients with risk of lung cancer [77].
In another study, Ahmed et al. observed that
lung cancer patients have higher concentrations of propionate, ethanol, acetate, and acetone but lower concentrations of methanol than
patients with benign conditions [78]. There are
several other studies that present de use of
EBC in lung cancer diagnosis, progression or
treatment evaluation (Table 4).
Till now, several commercially available portable devices for EBC collection, including
EcoScreen, Turbodeccs, Rtube, and Anacon
glass condenser have been developed [79].
While unsupervised subjects at home could
use EcoScreen, TuboDECCS, RTube, ANACON
condenser is used mainly for EBC collection
from patients that are mechanically ventilated,
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Table 4. Studies presenting the use of EBC in lung cancer (year of publication 2015-2019)
EBC collection device

Study population

Type of analysis performed

Ref

EcoScreen-1 (Erich Jaeger GmbH, Hochberg, Germany) with
saliva trap

51 patients with a diagnosis of NSCLC

KRAS mutations identification

[80]

Rtube condensate collector device (Model Austin, TX 78720; 60 patients with lung cancer who underwent lung resection
RTube starter kit; Respiratory Research Inc., Austin, TX)

Evaluation of TNF-α, IL-1β expression levels

[81]

RTube condenser (Model Austin TX 78720; RTube starter kit; 60 patients with lung cancer undergoing a unilateral lobectomy
Respiratory Research Inc., Austin, TX, USA)

Evaluation of surfactant protein A and surfactant protein D expression levels

[82]

EcoScreen 2 device (FILT Lungen-und Thoraxdiagnostik,
Berlin, Germany)

192 individuals the control group n = 49; smoking group n = 49
the chronic obstructive pulmonary disease group n = 46;
lung cancer group n = 48

Proteomic analysis

[83]

RTube (Respiratory Research)

61 ctr and 50 NSCLC and 1 SCLC-FFPE Tissue
143 ctr, 99 NSCLC, and 9 SCLC-EBC samples

Evaluation of GATA6 and NKX2-1 expression

[84]

HAAK EK20 EcoScreen; Eric Jaeger, Friedberg, Germany

58 patients with NSCLC, 30 healthy subjects were selected

Evaluation of the mutational status of exons
1 and 2 of the p16 gene

[85]

1999
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because it can be wired to the ventilation
machine.
The studies presented in Table 4 use different types of instruments for EBC collection
but they are able to demonstrate that the
EBC samples can be used for diagnosis of lung
cancer or chronic obstructive pulmonary disease (COPD). Kordiak et al. demonstrated
that KRAS mutations identified in EBC samples are the same as in the case of the tissue
samples, and from the 12 positive tissue
sample, 11 samples presented mutations
also in EBC samples, demonstrating that EBC
analysis has high sensitivity and specificity
[80]. Sanchez et al. analyzed the proteomic
profile of EBC samples from lung cancer
patients and observed that the amounts of
proteins are increased in EBC samples during
tumorigenesis and that lung cancer EBC samples have high levels of dermidin, hemoglobin,
histones and cytokeratins and low levels of
hornerin. Also, they developed a diagnosis
model using Random forest model and observed an AUC of 82% for the control group,
76 for high-risk factors like smoking, and 77%
for COPD [83]. Chen et al. was able to obtain a
mutation rate for p16 of 14.81% in EBC samples from NSCLC patients, and no mutation
could be identified in healthy control patients,
which means that this method could be used
as a noninvasive diagnosis method for NSCLC.
Also, they observed that the mutation rate
was increased with the increased tumor stage
[85]. All these studies presented above used
the EcoScreen devices, but there are also studies that used the Rtube condensers and still
manage to obtain good results. An example in
this way presented by Lin et al. which observed
that the expression of TNFα and IL-1β in EBC
samples from COPD patients was correlated
to their mRNA expression in tissue and lung
inflammation. They observed that the levels of
TNFα and IL-1β decreased after lung resection
and lung-protective treatment and that these
levels are correlated with lung function [81].
Another study on COPD patients observed that
surfactant protein A (SP-A) and D (SP-D) levels
are decreased in COPD EBC and mRNA samples, and they increase after treatment, showing a good correlation between EBC and mRNA
analysis. Expression levels of SP-A and SP-D
were also correlated with lung function which
could make them useful biomarkers for COPD

2000

diagnosis. Mehta et al. were able to successfully use EBC samples for evaluation of Em
and Ad isoforms of GATA6 and NKX2-1 genes
and observed that the Em/Ad ratio of GATA6
and NKX2-1 genes was increased in lung
cancer patients than in controls, but they could
not identify these isoforms in NSCLC patients,
so the two biomarkers could be used in lung
cancer patients diagnosis, except for NSCLC
patients [84]. So, it has been shown that independent of the instrument used to performed
EBC sample collection, the results described
EBC as a promising non-invasive method for
either lung cancer or COPD diagnosis, no matter what type of analysis you intend to do either
genomic, transcriptomic or proteomic.
Genomic methods for lung cancer diagnosis
As we mention above the VOCs and EBS analysis has brought important developments and
benefits into lung cancer screening and still
there is a lack of knowledge in early diagnosis
of this cancer. This issue could be overcome
by genomic approaches that provide higher
sensitivity and specificity than VOCs and EBS,
even though a small amount of sample is used. Through genomics approach, genetic/
genomics alterations associated with cancer
phenotype can be identified and detected
even before the onset of clinical symptoms.
One promising approach is the use of epigenetic or gene expression biomarkers specific
from sputum or bronchial aspirate [86, 87].
Moreover, predictive models that include such
biomarkers could be used in the clinic in order to assess the risk of each individual, which
could be translated into personalized medicine
[88].
In their study, Diaz-Lagares et al. were able to
obtain an epigenetic signature characteristic
for stage I lung cancer in formalin-fixed paraffin-embedded tissue (FFPE), and then they
validated their results in sputum, bronchial
aspirate, and bronchoalveolar lavages. They
observed that in lung cancer samples, the
BCAT1, CDO1, TRIM58, ZNF177, and CRYGD
genes are hypermethylated and the information from the TCGA database correlate their
low expression with the methylation status.
Also, they revealed higher diagnostic efficiency in the bronchial liquid that in conventional
cytology [89]. Another study observed that
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Table 5. Molecular studies of lung cancer biomarker identification (year of publication 2019-2015)
The subtype of lung
Sensibility and specificity/AUC
cancer

Authors

Patients

Sample type

Biomarkers identified

Hunag [99]

65 lung cancer patients and 10 healthy
controls

Plasma and
tissue

Tissue Methylation profile: CDKN2A 57% (13/23), AD-32
DLEC1 65% (15/23), CDH1 48% (11/23), DAPK
SC-18
74% (17/23), RUNX3 57% (13/23), APC 48%
ASC-15
(11/23), WIF1 39% (9/23), and MGMT 4% (1/23)
Plasma Methylation profile: 45% for CDKN2A, 48%
for DLEC1, 76% for CDH1, 14% for DAPK, 29%
for RUNX3

At least one gene affected of the eight
studies: 95% and 100%
At least two genes affected of the eight
studies: 71% and 100%
At least three genes affected by the eight
studies: 40% and 100%

greZhang [100]

66 NSCLC patients and 67 healthy controls

Plasma

Methylation gains in SIPA1L2 RSPO3, LDB2,
ZNF679, AP001604.3, and RP1-137K24.1.

AD-46
SC-17
ASC-3

0.96

Zare [101]

60 lung cancer patients and 20 healthy
controls

Whole Blood

HERV-R, HERV-H, HERV-K, and HERV-P eng genes

AD-38
SC-10
SCLC-10

NA

Peng [102]

Lung adenocarcinoma (LUAD) patients from
several studies-meta analysis

Different types
of samples

miR-21-5p, miR-210-3p, miR-182-5p, miR-183-5p,
miR-126-3p and miR-218-5p

AD

NA

Hocker [103]

40 stage I lung cancers and 40 controls

Serum

Mass peak profiling

AD-20
SC-20

95% and 85/0.95

Wang [104]

Lung cancer patients from seven studiesmeta-analysis

Tissue

miR-21-5p and miR-223-3p, miR-126-3p, miR133a-3p, miR-140-5p, miR-143-5p, miR-145-5p,
miR-30a-5p, miR-30d-3p, miR-328-3p, miR-451

NA

NA

El-Zein [105]

216 SCLC, 196 NSCLC, 229 healthy controls

Blood

when binucleated cells with micronuclei [BN-MN],
nucleoplasmic bridges [BN-NPBs], and nuclear
buds [BN-BUDs]

SCLC-216
NSCLC-196

NA

Sui [106]

463 AD patients from TCGA database, 53
additional AD patients

tissue

miR-30a-3p, miR-96-5p and miR-182-5p

AD-516

0.837 for miR-30a-3p
0.819 for miR-96-5p and 0.835 for miR182-5p

Codreanu [107]

Discovery set: 34 benign lung nodules, 24
tissue
untreated AD, and 10 biopsies of bronchial
epithelium
Validation set: 20 benign nodules, 21 AD, and
20 normal bronchial biopsies

ALOX5, ALOX5AP, CCL19, CILP1, COL5A2, ITGB2,
ITGAX, PTPRE, S100A12, SLC2A3CEACAM6,
CRABP2, LAD1, PLOD2, and TMEM110-MUSTN1

AD-44

0.52-0.99

Imperatori [108]

167 early stage NSCLC patients

Tissue

LINE-1 hypermethylation

AD-100
SC-67

NA

Pamungkas [109] 15 NSCLC patients, with (n=10) and without
(n=5) EGFR mutations

Plasma

linoleic acid, tetradecanoyl carnitine, 5-methyltetrahydrofolate (-MTHF), and N-succinyl-L-glutamate-5 semialdehyde (NSGS)-

NA

46.67%, 86.67%, 0.68-linoleate
43.33%, 100%, 0.72-5MTHF
46.67%, 86.67%, 0.65-NSGS
63.33%, 73.33%, 0.69-tetradecanoyl
carnitine

Jung [110]

Serum

EGFR1, MMP7, CA6, KIT, CRP, C9, and SERPINA3

AD-70
EGFR1-0.69, MMP7-0.61, CA6-0.7, KITSC-29
0.56, CRP-0.66, C9-0.73, SERPINA3-0.66
Large cell carcinoma-1

2001

Training set-75 NSCLC patients and 75
controls
Validation-25 primary lung cancer patients
and 25 controls
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Wang [111]

200 patients with primary lung cancer and
200 controls with no cancer

Blood

alteration in the methylation profile of p16, RASF1A and FHIT and relative telomere length (RTL)

NA

82%
80%
0.81

Hulbert [112]

150-early-stage lung cancer patients and 60
controls

Plasma and
sputum

Methylation profile of SOX17, TAC1, HOXA17,
CDO1, HOXA9, and ZFP42

AD-121
SC-26
ASC-3

93%, 86%, 0.85 for sputum
93%, 67%, 0.89 for plasma

Baglietto [113]

Discovery set: 552 case-control pairs
Validation set: 429 case-control pairs

Blood and dried DNA methylation (6 CpGs) profile
blood spots

NA

0.826

Widlak [114]

95 early stage lung cancer patients and 285
healthy controls

Serum

compounds with m/z 1759.5, 1867.0, 3018.9,
3308.4 and 9553.8 Da Da

AD-58
SC-35
NSCLC-2

Discovery set: 100%, 63%, 0.88
Validation set: 86%, 34%, 0.734

Huang [115]

20 patients with early stage NSCLS and 10
healthy controls

Plasma

miR-148a, miR148b and miR-150

AD-10
SC-10

NA

Fahrmann [116]

29-benign nodules patients
17-lung cancer pre-diagnosis samples
25-lung cancer at diagnosis
19-lung cancer post-diagnosis

Serum

phosphatidylethanolamines (PE34:2, PE36:2 and
PE38:4)

AD-46
SC-5
SCLC+AD-1
SCLC-6

PE34:2-0.8
PE36:2-0.77
PE38:4-0.79

Jin [117]

Test set: 6-healthy subjects; 6-patients with
benign tumors; 9-patients with IA NSCLC; 4
IB NSCLC
Validation: 19 healthy subjects; 25 patients
with benign tumors; 60 NSCLC patients

Serum

GlcNAcylated AACT and CEA

NA

64.8%
93.1%
0.817

Powrozek [118]

65 lung cancer patients, 95 healthy subjects

Plasma

DCLK1 promoter methylation profile

AD-22
NA
SC-20
Large cell carcinoma-4
SCLC-19

Fahrmann [119]

Training set: 52 AD and 31 controls
Validation set: 43 AD and 43 controls

Serum and
Plasma

Aspartate, glutamate, and Bin_225393, Pyrophosphate, maltotriose, citrulline, adenosine5-phosphate, Bin_226841, and Bin_36799

AD-95

Serum-0.86
Plasma-0.88

Wikoff [120]

39 AD patients

tissue

ribitol, arabitol, UDP-N-acetylglucosamine (UDPGlcNAc), xylitol, fucose/rhamnose and glucose

AD-39

NA

Kim [121]

72 NSCLC patients and 30 healthy subject

Plasma

Alpha-actinin-1, Fructose-bisphosphate aldolase
AD
A, Alpha-enolase, Filamin-A, Glucose-6-phosphate SC
1-dehydrogenase, Glucose-6-phosphate isomerLarge cell carcinoma
ase, Endoplasmin, Intercellular adhesion molecule
1, Integrin-linked protein kinase, L-lactate dehydrogenase B chain, Moesin, Phosphoglycerate kinase
1, Pyruvate kinase isozymes M1/M2, Osteopontin,
Transaldolase, Thrombospondin-1, Zyxin

Zyxin-0.958

AD - adenocarcinoma, SC - squamous cell carcinoma, ASC - adenosquamous carcinoma, SCLC - small cell lung cancer, NA - not available, NSCLC - non-small cell lung cancer.
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TMEM196 methylation is an independent biomarker correlated with prognostic of lung cancer patients, in early stages. Also, this biomarker can be detected in both plasma and sputum
samples of lung cancer patients with high
specificity and sensitivity [90]. Tomasseti et al.
observed that p16INK4A, RARB2, RASSF1A,
and SOX17 gene are aberrantly methylated in
circulating free DNA samples of lung cancer
patients [91]. Also there are studies that
correlate different microRNAs (miRNAs) with
lung cancer diagnosis, prognosis, or treatment
efficacy [92]. In this way, miR-21, miR-183
family, miR-126 and miR-155, were correlated
with poor prognosis and short survival in lung
cancer [93-96]. Boeri et al. observed that miRNAs analysis of plasma samples from lung
cancer patients could be used to identify biomarkers for diagnosis and prediction with
specificity compared with CT scans [97], while
Sozzie et al. described a miRNA plasma signature of lung cancer patients that could reduce
the false-positive results of low-dose CT [98].
There are also several studies that correlate
methylation, gene expression or miRNAs profiles with lung cancer and that identify different
biomarkers that could be used in early detection of lung cancer. The studies presented in
Table 5 use different biological samples and
apply different molecular technologies in order
to discover the best diagnostic tool for lung
cancer. The evaluation of methylation or proteomic profile of lung cancer patients shows
the best result in discriminating between lung
cancer and healthy patients as can be seen by
the sensitivity and specificity of the experiments presented in Table 5.
Several different biomarkers were used in different studies in order to discriminate between
lung cancer patients and healthy individuals,
but as can be seen in Table 5, the best test is
based on the evaluation of the methylation profile of these two groups of patients and also on
the proteomic analysis.
In the case of methylation analysis we can see
that this is a versatile method that was
employed with success and showed promising
result in lung cancer early diagnosis in patients
that are exposed to different environmental
pollutants like smoky coal [99], or for the
evaluation of different biomarkers that could
help early diagnosis of lung cancer or predict

2003

recurrence even in early stages of NSCLS
cancer, like hypermethylation of LINE-1 [108],
SIPA1L2 RSPO3, LDB2, ZNF679, AP001604.3,
and RP1-137K24.1 [100], SOX17, TAC1,
HOXA17, CDO1, HOXA9, and ZFP42 [112] or
DCLK1 [118]. In other study the methylation
profile of lung cancer patients and healthy controls have been associated with different algorithms, like support vector machines (SVMs) or
decision trees (DTs), for better discrimination of
lung cancer patients [111].
As a result of the numerous studies in this
field, one can say that in order to achieve 100%
specificity and 100% sensibility of a test for
discrimination of lung cancer and possible an
early diagnosis tool for it we need to develop a
test that will combine methylation profiles, proteomic analysis, gene and miRNAs expression,
and mutation status results.
In conclusion, there are a lot of studies dealing with the early diagnosis of lung cancer, but
still, there is an increasing percentage of death
from this type of cancer. As described in this
article, it is possible that a combination of
methods could have better discrimination and
also could help clinicians performed a more
specific and less invasive diagnosis than just
employing just one of the diagnostic tools
described here.
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Abstract: Introduction: F18-FDG PET/CT is the most important hybrid imaging used in the diagnostic, staging, follow-up, and treatment evaluation response in cancer patients. However, it is
well-known that in breast cancer the use of F18-FDG is not included in the first line protocol of initial
diagnostic, both in female and male breast cancer patients. F18-FDG PET/CT is a valuable tool
to provide information on extra-axillary lymph node involvement, distant metastases, and other
occult primary cancers. This study assesses F18-FDG PET/CT systemic staging in male patients
with diagnosed breast cancer and determines detection rates for unsuspected distant metastases
and synchronous malignancies. Methods: We analyzed a number of 170 male patients with breast
cancer, seen between 2000–2020, in a tertiary center. From this group, between 2013–2020 a number
of 23 patients underwent F18-FDG PET/CT. Rates of upstaging were determined for each case and
the detection of other primary malignancies was analyzed. Results: Median age of male breast
cancer group was 61.3 y (range, 34–85 y), most had intraductal carcinoma (82.4%) and unsuspected
distant metastases, which increased patient stage to IV, observed in 27%. In 4 out 23 patients (17.4%),
F18-FDG PET/CT identified synchronous cancers (2 prostate cancers, 1 thyroid and 1 colon cancer).
Conclusion: F18-FDG PET/CT is a valuable tool to provide information on extra-axillary lymph node
involvement, distant metastases, and other occult primary cancers. Baseline F18-FDG PET/CT has
a substantial impact on the initial staging and on clinical management in male breast patients and
should be considered for use in newly diagnosed patients.
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1. Introduction
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The PET/CT hybrid imaging is an essential tool in primary diagnostic, staging, followup, and treatment response evaluation of many malignant diseases. Compared to other
cancers, in breast cancer the use of F18-FDG PET/CT has proven clinical value in selected
cases: in patients with newly diagnosed breast cancer, F18-FDG PET/CT is recommended
for stage III disease [1] and for restaging, follow-up, and treatment response evaluation.
Some studies recommend due to the detection of unsuspected distant metastases, fact that
alters treatment and prognosis, that the guidelines should consider adding in patients
with stage IIB breast cancer the systemic staging with F18-FDG-PET/CT at the time of the
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initial diagnosis [2–5]. F18-FDG PET/CT reduced false-positive risk by half and decreased
workup of incidental findings, allowing earlier treatment and being cost-effective [4].
Approximately 37% of patients with clinical stage IIA-IIIC breast cancer who underwent
F18-FDG PET/CT before preoperative systemic therapy showed more extensive disease,
including 23% with more extensive nodal metastasis and 14% with distant metastasis [5].
The male breast cancer represents only 1% of all breast cancers [3,6] and the literature is by
far less consistent than in women, studies have limited number of subjects and many are
case reports [6–11]. In a recent study published by Ulaner et al. [7] it is underlined that the
role of F18-FDG PET/CT is based on female guidelines and that an analysis of the value of
F18-FDG PET/CT for systemic staging of male breast cancer is warranted. In this study,
we retrospectively search the database of a tertiary cancer center to evaluate the value of
F18-FDG PET/CT in male breast cancer patients, in detecting the presence of synchronous
tumors.
2. Materials and Methods
2.1. Study Design
This retrospective single-institution study was performed on a database of a Romanian
tertiary cancer center, the Institute of Oncology “Prof. Dr. Ion Chiricut, ă” Cluj-Napoca
(IOCN) searching for patients with male breast cancer between January 2000 and November
2020. The inclusion criteria were: male breast cancer histological confirmed; hormonal
receptors status: estrogen receptor (ER), progesterone receptor (PR), and human epidermal
growth factor receptor 2 (HER2) described; we found an important number of patients
(43%) without HER2 status defined, because of the lack of determinations in the first decade
of the database; all patients signed the institutional informed consent both for diagnostic
and treatment procedure, and for the use of their data in scientific reports, with personal
data protection respected. The study protocol was approved by the Ethics Committee of the
Institute of Oncology “Prof.Dr.I.Chiricuta” Cluj-Napoca, approval number 174/28.02.2020.
The study was conducted according to the principles of the Declaration of Helsinki, the
International Conference on Harmonization Guideline on Good Clinical Practice, the
Romanian laws and regulations.
Epidemiologic data on this cohort and the survival parameters are reported in this
study. Between August 2013–November 2020 from this cohort 23 patients have been
evaluated by F18-FDG PET/CT in different moments of the disease: staging, restaging, and
during monitoring. In this group the hybrid imaging parameters were analyzed: presence
or absence of pathologic F18-FDG uptake, number of lesions, standardized uptake values
(SUV). All lesions suspected for synchronous primary tumors were registered and followed
for their histological confirmation.
2.2. PET/CT Imaging
All hybrid images were obtained with a GE Optima 560 PET/CT, GE Healthcare USA;
F18-FDG PET/CT studies were performed after a period of fasting of 6 h; the blood glucose
levels between 76 mg/dL–148 mg/dL were measured before the F18-FDG injection; injected
doses had average activity of 241.4 MBq (Min 148–Max 380 MBq). F18-FDG activities were
calculated according to the patients’ weight and by the European Association of Nuclear
Medicine (EANM) procedure guidelines for tumor imaging, version 2.0 [12] and the
examination was performed after an uptake period of 50–70 min. CT images, with a slice
thickness of 3.75 mm, were acquired using a low-dose protocol (100–130 kV, 50–100 auto
mA, index noise of 20%) in order to reduce the irradiation dose for patients. F18-FDG
PET/CT images were evaluated by a nuclear medicine physician and a radiologist. For all
F18-FDG PET/CT studies, SUVlbm (the standardized uptake value lean body mass) a semi
quantitative parameter for F18-F18-FDG uptake calculation respecting a standard protocol
on the work station (Volumetrix for PET/CT) was used.
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2.3. Statistical Analysis
Statistical analysis was performed using GraphPad Prism 6.0 software. We calculated
means and standard deviations.
3. Results
A total of 170 male patients diagnosed with breast cancer from 2000–2020 were analyzed. In a period of 20 years, the male breast cancer represents 0.1% from all breast cancer
reported in our institution. The mean ± SD age was 61.34 ± 11.19 year-old. The majority,
140 patients (82.4%) had the histology of intraductal carcinoma (IDC), 7 cases (5%) had
invasive lobular carcinoma (ILC), 4 cases (2.4%) had in situ ductal carcinoma, and 19 cases
(11.2) had other forms. Regarding the receptor immunohistochemistry, 10 patients (5.6%)
were ER negative, 138 cases (81.2%) were ER positive, and in 22 patients (12.9%) the ER
status was not available. Twelve patients (7%) were PR negative and 137 (80.6%) were
PR positive, in 21 patients (12.3%) PR status was not available. HER2 was not available
in 79 cases (46.5%); was 0 in 43 cases (25.3%); 1 in 26 cases (15.3%); 2 in 15 cases (8.8%);
3 in 7 cases (4.1%). None of our patients was triple negative. At the moment of the report
95 patients were alive (55.8%), 65 patients (38.2%) were dead, and in 10 cases the survival
data were not available. Thirty-two patients (60.3%) in stage III of the disease were alive
at the moment of the study, treated by radical mastectomy and ALND, radiotherapy and
chemotherapy; 8 patients with stage II and III presented metastatic recurrence of the disease
during the first 2 years, but are alive. Among the 65 dead patients, 21 were in stage III,
5 patients were diagnosed in stage IV, and 39 of them had an unknown cause of the death,
less likely related to their disease.
The main characteristics of the database is presented in Table 1.
Table 1. Characteristics of male patients with breast cancer in IOCN 2000–2020.
Age (Years)
Tumor size
T in situ
T1
T2
T3
T4
NA
Grading (G)
3 (High)
2 (Intermediate)
1 (Low)
NA
Lymph nodes (N) status
N0
N1
N2
N3
NA
Metastasis (M)
M0
M1 (skin, bone, lung, brain, hepatic)
NA
Receptors status
ER+/ER−/NA
PR+/PR−/NA
HER2–0/1/2/3/NA

61.34
4
20
43
16
68
19
35
92
18
35
13
48
33
15
61
151
6/5/4/1/1
2
138/10/22
137/12/21
43/26/15/79
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Table 1. Cont.
Age (Years)
Stage
IA,B
IIA
IIB
IIIA
IIIB
IIIC
IV
NA
Surgical Therapy
Radical mastectomy
Breast conservative surgery
No surgery
ALND
SLND
No axillary evaluation
External Beam Radiotherapy
Yes
No
Neoadjuvant chemotherapy
Yes/No
Adjuvant chemotherapy
Yes/No
Adjuvant antiestrogenic therapy
Yes/No
Alive/Death/NA

61.34
6
17
9
12
27
14
6
79
149
2
19
19
2
19
74
96
55/115
62/118
102/68
95/70/5

NA-not available data.

The analysis of this report revealed an unusual high number of patients with skin
and subcutaneous metastases, 6 out of 17 (35.3%) in the group of subjects with distant
metastases, the majority being discovered on F18-FDG PET/CT scans, Figure 1.
From the above mentioned database, between 2013 and 2020, a number of 23 patients
were evaluated by hybrid imaging F18-FDG PET/CT, Figure 2. The male breast cancers
represented 2.06% from all scans performed for breast carcinomas. The percentage of
scans is considerably higher (2.06%) compared to the percent of male breast cancer among
all breast carcinoma cases (0.1%). A number of 4 patients (17.4%) were discovered with
multiple primary malignancies during the metabolic scan, confirmed in histology: 1—
thyroid cancer, 1—prostate cancer, 1—Hodgkin lymphoma, and 1—colon cancer.
The characteristics of patients followed by F18-FDG PET/CT scan are presented in
Table 2.
The cohort of patients submitted for F18-FDG PET/CT scan has the mean age
60.69 ± 9.216 year-old, age slightly lower compared to the whole cohort of male patients
with breast cancers.
F18-FDG PET/CT scans was performed for restaging in 5 cases (21.7%), for the increase
of tumor markers in 13 (56.5%), assessment for response to therapy in 2 (8.7%), and during
follow-up in 3 cases (13%). The scans demonstrated new, unknown lesions suggestive for
metastases in 12 (52.2%) out of 23 patients. The unsuspected metastatic sites included:
skeleton, liver, sub-pectoral and mediastinal lymphnodes, lungs, muscles, subcutaneous,
and skin. The rate of upstaging was 26%, occurring in 6 patients.
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Table 2. The characteristics of patients followed by F18-FDG PET/CT scan.
No. Age

Histo.

Surgery

CHT

EBR

Stage

Mets *

New
Mets **

SUV1
Max

Synchronous
Cancer

SUV2
Max
–
–
–
–
5.27
–
–
–
–
–
–
–
–

–

–
–
–
–
Colon cancer
–
–
–
–
–
–
–
–
Prostate
cancer
–
–
Hodgkin
Lymphoma
–

6.21

–

–

8.6

–
Thyroid
cancer
–
–

–

1
2
3
4
5
6
7
8
9
10
11
12
13

66
60
66
61
70
52
47
52
67
57
47
79
67

IDC
IDC
IDC
IDC
IDC
IDC
IDC
IDC
IDC
IDC
IDC
PBC
IDC

RM + SLND
RM + ALND
RM + ALND
RM
RM + ALND
RM + ALND
Biopsy
RM + ALND
RM + ALND
RM + ALND
RM + ALND
RM + ALND
RM + ALND

Yes
NA
–
–
–
–
–
Yes
Yes
NA
–
Yes
–

Yes
Yes
–
–
–
–
Yes
Yes
Yes
NA
–
Yes
–

IV
IIIA
IIA
IIA
IB
IIA
IIIC
IV
IIA
IB
IIB
IB
IIB

LN, Bn
–
–
–
–
–
LN
LN, Bn
–
–
–
–
LN

LN, Lu
–
–
–
Lu, Su
LN
Bn, Sk
Lu
–
LN
LN, Bn
–
LN, L

7.04
–
–
–
3.37
4.77
18.36
4.38
–
1.55
10.61
–
4.43

14

68

IDC

RM + ALND

Yes

Yes

IIIB

LN

LN, Bn

7.04

15
16

52
64

IDC
ILC

RM + ALND
RM + ALND

Yes
–

Yes
–

IIB
IIA

–
–

–
–

17

61

IDC

RM + ALND

Yes

Yes

IIIB

LN

18

42

IDC

RM + ALND

Yes

Yes

IIIC

–

19

74

IDC

RM + ALND

Yes

Yes

IIIC

LN, Bn

20

59

IDC

RM + ALND

Yes

Yes

IIIB

–

–
–
LN, Lu,
M, Bn
–
LN, Sk,
M
LN, Sk

21

61

IDC

RM + ALND

Yes

Yes

IIC

LN

–

2.38

22
23

69
55

IDC
ILC

RM + ALND
RM + ALND

NA
Yes

NA
Yes

IIA
IIB

–
–

–
–

–
–

3.1

5.01–
–
–
11.6
–

23.1
–
–

Histo–histology; IDC-ductal invasive carcinoma; ILC–invasive lobular carcinoma; PBC–papillary breast carcinoma; RM–radical mastectomy; ALND–axillary lymphnode dissection; SNL–sentinel lymphnode biopsy; CHT–chemotherapy; EBR–external beam therapy;
Mets *–known metastases; New mets **–unsuspected metastases detected on F18-FDG PET/CT; LN–lymphnode; L–liver; Lu–lung; Sk–
skin; Su–subcutaneous; Bn–bone; B–brain; M–muscle; SUV1Max–maximum standardized uptake value in the hottest known metastasis;
SUV2Max–maximum standardized uptake value in the lesion suspected as synchronous primary cancer; NA–unavailable data.

The synchronous primary malignancies were demonstrated in 4 cases, confirmed in
histology after: total thyroidectomy for papillary thyroid carcinoma; cervical lymphnode
biopsy for Hodgkin lymphoma; prostatic biopsy for prostate cancer and left hemicolectomy for colon adenocarcinoma. In Figures 3–6 we present the images of patients with
synchronous tumors detected in F18-FDG PET/CT scans during restaging, tumor marker
increased, or follow-up.
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histology after: total thyroidectomy for papillary thyroid carcinoma; cervical lymphnode
biopsy for Hodgkin lymphoma; prostatic biopsy for prostate cancer and left hemicolectomy for colon adenocarcinoma. In Figures 3–6 we present the images of patients7 with
of 11
synchronous tumors detected in F18-FDG PET/CT scans during restaging, tumor marker
increased, or follow-up.
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Figure 4. Male patient with right breast cancer. Synchronous confirmed prostate adenocarcinoma.
MIP image on F18-FDG PET/CT (A); axial section at thorax level showing right breast lesion with
8 of
increased F18-FDG uptake confirmed breast carcinoma on biopsy (B, red arrow); axial section
at11
pelvic level showing pathologic increased F18-FDG uptake in right prostate lobe area with multiple calcification (C, white arrow), confirmed prostate adenocarcinoma.

Figure 5. Male patient with right breast cancer, with right axillary lymphnodes suggestive for meFigure 5. Male patient with right breast cancer, with right axillary lymphnodes suggestive for
tastases. Synchronous confirmed papillary thyroid carcinoma of the right lobe. MIP image on F18metastases. Synchronous confirmed papillary thyroid carcinoma of the right lobe. MIP image on
FDG PET/CT (A); axial section at cervical level showing thyroid right lobe lesion with increased
F18-FDG
(A); axial section
atcarcinoma
cervical level
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moment of this retrospective study 55.8% patients were alive. Despite the low incidence
of this pathology in male, the aggressiveness and severity of this malignancy needs special
attention. The F18-FDG PET/CT hybrid imaging is an essential tool in primary diagnostic,
staging, follow-up, and treatment response evaluation of malignant diseases, having an
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histology. At the moment of this retrospective study 55.8% patients were alive. Despite the
low incidence of this pathology in male, the aggressiveness and severity of this malignancy
needs special attention. The F18-FDG PET/CT hybrid imaging is an essential tool in
primary diagnostic, staging, follow-up, and treatment response evaluation of malignant
diseases, having an increasing role in the management of breast cancers. Compared with
other studies, in our male breast cancer cohort, this method was not used for staging; the
scanning was performed for restaging in 21.7% and the majority of scans were indicated
because of the increase of the tumor markers (56.5%). Just a few cases were referred for
treatment response assessment (8.7%) and similarly for follow-up, underling the lack of
evidences, both in male and female breast cancers, for the utility of the method in the
long-term monitoring of the disease. Current guidelines do not recommend intensive
surveillance, including F18-FDG PET/CT, in asymptomatic breast cancer patients [15].
Our retrospective review of male patients with breast cancer demonstrates that F18-FDG
PET/CT detects unsuspected distant metastases at a very high rate of 52.2%, which is a
rate above those published by Ulaner et al. [7] and other authors [6,9]; this fact might be
explained by the advanced stages of our cases and also due to the complete lack of initial,
baseline F18-FDG PET/CT imaging despite the advanced diseases. The rate of upstaging
was lower than in other studies, occurring in 6 patients, mainly because our group consisted
of patients in advanced stages; this fact suggested the role of F18-FDG PET/CT in the
initial staging of male patients with breast cancer. The treatment plan for these patients
needed to be changed from surgical management to systemic therapy without radical
surgical procedure in 7 patients. The metastatic sites were confirmed through biopsy in 5
out of 12 patients with unsuspected metastases, in the rest of patients the tumor markers in
dynamic evolution and the response to therapy were arguments for the positive diagnostic.
The number of 4 patients detected with synchronous tumors in F18-FDG PET/CT
was a considerable high number. In this study we reported the occurrence of thyroid
cancer and prostate cancer in association with breast cancer. In female, the association of
thyroid–breast cancers as multiple primary malignancies is well studied, without having a
clear scientific accepted explanation, except the more systematic screening. The interactions between thyroid and breast disorders are based on hormonal and cellular receptor
mechanisms [16,17]. Thyroid cancer survivors also have been found to develop breast cancer early, have more estrogen and progesterone receptor positive tumors, and have a greater
incidence of mixed invasive cancer [18]. Estrogen receptors have been found in thyroid
tissue [19]. The histology of the breast cancer that develops after thyroid cancer is different
than the general population, with a greater percentage of ER/PR-positive tumors [19].
Although indicated by many studies, an association between breast and thyroid cancer
still remains controversial [20]. The high percentage of male patients with ER/PR positive
might lead to the conclusion that male breast cancer patients need a careful examination
and evaluation of the thyroid, in order to exclude the thyroid malignancy.
Regarding the association with prostate cancer a review of the existing literature shows
that both prostate and breast cancers are typically hormone-dependent tumors and have
similarities regarding etiology, epidemiology, and treatment approaches [21]. Alteration
of estrogen to testosterone ratio is another possible explanation for the increased risk of
hormone-sensitive cancers [22]. In this study we found breast cancer associated both with
thyroid and prostate cancer. Despite the limited number of patients, we need to analyze
the option of screening for thyroid and prostate cancers in male breast cancer patients.
The limitations of the study consist in the low number of patients in this cohort, but
male breast cancer is an uncommon malignancy, and also, the number of synchronous
malignancies detected in F18-FDG PET/CT was very limited; considering these facts, every
study will contribute to the existing databases. The retrospective single-institution study is
another limitation. Another limit of the study was the lack of baseline examinations, but
F18-FDG PET/CT scans succeeded to correctly modify the staging and to determine the
correct management of patients with multiple primary cancers.
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5. Conclusions
F18-FDG PET/CT is a valuable tool to provide information on extra-axillary lymph
node involvement, distant metastases, and other occult primary cancers in the evaluation
of male breast cancer. Baseline F18-FDG PET/CT has a substantial impact on initial staging
and on clinical management in male breast patients and should be considered for use in
newly diagnosed patients. Despite the rarity of the pathology, the occurrence of multiple
primary cancers needs to be carefully evaluated, in this light, the role of hybrid imaging
being essential.
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Arer, İ.M.; Yabanoğlu, H.; Kuş, M.; Akdur, A.; Avcı, T. Retrospective Analysis of Patients with Synchronous Primary Breast and
Thyroid Carcinoma. Eur. J. Breast Health 2018, 14, 80–84. [CrossRef]
Moosavi, L.; Kim, P.; Uche, A.; Cobos, E. A Synchronous Diagnosis of Metastatic Male Breast Cancer and Prostate Cancer.
J. Investig. Med. High Impact Case Rep. 2019, 7, 2324709619847230. [CrossRef]
Rudlowski, C. Male Breast Cancer. Breast Care (Bassel) 2008, 3, 183–189. [CrossRef] [PubMed]

ORIGINAL RESEARCH
published: 11 March 2021
doi: 10.3389/fphar.2021.487316

Doubling the Dose of Bevacizumab
Beyond Progression in Metastatic
Colorectal Cancer–the Experience of a
Tertiary Cancer Center

Edited by:
Nehad M Ayoub,
Jordan University of Science and
Technology, Jordan
Reviewed by:
Srinivas V Koduru,
Penn State Milton S. Hershey Medical
Center, Hershey, PA, United States
Belal Al-Husein,
Jordan University of Science and
Technology, Jordan
*Correspondence:
Ovidiu Crisan
ovicrisan@umfcluj.ro
†
These authors have contributed
equally to this work and share ﬁrst
authorship

Specialty section:
This article was submitted to
Pharmacology of Anti-Cancer Drugs,
a section of the journal
Frontiers in Pharmacology
Received: 25 July 2019
Accepted: 20 January 2021
Published: 11 March 2021
Citation:
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Background: Colorectal cancer (CRC) is the third most common cancer in Europe, with
an annual increase in incidence ranging between 0.4 and 3.6% in various countries.
Although the development of CRC was extensively studied, limited number of new
therapies were developed in the last few years. Bevacizumab is frequently used as
ﬁrst- and second-line therapy for management of metastatic CRC (mCRC). The aim of
this study is to present our experience with using bevacizumab beyond disease
progression at different dosage levels in mCRC patients, in terms of overall survival,
progression-free survival, time to treatment failure, and toxicities.
Methods: We performed a consecutive retrospective analysis of patients with conﬁrmed
mCRC who were treated with bevacizumab at "Prof Dr. Ion Chiricuta" Institute of Oncology,
Cluj-Napoca, Romania. We included patients who had received bevacizumab as ﬁrst- or
second-line therapy and further stratiﬁed them according to the dose administered as a
second-line (either standard dose of 5 mg/kg every 2 weeks or 7.5 mg/kg every 3 weeks, or
double dose of 10 mg/kg every 2 weeks or 15 mg/kg every 3 weeks–depending on the
classical chemotherapy partner). All patients had received bevacizumab beyond progression
(BYP) which is deﬁned as continuing bevacizumab administration through second-line
treatment despite disease progression. In each group, we evaluated the prognostic
factors that inﬂuenced survival and treatment outcome.
Results: One hundred and ﬁfty-one (151) patients were included in the study. Themedian
age of patients receiving double dose bevacizumab (DDB) and standard dose
bevacizumab (SDB) was 58 years (range 41–71) and 57 years (range 19–75),
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respectively. The median overall survival in the DDB group was 41 months (range 27–49)
compared to 25 months (range 23–29) in the SDB group (p  0.01 log-rank test). First-line
oxaliplatin-based treatment was used more frequently regardless of group, while
irinotecan-based more frequently used as a second-line treatment (p  0.014). Both
oxaliplatin- and irinotecan-based regimens were found to be suitable partners for BYP.
Statistical analysis revealed that dose intensity, primary tumor location, and cumulative
exposure to BYP had signiﬁcant inﬂuence on survival.
Conclusion: Doubling the dose of bevacizumab after ﬁrst progression may improve
survival in mCRC patients. Increasing bevacizumab dose intensity could override the
prognostic impact of primary tumor location in patients receiving double the dose of
bevacizumab after ﬁrst disease progression.
Keywords: colorectal, cancer, progression, bevacizumab, metastasis, double dose

INTRODUCTION

or anti-epidermal growth factor receptor (EGFR) antibodies. There
are several classesof drugs which target malignant angiogenesis,
such as anti-vascular endothelial growth factor (VEGF) antibodies,
proteins with binding portions for the extracellular domains of
human VEGF receptors 1 and 2, which will retain tumor-released
VEGF (a VEGF trap: aﬂibercept, for example), or protein kinase
inhibitors which target angiogenic, stromal and oncogenic receptor
tyrosine kinase (RTK) (Stivarga, 2020; Zaltrap, 2020). While antiEGFR antibodies are used exclusively for mCRC patients with
wild-type RAS, anti-angiogenic drugs can be of beneﬁt in all
patients regardless of RAS status.Bevacizumab (anti-VEGF
antibody) is frequently used as ﬁrst-orsecond-line therapy for
the management of mCRC. Beyond the ﬁrst progression of the
disease, standard dose bevacizumab (SDB) or double dose
bevacizumab (DDB) can be administered (Avastin, 2020). New
target drugs have been approved for use in patients with mCRC
such as immunotherapy like pembrolizumab–approved in MSIhigh mCRC patientsas well asunresectable or metastatic solid
tumors with MSI-H ordeﬁcient mismatch repair (dMMR).
BRAF inhibitors–dabrafenib and MEK inhibitors for mCRC
BRAF mutant are still under investigations (Al-Husein et al.,
2012; Cutsem et al., 2016; Kuramochi et al., 2017; Keytruda,
2020). Human epidermal growth factor receptor (HER2)
ampliﬁcation seems to be a valuable new target in mCRC.
Despite its prevalence of 2% in the general population of
mCRC patients, it seems to be linked to primary resistance to
anti-EGFR agents (Dienstmann et al., 2018). Although phase III
trials are not available, the response rate to anti-HER2 agents
reached 38% in the MyPathway study (Dienstmann et al., 2018).
The aim of this study is to present our experience with using
bevacizumab beyond disease progression at different dosage
levels in mCRC patients, in terms of OS, progression-free
survival (PFS), time to treatment failure (TTF), and toxicities.

According to the latestdata released by GLOBOCAN in 2018,
colorectal cancer (CRC) is one of the most common types of cancer
worldwide, being the third most frequent and the second most fatal
malignancy (Ferlay et al., 2018). In Europe, CRC is the third most
common cancer, with the highest incidence rates registered in
countries such as Hungary, Slovenia, Slovakia, Norway, and the
Netherlands (Ferlay et al., 2018). In Romania, CRC is the second
most frequent malignancy after lung cancer in both genders, with a
rapidly increasing incidence (Ferlay et al., 2018). The annual
increase in incidence in the different European countries ranges
from 0.4 to 3.6%.According to the latest reports, the age of disease
onset appears to be decreasing. Vuik et al. analyzed the incidence of
CRC in the last 25 years in Europe, and revealed an increase in the
incidence of the disease among adults aged 20–49 years of age,
compared with initial data which showed a predisposition for CRC
starting with ﬁfth decade (Vuik et al., 2019).
Since CRC treatment can be curative in the localized and
locoregional disease, early diagnosis through national screening
programs is essential. However, up to 44% of patients with loco
regional disease will develop metastases despite treatment (Bray
et al., 2018). In such relapsed cases, as well as in the 20% of CRC
patients presenting with metastasis at diagnosis (Edwards et al.,
2014), overall survival (OS) can exceed 30 months in ﬁt patients
who beneﬁt fromthe triple-agent chemotherapy regimen
(FOLFOXIRI) combined with targeted therapy (Qiu et al., 2015).
Despite the discoveries made in the last few years and the
research conducted in order to highlight the mechanisms of CRC
pathogenesis, the processes that allow cancer cells to migrate,
invade and metastasize to other parts of the body have not yet
been fully described (Esin and Yalcin, 2016; Coyle et al., 2017).
Although genomic instability—microsatellite instability (MSI),
chromosomal instability (CIN), and CpG island methylator
phenotype (CIMP) are known to contribute to the development of
CRC (Hong, 2018), a limited number of new therapies for metastatic
CRC (mCRC) patients have been developed in the last few years.
Therapeutic options currently available to treat mCRC include the
classical chemotherapy backbone–ﬂuoropyrimidine with oxaliplatin
or irinotecan, combined with either an anti-angiogenic agent,
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Study Population
This study was conducted to generate data from a tertiary care
center of excellence in the treatment of mCRC in Romania. We
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TABLE 1 | Chemotherapy used in combination with bevacizumab in ﬁrst and second-line therapy.
Type of chemotherapy
FOLFOX4

FOLFIRI

CAPEOX
CAPIRI
Bevacizumab
Bevacizumab
Bevacizumab
Bevacizumab

standard dose (SDB)
standard dose (SDB)
double dose (DDB)
double dose (DDB)

Drug
5-FU
5-FU
Leucovorin
Oxaliplatin
5-FU
5-FU
Leucovorin
Irinotecan
Capecitabine
Oxaliplatin
Capecitabine
Irinotecan
Bevacizumab
Bevacizumab
Bevacizumab
Bevacizumab

+
+
+
+

Dose

Cycle length

400 mg/m2 bolus in 15 min day 1 + 2
600 mg/m2 continuous perfusion over 22 h day 1 + 2
400 mg/m2 in 2 h day 1 + 2
85 mg/m2 in 2 h day 1
400 mg/m2 bolus in 15 min day 1 + 2
600 mg/m2 continuous perfusion over 22 h day 1 + 2
400 mg/m2 in 2 h day 1 + 2
180 mg/m2 day 1
2,000 mg/m2 days 1–14
130 mg/m2 in 2 h day 1
2,000 mg/m2 days 1–14
240 mg/m2 day 1
5 mg/kg
7.5 mg/kg
10 mg/kg
15 mg/kg

FOLFOX4 or FOLFIRI
CAPEOX or CAPIRI
FOLFOX4 or FOLFIRI
CAPEOX or CAPIRI

14 days

14 days

21 days
21 days
Every
Every
Every
Every

2 weeks
3 weeks
2 weeks
3 weeks

5FU, 5 ﬂuorouracil; m2-square meter; mg-milligram, kg-kilogram.

present the treatment strategies, prognostic factors, and survival
data of them CRC patients treated between 2009 and 2017 outside
of a clinical trial. This study retrospectively included mCRC patients
who used bevacizumab as ﬁrst-line and second-line treatment. Two
treatment options are used in our cancer center in which the ﬁrst is
to continue SDB and the other is to consider DDB through secondline treatment. Hence, mCRC patients in this study were classiﬁed
according to the dose of bevacizumab administered beyond
progression. Bevacizumab beyond progression (BYP) was
deﬁned as the continuation of bevacizumab treatment in the
second-line of systemic therapy despite disease progression
proven through imaging techniques. SDB implies that patients
continued the same dose of bevacizumab (5 mg/kg every 2 weeks
or 7.5 mg/kg every 3 weeks) administered as ﬁrst-line treatment,
while DDB indicates doubling the dose of bevacizumab (10 mg/kg/
every 2 weeks or 15 mg/kg every 3 weeks). The decision to maintain
SDB or switch to DDB through the second-line treatment was made
by oncologists based on bevacizumab toxicity and tolerance through
the ﬁrst-line treatment phase. The study was approved by the Ethics
Committee of “Prof.Dr. Ion Chiricuta” Institute of Oncology,ClujNapoca,Romania through decision No 42/8 December 2015.
The inclusion criteria were: age of 18 years or older,
histologically conﬁrmed diagnosis of CRC, lab tests adequate for
chemotherapy and no medical contraindication to chemotherapy,
at least one metastatic site, Eastern Cooperative Oncology Group
(ECOG) performance status of 0–2, bevacizumab administration
in ﬁrst and second-line treatment, adequate follow-up (at least
monthly clinical checkup and CT-scan every 3–4 months).
The exclusion criteria were: previous administration of
chemotherapy for the metastatic stage, uncontrolled comorbidities,
poor performance status (ECOG ≥3), inadequate labtests,
hypersensitivity to the active substance, heart failure (NYHA
grade >2), uncontrolled hypertension, acute myocardial infarction
(within 6 months prior to start chemotherapy) and pregnancy.
According to the literature, the beneﬁt of systemic treatment
in mCRC is controversial especially in patients with poor ECOG
performance status, with no survival advantage over the best
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supportive care (Crosara Teixeira et al., 2015). Therefore, patients
with poor performance status were excluded from this study.

Chemotherapy Regimens and Follow-up
The chemotherapeutic regimens used in this study were
consistent with international guidelines: capecitabine-based
(CAPEOX/XELOX or CAPIRI/XELIRI) 3 weeks regimen or 5ﬂuorouracil-based (FOLFOX4 or FOLFIRI) 2 weeks regimen, at
the dosages displayed in Table 1. Dose modiﬁcations during
treatment were allowed according to guideline recommendations
(Cutsem et al., 2016; Messersmith, 2019).
After ﬁrst-line chemotherapy, most patients underwent
maintenance therapy with a reduction in chemotherapy
intensity until disease progression or surgical resection. The
same standard or double dose bevacizumab was continued
beyond disease progression in combination with a different
chemotherapy partner. All patients were assessed by CT scan
according to RECIST 1.1 (Eisenhauer et al., 2009).

Statistical Analysis
For statistical analysis purposes, we deﬁned overall survival (OS)
as the period of time between the ﬁrst cycle of chemotherapy and
death, time to treatment failure (TTF) as the period of time
between the ﬁrst and the last cycle of bevacizumab chemotherapy,
progression-free survival after ﬁrst-line therapy (PFS1) as the
time between the ﬁrst and the last cycle of ﬁrst-line chemotherapy
and progression-free survival during second-line therapy (PFS2)
as the time between the ﬁrst and the last cycle of second-line
chemotherapy. These deﬁnitions were similar to those in the
Simkens CAIRO3 trial with TTF corresponding to the time to
second progression (Simkens et al., 2015). We also deﬁned PFS
during second-line of therapy in the DDB group.
The main characteristics of the studied population were
analyzed using Microsoft Excel 2010, followed by Chi-square
test for association. For data reported as mean ± SD, p-values
were calculated with t-test. Survival analyses were performed using
R version 3.5.1 [R Core Team (2018). R: A language and
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TABLE 2 | Baseline characteristics of mCRC patients in SDB (N  111) and DDB (N  40) groups.

Age (years)
Gender
BMI*(kg/m2)
Primary tumor
Metastasis site

Metastasis–organs involved
First-line chemotherapy
Second-line chemotherapy
RAS

T Stage

N stage

M Stage

Under 65
Over 65
Male
Female

SDB

DDB

p-value

88 (79.3%)
23 (20.7%)
62 (58.9%)
49 (44.1%)
25.17 ± 4.47 (14.19–36.51)

35 (87.5%)
5 (12.5%)
24 (60.0%)
16 (40.0%)
27.73 ± 5.03 (19.59–42.24)

0.25

Left-sided
Right-sided
Liver
Lung
Peritoneum
Lymph nodes
Bone
Other**
1
>1
Oxaliplatin-based
Irinotecan-based
Oxaliplatin -based
Irinotecan-based
Mutant
Wild type
Not available
1
2
3
4
Not available
0
1
2
Not available
0***
1
Not available

35 (23.17)
116 (76.82%)
91 (58.0%)
19 (12.1%)
25 (15.9%)
6 (3.8%)
6 (3.8%)
10 (6.4%)
78 (70.3%)
33 (29.7%)
81 (73.0%)
30 (27.0%)
33 (29.7%)
78 (70.3%)
11 (9.9%)
32 (28.8%)
68 (61.3%)
0 (0%)
3 (2.7%)
58 (52.3%)
34 (30.6)
16 (14.4%)
8 (7.2%)
29 (26.1%)
48 (43.2%)
26 (23.4%)
35 (31.5%)
72 (64.9%)
4 (2.5%)

30 (62.5%)
6 (12.5%)
6 (12.5%)
2 (4.2%)
1 (2.1%)
3 (6.3%)
32 (80.0%)
8 (20.0%)
9 (22.5%)
30 (75.0%)
20 (50%)
19 (47.5%)
6 (15%)
5 (12.5%)
29 (72.5%)
1 (2.5%)
1 (2.5%)
27 (67.5%)
7 (17.5%)
4 (10%)
6 (15.0%)
13 (32.5%)
16 (40.0%)
5 (12.5%)
14 (35%)
25 (62.5%)
1 (2.5%)

0.65
0.01
0.25
0.98

0.24
<0.01
0.01
0.06

<0.01

0.39

0.72

SDB: standard dose bevacizumab, DDB: double dose bevacizumab; BMI: body mass index; data are n (%); p-value was calculated with Chi-test.
*data are mean ± SD (range) and p-value was calculated with t-test; all tests were conducted at 0.05 level of signiﬁcance. Bold the signiﬁcant p value when we have multiple values.
**subcutaneous, ovaries.***M0–stage at initial diagnostic.

environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URLhttp://www.R-project.org/.] in
multiple steps. First, we used the Kaplan-Meier method to obtain
survival curves. Second, we compared them using the log-rank test.
Finally, we used Cox regression to generate Hazard Ratios (HRs)
and corresponding 95% Conﬁdence Intervals (CIs). The calculated
p-values were two-sided, and p-values less than 0.05 were
considered statistically signiﬁcant. The Pearson correlation
coefﬁcients as well as the corresponding p-values were
determined using Pearson correlation test, in Microsoft Excel 2010.

First-line oxaliplatin-based chemotherapy was more frequently
used than irinotecan-based therapy in the SDB group compared
with the DDB group (p < 0.001), while irinotecan was more
frequently used in the second-line after disease progression (p 
0.014) (Table 2). The median age was 57 years (range 19–75) in the
SDB group and 58 in the DDB group (range 41–71), while
approximately 80% of patients were under the age of 65 in both
groups. The primary tumor was in the right side of the colon in
76.8% of cases. The liver, peritoneum and lungs were the most
common metastatic sites in both the SDB and DDB groups. About
27.2% of patients had more than one metastatic site. No signiﬁcant
differences were noted between SDB and DDB patients regarding
site and number of metastases. More male patients had left-sided
cancer compared to female patients. Mean body mass index (BMI)
was signiﬁcantly higher in the DDB group compared to patients
receiving SDB (p  0.01). Regarding the RAS status, a reasonable
proportion of patients did not have data; however no signiﬁcant
differences were observed between the SDB and DDB groups.
The median values of OS, TTF, PFS1, and PFS2 were
signiﬁcantly higher in the DDB group compared with the SDB
group (Table 3).

RESULTS
Patient Characteristics
In a retrospective analysis of mCRC patients treated with
chemotherapy in our institute between 2009 and 2017, we
identiﬁed 162 patients who met the main inclusion criteria. Out
of these, 151 met the criteria for “beyond progression”, while 11 were
treated with bevacizumab through multiple lines or beyond the thirdline of chemotherapy and therefore were excluded from the analysis.
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First and Second-line Chemotherapy
Backbone

TABLE 3 | Median of OS, PFS, and TTF based on bevacizumab dose.
Endpoint
OS
TTF
PFS1
PFS2

SDB

DDB

25 (23–29)
19 (16–22)
12 (11–14)
5 (4–6)

41
24
17
9

(27–49)
(21–35)
(15–22)
(6–12)

p-value

We investigated the role of ﬁrst and second-line chemotherapy
partners for bevacizumab to improve our understanding for the
impact of chemotherapy in mCRC patients.
When comparing the groups regarding the type of standard
chemotherapy regimens (irinotecan vs. oxaliplatin backbone) in
ﬁrst- or second-line treatment, a trend toward a greater OS, TTF,
PFS1, and PFS2 was observed for irinotecan-based regimens
compared to oxaliplatin-based chemotherapy in both groups,

0.01
0.01
0.01
0.03

SDB: standard dose bevacizumab, DDB: double dose bevacizumab, OS: overall survival,
TTF: time to treatment failure, PFS1: progression-free survival during ﬁrst-line treatment,
PFS2: progression-free survival during second-line treatment; data are median
(interquartile range) in months; p-values were calculated with log-rank test at 0.05 level of
signiﬁcance. p value statistical signiﬁcant.

TABLE 4 | Bevacizumab toxicity in SDB and DDB groups.
Type of toxicity

Proteinuria

Hypertension

Thromboembolic events

Fistula
Bleeding

Cardiopathy
Treatment delay

Grade 1
Grade 2
Grade 3
Any grade
Grade 2
Grade 3
Any grade
Grade 2
Grade 3
Any grade
Grade 2
Grade 3
Any grade
Number of patients
days delay*

DDB–number of patients
(% from total number-40)

SDB- number of patients
(% from total number-111)

p-value

7 (17.5%)
4 (10%)
3 (7.5%)
14 (35.0%)
1 (2.5%)
7 (17.5%)
8 (20%)
1 (2.5%)
1 (2.5%)
2 (5%)
1 (2.5%)
1 (2.5%)
1 (2.5%)
2 (5%)
1 (2.5%)
3 (7.5%)
85.33 ± 49.92 (30–127)

10 (9%)
3 (2.7%)
5 (4.5%)
18 (16.2%)
10 (9%)
8 (7.2%)
18 (16.2%)
3 (2.7%)
0 (0%)
3 (2.7%)
1 (0.9%)
3 (2.7%)
3 (2.7%)
6 (5.4%)
5 (4.5%)
7 (6.3%)
69.57 ± 121.45 (8–340)

0.69

0.01
0.04
0.29
0.17
0.65
1.0
1.0
0.92
0.10
0.47

DDB: double dose bevacizumab; SDB: standard dose bevacizumab; data are n (%); p-values were calculated with χ2test
*data are mean ± SD (range) and p-value was calculated with t-test; all tests were conducted at 0.05 level of signiﬁcance. Bold the signiﬁcant p value when we have multiple values.

Bevacizumab Toxicity

TABLE 5 | Characteristics of OS, TTF, and PFS depending on primary tumor
location in the DDB and SDB groups.

Regarding toxicity of bevacizumab, hypertension and
proteinuria were more frequent in the DDB compared to the
SD Bgroup. Of those, only proteinuria and hypertension grade 3
reached statistical signiﬁcance (Table 4). These differences did
not lead to signiﬁcant treatment delays between the SDB and
DDB groups.
Survival curves were constructed for OS, TTF, PFS1, and PFS2
according to primary tumor location (data not shown) and the
corresponding medians and HR were determined. Statistically
signiﬁcant differences were obtained for OS only with a higher
median survival for left-sided vs. right-sided tumors: 29 months
(IQR: 25–37) vs. 22 months (IQR: 18–30), respectively, (p  0.01).
In the group of patients having received DDB after ﬁrst
progression, no differences between left- and right-sided
mCRC were observed in terms of OS, PFS1, PFS2, and TTF.
Patients receiving SDB had signiﬁcantly improved OS and
PFS2 for left-sided mCRC compared to right-sided disease
(Table 5). However, TTF and PFS1 were not signiﬁcantly
different between left- and right-sided tumors in patients
receiving SDB in second-line treatment.
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Item
DDB
OS
TTF
PFS1
PFS2
SDB
OS
TTF
PFS1
PFS2

Left-sided*

46
31
16
9

(35–56)
(22–39)
(14–27)
(7–14)

27 (24–35)
19 (16–23)
12 (11–14)
6 (5–8)

Right-sided*

27
21
16
5

(21–41)
(17–28)
(11–20)
(3–10)

12 (13–32)
15 (11–23)
10 (7–17)
4 (3–6)

HR (CI 95%)

0.57
0.60
0.73
0.48

p-value

(0.26–1.24)
(0.28–1.27)
(0.36–1.49)
(0.22–1.03)

0.15
0.18
0.39
0.06

0.54 (0.33–0.88)
0.99 (0.41–1.08)
0.84 (0.53–1.33)
0.55 (0.33–0.9)

0.01
0.10
0.45
0.02

OS: overall survival, TTF: time to treatment failure, PFS1: progression-free survival during
ﬁrst-line treatment, PFS2: progression-free survival during second-line treatment, DDB:
double dose bevacizumab, SDB: standard dose bevacizumab; p-values were calculated
with log-rank test; HR < 1 means better results in left -sided than in right-sided cases
*all values are displayed as medians (interquartile range) in months. Bold the signiﬁcant
p value when we have multiple values.

however these differences did not reach statistical signiﬁcance
(Table 6).

5

March 2021 | Volume 12 | Article 487316

Căinap et al.

Doubling the Dose of Bevacizumab in mCRC

outcomes and the total dose of bevacizumab administered
(p < 0.001). TTF was positively and strongly correlated with
total bevacizumab dose, while OS, PFS1, and PFS2 were
moderately correlated with total bevacizumab dose, with a
tendency toward strong positive correlation in the case of
PFS1 in SDB group (Table 9).

TABLE 6 | Median of OS, TTF, and PFS based on type of chemotherapy in the
SDB and DDB groups.

DDB
SDB
DDB
SDB
DDB
SDB
DDB
SDB

OS
TTF
PFS1
PFS2

Irinotecan-based*

Oxaliplatin-based*

p-value

43.5 (30–35)
25 (22–36)
25 (21–36)
21 (16–30)
16 (14–28)
13 (12–18)
9 (5–19)
5 (4–6)

27 (18–44)
25 (23–30)
24 (17–35)
16 (15–22)
14 (9–19)
12 (9–13)
8 (6–12)
6 (4–9)

0.06
0.50
0.60
0.30
0.07
0.30
0.30
0.70

Subgroup Analysis of Overall Survival
Male gender, age below 65 and an irinotecan-based
chemotherapy regimen in ﬁrst-line were signiﬁcantly linked to
survival advantage among mCRC patients (Table 10).

OS: overall survival, TTF: time to treatment failure, PFS1: progression-free survival during
ﬁrst-line treatment, PFS2: progression-free survival during second-line treatment, DDB:
double dose bevacizumab, SDB: standard dose bevacizumab; p-values were calculated
with log-rank test
*data are median (interquartile range) in months.

Was OS Inﬂuenced by PFS1 or PFS2?
As shown in Table 11, OS was signiﬁcantly and positively
correlated with each of TTF, PFS1, and PFS2 among all

TABLE 7 | Correlation between treatment outcomes and delayed initiation of bevacizumab in ﬁrst-line treatment in DDB and SDB groups.
Delayed bevacizumabinitiation–in months

OS
TTF
PFS1
PFS2
OS
TTF
PFS1
PFS2

DDB

SDB

r

p-value

−0.31
−0.51
−0.43
−0.39
−0.19
−0.41
−0.42
−0.17

0.052
<0.01
<0.01
0.01
0.04
<0.01
<0.01
0.07

OS: overall survival, TTF: time to tratment failure, PFS1: progression-free survival during ﬁrst-line treatment, PFS2: progression-free survival during second-line treatment, DDB: double
dose bevacizumab, SDB: standard dose bevacizumab; p-value <0.05 indicate statistical signiﬁcance of Pearson’s correlation coefﬁcients (r). Bold the signiﬁcant p value when we have
multiple values.

Timing of Bevacizumab Initiation

mCRC patients and each of DDB and SDB patient groups
(p < 0.001). These correlations were moderate to strong
according to the Pearson’s correlation analysis.

We investigated the time of initiation of bevacizumab treatment
in terms of months of delay of treatment to see whether it explains
the differences in OS, TTF, PFS1, and PFS2 between the DDB and
SDB groups; for instance, whether PFS1 could be statistically
linked to the initiation of bevacizumab. According to guidelines,
bevacizumab must be administrated from the ﬁrst cycle of
systemic treatment, without any delays.
PFS1 and TTF were negatively and signiﬁcantly correlated
with delayed bevacizumab initiation in both the DDB and SDB
groups of patients (p < 0.01). As shown in Table 7, this
correlation was moderate.

DISCUSSION
Primary Tumor Location
Primary tumor location (PTL) is one of the most important
prognostic factors for mCRC. Survival after recurrence was
signiﬁcantly longer in left-sided compared with right-sided
colon cancer patients (Cutsem et al., 2016). In ﬁrst-line
treatment with oxaliplatin, ﬂuoropyrimidine and bevacizumab,
the laterality of the primary tumor was less important in the
maintenance phase of ﬁrst-line therapy (Jordan et al., 2018).
However, PTL remains a signiﬁcant prognostic factor for second
and further lines of treatment (Hegewisch-Becker et al., 2018).
Surprisingly, in our DDB group of patients, no statistically
signiﬁcant differences in terms of OS, TTF, PFS1, and PFS2 in
relation with PTL were noted. These results suggest that doubling
the dose of bevacizumab overrides the prognostic differences in
mCRC according to tumor location. Increasing the dose of
bevacizumab could equalize the chance of response to

Bevacizumab dose Intensity
The analysis of bevacizumab dose intensity revealed signiﬁcant
differences in both ﬁrst and second-line therapy between the
DDB and SDB groups. These differences remained also
signiﬁcant for the overall treatment (ﬁrst and second-line)
(Table 8).
The Pearson correlation analysis between the total dose of
bevacizumab and survival rates is detailed in Table 9.
As seen in Table 9, both groups (DDB and SDB) had
signiﬁcantly positive correlations between all the treatment
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TABLE 8 | Mean bevacizumab dose intensity in the DDB and SDB patient groups.
First-line Bev-DI (mg/kg/week)

Second-line Bev-DI (mg/kg/week)

Total Bev-DI (mg/kg/week)

1.84 ± 0.56 (0.47–3.22)
1.50 ± 0.64 (0.23–3.06)
0.004

4.49 ± 2.31 (0.66–12.08)
2.47 ± 1.05 (0.36–7.74)
<0.001

2.68 ± 1.18 (1.23–7.26)
1.74 ± 0.52 (0.59–2.97)
<0.001

DDB
SDB
p value

Bev-DI: bevacizumab dose intensity; DDB: double dose bevacizumab, SDB: standard dose bevacizumab; p-values were calculated with t-test; data are mean ± SD (range). p value
statistical signiﬁcant.

TABLE 9 | Correlation between treatment outcomes and total bevacizumab dose.
Outcome variable

Bevacizumab total dose
r

OS
TTF
PFS1
PFS2
OS
TTF
PFS1
PFS2
OS
TTF
PFS1
PFS2

TABLE 11 | Correlation between OS and each of PFS and TTF in SDB and DDB
groups.

DDB

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

0.67
0.77
0.61
0.64
0.60
0.80
0.75
0.47
0.59
0.77
0.68
0.54

SDB

All

Outcome variable

p-value

PFS1
PFS2
TTF
PFS1
PFS2
TTF
PFS1
PFS2
TTF

Overall survival (OS)

DDB

SDB

All

r

p-value

0.60
0.47
0.69
0.65
0.56
0.75
0.65
0.55
0.75

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

OS: overall survival, TTF: time to treatment failure, PFS1: progression-free survival during
ﬁrst-line therapy, PFS2: progression-free survival during second-line therapy, SDB:
standard dose bevacizumab, DDB: double dose bevacizumab.

OS: overall survival, TTF: time to treatment failure, PFS1: progression-free survival during
ﬁrst-line therapy, PFS2: progression-free survival during second-line therapy, DDB:
double dose bevacizumab, SDB: standard dose bevacizumab
*all corresponding p-value are lower than 0.001.

CRC patients (median survival 24.8 months) compared with
right-sided patients (18.4 months), with PTL being the most
powerful prognostic factor in multivariate analysis (Hegewisch
Becker et al., 2018).

TABLE 10 | Subgroup analysis of overall survival hazard ratios.

All
Gender
Male
Female
Age (years)
<65
≥65
First-line chemotherapy
Oxaliplatin-based
Irinotecan-based
PFS1(months)
≤12

N

HR

95% CI

p-value

151

0.62

0.42–0.91

0.02

86
65

0.53
0.65

0.31–0.90
0.35–1.18

0.02
0.16

123
28

0.60
0.66

0.39–0.91
0.22–1.97

0.02
0.45

89
56

0.87
0.49

0.40–1.90
0.27–0.88

0.73
0.02

76

0.58

0.31–1.08

0.09

First and Second-line Chemotherapy
Backbone Associated With Bevacizumab
The ESMO guidelines recommend the combination of a standard
chemotherapy regimen (irinotecan or oxaliplatin-based) with
either anti-VEGF or anti–EGFR therapy in the ﬁrst and
second-line treatment in mCRC patients (Schmoll et al., 2012).
The NCCN guidelines recommend bevacizumab in ﬁrst-line
therapy in associations with classical chemotherapy regimens
but with modest effect on OS, especially when added to
oxaliplatin (Messersmith, 2019).
In our study, both chemotherapy regimens–oxaliplatin or
irinotecan backbone were equally effective in combination with
bevacizumab, as no signiﬁcant differences were seen between the
DDB and SDB groups. The ﬁrst-line chemotherapy regimen with
oxaliplatin backbone was more frequently used in the SDB group
compared with DDB in ﬁrst-line (p < 0.001) while irinotecan was
more frequently used in the ﬁrst-line for DDB patients (p  0.014).
Similar with our data, two previous studies conducted by Bendell
et al. in ARIES study, on 1,550 patients, and Yamazaki et al. on 395
patients, treated in the ﬁrst-line with FOLFIRI or FOLFOX
combined with bevacizumab, retrieved equivalent OS, PFS or
rate of response between arms (Bendell et al., 2012; Yamazaki
et al., 2014). Moreover, van Cutsem et al. showed similar efﬁcacy of
FOLFOX, FOLFIRI or XELOX combined with bevacizumab in the

PFS1: progression-free survival after ﬁrst-line therapy, HR: hazard ratio; CI: conﬁdence
interval; p-values were calculated with log-rank test; A hazard ratio< 1 indicate better
treatment in double dose bevacizumab group vs. standard dose bevacizumab group.
Bold the signiﬁcant p value when we have multiple values.

systemic treatment and control of the disease for left-sided and
right-sided mCRC patients. However, considering the PTL role in
CRC prognosis, Boeckx et al. showed that patients with RAS wildtype left-sided mCRC had a better OS than right-sided disease,
regardless of treatment received (Boeckx et al., 2018). In line with
this, in a study including 754 patients with ﬁrst-line therapy of
bevacizumab and oxaliplatin backbone regimen, HegewischBecker et al. found signiﬁcantly better survival in left-sided
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ﬁrst-line in the BEAT study on 1914 patients (Van Cutsem et al.,
2009). Premature discontinuation of oxaliplatin-based treatment as
deﬁned by protocol design altered HR of PFS from 0.63 to 0.83 (Ilic
et al., 2016). The main concerns with oxaliplatin-based
chemotherapy are its cumulative and slowly reversible
neurotoxicity as well as the allergic reactions associated with
this regimen (Cetean et al., 2015).
When regimens were compared, the irinotecan-based one
seemed to be slightly superior. Ilic et al. and Baraniskin et al.
conﬁrmed the advantage of using bevacizumab with
chemotherapy (Ilic et al., 2016; Baraniskin et al., 2019).

study, Grothey et al. deﬁned “bevacizumab beyond progression”
(BYP) differently referring to patients who continued treatment
after disease progression within two months at maximum. Median
OS and survival after progression were better in patients who
received bevacizumab after ﬁrst progression (19.2 vs. 9.5 months)
(Grothey et al., 2014). In the ARIES study on 1,550 patients,
Bendell et al. reported that a cumulative dose of bevacizumab
represented a signiﬁcant prognostic factor for survival after ﬁrst
progression (Bendell et al., 2012). The same results were retrieved
by Cartwright et al. on 573 patients as determined by improved OS
(27.9 vs. 14.6 months) and post-progression survival (21.4 vs.
10.1 months) (Cartwright et al., 2012).
In the same context, in a phase III trial on 185 patients treated
with second-line bevacizumab with or without FOLFIRI or
FOLFOX (depending on the ﬁrst-line treatment already
administered), Masi et al. found a statistically signiﬁcant PFS
and OS advantage for bevacizumab continuation or
reintroduction in the second-line over chemotherapy alone in
all the analyzed subgroups (Masi et al., 2015).

Bevacizumab dose Intensity and its use
Beyond Progression
In clinical practice, according to the European guideline (ESMO) as
well as NCCN guideline, a complete genetic characterization of the
tumor (all RAS type) and imaging evaluation are required before
choosing a systemic regimen for a particular patient (Cutsem et al.,
2016; Messersmith, 2019; Veld et al., 2019). The NCCN guidelines
draw attention to the existence of preclinical data suggesting a
possible rebound effect after bevacizumab cessation (Veld et al.,
2019). Our data revealed lower bevacizumab dose intensity in the
ﬁrst but not in the second-line for SDB. The same effect was also
recorded for DDB, with an explicable doubling of the intensity in
the second-line. The explanation of these facts resides in the
administrative constraints existing in our country. In Romania,
for more than a decade the national insurance reimbursed the cost
of bevacizumab only after a centralized approval. This fact was
responsible for widespread and sometimes prolonged delays in
optimal bevacizumab administration in the ﬁrst-line, which were
less encountered in second-line administration. We found no
signiﬁcant difference in ﬁrst-line delays between the SDB and
DDB groups. However, our analysis did show signiﬁcantly negative
correlations between PFS1, TTF, and delayed bevacizumab
initiation in both the SDB and DDB groups (p < 0.01). In DDB
group, PFS2 was moderately and negatively correlated with time of
bevacizumab delay, while OS was weakly, yet signiﬁcantly and
negatively correlated with delayed bevacizumab administration in
the SDB group. Contrary to ﬁrst-line administration of
bevacizumab in our patients, in the second-line we did not
observe signiﬁcant delays in bevacizumab start of
administration. Moreover, the dose of bevacizumab was doubled
after disease progression in the DDB group with practical aim to
overcome tumor resistance which was translated into a prolonged
PFS2 for DDB patients compared to SDB. Whether ﬁrst-line delay
of bevacizumab administration could inﬂuence PFS2–it must be
interpreted with caution, due to the retrospective nature of our
analysis with possible bias in patient recruitment and inclusion
process. Differences in dose intensity in the ﬁrst-line treatment
may raise questions regarding an excess of bevacizumab or classic
chemotherapy partner toxicity in the ﬁrst-line for the SDB group.
One of the ﬁrst clinical trials to address the question whether
bevacizumab should be continued after disease progression was the
ML 18147 phase III trial (Bennouna et al., 2013). The trial was
positive in terms of OS, considering the same dose of bevacizumab
as in the ﬁrst-line (2.5 mg/kg body/week). Moreover, in the BRiTE
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Toxicity of Bevacizumab in mCRC Patients
Bevacizumab has some speciﬁc adverse effects like hypertension,
proteinuria, gastro-intestinal perforation, thrombosis, pulmonary
thromboembolism and hemorrhage (Feliu et al., 2015; Dionísio
de Sousa et al., 2016).
In our analysis, no statistically signiﬁcant differences were
found in the number of hypertensive cases between the SDB and
DDB groups, but in the DDB group grade 3 hypertension was
twice as frequent as in the SDB group (p  0.04). Hypertension
(grade 3 and 4) is a common adverse event to bevacizumab
treatment with an incidence of 0.4 and 17.9% (Dionísio de Sousa
et al., 2016). In a small retrospective analysis of 79 patients,
grade 2 and 3 of hypertension during bevacizumab
administration was predictive of PFS but not OS
improvement (Feliu et al., 2015). Our data also revealed that
proteinuria was more frequent in the DDB than in the SDB
group, reaching statistical signiﬁcance. Proteinuria was reported
in 0.7–54.7% of patients (Feliu et al., 2015). Proteinuria was not
correlated with OS or PFS advantage in a phase II trial (Lee et al.,
2019). Both hypertension and proteinuria were statistically
correlated with the duration of bevacizumab administration,
higher doses of bevacizumab may increase the risk, due to a
cumulative effect (Loupakis et al., 2018). As for the other
bevacizumab adverse events, no signiﬁcant differences in
bleeding, perforation, cardiomyopathy, thrombosis and
emboli were found between groups. Treatment was not
delayed in the DDB group despite the higher dose in the
second-line since no untreatable toxicity occurred. However,
perforations were reported in 0.2–1% of patients, bleeding in
10–20% and thrombosis and thromboembolism events in
2.8–17.3% of patients (Feliu et al., 2015).

Subgroup Analysis of Overall Survival
Older age could be a factor for under-treatment reported by Raab
et al. (Raab et al., 2019), despite the fact that bevacizumab could
improve OS and PFS for this category of patients, as showed by
Pinto et al. (Pinto et al., 2017).
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In our study, male gender, age below 65 and irinotecan-based
chemotherapy in the ﬁrst-line were signiﬁcantly linked to a
survival advantage. No PFS1 cut-off value was found to be
associated with better OS. In the same line, the results of
Loupakis et al. that retrospectively analyzed the results of NO
16966 and AVF2107g phase III trials, including patients with
mCRC treated in the ﬁrst-line with bevacizumab and standard
chemotherapy showed no OS advantage in any subcategory
(Loupakis et al., 2018).
In a pooled analysis of 2,879 patients included in major published
trials (COIN, OPUS, AGITG, CRYSTAL, FOCUS 2, and COIN-B),
Salem et al. showed that left-sided colon cancer patients were mostly
elderly females (over the age of 70 years) (Salem et al., 2018).
However, considering the Rahman et al. data, gender was not
shown to be predictive for OS (Abdel-Rahman, 2019).

chance of determining the advantage (if any) of doubling the
bevacizumab dose in mCRC patients after ﬁrst disease
progression. In the EMA market-approval for bevacizumab in
mCRC, both treatment strategies–standard and double dose–are
mentioned, without any recommendation on when to use the
double dose. The scarce clinical data available need to be
completed with the experience of cancer centers, regional
databases, and randomized phase III trials to provide the best
proof of efﬁcacy of one of the two strategies. No deﬁnitive
conclusion can be drawn according to the available data.

CONCLUSION
Our data demonstrated that doubling the dose of bevacizumab
after ﬁrst progression may improve OS, PFS1, PFS2, and TTF.
Moreover, an increasing dose of bevacizumab may lead to better
outcomes in the DDB group. However, doubling the dose of
bevacizumab was not associated with increased toxicities except
for grade 3 hypertension, which was manageable, without negative
inﬂuence on treatment administration. Irinotecan-based
chemotherapy regimens in the ﬁrst-line signiﬁcantly could be a
preferential partner for bevacizumab in mCRC patients.

Is OS Inﬂuenced by PFS1 or PFS2?
Post-progression survival is a very important factor that may
characterize better clinical outcomes after ﬁrst disease
progression. Petrelli et al. showed that in 16,408 patients
included in 34 phase III randomized clinical trials, a good
correlation between OS and post-progression survival (PFS2)
was observed (Petrelli and Barni, 2013).
In our study,PFS1, PFS2, TTF, and OS were all higher in the
group of mCRC patients treated with DDB after disease
progression (Table 3) (Bochis et al., 2020). In previously
published data PFS1 was shown to have a strong inﬂuence on
OS (Petrelli and Barni, 2013). However, in our study, a positive
moderate correlation between PFS1, PFS2, and OS with total
bevacizumab dose was found in both groups of patients. PFS1 in
SDB group showed a tendency to strong positive correlation. All
Pearson’s correlations examined were statistically signiﬁcant (p <
0.001). PFS1 should not have been dependent on bevacizumab
dose intensity since the same ﬁrst-line doses were administered in
both the DDB and SDB groups. The retrospective nature of our
study may explain this ﬁnding. An analysis of 22,736 patients
included in 50 clinical trials found a good correlation between
PFS and OS in chemotherapy regimens but less so for trials on
monoclonal antibodies (Petrelli and Barni, 2013). Within 20,438
patients, Sidhu et al. observed a weak correlation between the
response rate (RR) and OS, lower than the correlation coefﬁcient
for PFS and OS (Sidhu et al., 2013).
The limitations of our study may reside in several factors such
as the lack of patient randomization at inclusion and variations in
the induction treatment and should be considered as a potential
source of bias. The unbalanced use of an oxaliplatin backbone
regimen in ﬁrst and second-line therapy in both the SDB and
DDB groups may be a factor inﬂuencing the general results of our
study, due to well-known differences in terms of rate of response,
type, and intensity of toxicity compared with irinotecan. The
strength of our analysis resides in the data extracted from the
medical records of unselected patients with mCRC treated with
systemic treatment. The inclusion and exclusion criteria
established in this study were meant to create a real-life
situation that medical oncologists may be faced with. By
avoiding the over-selection of patients imposed by the
constraints of a clinical trial, we wished to have a better
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Abstract
Colorectal cancer remains one of the most frequent malignancies (third place at both genders) worldwide in the last decade, owing to significant changes in modern dietary habits.
Approximately half of the patients develop metastases during the course of their disease.
The available therapeutic armamentarium is constantly evolving, raising questions regarding the best approach for improving survival. Bevacizumab remains one of the most widely
used therapies for treating metastatic colorectal cancer and can be used after progression.
This study aimed to identify the best chemotherapy partner for bevacizumab after progression. We performed a retrospective analysis of patients with metastatic colorectal cancer
who were treated with bevacizumab as first- and second-line chemotherapy. Data were collected for 151 patients, 40 of whom were treated with double-dose bevacizumab after the
first progression. The two standard chemotherapy regimens combined with bevacizumab
were FOLFIRI/CAPIRI and FOLFOX4/CAPEOX. The initiation of first-line treatment with irinotecan-based chemotherapy improved progression-free survival and time to treatment failure but not overall survival. After the first progression, retreatment with the same regimen as
that used in the induction phase was the best approach for improving overall survival
(median overall survival: 46.5 vs. 27.0 months for the same vs. switched strategy, respectively). No correlations were observed between the dose intensity of irinotecan, oxaliplatin,
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5-fluorouracil, or bevacizumab and the overall survival, progression-free survival in the first-/
second-line treatment, and time to treatment failure. Interaction between an irinotecanbased regimen as a second-line treatment and double-dose bevacizumab after progression
was associated with an improved overall survival (p = 0.06). Initiating systemic treatment
with an irinotecan-based regimen in combination with bevacizumab improved the progression-free survival in the first-line treatment and time to treatment failure. In terms of overall
survival, bevacizumab treatment after the first progression is better partnered with the same
regimen as that used in the induction phase.

Introduction
Colorectal cancer (CRC) represents one of the most challenging malignancies of the digestive
tract. Due to inherent changes in our diet, nutritional habits, and the way in which food is preserved and prepared, the general trend is an increase in the incidence of this type of cancer.
The incidence of CRC has been reported to be 19.7 cases per 100,000 persons worldwide, similar to the incidence of lung cancer (22.5 cases per 100,000 persons) [1, 2]. In 2018, almost half
a million new cases of CRC were diagnosed in Europe. In Romania, the incidence of CRC was
13.3% (> 11,000 new cases), which is the second highest incidence after that of lung cancer
(13.6%; 11,300 new cases in 2018) [1, 2], followed by gastric, liver, and pancreatic cancer [1–3].
The prognosis of CRC varies greatly depending on the disease stage at diagnosis. Similar to
breast and prostate cancer, CRC also has an increasing number of long-term survivors [4].
Approximately 95% of the deaths caused by CRC occur within the first5 years after the initial
diagnosis [4]. Between 30% and 50% of patients with CRC develop a recurrence (loco regional
or distant) [5].
Even in the metastatic stage, the prognosis of CRC is promising and may continue to
improve as new drugs and treatment strategies are developed. Currently, patients with metastatic CRC (mCRC) can benefit from standard chemotherapy as well as anti-epidermal growth
factor receptor and anti-angiogenic targeted therapies. These therapeutic advancements have
fundamentally changed the natural history of mCRC. The most effective treatment strategies
can now yield a mean survival time of 30 months compared with the previous 3–6 months.
Given the wide range of drugs available, oncologists face difficult medical decisions that must
take into consideration not only the efficacy of a drug but also the patients’ quality of life, treatment compliance, drug toxicity, comorbidities, and potential allergic reactions [6, 7]. The clinical strategy for mCRC resembles that of solving a complicated puzzle and includes indications
for surgery, oligometastatic or plurimetastatic diseases, tumor responses to treatment (especially after treatment with curative intent), and disease-free intervals. Thus, despite the low
cure rate, mCRC must be regarded as a chronic disease requiring all available therapeutic
options to be used individually or in combination for improved patient benefit and better survival outcomes.
Bevacizumab was approved for mCRC due to its survival advantage when combined with
chemotherapy. Its efficacy may be influenced by the accompanying chemotherapeutic agent.
Therefore, we aimed to conduct a study of patients with mCRC who were treated with bevacizumab in first- and second-line settings (after progression) to examine the impact of the chemotherapy partner on overall survival (OS), progression-free survival in the first-line
treatment (PFS1), progression-free survival in the second-line treatment (PFS2), and time to
treatment failure (TTF). Our data showed that first-line irinotecan-based chemotherapy

PLOS ONE | https://doi.org/10.1371/journal.pone.0248922 April 28, 2021

2 / 17

PLOS ONE

Irinotecan in the first-line treatment of metastatic colorectal cancer

combined with bevacizumab improved PFS1 and TTF. After the first disease progression, doubling the dose of bevacizumab and maintaining the same chemotherapy regimen as that used
in the induction phase improved OS. No significance was identified for PFS2 regarding the
chemotherapy partner for bevacizumab.

Materials and methods
Study design
The Institute of Oncology Cluj-Napoca is one of the largest medical institutions in Romania,
where patients from all over the country are treated. We searched the medical records of our
institution to identify patients who were treated for CRC between January 2009 and December
2017. The initial group included 5649 patients who received at least two lines of chemotherapy,
as per their medical records. We then selected those patients (n = 694) who received bevacizumab as part of their treatment. Of these, only 162 patients were treated with bevacizumab after
the first progression. Eleven patients received more than two lines of chemotherapy (according
to European recommendations) and were excluded from the analysis. Of the remaining 151
patients, 40 were treated with a double dose of bevacizumab (DDB) after progression and 111
were treated with a standard dose of bevacizumab (SDB).

Informed consent
The study design was approved by the Ethics Committee of the Institute of Oncology ClujNapoca, Romania (approval number: 42/8 December 2015). Research was conducted in accordance with the Declaration of Helsinki. All patients provided written informed consent before
commencing treatment. All data were anonymized before the commencement of the study, as
per the General Data Protection Regulations.

Inclusion and exclusion criteria
We adopted the standard inclusion criteria that are used for this type of pathology in most
clinical trials [7–10]. Moreover, we used retrospectively collected data from consecutively
treated patients.
The inclusion criteria were: age 18 or above, histological confirmed CRC, lab tests adequate
for chemotherapy: neutrophil count > 1.5 x 109/L, leukocyte count > 3x 109/L, platelet
count > 100 x 109/L, hemoglobin level > 9 g/dL, transaminases (AST and ALT) below 2.5X
the upper limit of the normal range (ULN) in patients without liver metastases or below 5 X
ULN in case of liver metastases, total bilirubin below 3 mg/dL, creatinine clearance > 50 mL/
min, negative urinary protein on dipstick testing or < 1 g/24-hour collection; no medical contraindication to chemotherapy (according to treatment characteristics and recommendations),
at least one metastatic site, Eastern Cooperative Oncology Group (ECOG) performance status
of 0 to 2, bevacizumab administration in first- and second-line treatment, adequate follow-up
(at least monthly clinical checkup and CT scan every 3–4 months).
The exclusion criteria were: previous administration of chemotherapy for the metastatic
stage, uncontrolled comorbidities, poor performance status (ECOG � 3), inadequate lab tests,
hypersensitivity to the active substance, heart failure (NYHA grade > 2), uncontrolled hypertension, acute myocardial infarction (� 6 months) and pregnancy.

Patients’ characteristics
After a rigorous search of the Institute database we identified 162 patients who met general
inclusion criteria. After a second check-up were identified to be treated outside general
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recommendation, which means administration of bevacizumab through multiple lines or
beyond the third line of chemotherapy, so these patients were excluded from final population.
The main characteristics of included patients are presented in Table 1.

Treatments
The chemotherapy regimens used at our institution included FOLFIRI (5-fluorouracil, leucovorin, and irinotecan), FOLFOX4 (5-fluorouracil, leucovorin, and oxaliplatin), CAPIRI (capecitabine in combination with irinotecan), and CAPEOX (capecitabine in combination with
oxaliplatin) in standard doses. All the dose modifications conformed to our institution’s protocols [7].
In the first-line treatment, the bevacizumab dose was standardized and there was no difference between the SDB and DDB groups (the intensity of the dose was the same: 2.5 mg/kg per
week). A dose of 5.0 mg/kg bevacizumab was administered if at 2 weeks (in combination with
FOLFIRI or FOLFOX4) and 7.5 mg/kg if at 3 weeks (in combination with CAPEOX or
CAPIRI). Dose adjustments were permitted provided they were performed in accordance with
the institutional protocols. At the first progression, the dose of bevacizumab was doubled in
the DDB group. The therapeutic strategy for patients with mCRC from a systemic treatment
perspective is presented in Fig 1. Only patients who were treated according to this workflow
Table 1. Baseline patient characteristics.
Characteristic

All (151)

Age (years)
Median (range)

57 (19–75)

Gender
Male

86 (57.0%)

Female

65 (43.0%)

First-line chemotherapy
Oxaliplatin-based

90 (59.6%)

Irinotecan-based

60 (39.7%)

Second-line chemotherapy
Oxaliplatin-based

53 (35.1%)

Irinotecan-based

97 (64.2%)

Primary tumor site
Left

35 (23.2%)

Right

116 (76.8%)

Metastasis site
Liver

121 (59.0%)

Lung

25 (12.3%)

Peritoneum

31 (15.1%)

Lymph nodes

8 (3.9%)

Bone

7 (3.4%)

Other

13 (6.3%)

Number of organs with metastasis
1

110 (72.8%)

>1

41 (27.2%)

Data are number (%) unless otherwise specified.
https://doi.org/10.1371/journal.pone.0248922.t001
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Fig 1. Treatment strategies for the metastatic colorectal cancer patients included in this study. DDB, double-dose bevacizumab; mCRC, metastatic
colorectal cancer; SDB, standard-dose Bevacizumab.
https://doi.org/10.1371/journal.pone.0248922.g001

were included in this study. All included patients had an Eastern Cooperative Oncology
Group performance status of 0–2, and no significant differences were noted between groups.
Before each chemotherapy cycle, patients underwent a medical examination, blood sampling for hematology and biochemistry, and urinalysis for proteinuria. Imaging evaluation was
performed every 3–6 months to assess the tumor response to systemic treatment.

Statistical analysis
Descriptive statistics were evaluated using two tests. The Kaplan–Meier method was used to
construct OS, PFS1, PFS2, and TTF curves. OS was defined as the time interval between the
first cycle of chemotherapy and the date of death. TTF was defined as the time interval between
the first cycle of chemotherapy and the last cycle of second-line chemotherapy with bevacizumab (i.e., time to second progression). PFS1 was defined as the time interval between the first
cycle of chemotherapy and the last cycle of first-line chemotherapy. PFS2 was defined as the
time interval between the first cycle of chemotherapy and the last cycle of second-line
chemotherapy.
A log-rank test was used to determine differences between the survival curves. Hazard
ratios (HRs) and 95% confidence intervals (CIs) were estimated using a Cox regression. We
calculated Pearson correlation coefficients to explore the relationships between the main outcome measures. Statistical analyses were conducted using Excel 2010 and R version 3.5.1
Microsoft Windows version 7. Statistical significance was set at a two-tailed p-value of < 0.05.

Results
In a previous study, we presented the results of a retrospective analysis of patients with mCRC
who were treated with bevacizumab after progression [7]. DDB at first progression was shown
to have improved OS (41 vs. 25 months, log-rank p = 0.01; HR: 0.62 [95% CI: 0.42–0.91],
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Table 2. Progression-free survival in the first-line setting according to the backbone chemotherapy regimen.
Median

Lower 95% CI

Upper 95% CI

p-value

HR (95% CI)

CAPIRI/FOLFIRI + bevacizumab

PFS1 (months)

15

12

18

0.02

0.69 (0.49–0.95)

CAPEOX/FOLFOX4 + bevacizumab

12

10

13

p = 0.03

Abbreviations: CI–confidence interval, HR, hazard ratio; PFS1, progression-free survival in the first-line setting.
https://doi.org/10.1371/journal.pone.0248922.t002

p = 0.02) and TTF (24 vs. 19 months, log-rank p<0.01; HR: 0.61 [95% CI: 0.42–0.89], p = 0.09)
compared with SDB after progression [7].
In the first-line treatment, the dose of bevacizumab was standardized and there were no differences between the SDB and DDB groups (the intensity of the dose was the same: 2.5 mg/kg
per week). The main difference was in the backbone chemotherapy regimen (oxaliplatin- or
irinotecan-based regimens in the first-line treatment).
The outcomes of the study (OS, PFS1, and TTF) were compared between standard chemotherapy regimens as a first-line treatment, given that bevacizumab was administered to all
patients and the dose intensity of the first-line treatment was the same. The PFS1 and TTF
were significantly better in patients who received irinotecan-based chemotherapy as a first-line
treatment (CAPIRI/FOLFIRI: HR: 0.69 [95% CI: 0.49–0.95], p = 0.03) than in those who did
not (Table 2).
No significant differences in OS were observed between the oxaliplatin- and irinotecanbased regimens in the first-line treatment, irrespective of the dose of bevacizumab (Fig 2).

Fig 2. Overall survival and time to treatment failure for all patients in line with the backbone chemotherapy used: CAPIRI/FOLFIRI vs.
CAPEOX/FOLFOX4.
https://doi.org/10.1371/journal.pone.0248922.g002

PLOS ONE | https://doi.org/10.1371/journal.pone.0248922 April 28, 2021

6 / 17

PLOS ONE

Irinotecan in the first-line treatment of metastatic colorectal cancer

Fig 3. Overall survival, according to the first-line backbone chemotherapy in the double-dose and standard-dose bevacizumab groups.
https://doi.org/10.1371/journal.pone.0248922.g003

The TTF calculated for all patients included in this study revealed a survival advantage for
patients treated with an irinotecan-based regimen in the first-line setting compared to those
treated with an oxaliplatin-based regimen (TTF: 22 vs. 17 months, p = 0.03; HR: 0.69 [95% CI:
0.49–-0.97], p = 0.04) (Fig 3).
Because there were differences in the dose intensity of bevacizumab after the first progression in the second-line treatment, an analysis was performed to assess TTF between the SDB
and DDB groups. Patients in the DDB group had a significant advantage in TTF (TTF: 24 vs.
19 months, p<0.01; HR: 0.61, p<0.01) (Table 3).
In a previous study, we showed that patients receiving DDB after progression had a better
OS [7]. In this study, we also analyzed whether the choice of first-line treatment influenced the
OS in the SDB and DDB groups. No significant differences were observed between the two
groups. However, there was a trend toward a better OS in patients receiving irinotecan-based
regimens in the DDB group than those in the SDB group (43.5 vs. 27.0 months, p = 0.06; HR:
0.41 [95% CI: 0.16–1.01], p = 0.07) (Fig 4).
Analysis of all patients revealed a better PFS1 in those receiving irinotecan-based chemotherapy than in those receiving oxaliplatin-based chemotherapy. Bevacizumab administered in
combination with standard chemotherapy as a first-line treatment was the same, irrespective
of the patient group (SDB or DDB). When the analysis was split, no significant differences
were observed in either group. In the DDB group, the HR was 0.48 (p = 0.08). The median
Table 3. Time to treatment failure in the double-dose and standard-dose bevacizumab groups.
Total

Failed

Censored

Median

Lower 95% CI

Upper 95% CI

DDB group

TTF (months)

40

37

3

24

21

35

SDB group

111

103

8

19

16

22

https://doi.org/10.1371/journal.pone.0248922.t003
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Fig 4. Progression-free survival in the first-line treatment of patients in the double-dose and standard-dose bevacizumab groups.
https://doi.org/10.1371/journal.pone.0248922.g004

PFS1 for CAPIRI/FOLFIRI vs. oxaliplatin was 16 vs. 14 months, respectively in the DDB
group (p = 0.07) and 13 vs.12 months, respectively in the SDB group (p = 0.3); the HR was
0.81 [95% CI: 0.53–1.24] (p = 0.3) (Fig 4).
In the second-line treatment, we investigated how PFS2 could be modified by the standard
chemotherapy regimen used, irrespective of the dose of bevacizumab. No significant differences were observed (Fig 5).
Because the dose of bevacizumab administered after the first progression differed between
the groups, we analyzed whether the backbone chemotherapy regimen could modify the PFS2.
However, no significant differences were observed (Fig 6).
Given that different doses of bevacizumab were administered in the first-line treatment and
after the first progression, we calculated the Pearson correlation coefficients between the OS,
PFS1, PFS2, and TTF and the dose intensities of the CAPIRI/FOLFIRI-, CAPEOX/FOLFOX4-,
and bevacizumab-based regimens in the first-and second-line settings for the entire cohort and
for patients in the SDB and DDB groups. No significant correlations were observed.
Considering the inconsistencies in recommendations from published clinical trials on
whether or not to change the chemotherapy partner for bevacizumab at first progression, we
investigated the clinical practice and outcomes at our institute, as detailed in Fig 1.
Of the 151 patients included in this study, we had data for 149 patients. The treatment
changes are summarized in Table 4. In 14 (approximately 10%) of the 149 patients, the standard chemotherapy partner was not changed at first progression.
Retaining the chemotherapy regimen associated with bevacizumab after the first progression had a significant OS advantage (46.5 vs. 27 months, log-rank p = 0.04). The HR (0.55)
favored the same regimen at the first progression (p = 0.04) (Fig 7).
In our analysis, patients treated with an irinotecan-based regimen as the first-line treatment
and who were treated with the same regimen after the first progression had a better median
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Fig 5. Progression-free survival in the second-line treatment setting in line with the backbone chemotherapy,
irrespective of bevacizumab dose.
https://doi.org/10.1371/journal.pone.0248922.g005

TTF than did those who were treated with an oxaliplatin-based regimen after the first progression (Table 5). However, no significant differences were observed between the SDB and DDB
groups (HR: 1.016 [95% CI: 0.51–2.02], p = 0.96).
No significant differences in the TTF were observed in relation to the switched strategies.
We investigated potential differences in the TTF and PFS2 using Pearson correlation coefficients between the backbone chemotherapy regimen used as the first-line treatment, the dose
of bevacizumab after the first progression, and the same or switched chemotherapy regimen
after the first progression. However, none of these correlations were significant.
In our study, irinotecan-based chemotherapy administration as the first-line treatment for
mCRC patients treated with bevacizumab beyond progression improved PFS1 and TTF, but
not OS or PFS2. Re-intensification of treatment with the same regimen as was utilized in the
induction phase improved OS.
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Fig 6. Progression-free survival in the second-line treatment of patients in the double-dose and standard-dose bevacizumab groups.
https://doi.org/10.1371/journal.pone.0248922.g006

Discussion
Only a small proportion of patients with mCRC will achieve an adequate tumor response to
curative treatment. In the majority of patients, the aim is to maintain tumor control through
systemic treatment with palliative intent, where a continuum of care is the main goal of therapy. One of the most commonly used systemic regimens is oxaliplatin-based chemotherapy as
a first-line treatment for mCRC [11].
“Which is the best choice for first-line treatment?” remains one of the most important
unanswered questions regarding the optimal treatment of patients with mCRC. Before the targeted therapy era, systemic chemotherapy was the mainstay of first-line treatment. In our analysis, both the PFS1 (p = 0.02) and TTF (p = 0.03) were better if the first-line treatment
administered was irinotecan-based chemotherapy, irrespective of the use of bevacizumab
(SDB or DDB, after disease progression). No differences were observed in OS or PFS2 when
irinotecan-based regimens were compared with oxaliplatin-based regimens as the first-line
treatment. However, first-line irinotecan-based chemotherapy seemed to be a better partner
for bevacizumab and improved OS (p = 0.06), especially when bevacizumab was administered
Table 4. Summary of treatment changes at first progression.
First-vs. second-line treatment

Total

DDB

SDB

Irinotecan-based followed by oxaliplatin-based therapy

48

18

30

Oxaliplatin-based followed by irinotecan-based chemotherapy

87

7

80

Irinotecan-based chemotherapy in both lines of treatment

12

12

0

Oxaliplatin-based chemotherapy regimen in both lines of treatment

2

1

1

Total

149

38

111

https://doi.org/10.1371/journal.pone.0248922.t004
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Fig 7. Overall survival in line with the concordance of first- and second-line treatment with bevacizumab dose.
https://doi.org/10.1371/journal.pone.0248922.g007

as a double-dose after progression. The same trend was observed in PFS1for irinotecan-based
regimens in the DDB group (p = 0.07). Doubling the dose of bevacizumab appeared to
improve PFS2 more than switching the standard chemotherapy partner in the second-line
treatment did [7].
Table 5. Time to treatment failure according to the chemotherapy partner after first progression (same vs. switched regimens).
Strategy at first
progression

First-line CT

Second-line CT

TTF (months), median (95%
CI)

p-value (log-rank)

HR (95% CI)

p-value (log-rank)

Same regimen

FOLFIRI/CAPIRI

FOLFIRI/CAPIRI

29 (20–43)

0.04

FOLFOX4/
CAPEOX

17 (15–19)

0.18 (0.03–
1.06)

0.058

FOLFOX4/
CAPEOX
FOLFIRI/CAPIRI

FOLFOX4/
CAPEOX

21 (20–29)

0.1

0.75 (0.52–
1.08)

0.12

FOLFOX4/
CAPEOX

FOLFIRI/CAPIRI

17 (15–23)

Switched regimen

https://doi.org/10.1371/journal.pone.0248922.t005
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There is an ongoing debate regarding the optimal use of 5-fluorouracil in standard chemotherapy regimens. The best approach is probably represented by the use of all available drugs,
including irinotecan and oxaliplatin, based on the patients’ disease histories. The sequence of
treatment adopted depends on the aim of the treatment because the efficacies and toxicities
differ; neurotoxicity and allergic reactions are associated with oxaliplatin, whereas diarrhea
and neutropenia are more common in irinotecan-based chemotherapy.
A number of randomized trials have compared irinotecan- and oxaliplatin-based regimens,
with conflicting results for the PFS, response rates, and OS. However, taken together, most of
them agree that oxaliplatin-based chemotherapy in the first-line treatment is associated with
significantly higher response rates [6, 12, 13]. This could be beneficial if the aim of the firstline treatment is conversion to surgery.
Published meta-analyses have reported conflicting results. A meta-analysis of nine randomized studies and 3710 patients by Jang et al. [14] showed improvement in the OS and PFS in
the irinotecan-treated group alone. A meta-analysis of 22 studies involving 2675 patients by
Chan et al. [15] suggested a greater benefit for irinotecan-based chemotherapy than oxaliplatin-based treatment when combined with an anti-angiogenic agent such as bevacizumab or
aflibercept. The Macedo et al. [16] study of six clinical trials and 3060 patients reported an OS
advantage in the irinotecan-treated group when bevacizumab was added as the first-line treatment. The study of eight randomized controlled trials involving 3424 patients by Xuet al. [17]
reported a better PFS and safety profile for the irinotecan, fluorouracil, and leucovorin regimen in combination with bevacizumab as well as advantages in OS and response rates for
FOLFOX4. In a meta-analysis of 3763 patients done by Hurwitz et al. [18], 1990 of them were
treated with bevacizumab and standard backbone chemotherapy (irinotecan- or oxaliplatinbased regimens). For patients treated as first line, only irinotecan-based regimens with bevacizumab were significantly associated with OS and PFS. Besides meta-analyses, there are also the
results of published trials, such as the Avastin(1) Registry—Investigation of Effectiveness and
Safety study on 1211 patients, in which no significant differences were observed between FOLFOX and FOLFIRI in combination with bevacizumab as a first-line treatment [19]. In the Bevacizumab Expanded Access Trial study of 1914 patients, the comparison was extended beyond
the standard FOLFOX vs. FOLFIRI regimens to include fluoropyrimidine-based chemotherapy as capecitabine associated with oxaliplatin [8]. All three regimens were associated with a
similar OS and PFS. In another phase III trial (CALGB/SWOG80405) of 1100 patients [9], an
unplanned subgroup analysis revealed that FOLFOX may be a better partner for cetuximab,
but not for bevacizumab; however, FOLFIRI was not statistically associated with either type of
therapy, with the reserve of a very unbalanced arm in favor of FOLFOX (70.8% vs. 26.3% for
FOLFIRI) [9]. In a phase III trial of 395 patients, Yamazaki et al. [10] investigated the efficacies
of FOLFOX and FOLFIRI administered in combination with bevacizumab. The two proposed
regimens were equivalent in terms of the PFS (the main outcome of the trial), OS, and
response rates.
Botrel et al. [20] investigated the type of fluoropyrimidine used in combination with irinotecan or oxaliplatin when administered with bevacizumab in 3914 patients from nine randomized clinical trials. A positive effect on the PFS and OS was shown for irinotecan-based
chemotherapy when administered with bevacizumab. Conversely, oxaliplatin-based chemotherapy showed no significant differences for PFS or OS. In elderly patients, the combination
of bevacizumab with fluoropyrimidine was found to be more effective for OS and PFS than the
addition of a third agent, such as irinotecan or oxaliplatin [21].
In this study, we investigated whether the dose intensity of the agents used for the treatment
of patients with mCRC correlated with the OS, PFS1, PFS2, and TTF. The Pearson correlation
coefficients for both the SDB and DDB groups after the first progression showed no significant
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associations between dose intensity and the outcomes investigated. The only exceptions were
the OS and the dose intensity of the irinotecan-based regimen as second-line treatment with
DDB after the first progression, and TTF and the dose intensity of oxaliplatin-based regimens
as a first-line treatment.
In addition to efficacy, systemic treatment needs to have an acceptable toxicity profile to
encourage patient adherence to the modern concept of a continuum of care. This strategy
assumes that efficient drugs with low toxicity are capable of maintaining disease control and
can be used as maintenance therapy and post-progression therapy.
For maintenance therapy, the clinician will often offer the patient a de-escalating treatment
where one or more of the agents in the systemic treatment are withdrawn. This reduction in
treatment intensity is usually maintained until disease progression, at which point the initial
treatment can be intensified or the treatment regimen can be changed. In published maintenance trials, both situations have been encountered. In fact, retreatment with the same initial
regimen at disease progression could be defined as administration after progression, especially
when the time interval from the cessation of chemotherapy approaches the point of disease
progression. Consequently, this maintenance phase reduces the dose intensity of the systemic
drug used.
For oxaliplatin, neurotoxicity could be dose limiting with an obvious impairment of efficacy
[6]. Similar to other chemotherapy agents, 5-fluorouracil can induce cardiotoxicity [22]. Robinson et al. [23] conducted a meta-analysis showing that irinotecan is responsible for steatohepatitis, which is a risk factor for perioperative morbidity and mortality (1 in every 12 patients
treated with this regimen). Instead of non-alcoholic fatty liver disease caused by chemotherapy, oxaliplatin-based regimens seem to be responsible for sinusoidal obstruction syndrome
in > 30% of patients [23]. Bevacizumab has been shown to influence the toxicity of oxaliplatin.
A study by Rubbia-Brandt et al. [24] was one of the first to demonstrate that bevacizumab can
reduce the incidence of severe sinusoidal obstruction syndrome. In patients who received bevacizumab as part of systemic therapy, the incidence of sinusoidal obstruction syndrome was
31.4% compared with 62.2% in those who did not receive bevacizumab [24].
Data on the cut-off intervals for safely intensifying the induction chemotherapy in patients
with mCRC are scarce in the literature. For oxaliplatin-based regimens, a 6-month interval
was proposed in the OPTIMOX2 trial [25, 26], and in the COntinuous or INntermittent
(COIN) trial, 4 weeks was established as the platinum-refractory definition [26]. For irinotecan-based chemotherapy, a free interval of 3 months was associated with the restoration of irinotecan sensitivity [27].
In the OPTIMOX1 trial, the dose of oxaliplatin in the FOLFOX7 regimen was increased by
37% compared to that in the FOLFOX4 regimen [25, 28]. The increased dose was designed to
improve outcomes. However, a disappointing rate of reintroduction of oxaliplatin per protocol
(<25% had optimal oxaliplatin reintroduction; the remaining 75% experienced delays) meant
that the response rates were similar between the two arms [25]. In a pooled analysis of two
phase II trials, Nakayama et al. [27] demonstrated that the dose intensity of irinotecan and oxaliplatin and any delay in administration could impair the PFS. A Canadian study of 1989
patients with mCRC showed that intervals without irinotecan-based chemotherapy with bevacizumab were detrimental to OS [29].
Approximately 10% of the patients in our study who were treated with bevacizumab after
progression did not have an additional change in the standard chemotherapy partner at the
time of progression. In our analysis, keeping the same partner at the first progression proved
to be more advantageous for OS than the switch strategy (46.5 vs. 27.0 months, p = 0.04). Initiating the first-line treatment with an irinotecan-based regimen improved the TTF compared
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with an oxaliplatin-based regimen. The same positive influence of irinotecan-based chemotherapy was seen when retaining the same treatment regimen in the case of progression.
For most patients, there will be a progressive phase at some point in their disease history.
At that point, the oncologist and the patient have two options available to them: intensify treatment with the same regimen as in the induction phase or change the treatment.
Data are also available from maintenance trials. In the AIO 0207 trial, 472 patients were
randomized for maintenance therapy, and those with active treatment had a better PFS, but
not OS, compared with the observation arm [30]. The lowest probability of reinduction with
the same initial regimen was observed for the bevacizumab and fluoropyrimidine maintenance
group (19%), which was less than half that for the observation arm (46%) [30]. In the CAIRO 3
trial, 558 patients were randomized between the maintenance and observation arms, and the
PFS2was defined as the time to second progression, which included PFS1 (the time from randomization to first progression). If PFS1 was subtracted, then, after reinduction with the same
regimen, disease control was maintained for only 3.2months [31]. In the OPTIMOX2 trial,
reinduction with oxaliplatin-based chemotherapy prolonged disease control for 4.8 months in
the maintenance group compared with 3.9 months for the complete-free interval [25]. The
time to disease control (induction plus reinduction to second progression) was 13.1 months
vs. 9.2 months for the maintenance arm vs. the chemotherapy complete-free interval, respectively [25].
Reinduction of the same regimen in the COIN trial controlled the disease for a median of 6
months. The median time to progression was 3 months, and the median number of cycles of
reinduction was 2 [26]. The failure-free survival was 8.4 months in the continuous treatment
arm vs. 7.4 months in the complete cessation of chemotherapy arm.
In standard chemotherapy, changing the regimen is the logical step at disease progression.
For patients treated with a second-line irinotecan-based chemotherapy, the PFS was between
2.5 months and 4.7 months, while oxaliplatin after first-line irinotecan-based chemotherapy
was associated with a PFS of 4.2–4.7 months [32].
In a retrospective analysis of 617 patients with mCRC, Loree et al. [33] showed that patients
treated with intermittent or maintenance therapy lived longer than did those treated with continuous therapy (40 or 36 vs. 20 months, respectively). They also investigated whether retreatment with the same agent at progression or continuous therapy improved the OS, with
evidence in favor of the first group of patients [32]. Logistic regression analysis did not show
significance for the type of chemotherapy (irinotecan- or oxaliplatin-based regimens) as an
independent prognostic factor for OS.

Conclusions
Our findings suggest that starting with an irinotecan-based regimen in combination with bevacizumab increases the PFS1 and TTF. Bevacizumab treatment after progression (especially
double-dose treatment) is better partnered with the same regimen as that used in the induction
phase to improve OS. No definitive conclusions could be drawn for the second-line chemotherapy, with bevacizumab best associated with PFS2.
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Cabart M, Frénel J-S, Campion L, Ramée J-F, Dupuis O, Senellart H, et al. [KRAS mutation does not
influence oxaliplatin or irinotecan efficacy, in association with bevacizumab, in first line treatment of metastatic colorectal cancer]. Bull Cancer. 2016; 103(6):541–551. French. https://doi.org/10.1016/j.bulcan.
2016.03.007 PMID: 27155924

30.

Hegewisch-Becker S, Graeven U, Lerchenmüller CA, Killing B, Depenbusch R, Steffens C-C, et al.
Maintenance strategies after first-line oxaliplatin plus fluoropyrimidine plus bevacizumab for patients
with metastatic colorectal cancer (AIO 0207): a randomised, non-inferiority, open-label, phase 3 trial.
Lancet Oncol. 2015; 16(13):1355–1369. https://doi.org/10.1016/S1470-2045(15)00042-X PMID:
26361971

31.

Simkens LHJ, van Tinteren H, May A, ten Tije AJ, Creemers GJ, Loosveld OJL, et al. Maintenance
treatment with capecitabine and bevacizumab in metastatic colorectal cancer (CAIRO3): a phase 3 randomised controlled trial of the Dutch Colorectal Cancer Group. Lancet. 2015; 385(9980):1843–1852.
https://doi.org/10.1016/S0140-6736(14)62004-3 PMID: 25862517

32.
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Ongoing research in the ﬁeld of pediatric oncology has led to an increased number of childhood cancer survivors reaching
adulthood. Therefore, ensuring a good quality of life for these patients has become a rising priority. Considering this, the
following review focuses on summarizing the most recent research in anthracycline-induced cardiac toxicity in children treated
for leukemia. For pediatric cancers, anthracyclines are one of the most used anticancer drugs, with over half of the childhood
cancer survivors believed to have been exposed to them. Anthracyclines cause irreversible cardiomyocyte loss, leading to
chronic, progressive heart failure. The risk of developing cardiotoxicity has been known to increase with the treatment-free
interval and total cumulative dose. However, because of individual variations in anthracycline metabolism, it has recently been
shown that there is no risk-free dose. Moreover, studies have shown that diagnosing anthracycline-induced cardiomyopathy in
the symptomatic phase is associated with poor treatment response and prognosis. Thus, early and systematic evaluation of these
patients is crucial to allow optimal therapeutic intervention. Although currently echocardiographic assessment of left ventricle
ejection fraction and cardiac biomarker evaluation are being used for cardiac function monitoring in oncologic patients, there is
no established follow-up and treatment protocol for these patients, and these methods are neither speciﬁc nor sensitive for
identifying early cardiac dysfunction. All things considered, the need for ongoing research in the ﬁeld of pediatric
cardiooncology is crucial to oﬀer these patients a chance at a good quality of life as adults.

1. Introduction
Recent discoveries in the ﬁeld of pediatric oncology have
signiﬁcantly improved 5-year survival rates, from 50% in
the 1970s to 80% nowadays [1–4]. On the other hand, the
incidence of pediatric cancers is slowly increasing [5], most
noticeable for leukemia, cancer being still one of the main
causes of death by illness in childhood and adolescence

[1–3]. Hematopoietic malignancies are the most common
cancers in children, accounting for up to 31% of all malignancies that occur in children younger than 15 years of
age [1, 3, 6]. Leukemias are more common than lymphomas; the most common is acute lymphoblastic leukemia
(ALL), representing up to 25% of all childhood cancers
in children under 15 years old [7]. The most important
prognostic factor is the correct choice of treatment based
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on speciﬁc group stratiﬁcation. Risk assessment takes into
account many factors including leukemia subtype, age
and white blood cell count at diagnosis, and also
response rate to the induction treatment [7, 8]. Chemotherapy is the main treatment method used in leukemia
and consists of an association of several cytotoxic agents,
showing an increased eﬃciency of up to 85% in inducing
remission [3, 6].
However, eﬃcient, oncological treatments are often
aggressive, with multiple side eﬀects that can also occur years
after treatment has ended. Considering that more survivors
of childhood cancer reach adulthood, special attention has
been given to the quality of life of these patients, as well as
to the late-onset complications of the antineoplastic treatment [2, 3, 6]. Better knowledge and understanding of these
side eﬀects are needed to amend or even prevent some of
them in the future. Cardiovascular complications are one of
the main causes of morbidity and mortality in survivors of
childhood cancer [9, 10]. Anthracyclines (AC) represent
one of the most eﬀective chemotherapeutic agents currently
used, being simultaneously the most well known for their
eﬀects on the cardiovascular system [11]. The Childhood
Cancer Survivor Study (CCSS) has shown that the risk of
death due to cardiovascular disease is eight times higher in
survivors of an AC-treated neoplasm as compared to the
general population [12, 13]. Considering the unfavorable
prognosis of AC-induced cardiomyopathy [14], early identiﬁcation of patients at risk by means of optimal cardiac function monitoring is essential both for the cardiologist and the
oncologist, allowing timely implementation of personalized
treatment regimens and possibly even prevention of cardiac
dysfunction.
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mon side eﬀects associated with the use of chemotherapies
are cardiovascular disease, respiratory dysfunction, renal
failure, infertility, psychosomatic development delay, and
allergic reactions [13, 15, 16].
2.2. Cardiac Toxicity. The heart is a tissue with reduced
regenerative capacity, so any extensive injury will cause irreversible damage. Although recent research has led to the
development of even more eﬀective antineoplastic agents,
their eﬀects on the myocardial tissue have not disappeared.
Cardiovascular side eﬀects caused by chemotherapy are
various, including arrhythmias and conduction disorders,
heart failure (HF), acute coronary syndromes, myocarditis,
and pericarditis. The most commonly encountered side eﬀect
is the alteration of left ventricular (LV) contractility, with the
consequent decrease of its ejection fraction (LVEF).
In a simpliﬁed manner, postchemotherapy cardiotoxicity
has been divided into two types: type I: caused by cardiomyocyte death, irreversible (most commonly associated with AC
treatment), and type II: caused by myocardial dysfunction,
frequently reversible (most commonly associated with Trastuzumab use) [17].
AC-induced cardiac dysfunction can also be divided into
clinical and subclinical disease, by taking into account the
presence or absence of clinical manifestations of congestive
HF. In terms of subclinical changes, multiple deﬁnitions have
been proposed, a widely accepted one being an alteration of
the systolic function objectiﬁed by echocardiographic measurements or radionuclide angiography. Concerning the
echocardiographic criteria, systolic dysfunction is considered
to be present when LVEF is reduced by 10% for asymptomatic patients and 5% in symptomatic patients, or a decrease
of LVEF below 50% [18].

2. Chemotherapy-Induced Cardiotoxicity
2.1. General Toxicity. As stated, chemotherapy is the main
method used for the treatment of pediatric leukemia.
Although an eﬀective treatment, one of its major drawbacks
is the increased toxicity of the drugs being used, which sometimes counterbalances their therapeutic beneﬁt [9–11, 15].
Anticancer drugs have general toxicity, explained by their
action on cells with a high division rate, such as intestinal epithelia and hematopoietic cells. Thus, the most common side
eﬀects are bone marrow failure, digestive disorders (nausea,
vomiting, and diarrhoea), and alopecia. These consequences
cannot be avoided but in most cases resolve spontaneously
when stopping the treatment. Speciﬁc toxicity is determined
by the pharmacodynamics and pharmacokinetic particularities of each agent used.
In order to determine the life quality of cancer survivors,
CCSS has monitored cancer treatment side eﬀects on 14,357
survivors of pediatric malignancies treated between 1970 and
1986, with at least 5 treatment-free years at the moment of
enrolment in the study. Analyzing the data, it has been found
that survivors of childhood cancer have an eight times higher
risk of developing chronic diseases as compared to their
brothers or sisters. Also, more than a third will eventually
develop a severe, potentially fatal condition [13]. In addition
to the development of secondary malignancy, the most com-

2.3. Anthracycline-Induced Cardiac Toxicity. It is estimated
that there are currently over 363,000 survivors of childhood
cancer, with 60% of them believed to have been exposed to
AC [19].
2.3.1. Anthracyclines: The Mechanism of Toxicity. AC are a
class of anticancer drugs, derived from Streptomyces Bacterium. They act at the nuclear level by DNA intercalation,
topoisomerase 2β (TOP2β) inhibition, and production of
reactive oxygen species (ROS), eventually triggering the pathways of cellular apoptosis [14, 20, 21]. Of all the classes of
anticancer drugs used in the treatment of pediatric leukemia,
AC are most known for their toxic eﬀects on cardiac tissue
[14, 18, 19]. These are eﬀective antimitotics on many types
of cancer, doxorubicin (DOX) being the most potent agent
in this class, with the largest action spectrum. It is commonly
used in oncology for both solid tumors and hematopoietic
malignancies. However, the proven cardiac side eﬀects of
both DOX and daunorubicin limit their use [22]. More novel
AC molecules such as Epirubicin and idarubicin and the
structurally related molecule mitoxantrone have been proposed as less cardiotoxic variants of DOX. However, over
the years, all types of AC have been shown to cause ACinduced cardiac toxicity [23].
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The molecular mechanism for AC-induced cardiotoxicity (Figure 1) is complex and incompletely understood: cardiac toxicity is believed to be caused partly by the production
of ROS and partly by the production of alcohol metabolites
that accumulate in the myocytes [20].
Considering DOX, for example, the reduction of an
electron from the quinone group leads to the formation
of a semiquinonic radical, which will reduce the molecular
oxygen to superoxide anion and hydrogen peroxide, both
ROS. In this way, DOX causes oxidative stress and energy
depletion at the cellular level, while also activating apoptotic pathways. Consequently, AC induce irreversible cardiomyocyte loss.
The second mechanism proposed, which explains the
chronic, ongoing damage suﬀered by the myocardium,
involves the conversion of AC to alcohol metabolites. These
do not have the same oxidative potential as ROS but cause
disturbances in calcium (Ca) and iron (Fe) cellular homeostasis, thereby aﬀecting the contractile function. Also, being
polar compounds, alcohols accumulate, which explains why
cardiotoxicity risk increases proportionally to the total
administered dose of AC [20, 21, 24].
Recent studies propose that TOP2β is involved in the
development of increased oxidative stress following DOX
treatment. AC bind to both TOP2α, which is overexpressed
in cancerous cells, and TOP2β, expressed in adult mammalian cardiomyocytes. Studies showed that TOP2β cardiomyocyte knockout mice presented less impairment in
cardiomyocyte function, while wild-type mice exhibited
signiﬁcant abnormalities in the p53 tumor suppressor gene,
β-adrenergic signaling, and apoptotic pathways. [25]
The more the mechanisms of cardiotoxicity are understood, the easier it becomes to develop new cardioprotective
treatment strategies, while also preserving the desired oncologic eﬃcacy.
2.3.2. Risk Factors for the Development of AnthracyclineInduced Cardiotoxicity. The incidence of cardiotoxicity after
AC treatment is inﬂuenced by multiple factors, among the
most important ones being the type of chemotherapy, the
total given dose, and age at onset of therapy [26].
As stated, AC are one of the antineoplastic medications
most frequently associated with long-term cardiac side eﬀects
following chemotherapy, the risk increasing proportionally
to the total cumulative dose. At a total dose of less than
300 mg/m2, the risk of developing cardiotoxicity is considered to be 5%, increasing to 20% when the total dose exceeds
300 mg/m2 and to more than 35% at doses higher than
600 mg/m2 [27].
In the pediatric population, young age at diagnosis has
been associated with an increased risk of subsequent cardiac
damage. A study by Armstrong and Ross showed that childhood cancer survivors had twelve times higher risk of developing congestive HF following AC treatment in the following
3 years after treatment [28]. Also, another study showed that
the incidence of AC-induced cardiac toxicity has risen up to
30% of the adult survivors of childhood cancer [29].
Other risk factors for AC-induced cardiac toxicity are
preexisting cardiovascular risk factors such as diabetes, arte-
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Figure 1: Doxorubicin (DOX): mechanism of action (DOX alcohol
metabolites: DOX-ol).

rial hypertension, obesity, lung disease, or thyroid disease
[30]. This is why, in the adult population, an increase in cardiotoxicity following AC treatment is noticed with age, as the
elderly population already presents an increased prevalence
of the above-mentioned additional cardiac risk factors.
2.3.3. Clinical Manifestations: Prognosis. Cardiovascular
complications caused by AC can be acute, chronic with early
onset or chronic with late onset, depending on the time frame
and reversibility of cardiac damage [9].
Acute toxicity occurs rarely during treatment, with an
incidence lower than 1%, is dose-independent, and most
often resolves shortly after treatment ends [31]. It may have
various manifestations: myocarditis, pericarditis, and endocarditis. Acute HF during treatment is a rare but extremely
serious side eﬀect, as it requires immediate treatment termination [32]. Arrhythmias and hypotensive episodes are acute
manifestations that occur more often during treatment but
do not always require cessation of chemotherapy [9].
Chronic heart disease is a more common side eﬀect of AC
treatment. Depending on the onset of symptoms, cardiac
damage may be subdivided into early-onset cardiotoxicity
when symptoms occur within 1 year from ﬁnalizing the treatment or cardiotoxicity with late onset when symptoms occur
after more than 1 year from ﬁnishing chemotherapy. The risk
of developing cardiac toxicity increases proportionally to the
treatment-free interval [33, 34]. Chronic cardiotoxicity
manifests as a decrease in cardiac function leading to
CHF. Unlike acute complications, chronic impairment is
in most cases progressive [9, 10]. This toxicity has been
shown to be dose-dependent and cumulative: initially, diastolic dysfunction occurs with a cumulative doxorubicin
dose of 200 mg/m2, while systolic dysfunction occurs later,
when the total dose exceeds 400-600 mg/m2, with individual
variability [32, 33]. However, recent studies have shown that
cardiac toxicity can occur even at doses previously considered “harmless” to cardiac tissue [35, 36].
Diastolic dysfunction is frequently asymptomatic, which
is why careful cardiac monitoring of patients treated with
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anthracyclines is required even if they do not present any
symptoms of cardiac disease [33]. Also, if diagnosed in the
symptomatic phase, the prognosis and treatment response
of AC-induced cardiomyopathy are poor with a 5-year survival rate below 50% [33, 37].
2.3.4. Genetic Polymorphisms in Anthracycline Metabolism. A
long-term follow-up of anthracycline-treated children has
shown in some patients development of cardiac side eﬀects
at cumulative doses of less than 150 mg/m2, as well as a lack
of toxic eﬀects in some patients at over 600 mg/m2 [35]. This
indicates the importance of individual variability in terms of
pharmacodynamics and pharmacokinetics, most likely due
to genetic polymorphisms.
In a recent study, the Children Oncology Group (COG)
has shown that homozygous patients for the G allele of
carbonyl reductase 3 (CBR3: an oxidoreductase involved in
the reduction of carbonyl groups in alcohol groups, important in anthracycline metabolism) are at an increased risk
of developing toxic cardiomyopathy even when low doses
of AC are being used [38]. For these patients, it is considered
that there is no risk-free dosage. Another study identiﬁed
the polymorphisms of the SLC28A3 gene as an important
modulator for the risk of developing AC-related cardiotoxicity [39].
A recent review on AC-related cardiotoxicity mechanisms and genomics in childhood cancer survivors revealed
a total of 18 genes or genetic variants associated with ACinduced cardiac toxicity. These genes play roles in DNA
damage pathways, oxidative stress response, iron metabolism, drug transport, and sarcomere function. Mostly, the
ABCC, CBR3, and SLC28A3 genes have emerged in the
majority of studies cited, emphasizing their important role
in the development of AC-related heart disease [23].
These ﬁndings could facilitate, in the future, the implementation of targeted and personalized primary prophylactic
strategies.

3. Monitoring Patients with Anthracycline
The risk of death by cardiovascular pathology is eight times
greater in cancer survivors than the risk of tumor recurrence,
especially in pediatric patients [9]. Cardiovascular damage
dramatically reduces not only the duration but also the quality of life of these patients. Moreover, their response to standard cardiac treatments is often reduced and unsatisfactory.
Diagnosing cardiac toxicity at a stage where it is already
symptomatic greatly limits the potential beneﬁts of drug
intervention, thus the importance of establishing a method
that could aid in diagnosing AC-induced cardiomyopathy
in its subclinical stages. This can be achieved by elaborating
a speciﬁc follow-up protocol using the means we currently
have, as well as developing new methods for early identiﬁcation of patients at risk [27].
3.1. Echocardiography. Echocardiography is the most commonly used screening method for cardiac pathology, being
an easily accessible, noninvasive, inexpensive, and fast
method that allows real-time visualization of the heart.
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Evaluation of the LVEF is essential for assessing heart
function, being also a necessary tool in the diagnosis of ACinduced cardiomyopathy [27, 33]. Some studies also recommend the use of ventricular shortening fraction (SF) during
the follow-up, with a SF lower than 30% indicating signiﬁcant cardiac function impairment [40, 41].
However convenient, studies have shown that changes in
LVEF or LVSF often show a rather irreversible alteration of
heart function [32, 41]. Therefore, the European Society for
Medical Oncology (ESMO) proposed the use of Doppler
echocardiography for basal evaluation and periodic monitoring of cardiac function [42] as being a more sensitive method.
What is more, the Pulse Wave Doppler (PWD) method has
proven to be extremely useful, allowing for the assessment
of ﬂow velocities at a given point in real time. The PWD
method records the magnitude of E and A waves at the level
of the mitral valve, the ratio of which (E/A) is useful in diagnosing diastolic dysfunction.
Recently, Tissue Doppler Imaging (TDI) has become
increasingly used, allowing diagnosis of cardiac impairment
even in the stage of subclinical diastolic dysfunction. This
method records myocardium motion velocities with the
pulsed Doppler system set for low velocities. Using TDI, 3
wave patterns are recorded: the positive S ′ wave (recorded
in the systolic phase) and the negative E ′ and A ′ waves
(recorded in the diastolic phase). Studies showed decreased
rates of these waves in the AC-treated group versus the control group [43, 44]. These correlated with reduced systolic
contraction and delayed relaxation, in apparently asymptomatic patients with normal LVEF and LVSF. This emphasizes
the importance of using PWD and TDI for the timely detection of cardiac dysfunction.
Another method of identifying early cardiac damage is
speckle tracking. This is an application of TDI, which calculates the strain and strain rate based on spatial diﬀerences in
tissue velocity. Follow-up studies of oncological patients
encourage evaluation of LV strain and global strain, the latter
being preferred. However, these evaluations proved to be
more useful in the immediate period following treatment
and less in the long-term follow-up [45]. A recent study of
1,820 surviving, adult, pediatric cancer patients revealed a
reduction in global longitudinal strain (GLS), as compared
to normal values. However, the patients included in this
study already had low LVEF, hypertension, or impaired glucose tolerance; therefore it was not possible to determine if
GLS was reduced merely because of the former antineoplastic
treatment [46].
Lastly, echocardiography greatly depends on the operator, the results being greatly inﬂuenced by their knowledge. All things considered, the ideal imaging method of
cardiac function evaluation for these patients is still to be
determined.
3.2. Electrocardiogram (ECG). ECG is a noninvasive method
used to evaluate cardiac conductive tissue, allowing identiﬁcation of arrhythmias, conduction anomalies, and cardiac
ischemia. There are studies that correlated a prolonged QT
interval in oncological patients with the increased possibility
of later developing a cardiac pathology [47]. Acute DOX
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toxicity includes supraventricular tachycardia, ventricular
ectopy, myopericarditis, cardiomyopathy, and death. However rare, these manifestations are life-threatening; thus,
ECG examination is required in the follow-up protocol of
these patients.
3.3. Biomarkers. In recent years, interest in the use of biological markers has increased due to the need to easily identify
patients at risk of developing chemotherapy-related cardiac
toxicity.
3.3.1. C-Reactive Protein (CRP). CRP is an acute-phase
protein synthesized in the liver. In patients with heart disease,
high levels of CRP signal a proinﬂammatory status and correlate with the HF severity, indicating a negative prognosis.
Also, highly sensitive CRP (hs-CRP) is a reliable indicator
for the risk of an acute cardiovascular event, values higher
than 3 mg/l being associated with an increased risk [27].
3.3.2. Tumor Necrosis Factor Alpha (TNFα). TNFα, Interleukin- (IL-) 1, IL-6, and IL-18 are proinﬂammatory cytokines.
IL-6 induces myocardial hypertrophy, while TNFα activates
matrix metalloproteinases, inducing LV dilatation. The two
cytokines have been used as predictive markers for the development of HF in elderly patients [48].
3.3.3. Markers of Oxidative Stress. Since it is diﬃcult to assess
cellular oxidative stress, it was attempted to estimate it using
indirect markers such as oxidized low-density lipoproteins,
malondialdehyde, and myeloperoxidase. In animal models,
administration of doxorubicin increased both the activity of
myeloperoxidase and lipid peroxidation [49].
3.3.4. Natriuretic Peptides. Brain natriuretic peptide (BNP)
and N-terminal prohormone BNP (NT-proBNP) are two
extremely useful markers in cardiac function assessment.
These are synthesized in the myocyte in response to increased
cardiac wall pressure. BNP produces vasodilatation, increases
diuresis and natriuresis, and reduces sympathetic nervous
system activity and renin-angiotensin-aldosterone system
activation. They are used to diagnose HF (at a level above
400 pg/ml), to stratify the patients in risk groups, and also in
their long-term follow-up [50].
Recently, the utility of these markers has been demonstrated for identifying patients at risk of developing cardiotoxicity. In a study by Sandri et al., 52 patients who received highdose chemotherapy were evaluated. NT-proBNP values were
determined at onset and at the end of treatment, as well as
at 12, 24, 36, and 72 hours after. The values of 33% of
patients remained elevated and 72 hours posttreatment.
This group demonstrated a decrease in LV diastolic index
and a reduction in LVEF from 62% to 45% in the year following treatment [51].
3.3.5. Markers of Myocardial Injury. Cardiac Troponins
(cTn) T and I are myoﬁbrillar proteins that have demonstrated increased sensitivity and speciﬁcity as markers of
myocardial injury. Several studies have shown increased
cTnT levels in the early stages of AC therapy [52]. This
increase was correlated in some studies, with a marked
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reduction in the diastolic function of LV [53, 54]. In a study
on patients with breast cancer treated with Trastuzumab,
cTnI has proven to be an important predictor of cardiotoxicity as well as a negative prognostic factor regarding cardiac
function recovery [18]. Following these studies, in 2010,
Cardinale and Sandri proposed cTn levels to be used in cardiac risk assessment for both standard anticancer treatments
and new biological therapy [54]. Also, in a study of 18 pediatric patients diagnosed with non-Hodgkin’s lymphoma,
Blaes et al. showed that patients with elevated cTn at the
beginning of treatment had an increased incidence of systolic
dysfunction [55].
A recent review analyzing over 20 studies regarding
cTn use as a biomarker of cardiotoxicity in patients
treated with AC for breast cancer concluded that the main
evidence up until today is that low cTn levels during treatment correlate with a better long-term prognosis regarding
heart function [56].
3.4. Monitoring during Treatment. Monitoring during treatment has a role of identifying potential cardiac damage as
soon as possible, thus allowing therapeutic interventions
and treatment modiﬁcation. The goal is to reduce the risk
of developing long-term cardiac complications [11]. At the
same time, it should be taken into account not to reduce
treatment’s eﬃcacy, which would eliminate the beneﬁt created by reducing cardiotoxicity.
A recent study on pediatric leukemia has shown that
myocardial tissue is aﬀected even before chemotherapy
begins, as seen from the correlation determined between
the white blood cell count at diagnosis and NT-proBNP
values. This might be partially explained by myocardial inﬁltration with cancer cells. However, preexisting cardiac suﬀering highlights even more the need for a timely, rigorous,
ongoing cardiac function evaluation [57].
In order to be eﬀective, Steinherz et al. emphasize the
importance of conducting an ECG and echocardiography
prior to the beginning of treatment [58]. Subsequently, most
guidelines recommend an ultrasound after half the total
cumulative dose of doxorubicin is given, followed by an
echocardiographic examination before each of the following
doses [58]. It has been proposed that at a decrease in LVEF
below 50% or more than 10% during treatment, chemotherapy should be discontinued. This is based on the fact that the
identiﬁed systolic dysfunction appears most likely following
an extensive myocardial injury [27]. However, a lack of
reduction in LVEF during treatment does not rule out the
possibility of late cardiac toxicity [27, 33, 43, 59].
3.5. Long-Term Monitoring. Lifetime screening for cardiac
damage is indicated following antineoplastic treatment, especially in patients treated with AC or those who have received
radiation therapy to the chest.
In the ﬁrst year following treatment, ultrasound screening is currently recommended at 3, 6, and 12 months [26].
COG provides a detailed guide on the frequency of posttreatment monitoring, based on age at exposure to AC, the total
dose received, and the association with thoracic irradiation.
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For a universal approach, they propose converting all doses
of AC to isotoxic doses of doxorubicin [38].
Another important aspect is the screening for cardiovascular risk factors: sedentary lifestyle, tobacco use, family
history of premature coronary heart disease (less than 55
years in men and 65 years in women, respectively), lipid proﬁle, basal blood glucose, and blood pressure (BP). Cancer
patients are generally considered at risk for development of
cardiovascular pathology, so adding any other two cardiac
risk factors leads to the inclusion of these patients in a
high-risk group. Thus, according to the American Heart
Association, for cancer survivors, the target body mass index
(BMI), BP, LDL, and glucose levels change: BMI < 90th
percentile, BP < 95th percentile, LDL < 130 mg/dl, and basal
blood glucose < 100 mg/dl [60].

4. Therapeutic Outlook for
Anthracycline-Induced Heart Failure
First of all, in order to decrease the likelihood of AC-induced
cardiac disease, the administration recommendations have
been modiﬁed. The maximum total cumulative dose recommended nowadays being 400-550 mg/m2 DOX and
900 mg/m2 Epirubicin. Anyhow, one must keep in mind that
up until now no dose of AC has been considered cardiac riskfree, so the ongoing evaluation of these patients is mandatory
regardless of the received dose. Also, a slow DOX infusion
has proven to diminish the cardiotoxic eﬀect of AC use, by
lowering its maximum plasma levels, a parameter which, in
turn, determines the amount of drug entering the myocardial
tissue [61]. However, Lipshultz et al. conducted a study on
102 children treated for ALL, who received doxorubicin in
a randomized fashion, either in a continuous regimen (over
48 hours) or by bolus (15 minutes). A cardiac follow-up, with
a median of 8 years, showed no signiﬁcant diﬀerence in cardiac function between the two groups, concluding that, in
children, continuous infusion shows no beneﬁt over bolus
administration [62].
The use of liposomal drug formulations has been widely
debated and studied. Liposomal DOX has the advantage of
a limited diﬀusion through the myocardial tissue, due to their
size (too big to cross the endothelial junction of healthy tissues) with preserved antitumor eﬃciency (leaky, irregular
tumor vasculature) [63]. There are many successful animal
studies done on solid tumors, which show not only the preserved desired antitumor eﬀect with minimal cardiac toxicity
but also, in some cases, liposomal formulations actually
exposing tumor cells to higher amounts of AC [64]. However
good the results are, there are few randomized clinical trials
on liposomal-coated AC, thus the limited clinical indications
so far being metastatic breast cancer, advanced ovarian cancer, multiple myeloma, and AIDS-related sarcoma [65]. Until
further studies emerge, liposomal formulations are not yet an
alternative for children with leukemia.
Regarding preventive treatment, cardioprotective drugs
such as dexrazoxane, angiotensin-conversion enzyme inhibitors, and beta-blockers have been tested [21, 66]. Dexrazoxane, an iron chelating agent, has long been considered the
ﬁrst-line prophylactic therapy for chemotherapy-induced
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cardiac toxicity, being the only drug currently approved by
the US FDA for the prevention of AC-induced HF. It has also
been proven to be eﬃcient in children with leukemia. Lipshultz et al. demonstrated in a randomized controlled trial
of 205 children the protective eﬀect of dexrazoxane on cardiac function as means of LV structure and function, with
no adverse eﬀect on relapse risk, frequency of secondary
malignancy, or survival [67]. Another randomized controlled
trial, from the Pediatric Oncology Group, has shown that,
although the 5-year survival rate did not diﬀer between the
group that received dexrazoxane and the group without it,
measurements of the SF, LV wall thickness, and thicknessto-dimension ratio were worse in patients who did not
receive dexrazoxane [68]. However, in 2007, a controversial
study claimed that dexrazoxane use could increase the risk
of secondary malignancies, especially AML [69]. No further
studies have supported this theory so far [70]. What is
more, after previously allowing dexrazoxane to be used
only in women treated for breast cancer, the EMA changed its decision and now supports its administration to
pediatric patients who are likely to be treated with high
cumulative doses of anthracyclines (>300 mg/m2 of doxorubicin) [71, 72].
Beta-blocker use is encouraged in a recent review on their
role in the prevention of AC-induced cardiotoxicity, due to
their important cardioprotective action. Carvedilol seems to
be the most studied drug from this class; however, its dosing
regimens and optimal timeline of administration in oncologic patients still need to be established [73]. A small study
of 25 patients demonstrated that Carvedilol administration
started before initiating AC therapy improved LVEF and
the value of the E/A ratio compared to the placebo group
[74]. Similar studies were also performed using Enalapril,
Spironolactone, Metoprolol, and Candesartan, all with
encouraging results in the prevention of postchemotherapy
cardiotoxicity [75–78]. Another study conducted on 473
cancer patients presenting with elevated cTn following various cytostatic regimens demonstrated that Enalapril administration for over a year resulted in a lower incidence of LV
dysfunction than in the placebo group [79].
For patients who have already developed HF secondary
to cytostatic treatments, there are limited studies regarding
the appropriate therapeutic approach. For now, HF is to be
treated according to the current guidelines, although treatment response is poorer than in the “classical” HF patient
population.

5. Conclusion
Taking all the above-mentioned aspects into account, it is
obvious that cardiotoxicity following AC treatment is a
current issue for both the oncologist and the cardiologist.
The pediatric population represents an even bigger challenge,
because of the various stages of development in which children receive chemotherapy, being very diﬃcult to establish
speciﬁc monitoring and treatment protocols. There are many
questions unanswered in cardiooncology, thus the need and
development of a separate medical specialty dealing with
this intricate problem. All things considered, careful and
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systematic monitoring, as well as timely intervention,
proves to be crucial to the long-term prognosis and quality
of life for these patients.

Data Availability
The data supporting this review are from previously reported
studies and datasets, which have been cited.

Conflicts of Interest
The authors declare that there is no conﬂict of interest
regarding the publication of this paper.

Authors’ Contributions
Diana R. Lazăr conceived and designed the analysis, collected
the data, contributed with data or analysis tools, and wrote the
paper. Anca D. Farcaş wrote the paper, gave feedback, and
updated the version of the paper. Cristina Blag, Alexandra
Neaga, and Mihnea T. Zdrenghea contributed with data or
analysis tools. Călin Căinap conceived and designed the
analysis, contributed with data or analysis tools, and wrote
the paper. Florin L. Lazăr collected the data and contributed
with data or analysis tools. Adrian Stef gave other contributions in the modiﬁed version of the article after reviewers’
comments. Simona S. Căinap conceived and designed the
analysis, contributed with data or analysis tools, performed
the analysis, and wrote the paper. Diana R. Lazăr is the ﬁrst
author and should be regarded as such. Călin Căinap has/shares
the same contribution as the ﬁrst author and should be regarded
like this.

References
[1] C. E. DeSantis, C. C. Lin, A. B. Mariotto et al., “Cancer treatment and survivorship statistics, 2014,” CA: a cancer journal
for clinicians, vol. 64, no. 4, pp. 252–271, 2014.
[2] M. A. Smith, S. F. Altekruse, P. C. Adamson, G. H. Reaman,
and N. L. Seibel, “Declining childhood and adolescent cancer
mortality,” Cancer, vol. 120, no. 16, pp. 2497–2506, 2014.
[3] D. Campana and C. H. Pui, “Childhood Leukemia,” in
Abeloﬀ’s Clinical Oncology, J. E. Niederhuber, J. O. Armitage,
J. H. Dorshow, M. B. Kastan, and J. E. Tepper, Eds.,
pp. 1849–1872.e11, Elsevier, Philadelphia, 5th edition, 2014.
[4] S. S. Căinap, B. Fetică, R. Buiga, C. Căinap, A. M. Constantin,
and A. S. Şovrea, “The prognostic role of EBER in pediatric
cancer,” Romanian Journal of Morphology and Embryology,
vol. 56, no. 4, pp. 1269–1277, 2015.
[5] P. Autier, “Increasing incidence of cancer in children and
competing risks,” The Lancet Oncology, vol. 19, no. 9,
pp. 1136-1137, 2018.
[6] R. Kliegman, B. Stanton, J. S. Geme, N. Schor, R. Behrman, and
W. E. Nelson, Nelson textbook of pediatrics, Elsevier, Philadelphia, 20th edition, 2016.
[7] PDQ® Pediatric Treatment Editorial Board, PDQ Childhood
Acute Lymphoblastic Leukemia Treatment, National Cancer
Institute, Bethesda, MD, 2019, https://www.cancer.gov/types/
leukemia/hp/child-all-treatment-pdq.

7
[8] PDQ® Pediatric Treatment Editorial Board, PDQ Childhood
Acute Myeloid Leukemia/Other Myeloid Malignancies Treatment, National Cancer Institute, Bethesda, MD, 2019, https://
www.cancer.gov/types/leukemia/hp/child-aml-treatment-pdq.
[9] S. E. Lipshultz, M. J. Adams, S. D. Colan et al., “Long-term cardiovascular toxicity in children, adolescents, and young adults
who receive cancer therapy: pathophysiology, course, monitoring, management, prevention, and research directions: a
scientiﬁc statement from the American Heart Association,”
Circulation, vol. 128, no. 17, pp. 1927–1995, 2013.
[10] J. M. Fulbrigh, “Review of cardiotoxicity in pediatric cancer
patients: during and after therapy,” Cardiology Research and
Practice, vol. 2011, Article ID 942090, 9 pages, 2011.
[11] A. Albini, G. Pennesi, F. Donatelli, R. Cammarota, S. de Flora,
and D. M. Noonan, “Cardiotoxicity of anticancer drugs: the
need for cardio-oncology and cardio-oncological prevention,”
Journal of the National Cancer Institute, vol. 102, no. 1, pp. 14–
25, 2010.
[12] D. A. Mulrooney, M. W. Yeazel, T. Kawashima et al., “Cardiac
outcomes in a cohort of adult survivors of childhood and adolescent cancer: retrospective analysis of the Childhood Cancer
Survivor Study cohort,” BMJ, vol. 339, no. dec08 1, article
b4606, 2009.
[13] S. H. Armenian and L. L. Robison, “Childhood cancer
survivorship: an update on evolving paradigms for understanding pathogenesis and screening for therapy-related late
eﬀects,” Current Opinion in Pediatrics, vol. 25, no. 1,
pp. 16–22, 2013.
[14] M. Volkova and R. Russell, “Anthracycline cardiotoxicity:
prevalence, pathogenesis and treatment,” Current Cardiology
Reviews, vol. 7, no. 4, pp. 214–220, 2014.
[15] “Late eﬀects of treatment for childhood cancer (PDQ®): health
professional version,” in PDQ Cancer Information Summaries
(Internet), National Cancer Institute (US), Bethesda (MD),
2019, https://www.ncbi.nlm.nih.gov/books/NBK65832/.
[16] S. Gheorghe-Cetean, C. Cainap, L. Oprean et al., “Platinum
derivatives: a multidisciplinary approach,” Journal of BUON,
vol. 22, no. 3, pp. 568–577, 2017.
[17] M. S. Ewer and S. M. Lippman, “Type II chemotherapy-related
cardiac dysfunction: time to recognize a new entity,” Journal of
Clinical Oncology, vol. 23, no. 13, pp. 2900–2902, 2005.
[18] A. Seidman, C. Hudis, M. K. Pierri et al., “Cardiac dysfunction
in the trastuzumab clinical trials experience,” Journal of Clinical Oncology, vol. 20, pp. 1215–1221, 2002.
[19] S. E. Lipshultz, J. A. Alvarez, and R. E. Scully, “Anthracycline
associated cardiotoxicity in survivors of childhood cancer,”
Heart, vol. 94, no. 4, pp. 525–533, 2008.
[20] R. Moudgil and E. T. H. Yeh, “Mechanisms of cardiotoxicity of
cancer chemotherapeutic agents: cardiomyopathy and beyond,”
The Canadian Journal of Cardiology, vol. 32, no. 7, pp. 863–
870.e5, 2016.
[21] P. Menna, E. Salvatorelli, and G. Minotti, “Cardiotoxicity of
antitumor drugs,” Chemical Research in Toxicology, vol. 21,
no. 5, pp. 978–989, 2008.
[22] J. V. McGowan, R. Chung, A. Maulik, I. Piotrowska, J. M.
Walker, and D. M. Yellon, “Anthracycline chemotherapy and
cardiotoxicity,” Cardiovascular Drugs and Therapy, vol. 31,
no. 1, pp. 63–75, 2017.
[23] A. Tripaydonis, R. Conyers, and D. A. Elliott, “Pediatric
anthracycline-induced cardiotoxicity: mechanisms, pharmacogenomics, and pluripotent stem-cell Modeling,” Clinical

8

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Disease Markers
Pharmacology & Therapeutics, vol. 105, no. 3, pp. 614–624,
2019.
C. G. Nebigil and L. Désaubry, “Updates in anthracyclinemediated cardiotoxicity,” Frontiers in Pharmacology, vol. 9,
2018.
V. S. Hahn, D. J. Lenihan, and B. Ky, “Cancer therapy-induced
cardiotoxicity: basic mechanisms and potential cardioprotective therapies,” Journal of the American Heart, vol. 3, no. 2,
article e000665, 2014.
E. Kinova and A. Goudev, “Early detection and prediction of
cardiotoxicity–biomarker and echocardiographic evaluation,”
in Cardiotoxicity of Oncologic Treatments, M. M. Fiuza, Ed.,
pp. 153–184, Intech, Rijeka, Croatia, 2012.
E. C. van Dalen, H. J. van der Pal, W. E. Kok, H. N. Caron, and
L. C. M. Kremer, “Clinical heart failure in a cohort of children
treated with anthracyclines: a long-term follow-up study,” European Journal of Cancer, vol. 42, no. 18, pp. 3191–3198, 2006.
G. T. Armstrong and J. D. Ross, “Late cardiotoxicity in aging
adult survivors of childhood cancer,” Progress in pediatric cardiology, vol. 36, no. 1-2, pp. 19–26, 2014.
N. Bhakta, Q. Liu, K. Ness et al., “The cumulative burden of
surviving childhood cancer: an initial report from the St Jude
Lifetime Cohort Study (SJLIFE),” Lancet, vol. 390, no. 10112,
pp. 2569–2582, 2017.
F. Cai, M. A. F. Luis, X. Lin et al., “Anthracycline-induced cardiotoxicity in the chemotherapy treatment of breast cancer:
preventive strategies and treatment,” Molecular and Clinical
Oncology, vol. 11, no. 1, pp. 15–23, 2019.
R. Corremans, R. Adão, G. W. de Keulenaer, A. F. LeiteMoreira, and C. Brás-Silva, “Update on pathophysiology
and preventive strategies of anthracycline-induced cardiotoxicity,” Clinical and Experimental Pharmacology & Physiology, vol. 46, no. 3, pp. 204–215, 2019.
J. J. Monsuez, “Detection and prevention of cardiac complications of cancer chemotherapy,” Archives of Cardiovascular
Diseases, vol. 105, no. 11, pp. 593–604, 2012.
M. Jarfelt, N. H. Andersen, and H. Hasle, “Is it possible to cure
childhood acute myeloid leukaemia without signiﬁcant cardiotoxicity?,” British Journal of Haematology, vol. 175, no. 4,
pp. 577–587, 2016.
S. H. Armenian, G. H. Armstrong, G. Aune et al., “Cardiovascular disease in survivors of childhood cancer: insights into
epidemiology, pathophysiology, and prevention,” Journal of
Clinical Oncology, vol. 36, no. 21, pp. 2135–2144, 2018.
E. Salvatorelli, P. Menna, M. Chello, E. Covino, and
G. Minotti, “Low-dose anthracycline and risk of heart failure
in a pharmacokinetic model of human myocardium exposure:
analog speciﬁcity and role of secondary alcohol metabolites,”
Journal of Pharmacology and Experimental Therapeutics,
vol. 364, no. 2, pp. 323–331, 2018.
S. S. Căinap, V. M. Nagy, and C. Căinap, “Chemotherapyinduced cardiotoxicity in oncology – drugs involved and
clinical assessment,” Farmácia, vol. 64, no. 4, pp. 487–492,
2016.
S. H. Armenian, C. L. Sun, T. Shannon et al., “Incidence and
predictors of congestive heart failure after autologous hematopoietic cell transplantation,” Blood, vol. 118, no. 23, pp. 6023–
6029, 2011.
J. G. Blanco, C. L. Sun, W. Landier et al., “Anthracyclinerelated cardiomyopathy after childhood cancer: role of polymorphisms in carbonyl reductase genes–a report from the

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

Children's Oncology Group,” Journal of Clinical Oncology,
vol. 30, no. 13, pp. 1415–1421, 2012.
S. L. Leong, N. Chaiyakunapruk, and S. W. H. Lee, “Candidate
gene association studies of anthracycline-induced cardiotoxicity: a systematic review and meta-analysis,” Scientiﬁc reports,
vol. 7, no. 1, 2017.
A. J. Adams and S. E. Lipshultz, “Pathophysiology of anthracycline- and radiation associated cardiomyopathies: implications
for screening and prevention,” Pediatric blood & cancer,
vol. 44, no. 7, pp. 600–606, 2005.
M. Krischke, G. Hempel, S. Völler et al., “Pharmacokinetic and
pharmacodynamic study of doxorubicin in children with cancer: results of a “European Pediatric Oncology Oﬀ-patents
Medicines Consortium” trial,” Cancer Chemotherapy and
Pharmacology, vol. 78, no. 6, pp. 1175–1184, 2016.
D. Bovelli, G. Plataniotis, and F. Roilia, “Cardiotoxicity of chemotherapeutic agents and radiotheraphy-related heart disease:
ESMO Clinical Practice Guidelines,” Annals of Oncology,
vol. 21, no. 5, pp. v272–v282, 2010.
C. Bayram, İ. Çetin, B. Tavil et al., “Evaluation of cardiotoxicity
by tissue Doppler imaging in childhood leukemia survivors
treated with low-dose anthracycline,” Pediatric Cardiology,
vol. 36, no. 4, article 1096, pp. 862–866, 2015.
F. Venturelli, R. Masetti, M. Fabi et al., “Tissue Doppler imaging for anthracycline cardiotoxicity monitoring in pediatric
patients with cancer,” Cardio-Oncology, vol. 4, no. 1, pp. 1–8,
2018.
J. R. Christiansen, R. Massey, H. Dalen et al., “Utility of global
longitudinal strain by echocardiography to detect left ventricular dysfunction in long-term adult survivors of childhood
lymphoma and acute lymphoblastic leukemia,” The American
Journal of Cardiology, vol. 118, no. 3, pp. 446–452, 2016.
G. T. Armstrong, V. M. Joshi, K. K. Ness et al., “Comprehensive echocardiographic detection of treatment-related cardiac
dysfunction in adult survivors of childhood cancer,” Journal
of the American College of Cardiology, vol. 65, no. 23,
pp. 2511–2522, 2015.
H. Nakamae, K. Tsumura, M. Akahori et al., “QT dispersion
correlates with systolic rather than diastolic parameters in
patients receiving anthracycline treatment,” Internal Medicine,
vol. 43, no. 5, pp. 379–387, 2004.
A. Dolci, R. Dominici, D. Cardinale, M. T. Sandri, and
M. Panteghini, “Biochemical markers for prediction of chemotherapy- induced cardiotoxicity: systematic review of the literature and recommendations for use,” American Journal of
Clinical Pathology, vol. 130, no. 5, pp. 688–695, 2008.
D. Lee and R. Vasan, “Novel markers for heart failure diagnosis and prognosis,” Current Opinion in Cardiology, vol. 20,
no. 3, pp. 201–210, 2005.
M. Mocan, L. D. Mocan Hognogi, F. P. Anton et al.,
“Biomarkers of inﬂammation in left ventricular diastolic dysfunction,” Disease Markers, vol. 2019, Article ID 7583690,
14 pages, 2019.
M. T. Sandri, M. Salvatici, M. Cardinale et al., “N-terminal
pro-B-type natriuretic peptide after high-dose chemotherapy:
a marker predictive of cardiac dysfunction?,” Clinical Chemistry, vol. 51, no. 8, pp. 1405–1410, 2005.
K. Thygesen, J. S. Alpert, A. S. Jaﬀe, B. R. Chaitman, and H. D.
White, “Clarifying the proper deﬁnitions for type 2 myocardial
infarction,” Journal of the American College of Cardiology,
vol. 71, no. 11, p. 1291, 2018.

Disease Markers
[53] S. Kilickap, I. Barista, E. Akgul et al., “cTnT can be a useful
marker for early detection of anthracycline cardiotoxicity,”
Annals of Oncology, vol. 16, no. 5, pp. 798–804, 2005.
[54] D. Cardinale and M. T. Sandri, “Role of biomarkers in
chemotherapy-induced cardiotoxicity,” Progress in Cardiovascular Diseases, vol. 53, no. 2, pp. 121–129, 2010.
[55] A. H. Blaes, A. Rehman, D. Vock et al., “Utility of highsensitivity cardiac troponin T in patients receiving anthracycline chemotherapy,” Vascular health and risk management,
vol. 11, pp. 591–594, 2015.
[56] R. Simões, L. M. Silva, A. L. V. M. Cruz, V. G. Fraga, A. de
Paula Sabino, and K. B. Gomes, “Troponin as a cardiotoxicity
marker in breast cancer patients receiving anthracycline-based
chemotherapy: a narrative review,” Biomedicine & Pharmacotherapy, vol. 107, pp. 989–996, 2018.
[57] D. R. Maniu, C. Blag, G. Popa et al., “The role of biomarkers
and echocardiography in the evaluation of cardiotoxicity risk
in children treated for leukemia,” Journal of BUON, vol. 23,
no. 7, pp. 122–131, 2018.
[58] J. J. Steinherz, T. Graham, and R. Hurwitz, “Guidelines for cardiac monitoring of children during and after anthracycline
therapy: report of the Cardiology Committee of the Childrens
Cancer Study Group,” Pediatrics, vol. 89, no. 5, pp. 942–949,
1992.
[59] J. L. Zamorano, P. Lancellotti, D. Rodriguez Muñoz et al.,
“2016 ESC Position Paper on cancer treatments and cardiovascular toxicity developed under the auspices of the ESC Committee for Practice Guidelines: The Task Force for cancer
treatments and cardiovascular toxicity of the European Society
of Cardiology (ESC),” European Heart Journal, vol. 37, no. 36,
pp. 2768–2801, 2016.
[60] J. D. Groarke and A. Nohria, “Anthracycline cardiotoxicity: a
new paradigm for an old classic,” Circulation, vol. 131,
no. 22, pp. 1946–1949, 2015.
[61] G. Minotti, P. Menna, E. Salvatorelli, G. Cairo, and L. Gianni,
“Anthracyclines: molecular advances and pharmacologic
developments in antitumor activity and cardiotoxicity,” Pharmacological Reviews, vol. 56, no. 2, pp. 185–229, 2004.
[62] S. E. Lipshultz, T. L. Miller, S. R. Lipsitz et al., “Continuous
versus bolus infusion of doxorubicin in children with ALL:
long-term cardiac outcomes,” Pediatrics, vol. 130, no. 6,
pp. 1003–1011, 2012.
[63] P. Menna and E. Salvatorelli, “Primary prevention strategies
for anthracycline cardiotoxicity: a brief overview,” Chemotherapy, vol. 62, no. 3, pp. 159–168, 2017.
[64] D. C. Drummond, O. Meyer, K. Hong, D. B. Kirpotin, and
D. Papahadjopoulos, “Optimizing liposomes for delivery of
chemotherapeutic agents to solid tumors,” Pharmacological
Reviews, vol. 51, no. 4, pp. 691–743, 1999.
[65] E. Salvatorelli, P. Menna, E. Cantalupo et al., “The concomitant management of cancer therapy and cardiac therapy,” Biochimica et Biophysica Acta (BBA) - Biomembrane, vol. 1848,
no. 10, pp. 2727–2737, 2015.
[66] F. Shaikh, L. L. Dupuis, S. Alexander, A. Gupta, L. Mertens,
and P. C. Nathan, “Cardioprotection and second malignant
neoplasms associated with dexrazoxane in children receiving
anthracycline chemotherapy: a systematic review and metaanalysis,” JNCI: Journal of the National Cancer Institute,
vol. 108, no. 4, article djv357, 2015.
[67] S. E. Lipshultz, R. R. Scully, S. R. Lipsitz et al., “Assessment of
dexrazoxane as a cardioprotectant in doxorubicin-treated chil-

9

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

dren with high-risk acute lymphoblastic leukaemia: long-term
follow-up of a prospective, randomised, multicentre trial,” The
Lancet Oncology, vol. 11, no. 10, pp. 950–961, 2010.
B. L. Asselin, M. Devidas, L. Chen et al., “Cardioprotection and
safety of dexrazoxane in patients treated for newly diagnosed
T-cell acute lymphoblastic leukemia or advanced-stage lymphoblastic non-Hodgkin lymphoma: a report of the Children's
Oncology Group randomized trial Pediatric Oncology Group
9404,” Journal of Clinical Oncology, vol. 34, no. 8, pp. 854–
862, 2016.
C. K. Tebbi, W. B. London, D. Friedman et al., “Dexrazoxaneassociated risk for acute myeloid leukemia/myelodysplastic
syndrome and other secondary malignancies in pediatric
Hodgkin's disease,” Journal of Clinical Oncology, vol. 25,
no. 5, pp. 493–500, 2007.
S. E. Lipshultz, S. R. Lipsitz, and E. J. Orav, “Dexrazoxaneassociated risk for secondary malignancies in pediatric Hodgkin's disease: a claim without compelling evidence,” Journal of
clinical oncology, vol. 25, no. 21, 2007.
European Medicines Agency, “Assessment report dexrazoxanecontaining medicinal products,” 2020, http://www.ema.europa
.eu/docs/en_GB/document_library/Referrals_document/
Dexrazoxane_31/WC500120340.pdf.Accessed.
European Medicines Agency, “Questions and answers on Cardioxane,” 2020, http://www.ema.europa.eu/ema/index
.jsp?curl=pages/medicines/human/referrals/Cardioxane/
human_referral_000421.jsp&mid=WC0b01ac05805c516f
.Accessed.
R. R. Barbosa, T. B. Bourguignon, L. D. Torres et al., “Anthracycline-associated cardiotoxicity in adults: systematic review
on the cardioprotective role of beta-blockers,” Revista da Associação Médica Brasileira, vol. 64, no. 8, pp. 745–754, 2018.
N. Kalay, E. Basar, I. Ozdogru et al., “Protective eﬀects of carvedilol against anthracycline- induced cardiomyopathy,” Journal of the American College of Cardiology, vol. 48, no. 11,
pp. 2258–2262, 2006.
P. Georgakopoulos, P. Roussou, E. Matsakas et al., “Cardioprotective eﬀect of metoprolol and enalapril in doxorubicin-treated
lymphoma patients: a prospective, parallel-group, randomized,
controlled study with 36-month follow-up,” American Journal
of Hematology, vol. 85, no. 11, pp. 894–896, 2010.
G. Gulati, S. L. Heck, A. H. Ree et al., “Prevention of cardiac
dysfunction during adjuvant breast cancer therapy (PRADA):
a 2×2 factorial, randomized, placebo-controlled, double-blind
clinical trial of candesartan and metoprolol,” European Heart
Journal, vol. 37, no. 21, pp. 1671–1680, 2016.
X. Bosch, M. Rovira, M. Sitges et al., “Enalapril and carvedilol
for preventing chemotherapy- induced left ventricular systolic
dysfunction in patients with malignant hemopathies: the
OVERCOME trial (preventiOn of left ventricular dysfunction
with Enalapril and caRvedilol in patients submitted to intensive ChemOtherapy for the treatment of Malignant hEmopathies),” Journal of the American College of Cardiology, vol. 61,
no. 23, pp. 2355–2362, 2013.
M. Akpek, I. Ozdogru, O. Sahin et al., “Protective eﬀects of
spironolactone against anthracycline- induced cardiomyopathy,” European Journal of Heart Failure, vol. 17, no. 1,
pp. 81–89, 2015.
D. Cardinale, A. Colombo, M. T. Sandri et al., “Prevention of
high-dose chemotherapy-induced cardiotoxicity in high-risk
patients by angiotensin-converting enzyme inhibition,” Circulation, vol. 114, no. 23, pp. 2474–2481, 2006.

Review

Overview of the pediatric healthcare system in
Romania
Tudor Lucian Pop1, Marin Burlea2, Oana Falup-Pecurariu3, Cristina Borzan4, Florina Gabor-Harosa4,
Valeria Herdea5, Claudia Felicia Pop6, Daniela Rajka7, Maria Livia Ognean8, Simona Sorana Căinap1
2 Pediatric Clinic, Mother and Child Department, University of Medicine and Pharmacy Iuliu Haţieganu Cluj-Napoca, Emergency Clinical
Hospital for Children, Cluj-Napoca, Romania; Romanian Society of Social Pediatrics
2
St. Mary Emergency Clinical Hospital for Children, Iasi, Romania; Romanian Society of Pediatrics
3
Faculty of Medicine, Transylvania University, Children Clinical Hospital, Brasov, Romania
4
Public Health and Healthcare Management Discipline, Community Medicine Department, University of Medicine and Pharmacy Iuliu Haţieganu;
Romanian Society of Social Pediatrics, Cluj-Napoca, Romania
5
Romanian Association for Pediatric Education in Family Medicine
6
Nursing Discipline, University of Medicine and Pharmacy Iuliu Haţieganu; Romanian Association for Pediatric Education in Family Medicine,
Cluj-Napoca, Romania
7
Society of Physicians in Children and Youth’s Communities, Romania
8
Neonatology Department, Emergency Clinical County Hospital Sibiu, Romania; Department of Dental Medicine and Nursing, Lucian Blaga
University of Sibiu, Romania
1 nd

Abstract
Until 1989, Romania was one of the countries of the communist bloc in Europe and its healthcare system was characterized by centralized
planning and severe underfunding, with low performance and low quality healthcare. Since 1998, Romania replaced the Semashko model with
a social health insurance system, highly centralized under the management of the Ministry of Health as the central administrative authority.
After joining the European Union, quality of life increased in our country and there were efforts to improve the quality of healthcare, including
pediatric and neonatal care. Still, Romania has the lowest share of health expenditure of gross domestic product among the European Union
Member States and the lowest level of expenditure per inhabitant. The Romanian health system is organized on three levels of assistance:
primary, secondary and tertiary assistance. This overview presents the organization and the characteristics of pediatric and neonatal healthcare
in Romania at all levels, the infrastructure and the human resources, the educational system from medical school to pediatric residency, professional organizations, national health programs, and the child health status in Romania. Infant mortality, the most descriptive single indicator of
the quality of a health system, decreased constantly for the last 30 years in Romania, but is still the highest in the European Union. Even though
there were great improvements in the healthcare for children, more efforts should be made to assure a better quality of care for the future of
our nation, both on the human resources (in great danger due to the brain-drain of medical professionals during the last 12 years), and on the
infrastructure plan.
Keywords: Children, healthcare system, medical education, Romania, primary care, school medicine

Introduction
Romania, situated in the south-east of Central Europe,
in the north of the Balkan Peninsula, is the 8th largest
country of the European Union (EU). The population of
Romania is the 7th largest in the EU but has been declining for the last 28 years.
Until 1989, Romania was one of the countries in the communist bloc in Europe and its healthcare system was
characterized by centralized planning and severe under-

funding with low performance and low quality healthcare.
Since 1989, the political changes brought improvements
in life quality, mainly after joining the EU in 2007. One of
the areas of improvement in Romania is the healthcare
system, which was redesigned, but still faces many difficulties in providing healthcare for our population at the
standards requested by the quality of an EU member state.
Based on economic performances, Romania is among
the upper-middle-income countries with a GDP of 10,932
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Table 1. Demographic and economic data of Romania compared with the European Union (1–5)
1990
2
Surface (km )
238.397
Population (millions)
23.20
Children 0–14 years (%)
23.56
Live births (/1000 inhabitants)
13.56
Infant mortality rate (/1000 inhabitants)
26.9
Maternal mortality rate
83.56
Natural increase (/1000 inhabitants)		
Average life expectancy (years)
69.79
Yearly average inflation rate (%)
–
Unemployment rate (%)
–
Youth unemployment rate (%)
–
GDP per capita (US$)
1.680
Relative poverty rate (%)
Share of healthcare expenditure in GDP (%)
3.2 (1995)
Share of social protection expenditure in GDP (%)
–
Share of the research and development expenditure in GDP (%)
–
GDP growth rate (%)
–

Romania		
2018
238.397
19.64 (2017)
15.56 (2017)
9.6
7.2 (2017)
11.44 (2012)
-3.7
75.6
1.1
4.5 (2018)
16.8 (2018)
10.932 (2017)
19.8 (2015)
5 (2015)
14.6 (2015)
0.48 (2015)
4 (2017)

European Union
(EU-28)
4,422.773
511.81 (2017)
15.43 (2016)
10.1
3.7 (2015)
0
81
1.7
7.6
15.6 (2018)
29.950 (2017)
10.8 (2015)
7.2
29
2.03
2.4

GDP: Gross domestic product

US$, but with the 2nd highest rate of poverty among the
EU Member States (1, 2).
The administrative organization of Romania’s territory is
based on 42 counties (including the capital city Bucharest), 103 municipalities, 217 towns, and 2861 communes
(3) (Table 1).

Healthcare system in Romania
The Romanian Constitution guarantees the right to health
for all citizens. The healthcare system of Romania is a social health insurance system, highly centralized under the
management of the Ministry of Health as the central administrative authority with its representatives, the County
Public Health Authorities, in each of the 42 counties. The
other main stakeholders in the public healthcare sector
are the National Health Insurance House, the National Public Health Institute and the National Agency for
Medicines and Medical Devices (under the authority of
the Ministry of Health), and the National Authority for
Health Quality Management. The scheme of the Romanian Health System is presented in Figure 1.
Since 1998, Romania replaced the Semashko model with
a social health insurance system. The main source of
funding is the National Health Insurance Fund, which
consists of contributions paid by employees, as well as
S70

contributions paid by the state to certain categories of
population (unemployed, retired). The National Health
Insurance House administrates and regulates the social
health insurance system and is represented at the county
level. Other sources of funding are the state budget, external loans and non-reimbursable funds, and own revenues. Almost 80% of total health funds in Romania come
from public sources, 64.5% from the National Health Insurance Fund, and 13.5% from Government schemes. In
2015, Romania had the lowest share of health expenditure in gross domestic product (GDP) (5%) among the EU
Member States and the lowest level of expenditure per
inhabitant (400 EUR) (1, 6) (Fig. 1).
The Romanian health system is organized on three levels
of assistance: primary, secondary, and tertiary assistance (7).

Primary pediatric care
Primary healthcare services are provided based on a contract with the National Health Insurance House by family
physicians (general practitioners). They can be organized
in individual, associated, grouped or private medical clinics. They are paid according to a mixed scheme: per capita (number of patients) and per service. Patients have the
right to choose their family physicians, which encourages
competition. There are healthcare issues in rural areas because there are not enough service providers. Depending
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Romanian Intelligence Agency
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School doctors

Specialized ambulatory care
Romanian College of
Physicians
Hospitals

Figure 1. Romanian Health system scheme [adapted after (1)].
Small dotted line: Control relationship; Black full line: Collaboration; Dotted line: Subordination

on the insured status, patients benefit from different packages of preventive and curative medical services, but the
entire population has access to free emergency services.
Primary care, under Law no. 95/2006 on the reform of
the healthcare system (7), defines the provision of comprehensive first-line healthcare regardless of the nature
of the health problem in the context of a continuous
relationship with patients in the presence or absence
of a disease.
The characteristics of the family physician’s assistance are
as follows:
• the primary point of contact with the health system,
providing non-discriminatory access for patients and
dealing with all their health problems;
• efficiently using of resources of the health system, coordinating healthcare for patients;
• collaborating with other providers of primary care
services and liaising with other specialties;
• oriented towards the individual, family, and community;
• relying on direct physician-to-patient communication
that leads, over time, to a solid establishment of an
inter-human relationship of trust in which the patient
becomes a responsible partner of the physician for
maintaining/restoring his/her health;
• ensuring the continuity of the medical act based on

•
•
•

the patients’ needs;
solving acute and chronic health problems of patients;
promoting the health and well-being of patients
through appropriate and effective interventions;
aiming to solve community health problems.

In Romania, although the activity of the family physicians
is private, it is dependent on the contractual relationship
with the National Health Insurance House and is based
on a framework contract for the provision of services in
primary care. Unfortunately, the framework contract and
implementation rules sometimes change annually, which
leads to disruption in the family physician’s work through
a lack of legislative continuity.
At present, family physicians represent one-third of physicians in the public health system. Of the total family
physicians, fewer than half sign up newborns, infants, and
children on their lists. How has this happened? One possible explanation is the dissolution of the Pediatrics Faculty in Medical Universities at the beginning of the 1990s.
As well, decreasing the time allocated to pediatric study
at Medical School and during the Family Medicine Residency leads to insufficient training in pediatrics, which is
a crucial activity for the family physicians.
On the other hand, child healthcare requires specialized human resources, a medical team consisting of a
S71
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physician, a nurse, a nursing assistant, as a large team
with many responsibilities. In a family medicine practice with pediatric activity, over 40% of consultations of
children are those for acute conditions. Also, there are
consultations for neonate and infant care at home, periodical medical examinations up to the age of 18 years,
counseling and administration of vaccines according
to the National Immunization Program and optional
vaccines for children, health education, and the identification of risk factors, which are priority activities for
pediatric family physicians.
However, these duties take a great deal of time from the
family physicians’ team, which ultimately make considerable efforts, but given the limitation of the daily number
of medical services that can be settled by the National
Health Insurance House, there is a lack of motivation for
physicians in enrolling children on lists. The necessity
of appointment for consultation imposed by the order
of the Minister of Health, even though the services provided in the case of acute illness to the child cannot be
programmable services, may lead to deterioration of the
physician - patient - patient’s family relationship, and the
overloading of the emergency services and the hospital
on-call physicians, increasing the cost of hospital medical care over the costs in the family physician’s offices. In
rural areas, due to the shortage of school physicians, family physicians are also required to provide healthcare in
schools without having a contract with the local authority.
The need of training of young family physicians in areas
such as prevention of communicable and non-communicable diseases, vaccination, child care, medical care of
children with acute illness and monitoring chronic diseases, pediatric emergencies, and the decision-makers’
awareness of the importance of primary care medicine in
the preventive measures for children and the growth of
healthier generations, should be the reasons to emphasize the development of pediatric practice in the specialty
of family medicine.
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tion and prevention of nosocomial infections, as well as
for covering the injuries caused to the patients.
The competencies by type of hospitals are established
following the criteria of the National Accreditation Commission of Hospitals and are approved by the order of
the Minister of Health. The hospitals subordinated to different ministries and institutions with their own sanitary
network are controlled and approved by the competent
minister or the head of the institution (8).
According to the existing laws, hospitals may be classified
as follows (9):
• by territorial criteria: regional, county, and local (municipal, town or communal);
• by the specific pathology: general, emergency, specialized and for patients with chronic conditions;
• by property regime: public hospitals, private hospitals
or public hospitals in which private sections may also
operate;
• by education and scientific medical research: clinical
hospitals with university departments and institutes.
The following units with beds are also included in the category of hospitals: institutes and medical centers, sanatoriums, health centers, and medical-social assistance units.
The organizational structure of a hospital may include
departments, laboratories, diagnostic and treatment services, compartments, technical, economic and administrative services or offices, pre-hospital assistance and
emergency transport services, emergency units and other
structures approved by order of the Ministry of Health.
Hospitals may have structures that provide specialized
ambulatory care, daycare, home care, and ambulatory para-clinical services.

Secondary and tertiary pediatric and neonatology care
Outpatient (secondary) care is provided through the specialized ambulatory services, which can be independent
or integrated within the hospitals, diagnostic and treatment centers, and specialized medical practices.

During the last 30 years, the number of beds in hospitals decreased continuously. Now there are 576 hospitals
(including institutes and medical centers with hospital
beds) with a total number of 132,480 beds. Included in
this number there are 209 private hospitals. There are also
99 specialty ambulatories, 144 polyclinics, and 184 dispensaries. According to the National Institute for Statistics,
in 2016 there were 7666 pediatric beds and 4630 beds for
neonates and premature babies (10).

Tertiary assistance is provided through hospitals (preventive, curative, recovery and/or palliative care). Hospital
units can provide services only after accreditation and
sanitary authorization. The hospital is responsible, under
the law, for the quality of the medical act, the compliance
with the conditions of accommodation, hygiene, nutri-

The public health system has 11 pediatric hospitals, one
institute for mother and child care in Bucharest, and
three rehabilitation hospitals for children. In Bucharest,
there is also a pediatric private hospital. In most of the
counties and cities, single-specialty or private hospitals
have a pediatric department (11).
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Table 2. Number of physicians in pediatric healthcare in 2014 based on pediatric specialties*
Romania 2014
		
Family physicians
12.655
Pediatrics
2525
Neonatology
498
Pediatric neurology
148
Pediatric psychiatry
265
Pediatric surgeons
290
Total
54.929

Public system		
n
%
6561
51.85
2120
83.96
432
86.75
121
81.76
229
86.42
254
87.59
40.658
74.02

Private system
n
%
6094
48.15
405
16.04
66
13.25
27
18.24
36
13.58
36
12.41
14.271
25.98

*Physicians and dental doctors working in school medicine network were not included. Source: National Institute of Statistics 2014 (10)

Since 2002, the public medical system for neonates was
reorganized to improve the quality of health care. All
departments of obstetrics-gynecology and neonatology were classified based on their competence in three
levels:
• level I provides health care for pregnant women and
newborn babies, as well as basic gynecologic medical
assistance, without on-call duty after the normal work
schedule;
• level II provides medical assistance to pregnant women and the newborn with a moderate degree of risk,
as well as gynecological medical assistance in more
complex cases; with on-call duty after the usual work
schedule and can perform emergency surgery and
during the care;
• level III provides medical assistance to pregnant women and newborn babies at increased risk; these centers
can solve the entire range of specific pathologies and
provide complex guard services after the usual work
schedule. Since 2002, the number of level III maternities increased from 18 to 20 in 2006 and 23, according
to last data (2016) (12–14).
The number of beds for pediatric care decreased from
25,860 in 1990 to 7666 in 2016, and the amount neonatal or
premature beds decreased from 11,891 in 1990 to 4630 beds
in 2016. The total number of maternity units in Romania is
177, down from 206 in 2006. There are also private maternity units; few could be classified otherwise than Level I, only
one is officially Level III and one is Level II. Based on an
analysis performed in 2013, there were 535 neonatal intensive care unit (NICU) beds in maternity units in Romania.
There are 1929 medical offices and 480 dental offices in
schools and universities based on the National Institute
of Statistics (2017) (10).
In Romania, in 2017, 58,583 physicians were registered
(298/100,000 inhabitants) and 15,653 dentists (80/100,000

inhabitants). Compared with the numbers in EU countries, Romania has the second-lowest number of physicians reported to its population, after Poland (with
233/100,000 inhabitants). As in every country of the EU,
the number of physicians increased in Romania during
the last years from 180/100,000 in 1990 (10, 15).
Among the physicians, based on data for 2017, there
were 12,185 family physicians (general practitioners).
The number of physicians working in the private medical system (excluding family physicians) was 10,454, with
a ratio public/private of 3.43. (10) The most recent data
on the different categories of physicians is available only
for 2014 (Table 2).
Based on the number of pediatricians registered at the College of Physicians in Romania, the geographic distribution
of pediatricians is not uniform over the country territory.
The number of pediatricians reported for the child population is 84.79/100,000 children. In 2016, there were 3524
pediatricians registered. In this number, even though the
reporting year is different, it could include some pediatricians that are retired or left the country, because the number is different from the number from the National Institute for Statistics. Analyzing these data, there are counties
well covered by pediatricians (Bucharest 282/100,000 children, Timis 212/100,000 children, and Cluj 195/100,000
children), but some of the counties lack the needed numbers of pediatricians (Ialomita 22.73/100,000 children, Calarasi 17.90/100,000 children, Ilfov 15.57/100,000 children,
and Bacau 13.87/100,000 children). This unbalanced distribution of pediatricians follows the general distribution of
physicians mainly in the areas with medical universities,
leaving some counties without proper coverage of specialized pediatric personnel (Fig. 2).

Emergency care
In Romania, the national emergency system is organized
as an integrated public system operating the europeS73
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of emergency services and to increase the accessibility of
vulnerable groups to healthcare services (1, 16).

Figure 2. The unbalanced distribution of pediatricians in
Romania, based on the data from the College of
Physicians in Romania (2016)

an emergency call number (112). The emergency service
uses a three-color code system that will dispatch an ambulance equipped according to the severity of the health
problem (1).
In hospitals, emergency care is provided in hospital emergency units financed directly from the state budget. Children can access these units directly, without a referral or
by ambulance. If needed, they will be admitted to hospital
departments. The physicians working in these units are
pediatricians, emergency or intensive care specialists (1).
The SMURD system (Mobile Emergency Service for Resuscitation and Extrication) is a complementary rescue
system, created in 1990 and covering most of the country.
This system is integrated with the national emergency
system, accessed by the emergency call number and it
addresses the most difficult cases. It also includes a helicopter emergency medical system. Currently, SMURD
is considered one of the best examples in the region (1).
There is an overuse of emergency services, both ambulances and emergency units in the hospitals, for situations that should be addressed by family physicians,
mainly during the night and weekends when the family
physicians’ practices are closed.
During the last years, there was a successful reform of
the emergency healthcare services system, supported
by the World Bank and EU funds with the infrastructure
improvement of hospital emergency units, staff training, and improved communication. The emergency services use a national telemedicine system. In the National
Health Plan for 2014–2020, there are measures planned to
develop community care to reduce the inappropriate use
S74

Call-center system for pediatric care
Since 2014, a call-center system for pediatric healthcare
emergencies and advice was founded in Cluj-Napoca.
There are now two call-centers in function, ALO-PEDI
(funded by the Emergency Clinical Hospital for Children Cluj-Napoca) and PEDITEL (funded by Parents
from Romania Foundation). These services are used
by parents to obtain medical recommendations in less
severe situations that could not be presented as emergencies at hospitals. Calls are answered by medical
physicians, specialists or residents in pediatric and/or
emergency medicine, non-stop, 24/7. This system is well
regarded by parents, and the number of 112 calls was
reduced by 15% in 2014/2015 for this age group. Also,
the number of presentations to the emergency departments or on-duty physicians in hospitals in Cluj County
was reduced. One analysis performed on the ALO-PEDI
call-center proved that this service had 5522 calls in the
first 6 months of 2018 and 70% of calls were related
to situations that were not severe and could be managed by different recommendations by phone. There
were only six cases that needed the emergency system
to be alerted, and in 11% of the cases, the parents were
advised to present with the child to the emergency departments of a pediatric hospital. The system is not only
used by parents from Cluj County, half of the calls are
from parents from the rest of the country, mainly from
Bucharest (12.5%) and Brasov (2.5%), but also from parents outside Romania (1.6%) (17).
School medicine in Romania
For the last 15 years, the school’s medical network has
undergone a genuine destruction process and this specialty became the “Cinderella” of Romanian medicine.
Although by 2000 there was a well-organized network,
this change was due to the modification of the health system. More and more general practitioners chose family
medicine and the medical staff in the school’s medical
network gradually retired, the positions were blocked for
a long time due to the economic crisis, and then, when
reopened, there were no candidates present due to low
salaries. A quick analysis could identify the reasons for
why physicians were abandoning school physician positions: major responsibilities of the medical act in poorly
equipped cabinets (the lack of adequate equipment with
medicines, sanitary materials, office equipment), a large
number of educational units assigned to a physician, insufficient professional valorization due to the predominantly profitable activity in the health system, the impossibility to refer patients to specialists and laboratory
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examinations, and to prescribe free prescriptions (as there
is no contract with the National Health Insurance House),
and finally the employers are local councils and not Ministry of Health or hospitals (18).
The most complex assessment of the school’s medical
network in recent years took place in July-September
2014, at the behest of the Ministry of Health. By correlating these data with data obtained from colleagues
in the country, the situation of school medicine in
2014 was as follows:
• Number of physicians in school and university dispensaries: 738
• Number of medical nurses in school and university
dispensaries: 2878
• Number of dental physicians in dentistry dispensaries
for schools and universities: 475
• Number of nurses in dental dispensaries: 256
• Number of preschool and school-age children served:
2,012,109
• Number of students served: approx. 700,000
In addition to the positions funded by the Ministry of
Health, there are 14 school physicians and 28 nurses paid
by local authorities. It should be noted, however, that the
distribution of school dispensaries is not uniform at the
level of the counties, with 95% of them being in the urban
environment (18).
Since January 2018, a Specialty Commission on School
Medicine has been working at the Ministry of Health to
develop protocols needed for activity in the school’s medical offices, and also for reintroducing the competence of
the school medicine in the complementary study certificate catalogue.

Medical education in pediatrics
In Romania, medical degrees could be obtained in 12
public medical faculties or universities (six opened before 1989 in Bucharest, Cluj-Napoca, Timisoara, Iasi, TgMures, Craiova, and six opened after 1989 in Oradea, Arad,
Sibiu, Brasov, Galati, Constanta), one Military Medical Institute (with medical schools in Bucharest and Tg-Mures),
and one private university in Bucharest. General medicine, dental medicine, pharmacology could be studied
in long-programs and nursing, midwifery, radiology and
medical imaging, clinical laboratory, balneo-physio-kinesiotherapy and rehabilitation, dental techniques, dental
hygiene and nutrition and dietetics could be studied in
short programs. International students can study medicine, dentistry, and pharmacy in Romanian, English or
French languages and the number of foreign students in
medical universities is increasing as the Romanian Med-
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ical Physician Diploma is recognized in the EU and many
other countries.
The duration of the studies for general medicine is 6
years: three years of preclinical studies and three years of
clinical studies. During the last years, the period in which
pediatrics is studied in medical school was decreasing,
now including only eight weeks of pediatrics.
The number of graduates of medical schools in Europe
varies very largely, comparing 12.4 medical physicians
graduating in the EU-28, Romania with 19.6 graduates/100,000 inhabitants has the third-largest number of
graduates after Malta (25.2 graduates/100,000 inhabitants)
and Ireland (23.7 graduates/100,000 inhabitants) (15).
After obtaining the Medical Physician degree, to work
in the health system one should be trained in one of
the residency programs. Admission in residency is obtained after a national exam and the specialty is chosen based on the ranking in this exam. The residency
program’s duration is between 4 and 6 years. The following residency programs are available for medical
physicians who intend to work for children healthcare
and their duration is 5 years: pediatrics, neonatology, pediatric surgery, pediatric orthopedics (6 years), pediatric
neurology, and pediatric psychiatry. Since 2016, five new
residency programs were introduced for sub-specialties
of pediatrics: pediatric cardiology, pediatric gastroenterology, pediatric nephrology, pediatric oncology and
hematology, and pediatric pneumology. The syllabus is
the same as in pediatrics during the first 3 years and
then special training in a sub-specialty for 2 years. These
specialties are not recognized in the EU, where there are
only sub-specialties with special training after finishing
the residency in pediatrics. The future will show the viability of this approach for increasing the specialization
of pediatric care all over the EU.
The training in pediatrics should be obtained mainly in
teaching hospitals in cities where the medical universities are located. During the 5 years of pediatric residency, there are rotations in general pediatrics (24 months),
neonatology (6 months), infectious diseases (6 months),
emergencies, neurology, psychiatry, surgery and orthopedics, genetics, endocrinology and diabetes, pneumology,
oncology-hematology (3 months each) (19).
The number of resident positions varies during the last 7
years for pediatrics between 96 (in 2012) and 146 (in 2017)
and for neonatology between 15 (in 2013) and 53 (in 2017).
In order to fill the gap between the need for physicians
all over the country and the actual number of specialists
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that are working in the field, the Ministry of Health has a
policy to increase the number of positions into residency
training (also proved by the continuous increase of the
total number of positions for the last years).

National healthcare programs in Romania
National Health Programs are a set of multi-annual actions organized for evaluation, prevention, treatment and
control of the diseases with a major impact on population
health status.
In Romania, there are two categories of National Health
Programs developed, conducted, and financed by the Ministry of Health (national public health programs) and by
National Health Insurance House (national curative programs). Besides the financing of each authority mentioned
before for the programs they are conducting, the national
health programs may also be financed from other sources, including donations and sponsorships. The implementation of the national health programs is made by public
institutions, public health services providers, private health
services providers (for the services which are exceeding the
capacity of public health services providers) and private
companies selling pharmaceuticals and medical devices.
The providers who are implementing national health programs are accepted after they meet the requirements established by the specialized committees of the Health Minister and if the budget allows them to be included (7, 20).
The public health national programs conducted and financed by the Ministry of Health are (20, 21):
I. The national program for communicable diseases:
1. The National Immunization Program (NIP)
2. The national program for surveillance and control
of main communicable diseases
3. The national program for the prevention, surveillance, and control of HIV/AIDS infection
4. The national program for the prevention, surveillance, and control of tuberculosis
5. The national program for the prevention, surveillance, and control of associated infections of medical assistance and microbial resistance, and the
monitoring of antibiotics usage
II. The national program for monitoring the behavioral
and workplace risk factors
III. The national program of transfusion security
IV. National programs for non-communicable diseases
(NCD):
1. The national program for early active detection of
cancer (cervical cancer, breast cancer, colorectal
cancer)
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2. The national program for mental health and surveillance of psychiatric diseases
3. The national program for organ, tissues, and cells
transplant of human origins
4. The national program for endocrine diseases
5. The national program for dietary treatment of rare
diseases
6. The national program for the management of diseases registers
V. The national program for evaluation, promotion, and
education of health
VI. The national program for children’s and women’s
health
The national health programs conducted and financed by
the National Health Insurance House are (20, 21):
I.
The national program for cardiovascular diseases
II.
The national program for oncology
III. The national program for deaf treatment by an implantable hearing prosthesis
IV. The national program for diabetes mellitus
V.
The national program for the treatment of neurologic diseases (treatment for multiple sclerosis)
VI. The national program for the treatment of hemophilia and thalassemia
VII. The national program for the treatment of rare diseases
VIII. The national program for mental health
IX. The national program for endocrine diseases
X.
The national program of orthopedics
XI. The national program for organ, tissues and cells
transplant of human origins
XII. The national program for sustaining patients with
chronic kidney failure
XIII. The national program for intensive care of liver failure
XIV. The national program for diagnostic and treatment
using high-performance equipment

The national immunization program in Romania
The vaccination schedule in Romania is established
through the recommendation of the National Advisory Vaccination Group that was created in 2008 after the
World Health Organization (WHO) recommended the
Global Vaccine Action Plan (22). The decision regarding
the implementation of a new vaccine is taken based on
local epidemiologic data, disease-related and also the vaccine-related costs, health economic evaluations, and the
vaccine availability.
Romania has one of the most basic vaccination schedules
in the EU and also includes some unique particularities.

Turk Pediatri Ars 2020; 55(Suppl 1): S69–S84

Recently, on August 1st, 2017, the 13-valent pneumococcal
conjugate vaccine was introduced on the NIP.
The Romanian vaccination schedule, according to the National Institute of Public Health, starts from the first 24
hours of life when the hepatitis B vaccine is given followed
by BCG between the 2nd and 7th day of life. Romania remains one of the countries that administers BCG due to the
high epidemiologic risks for TB (23). At 2, 4, and 11 months
of age, Romanian children receive the hexavalent vaccine,
along with the 13-valent pneumococcal conjugate vaccine.
At 12 months of age, they receive the first dose of the measles-mumps-rubella (MMR) vaccine. At 5 years of age, they
receive the second dose of the MMR vaccine. At 6 years of
age, at the moment of starting school, Romanian children
receive DTPa-VPI, and at age 14 years, they receive DTPa.
There are some good points for the NIP and some debatable ones. The good ones are the coverage for all children
with vaccines for most infectious diseases, and easy acceptance of the schedule, which is conducted according
to the WHO recommendations. Also, the NIP encourages
parents to buy the other vaccines such as the Rotavirus
vaccine, influenza, and the meningococcal vaccine, vaccines that are not covered by the NIP. However, there
are several issues that the Romanian NIP was not able to
overcome in the past years.
Since 2016, Romania has faced one of the most challenging outbreaks of measles, affecting both children and
adults. Based on the report of CNSCBT - National Center
for Surveillance and Control of Communicable Diseases
(August 3rd, 2018) there were 14,854 cases of measles and
59 deaths. Most of the cases were in patients aged under
19 years: 12,928 (87.03%), and, more importantly, 95.21%
of the patients with measles during this outbreak were
unvaccinated, including all infants (24, 25).
The most recent coverage data for MMR were available
from 2015 (26). Since 2005 to the last published date regarding measles vaccine coverage for the second dose,
there was an abrupt decrease from 96% to less than 88%
for 2015. For the first dose, the coverage was less than
86%. Interestingly, the counties with the lowest MMR
vaccine coverage were the those in the western part and
northwestern part and also central Romania. In response,
the national health authorities developed a plan for starting MMR immunization at 9 months of age and implicated family practitioners in an active vaccination campaign.
Interestingly, the north part of Romania has a low coverage of MMR determining a high number of mumps cases
in the teenage population that did not receive the second
dose of MMR (27).
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Table 3. Vaccines coverage in Romania*
BCG
HepB
DTP
IPV
MMR
Hib

2010 (%)
98.7
97.6
93.8
93.6
93.2
–

2016 (%)
95.5
89.8
60.7
60.7
85.8
60.7

BCG: Bacillus Calmette-Guerin vaccine; HepB: Hepatitis B vaccine; DTP: Diphtheria tetanus pertussis vaccine; IPV: Polio inactivated vaccine; MMR: Measles mumps rubella vaccine; Hib:
Haemophilus influenza B. *2010–2016 according to CNSCBT National Center for Surveillance and Control of Communicable
Diseases (27, 32)

The Romanian NIP lacks any meningococcal vaccine
even though there are still small outbreaks of meningitis
and there is a need for this vaccine. Neisseria meningitis
remains one of the major pathogens for meningitis (28).
Romania is considered to be one of the top countries
regarding mortality from cervical cancer among young
women. The HPV campaign in Romania failed in its goal
to implement HPV vaccination among school girls, due
to several issues, one of the most important being the lack
of knowledge regarding the vaccine and the fear of adverse effects (29).
Romania also has a very low coverage during autumn and
wintertime for influenza and there are very few cases of
children with chronic diseases who should use the vaccine against influenza and are vaccinated. This happens
despite the current guidelines that underlines the importance of flu vaccine given to all children above the age of
6 months during autumn time (30, 31).
Due to multiple causes (parental refuse of vaccinations
due to religious beliefs or the increase of anti-vaccine
ideas, lack of vaccines), we can witness a decrease in vaccine coverage in Romania, not only in MMR, but also for
other vaccines with proved efficacy (Table 3, 4).

Pediatric professional societies in Romania
Romanian Society of Pediatrics (Societatea Română de
Pediatrie) was part of the Romanian Medical Association
since 1926 and in 2001 acquired its legal status. Since 1951,
the society has published the Romanian Journal of Pediatrics. Every two years the society organizes a National Congress of Pediatrics. The last congress, the 13th Congress,
was organized in 2017 in Bucharest, together with the 8th
Europaediatrics Congress of EPA-UNEPSA. Besides the
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Table 4. Vaccination schedule for Romania 2018*
First 24h,
2m
4m
11 m
12 m
5 yr
6 yr
14 yr
Every 10 yr
2–7 days
BCG
●								
Hep B
●
●
●
●					
DTPa		
●
●
●
●
dT/DTPa
dT
IPV		
●
●
●
●		
Hib		
●
●
●					
PCV		
●
●
●					
MMR					 ●
●			
Observations
Maternity				 Family physician office
BCG: Bacillus Calmette-Guerin vaccine; HepB: Hepatitis B vaccine; DTPa: Diphtheria tetanus pertussis acellular vaccine; DT: Diphtheria tetanus vaccine for adolescents and adults; IPV: Polio inactivated vaccine; MMR; Measles mumps rubella vaccine; Hib: Haemophilus influenza B. If the HepB vaccine is not available in the first 24h of life, if the mother is HBsAg positive the infant will receive
DTPa-VPI-Hib-HepB vaccine at 6 weeks, then the other 2 doses at 30-day intervals and the 4th dose at 11 months. If the mother is HBsAg
negative the infant will follow the schedule without the first HepB dose. *According to CNSCBT - National Center for Surveillance and
Control of Communicable Diseases (33)

congresses, the society is involved in many other educational events, workshops, conferences, summer-schools
for the pediatricians and family physicians in Romania.
Romanian Society of Social Pediatrics (Societatea Româna
de Pediatrie Socială) was organized to emphasize the social aspects of caring for children in a society with many
problems. Since 1993, ten National Congresses of Social
Pediatrics were organized, where different aspects related
to preventive medicine, vaccinations, adolescent medicine, transfer of care from children to adults, nutrition,
ethical and social aspect of pediatric care were analyzed
and debated.
Romanian Association for Pediatric Education in Family
Medicine (AREPMF – Asociaţia Română pentru Educaţie
Pediatrică în Medicina de Familie) was founded in 2014
to improve the pediatric knowledge of family physicians
and the promotion of the education for health, mainly regarding the children. Since then, many congresses,
conferences, symposia, workshops, national campaigns or
humanitarian activities have been organized all over the
country, including for family physicians and nurses. The
topics of the activities included vaccination, infant care,
nutrition, determinism, and chronic disease prevention,
neurological and psychomotor development of the child,
medical ethics, team communication and partnership with
civil society, media, and decision-makers, and malpractice.
Society of Physicians in Children and Young People’s
Communities (Societatea Medicilor din Colectivităţile de
Tineri şi Scolari) was founded in 2000, bringing together the healthcare professionals from the school’s mediS78

cal offices in most counties of the country, and pursuing
the professional and administrative development of the
school’s medical network. Since 2010, the Society annually organizes the National Congress of School and University Medicine, which has reached its 9th edition this year.
Since October 2014, the “School and University Medicine Journal” has published scientific papers on specific
healthcare for children and young people in education.
Neonatology Association from Romania (Asociaţia de
Neonatologie din România) was founded in 1996 to develop the neonatology and to improve the neonates and
infants care in Romania. This association is involved in
organizing the National Congresses and Conferences in
Neonatology, publishing the Neonatology Journal and
different books, training of the personnel working in the
maternities and with the neonates and infants.
Besides these organizations, there are different sub-specialty professional societies involved in the better training
of pediatric health care professionals including Romanian
Society of Pediatric Nephrology, Romanian Society of Pediatric Gastroenterology, Hepatology and Nutrition, Romanian Society of Pediatric Rheumatology, Romanian Society
of Pediatric Diabetes, Nutrition and Endocrinology, Romanian Society of Pediatric Neurology, Romanian Society of
Pediatric Surgery, Romanian Society of Pediatric ENT and
Romanian Society of Pediatric Infectious Diseases.

Children health status in Romania - 2018
Infant mortality, perhaps the most descriptive single indicator of the quality of a health system, decreased in
Europe by almost 90% for the last 50 years and more
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Figure 3. The continuous decrease in infant mortality rate
during the last 30 years in Romania

than two-thirds for the last 30 years, reflecting the improvements of healthcare. This tendency was also clear
in Romania where there has been a steady decrease in
infant mortality, from 55.2 deaths per 1000 live births in
1968 to 26.1 deaths per 1000 live births in 1989, the last
year of the communist regime. Still, our country has the
highest infant mortality rate in the EU in 2015: 7.6 deaths
per 1000 live births compared with 3.6 deaths per 1000
live births rate for the EU (4). Data for 2017 reported a
decreased rate of 7.2 deaths per 1000 live births. This decreasing trend for the infant mortality rate is presented
in Figure 3, based on World Bank data (34). Looking at
the causes of infant mortality, perinatal conditions and
congenital malformations are the most common. In Romania, diseases of the respiratory system are a relatively
common cause of infant mortality compared with the
other EU Member States. Romania, with 71.9 deaths per
100,000 children, has the highest crude death rate for
children in 2015 in the EU. For young people, transport
accidents are an important cause of death all over Europe. Romania is among the first four countries with the
highest crude death rate from transport accidents (35).
The infant mortalities rate varies among the Romania
counties, from the highest rates in Călărași (13.1 deaths
per 1000 live births), Mehedinți (12.5 deaths per 1000 live
births) and Tulcea (11.8 deaths per 1000 live births) to
the lowest rates in Ilfov (3.5 deaths per 1000 live births),
Bucharest (4.4 deaths per 1000 live births), Cluj, Prahova
and Timiș (4.7 deaths per 1000 live births). The most important causes of infant mortality in 2016 were perinatal
causes (35.7%), respiratory diseases (26.3%), and congenital anomalies (22.1%) (36).
Preterm birth complications are a leading cause of neonatal, infant, and child mortality under the age of 5 years
globally and were involved in 27.2% of neonatal deaths in
Romania in 2016 (36). The premature birth rate in Roma-

nia varies between 7% and 12%, depending on the source
and year of the report (14, 37). Based on data from the
European Perinatal Health Report 2010, the rate of births
before 32 weeks was 1.2%, and between 32–36 weeks it
was 7%. Congenital anomalies are an important cause of
perinatal mortality. In 2010, congenital anomalies caused
7.8% of fetal deaths and 29.7% of neonatal deaths (38).
Based on the analysis of the Ministry of Health and Save
the Children Romania organization, one-third of infantile deaths could have been prevented through programs
of support for mothers and children and by the improvement of the equipment of the maternities and neonates’
departments. (Save the Children). Aiming for that improvement of care, since 2010, Save the Children Romania supported 78 maternity units from Romania with
equipment, by its program “Every Child Matters” (14).
Mortality in children aged under 14 years has decreased
continuously from 7.1/1000 in 1997 to 2.4/1000 in 2016.
The most frequent causes of death in children aged 0–19
years were respiratory disorders in 2016 (22%), trauma
and external causes (21%), perinatal diseases (20%), congenital malformation and chromosomal disorders (14%),
and tumors (6%) (36).
Health is defined by the WHO as “a state of complete
physical, mental, and social well-being and not merely
the absence of disease or infirmity.” One of the key indicators of health status is self-perceived health. Based
on Eurostat data, self-perceived health status in good or
very good in 97–98% of young people in Greece and Romania, compared with 91% of the EU-28’s young population aged 16–29 years. In 2016, Romania was among the
lowest four EU member states as the percentage of young
people reporting a long-standing health problem (under
5%) compared with 16% in all EU member state populations. The study mentioned that the differences among
EU states could be due to cultural differences in self-perception and to different standards of diagnosis and management of the diseases, but also self-reporting is linked
with the income level of the people (35).
Smoking in children is an important indicator knowing
the high risk of morbidity due to tobacco use. Romania
has the lowest share of children (15–19 years) who are
daily smokers (4%) among EU member states compared
with a share of 9% for all EU. However, it has the largest
increase in relative terms of daily smokers from under 19
years to 25–29 years (35).
According to the ESPAD report, the availability of cigarettes for young people was the lowest in Romania among
S79

Pop et al. Overview of the pediatric healthcare system in Romania

Turk Pediatri Ars 2020; 55(Suppl 1): S69–S84

Table 5. Overweight and obesity prevalence in adolescents in Romania (36)
		
Girls
Overweight
Obesity
Boys
Overweight
Obesity

14 years (%)

15 years (%)

16 years (%)

17 years (%)

18 years (%)

13.89
1.85

7.50
1.20

9.45
0.85

7.92
1.10

5.86
0.78

21.28
2.13

14.24
2.12

19.06
2.57

15.01
3.55

15.20
2.68

all countries included in the study (37% of young people in
Romania declared that they would find it fairly or very easy
to get cigarettes if they wanted, compared with the 61% average in Europe). Also, the availability of alcohol, cannabis,
and ecstasy for young people in Romania was much lower compared with the average perception in Europe, 60%
compared with 78%, 14% compared with 30%, and 6%
compared with 12%, respectively (39). Regarding the consumption of alcohol in harmful quantities during the last
year in young people aged 15–16 years, 75% of Romanian
youth reported not having been drunk for this period (35).
The consumption of illicit drugs or psychoactive substances is an important concern of the European Council
due to risks for the health and social life of young people.
The lowest rate of cannabis consumption among young
people was reported in Romania (3%, data from 2013),
compared with the highest rate of 27% in the Czech Republic and France. Also, Romania was among the countries where the ESPAD study revealed that 93–95% of
young people aged 15–16 years had not used cannabis
during the last year before the study (35).
The national report on “Evaluation of chronic diseases in
children and young communities – the school year 2015–
2016” showed that the most prevalent disorders in children and teenagers were vision problems (4.72%), obesity
(1.64%), and postural deficiencies (1.63%), the remaining
disorders having under 1% prevalence: asthma, malnutrition, skeletal disorders, speech problems (36).
Obesity is a serious health problem all over the world, being
considered now like an epidemic phenomenon, increasing
the risk of cardiovascular diseases, diabetes, cancer, and
others. At the EU level, 3% of young people age between
15–19 years were obese and the share of obese young people is increasing with age. Romania registered the lowest
share of obese young people among EU members states in
2014: 1% for 15–19 years and 4% for 25–29 years (35).
In Romania, during 2013–2014, a rate of self-reported overweight and obesity in 10% in girls and 21% in boys were
registered, based on the study Health Behavior in SchoolS80

Aged Children 2013–2014 (40). However, based on one
study performed in Romania in 2016 (“Identifying, measuring and monitoring at-risk behavior in school children
in Romania”) in teenagers, the obesity prevalence varied
from 0.78% in 18-year-old girls to 1.85% in 14-year-old
girls, compared with 3.55% in 16-year-old boys. Overweight
is more prevalent in younger teenagers (13.89% at 14 years
old girls and 21.28% in 14 years old boys) (36) (Table 5).
According to UNICEF, breastfeeding is a vital part of a
healthy start in the life of children all over the world.
Based on two studies performed in 2016 and 2011, the
exclusive breastfeeding rate for 6 months increased
to 29.8% in 2016 from 12.6% in 2011. The mean duration of exclusive breastfeeding increased from 2.43 to
3.7 months. The rate of breastfeeding during the first
month is 80% (41, 42).
The mother’s level of education and prenatal training are
the most important factors in favor of breastfeeding. Fifty-one percent of mothers with university degrees breastfed their children for more than 6 months, compared
with 23% of mothers with 8 years of education. Thirty-two percent of the mothers who exclusively breastfed
up to 6 months were prenatally counseled. In Romania,
this prenatal training is given by many organizations, one
of them being SAMAS (Health for Mothers and Infants),
which is working to increase the rate of breastfeeding,
educating future mothers on the benefits of natural alimentation (41). Based on this study performed in 2016,
48% of neonates were born by C-section and only 16.8%
were exclusively breastfed up to 6 months, compared with
24.6% of those born naturally (41).
The United Nations Children’s Fund (UNICEF) is working to promote breastfeeding through the Baby-Friendly
Hospital Initiative, and the International Code of Marketing of Breast-milk Substitutes. In Romania, most maternity units were included in the “Baby-friendly” classification of UNICEF, where breastfeeding is promoted and
supported. Also, the room-in system after birth has an important role in increasing breastfeeding rates. Sixty-three
percent of children benefitted from this room-in system
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in 2016, up from 57% in 2011. Seventy percent of mothers
who breastfed for more than 4 months were hospitalized
in the room-in system, compared with 57% of those who
breastfed for less than 4 months (41, 42).
Rickets prophylaxis is one of the objectives of the National Program, by administering vitamin D supplements after one week of age till the age of 18 months. Some 92.3%
of children aged up to 2 years received vitamin D supplementation, but only in 68.3% of the cases, the initiation
of vitamin D supplementation was performed correctly.
Also, only 55% receive vitamin D for the full 18-month
duration (42).
In Romania, there is a neonatal screening program for hypothyroidism and phenylketonuria currently conducted
through the National Health Program funded by the Ministry of Health in four regional centers (Bucharest, Cluj, Iaşi,
and Timişoara). The screening is based on dry blood spots,
with blood samples being collected from the infants’ heels.
The measurement is performed using immunofluorometric assays and then the diagnosis is locally confirmed. Two
studies reported that between 87.87% and 92.76% of newborns were screened. Neonatal screening tests for other
disorders can be provided by demand in private clinics or
laboratories and also under the framework of research programs (hearing loss, metabolic disorders) (43, 44).
Teenage pregnancy is a public health problem in the EU.
Even though the rate has decreased during the last years,
the numbers still keep Romania among the first places
in the EU. Abortions, stillbirths, and miscarriages are important problems of teenage pregnancy. Sex education
programs in school, attitudes towards discussing these
matters within families, and cultural differences regarding marriage and family could lead to these. Based on
data from the World Bank, the fertility rate in Romania
(the number of live births per 1000) in young women aged
15–19 years decreased from 70.21 in 1982, 54.94 in 1989, the
year of the fall of communism, to 39.06 in 2007, the year
of joining the EU, and to 33.72 in 2016. For comparison,
the fertility rate in young women aged 15–19 years in the
EU was 10.5. The fertility rate was relatively high in Bulgaria and Romania (41.3 and 36.6), compared with the EU
(10.7) in women under the age of 20 years (35, 45).
Unfortunately, based on the Euro Health Consumer Index
2017, Romania has the weakest public healthcare system
in Europe (439 points of 1000), excluding Cyprus without a real European public healthcare system in meaning. The authors concluded that the public sector of the
health system has severe problems with the management
and is suffering from an antiquated healthcare structure
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with very high in-patient care costs as a percentage of total healthcare costs. The same report, based on data from
ECDC, placed Romania with the highest percentage of
methicillin-resistant Staphylococcus aureus (MRSA) resistance (more than 50%) (46).
In the National Plan for Health 2014–2020, there are measures planned to improve the health status of mothers
and children, reducing the risk of maternal and infantile
death, to improve preventive care, the access of the population to proper health care services by improving the
medical network, including the infrastructure (emergency, primary care, ambulatory, and hospital), and to improve
access to diagnostic and treatment in rare diseases and
transplant procedures. This plan includes measures for
sustainable improvement of healthcare human resources,
the quality of health care, and medical research (16).

Brain-drain of physicians and nurses from Romania to
developed EU countries
During the last years, mainly after Romania joined the EU
in 2007, the most important problem of the Romanian
Healthcare System seems to be the deficits of physicians
and nurses. The EU recognition of the medical degree
obtained in Romania, relatively low salaries compared
with other countries, inadequate working conditions,
and difficulties related to career opportunities have led to
the “fourth wave” of migration from Romania after 1989,
mainly of the professional elite of physicians. According to data from the Romanian College of Physicians, in
2017, more than 15,700 physicians and more than 28,000
nurses left Romania to work in different countries from
Europe. Based on a study performed by the Romanian Association for Health Promotion, in 2016, more than 4000
physicians were working in France, 4285 in Germany, 2675
in the United Kingdom, 753 in Belgium, almost 400 in
Italy and Spain, and 343 in Sweden. There are also Romanian physicians working in the United States, Australia,
Canada, and other countries. The correct number for each
country is difficult to determine; the number of conformity certificates and good standing certificates needed to
work outside Romania is much higher than the numbers
of actual working physicians. The most important specialties of the physicians asking for conformity certification
during 2007–2016 were family medicine, anaesthesiology,
pediatrics, and general surgery (47).
In a study performed among Romanian medical students
in 2013–2015, 84.7% planned to seek employment in another country of the EU after graduation (48).
During the last year, 2017, there were changes in the salary policy for physicians, with a significant increase in
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wages. Ministry of Health has developed a Multiannual
Plan for the Strategic Development of Human Resources
in Health for 2017–2020. To stop this brain-drain of the
medical elite and to cover the gap of medical professionals in Romania’s health system, there is an acute need for
structural reforms, improvement of health infrastructure
based on a clear and correct strategy for the long term,
not only in human resources but a strategy with a more
enlarged vision.
Romania needs a coherent and long-term strategy for pediatric healthcare to improve all aspects that are suffering
today.
The strengths of the pediatric healthcare system in Romania:
• Free access to treatments for all children aged under
18 years;
• Free basic vaccination schedule;
• Good access to all types of pediatric specialties and a
good collaboration between primary care physicians
and pediatricians;
• Screening activities in children during the periodic
medical examinations in family physicians activity;
• Access to the prophylactic therapeutic measures under
the framework of the National Health Programs (prevention of vitamin D deficiency and iron-deficiency
anemia in children, prevention of iron deficiency anemia in pregnant women).
The weaknesses of the pediatric healthcare system in Romania:
• The great deficit of pediatric medical personnel at all
levels. The lack of nurses and community assistants
makes it hard to provide optimal care to mother and
child and preventive interventions, including vaccinations. One solution to overcome this problem could
be the use of mobile vaccine units.
• Change of the primary care pediatric system to the
family physician system and lack of pediatric training. The number of family physicians with pediatric
training is decreasing and they have a large number
of children on their lists. This limits the time spent by
the physician on education for health and prevention
during the consultation.
• Variability of healthcare personnel and the professional performance on Romania’s territory. It is necessary to periodically train the medical staff to have
good quality healthcare and to implement the national health programs. Lack of proper training in different pediatric subspecialties.
• Lack of screening programs for many pediatric disorders, lack of national registries for chronic diseases
S82
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•

and orphan disorder, making very difficult any strategy for these diseases.
Lack of protocols and poor compliance with the existing disease protocols for both family physicians and
specialists.
Communication shortcomings between health officials and the public, even in the case of health professionals, in many aspects of healthcare; lack of adequate education programs for child health in the
population.
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Abstract: Pediatric thyroid carcinoma is a current area of interest, because there are few studies in
this field; the current classification and treatment guidelines are extrapolated from adults, sometimes
leading to overly aggressive treatments or incomplete treatment of the disease. The purpose of this
retrospective study is to analyze the presentation, diagnosis, treatment, complications, and outcome
of children diagnosed with thyroid cancer in the last two decades (2000–2018) at the Oncological
Institute “Prof. Dr. Ion Chiricut, ă” Cluj-Napoca (IOCN) Romania, a tertiary center in a region with
environmental influences from both the nuclear fallout of the Chernobyl accident and from iodine
deficiency. The results were compared with those obtained in a previous study carried out in the same
institution between 1991–2010, and with those obtained in a similar study carried out in Netherlands
between 1970–2013, a cohort of children not exposed to the post-Chernobyl fallout. We statistically
analyzed 62 patients. Papillary form was present in the majority of cases, and we highlighted the
occurrence of thyroid microcarcinoma in children. A total of 85.4% of patients received radioiodine,
the total activity being significantly lower compared with the data from literature. In our study,
the prognosis of the disease was excellent, with 100% overall survival.
Keywords: pediatric differentiated thyroid cancer

1. Introduction
Pediatric thyroid carcinoma is a current area of interest, because there are few studies in this field;
therefore, the current classification and treatment guidelines are extrapolated from adults, sometimes
leading to overly aggressive treatments or incomplete treatment of the disease [1–3]. This pathology
occurs relatively rarely in pediatric age, with an incidence at children of 0.4/100,000 (0–4 y) and
1.5/100,000 (15–19 y) [4].
The most frequent histopathological type of thyroid cancer (90% of all cases) is differentiated
thyroid cancer (including papillary thyroid carcinoma (PTC) and follicular thyroid carcinoma (FTC)
types), with a higher incidence in girls [5–7]. Although in children, the diagnosis is finally established
in more advanced stages compared with adults, the disease prognostic is very good, with the overall
survival at 30 years being over 95% [7–12].
The treatment is mostly based on adult protocols, but in 2015, the American Thyroid Association
(ATA) published a recommended guideline of diagnostic and treatment for children with this
J. Clin. Med. 2020, 9, 3617; doi:10.3390/jcm9113617
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Chisinau. There the therapy was initiated, and later the family decided to move to Romania, with an
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After obtaining the approval of Ethical Committee of “Iuliu Hat, ieganu” University of Medicine
and Pharmacy, Cluj-Napoca (number 58/11) and of “Prof. Dr. Ion Chiricuţă” Institute of Oncology,
Cluj-Napoca (number 167/5), both in February 2020, for initiation of this study, the data collection was
done retrospectively from the medical files of patients. All patients have previously signed, through
their parents or legal tutors, the IOCN informed consent on participation in scientific studies.
2.2. Data Collection
Data collection from the patient medical file included any past medical history, patient general
information, the diagnosis, and the therapeutic protocol used. In the majority of cases, the surgery was
performed in secondary centers, the surgical protocol was briefly noted in the transfer files, and the
histopathological information was extracted from the original pathology report in the medical file. Because
the tumor–node metastasis (TNM) classification of malignant tumors was changed several times within
the period covered by this study, the tumor stage was (re)classified according to the seventh edition of
the TNM classification, in order to unify the database [17,18]. Thus, the classification of the cases by
age groups, according to the ATA recommendations, was possible [5]. We collected the information
concerning 131-I administration (number of administrations, total dose activity), and the scintigraphy
results, whole-body scans, or Positron Emission Tomography – Computed Tomography (PET–CT) from
the patient medical file, including the nuclear medicine file. To calculate the cumulative 131-I activity
administered, we consider all the 131-I administrations (ablative, therapeutic, and diagnostic).
The biochemical results, including the level of thyroid-stimulating hormone (TSH), anti-thyroglobulin
(anti-Tg), and thyroglobulin (Tg) were collected from the laboratory reports. In all the cases, the first 131-I
administration was at 4–6 weeks after the surgery (with a maximum of 3 months). For all the patients,
the 131-I administration was proceeded by thyroid-suppressing hormone therapy withdrawal, determining
TSH stimulation.
In order to prevent the evolution of the disease, and to prevent recurrence, the TSH must be
maintained at a suppressing serological level [4,5]. The median +/− standard deviation of the TSH
values was 0.483 +/− 0.811 micro IU/mL, the majority of the cases having a light suppression of TSH.
2.3. Study Definitions
The date of diagnosis was defined as the date of the histopathological confirmation of thyroid
carcinoma, and the follow-up time was the interval between the date of diagnosis until the date of
the patient’s last known assessment or the date of the patient’s death. Age groups are considered
depending on the age at diagnosis: group 1 (0–10 y), group 2 (11–14 y), and group 3 (15–18.6 y).
The Romanian pediatric population is defined as all the children under 18 years old. In this study,
considering that thyroid cancer can be in an incipient phase much earlier than the date of diagnosis,
we will take into consideration an upper age limit of 18.6 years at the time of diagnosis.
All conditions reported in the medical file were included in our study. Any forms of
post-thyroidectomy induced hypoparathyroidism were reported. Transient hypoparathyroidism is
defined as the need of calcium or vitamin D supplements for a duration of the treatment of less than six
months, while permanent hypoparathyroidism has a duration of more than six months. Any injury of the
recurrent laryngeal nerve by tumoral invasion or during surgery mentioned in the medical record was
noted in the database.
Complete remission is defined as the absence of clinical, scintigraphy or radiological signs of the
disease in association with an undetectable serum Tg after six months from the last administration on
131-I, under TSH stimulation.
Incomplete remission (biochemical persistence) is defined as the absence of the radiological or
scintigraphy signs of the disease in the presence of positive tumoral markers (Tg, anti-Tg), and the
persistent disease as the absence of remission. Recurrent disease is defined as the presence of thyroid
cancer (radiological, scintigraphy, or serological) after remission.
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Patients diagnosed with papillary thyroid cancer are classified, by ATA recommendation [5],
according to the risk of recurrence: low risk (T1–T2, N0, M0), intermediate risk (any T3 or N1), or high
risk (any T4 or M1), where T—tumor size, N—lymph nodes status, M—metastases present or absent.
Besides the risk of recurrence, we have included in the database information on the immunochemistry
analysis or genetic analysis (where applicable).
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3.1.1. Differentiated Thyroid Cancer
After excluding the patients with non-differentiated histologies, 62 cases met the inclusion criteria.
The distribution was the following: sex ratio (female/male (F/M)) was 4.1/1.0, namely 50 girls and
12 boys, and the average age of diagnosis was 13.1 years (8.2–18.0 years). Subdivided into age groups,
the patients were distributed as follows: group 1–6 cases = 9.67%, F/M = 6/0; group 2–23 cases = 37%,
F/M = 18/5; group 3–33 cases = 53.2%, F/M = 26/7. The average follow-up of these cases was 4.8 years
(0.7–18.4 years).
3.1.2. Baseline Characteristics
Table 2 provides the baseline characteristics.
Table 1. Baseline characteristics.
All Patients
(n = 62)

0–10 y
(n = 6)

11–14 y
(n = 23)

15–18 y
(n = 33)

p-Value a

Male

12 (19.3)

0

5 (21.7)

7 (21.2)

0.655

Female

50 (80.6)

6 (100)

18 (78.2)

26 (78.7)

13.1 (8.2–18)

9.6 (8.2–10.8)

13.6 (11.7–14.9)

16.5 (15.1–18)

Papillary

56 (90.3)

5 (83.3)

22 (95.6)

29 (87.8)

Follicular

6 (9.6)

1 (16.6)

1 (4.3)

4 (12.1)

2.15 (0.15–6.4)

1.9 (0.4–3)

2.1 (0.6–4.5)

2.14 (0.15–6.4)

Unilateral

45 (72.5)

4 (66.6)

14 (60.8)

27 (81.8)

RTL

27 (43.5)

2 (33.3)

9 (39.1)

16 (48.4)

LTL

15 (24.1)

2 (33.3)

4 (17.3)

9 (27.2)

RTL + Isthmus

1 (1.6)

0

1 (4.34)

0

LTL + Isthmus

2 (3.2)

0

0

2 (6.06)

Bilateral

12 (19.3)

1 (16.6)

6 (26)

5 (15.1)

Isthmus

1 (1.6)

0

1 (4.3)

0

Thyroglossal duct

2 (3.2)

1 (16.6)

1 (4.3)

0

Unknown

2 (3.2)

0

1 (4.3)

1 (3.03)

No

37 (59.6)

3 (50)

11 (47.8)

23 (69.6)

Yes

25 (40.3)

3 (50)

12 (52.1)

10 (30.3)

T1–T2

39 (62.9)

3 (50)

15 (65.2)

21 (63.6)

T3–T4

23 (37)

3 (50)

8 (34.7)

12 (36.3)

Variable
Sex, n (%)

Age at diagnosis, years
Median (range)

n.a.

Histology, n (%)
0.540

Primary tumor size, cm
Median (range)

0.587

Localization, n (%)

Other

0.422

b

Multifocality, n (%)
0.218

TNM stage, n (%)
T
0.856

J. Clin. Med. 2020, 9, 3617

6 of 14

Table 2. Baseline characteristics.
All Patients
(n = 62)

0–10 y
(n = 6)

11–14 y
(n = 23)

15–18 y
(n = 33)

N0

26 (41.9)

1 (16.6)

8 (34.7)

17 (51.5)

N1a–N1b

22 (35.4)

2 (33.3)

11 (47.8)

9 (27.2)

Nx b

14 (22.5)

3 (50)

4 (17.3)

7 (21.2)

56 (90.3)

5 (83.3)

20 (86.9)

31 (93.9)

6 (9.6)

1 (16.6)

3 (13)

2 (6)

Lung

6

1

3

2

Bone

0

0

0

0

Total thyroidectomy

27 + 26 = 53

2+4=6

10 + 10 = 20

15 + 12 = 27

(S1 + S2)

(85.4)

(100)

(86.9)

(81.8)

None

40 (64.5)

3 (50)

15 (65.2)

22 (66.6)

Central LND

3 (4.8)

2 (33.3)

1 (4.3)

0

LND incl.
Lateral levels

15 (24.1)

1 (16.6)

6 (26)

8 (24.2)

Unknown

4 (6.4)

0

1 (4.34)

3 (9.09)

Variable

p-Value a

N
0.390

M
M0
M1

c

0.448

Surgery, n (%)
n.a.

Lymph node dissection

0.183

Abbreviations: LND, lymph node dissection; n.a., not applicable; S1, first surgery; S2, second surgery; RTL, right
thyroid lobe; LTL, left thyroid lobe. a Differences tested between the three age groups. Missing or unknown values
were excluded from statistical testing. b The x indicates that there has been no assessment of that tumor characteristic,
or information about that characteristic was not available. c Summarized as one variable for statistical testing.

Regarding histology, 56 cases (90.4%) were classified as papillary thyroid cancer (PTC), and 6 cases
as follicular thyroid cancer (FTC) (9.6%). The histological subtypes were papillary follicular variant,
with 13 cases (20.9%), of which one developed on thyroglossal cyst; mixed (follicular and papillary),
with 7 cases (11.2%); two cases (3.22%) of the cystic papillary variant, one of which developed on
thyroglossal cyst; one case (1.61%) of the island variant; and one case (1.61%) classified as follicular and
papillary with island areas. One case classified as PTC was described as the solid trabecular variant, and
another case classified as FTC was described as the variant with oxyphilic cells. Tumor multifocality
was recorded in 40.3% of cases. The size of the tumor focus varied from 0.15 cm to 6.4 cm, registering
nine cases with tumor sizes of less than 1 cm, of which three had tumors less than 0.5 cm.
Regarding patient medical histories, in the database two brothers aged 13.2 and 14.4 years at
the time of diagnosis are registered, both with PTC, without a history of malignancies in the family.
Another patient with PTC also has a familial medical history of thyroid and testicular cancer (father).
Among the past medical histories, two patients had relatives with other malignancies (in one case,
a grandfather with pancreatic cancer, and in the second case, a father with nasopharyngeal carcinoma).
Euthyroidism was present in 96.7% of cases; only two patients had hypothyroidism. Hashimoto’s
thyroiditis was present as a comorbidity in five records (8%).
The clinical onset was determined by the deformation of the anterior cervical region in
19 cases (30.6%), of which eight cases (41.1%) were accompanied by dyspnea (swallowing disorders);
thyroid ultrasounds revealed two cases with thyroid goiters (3.22%), one case with a thyroid nodule
(1.61%), two cases of thyroid macro nodes (3.22%). In 15 cases (24.1%), the clinical onset was by
palpation in the anterior cervical region of a thyroid nodule, or detection on a thyroid ultrasound
of a macro node. In 10 cases (16.1%), the onset was by palpation of the cervical lymphadenopathy,
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which led to additional investigations. The triad of palpable cervical lymphadenopathy, deformity
of the cervical region, and ultrasound-detected nodular goiter are present in a single case that also
presents with hypothyroidism and Hashimoto’s thyroiditis.
Immunochemistry was performed in 15 patients (24.1%), of which there was one case of FTC
(CK 19, CD 56, and HBME-1 positive).
In nine of the immunochemistry investigations (60%), the existence of CK 19 was determined,
and it was positive in all the determinations performed. In five cases, the existence of CD 56 was tested,
and it was positive in only one case. Galectin 3 was determined in five patients; of these, one result
returned as inconclusive, two were positive, and two were negative. HBME-1 was determined in four
cases; one result was inconclusive, and the other three were positives. Calcitonin was determined
in four patients, and all returned negative. CEA-P and synaptophysin were determined in one case,
and the result was negative. Chromogranin was determined in two cases; both results were negative.
CK 7 was determined in one case, and the result was positive. Thyroglobulin (IHC) was positive in all
seven samples analyzed. PANCK AE1/AE3 was tested in two cases; all tested positive. TTF1 tested
positive only in the sample analyzed.
J. Clin. Med. 2020, 9, x FOR PEER REVIEW
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of PTC was excluded from the statistical analysis because of a 2687 day (seven-year) recurrence
of PTC was excluded from the statistical analysis because of a 2687 day (seven-year) recurrence
interval, the surgical procedure having been performed in 2001 in another university center, and in
interval, the surgical procedure having been performed in 2001 in another university center, and in
2008 presenting recurrence of the underlying disease and undergoing another surgical procedure
with a selective lymph node dissection.
3.2.1. Surgical Complications
Recurrent laryngeal nerve injury occurred in three cases (4.8%), and hypoparathyroidism was
observed in 10 patients (16.1%). There are statistical correlations between the advanced stage of the
disease (T3T4) (p = 0.047), dissection of the cervical lymph nodes (p = 0.025), and recurrent laryngeal
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2008 presenting recurrence of the underlying disease and undergoing another surgical procedure with
a selective lymph node dissection.
3.2.1. Surgical Complications
Recurrent laryngeal nerve injury occurred in three cases (4.8%), and hypoparathyroidism was
observed in 10 patients (16.1%). There are statistical correlations between the advanced stage of the
disease (T3T4) (p = 0.047), dissection of the cervical lymph nodes (p = 0.025), and recurrent laryngeal
nerve damage as a postoperative complication (Table 3).
Table 3. Surgical complications.
Hypoparathyroidism, n (%)
Group

Present *

n.a.

All patients (n = 62)

10 (16.1)

52 (83.8)

T1–T2 (n = 39)

6 (15.3)

33 (84.6)

Recurrent Laryngeal Nerve Injury, n (%)

p-Value a

Left

Right

Bilateral

n.a.

1

1

1

59 (95.10)

0

0

0

39 (100.00)

0.596

T3–T4 (n = 23)

4 (17.3)

19 (82.6)

1 (4.34)

1 (4.34)

1 (4.34)

20 (8.69)

No LND (n = 40)

5 (12.5)

35 (87.5)

0

0

0

40 (100.00)

LND (n = 18)

4 (22.2)

14 (77.7)

1 (5.55)

1 (5.55)

1 (5.55)

16 (88.80)

LND unknown (n = 4)

1 (25.0)

3 (75.0)

0

0

1 (25.00)

3 (75.00)

0.102

p-Value a
0.047

0.025

* We cannot assess from the information in the file if the hypoparathyroidism was transient or permanent, so we only
evaluated the presence of hypoparathyroidism. Abbreviations: LND, lymph node dissection; n.a., not applicable.
a Differences tested between T1–T2 and T3–T4, with no LND. Missing or unknown values were excluded from
statistical testing.

3.2.2. 131-I Administration and TSH Suppression Therapy
Data regarding 131-I (radioactive – iodine) administrations is presented in Table 4. Fifty-three
patients (85.4%) received 131-I therapy. The patient presenting recurrence of the disease after seven
years was excluded from the analysis, because of the lack of documentation regarding any medical
procedures undergone in the medical center where the initial surgery was performed.
Table 4. Administration of 131-I.
Group

Cumulative 131-I Activity
mCi

GBq

All patients
(n = 52) b

186.68
(17.88–990.15)

6.90
(0.66–36.63)

T1–T2
(n = 29)
T3–T4
(n = 23)

100.34
(17.88–351.10)
295.54
(38.85–990.15)

3.71
(0.66–12.99)
10.9
(1.43–36.63)

N0 (n = 19)

88.85
(17.88–267.20)
344.35
(38.85–990.15)
105.46
(50–265.51)

3.28
(0.66–9.88)
12.74
(1.43–36.63)
3.90
(1.85–9.82)

153.88
(17.88–629.99)
438.14
(64.75–990.15)

5.69
(0.66–23.30)
16.21
(2.39–36.63)

79.42 (30.0–200.7)
258.02 (17.88–990.15)
152.35 (50–629.99)

2.93 (1.11–7.42)
9.54 (0.66–36.63)
5.63 (1.85–23.30)

N1a–N1b
(n = 19)
Nx (n = 14)
M0 (n = 46)
M1 (n = 6)
0–10 y (n = 6)
11–14 y (n = 21)
15–18 y (n = 25)

p-Value a

131-I Therapeutic
Administrations, n

p-Value a

2.38 (1–9)

0.001

1.65 (1–5)
0.005
3.30 (1–9)
1.57 (1–5)

<0.001
3.54 (1–9)

0.005

1.85 (1–3)

0.022

2.15 (1–6)
0.059
4.16 (1–9)

0.066

1.66 (1–3)
3.04 (1–9)
2 (1–6)

0.217

All data expressed as median (range). a Differences tested between T1–T2 and T3–T4, N0 and N1a–N1b, M0 and
M1, and age groups. Tx, Nx, and Mx were excluded from statistical testing. b Administered 131-I activity for one
case was registered for the treatment of the recurrence; the initial treatment in the moment of diagnosis was not at
the IOCN. Eight patients did not receive 131-I treatment; administered 131-I activity was unknown in one patient.
Therefore, n = 52 instead of n = 62.
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Only one male patient of 15.2 years diagnosed with PTC—mixed subtype, follicular and papillary,
Stage I, T2N1bM0—received three courses of external radiotherapy immediately after surgery before
being sent to the IOCN, although this procedure is not part of the official treatment protocol.
3.3. Outcome
At the last known follow-up, 26 patients (41.9%) had a persistent disease, 16 of whom (61.5%) had
a detectable Tg level (Table 5). One female patient presented a relapse of the disease seven years after
the primary treatment of the PTC in a different medical center.
Table 5. Patients with persistent disease.
Sex and Age at
Diagnosis, y

Follow-up,
y

Histology, TNM *

Initial
Treatment

Evidence of
Disease

F, 15.1
F, 14.9

2.1
5.1

FTC, T3aN0M0
PTC, T3N1bM0

TT, 131-I
TT, LND, 131-I

F, 16.8

8.9

PTC, T4N1bM0

TT, LND, 131-I

F, 14.0

3.4

PTC, T4aN1bM1

TT, LND, 131-I

F, 8.2

5

PTC, T2NxM0

TT, 131-I

Scintigraphy
PET–CT
WBS, PET–CT,
histology
WBS, PET-CT,
CT
WBS

F, 15.7

7.2

PTC, T3N1bM1

TT, 131-I

WBS

M, 13.8

5.8

PTC, T3N1bM1

TT, LND, 131-I

WBS

F, 14.3
F, 12.0
F, 14.7
F, 15.9
F, 17.3
F, 8.5
M, 15.2
F, 10.5
F, 15.5
M, 12.2
F, 14.0
F, 12.0
F, 12.8
F, 16.0
F, 17.8
F, 13.3
F, 18.0
M, 15.2
M, 14.8

10.6
9.4
4.9
2.4
0.9
4.4
4.2
7.6
12.3
11.8
10.1
14.9
10.7
7.8
7.7
18.4
17.4
8.8
7.1

PTC, T4N1bM1
PTC, T3N1M0
PTC, T3N1bM0
PTC, T2N0M0
PTC, T1aN0M0
PTC, T3N1bM0
PTC, T1bN1bM0
PTC, T1aNxM0
PTC, T2N0M0
PTC, T1N1aM0
PTC, T2N1M0
PTC, T4N1M0
PTC, T2aNxM0
PTC, T2NxM0
FTC, T2N0M0
PTC, T2N0M0
PTC, T2N0M0
PTC, T1N0M0
PTC, T3N1bM0

TT, LND, 131-I
TT, LND, 131-I
TT, 131-I
STT
TT
TT, LND, 131-I
TT, LND, 131-I
TT, 131-I
TT, 131-I
TT, 131-I
TT, LND, 131-I
TT, LND, 131-I
TT, 131-I
TT, 131-I
TT, LND, 131-I
TT, 131-I
TT, LND, 131-I
STT, 131-I
TT, LND, 131-I

WBS
WBS
WBS
Biochemical **
Biochemical
Biochemical
Biochemical
Biochemical
Biochemical
Biochemical
Biochemical
Biochemical
Biochemical
Biochemical
Biochemical
Biochemical
Biochemical
Biochemical
Biochemical

Localization of Disease
Thyroid bed
Thyroid bed
Thyroid bed, cervical lymph
node
Cervical lymph node
lung
Thyroid bed
Cervical lymph node,
thyroid bed, lung
Cervical lymph node,
mediastinum, lung
Cervical lymph node, lung
Cervical lymph node
Thyroid bed

* Initial TNM classification; ** Tg, anti-Tg. Abbreviations: TT, total thyroidectomy; STT, subtotal thyroidectomy.

The average activity of 131-I administrated was 186.68 mCi (6.9 GBq), with values between 17.88
and 990.15 mCi (0.66–36.6 GBq), Q1 = 70 mCi (2.59 GBq), and the average number of administrations
being 2.38 with Q1 = 1 (Figure 4) [1–9]. We do not have records of the presence of pulmonary fibrosis,
and no other neoplasms developed up to the time of publication of the data.
The status of the disease could not be evaluated for three patients, because they did not present at
the scheduled reevaluation, and they were removed from the statistical analysis.
The evolution of the disease was associated with lymph node involvement (N stage, p = 0.02),
but did not associate with the T or M stages (p = 0.15 and p = 0.39, respectively). There were no
differences between the three age groups or between the types of histology (Table 6). Also, there were
no statistical differences in the evolution of patients depending on the type of tumor (multifocal or
solitary), or in the initial size of the tumoral foci (Table 6).
The mean duration of follow-up was 8.03 years in those with the persistent disease, compared
to 5.9 years in those with complete remission. Three patients in which the evolution of the disease
cannot be assessed, because they did not present at the scheduled reevaluation, were removed from
the analysis.

* Initial TNM classification; ** Tg, anti-Tg. Abbreviations: TT, total thyroidectomy; STT, subtotal
thyroidectomy.

The average activity of 131-I administrated was 186.68 mCi (6.9 GBq), with values between 17.88
and 990.15 mCi (0.66–36.6 GBq), Q1 = 70 mCi (2.59 GBq), and the average number of administrations
being
2.38
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Table
6. Outcome.
The status of the disease could not be
evaluated
for three patients, because they did not present
at the scheduled reevaluation, and they were removed from the statistical analysis.
Remission n
Recurrence n
Persistent
Unknown
p-Value
The Group
evolution of the disease(%)
was associated
node involvement
(N stage, pn=(%)
0.02),
(%)with
** lymph
Disease
n (%)
but did not associate with the T or M stages (p = 0.15 and p = 0.39, respectively). There were no
All patients
32 (51.6)
1 (1.6)the types of
26histology
(41.9)
3 (4.8)
differences
between
the three age
groups or between
(Table 5). Also, there
were
(n =
62)
no statistical differences in the evolution of patients depending on the type of tumor (multifocal or
T1–T2 (n = 39)
23 (58.9)
14 (35.8)
2 (5.1)
solitary), or in the initial size of the tumoral foci (Table 5).
0.155
T3–T4 (n = 23)

9 (39.1)

12 (52.1)

Multifocality *Yes (n = 22)

11 (50.0)

11 (50)

1 (4.3)
0.598

0

No (n = 35)

20 (57.1)

15 (42.9)

3 (100.0)

Tumoral foci (cm) *
<1 cm (n = 9)

5 (55.5)

3 (33.3)

1 (11.1)

1–2 cm (n = 15)

13 (86.7)

2 (13.3)

2–3 cm (n = 13)

6 (46.1)

6 (46.1)

3–4 cm (n = 8)

2 (28.6)

5 (71.4)

4–5 cm (n = 3)

1 (33.3)

2 (66.7)

5–6 cm (n = 1)

0

0

6–7 cm (n = 1)

1 (100.0)

0

N0 (n = 26)

17 (65.3)

8 (30.7)

N1a–N1b (n = 22)

6 (27.2)

14 (63.6)

Nx (n = 14)

9 (64.2)

4 (28.5)

1 (7.6)
0.092

1 (12.5)

1 (100.0)

1 (3.8)
0.020

1 (4.5)
1 (7.14)

M1 (n = 6)

2 (33.3)

4 (66.6)

M0 (n = 56)

30 (53.5)

22 (39.2)

FTC (n = 6)

4 (66.6)

2 (33.3)

PTC (n = 56)

28 (50.0)

24 (42.8)

3 (5.35)

Age groups:
0–10 y (n = 6)

3 (50.0)

3 (50.0)

0

11–14 y (n = 23)

10 (45.5)

12 (54.5)

15–18 y (n = 33)

19 (63.3)

11 (36.7)

0.393

0
3 (5.3)

0.55

0.425

0

1 (4.3)
2 (6.06)

* Patients for whom there is no data on multifocality (one patient) or the exact size of the tumor focus (12 patients)
were removed from the study. ** Only one patient had a recurrence of the disease after seven years from the initial
diagnosis, established in another medical center with no medical record available, and it was not included in the
subsequent statistical analysis.
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4. Discussion
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J.
Clin. Med. 2020,
x FOR PEER
REVIEW
13 of 16
The number of thyroid cancer cases registered in our study over a period of 19 years (n = 62)
was similar to that in the study with a period of 20 years (n = 63), with a note that the appearance
Incidence
of pediatric cases
of differentiated
thyroid
carcinoma
at IOCN 2000-2018
of new cases registered
an increasing
trend
(Figure 5).
In the
Netherlands,
over a period of 35 years,
J.
Clin.
Med. 10
2020,
9, x FOR
PEER REVIEW
13 of 16
170
patients
were
diagnosed,
and 105 cases were included in the study.
7
5
0
10
5
0

4

5

6

5

4

4
3
3
3
3
2
2
2
1
1
Incidence of pediatric cases of differentiated thyroid carcinoma at IOCN 2000-2018
3

2

2

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
7 2017 2018
6
5
5 Year
4
4
4
3
3
3
3
3
2
2
2
2
2
1
1
no of cases
28
34
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Year

Figure 5. Incidence of pediatric differentiated thyroid carcinoma at “Prof. Dr. Ion Chiricuţă” Institute
of Oncology (IOCN) in 2000–2018.
no of cases
28

34

The affected children in our study were born mostly after 1986 (date of the Chernobyl accident),

Figure 5. Incidence of pediatric differentiated thyroid carcinoma at “Prof. Dr. Ion Chiricuţă” Institute
Incidenceofofcases
pediatric
differentiated
carcinoma
at “Prof.
Ion
Chiricuţă”
Instituteat 10,
withFigure
a large5.number
recorded
amongthyroid
newborns
in 1996,
1999,Dr.
and
2000
(six patients)
of Oncology (IOCN) in 2000–2018.
of
Oncology
(IOCN)
in
2000–2018.
13, and 14 years after the Chernobyl accident, respectively (Figure 6). It remains to be determined

Number of patients
Number of patients

whether
upward
trendin
inour
the study
appearance
of thyroid
cancer
children
is due
to residual accident),
radiation
The this
affected
children
were born
mostly
after in
1986
(date of
the Chernobyl
The
affected
children
in
our
study
were
born
mostly
after
1986
(date
of
the
Chernobyl
accident),
from athe
nuclear
disaster
thatrecorded
still affects
the country’s
or and
if there
triggers
to 13,
be
with
large
number
of cases
among
newbornspopulation,
in 1996, 1999,
2000are
(sixother
patients)
at 10,
with
a large number of cases recorded among newborns in 1996, 1999, and 2000 (six patients) at 10,
identified.
and 14 years after the Chernobyl accident, respectively (Figure 6). It remains to be determined whether
13, and
years distribution
after the Chernobyl
accident,
respectively
(Figure
6).
It remains toaffecting
be determined
The14gender
is similar
in all three
studies,
with
the
preponderance
female
this upward
trend in the appearance
of thyroid
cancer
in children
is due
to residual radiation
from
the
whether
this
upward
trend
in
the
appearance
of
thyroid
cancer
in
children
is
due
to
residual
radiation
subjects;
this data
consistent
with
in thepopulation,
literature. or if there are other triggers to be identified.
nuclear disaster
that
still affects
thethose
country’s
from the nuclear disaster that still affects the country’s population, or if there are other triggers to be
identified.
The distribution
the year
of birth of
the cases
The gender distribution is similar
in all ofthree
studies,
with
the preponderance affecting female
subjects;7this data consistent with those in the literature.
6
5

The distribution of the year of birth of the cases

74
63
52
41
30
1980
2

1985

1990

1995

2000

2005

2010

Year of birth

1
0

19806. The
1985
1990of birth of the
1995
2000
2005 cancer cases
2010
The distribution
distribution
of the
the year
year
pediatric differentiated
thyroid
in
Figure
of
IOCN diagnosed in the period 2000–2018.
Year of birth

The gender distribution is similar in all three studies, with the preponderance affecting female
The predominant histopathological variant was papillary thyroid cancer in all three studies. The
subjects;
this
data
consistent with
inbirth
the literature.
Figure
The distribution
of thethose
year
ofinthe
differentiated
cancer
in with
presence
of6.lymph
node metastases
wasofsimilar
thepediatric
two regional
studiesthyroid
conducted
at cases
IOCN,
The
predominant
histopathological
variant
was papillary thyroid cancer in all three studies.
IOCN
diagnosed
in
the
period
2000–2018.
35.4% in 2000–2018 and 38.8% in the period 1991–2010, with a slight increase in cases in the national
The presence of lymph node metastases was similar in the two regional studies conducted at IOCN,
Dutch study, at 46%. Distant metastases were exclusively pulmonary in the Romanian subjects, with
The increase,
predominant
histopathological
variant
thyroid
in all three
studies.
a recent
recorded
in our study,
up towas
9.6%papillary
cases with
lungcancer
metastases,
compared
toThe
the
presence
of
lymph
node
metastases
was
similar
in
the
two
regional
studies
conducted
at
IOCN,
previous study (1991–2010) in which there were only in 5.5% of cases with lung metastases. Inwith
the
35.4%
2000–2018
the period
1991–2010,
with a slight
increase
caseslung
in the
national
Dutch in
study,
there and
were38.8%
13.3%incases
with distant
metastases,
of which
91.6%inwere
and
9.09%
Dutch
study,
at 46%. Distant metastases were exclusively pulmonary in the Romanian subjects, with
were bone
metastasis.
a recent increase, recorded in our study, up to 9.6% cases with lung metastases, compared to the

J. Clin. Med. 2020, 9, 3617

12 of 14

with 35.4% in 2000–2018 and 38.8% in the period 1991–2010, with a slight increase in cases in the
national Dutch study, at 46%. Distant metastases were exclusively pulmonary in the Romanian subjects,
with a recent increase, recorded in our study, up to 9.6% cases with lung metastases, compared to the
previous study (1991–2010) in which there were only in 5.5% of cases with lung metastases. In the
Dutch study, there were 13.3% cases with distant metastases, of which 91.6% were lung and 9.09%
were bone metastasis.
The survival of thyroid cancer patients is excellent; this data was confirmed by the two other studies.
The surgical treatment was different in the two countries. In the Netherlands, all the patients had
a total thyroidectomy. In Romania, in the period 1991–2010, all the children had total thyroidectomy
except for one case, considered very low risk and being previously submitted to total lobectomy [2].
In the 2000–2018 period, the number of total thyroidectomies decreased (85.4%); in 51% of cases, the
thyroidectomy was a single procedure. Lymph node dissection was performed in 43.8% of Dutch
patients, similar to our study (43.5%).
In all studies, patients were surgically treated in different centers, no center being focused
on pediatric thyroid pathology. Post-surgical complications, such as recurrent laryngeal nerve
damage, was present in 20.9% of cases in Romania, compared to 12.35% in the Netherlands,
and hypoparathyroidism in 16.1% of Romanian patients, compared to the Dutch study (38.95%).
The appearance of post-surgical complications is correlated with the degree of staging (T3T4, p = 0.047),
and with the cervical lymph node dissection (p = 0.025, see Table 3).
The median cumulative activity of 131-I was 186.68 mCi (6.9 GBq), with Q1 = 70 mCi (2.59 GBq),
the average number of administrations being 2.38 [1–9], with Q1 = 1. These results are similar to those
of the period 1991–2010. Given extreme values with single administrations, we will consider the Q1 of
the 131-I dose (Figure 4). The mean 131-I cumulative activity is significantly lower than that recorded
for the same population segment in the Netherlands (5.66 GBq).
Higher TNM stages, lymph node involvement, and distant metastases (T3–T4, N1a–N1b, and M1)
were independently associated with higher total 131-I activity (p < 0.005). The number of 131-I
administrations correlated with a higher T classification (T3T4, p = 0.005) and with lymph node
invasion (p = 0.005), but there is no correlation with the presence of distant metastases (p = 0.059).
Cumulative 131-I activity and the number of 131-I administrations during initial and subsequent
treatment did not differ by age groups (p = 0.066, p = 0.217) Table 4. There were no adverse effects of
131-I administration, such as pulmonary fibrosis or other malignancies, as described in the literature [3].
The 2000–2018 period study showed a complete remission in 51.6% of cases, and persistent disease
in 41.9% of patients (61.5% of them with incomplete remission). In the period 1991–2010, 12.5% of
patients were in incomplete remission. In the Dutch population, 8.6% of cases had persistent disease.
In our study, the persistent disease was correlated only with lymph node invasion (N1a–N1b),
with p = 0.020, but not with the T classification, tumor type (multifocal or solitary character), tumor focus
size, distant metastases, or age groups, as presented in Table 6.
The limitations of this study are that this is a retrospective study, all the data being collected from
medical files, and some of which were incomplete. Almost all the patients were referred to IOCN only
after their diagnosis. As the surgical treatment was performed in many different centers, the current
study presents a heterogeneity of surgical procedures performed and pathology reports.
Given the rarity of this pathology, we propose that all pediatric patients to be operated on in
national centers, in order to standardize the surgical treatment and reduce postoperative complications.
It is imperative to have a national database that centralizes all cases, in order to be able to adjust
the therapeutic protocols.
5. Conclusions
Differentiated thyroid cancer in children is a rare pathology, but with an upward trend, mostly
due, in our country, to the Chernobyl nuclear disaster in 1986, the consequences of which are still
visible. Despite that, other factors that could cause the apparition of thyroid cancer in children should
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be researched. Histopathological analysis of the study highlights the papillary and follicular types of
thyroid cancer proportionally to those described in the literature. Small tumor foci (under 1 cm) in all
cases of papillary thyroid carcinoma highlighted the presence of thyroid microcarcinoma in children.
Low total 131-I activity in this age group was associated with good results, excellent prognosis of the
disease, and 100% overall survival.
Author Contributions: Conceptualization, A.-I.S, ., S.S.C., and D.P.; methodology, A.P. and K.G.; software, A.-I.S.;
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supervision, D.P. All authors have read and agreed to the published version of the manuscript.
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Aims. Reference values of the P-wave on 12 lead electrocardiograms are lacking for children and adolescents in Eastern Europe.
Hence, the present study is aimed at determining the standard values of the P-wave in children and adolescents based on ECG
data from the CARDIOPED project, a large-scale general population of children who participated in a screening program in
Transylvania, Romania. Methods and Results. A total of 22,411 ECGs of participants aged 6 to 18 years old from a school-based
ECG screening were obtained between February 2015 and December 2015 in Transylvania, Romania. Three pediatric
cardiologists manually reviewed each ECG. P-wave duration, voltage, axis, and correlation with gender and age were analyzed.
The mean P-wave duration was 88 ± 10:7 ms, with a maximum duration of 128 ms. P-wave showed a positive correlation with
age but did not diﬀer between sexes. There was a positive correlation between the P-wave duration and the heart rate, but not
with the body max index. The mean P-wave axis was 40:4 ± 31:1, and the mean P-wave amplitude was 0:12 ± 0:03 mV.
Conclusion. In this study on many pediatric subjects, we have provided normal limits for the P-wave in Romanian children aged
6-18 years. Our ﬁndings are useful for creating interpretation guidelines for pediatric ECG.

1. Introduction
A correct interpretation of electrocardiograms in children
relies on comparison with standard values derived from the
normal population. Comprehensive data on ECG in Romania are lacking. No study to date explores P-wave characteristics in Eastern Europe and, more speciﬁcally, in Romania.
Romania is a south-eastern country of Europe and a state
member of the European Union. It shares borders with

Hungary, Serbia, Bulgaria, Ukraine, and the Republic of
Moldova. It covers 238,397 km2 and has 19.71 million inhabitants with a median age of 40.9 years. ECG interpretation
depends on knowledge of normal limits, which in children
are age-dependent. Diagnostic ECG criteria require the
availability of appropriate normal references.
A P-wave duration of more than 110 ms was associated
in adults with left atrial enlargement, electromechanical
dysfunction, atrial ﬁbrillation, and embolic stroke [1–6].

2
In pediatrics, the currently accepted “normal” P-wave is
70 ms for infants and 90 ms for children [7, 8].
Our study is aimed at determining the P-wave’s standard
values in a large nonselected population of healthy children
from North-Western Romania.

Disease Markers
4% (for the P-wave duration, amplitude, and axis) and 8%
(for weight, height, and BMI where the parents oﬀered data).
We used multiple imputations for the missing data to
increase power and minimize selection bias in our ﬁndings.

3. Results Population
2. Material and Methods
The study population consisted of 23,833 healthy children
consecutively recruited from the primary schools of NorthWest of Romania. We eliminated 1422 ECGs because of
ECG limb lead reversal, inappropriate attachment of electrical leads, artifacts/drifts, ectopic atrial rhythms, or junctional
rhythm. In consequence, 22,411 ECS were considered for the
ﬁnal analysis. Twelve primary schools randomly selected
from 64 schools in Transylvania were approached for participating in this study. Ethical permission was granted by the
Ethics Committee of the “Iuliu Hatieganu” University of
Medicine and Pharmacy and agreement from the schools,
head teachers, school nurses, generalists, and parents of the
children. Written consent from the parents was obtained.
They were told that the project was aimed at estimating the
frequency of cardiac disease in school children. They were
asked to complete some demographic data like weight,
height, urban or rural area of living, and parents’ cardiac
disease. No children had a history of cardiovascular disease,
and none received medication. All 22,411 children had a
normal physical examination.
All children underwent a 12-lead digital ECG recording
using 20 machines BTL-08 MT Plus at a sampling rate of
2000 Hz. The frequency response of this recorder is ﬂat to
170 Hz. ECGs were analyzed by 200 physicians (cardiologists
or pediatricians) for three months and manually reviewed
by 3 cardiac pediatricians for three years. The onset and
the oﬀset of the P-wave were deﬁned as the junction
between the P-wave and the isoelectric line before and after
the wave’s start. Amplitude measurements of the P-wave
were made using the PR segment as the baseline. The 200
physicians could compare the values manually obtained from
magniﬁed ECG tracing on the monitor with the computer
program’s values on the digitized ECG. When there was a
diﬀerence between manual and computer measurement, the
manual value was selected for further statistical analysis.
2.1. Statistical Analysis. Continuous variables are expressed
as mean ± standard deviation and were compared with the
two-sided Student test (t-test). Categorical variables are
expressed as counts or percentages and were compared using
the chi-square test. Linear regression analysis was used to test
the prediction of P-wave duration by age and heart rate. Multiple imputations were used for the missing data. A p value of
< 0.05 was considered statistical signiﬁcance. All statistical
analyses were performed using the SPSS 23.0 software (SPSS
In. Chicago, IL, USA).
2.1.1. Dealing with Missing Data. Among the 22,411 children
used in cross-sectional analyses, there were small amounts of
missing data for height, weight, and P-wave characteristics.
These data varied from 0 (e.g., for child age and gender) to

Demographic characteristics are presented in Table 1. In
brief, they were 22,411 children with ages ranging from 6 to
18 years old (corresponding to the eight grades of primary
school), weight from 16 to 135 kg, height from 39 to
207 cm, and BMI from 14 to 50 kg/m2.
Of the 22,411 children, 22,349 had normal sinus rhythm.
Heart rate ranged from 45 to 168, with a mean of 88:2 ±
11:5 bpm. The mean QRS axis was 62:1 ± 29:3° with the axis
being 0 to 120° in 96.4% of the children. The mean PR interval measured 144:8 ± 24:5 ms. The mean QRS duration was
81:3 ± 10:8 ms with 99.9% of the children having a QRS
duration of <120 ms. The mean QT duration was 408 ±
27:9 ms.
3.1. P-Wave Description. The mean values of P-wave duration
were 88.2 ms with a minimum of 50 ms and a maximum of
128 ms (Table 1). P-wave duration was correlated to age
(r = 0:075, p < 0:001), indicating a progressive increase of Pwave duration with increasing age (Figure 1). There was no
signiﬁcant diﬀerence between sexes (88:0 ± 10:6 ms in boys
vs. 87:8 ± 10:6 ms in girls, p = 0:051). Furthermore, P-wave
duration showed a statistically signiﬁcant correlation with
heart rate (r 2 = −0:095, p < 0:001) (Figure 2), age (r 2 = 0:075
with p < 0:001), weight (r 2 = 0:044 and p < 0:015), and height
(r2 = 0:063 and p < 0:001) but not with the BMI (r 2 = 0:022;
p = 0:216).
The 95th and 99th percentiles for the P-wave duration
were 106 and 120, respectively (Table 2). The 95th and 99th
taken as the upper limit of normal are arbitrary cut-oﬀ values
frequently used in the pediatric population for hypertension,
obesity, electrocardiogram, or echocardiogram parameters.
The 2nd percentiles, taken as the lower limits of normal, were
66 ms (Figure 3).
Using the 90 ms cut-oﬀ value for increase duration of the
P-wave, 31% of our population would have been classiﬁed as
having an increased value.
The amplitude of the P-wave was 0:12 ± 0:03 mV with a
range between 0 and 0.25 mV. We did not ﬁnd a signiﬁcant
association between P-wave amplitude and heart rate, sex,
age, weight, height, and BMI (all p values > 0:05).
P-wave axis was measured using the positive or negative
deﬂections in all 6 limb leads and calculating the direction
of electric activity on the hexaxial reference system. P-wave
axis had a mean of 40:4 ± 31:1° . There was no correlation
between the P-wave axis and other variables like heart rate,
age, sex, weight, height, and BMI.

4. Discussion
Standards of normal values for ECG interpretation in normal
children have been available since 1979 [9]. Davignon et al.
recorded 2141 ECGs in children from Quebec, Canada, and
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Table 1: Patient characteristics.
150

Parameter
N

12:4 ± 3:1

Age (years; mean ± SD)
Gender (male; N %)
Age distribution
6-7 years
7-8 years
8-9 years
9-10 years
10-11 years
11-12 years
12-13 years
13-14 years
14-15 years
15-16 years
16-17 years
17-18 years
18 years

10,712 (47.8%)
48 (0.2%)
1237 (5.6%)
1771 (8.0%)
1806 (8.2%)
2075 (9.4%)
2314 (10.5%)
2080 (9.4%)
2079 (9.4%)
2082 (9.5%)
2224 (10.1%)
1940 (8.8%)
1580 (7.2%)
792 (3.6%)
88:2 ± 11:5

Heart rate (bpm; mean ± SD)
Mean P-wave duration (ms; mean ± SD)

88:0 ± 10:7

Mean P-wave axis (grades; mean ± SD)

40:4 ± 31:1

Mean P-wave amplitude (mV; mean ± SD)

0:12 ± 0:03

Weight (kg; mean ± SD)

49:1 ± 16:8

Height (cm; mean ± SD)

154:8 ± 16:0

BMI (kg/m2; mean ± SD)

20:0 ± 4:0

P-wave duration

120

100

80

60
8

10

13

15

18

Age

Figure 1: The positive correlation between the P-wave duration and
the age (scatterplot with regression line; standardized beta
coefficient = 0:095; p < 0:000001).

developed graphs and tables of normal values for future use
when evaluating ECG in pediatric population. Recent studies
suggest that some of these cut-oﬀs should be reviewed and
maybe revised to consider the newer research on larger pop-

Heart rate (bpm)

22,411
125
100
75
50

60

80
100
P-wave duration (ms)

120

Figure 2: The positive correlation between the P-wave duration and
the heart rate (scatterplot with regression line; standardized beta
coefficient = 0:08; p < 0:000001).

ulations of children, as possible physiological changes in children and races that might have appeared since the original
paper was published.
Macfarlane et al. [10] showed that the 98th percentile of
the normal amplitude in children could be out of range in
46% of patients when compared with values obtained by
Davignon et al. Furthermore, Rinjbeeck et al. [11] showed
on European population the diﬀerences in normal values
when compared with those obtained by Davignon and Macfarlane. Older normal limits may no longer apply to current
pediatric practice [12].
In 1990, the American Heart Association recommended
a minimum of 500 Hz which has been recommended for
sampling rate in adult ECG [13]. As for pediatric ECGs,
higher sampling rates should be used [8, 14]. In the study
of Davignon et al., ECGs were recorded at a sampling rate
of 333 Hz. Later, Macfarlane et al. used a sampling rate of
500 ms and found that 46% of the amplitude measurements
were beyond the cut-oﬀ values recommended by Davignon.
Our study applied a sampling rate of 2000 Hz, which was
considered suﬃciently high to record a pediatric ECG
accurately.
In a study on 232 healthy children, Kose et al. [15] demonstrated that the increase in P-wave duration corresponded
to age increase in a cohort aged 7 to 15 years. In a later study
[16], P-wave duration was also associated with age in hospitalized children, with the most signiﬁcant increase occurring
at >10 years of age. In the study of Loo et al. [16], the prevalence of large P-waves compared to the cut-oﬀ of 90 ms is
particularly high (27%) and in opposition with the low
percentage of atrial arrhythmias in this pediatric group.
Investigations on African population [17] found a Pwave duration of 70 ms in a cohort of 1500 children aged 0
to 12 years. Probably, the diﬀerence compared to our values
comes from the fact that we also included children \between
12 and 18 years. It is well known that the duration of the Pwave increases with age, which is why in our study, the
average duration of the P-wave was 88.2 ms which is higher
compared to the value found on the Nigerian population.
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Table 2: The 95th and the 99th percentile of the P-wave duration,
amplitude, and axis.
Number of patients = 22,411

95th percentile

99th percentile

106
0.18
75

120
0.25
96

P-wave duration
P-wave amplitude
P-wave axis

120

P-wave duration

110
100
90
80
70
60
0.00

20.00

40.00

60.00

80.00

100.00

Percentile

Figure 3: Second, 10th, 25th, 50th, 75th, 95th, and 98th percentiles
for the P-wave duration.

A study performed in Turkey on children up to 16 years
of age found an average P-wave duration of 64 ms in girls and
62 ms in boys. Besides the fact that this study included a 10times smaller number of children compared to our study, it
also included newborns, infants, and children aged 1 to 6
years. We believe that the diﬀerence with our results is due
to a shorter duration of the P-wave in newborns and infants,
as the P-wave duration is shorter in smaller ages [18].
Another European study [11], similar to ours, was
performed on Dutch population and obtained values for
the P-wave duration higher than ours: 92 ms for the age
group 5-8 years, 98 ms for 8-12 years, and 100 ms for 12-16
years. In Rinjbeck’s study, the weight and height of the children are not speciﬁed. It is possible that the diﬀerences
observed between the 2 studies in the duration of the Pwave are related to the diﬀerence in weight and height
between the Dutch [19] and the Romanian population [20].
Research performed on American population [21] found
P-wave duration values similar to our values in Caucasian
individuals. On the other hand, African-American individuals had a longer P-wave duration compared to ours, and
also higher than the values found in African individuals in
the study of Kolawole et al.
ECG recordings on a Japanese population of children
found P-wave duration values similar to those recorded in
our group of Caucasian children: 77 ms for 1st graders,
87 ms for 7th graders, and 99 ms for 10th graders. There were
no signiﬁcant diﬀerences in age or sex distribution between
our study and that of Yoshinaga et al. [22]. The number of
children was high in both studies.
Prolonged P-wave duration has been described with
diﬀerent pediatric medical conditions. One of the most

important pediatric pathology remains cancer, where excellent long-term survival could raise more problems such as
chemotherapy induced cardiomyopathy [23]. Ozmen et al.
[24] compared 43 pediatric patients with pulmonary stenosis
to 33 healthy pediatric controls and showed increased Pwave duration in the ﬁrst group. Furthermore, Ho et al.
[25] compared 94 children with ostium secundum atrial
septal defect with healthy children. They observed an
increase in the mean P-wave duration in patients with the
atrial septal defect. Wong et al. [26] also demonstrated an
increase in the P-wave duration in patients with Fontan surgery compared to healthy children matched for age and sex.
Also, the P-wave’s increased duration was noted in patients
with tetralogy of Fallot [27] and viral infections [28, 29].
Probably, the 90 ms value is correct for children who have
congenital heart disease or atrial arrhythmias. But for healthy
children, the cut-oﬀ value should be revised.
The interatrial block in adults is deﬁned as a prolongation
of the P-wave >110 ms on standard 12-lead ECG. In children,
cut-oﬀs for P-wave durations are lower, 90 ms, due to
reduced myocardial mass in the pediatric population. However, in children, an increase in P-wave duration is, in fact,
proportionate to age. In our study, we found that the duration of the P-wave in healthy children had a mean of
88.0 ms and was positively correlated to age; therefore, it
increases with the age of the individual, as reported earlier
[24]. Thirty-one percent of our population would have been
classiﬁed as having an increased value when using the
90 ms cut-oﬀ to increase the P-wave duration. The 95th and
99th are arbitrary cut-oﬀ values frequently used in the pediatric population for electrogram characteristics and hypertension, obesity, and echocardiogram values. The 95th and
99th percentiles for the P-wave duration in our pediatric
population were 106 and 120, respectively; therefore, the
90 ms cut-oﬀ value proposed for the interatrial block in the
pediatric population should be reconsidered.

5. Limitations
Our physicians used manual P-wave measurements on a
magniﬁed screen image. Magniﬁcation of ECGs on a highresolution screen may diﬀer from manual measurements on
paper-printed ECGs but can save time. All ECGs were analyzed for three months.

6. Conclusion
In this study on a large unselected pediatric population, we
have provided limits for the P-wave in Romanian children
aged 6-18 years. The mean P-wave duration was 88 ± 10:7
ms, with a maximum duration of 128 ms. P-wave duration
showed a positive correlation with age and heart rate.
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Abstract: Introduction: During the last three decades, there has been an excess weight epidemic
due to changes in nutrition and lifestyle. Few data on the prevalence of overweight and obesity
in children in Romania were published, without a single study representative at the national level.
There are reports on the higher level of overweight and obesity in urban areas compared to rural ones.
This study aimed to estimate the prevalence of underweight, overweight, obesity and severe obesity
in children enrolled in schools from the urban area. Material and methods: For this cross-sectional
study, children from 177 schools from the urban area of five counties from the northwestern part of
Romania were included after the parents signed written informed consent. Anthropometric data
were recorded (weight, height) based on World Health Organization (WHO) recommendations
and Body-Mass-Index (BMI), and the z-score for BMI were calculated. The nutritional status was
estimated using three reference criteria: WHO, International Obesity Task Force (IOTC) and the
Center for Disease Control and Prevention (CDC). Results: We analyzed data of 21,650 children
(48.19% boys) age between 7 and 18 years. The prevalence of overweight was 13.8%, 16.2% and 20.3%,
of obesity was 10.7%, 10.0% and 5.7% and of severe obesity was 5.1%, 1.2% and 1.6% (using WHO,
CDC and IOTF cut-offs). Underweight was present in 5.2% (WHO), 6% (CDC) and 2.6% (IOTF).
The highest prevalence of overweight (including obesity) was found in children aged 10 years, and
the lowest in adolescents at 18 years. Boys have a higher prevalence of excess weight than girls.
Using IOTF cut-offs, the prevalence of obesity and severe obesity was lower than using WHO criteria.
Conclusions: The prevalence of overweight (including obesity) in children from the urban area of
Western Romania was recorded at alarming levels, higher in boys and at the pre-puberty ages. There
are significant differences based on the reference system used. It is important to correctly choose the
reference for the definition of overweight and obesity to have the correct estimation of the target for
public health measures.
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1. Introduction
Childhood obesity is a significant public health problem all over the World [1,2].
Globally, the prevalence of obesity and overweight was tripled in children and adolescents
from 1975 (4%) till 2016 (over 18%). In 2016, more than 330 million children and adolescents
were overweight or obese [3]. There are estimations that in 2030, almost 30% of all children
will be overweight and obese [4]. The increase was higher until 2000 (as in adults), followed
by a plateau, mainly in developed countries. In low-income and middle-income countries,
there is a transition from underweight to overweight and obesity [3,5,6]. Across the World,
there is an increased heterogeneity in the prevalence of obesity with implications for global
actions and targets [3]. World Health Organization (WHO) estimates that most children
with overweight live in undeveloped countries where the rate of increase in the prevalence
of obesity is higher than in developed countries [1,5,7].
Compared with overweight and obesity, underweight received less attention in European studies, with few comprehensive studies [8]. In 2016 the prevalence of underweight
was estimated at 10.4% in Europe [6]. There is wide variability of underweight prevalence
in European countries, with estimations decreasing from 18.1% in Hungarian children
aged 2–9 years and 16% in girls aged 11 years in Wales to 1% in adolescents from Slovenia,
Finland or Norway [8,9].
Obesity has a multifactorial origin, involving genetic and environmental factors [10].
Overweight and obesity are associated with lifestyle factors such as less frequent physical
activity and increased sedentary activity (computer games, internet use, television), less
consumption of breakfast, vegetables and regular sugar-sweetened beverages or fast-food
consumption [11,12]. The diet change, consuming food high in carbohydrate and fat
content, and low in vitamins and minerals, could be involved in the higher prevalence
of obesity [1,5].
Urbanization could be associated with increased sedentary behavior and lack of
physical activity due to better access to cars and transportation. Urban families spend more
time watching the television, using the internet and computer games and sleep less than
rural families. Children’s diet from urban areas consists of fewer fruits and vegetables and
a high amount of animal-based and high-energy food [11].
There is an agreement on the role of standards recommendation to define overweight and obesity in children and compare the prevalence in different populations [13].
Body mass index (BMI), a measure of weight for height, was used widely for analyzing obesity in children and adults worldwide and is the most practical, inexpensive and
universally applicable [13].
Many reference systems define overweight and obesity in the children population.
The WHO, IOTF and CDC references are the most used in studies, but these are based on
different reference populations and cut-off values [14–17]. The cut-offs used in children
and adolescents should be gender- and age-specific due to the BMI variability during
childhood [18]. In WHO references, a BMI of 30 kg/m2 at the age of 18–19 years correspond
to a 2SD from the median of the reference population (97.5th percentile), while in IOTF
reference a BMI of 30 kg/m2 at age 18 years corresponds to the 98.7th percentile in girls
and 98.9th percentile in boys. There is no consensus on which reference set is the best
one: IOTF and CDC references classified fewer children as overweight and obese than the
WHO reference [18,19].
Overweight and obesity, but also underweight, are associated with health risks during
the lifetime. Overweight in childhood is not only a precursor of obesity in adulthood
but is also correlated with increased risk of chronic diseases, type 2 diabetes mellitus,
cardiovascular diseases, musculoskeletal disorders, fatty liver (hepatic steatosis), cancers
and psychosocial consequences (depression, low self-esteem, reduction of quality of life
and a higher risk of bullying) [10,20]. The link between BMI and body fat and longterm cardiovascular risks of obesity in children was demonstrated. The cut-offs used to
characterize overweight and obesity are good indicators of risks for adverse outcome [18].
Underweight is associated with the risk of infectious diseases, nutritional deficiencies,
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decreased cognitive development, and in girls at childbearing age, the risk for maternal
mortality, preterm birth, intrauterine growth retardation or delivery complications [6,8].
Public health policies should emphasize the prevention of overweight and obesity
starting at an early age and should be based on early diagnostic tools [2]. Health education
for school-aged children is the most effective way to learn healthy lifestyle behavior
and decrease the risk of obesity and overweight in adulthood [21]. There is a closed
relationship between school education and obesity as education raises awareness of health
and nutrition and helps children have healthier choices and lifestyles. However, the schoolbased campaign could not help decrease the prevalence of obesity without support from
schools, families, communities and public health policymakers, who should cooperate for
a better healthy environment for children [22].
Several studies evaluating overweight and obesity in children were published in the
last decade for Romania, but there was no one national representative study [23–29]. The
Health Behaviour for School-aged Children (HBSC) Study reported that for Romania in
2013–2014, the prevalence of overweight (including obesity) at the age of 11 years was 14%
in girls and 33% in boys, and at the age of 13 years was 11% in girls and 26% in boys and at
the age of 15 years was 10% in girls and 21% in boys [30].
This study aimed to estimate underweight, overweight and obesity prevalence in
school-aged children in urban areas from the Western part of Romania using the WHO,
CDC and IOTF references.
2. Materials and Methods
2.1. Population
This cross-sectional study included a cohort of students enrolled in 177 public schools
from five counties from the Western part of Transylvania, Romania (Cluj, Satu-Mare, Bihor,
Arad, Timis, ). The study was a part of the project “Development of skills of specialized
medical staff on the prevention, diagnosis, and surgical treatment of congenital and acquired heart disease in children using state-of-the-art technology. CARDIOPED”. The
schools chosen to be part of the study were those from the urban area of these counties,
based on the data received from County School Inspectorates. We enrolled in this study
21,625 children, aged 7 to 18 years.
The school physician sent the parents a letter with information and an invitation for
their children to participate in the study. They were informed about the project and the data
collected. All students aged 7 to 18 years, present at school on the days of data collection
with the written consent of parents, were included in this study. Children without informed
consent signed by their parents were omitted. Children with ages under 7 years and those
with the age of 19 years and over were excluded from the analysis.
2.2. Data Collection
The study period was January and December 2016. The school physician, nurses and
other staff performed the weight and height measurements during morning hours. All
the personnel involved in weight and height measurements were trained to collect data
correctly, based on WHO recommendations. The mean of three consecutive measurements
was recorded. The body weight was measured using a standard scale to the nearest 0.1 kg.
The height was measured to the closest 0.1 cm using a stadiometer. The body weight and
height were measured with students standing erect, without shoes, only in underwear.
BMI was calculated based on the formula: BMI(kg/m2 ) = body weight(kg)/height2 (m2 ).
To define underweight, overweight and obesity in children, we have used three
criteria. The WHO Reference 2007, based on the 1977 National Center for Health Statistics
(NCHS)/WHO reference, use the following cut-offs: underweight (thinness) <−2SD,
overweight >+1SD (equivalent to BMI 25 kg/m2 at 19 years), obesity >+2SD (equivalent to
BMI 30 kg/m2 at 19 years) [14,31].
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Based on the National Center for Health Statistics and the CDC, BMI reference standards for children between 2 and 20 years of age, published in 2000, the cut-offs are
the following: underweight <5th percentile, overweight 85–95th percentile, obesity >95th
percentile. Severe obesity was defined as BMI > 120% of the 95th percentile [17].
The IOTF 2012 reference was based on national surveys from 6 countries (Brazil, Great
Britain, Hong Kong, the Netherlands, Singapore, and the United States). IOTF BMI cut-off
corresponds to a BMI of 18.5 kg/m2 (less than 15.5th and 16.5th percentile in boys and
girls), 25 kg/m2 (greater than 90.5th and 89.3rd percentile in boys and girls) and 30 kg/m2
(greater than 98.9th and 98.6th percentile in boys and girls) at the age of 18 years defining
underweight, overweight and obesity, respectively [15,16].
The study has been conducted according to the Declaration of Helsinki principles.
2.3. Data Analysis
For each child, the WHO and CDC corresponding BMI z-score were calculated using
the LMS method: z = ((BMI/M)ˆL-1)/LS, where the L, M, and S parameters were taken from
the WHO (https://www.who.int/growthref/who2007_bmi_for_age/en/ (accessed on 30
April 2021)) and CDC (https://www.cdc.gov/growthcharts/percentile_data_files.htm
(accessed on 30 April 2021)) reference tables, considering the sex and age of each child.
The BMI z-score was then converted to percentile and compared to the WHO and CDC
percentile reference to categorize each child as underweight, normal, overweight or obese.
Concerning the children’s classification according to IOTF, the calculated BMI was
then compared with the IOTF BMI cut-off values according to the sex and age (https:
//www.worldobesity.org/about/about-obesity/obesity-classification).
The prevalence of each group was calculated. All analyses were performed using
EXCEL 2019 (Microsoft Office).
3. Results
Our cohort consists of 21,625 children between the ages of 7 and 18, from the urban
area of five counties from the Western part of Romania. There were 10,421 boys (48.19%)
and 11,204 girls (51.81%). In Table 1, we present the distribution of our study population
based on age and sex.
Table 1. Study population: distribution based on age and sex.
Age (Years)

Boys n (%)

Girls n (%)

Total

7
8
9
10
11
12
13
14
15
16
17
18
Total

585 (49.45%)
886 (52.00%)
845 (47.47%)
1015 (49.32%)
1141 (49.63%)
999 (48.97%)
982 (47.88%)
989 (47.70%)
1017 (45.93%)
921 (47.82%)
709 (45.10%)
332 (45.79%)
10,421 (48.19%)

598 (50.55%)
818 (48.00%)
935 (52.53%)
1043 (50.68%)
1158 (50.37%)
1041 (51.03%)
1069 (52.12%)
1084 (52.30%)
1197 (54.07%)
1005 (52.18%)
863 (54.90%)
393 (54.21%)
11,204 (51.81%)

1183
1704
1780
2058
2299
2040
2051
2073
2214
1926
1572
725
21,625

Using the WHO reference, the prevalence of overweight, obesity and severe obesity in
our study population was 13.8%, 10.7% and 5.1%, respectively. The prevalence of underweight was 5.2%. In Tables 2–4, we present the prevalence of underweight, overweight,
obesity and severe obesity for the study population, for boys and girls based on age.
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Table 2. Prevalence of underweight, overweight, obesity and severe obesity using WHO percentile.
WHO

Underweight

Normal

Overweight

Obesity

Severe
Obesity

BMI Percentile
Number
Prevalence

<5
1117
5.2%

5–85
14,105
65.2%

85–95
2989
13.8%

95–99
2309
10.7%

≥99
1105
5.1%

Total

21,625
100.0%

Table 3. Underweight, overweight and obesity prevalence in boys, according to age, using WHO
percentile reference.
WHO, Boys
Age (Years)

Underweight

Normal

Overweight

Obesity

Severe
Obesity

7
8
9
10
11
12
13
14
15
16
17
18
Total

4.4%
5.3%
5.0%
4.4%
4.6%
5.8%
4.9%
4.2%
5.5%
4.9%
3.8%
2.1%
4.8%

65.5%
59.8%
58.6%
51.7%
61.3%
58.5%
64.3%
67.6%
69.6%
68.9%
74.2%
79.2%
63.8%

12.3%
13.3%
13.1%
16.9%
16.9%
16.9%
17.2%
14.6%
13.6%
14.0%
11.4%
11.1%
14.7%

10.6%
13.1%
15.6%
18.3%
12.4%
14.0%
11.1%
9.7%
8.1%
9.6%
7.3%
5.7%
11.7%

7.2%
8.5%
7.7%
8.6%
4.8%
4.8%
2.5%
3.7%
3.2%
2.6%
3.2%
1.8%
5.0%

Table 4. Underweight, overweight and obesity prevalence in girls, according to age, using WHO
percentile reference.
WHO, Girls
Age (Years)

Underweight

Normal

Overweight

Obesity

Severe
Obesity

7
8
9
10
11
12
13
14
15
16
17
18
Total

5.2%
7.1%
6.1%
6.6%
7.3%
6.1%
4.9%
4.6%
5.2%
4.3%
3.8%
4.8%
5.6%

63.7%
59.4%
58.4%
55.6%
59.8%
61.6%
65.4%
69.7%
75.3%
75.4%
79.5%
84.0%
66.5%

12.7%
12.3%
14.8%
16.1%
15.3%
15.8%
13.8%
13.6%
10.7%
10.8%
8.5%
7.1%
13.0%

11.0%
10.9%
14.4%
14.6%
11.9%
10.7%
11.5%
8.1%
5.6%
5.2%
6.3%
2.5%
9.7%

7.4%
10.3%
6.3%
7.1%
5.7%
6.0%
4.5%
4.0%
3.3%
4.3%
2.0%
1.5%
5.2%

Using the CDC reference, the prevalence of overweight, obesity and severe obesity in
our study population was 16.2%, 10.0% and 1.2%, respectively. The prevalence of underweight was 6.0%. In Tables 5–7, we present the prevalence of underweight, overweight,
obesity and severe obesity for the study population, for boys and girls based on age.
Table 5. Prevalence of underweight, overweight, obesity and severe obesity using CDC percentile.
CDC

Underweight

Normal

Overweight

Obesity

Severe
Obesity

BMI percentile
Number
Prevalence

<5
1295
6.0%

5–85
14,393
66.6%

85–95
3512
16.2%

95–99
2156
10.0%

≥99
269
1.2%

Total

21,625
100.0%
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Table 6. Underweight, overweight and obesity prevalence in boys, according to the age, using CDC
percentile reference.
CDC, Boys
Age (Years)

Underweight

Normal

Overweight

Obesity

Severe
Obesity

7
8
9
10
11
12
13
14
15
16
17
18
Total

10.6%
9.8%
7.3%
6.1%
5.0%
5.8%
4.1%
3.5%
5.2%
5.8%
6.8%
8.1%
6.2%

59.3%
57.0%
56.6%
51.4%
61.8%
58.4%
63.6%
65.2%
67.0%
67.4%
72.4%
77.4%
62.2%

14.9%
15.6%
17.6%
21.1%
19.3%
20.0%
20.0%
19.1%
16.7%
15.4%
12.4%
7.8%
17.5%

11.5%
14.2%
16.4%
19.4%
13.1%
14.7%
11.3%
10.0%
9.0%
10.3%
6.6%
5.7%
12.4%

3.8%
3.4%
2.0%
2.0%
0.9%
1.1%
1.0%
2.1%
2.1%
1.1%
1.8%
0.9%
1.8%

Table 7. Underweight, overweight and obesity prevalence in girls, according to the age, using CDC
percentile reference.
CDC, Girls
Age (Years)

Underweight

Normal

Overweight

Obesity

Severe
Obesity

7
8
9
10
11
12
13
14
15
16
17
18
Total

7.2%
9.3%
7.6%
7.6%
7.3%
5.4%
3.4%
3.3%
3.8%
4.2%
5.2%
9.4%
5.8%

63.9%
60.6%
63.0%
60.9%
67.3%
68.6%
72.2%
73.2%
79.2%
78.2%
80.4%
81.7%
70.6%

16.1%
16.9%
19.0%
19.9%
16.6%
16.5%
15.8%
15.9%
11.5%
11.3%
10.7%
6.4%
15.1%

10.0%
11.2%
9.2%
10.6%
8.5%
8.7%
8.2%
7.1%
5.2%
6.0%
3.7%
2.5%
7.7%

2.8%
2.2%
1.2%
1.1%
0.3%
0.8%
0.4%
0.5%
0.3%
0.3%
0.0%
0.0%
0.7%

Based on the IOTF cut-offs, the prevalence of overweight, obesity and severe obesity
in our study population was 20.3%, 5.7% and 1.6%, respectively. The prevalence of underweight was 2.6%. In Tables 8–10, we present the prevalence of underweight, overweight,
obesity and severe obesity for the study population, for boys and girls based on age.
Table 8. Prevalence of underweight, overweight, obesity and severe obesity using IOTF cut-offs.
IOTF

Underweight

Normal

Overweight

Obesity

Severe
Obesity

BMI cut-off
Number
Prevalence

<17
562
2.6%

17–25
15,100
69.8%

25–30
4380
20.3%

30–35
1242
5.7%

≥35
341
1.6%

Total

21,625
100.0%
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Table 9. Underweight, overweight and obesity prevalence in boys, according to the age, using
IOTF cut-offs.
IOTF, Boys
Age (Years)

Underweight

Normal

Overweight

Obesity

Severe
Obesity

7
8
9
10
11
12
13
14
15
16
17
18
Total

4.4%
4.1%
3.1%
1.7%
1.8%
1.6%
1.0%
0.9%
1.4%
2.1%
1.7%
1.5%
2.0%

69.9%
67.3%
64.6%
59.8%
67.5%
63.3%
67.2%
67.4%
69.9%
68.7%
73.9%
79.8%
67.4%

17.4%
19.3%
23.1%
25.9%
24.1%
26.0%
24.2%
23.0%
20.0%
21.5%
17.5%
13.9%
22.1%

5.1%
6.0%
6.9%
10.5%
5.8%
7.5%
6.5%
6.7%
6.8%
6.6%
5.6%
3.9%
6.7%

3.1%
3.4%
2.4%
2.1%
0.9%
1.6%
1.0%
2.0%
2.0%
1.1%
1.3%
0.9%
1.8%

Table 10. Underweight, overweight and obesity prevalence in girls, according to the age, using
IOTF cut-offs.
IOTF, Girls
Age (Years)

Underweight

Normal

Overweight

Obesity

Severe
Obesity

7
8
9
10
11
12
13
14
15
16
17
18
Total

3.8%
4.8%
3.9%
3.9%
3.5%
2.8%
1.9%
2.3%
2.3%
2.8%
3.1%
3.8%
3.1%

67.4%
65.0%
65.9%
63.3%
69.2%
69.6%
73.2%
73.9%
79.7%
77.1%
80.5%
85.2%
72.1%

19.2%
19.2%
23.4%
25.0%
21.4%
20.9%
19.0%
18.7%
13.4%
15.0%
12.6%
8.4%
18.6%

5.9%
8.2%
5.2%
6.0%
5.6%
5.8%
4.7%
4.2%
3.1%
3.7%
2.9%
2.0%
4.8%

3.7%
2.8%
1.6%
1.7%
0.3%
0.9%
1.3%
0.9%
1.4%
1.4%
0.8%
0.5%
1.4%

In our study, the prevalence of overweight (including obesity) in the school-aged
population from the urban area was comparable using the three reference systems, 29.6%
(WHO), 27.4% (CDC) and 27.6% (IOTF). The differences appear at the prevalence of
overweight (higher using IOTF cut-offs, 20.3%), obesity (highest using WHO reference,
15.8%), and severe obesity (also highest based on WHO reference, 5.1%) (Figure 1).
Prevalence of overweight (including obesity) was higher in boys (31.4%, 31.7%, 30.6%,
based on WHO, CDC and IOTF respectively) than in girls (27.9%, 23.5%, 24.8%; p < 0.0001).
Obesity (including severe obesity) had higher prevalence using WHO criteria (16.7% in
boys and 14.9% in girls, p = 0.0003) than using CDC (14.2% in boys and 8.4% in girls,
p < 0.0001), the lowest prevalence being when IOTF cut-offs were used (8.5% in boys and
6.2% in girls, p < 0.0001).
The highest prevalence of overweight was found using WHO percentile cut-offs at
10 years of age (43.8% in boys and 37.8% in girls, p = 0.0056), and the lowest was at the
age of 18 years (18.6% in boys and 11.1% in girls, p = 0.0043). Also, based on CDC and
IOTF, the extremes values for the prevalence of overweight were at 10 years of age (42.5%,
38.5% in boys, 31.6%, 32.7% in girls; p < 0.0001 and p = 0.0060) and 18 years of age (14.4%,
18.7% in boys, 8.9%, 10.9% in girls; p = 0.0203 and p = 0.0029). If we analyze the obesity
prevalence, we observed the same situation—the highest level at the age of 10 (except in
girls, based on CDC and IOTF where the highest prevalence was at the age of 8) and the
lowest level at the age of 18 years.
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Our study showed a prevalence of severe obesity of 5.1% based on WHO criteria and
lower ones, 1.2% and 1.6%, based on CDC and IOTF references, respectively. The severe
obesity prevalence was higher in boys, based on CDC and IOTF cut-offs (1.8%, 1.8% in
boys compared with 0.7%, 1.4% in girls; p < 0.0001 and p = 0.0189), but using WHO reference, the severe obesity was almost similar in both sexes (p = 0.5043). Based on the WHO
definition, the highest prevalence of severe obesity was found in children aged 7–10 years,
with the highest level in girls at 8 years (10.3%). CDC and IOTF criteria for severe obesity
revealed the highest prevalence in both sexes at 7–8 years. The lowest prevalence for severe obesity was in children aged 17–18 years.
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4. Discussion
As a part of a larger project on cardiovascular diseases in children, this study aimed to
analyze the prevalence of overweight and obesity in school-aged children population from
the urban area in the northwestern part of Romania. We also studied the underweight in
children as this continues to be an issue in developing countries.
During the last three decades, many demographic, epidemiological and socioeconomic
changes took place in Romania as in other countries from Eastern Europe. The improvement
of socioeconomic status in most developing countries came with better access to healthcare
and less physical activity and a nutritional transition to a high intake of carbohydrates and
saturated fat due to highly processed food and fast food. These changes were seen in all
Eastern European countries and were associated with a sharp increase in overweight and
obesity in children [24,27,32]. This trend should be followed by implementing strategies to
fight against childhood obesity and its risk for future adult health.
The prevalence of overweight (including obesity) in our study population based on
WHO, CDC and IOTF references was almost similar, 29.6%, 27.4% and 27.6%, respectively, but with differences between the overweight and obesity classification using these
references. A higher prevalence of overweight in boys was found in almost all other
studies [11,19,32,33]. Regarding age, the trend was similar no matter the reference used:
excess weight prevalence was highest in children before puberty (up to 10–12 years) and
lowest in adolescents aged 17–18 years. This decreasing prevalence of overweight/obesity
from the pre-puberty period to 18 years was reported in other studies from Romania or
other countries [25,34,35].
4.1. Prevalence of Overweight and Obesity in Other Countries
There are essential differences in the prevalence of overweight and obesity in children
in European countries, from the lowest level in Slovakia (9%), Turkey and the Netherlands
(10.5%) to the highest levels in Italy (26%) and the United Kingdom (29%) [36]. Worldwide,
it varies from almost 1 in 3 children in the U.S. [37], Australia (increasing from 24.6% in
2007/2008 to 27.6% in 2014/2015, [38]) and New Zealand (33%, [39]) to lower prevalence of
overweight (14.7%) and obesity (5.8%) in Eastern Ethiopia in 2016 [40]. Table 11 presents the
prevalence of overweight (including obesity) and obesity in children in different countries,
based on various criteria.
In Germany, The Second Wave of the German Health Interview and Examination
Survey for Children and Adolescents (KiGGS Wave 2, 2014–2017) showed that the overall
prevalence in children aged 3 to 17 years for overweight was 15.4% and for obesity was
5.9%, with no difference between boys and girls [20]. This study revealed that the obesity
prevalence increased from 3–6 years (3.2% in girls and 1% in boys) to 14–17 years (7.7% in
girls and 9.2% in boys). There was no increase in prevalence since 2003–2006 [20].
The increase of the overweight (including obesity) with age was also reported in the
U.S., from 22.8% at age 2–5 years, 34.2% at the age of 6–11 years and 34.5% in adolescence
(12–19 years). The same trend was reported for obesity, from 8.4% in pre-school children,
17.7% at the age of 6–11 years and 20.5% in adolescence [37]. In the studies coming
from the U.S. [41], Portugal [33], Spain [19], Ukraine [32], boys, in all age groups, had a
higher prevalence of obesity than girls. Still, other studies reported higher prevalence in
girls, in France [2] or Spain [42], or even no differences based on sex, as in Serbia [36] or
Germany [20]. In Asian countries, the prevalence of overweight and obesity increased with
age and was higher in boys than girls. [11] Compared to the U.S. or Asian countries, the
prevalence of overweight decreased in adolescence in our study.
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Table 11. Prevalence of overweight (including obesity) and obesity in children in different countries, based on various
criteria.

Country, Year, Reference Number

Romania, 2016

France, 2011, [2]
Portugal, 2014, [33]

Spain, 2011, [19]

Overweight, Including
Obesity (%)

Obesity (%)

Boys

Girls

Boys

Girls

31.4%

27.9%

16.7%

14.9%

31.7%

23.5%

14.2%

8.9%

30.6%

24.8%

8.5%

6.2%

14.0%

19%

2.5%

4%

31.6%

20.7%

10.9%

5.4%

25.2%

12.8%

9.4%

4.4%

23.9%

13.3%

5.4%

2%

44%

36%

19%

16%

Age
(years)

Reference
Criteria
WHO
CDC

7–18

IOTF
7–11

IOTF
WHO

10–16

CDC
IOTF
WHO

2–15

32%

30%

11%

12%

Germany, 2017, [20]

15.6%

15.3%

6.3%

5.5%

3–17

German

Greece, 2011, [43]

29.9%

29.2%

12.9%

10.6%

10–12

IOTF

21.8%

13.8%

5.8%

2.7%

15.5%

9.9%

4.8%

2.5%

13.8%

8.5%

2.3%

1.8%

Ukraine, 2018, [32]

Serbia, 2011, [36]

Russia, 2010, [44]

United States, 2011, [37]

Asia, 2018, [11] Pool of 41 studies

IOTF

WHO
6–18

CDC
IOTF

10%

5%

15–18

10.3%

4.7%

8.6%

2.6%

8.6%

2.3%

9%

2%

22.8%

8.4%

34.2%

17.7%

6–11

34.5%

20.5%

12–19

CDC
WHO

14–17

CDC
Russian
IOTF

2–5

18.7%

15.7%

7%

4.8%

5–11

26.0%

19.9%

10.1%

6.2%

12–19

CDC

WHO/IOTF

WHO, World Health Organization, IOTF, International Obesity Task Force, CDC, Center for Disease Control and Prevention.

One systematic review of 32 studies published between 2006–2016 with data from
27 European countries revealed that the pooled prevalence estimate of overweight was
14.6% and obesity was 5.3% in pre-school children (aged 2–7 years). All studies used the
IOTF definition criteria. There is significant heterogeneity in Europe, but Southern Europe
(countries like Italy and Greece) had the highest prevalence of overweight. Compared
with our results, in pre-school children in most European countries, girls showed a higher
prevalence of overweight or obesity than boys [45].
An analysis performed in primary school children, including 636,933 children from
21 countries participating in the first three COSI (The WHO European Childhood Obesity
Surveillance Initiative), revealed significant differences among countries with higher values
of the prevalence of severe obesity in Southern Europe (Greece, Malta, Italy, Spain and
San Marino), above 4%. Based on the COSI study, Romania is in the middle group of the
European countries, with a prevalence of severe obesity of 2.2% using the WHO definition
(3.8% in boys and 0.5% in girls) and 1.2% using the IOTF definition (1.7% in boys and 0.6%
in girls) [46]. Our data for children 7–10 years old shows a higher prevalence of severe
obesity using CDC and IOTF criteria.
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4.2. Other Studies Analyzing Overweight and Obesity in Romanian Children
During the last years, there was no national representative study on the prevalence of
overweight and obesity in Romania, but studies from different regions of the country. In the
western part of the country, the prevalence of overweight (including obesity) and obesity in
children aged 7–18 years was 25.4% and 7.2%, while in the urban area in the northeastern
part in children aged 6–10 years, it was 23.7% and 7.1%, using IOTF criteria [23,24]. In a
study published in 2009, the prevalence of overweight (including obesity) and obesity in
school children from Cluj-Napoca, using IOTF criteria, was 21.1% and 8.3%. The prevalence
decreased from the age group of 6–10 years to adolescents [25]. In Bucharest, the capital
city of Romania, the prevalence of overweight (including obesity) and obesity were similar
with the other studies from the country: 31.6% and 11.4% (WHO), 24.6% and 6.2% (IOTF),
25.2% and 10% (CDC). This study tried to analyze the eating behaviors, with almost all
participants reporting at least one unhealthy eating behavior, but there was no significant
relationship found with overweight or obesity [27]. In a study performed in Bihor county,
in the Western part of Romania, published in 2016, in school-aged children between
11–15 years, 15.3% were overweight and 12% obese. Overweight and obesity were more
prevalent in children from the urban area (30%) than in rural areas (24%) [26]. In all these
studies [23–27], the prevalence of overweight and obesity was higher in boys than in girls,
similar to our results.
In a pooled analysis of cross-sectional studies published between 2006 and 2015,
including 25,060 children aged 6–19 from 8 counties from different regions of Romania, the
prevalence of overweight (including obesity) was 28.3%/23%/23.2% (WHO/IOTF/CDC).
The prevalence was smaller than in our study, probably due to the inclusion of urban and
rural populations in the pool of studies [29]. Even lower prevalence was reported in 2017
in school-aged children: overweight decreased from 21.28% in boys and 13.89% in girls
at 14 years old to 15.20% in boys and 5.86% in girls at 18 years. The obesity prevalence
varied in girls from 1.85% at 14 years to 0.85% at 16 years and in boys between 2.12% at
15 years to 3.55% at 17 years [34,35]. Compared to the results presented for Romania by
Cattaneo [47], in 2004, all studies performed after 2010, including our research, revealed
a higher prevalence of overweight and obesity in school-aged children, with a decrease
in adolescence.
4.3. The Role of Urbanization in the Prevalence of Overweight and Obesity
Differences in the prevalence of excess weight in children by demographics were
reported in different countries. In the U.S., the prevalence of overweight was different
based on the level of urbanization [48]. In contrast, in a cross-sectional analysis including
children aged 2–19 years, differences in obesity by urbanization level were not significant
(21.7% vs. 17.1%). Moreover, severe obesity was more prevalent in non-metropolitan areas
than in large metropolitan areas (9.4% vs. 5.1%). Analyzing the trend, the prevalence of
obesity increased in large urban areas from 15.3% in 2001–2004 to 17.1% in 2013–2016, and
in non-metropolitan areas from 20% to 21.7%. The severe obesity prevalence increased from
4.3% to 5.1% in large metropolitan areas and 7.3% to 9.4% in non-metropolitan areas [49].
In Florida, in a study based on data from 2017, the highest prevalence of obesity and severe
obesity was observed in rural-small town areas, higher with 25% and 75%, respectively,
compared to metropolitan areas. These data contradict studies from other countries, but
the data could be biased as children from low-income families and without insurance may
have been underrepresented in the sample [41].
A higher prevalence of overweight in urban areas was reported in developing countries but attenuated after adjusting for the socioeconomic status [50]. In a systematic review
of data from Asian countries in the urban population, the prevalence of overweight in
children aged 5–11 years was 12.6% in boys and 10.8% in girls. For adolescents, it was
17.1% in boys and 14.8% in girls. The prevalence of obesity in the same urban population
was for children 6.6% in boys and 4.6% in girls and for adolescents 10.3% in boys and
6.6% in girls. The Asian studies reported a nutrition transition and urbanization in most of
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Asia associated with a sedentary lifestyle and dietary changes [11]. In Europe, in studies
from Slovakia and Poland, the excess weight is more prevalent in urban areas than in rural
ones [51,52]. Conversely, in Greece, there was no significant difference [43].
In Romania, the COSI study presented a higher prevalence of overweight in the urban
area (31.4%) than in the rural area (21.6%) [53]. Also, in the pooled analysis of Romania’s
studies, the excess weight was more prevalent in the urban area (29.5%) than in rural areas
(22.9%) [29]. In our study, the prevalence of overweight in the urban population was lower
than in the COSI study.
4.4. Comparison of Different References for Overweight and Obesity Definition
It is challenging to choose the most appropriate reference system for overweight
and obesity classification. Depending on the aim, IOTF reference should be used for
international comparison, and the other references for clinical use [54].
The WHO and IOTF references produced a similar overall prevalence of overweight
and obesity in a sample population from China, Russia and the U.S. [18]. In developing
countries, the prevalence of childhood obesity was higher than adolescent obesity compared to developed countries as children mature later than in countries used as reference
populations for WHO and IOTF systems [18]. Population-specific standards should be
used in different countries as there could be differences in BMI-body fat and BMI-risk
for disease relationships. IOTF and WHO references are statistically defined and not in a
relationship with evidence of long-term health risks [18].
In a French study, the WHO system was significantly different from IOTF, as a
higher proportion of children were considered overweight (20% vs. 16.2%) and obese
(11.6% vs. 6.7%) [2]. Similarly, in studies coming from Portugal and Spain, the WHO
cut-offs estimate the highest prevalence of overweight, obesity and severe obesity, and
IOTF criteria the smallest. The best agreement for overweight and obesity evaluation was
between CDC and IOTF cut-offs [13,19,33,55].
WHO and CDC references based on the U.S. population seem not to be valid in
other populations from Asia, Africa or other developing countries. IOTF references, based
on a sample population from six countries (U.S., Brazil, Great Britain, Hong Kong, The
Netherlands, Singapore), are closer to developed countries and the Western population
than to other countries. When we compare the results of obesity prevalence based on
different references and populations (sampling, age), we should be aware of those kinds
of limitations [11,18]. If the results based on WHO references would be the basis for
tailoring public health measures, some actions will target normal-weight children. In many
countries, using IOTF references would be more appropriate for evaluating overweight
and obesity prevalence as this system is the best adapted for that population [2].
Our study also results in a different prevalence of underweight, overweight, obesity
and severe obesity based on the criteria used for analysis. In Romania, the last growth
charts were published in 1974. As there are questions as to whether WHO standards
are helpful for the Romanian child population, in 2016, synthetic growth references were
developed. The authors used data from six studies with anthropometric information
obtained between 1999 and 2016. If comparing this synthetic reference with WHO and
CDC references, there are statistically significant differences. Romanian children are taller
than the WHO and CDC reference. The new reference shows that Romanian children may
have a higher BMI than both WHO and IOTF references. There were some limitations
of this reference, one being the fact that it was created mainly from studies consisting of
children from urban areas [28]. Based on all these aspects, we can assume that the IOTF
may be the most useful also for our country. The economic and epidemiological changes
during the last 20 years bring our population closer to developed countries and the Western
population than to other countries.
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4.5. Underweight in Children and Adolescents
Underweight continues to be a problem in some countries, and together with overweight consists of a double burden for public health authorities. Pediatricians should have
an essential role in advocating for healthy child nutrition programs to decrease malnutrition
prevalence due to food insecurity [56].
In Eastern Europe, 15.2% of children aged 6–19 years were underweight in Ukraine [32]
and 24.2% in Poland, in Podalskie province [57]. Another study from Poland found
the highest prevalence of underweight in girls at the age of 13 (19.3%) and in boys at
the age of 14 (8.7%) [58]. Still, more pre-school-aged children are underweight (10.4%)
than overweight (6.4%) [59]. In the northwestern part of Russia, in a rural area, the
prevalence of stunting was 3.3%, 5.2%, 4.5%, and underweight was 3.6%, 3.1%, 2.3%
(based on the WHO-2007, CDC-2000, and Russian criteria). Using the IOTF definition, the
underweight prevalence was only 1.8% [44]. A recently published meta-analysis, including
323,420 European children aged 2 to 18 years, revealed an increasing trend in Eastern,
Northern and Southern Europe and descending trend in Western Europe, with the highest
prevalence in Eastern (12%) and Western Europe (11.8%) [8]. In our study, the prevalence of
underweight was 5.2%, 6.0% and 2.6% using WHO, CDC and IOTF criteria, and lower than
other countries from Eastern Europe [8,9]. Again, using different criteria, the prevalence of
underweight is quite different in the same population, giving us the possibility to conclude
that we need to choose appropriate standards.
Underweight is frequently overlooked by health policymakers from developed countries. Future interventions should increase the awareness of underweight as population
strategies for reducing obesity may harm malnourished children [8].
4.6. Limitations of the Study
The cross-sectional design of the study, including data from 2016, did not allow us
to analyze the trend of obesity and overweight in our children. Even though the main
project included a questionnaire on lifestyle, we could not correlate with nutrition, feeding
behavior and sedentary habits due to methodological issues. The study population was
enrolled in schools from the urban area, but there was no analysis of the students’ living
place. In some schools of metropolitan regions, children living in the surrounding rural
area could be enrolled. Due to some lack of collaboration, we could not include all schools
from the five counties’ urban areas. There was no possibility of comparing the prevalence
of overweight and obesity with school-aged children from the rural area due to the main
project’s methodological limitation. Besides all these limitations, the large number of
children enrolled in the study using the same method make this study the most extensive
single study analyzing the prevalence of underweight, overweight and obesity in a large
region of Romania.
5. Conclusions
The prevalence of overweight (including obesity) in children at school-age from the
urban area of Western Romania is estimated at under 30%. The highest prevalence of
overweight was at pre-puberty age, with a decrease toward the age of 18. Boys were with
a higher prevalence of overweight/obesity than girls. The WHO criteria resulted in the
highest prevalence of obesity and IOTF cut-offs in the lowest. Based on WHO, 5.1% of
children are with severe obesity, but the other references revealed a lower prevalence (1.2%
and 1.6%). Underweight is still an essential issue for developing countries and had a
low prevalence in children from urban areas (5.2%, 6%, 2.6%, based on WHO, CDC, and
IOTF criteria). It is essential to choose the most appropriate reference system to define
overweight and obesity if one wants to correctly evaluate public health measures to halt
obesity in children.
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Summary
Purpose: The outbreak of COVID-19 pandemic has changed
the provision of medical services worldwide. We assessed the
impact of the pandemic on the oncological patients’ visits to
a tertiary cancer centre.

oncology outpatient department, 33% for radiotherapy and
27% for breast cancer unit outpatients. Imaging investigations were only slightly influenced by the pandemic (reduction of 5% for MRI scans, 19% for mammograms,whereas
performed CT scans were even more after the outbreak of
Methods: We analysed registrations from the administraCOVID-19).
tive data system of in- and outpatients in all of the departments of the Cluj-Napoca Oncology Institute, during March- Conclusions: Our results show a decrease in the number
October 2020, and compared to the same 7-month period of of patients during the period after the outbreak of the COVthe previous year.
ID-19 pandemic, more for inpatients and less significant for
outpatient departments, probably because of the internal
Results: The decrease during March-October 2020 was
circuits reorganization but also because of health care meas40.2% for new referrals overall (with the most significant
ures taken nationally and locally to limit the spread of the
drop in April, of 80%), 52.5% for medical oncology inpatients,
pandemic.
39% for paediatric oncology department inpatients, 69% for
radiotherapy inpatients, 34.9% for surgical interventions
and 31% decrease of issued pathology reports. The decrease Key words: COVID-19, disruption, oncology referrals, panwas less important for outpatients: only 10% for medical demic

Introduction
The medical services in Romania, similarly
to other European countries, have been disrupted
by the COVID-19 pandemic. However, oncological
patients kept on with their treatments, although
screening programs have been reduced worldwide [1].
The virus was confirmed to have reached Romania on 26th February 2020, when the first case
was confirmed and reported. Progressive meas-

ures were taken during the following weeks, lockdown was imposed on 22nd of March [2], and it
was lifted almost 2 months later, on 14th of May,
when an alert status was declared, and relaxation
measures were taken. After mid-September, the
number of daily cases started to increase again,
similarly to other European countries, which face
during the fall the second wave of the COVID-19
pandemic.
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The Oncology Institute of Cluj-Napoca is a
large tertiary oncological centre, receiving patients from most parts of the country, and one of
the first cancer centres from Romania with OECI
accreditation. Measures were also taken locally:
the setting up of triage points to screen all patients for COVID-19 symptoms, patient testing,
patient circuits were put in place, and one hospital
ward was reorganized as COVID-19 department in
order to admit positive detected patients prior to
their transfer to specialized hospitals, all in the
attempt to remain COVID-free and to limit the interaction of patients found with a COVID-19 infection from the rest of patients undergoing various
oncological treatments. Similar measures were
taken in oncology departments all over Europe
[3]. Likewise, American medical oncology specialists published in JAMA viewpoint, indicating
measures very much alike, to preserve health care
resources [4].
After the lockdown, the patients’ addressability towards the Institute changed. On one hand
administrative restrictions and on the other hand
patients’ decisions, made them go to oncologists
closer to their homes to avoid traveling by train/
busses or to reduce frequent visits in a crowded
hospital. Moreover, complying with ESMO recommendations [5,6] and the recommendations of the
National Society of Medical Oncology [7], physicians tried to reduce patients’ visits to the hospital
by prioritizing visits and postponing non-essential follow-ups and surgical interventions. Moreover, telemedicine [8] was regulated by law used
whenever possible, prescriptions were issued for
3 months when possible (i.e. hormonal therapy),
oral and subcutaneous therapies were preferred
when this was safe from immunosuppressive side
effects, and patients were encouraged to continue
maintenance therapies (eventually with non-im-

munosuppressive systemic therapies) in county
hospitals, closer to their homes.
We hereby assessed the extent of the decrease
of visits of oncological patients during the period
after the lockdown imposed by authorities’ decisions in the Oncology Institute of Cluj-Napoca,
Romania.

Methods
We analysed the data of patients’ medical recordings from the InfoWorld® internal administrative system during March-October 2020 and during the same
period of the previous year, 2019. We collected data on
new referrals, on in- and outpatients in all departments
(surgery and pathology, medical oncology, radiotherapy,
imaging, oncopaediatrics). Data analysis was performed
using Microsoft Excel for Microsoft 365 MSO, version
2102. Student-t-two-tailed tests were used in order to
assess the statistical significance of the correlation coefficients. A p value<0.05 was considered to be statistically
significant

Results
The total number of patients who were registered for the first time in the Oncology Institute of
Cluj-Napoca during March-October 2020 dropped
by 40.2% compared to the same period of 2019,
but the most significant reduction of new referrals
was seen in April (80%; p=0.0006). As of June, the
numbers became closer to the ones of the previous
period, as shown in Figure 1.
The outpatient department for clinical oncology became the department of interest for patients
receiving chemotherapy, as the inpatient ward was
restricted by epidemiological regulation only for
severely ill patients, emergency cases related to
chemotherapy toxicities and admissions were additionally limited by the imposed social distanc-

Figure 1. New referrals of all patients in the Oncology Institute.
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Figure 2. Number of outpatients in the medical oncology department.

Figure 3. Imaging examinations durin March-October 2020 and 2019.

ing guidelines. Admissions for inpatients in the
medical oncology department dropped by 52.5%.
However, as indicated in Figure 2, the total number of outpatient visits during March-October
2020 dropped only by 10% overall (p=0.21), mostly
due to the April-May decrease, by 38% and 35%,
respectively.
The same descending trend was observed for
inpatients of the paediatric oncology department
(a decrease of 39%) and the radiotherapy department (69%). The number of radiotherapy outpatients decreased by 33%, and similarly, for the
breast cancer unit, where the outpatient number
drop was 27%.
As for surgical departments, the number of
performed interventions decreased by 34.9%, and
consequently, fewer pathology reports were issued
during March-October 2020 (a reduction of 31% in
pathological reports).
Regarding imaging examinations (Figure 3),
the number of MRIs and mammograms during

March-October 2020 was only slightly lower than
in March-October 2019 (with 5.3% for MRIs and
19.4% for mammograms, p=0.97). In contrast, there
were more CT scans performed during March-October 2020 than during the same 7-month period of
the previous year (2989 CT investigations during
the pandemic period versus 2752 in March-October
2019).

Discussion
The impact of the COVID-19 pandemic has
multiple implications for cancer health care in several aspects, including the patients’ increased risk
of contacting the infection and developing severe
complications, delayed cancer diagnosis because
of suspended screening programs, and lower referrals of patients to hospital because of the fear of
contacting the virus, deprioritization of non-COVID
cases, reducing recruitment into clinical trials and
even interrupting them during lockdown [1].
JBUON 2021; 26(3): 1123
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Visits of cancer patients’ hospital have decreased during the pandemic all over the world.
In England, the number of urgent general
practitioners’referrals for cancer dropped by 60%
in April compared with the same month last year
[9]. Another report from the US reported a cumulative deficit in outpatient visits of 40% between
March 15 and June 20, but later in October, the
number of visits returned to pre-pandemic numbers [10,11].
For the Netherlands, figures show that there is
a notable decrease in cancer diagnoses when compared with the period before the COVID-19 outbreak [12], as well as in Slovenia, where compared
to the November-February average, the decrease in
April was about 33%, 46% and 85% for first, control
and genetic counselling referrals, respectively. In
May, the number of all types of referrals started
rising again [13].
In our study, the most significant decrease was
for inpatients. This is somehow expected, as all the
Oncological Institute departments were reorganized to order to admit fewer patients in the attempt
to limit as much as possible an eventual outbreak
of COVID-19 infection among hospitalized patients.
Furthermore, alternatives were found for patients
to receive their treatments in the outpatient departments, to limit contact with hospital personnel and
with each other. Patients continued oncological
treatments (chemotherapy, immunotherapy perfusions), as well as toxicity management treatment
options, whenever possible, in outpatient units.
The hospital admissions were reserved strictly for
emergencies, for long iv chemotherapy perfusions
or for patients at risk of developing acute chemotherapy toxicities [14,15].
Therefore, although the number of new referrals decreased overall quite significantly, the drop
was less important for the outpatient departments.
For the medical oncology outpatient department,
the overall decrease was only 10%, and the highest
drop was registered strictly during the lockdown
period, while afterwards, the number of visits was
comparable to those of last year. This also applies
to imaging departments, where patients continued to be investigated, either by MRI, CT scan, or
mammogram.
Radiotherapy during the pandemic months
was a real challenge because of the need for daily
hospital visits. In this study, the lowest addressability was recorded by the radiotherapy inpatient
department (a drop of 69%). This may be due to the
measures taken at this level to prevent COVID-19
infections, including scheduling patients at different intervals without mixing outpatients with inpatients, periodically testing patients, and regularly
JBUON 2021; 26(3): 1124

disinfecting facilities. Similar declines have been
reported elsewhere in the world, with the normal
volume decreased to 68% on average[16].
Another collateral victim that has suffered
from the COVID-19 outbreak is surgery. During
the peak of the pandemic, the global attitude was
to delay most operations except for emergencies.
A Swiss oncological surgery department reported a
decrease of 27% of performed operations in the early phase of the pandemic [17]. The impact of these
delays on future cancer progression and death remains unknown. An estimating model study from
the UK showed that a delay of surgical operation
of 3 to 6 months across all stage cancers was estimated to cause more than 4700 deaths per year in
the UK [18]. Despite relaxation measures, the number of performed operations remains lower than
during the same period of the last year, and the
reason is mainly due to the reorganization of surgery departments to ensure all protection means
for inpatients.
Overall, the impact of the COVID-19 pandemic
on oncological patients is far from being yet completely foreseen. For example, as screening programs were halted at first, Del Vecchio Blanco et
al presume that this will lead colorectal cancers in
a more advanced stage at diagnosis, which could
impact the effectiveness of screening of colorectal cancer mortality and increase costs in terms of
healthcare economy[19]. Projections for the USA
show that cumulative excess deaths from colorectal and breast cancers between 2020 and 2030
could be around 1% [20]. Likewise, a populationbased modelling study from the UK estimates that
5-year deaths from now due to delayed diagnosis
may be 4-17% higher depending on tumour type
compared to pre-pandemic models [21]. Lives of
most oncology patients depend on their ability and
best timing to receive oncological, surgical and radiotherapy care. Postponing screening, follow-up
and radical surgeries increase patients’ risk of developing progressive disease [22].

Conclusion
Similar to other oncological centres from different countries, the Oncological Institute of ClujNapoca, Romania, registered a decreased number
of patients across various departments during the
period after the outbreak of the COVID-19 pandemic, more for inpatients and less significantly
for outpatient departments. Up to the moment of
this study publication, the Cluj-Napoca Oncology
Institute continued providing oncological medical and surgical care to patients, adapting to the
challenges of this unprecedented situation. But for
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sure, the COVID-19 pandemic has changed the way Havasi wrote the original paper; Simona Cainap,
medical services are organized, and we need more Calin Cainap, Ovidiu Balacescu, Catalin Vlad restudies to find out to what extent these disruptions viewed the paper.
will affect the outcome of oncological patients.
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Abstract
Platinum-based chemotherapy is the standard of care in a wide array of cancers. All chemotherapy, including platinum
derivates, can cause hypersensitivity reactions which greatly limit their use due to the risk of anaphylaxis, forcing oncologists
to use alternative chemotherapy, sometimes with a lower efficacy. The exact pathogenesis of platinum hypersensitivity
reactions remains unknown, a type I mechanism is most frequently involved; however, type II, III, IV, or mixed mechanisms
have also been described. Patients with atopy, a long platinum-free interval, treatment in palliative setting and higher
cumulative dose are at risk of hypersensitivity. For these patients, desensitization protocols are available to treat allergic
reactions to various agents, including platinum chemotherapy. Desensitization promotes antigen tolerance and allows the safe
and efficient administration of the agent responsible for the hypersensitivity reaction. This review aims at providing insight
into the current knowledge of platinum hypersensitivity with focus on available desensitization protocols.

Rezumat
Chimioterapia pe bază de platină este piatra de temelie în tratamentul unei game variate de cancer. Toate chimioterapicele,
inclusiv derivații de platină, pot provoca reacții de hipersensibilitate care limitează mult utilizarea lor datorită riscului de șoc
anafilactic, obligându-i pe oncologi să utilizeze protocoale alternative de tratament, uneori cu o eficacitate mai redusă.
Patogeneza exactă a reacțiilor de hipersensibilitate la platină rămâne necunoscută, cel mai frecvent este implicat un mecanism
de tip I; cu toate acestea, au fost descrise și mecanisme de tip II, III, IV sau mixte. Pacienții cu atopie, interval liber de platina
prelungit, tratament cu intenție paliativă și doză cumulată de platină mai mare prezintă un risc crescut de hipersensibilitate.
Pentru acești pacienți, sunt disponibile protocoale de desensibilizare care permit combaterea reacțiilor alergice la diferiți
agenți, inclusiv chimioterapicele pe bază de platină. Desensibilizarea promovează toleranța la antigen și permite administrarea
sigură și eficientă a agentului responsabil de reacția de hipersensibilitate. Acest review își propune să ofere o trecere în revistă
a datelor actuale cu privire la hipersensibilitatea la platină, cu accent pe protocoalele de desensibilizare disponibile.
Keywords: platinum hypersensitivity, desensitization, allergic reaction

and even death. Hypersensitivity reactions are classified
as type I immediate immunoglobulin E (Ig E) mediated,
type II antibody-mediated, type III immune complexmediated and type IV delayed or T-cell mediated HSR
[76]. Chemotherapy-induced hypersensitivity reactions
are complex and not completely understood. Even
though most reactions are consistent with type I, Ig
E - mediated reactions, some drugs may induce
mixed hypersensitivity reactions with two or more
involved mechanisms [13]. Platinum-based chemotherapy is the backbone of systemic therapy in a
wide range of cancers, including, but not limited to

Introduction
Cytotoxic chemotherapy may cause a wide range of
adverse events that vary from gastrointestinal symptoms,
cardiovascular toxicity, skin toxicity, cytopenia to
severe hypersensitivity reactions (HSR) and anaphylaxis.
Hypersensitivity reactions are serious, unexpected
treatment complications that have been described for
almost all chemotherapeutic agents and significantly
limit their use. The clinical manifestations of HSR
can range from mild symptoms as pruritus, urticaria,
flushing to severe dyspnoea, hypotension, tachycardia
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gynaecologic [48, 49, 54], gastrointestinal [10, 12]
and lung cancer [3, 50] for both adult and paediatric
[67] patients. They represent a standard of care both
in the first-line setting, but also for recurrent disease.
Although they are efficient, generally well-tolerated
chemo-therapeutic agents with manageable side-effects,
their use is frequently restricted because of hypersensitivity reactions.

incidence of atopy compared to the general population,
of 44% [39, 46]. Although better outlined for the
paediatric population, the administration schedule
is another important factor, weekly administrations
being linked to higher risk [81]. Moon et al. showed
that the presence of breast cancer (BRCA) gene 1 and
2 mutations increase the risk for HSR by 43% [52].
Also, the cytotoxic chemotherapy agent administered
with the platinum compound influences the risk of
HSR. Data from the CIG CALYPSO trial showed that
the association of carboplatin with paclitaxel is linked
to a higher incidence of allergic reactions compared
to liposomal doxorubicin [28]. A history of an allergic
reaction to a specific platinum compound is linked to
a greater risk of HSR to different platinum treatments,
as switching platinum salts was not yet proved to be
an efficient alternative [9].
Many of the oncological patients uses “supplements”,
which are considered harmless due to their natural
origin. In fact, some of them could enhance the effect
of chemotherapy (for cisplatin for example), but in
the most of the cases it could increase the risk of an
allergic reaction [69].

Incidence& risk factors
Hypersensitivity reactions induced by chemotherapy
are an important subgroup of drug-related adverse
events that are unpredictable and may display various
clinical symptoms, in some cases leading to anaphylaxis,
cardiovascular collapse and death. An epidemiological
analysis of fatal anaphylaxis in the United States
from 1999 - 2010, placed anticancer therapy as the
third leading cause of fatal drug-related anaphylactic
reactions [27]. Cisplatin HSR frequency varies from
5 - 20% [16] and increases with the number of
administrations, as well as with the association of
concurrent radiotherapy [10, 33]. However, the number
of cisplatin cycles is generally limited to 4 - 6
administrations due to other limiting toxicities, and
therefore cisplatin-induced HSR occurs less often.
Carboplatin is a second-generation platinum derivate,
and similar to cisplatin, the risk of HSR greatly varies
with the number of administered cycles. Allergic
reactions rarely appear during the first cycle, and
they occur in < 1% for less than five administrations
[71]. Nevertheless, for patients receiving seven or
more administrations, the risk increases greatly to over
27% [45]. Furthermore, the existence of a platinumfree interval greater than six months and the administration
of platinum compounds in the second or third-line
setting raises the risk of allergic reactions up to 44%
[53]. The cumulative carboplatin dose is linked to the
risk of HSR; higher lifetime doses were associated
with higher risk [55].
For oxaliplatin, an allergic reaction occurs in around
12% of cases. Most HSR are mild to moderate, with
1% of the patients presenting with severe, life-threatening
reactions. Similar to carboplatin related HSR, oxaliplatin
allergic reactions are more frequent in the second line
and the palliative setting [4]. Patients treated in the
first line with other compounds, particularly irinotecan
had a higher risk or HSR compared to those treated in
the first-line setting [70]. The number of administrations
prior to the allergic reaction episode varies, but is
similar to other platinum compounds ranging from
7 - 9 cycles. The time interval from starting the infusion
to the onset of the hypersensitivity reaction varies
from 10 min to 4 hours, with severe reactions occurring
more frequently in the first 10 min [32, 62].
A pre-existing allergic background is associated with
a higher frequency of HSR. Patients presenting chemotherapy-induced allergic reactions have an increased

Mechanism
The exact pathogenesis of platinum induced hypersensitivity reaction remains mostly unknown. However,
it is generally regarded to be primarily an Ig E - mediated
process. Type I, Ig E-mediated hypersensitivity reactions,
require a prior sensitization period. Ig E bind to mast
cells and basophils, leading to the release of various
cytokines such as histamine, leukotrienes and
prostaglandins [58] which leads to the early onset of
symptoms such as pruritus, chest pain, rash, and in
some rare cases severe anaphylactic reactions. Type II
allergic reactions have been reported for oxaliplatin
with the production of anti-platelets and anti-erythrocytes
directed antibodies, leading to immune thrombocytopenia
and haemolytic anaemia [21, 43, 62]. Additionally, type
III HSR, leading to joint pain, proteinuria or chronic
urticaria have been described for oxaliplatin [44].
Recent data suggest the possibility of type IV, T
cell-mediated hypersensitivity reactions to platinum
compounds. The activated T helper cells cause a delayed
inflammatory response, that may become clinically
evident even days after the initial administration.
Carboplatin and cisplatin are more frequently associated
with delayed reactions, and most patients present with
mild cutaneous manifestations such as maculopapular
rash or eczema; however these patients are at risk of
developing life-threatening complications such as
Stevens-Johnson syndrome or toxic epidermal necrolysis
[13, 57].
Symptoms and management
The clinical presentation of platinum induced hypersensitivity reactions can vary both in terms of clinical
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manifestations and the time of symptoms onset in
relation to the drug administration. Most patients
present cutaneous manifestations such as pruritus,
urticaria, flushing or angioedema [40]. Other clinical
manifestations such as dyspnoea, bronchospasm,
diarrhoea, nausea, fever, chills and cardiovascular
manifestations that may include arrhythmias and blood
pressure variations have also been described [51,
63]. Respiratory symptoms are second to cutaneous
manifestations in frequency, while cardiovascular
symptoms are less common, but more severe [9].
Symptoms are common for all platinum derivates.
However, oxaliplatin may display atypical presentations,
including dyspnoea and hypoxia in the absence of
bronchospasm, chills, fever, abdominal, back or chest
pain during infusion, haematuria, hematemesis, epistaxis
disorientation and altered mental status [4]. Dysesthesia
with laryngeal spasm is a neurotoxic effect of
oxaliplatin, and it should be distinguished from an
allergic reaction [38].
Clinicians and patients have to be aware of the
possibility of allergic reactions. Patients need to be
counselled about the risk of hypersensitivity reactions
and taught to distinguish the signs and symptoms and
report them to the treating physician. An initial risk
assessment must be carried out at treatment initiation
and during the treatment. Patients at risk for platinum
HSR should be monitored by experienced healthcare
professionals, able to recognize and manage potentially
life-threatening allergic reactions.
There are various classification systems to grade
hypersensitivity reactions; however, the National
Cancer Institute Common Terminology Criteria for
Adverse Events v 4.03 is more frequently used [11].
In the face of an allergic reaction, treatment involves
early diagnosis and cessation of drug administration.
A quick evaluation of the patient's airways, breathing,
circulation and consciousness are mandatory. Venous
access must be ensured. For patients with anaphylaxis,
epinephrine must be administered without delay.
Oxygen must be administered if needed. Patients with
hypotension must be placed in the Trendelenburg
position. Fluid resuscitation must be initiated with
the rapid administration of 1 - 2 litres of normal
saline. Atropine is indicated for the treatment of
bradycardia. Antihistamines improve symptoms such
as pruritus and angioedema, but have no life-saving
effect. Vasopressors may be needed in cases where
epinephrine and fluid resuscitation failed. Corticosteroids
are efficient in preventing delayed reactions, but
their therapeutic effects occur after a few hours and
therefore are inefficient in the management of acute
severe allergic reactions. Vital signs and recurrence

symptoms must be monitored post-reaction, and a
24 h close observation is recommended [22, 66, 80].
Desensitisation
History of platinum related hypersensitivity reactions
is a challenging issue that treating physicians have to
surpass. The main predicament is whether platinumbased chemotherapy should be discontinued or not.
After a platinum-related HSR, physicians have five
possible options: premedication, prolonged infusion
time, changing the platinum derivate, desensitisation
and permanently discontinuing platinum derivates.
When selecting the best treatment plan, the severity
of the allergic reaction is a crucial deciding element.
Other cofounding factors are treatment setting, palliative
or curative treatment, the possible clinical benefit of
continuing the platinum compound and the availability
of other viable treatment options.
For patients with mild to moderate reaction, rechallenge
with additional premedication, corticosteroids, antihistamines, or changing the platinum compound is an
option; however, with limited efficiency, as crossreactivity between platinum derivates has been described
and more intensive premedication still carries a high
risk of severe allergic reactions [4, 24, 82]. Some
studies have shown that prolonged infusion time might
be an efficient option for some patients allowing
treatment continuation and reducing further allergic
reactions [35, 60, 66]. O'Cearbhaill et al. validated a
prolonged 3-hour infusion protocol for carboplatin,
compared to the standard 30 min infusion, coupled
with rigorous premedication, which led to an 18%
reduction of hypersensitivity reactions [56].
Recurrent reactions despite premedication or longer
infusion time and serious initial allergic reactions oblige
the use of desensitization protocols. First described
for penicillin [72], desensitization is used in a wide
array of clinical scenarios. Desensitization is the
process by which the immune response is altered, in
order to induce temporary tolerance to the targeted
drug. During desensitization, the administration of
subthreshold, incremental, antigen doses promotes
the transduction of predominantly inhibitor signals,
by abolishing intracellular calcium influx, which leads
to increasing unresponsiveness to specific antigens
[68]. Numerous desensitization protocols have been
successfully used for various chemotherapy agents,
including platinum derivates, allowing for treatment
continuation. Most desensitisations use standardized
multi-step administration protocols that allow the
administration of the full therapeutic dose, usually
in a short time interval of 4 - 12 hours [57]. Table I
encompasses the main desensitization protocols used
for the treatment of platinum hypersensitivity reactions.
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Table I
Published desensitization protocols for platinum hypersensitivity
Chemotherapy Patients
Castells et al.
[15]

Kuo et al. [34]

Abe et al. [1]
Altwerger et al.
[2]
Brault et al. [5]

Carboplatin
Cisplatin
Oxaliplatin
Carboplatin
Oxaliplatin

64

12 step, 3 dilutions
from 1:100 - 1:1

10

12 step, 3 dilutions
from 1:100 - 1:1
5 step dilutions from
1:10000 - 9:10
6 step dilutions from
1:1000-1:1
4 steps dilutions from
1:1000 - 1:1

Bruchim et al.
[7]
Caiado et al. [8]
Castells et al.
[13]
Choi et al. [17]
Chung et al.
[18]
Confino-Cohen
et al.[19]
CortijoCascajares et al.
[20]
Gastaminza et
al. [23]
Gomez et al.
[25]
Jones et al. [29]

Kang et al. [30]

Kendirlinan et
al. [31]
Lee et al. [37]
Lee et al. [36]

Duration
Setting
Skin BTR Success
(hours)
testing (%) rate (%)
5.8
ICU 1st administration; Yes
33
100
Outpatient afterwards
5.8

Outpatient

Yes

16

70

12

N/A

No

33

66

3.5

Yes

27.1

87.6

Yes

36.6

86.6

2-5

Cisplatin

3

Carboplatin

129

Carboplatin
Oxaliplatin
Cisplatin
Carboplatin

30

12 steps dilutions
from 1:100 to 1:1

3

Inpatient non-ICU
ICU 1st administration:
1 patient
N/A

30

8 step, 2 dilutions
from 1:10 to 1:1
10 step dilutions from
1:100 to 1:1
12 step, 3 dilutions
from 1:100 - 1:1
8 step 1:10 to 1:1
3 step dilutions from
1:1000 to 1:1
12 step: 3 dilutions
from 1:100 - 1:1

6.35

Inpatient non-ICU

Yes

17.9

99

5.8

Inpatient non-ICU

Yes

N/A

N/A

6.35
6/15.5

N/A

Yes

20.4

89.7

6

Outpatient

Yes

16.3

93%

12 step, 3 dilutions
from 1:100 - 1:1
24 steps, 4 dilutions
from 1:1000 to 1:1
12 steps, 1 dilution

5.8

Yes

35.4

100

96

Inpatient non-ICU
ICU 1st administration
Inpatient non-ICU

Yes

0

100

4.2

Inpatient non-ICU

Yes

16.7

100

4 step, 4 dilution from
1:1000 to 1:1
14 step, 13 dilutions
from 1:100 to 1:1

6

N/A

Yes

5

95

3-4

N/A

Yes

11

100

2

Yes

25

75

2

Inpatient non-ICU
ICU 1st administration
N/A

Yes

28.5

85.7

1.5

Inpatient non-ICU

Yes

40

60

7.8

Inpatient non-ICU

Yes

44.8

91.6

N/A

Inpatient non-ICU

Yes

50

90.9

Inpatient non-ICU
ICU 1st administration
Inpatient non-ICU
ICU 1st administration

Yes

30.5

100

Yes

40

100

Hesterberg et al.
[26]

Wang et al. [79]

Protocol

Carboplatin
Oxaliplatin

109

Carboplatin

49

Carboplatin
Oxaliplatin
Cisplatin
Carboplatin

136

Carboplatin

8

Carboplatin
Cisplatin
Oxaliplatin
Carboplatin

36

Oxaliplatin

21

Carboplatin
Oxaliplatin
Carboplatin

4

Carboplatin
Cisplatin
Carboplatin
Oxaliplatin
Cisplatin

5

31

23

7

36

Carboplatin
Oxaliplatin
Cisplatin

22

Carboplatin

31

Carboplatin

10

5 step, 5 dilutions
from 1:10000 to 1:1
4 steps, 4 dilutions
from 1:1000 to 1:1
4 steps, 4 dilutions
from 1:1000 to 1:1
12 step, 3 dilutions
from 1:100 - 1:1
16 step, 4 dilutions
1:1000 - 1:1
12 step, 3 dilutions
from 1:100 - 1:1
16 step, 4 dilutions
1:1000 - 1:1
12 step, 3 dilutions
from 1:100 - 1:1
12 step, 3 dilutions
from 1:100 - 1:1
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11.05

N/A
3.8
5.82
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Chemotherapy Patients
Li et al. [39]
MadrigalBurgaleta et al.
[41]
MadrigalBurgaleta et al.
[42]
Markman et al.
[47]
Park et al. [59]
Pérez-Rodríguez
et al. [61]
Robinson et al.
[64]
Rose et al. [65]
Syrigou et al.
[73]
Takase et al.
[74]
Toyohara et al.
[75]
Vetter et al. [77]
Vidal et al. [78]
Wong et al. [80]

Carboplatin
Cisplatin
Oxaliplatin
Carboplatin

18

4 step, 1 dilution

Duration
(hours)
1.5 - 2.25

11

10 steps, 3 dilutions

4.25

ICU

Yes

6

100

Carboplatin
Oxaliplatin
Cisplatin
Carboplatin
Cisplatin
Oxaliplatin
Cisplatin
Oxaliplatin
Carboplatin
Carboplatin
Cisplatin
Carboplatin

104

10 steps, 3 dilutions

4.5

Inpatient non-ICU
ICU 1st administration

Yes

12

100

4

4 steps, 4 dilutions
from 1:1000 to 1:1
11 step, 4 dilution
from 1:1000 to 1:1
9 steps, 1 dilution

1.5

N/A

Yes

0

100

6.38

N/A

Yes

42.8

100

3.48

Outpatient

Yes

5.3

95.6

N/A

Yes

0

100

Inpatient non-ICU

No

22

78

Oxaliplatin

3

Outpatient

Yes

0

100

Carboplatin

20

Inpatient non-ICU

No

15

95

Carboplatin

5

Inpatient non-ICU

No

20

80

Carboplatin
Cisplatin

48

Outpatient
Inpatient

No

65

96.6

Carboplatin
Oxaliplatin

8
48

Outpatient
N/A

Yes
Yes

12.5
37.5

100
100

12
46
10
33

Protocol

4 steps, 4 dilutions
4
from 1:1000 to 1:1
4 steps, 4 dilutions
16.5
from 1:1000 to 1:1
13 steps, 7 dilutions
8
from 1:100000 to 1:1
4 steps, 4 dilutions
4
from 1:1000 to 1:1
4 steps, 4 dilutions
5
from 1:1000 to 1:1
4 steps, 1 dilution
2.25
16 steps, 3 dilutions
14
from 1:100 to 1:1
16 steps, 1 dilution
4.5
13 steps, 3 dilutions 4.7 - 16
from 1:1000000 to 1:10

Setting
Outpatient

Skin BTR Success
testing (%) rate (%)
No
32
100

BTR: breakthrough reactions, ICU: intensive care unit, N/A: not available

A recent study by Castells et al. [15] used a
standardized 12-step desensitization protocol in 98
patients; among these, 64 had platinum-related allergic
reactions. Subjects received premedication followed
by the administration of three solutions in twelve
consecutive steps. Total desensitization time was of
5.8 hours. The first desensitization was administered
in an intensive care unit while the others were
administered in an outpatient setting. Of the 413
desensitizations performed, 94% lead to no or mild
reactions. Most reactions occurred during the first
two desensitisations, more frequently during the final
step of the protocol; however, all reactions were less
severe than the initial allergic reaction. In patients
presenting with HSR related symptoms, despite
desensitization, the addition of 325 mg of acetylsalicylic acid and 10 mg of montelukast two days
prior and on the desensitization day led to significant
symptom control [6].
Altwerger et al. conducted an analysis encompassing
129 patients who received a total of 788 desensitization
cycles for carboplatin. A four-step desensitization
protocol was used, and total administration time was of
3.5 hours. Two patient groups underwent desensitization,
patients with prior HSR to carboplatin (43.4%) and
patients with positive carboplatin skin tests. Patients

with positive skin tests presented more HSR during
desensitization than those with a history of HSR.
Most patients received their desensitization in a nonintensive care inpatient unit, 87.6% completed their
desensitization, with an average of 6.1 desensitization
cycles administered. Most patients had no or mild
reactions during desensitization, 9% presented moderate
to life-threatening events, and one death occurred
due to a severe anaphylactic reaction [2].
In patients with a history of platinum induced allergic
reactions, skin testing was advocated as a useful tool
in predicting future reactions and selecting patients
for further platinum reexposure. However, the use of
skin testing in an everyday clinical setting remains
controversial as the sensitivity of skin tests for platinum
salts varies across different studies, from 66% to 80 88%, in some studies as low as 27% for oxaliplatin
[9] and multiple tests are frequently necessary for
adequate risk stratification. Hesterberg et al. used
skin testing for selecting the desensitization protocol
in patients with carboplatin HSR. Patients with negative
skin tests received a more rapid 8 step protocol,
while those with positive tests had a longer 10 step
desensitization protocol. Subjects with negative skin
tests within three months of the HSR did not display
hypersensitivity symptoms during desensitization and
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remained negative. Patients with testing performed at
more than 9 months after HSR tested positive before
the second desensitization cycle and had subsequent
reactions even during the prolonged desensitization
protocol [26].
Skin testing, however, may be effective in selecting
patients with a very low risk for further allergic
reactions. A three-step risk stratification protocol
was analysed in a retrospective analysis conducted
by Wang et al. in 142 patients with carboplatin and
oxaliplatin HSR. Patients with negative tests undergone 8-step desensitization regimen with repeated
skin testing before each cycle. Patients that remained
negative after the third test continued their treatment
schedule without desensitization. 77.3% for carboplatin
and 88.9% for oxaliplatin, of the patients that continued
outpatient treatment without desensitization, had no
additional HSR related symptoms. However, patients
with severe initial HSR, even though they qualified
for treatment without desensitization, were not referred
to outpatient infusions [79]. Caiado et al. searched for
potential biomarkers that may aid in selecting patients
at risk for allergic reactions during desensitization
by analysing 1471 desensitizations in 272 patients. On
multivariate analysis, a total Ig E level greater than
100 U/mL and more than ten previous platinum
administration were found as significant risk factors
for further HSR during desensitizations with an OR
of 8.24 and 4.11, respectively [8].
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Abstract: Arrhythmogenic right ventricular cardiomyopathy (ARVC) is a rare disease in which the
right ventricular myocardium is replaced by islands of fibro-adipose tissue. Therefore, ventricular
re-entry circuits can occur, predisposing the patient to ventricular tachyarrhythmias, as well as
dilation of the right ventricle that eventually leads to heart failure. Although it is a rare disease with
low prevalence in Europe and the United States, many patients are addressed disproportionately
for cardiac magnetic resonance imaging (MRI). The most severe consequence of this condition is
sudden cardiac death at a young age due to untreated cardiac arrhythmias. The purpose of this paper
is to revise the magnetic resonance characteristics of ARVC, including the segmental contraction
abnormalities, fatty tissue replacement, decrease of the ejection fraction, and the global RV dilation.
Herein, we also present several recent improvements of the 2010 Task Force criteria that are not
included within the ARVC diagnosis guidelines. In our opinion, these features will be considered in
a future Task Force Consensus.
Keywords: arrhythmogenic right ventricular cardiomyopathy; fibro-fatty; myocyte; cardiac MRI
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Arrhythmogenic right ventricular dysplasia/cardiomyopathy (ARVC) is a cardiomyopathy that generally affects the right ventricle and often has familial transmission. However, sporadic cases are described within the literature as well [1]. ARVC mostly affects
young adults, with 80% of patients being under 40 years old. From a pathophysiological standpoint, the main ARVC anomaly is desmosome dysfunction. Desmosomes are
membrane proteins with major roles in cell adhesion, signal transmission, and cell differentiation. Hence, desmosome dysfunction leads to cellular disorders in both muscles and the
skin [2].
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Cardiac magnetic resonance imaging (MRI, CMR) is a non-invasive technique that is
able to acquire multiplanar images, with excellent contrast of soft tissues and without the
use of ionizing radiation. Therefore, CMR is deemed to be the best imaging method for
the characterization of the right ventricle and the muscle tissue changes within ARVC [3].
Even though the presence of a cardiac defibrillator has been considered a contraindication
for older MRIs, current 1.5 Tesla MRIs allow image acquisition from these patients as well.
Understandably, the image quality is poorer in the presence of metallic implantable devices [4]. There are several other imaging methods that have been used for RV assessment
in ARVC, including cardiac ultrasound and RV angiography. With the exception of secondary RV aneurysm, echocardiography and RV angiography cannot provide information
regarding the structure of the ventricular wall and the replacement of the myocardium
with adipose or fibrous tissue, which is the hallmark of ARVC [5]. Due to the small number
of ARVC cases in the general population, the experience of radiologists or cardiologists in
the analysis of ARVC CMR images is limited. An accurate diagnosis requires experience
and a large number of examined cases [6]. Hence, this review focuses on the implications
of CMR in the identification and characterization of ARVC-related lesions.
2. Brief Pathology Considerations in ARVC
ARVC is a disease in which the muscle tissue of the right ventricle is replaced by
adipose and fibrous tissue, leading to severe ventricular arrhythmias such as ventricular
tachycardia (VT) or ventricular fibrillation (VF) [7]. In general terms, arrhythmic manifestations emerge in the second to fourth decades of life [8] and are represented by arrhythmias
originating from within the right ventricle: from rather simple arrhythmias such as premature ventricle contractions (PVCs) to more complex ones such as VT or VF [9]. In the
general population, 20% of deaths in young adults under 35 years may be attributable to
ARVC [10,11].
In ARVC, three stages of evolution can be described using anatomical and histological
data [12,13]. Understandably, these stages are correlated with clinical manifestations of
the disease. In the first stage of minor histological changes [14,15], the alterations may be
so discreet that they essentially cannot be visualized on ultrasound, angiography, MRI
or endomyocardial biopsy. However, this stage is not considered harmless, as the minor
lesions can activate re-entry circuits, generating dangerous ventricular arrhythmias. In
the second “symptomatic” stage, there is marked infiltration of the myocardium with
adipose and fibro-adipose tissue, which can lead to ventricular tachycardia, ventricular
fibrillation, and sudden cardiac death. Furthermore, in the third stage, the “end-stage” of
the disease, the RV damage is massive, and biventricular dilation occurs, with irreversible
heart failure [2,10].
2.1. Right Ventricle Pathological Features in ARVC
ARVC can be characterized by the abnormal predominance of either adipose tissue or
fibro-adipose tissue that replaces the normal RV myocardium. Regardless of the pathological form, this myocardium replacement can be associated with several other entities, such
as RV dilation, RV or RV outflow tract (RVOT) aneurysm, concomitant impairment of the
left ventricle, presence of inflammatory infiltrates in the ventricular myocardium, and even
dilation of the right atrium [13–20]. Of note is the fact that lesions are initially limited at
the subepicardial level and later progress towards the endocardium, with the impairment
of the entire ventricular wall (Figure 1). This explains why incipient forms are described in
patients without any symptoms but with alterations of the subepicardial ventricle [21].
In general terms, the replacement with adipose and fibro-adipose tissue occur in the
“triangle of dysplasia”, a specific area that is delineated by the anterior infundibulum, the
apex of the right ventricle, and the inferior wall of the right ventricle [3,18–24]. However,
dysplasia lesions can also occur in the posterior wall, interventricular septum, and right
atrium [2,6,10,12,13]. The implication of the interventricular septum often leads to con-
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duction abnormalities, such as right bundle branch block, atrio-ventricular conduction
disorders, and even septal intramyocardic VT.
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The main histopathological alterations within the “triangle of dysplasia” are the decrease in number of myocardial fibers and the abundant invasion of subepicardial fat
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adipose tissue was observed within the triangle, with marked decrease of myocardial
fibers and hypertrophy with dystrophic small nuclei in the remaining fibers. In addition, it
should be mentioned that necrosis is an uncommon feature in patients with ARVC and was
only found in 10.64% of patients in the Mu study [18], but contrarily in a higher percentage
of 54.5% by Nava et al. [25].
With respect to the presence of inflammatory cells, differences between the adipose
and fibro-adipose forms are described in the medical literature. Thus, in 17% of the patients
with adipose form, fibro-inflammatory infiltrates are present compared to 100% in patients
with fibro-adipose form. These inflammatory infiltrates may be accountable to some extent
for the dilation of the right ventricle, in the sense that 67% of patients with fibro-adipose
form had dilation of RV compared to 8% of those with fibrous form in the study performed
by the Padua group [9]. Even if RV dilation is more important in the fibro-adipose group,
the thickness of the opposite ventricular wall is higher in patients with adipose form due
to the particular disposition of the epicardial and subepicardial adipose tissue [9].
As for the weight of hearts autopsied with ARVC, the differences between adipose and
fibro-adipose form are not significant as they also depend on the age of autopsied patients.
In the study of the Padua group, the heart weighted 432 g for fibro-adipose type ARVC
and 481 g for adipose form. However, in the presence of right ventricular aneurysms, the
total weight of the heart increases proportionally to the volume of the aneurysm.
2.2. Left Ventricle Pathological Features in ARVC
Animal studies have shown that 83% of cats with ARVC and 35% of dogs with ARVC
had concomitant left ventricular damage. In humans, Nava et al. [19] described two cases
of left ventricular involvement during 11 autopsies. One of the most important limits
of this study is that the autopsies did not include the dissection of the left ventricle in
9 of 11 cases; therefore, the number of LV impairments could be higher. Furthermore,
out of the 11 autopsies, 6 had fatty form ARVC and 5 had fibro-fatty form ARVC. Of the
11 autopsies, 8 hearts had dilation of the right ventricle and 3 had severely dilated RV.
Rastegar et al. found concomitant left ventricle (LV) involvement in 55% of patients with
abnormal CMR. Moreover, 9% had only isolated LV involvement, without impairment of
the right ventricle [26].
2.3. The Pathology of Right Atrium Involvement in ARVC
Fox et al. examined the right atrium of 12 cats that died of ARVC, observing that
10 of them had concomitant left ventricular involvement, whilst 2 of them had biatrial
impairment [27]. Basso et al. found that 48% of the 23 dogs autopsied for ARVC had
concomitant LV involvement, and 35% of the autopsied dogs presented concomitant right
or left atrium involvement [28].
To certify right atrium involvement in patients with ARVC, Li et al. compared histological changes of the RA from three patients with ARVC with three other patients with permanent atrial fibrillation [29]. In patients with ARVC, RA microscopy revealed a decrease
in the number of cardiomyocytes and an abundant development of adipocytes, as well
as interstitial fibrosis. However, in patients with permanent atrial fibrillation, microscopy
revealed a decrease in the number of cardiomyocytes and an increase in adipocytes, fibrosis,
and inflammation. The inflammatory cells involved were T lymphocytes and macrophages,
mixed with necrotic cells.
2.4. Moderator Band: Pathological Features in ARVC
The moderator band is anatomically found within the “triangle of dysplasia”. As
such, if the myocardium within the dysplasia triangle is affected by ARVC, the pathophysiological changes will also reflect upon the moderator band. Furthermore, the fibro-fatty
tissue can extend from the moderator band to the insertion place in the right ventricular
wall, where aneurysms or bulging may occur. In addition, the fibro-fatty tissue that affects
the moderator band may also involve the right branch of the conduction system con-

2.4. Moderator Band: Pathological Features in ARVC

Diagnostics 2021, 11, 1388

The moderator band is anatomically found within the “triangle of dysplasia”. As
such, if the myocardium within the dysplasia triangle is affected by ARVC, the pathophysiological changes will also reflect upon the moderator band. Furthermore, the fibro5 of 19
fatty tissue can extend from the moderator band to the insertion place in the right ventricular wall, where aneurysms or bulging may occur. In addition, the fibro-fatty tissue that
affects the moderator band may also involve the right branch of the conduction system
tained
within
the the
moderating
band,
resulting
in aincomplete
or “incomplete”
right
bundle
contained
within
moderating
band,
resulting
a complete
or “incomplete”
right
bunbranch
block.
On ultrasound
examination,
the moderator
bandband
will appear
thickened
and
dle branch
block.
On ultrasound
examination,
the moderator
will appear
thickened
hyperlucent
due
to
the
structural
changes
[30,31].
and hyperlucent due to the structural changes [30,31].
Inthe
theBauce
Baucestudy,
study, of
of 120
120 individuals
individuals taken
taken into
into consideration,
consideration, 40
had ARVC,
ARVC, 40
In
40 had
40 were
were
endurance
athletes,
and
40
were
healthy
individuals
[32].
Compared
to
the
control
group,
endurance athletes, and 40 were healthy individuals [32]. Compared to the control group,
patients
patients with
with ARVC
ARVC showed
showed moderate
moderate band
band hypertrophy
hypertrophy as
as well
well as
as hyperechogenicity
hyperechogenicity
on
However, the
the changes
on cardiac
cardiac ultrasound
ultrasound examination.
examination. However,
changes in
in the
the moderate
moderate band
band were
were
similar
when
the
group
of
athletes
was
compared
to
that
of
patients
with
ARVC
and
could
similar when the group of athletes was compared to that of patients with ARVC and could
not
element of
of distinction
distinction between
between the
the two
two categories
categories of
of individuals.
individuals.
not be
be considered
considered as
as key
key element
Yoerger
et
al.
also
compared
the
moderator
band
as
visualized
by
echocardiography
Yoerger et al. also compared the moderator band as visualized by echocardiography inina
agroup
group
patients
with
ARVC
with
a control
group
29 healthy
individuals
[33].
of of
2929
patients
with
ARVC
with
a control
group
of 29ofhealthy
individuals
[33]. OneOne-third
(31%)
of
those
with
ARVC
presented
moderator
band
hyperechogenicity,
which
third (31%) of those with ARVC presented moderator band hyperechogenicity, which was
was
a good
criterion
for discriminating
between
the two
groups.
D’Ascenzi
al. showed
a good
criterion
for discriminating
between
the two
groups.
D’Ascenzi
et al.etshowed
on a
on
a
group
of
over
1000
Olympic
athletes
that
the
moderator
band
hyperechogenicity
group of over 1000 Olympic athletes that the moderator band hyperechogenicity was prewas present in five healthy individuals (0.5%), and that this cannot be a criterion that
sent in five healthy individuals (0.5%), and that this cannot be a criterion that would be
would be highly specific for ARVC [34]. Sometimes the deposition of adipose tissue
highly specific for ARVC [34]. Sometimes the deposition of adipose tissue inside the modinside the moderator band is well delimited, forming “pseudotumors” that are visible both
erator band is well delimited, forming “pseudotumors” that are visible both during nonduring non-invasive examinations such as cardiac ultrasound or cardiac MRI, or during
invasive examinations such as cardiac ultrasound or cardiac MRI, or during autopsy [35].
autopsy [35].
3. Cardiac
MRI Features
Features in
in Arrhythmogenic
Arrhythmogenic Right
Right Ventricular
Ventricular Cardiomyopathy
Cardiomyopathy
3.
Cardiac MRI
Due to
to desmosome
desmosomedysfunction,
dysfunction,the
theRV
RVmuscle
muscle
replaced
with
fibrous
or fatty
tisDue
is is
replaced
with
fibrous
or fatty
tissue.
sue.
This
replacement
leads
to
thinning
of
the
right
ventricular
wall
[36],
dilation
of
the
This replacement leads to thinning of the right ventricular wall [36], dilation of the RV, and
and a consecutive
in the
sizeheart
of the[13,15–18].
heart [13,15–18].
Furthermore,
the pathoaRV,
consecutive
increase increase
in the size
of the
Furthermore,
the pathological
logical
alterations
in
ARVC
are
not
limited
solely
to
the
right
ventricle
but
may
alsothe
inalterations in ARVC are not limited solely to the right ventricle but may also include
clude
the
LV. The involvement
can beor
regional
at the
level
of the interventricular
LV.
The
involvement
can be regional
diffuseor
atdiffuse
the level
of the
interventricular
septum
septum
or
at
the
level
of
the
LV
free
wall.
Depending
on
the
technique
used
to
evaluate
or at the level of the LV free wall. Depending on the technique used to evaluate the
the right
ventricle—autopsy,
endomyocardial
cardiac ultrasound,
cardiac
right
ventricle—autopsy,
endomyocardial
biopsy,biopsy,
cardiac ultrasound,
or cardiacor
MRI—LV
MRI—LV
involvement
in
ARVC
varies
between
16%
and
76%
(Figure
2)
[25,37].
involvement in ARVC varies between 16% and 76% (Figure 2) [25,37].

2. Representation
Representationofofaacross-section
cross-section
heart
with
an enlarged
right
ventricle
and fibroFigure 2.
ofof
thethe
heart
with
an enlarged
right
ventricle
and fibro-fatty
fatty replacement
the ventricular
wall; signs
left ventricular
involvement
arepresent.
also present.
replacement
of theof
ventricular
wall; signs
of leftof
ventricular
involvement
are also

Several other studies showed concomitant involvement of the right atrium in some
cases of ARVC [38–40]. Brembilla-Perrot et al. showed a higher susceptibility to atrial
arrhythmias in patients with ARVC, which implies that the disease is not limited to RV
but may also affect the RA [41]. The implication of the RA is of practical importance
for a number of reasons. First and foremost, when detecting fibro-adipose replacement
inside the right atrium in a patient with ARVC, one should consider an antiarrhythmic
drug to prevent episodes of atrial arrhythmias. Secondly, in this category of patients, if
an internal cardiac defibrillator is implanted for the prevention of sudden cardiac death,
double chamber defibrillators are preferred in order to differentiate between ventricular
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and supraventricular arrhythmias. In addition, atrial arrhythmias increase the risk of stroke
and peripheral embolism, and therefore some patients with ARVC might benefit from
long-term anticoagulation. Moderator band alterations have been described in ARVC in
the past as well. As such, it is abundantly clear that the cardiac lesions in ARVC are not
located only within the RV, but may alter other cardiac structures as well, prompting a
thorough MRI evaluation of these entities.
3.1. Right Ventricle CMR Evaluation in ARVC
The Task Force Criteria for the diagnosis of ARVC include morphological and functional characteristics of the right ventricle demonstrated by cardiac MRI. It is often used as
a first-line examination for supporting an ARVC diagnosis because it is able to objectively
identify alterations in accordance with the Task Force Criteria. Moreover, some authors
consider cardiac MRI as the gold standard in the diagnosis of ARVC as it provides information on right ventricular volumes, segmental contraction, and ejection fraction [42,43].
However, it must be noted that MRI alone does not provide sufficient major criteria for a
definite diagnosis of ARVC as other Task Force Criteria are required. If the diagnosis is
based only on cardiac MRI criteria, inaccuracies may occur, as adipose tissue may also be
present inside the right ventricle in physiological conditions [44].
The first Task Force Criteria for the diagnosis of ARVC were proposed by McKenna et al.
in 1994 [45]. In 2010, Marcus et al. [12] proposed new, revised criteria that increased the
sensitivity and specificity of the ARVC diagnosis. These new criteria included information
from cardiac MRI which are illustrated in Figures 3–6 below:
(a)

(b)

(c)

(d)

RV contraction disorders and functional abnormalities
Unlike the initial diagnostic criteria, the 2010 Revised Task Force Criteria [12] are
quantitative rather than qualitative. Three types of changes were included: (1) segmental RV contraction abnormalities, (2) dilation of the RV, and (3) reduction of the
RV ejection fraction. It is notable that intramyocardial fat or delayed enhancement are
not included in the criteria for differential diagnosis strictly because these changes
can be found in healthy people or in other diseases affecting the right ventricle. The
association between akinesia/dyskinesia or RV regional contraction asynchrony with
RV volume dilation or RV ejection fraction <40% is considered a major criterion for the
diagnosis. As mentioned beforehand, the Revised Criteria are quantitative. Therefore,
RV dilation is defined as the ratio of RV volume/body surface area > 110 mL/sqm
in men or >100 mL/sqm in women. The minor criterion is defined as the presence
of akinesia/dyskinesia with decreased ejection fraction of 40 to 45%, contraction
abnormalities, or increased RV volume between 100 and 110 mL/sqm in men or
90 and 100 mL/sqm in women. It is worth noting that microaneurysms as well as
segmental RV dilatations were removed from the Diagnostic Criteria because they are
rather subjective and challenging to evaluate.
Decrease of the RV ejection fraction (EF) is a diagnostic key element and occurs
when several areas of impaired contraction cumulate and impair the general contractility function or when the dilated right ventricle. Taking into consideration the
degree of EF decrease <40% or between 41% and 45% is rather important, as this
criterion, together with the contraction abnormalities, may represent either a minor
or major diagnostic criterion for ARVC [12,45].
RV dilation is also a key element for the diagnosis of ARVC. It can be segmental or
global. Segmental expansion can affect only the RVOT or parts of the RV such as the
basal free wall or the middle third of the free wall. It is a diagnostic criterion with
high sensitivity and specificity for ARVC (Figure 3). Only the global dilation of RV
is considered a diagnostic criterion for ARVC because segmental dilatation is rather
difficult to interpret [12,45].
Intramyocardial adipose tissue disposition—”obsolete”
Although intramyocardial fat has long been a diagnostic criterion for ARVC, it is
no longer used because other pathological or physiological conditions can lead to
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this appearance in cardiac MRI. In normal people, epicardial fat can penetrate to the
myocardium and endocardium, with no clear demarcation between the epicardium
and the myocardium, leading to misinterpreted images as ARVC. When intramyocardial fat is detected, it will be considered pathological only if it is associated with
contraction abnormalities of the corresponding wall [12,45]. Fat in ARVC appears
as hyperintense intramyocardial signal at T1 spin-echo. Adipose tissue infiltrates
mainly the RVOT, the free wall of the right ventricle, the intracavitary trabeculae,
the moderating band, and the right side of the interventricular septum (Figure 4).
Tansey et al. showed on autopsies of individuals without known heart disease that
85% of them had myocardial infiltrates with adipose tissue [46]. Mainly, the RVOT,
free wall of RV wall, apex, and RV antero-lateral wall are affected, but these intramyocardial deposits do not change the thickness of the ventricular wall or the regional
contraction. If the deposits extend from the epicardium to the endocardium, crossing
the myocardium, then the ventricular wall may increase in size as a normal feature of
the adipose distribution. It seems that these fat deposits in healthy people increase
with age and are more common in obese people without being pathological [47].
Thinning of the RV wall
This is a component that was not included in the Task Force Criteria for the diagnosis of ARVC [12,45]. This is because the reports of different authors were not
consistent with regards to the thinning or thickening of the ventricular wall. Therefore,
thinning of the wall is considered pathological only when associated with contraction
abnormalities at the same level [48] (Figure 6).
Hypertrabeculation of intracavitary structures such as papillary muscles or moderator band occurs as a result of infiltration with adipose tissue. Although it can be
present in up to 40% of patients with ARVC, it can also occur in various other diseases;
therefore, it is not considered a Task Force Criterion for the diagnosis of ARVC.
Delayed enhancement
The significance of delayed enhancement in cardiac MRI is fibrosis, edema, or inflammation [49]. It is not possible to clearly differentiate the exact cause of the increase in
the extracellular volume. The abnormal tissue causes gadolinium retention while normal myocardial tissue does not. It is estimated that approximately 67% of patients with
ARVC have delayed enhancement of the ventricular walls. In the study of Tandri et al. [49],
6 out of 10 patients with ARVC presented induced VT during electrophysiological
study, and 4 did not have induced VT. It is relevant to mention that among patients
8 of 20
with inducible VT, all six had delayed enhancement in cardiac MRI, and among those
who were not inducible, only one had delayed enhancement in MRI.
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Figure 3. Cardiac MRI image of ARVC in a 35-year-old adult male with enlargement of the right
ventricle [50] (Case courtesy of Dr Azza Elgendy, Radiopaedia.org, rID: 57972).
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3.2. Left Ventricle CMR Evaluation in ARVC
Although Marcus et al. proposed New Task Force Criteria for the diagnosis of ARVC
in 2010 [12], neither right atrium nor left ventricular involvement were included as diagnostic elements. To verify the presence of left ventricular involvement, El Ghannudi et al.
performed cardiac MRI in 21 patients with ARVC. A 1.5 Tesla Siemens MR system was
used with Cine MR in axial sections to evaluate the left ventricle. The end-systolic and
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Figure 6. Cardiac MRI showing fatty infiltration of the RV free wall, resulting in thinning of the
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ventricular wall. Reproduced from Rastegar, N. et al. (2014) [52] with permission from RSNA
(Radiological Society of North America).
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In the study by Berte et al., left
left ventricular
ventricular involvement was detected in 66% of the
32 patients with ARVC by using cardiac MRI and electroanatomic voltage mapping
mapping [55].
[55].
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enhanceimages. Evaluation of the left ventricle found 14 patients (64%) with late enhancement,
2 (9%) with contraction abnormalities, and 6 (27%) with decreased LV ejection fraction.
However, no correlation was found between the presence of the PKP2 mutation and left
ventricular involvement.
Furthermore, it was thought that LV involvement occurs at a later stage in the evolution of ARVC, but several cases were described in which LV involvement was more
important than RV involvement or cases with isolated LV impairment [56]. As we are now
11 years away from the latest Task Force Diagnostic Criteria published in 2010, our opinion
is that the time to include LV involvement in the diagnostic criteria of ARVC has come.
3.3. Right Atrium Involvement: CMR Evaluation of ARVC
In the Zghaib et al. [38] study on 66 patients with ARVC, the analysis of the right
atrium was performed by cine-MRI with a 1.5 Tesla device. The volumes of the left atrium
and the right atrium were measured, as well as atrial strain and strain rate using cine-MRI.
The authors found higher atrial volumes in patients with ARVC (indexed LA volume of
42.6 mL compared to 31.4 mL in the control group and indexed RA volume of 43.5 mL
compared to 29.5 mL in the control group, respectively), as well as lower contractile
function and higher atrial stiffness. Furthermore, high atrial volumes and low contractile
function were associated with more atrial arrhythmic events compared to the control
group [39,40].
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In 69% of patients with ARVC, supraventricular arrhythmias were induced during programmed atrial stimulation with up to three extra stimuli. The authors hypothesized that
supraventricular arrhythmias could occur before ventricular tachycardias in ARVC [41].
Furthermore, Hadi et al. measured RA and LA diameter of 23 patients with ARVC
and compared the obtained values with normal values [57]. A 1.5 Tesla Siemens MRI with
electrocardiographic trigger was used. The authors showed that 18 (78.2%) patients with
ARVC had increased RA diameter; however, LA diameter was normal in all 23 subjects [57].
3.4. Moderator Band Involvement in ARVC: CMR Features
Although changes of the moderator band are visible during autopsy and present
on cardiac ultrasound, these examinations cannot differentiate between the pathological
ARVC and the athlete’s heart. In the Luijkx et al. study performed with an Achieva Philips
MRI of 1.5 Tesla, there were no particular changes of the moderating band seen in CMR [58].
The study included 132 patients, 66 with ARVC, 33 healthy athletes, and 33 non-athlete
individuals. Although 91% of patients with ARVC had contraction abnormalities of the
right ventricular wall, none presented moderator band changes. However, bulging at the
site of insertion of the moderator band inside the right ventricular wall was present in two
athletes, but in none of the patients with ARVC.
In the Tavano et al. study, adipose tissue infiltrating the moderator band appeared as
a hyper-intense intramyocardial spin-echo T1 signal that extended to the septum or free
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right ventricular wall as well as to the intracavitary trabeculae [59]. Along with moderator
band “hypertrophy”, the authors also noted hypertrabeculations within the right ventricle.
Certainly, the thickening of the moderator band is a feature of ARVC, and it can
detected with better performing MRI devices, but its diagnostic value remains limited
given its presence in the athlete’s heart; further studies will need to determine its value
and specificity. Sievers et al. showed on 29 healthy individuals that segmental contraction
abnormalities in the right ventricular wall may occur near the insertion of the moderator
band [60]. Minor dyskinesia, hypokinesia, or wall bulges were present in 93% of cases,
and these changes were located near the moderator band. Only seven individuals had
contraction abnormalities not related to the moderator band. Nevertheless, these subtle
possible changes underline the importance of the examiners experience in interpreting
cardiac MRI images.
4. Review of Unique ARVC Characteristics in Children
The causative genes in ARVC encode proteins of mechanical cell junctions (plakoglobin,
plakophilin, desmoglein, desmocollin, desmoplakin) and are the main cause for intercalated disk remodeling [61]. In general, there are no visible changes of the right ventricle at
the birth of the child. Although symptoms have been reported during early childhood, the
more severe manifestations of the disease occur in young adults [62,63].
ARVC generally affects patients of 20 to 40 years of age, but cases have also been
reported in young children, schoolchildren, and adolescents. ARVC clinical manifestations may begin in adolescence due to the completion of intercalated disc development
and/or the necessity of a certain level of exercise before ARVC manifests [63]. In 1994,
Pawel et al. [64] described the youngest child who died of ARVC—a 7-year-old boy who
was preparing for a fitness test at school and presented cardiorespiratory arrest that could
not be resuscitated. An autopsy showed biventricular fibro-fatty infiltration of the walls.
In the series of Marcus [65], Blomstrom-Lundqvist [66], and Nava [19] that included unselected patients with ARVC, 5% to 30% were children, and death was also reported in the
childhood period. One of the deaths that occurred in the series published by BlomstromLundqvist [66], which included 15 patients, was a child. Furthermore, in the series of
Daliento et al. [67], which included 17 patients with a mean age of 14.9 years, two children were reported as deceased and two presented with ventricular fibrillation due to RV
fibro-fatty replacement. More surprising is the fact that of the 60 patients <35 years of age
autopsied in the series of Thiene et al., 50% were children, and sudden death was the first
sign of the disease [68]. In twins, the disease can be present in both of them no matter
if they are identical or non-identical twins. The disease may manifest similarly in both
siblings, with ventricular fibrillation, or may manifest differently, depending on the degree
of damage of the right ventricle [69].
Furthermore, Groeneweg et al. reported a large series of >1000 patients and family
members with ARVC [70]. Only four of them were children <13 years of age. The authors
described ECG changes and Holter ECG abnormalities long before CMR changes, a feature
that is not common in adults. Furthermore, in children, right ventricular structural abnormalities were mild, with RV enlargement being rare and low ejection fraction even rarer.
Small subtricuspid dyskinesia was described in pediatric ARVC, which is uncommon in
adults. Additionally, the number of false-positive CMR cases is increased in children due to
physiological or pathological conditions of adipose tissue distribution, mimicking ARVC.
Unlike adults, children have more subtle changes in RV segmental contraction, which
may be absent on cardiac ultrasound but may be present on cardiac MRI examination.
Furthermore, fibro-fatty infiltration is associated in a vast majority of cases with abnormal
contraction of the ventricular wall (Figure 9). This would be an additional argument
for using MRI in the diagnosis of ARVC in children. Pilichou et al. found that contrastenhanced cardiac magnetic resonance may detect left dominant types of ARVC even
before morpho-functional modifications occur [71]. Furthermore, the DeWitt et al. study
analyzed the phenotypic manifestations of arrhythmogenic cardiomyopathy in children
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In this regard, Marcus et al. [73], Scalco et al. [74], and Grosse-Wortmann et al. [75]
showed different accuracy of the criteria used in the diagnosis of ARVC, depending on the
age of the patient. In children, cardiac MRI had the highest precision for the diagnosis of
ARVC compared to adults.
To demonstrate cardiac MRI’s suitability as a single method in the diagnosis of ARVC,
Staab et al. [76] evaluated 79 young people <18 years of age with suspected disease.
A PKP2 or DSP gene mutation was identified in 12 of them. Of the 12, cardiac MRI
examination identified 5 patients with major MRI criteria and 6 patients with minor MRI
criteria. A total of 92% of these patients had MRI Task Force criteria for ARVC. In addition,
Deshpande et al. [77] reported a series of 16 pediatric cases with ARVC. Three of these
patients presented fibro-fatty replacement of the RV myocardium on endomyocardial
biopsy. Magnetic resonance imaging was performed in four patients using 1.5 Tesla
systems. From those, MRI was diagnostic in three patients, proving characteristic findings
of RV regional wall motion abnormalities with systolic dysfunction and RV dilatation. All
these patients also presented left ventricular dysfunction, with a mean ejection fraction of
36.66% [77].
The CMR cutoff values in the Task Force Criteria for ARVC were based on a comparison of adult ARVC probands and controls; thus, future research should also focus on
pediatric patient validation and the establishment of pediatric ARVC diagnosis criteria.
Furthermore, it is worth noting that in children with ARVC, the differential diagnosis
must always include acute myocarditis. Martins et al. [78] used CMR to show the presence
of active myocardial inflammation in a case series of six children with a genetic diagnosis
of ARVC who had myocarditis-like symptoms and no evidence of a viral etiology. Several
theories have been proposed to explain this finding: the damaged myocardium is more
vulnerable to viral infection, whilst in familial forms of ARVC, some viruses can trigger
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the desmosome injury [79,80], and myocarditis-like episodes can represent active stages of
ARVC [81–83].
5. Cardiac MRI Pitfalls in ARVC
Physiological conditions as well as right ventricular abnormalities can cause suspicion
of ARVC on cardiac MRI [68,84–87]. Inaccurate MRI interpretation can have serious
repercussions, including the need for an internal cardiac defibrillator, antiarrhythmic
medication with sotalol and amiodarone, and the probability of a poor prognosis. As a
result, radiologists and cardiologists should improve their skills in recognizing the disease
and distinguishing it from other illnesses with comparable symptoms. The presence of
fat on cardiac MRI is not diagnostic for ARVC; therefore, it was not even included in the
Diagnostic Criteria [12,45]. When myocardial fat is physiologically present, it is better
distributed at the level of RV than the LV. Since it is widely dispersed on the RVOT and free
wall of the RV, there is an overlap with the disposition of the fat in the ARVC. However,
it is noteworthy that when fat distribution is physiological, the RV does not dilate, and
the RV ejection fraction does not drop. Table 1 presents a series of ARVC mimics that may
hamper the identification of ARVC-related lesions on CMR.
Table 1. Differentials: ARVC mimics detected by cardiac MRI.
No.

Type

Limitations

1

Epicardial fat

Epicardial adipose tissue is distributed in the antero-apical region of the right ventricle
in 15% of the general population; furthermore, in obese patients, the percentage can
increase to 50% which should be differentiated from the adipose tissue of ARVC [88].

Moderator band

Contraction abnormalities observed near the insertion of the moderator band. Images
can be misinterpreted as akinesia, dyskinesia, or hypokinesia of the ventricular wall.
Sievers et al. showed in 29 healthy individuals that small contraction abnormalities
occurred in 93% of the examined individuals near the moderator band [60].

Short-axis images

Another limitation of cardiac MRI comes from the scarce analysis of short-axis images.
The incidences are used for the correct assessment of the right ventricular size. If
short-axis images are not used, there is a 20% chance that the radiologist will
incorrectly measure right ventricular size and inadvertently assuming RV dilation [86].

Adipose tissue

Adipose tissue infiltration of the right ventricular myocardium can be misinterpreted
as arrhythmogenic dysplasia. False positive images of intramyocardic adipose tissue
may be recorded by the radiologist. Furthermore, pericardial fat distributed on the
surface of a thin myocardium may give a false image of adipose infiltration. The
inter-individual reproducibility of adipose tissue images is poor, by virtue of
(a) adipose tissue disposition at the epicardial and pericardial level in healthy
individuals, and sometimes intramyocardial; (b) epicardial fat disposition at the level
of the right atrioventricular groove—in cardiac MRI, this area is rather difficult to
distinguish from the subtricuspid muscle zone, which might be affected by ARVC;
(c) the right ventricular wall is thin, at 3–5 mm, and therefore the spatial resolution on
cardiac MRI is poor, which can lead to diagnostic confusions [86,89,90].

5

Athlete’s heart

Another possible source of error in athletic individuals is the enlargement of the right
ventricle associated with intense and long duration physical activity. Large ventricular
and RVOT diameters can be misinterpreted as ARVC, but the increase in the RA and
RV size is symmetrical compared to the asymmetrical changes produced by
ARVC [79,80,82,83].

6

Viral myocarditis

Viral myocarditis can affect the regional contraction of the right ventricle; the decrease
in contractility can be misinterpreted as being related to ARVC [32,58,87].

7

Right ventricular myocardial
infarction

In myocardial infarction, necrotic tissue is replaced by fibrous or adipose tissue (which
is called “fibrous or adipose metaplasia”). Post-infarction lesions of the right ventricle
resemble and should be differentiated from ARVC lesions, especially if infarction
occurred > 6 months prior to cardiac MRI [91,92]

2

3

4
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Table 1. Cont.
No.

Type

Limitations

8

Dilated cardiomyopathy
(DCM)

In dilated cardiomyopathy, in addition to areas of fibrosis, lymphocyte infiltration,
and myocyte degeneration, myocardial fibro-adipose infiltration may be present.
These fatty infiltrates may be present in 18–24% of DCM cases [92,93].

Uhl’s anomaly

Uhl’s anomaly is a rare congenital disease without areas of fibro-fatty dysplasia.
However, there is complete absence of the myocardium that causes the ventricular
wall to be thin. Uhl’s disease is extremely rare and generally the diagnosis is made
post-mortem. Echocardiography shows a dilated right ventricle, with thin walls
1–2 mm at all levels. In cardiac MRI, the ventricular wall is extremely thin, the
myocardium of the free wall is missing, and the trabeculations at the apical level are
minimal. Although there is no fibro-fatty infiltration, the systolic function is impaired.
The differentiation in cardiac MRI between the two diseases is critical because Uhl’s
disease progresses towards right heart failure, in contrast to ARVC, which leads to
life-threatening ventricular arrhythmias. For Uhl’s disease, no primary prevention is
available, but for ARVC, there is a primary prevention of sudden cardiac death by
implanting an internal cardiac defibrillator [94–97].

Rib cage abnormalities

Another possible source of error is the structural change of the rib cage. In pectus
excavatum, the position of the heart within the thorax changes and the heart becomes
compressed between the sternum and the vertebral column, giving a false image of
dilated right ventricle. In addition, the mediastinum may be shifted to the left and
may mimic right ventricular dyskinesia, which can be interpreted as ARVC.

11

Box-shaped RV

Physiological changes of the right ventricle may mimic ARVC. In case of a box-shaped
right ventricle, the anterior wall has an irregular trajectory, with a slight protrusion of
the middle portion of the anterior wall, which can be confused with a dyskinetic
RV [98].

12

Sarcoidosis

9

10

Sarcoidosis is another source of confusion in that the areas affected by granulomas
may be hypokinetic, become aneurysmal, or have delayed enhancement, thus
mimicking ARVC [99].

13

Lipomatous hypertrophy of
the interatrial septum

Lipomatous hypertrophy of the interatrial septum is characterized by accumulation of
adipose tissue inside the interatrial septum; the transverse diameter of the septum
increases over 2 cm. This change must be differentiated from ARVC with concomitant
atrial impairment. Nonetheless, in lipomatous hypertrophy, the oval fossa is spared,
and contrast enhancement is never present [100].

14

Hypertrophic
cardiomyopathy

Hypertrophic cardiomyopathy. In this disease, 11% of patients may have deposits of
adipose tissue inside the hypertrophied myocardium. However, the differentiation
between the two diseases is straightforward because in ARVC, the myocardium is not
thickened but is replaced with fat [100].

15

Cardiac lipomas

Cardiac lipomas are the second most common benign tumors of the heart, after
myxomas. Unlike ARVC, lipomas may be located intramyocardially; however, cardiac
lipomas are well defined and sometimes encapsulated [101].

16

Cardiac liposarcoma

Liposarcomas are a type of aggressive but very rare tumors that look inhomogeneous
on cardiac MRI and generally affect the right chambers, starting with the right atrium
and extending to the right ventricle. However, these tumors are destructive, affecting
and destroying blood vessels and heart valves, a feature that helps in the differential
with ARVC [102].

17

Radiological experience

The radiologist interpreting images of suspected ARVC should have sufficient
experience, considering the fact that in early stages of the disease the differential
diagnosis must be made with other diseases that have similar characteristics [84,103].

6. Concluding Remarks
Arrhythmogenic right ventricular cardiomyopathy is diagnosed using major and
minor Task Force criteria, which include quantitative and qualitative cardiac MRI variables.
CMR diagnostic criteria typically involve global dilatation of the right ventricle, as well as
contraction abnormalities that result in reduced systolic function. Segmental dilation of
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the RV or minor microaneurysms that do not alter the overall systolic function of the RV
have been excluded from the Diagnostic Criteria because they are difficult to interpret and
have lower sensitivity and specificity for the diagnosis of ARVC. CMR allows for threedimensional imaging of the RV, has multi-planar capabilities, excellent spatio-temporal
resolution, has the ability to assess the same patient across time, and is a non-invasive
procedure. For all these reasons, CMR has become the primary imaging technique for
identifying and assessing patients with ARVC. Nonetheless, there are many pitfalls and
physiological or pathological situations that might resemble ARVC in cardiac MRI, which
have to be distinguished from ARVC since the prognosis differs in each of these cases. The
implantation of an internal cardiac defibrillator is a crucial choice in the care of patients
with ARVC in order to prevent sudden cardiac death.
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Abstract
Background: Several clinical entities combine ectodermal dysplasia (ED) and cleft lip and/or
palate (CL/P). These disorders have been recognized with a narrow phenotypic spectrum and very
similar clinical features.
Case Presentation: We report a case with a clinical diagnosis of Hay Wells syndrome
(ankyloblepharon, ED and CL/P), who is a descendent of a mother with Bowen Armstrong
syndrome (ED, CL/P, mental retardation).
Conclusion: Due to the clinical similarities, we suggest that Hay Wells syndrome and Bowen
Armstrong syndrome may be the same clinical entity with variable manifestations. This case
highlights the difficulties in trying to classify the ED syndromes on clinical features.
Iranian Journal of Pediatrics, Volume 21 (Number 1), March 2011, Pages: 121-125
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Introduction
The ectodermal dysplasia (ED) represents a
complex of developmental abnormalities of skin,
hair, nails, teeth and sweat glands. Several clinical
disorders combine ED and cleft lip and/or palate
(CL/P). The most commonly diagnosed are the
AEC syndrome (ankyloblepharon, ectodermal
abnormalities and CL/P), also known as Hay-Wells
syndrome, the Bowen Armstrong syndrome (ED,
CL/P and mental retardation) and the Rapp–
Hodgkin syndrome (ED, CL/P and maxillary
hypoplasia[1-3].

However, many of the reported clinical entities
seem to be mutations of the same gene and often
have overlapping and very similar clinical
features[4]. Indeed over 30 syndromes have now
been characterized with molecular genetics[5].
The Hay Wells syndrome was first described in
1976[6] and only about 50 cases have been
reported todate. With an autosomal dominant
inheritance and a variable clinical expressivity[7],
the Hay Wells syndrome has a pathognomonic
sign: the ankyloblepharon filiforme adnatum.
This allows its differentiation from the other
ED-CL/P syndromes. On the other hand, the
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Bowen Armstrong syndrome was described also
in 1976[8] and until now 3 cases have been
reported. In these patients the Hay Wells
syndrome was excluded and the family referred in
the literature as having the Bowen Armstrong
syndrome[9].

Case Presentation
The patient, a 2-year old boy, was the product of
the second pregnancy of a young couple. The first
child of this couple, a boy, deceased immediately
after birth due to congenital malformations and
affirmative with an ED-CL/P syndrome. The father
is clinically healthy, without a positive history for
congenital and genetic diseases. The mother has
an ED-CL/P syndrome and is descendent of a nonconsanguineous couple. She is the fifth child of the
healthy couple and all the other sisters are
clinically normal.
The clinical examination of the boy revealed the
typical symptoms of Hay Wells syndrome. He
presented a characteristic face with a dystrophic
hair and scalp dermatitis, the pathognomonic sign
ankyloblepharon (adhesion of the ciliary edges of
the eyelids), a median cleft palate repaired at the
age of 12 months (Fig. 1).He also had dystrophic
teeth and nails, bone malformations such as
syndactyly of the fingers 3-4 in the left hand, the

third finger was missing in the right hand,
syndactyly of the fingers 3–4 in the left foot,
polydactyly of the first finger in the left foot (Fig.
2). The urogenital malformation was represented
by hypospadias .
The chromosome analysis showed a normal 46,
XY karyotype. Ophthalmological examination
revealed obstruction of the lacrimal ducts and
normal visual acuity. Dermatological examination
revealed obstruction of the sweat gland ducts.
Abdominal, pelvic and cardiac ultrasonography
did not find any obvious malformations. The
psychomotor development was normal for the
age.
The clinical examination of the mother showed
an ectodermal dysplasia with wiry hair, scalp
dermatitis, alopecia, operated CL/P, oligodontia
(Fig. 3), operated syndactyly, dystrophic nails (Fig.
4), and moderate mental retardation.

Discussion
The ED- CL/P syndromes are a group of clinical
entities that exhibit a narrow phenotypic
spectrum with multiple clinical features[10].
Because of this, the classification of ED
syndromes is difficult and several authors
suggested that these disorders are phenotypic
variants of a single genetic defect[11]. There are

Fig. 1: Clinical features of a 2-year-old boy with an ectodermal dysplasia syndrome:
wiry scalp hair, evidence of cleft lip repair and presence of ankyloblepharon

Iran J Pediatr, Vol 21 (No 1); Mar 2011

123

Fig. 2: Absence of finger 3 in the right hand, syndactyly finger 3-4 in the left hand,
polydactyly finger 1 in the left foot, syndactyly finger 3-4 in the left foot

several clinical reports of overlapping features in
ED syndromes, including families in which
individual members resemble more than one
particular entity[4].
Hay Wells syndrome is diagnosed by the
presence of 3 major criteria, but many other
miscellaneous features are usually found (Table
1). The differentiation between Hay Wells
syndrome and Bowen Armstrong syndrome is
often difficult, since they share very similar clinical
features. Bowen Armstrong syndrome is
characterized by dystrophic hair with recurrent
scalp erosions and scarring alopecia, nail and teeth
dystrophy and mild to severe mental retardation.
The presence of ankyloblepharon is possible, but
the absence of lacrimal duct anomalies makes the
difference with Hay Wells syndrome. The variable

mental retardation is present in Bowen Armstrong
syndrome and is absent in all other ED-CL/P
syndromes.
Therefore, differentiation within the broad
spectrum of related syndromes is made based on
clinical symptoms.
We sustain that the phenotypic overlap
between our patient with Hay Wells syndrome
and his mother with Bowen Armstrong syndrome
may indicate that these two disorders are the
same clinical entity, although an explanation for
the presence or absence of ankyloblepharon is still
lacking[12]. Regarding the mental retardation in
Bowen Armstrong syndrome, the authors
attributed it to the lack of intellectual stimulation.
Nevertheless, the family known in the literature as
having the Bowen Armstrong syndrome in the

Fig. 3: Clinical features of the mother: dystrophic hair with scalp erosions and scary
alopecia, teeth dystrophy and oligodontia
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Fig. 4: Operated syndactyly in mother

first and the third sister, the ankyloblepharon was
described as well as variable mental retardation.
Notably, our patient did not have a history of
erosive scalp dermatitis, a characteristic feature of
the Hay Wells syndrome, but his mother had an
erosive dermatitis with a marked alopecia[13].
Given the diagnostic dilemma in our case, we
reviewed the family history. The affected child had
a brother who deceased immediately after birth
due to an ED-CL/P syndrome. The father and his
relatives were clinically normal; the parents and
the four older sisters of the affected mother were
also clinically normal.
Although our patient has a number of clinical
abnormalities that closely resemble many of the
ectodermal dysplasia syndromes, it is difficult to
assign him at one of the established entities. The
clinical overlap between the two syndromes is
supported by recent molecular studies showing
that Hay Wells syndrome and Bowen Armstrong
syndrome may result from almost identical

mutations in the SAM domain of P63[14,15]. The
presence of two affected individuals in the same
family (mother and brother), showed that the
allelic heterogeneity is responsible for the great
clinical overlap between these two conditions.

Conclusion
Although ED syndromes are very rare conditions,
they should be considered in our diagnosis in
children with suggestive symptoms and positive
family history. Our clinical findings indicate that it
might not be justified to use the eponyms in
referring to these ED syndromes.
We hope this approach will contribute to a
more accurate classification of ED syndromes, as
well as improving the comprehension of this
complex group of inherited disorders.

Table 1: Clinical symptoms of Hay Wells syndrome
Major Criteria

Minor Criteria

Eyes

Ankyloblepharon, lacrimal duct atresia

Teeth

Conical widely spaced teeth, hypodontia

Mouth

Cleft palate, cleft lip

Eyes

Conjunctivitis/blepharitis

Nails

Nail dystrophy

Skleton

2-3 toe soft tissue syndactyly

Hair

Wiry, sparse, pale scalp hair

Genito-urinary

Hypospadias

Skin

Red, peeling skin at birth

Heart

Ventricular septal defect, patent ductus
arteriosus
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Abstract

Background: The Melkersson–Rosenthal syndrome (MRS) is a very rare clinical entity and its classical form is being characterized by the
following triad: facial nerve palsy, swelling of the lips and fissured tongue. However, the monosymptomatic form is more common and the
typical manifestation is facial edema and/or enlargement of the lips. Case report: We report a case of monosymptomatic MRS with a
positive biopsy of granulomatous cheilitis. Conclusions: In the daily practice as a pediatrician, it is not usual to diagnose a patient as having
MRS. We consider that this is partly because of misdiagnosis. We therefore believe that this case report will supply additional information,
in the scope of recurrent facial paralysis and orofacial edema in both children and adults.
Keywords: granulomatous cheilitis, facial nerve palsy, facial edema, fissured tongue.

 Introduction
The Melkersson–Rosenthal syndrome is a very rare
clinical entity. Its classical form is being characterized
by the following triad: facial nerve palsy, swelling οf
the lips and fissured tongue [1]. However, the monosymptomatic form is more common and the typical
manifestation is facial edema and/or enlargement of the
lips [2].
This syndrome is very rare in childhood, thus there
are only a few cases described in the pediatric age [3].
One or two manifestations in association with
granulomatous cheilitis in the biopsy is sufficient for the
diagnosis of Melkersson–Rosenthal syndrome [4].
 Patient, Methods and Results
We report a case of a 14-year-old girl presenting with
non-painful swelling of the upper lip. This manifestation
has occurred six months before the presentation in our
department.
At anamnesis, no allergic diseases, trauma or
past/recent injuries were reported. With all this, from
her personal antecedents we discovered a facial palsy at
the age of eight years as s singular manifestation.
The physical examination revealed a non-painful,
non-pruritic swollen upper lip and a scrotal tongue
(Figure 1).
The other physical signs were within normal
appearance for the age. Laboratory values, including
ISSN (print) 1220–0522

electrolytes, liver function tests, complete blood cell
count, erythrocyte sedimentation rate, total immunoglobulin E, complement (C3, C4), antinuclear antibody
were all within normal limits.

Figure 1 – Non-painful, swollen upper lip and scrotal
tongue (before treatment with local corticosteroids).

Furthermore, corroborating all three manifestations
from the past until present we decided to perform a
biopsy of the upper lip mucosa.
The upper lip biopsy specimen showed multiple
discrete, non-necrotizing granulomas composed mostly
of epithelioid cells with rare multinucleated giant cells
and a perivascular lymphocytic infiltration. This histopathological result resembled cheilitis granulomatosa
(Figure 2, A–C).
A three-month trial of oral corticotherapy associated
with antihistaminic treatment was ineffective, similar
edema of the upper lip was developed. After that, we
decided to try local injections with triamcinolone with a
spectacular evolution (Figure 3).
ISSN (on-line) 2066–8279
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Figure 2 – The histopathological findings in cheilitis granulomatosa:
hyperkeratosis, edema, perivascular lymphocytic infiltration and epithelioid
granulomas. HE stain: (A) ×50; (B) ×100; (C) ×50.

Figure 3 – After treatment with
local triamcinolone injection.

 Discussion
Melkersson–Rosenthal syndrome is a rare disorder
that is seen more commonly in Europe than America
[5]. The etiology of MRS remains unknown, although
genetic and/or infectious factors, allergic reactions to
various foods and food additives, and autoimmune
diseases can be involved in the etiology of MRS [6].
Several reports of familial occurrence have supported
the theory of the genetic predisposition [7]. Some authors
have described MRS as a polyetiological disease that
has genetic or acquired predisposition associated to a
functional disturbance of autonomous nervous system,
having as response a granulomatous reaction. However,
this hypothesis has been contradicted in other studies
[8, 9]. It is very hard to correlate MRS to a specific
etiologic factor and it can be classified as autoinflammatory disorder [10].
The diagnosis of MRS is often difficult because the
presence of the complete triad of symptoms is reported
in 8% to 18% of patients [11]. Patients may exhibit all
components of the triad simultaneously or at different
times. In a patient with persistent or recurrent orofacial
edema, the presence of at least one of the findings of
idiopathic facial paralysis or lingua plicata is sufficient
to make definitive diagnosis of MRS [12].
The most dominant manifestation of MRS is facial
edema, which is acute, painless and mostly confined to
the lips. The upper lip seems to be affected more
frequently, and the edema tends to be recurrent and lasts
from hours to several weeks. It usually mimics angioedema; however, it is more persistent than angioedema,
and it does not respond to antihistamines and can lead to
fibrosis of the involved tissues.

Facial paralysis associated with MRS may occur
months to years before or after the onset of facial edema
[13]. Peripheric facial paralysis may be unilateral or
bilateral, and it may be partial or complete. Our patients
presented peripheric facial paralysis six years before the
complete diagnosis.
Lingua plicata has been accepted to be congenital in
30% to 80% of the reported patients [14]. This anomaly
is present in only 0.5% to 5% of the general population,
and it is considered a developmental malformation. Our
patient had fissured tongue, but her family history is not
positive for this sign.
The medical history and the results of the clinical
examination help to direct the investigation. The biopsy
represents an important step in establishing the correct
diagnosis, especially if angioedema is not the first
possibility. The histopathological investigation of the
swollen lip or facial tissues reveal the characteristic
findings, including edema, non-caseating epitheloid cell
granulomas, multinucleated Langhans-type giant cells,
perivascular mononuclear inflammatory infiltration, and
fibrosis [15].
MRS is basically a clinical syndrome, histological
evidence may not be compulsory [16]. However, biopsy
may help to diagnose MRS and to exclude Crohn
disease and sarcoidosis. In the differential diagnosis
of MRS, Crohn disease, sarcoidosis, granulomatous
blepharitis, cheilitis, contact dermatitis, facial trauma,
and Bell palsy should be considered [17–19]. All of
these conditions must be taken into account during the
investigation of a patient with persistent lip swelling.
The treatment of cheilitis granulomatosa (CG) in
Melkersson–Rosenthal syndrome (MRS) remains a
challenge because of the unclear etiopathogenesis.
Various therapeutic methods have been described [20].
The modality of treatment in MRS is an issue of
controversy. Corticosteroids are widely used; some
authors recommend systemic corticosteroids in CG
therapy, while others did not observe success with
systemic methylprednisolone therapy [21]. Authors
observed long-term remission after three-intralesional
administration of triamcinolone. The presented case
enlarged our knowledge about this rare condition yet it
is still unclear what the effect of the treatment depends
on. Authors propose monotherapy with triamcinolone as
sufficient in CG, but there are also described cases
treated this way without success [22].
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 Conclusions
When MRS is diagnosed, we recommend pluridisciplinary consultations and management to rule out
other diseases with similar symptoms and to figure out
accompanying problems. All patients should be followed
up regularly because of the chronic progressive course
of MRS. In our opinion, intralesional triamcinolone is
sufficient and efficient in the treatment of CG, and
should be considered as the first-line therapy. However,
clinical course and therapeutic response of MRS is
unpredictable. It is probably connected with a type of
pathogenetic background. Certainly, further investigations are required.
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ABsTRACT
In the past decade a number of studies suggested that type 1 diabetes mellitus is an oxidative stress
influenced disease. Paraoxonase 1 enzyme plays a crucial role in antiatherogenic-antioxidant circle.
The aim of our study was to examine the possible differences in paraoxonase 1 enzymatic activities
in diabetic children associated other autoimmune diseases versus a control group. Another objective
of the study was to determine if there is any difference according to the gender in paraoxonase
1 activities (arylesterase and paraoxonase activities). Paraoxonase 1 activities were determined in
51 diabetic children and 36 healthy controls. In diabetic children we determined also the C-peptide
level. The paraoxonase 1 arylesterase activity was lower in diabetic females compared with diabetic
males. The level of C-peptide is in an inverse correlation with the years of the disease. The paraoxonase activities have a correlation with the level of insulin antibodies in type I diabetic children.
Our data suggest that paraoxonase enzymatic pattern may be different in these two activities. PON1
arylesterase activity may exhibit a tendency to low levels in women in comparison to men. The
C-peptide level is a valuable tool in assessing the restant b cell function.
Keywords: diabetes, paraoxonase 1, C-peptide, b cell
INTRoDUCTIoN

Type 1 diabetes mellitus (DM) is a progressive autoimmune disease characterized by destruction of b
cells in pancreatic islets [1]. DM is characterized by
long-term hyperglycemic status which can induce oxidative stress reactions, and therefore increase production of reactive oxygen species (ROs). Under diabetic
conditions ROs are produced through glycation reaction [2], which appears in different tissues [3], including pancreatic islets leading to b cell destruction, and
diabetes development [4]. There are clinical data suggesting that at the onset patients with DM still have
20% of their b cell mass [5]. Paraoxonase1 (PON1),
an HDL-associated lactonase/esterase [6], can play an
important role in the stimulation of insulin biosynthesis and secretion from b cells [7].
PON1 acts like as an antioxidant enzyme, having
three enzymatic activities: lactonase, arylesterase and
paraoxonase functions [8]. For a long time, the identification of the native function of PON1 has been confused with structure or mechanism of action of this
enzyme. Years later, directed evolution studies

showed that the native function of PON1 is lipolactonase activity [9].
The aims of this study were as follows: (1) to determine PON1 arylesterase and paraoxonase activities
(PON1-A, PON1-P) in DM children and healthy subjects, (2) to investigate the correlation between the two
activities and variables of gender/ C-peptide and insulin antibodies (3) to compare the PON1 activities in
DM children versus DM children associated other autoimmune diseases.
MATERIAl AND METhoDS

study groups
In this study, a control group of 36 healthy subjects (16 males and 20 females) with the mean age of
10.68 ± 4.46, without any evidence of diabetes and
51 patients (31 males and 20 females), mean age of
11.65 ± 4.10 diagnosed with type 1 DM were involved as study groups. Patients were selected from
2nd Clinic of Pediatrics in Cluj Napoca, Romania. DM
was diagnosed according to the criteria set on by
World Health Organization (1999).

*corresponding author: Dr. samaşca Gabriel, “Iuliu-Haþieganu” University of Medicine and Pharmacy, Pediatric Clinic II, str. Crişan 3-5,

CP 400177, Cluj-Napoca, Romania; email: Gabriel.samasca@umfcluj.ro.
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analysis of pon1 activity
Arylesterase activity was measured spectrofotometrically (270nm), following the phenol formation as
a result of the hydrolyzed phenyl acetate [10]. Paraoxonase activity was determined spectrophotometrically at 412 nm, following the formation of
p-nitrophenol [11], both using a UV-VIs ABLe &
JAsCO spectrophotometer.
statistical analysis
Clinical laboratory parameters were expressed as
means ± standard deviation. Mean values were compared between children with type 1 DM and healthy
subjects by the unpaired student’s t-test. The spearman correlation coefficient was used to test the relationship between the variables. A p<0.05 was
considered statistically significant.
RESUlTS

Clinical characteristics of the patient groups are
summarized in Table 1.
serum PON1-A showed a large variability ranging from 45.49 to 131.2kU/l in the whole study
group, with no statistical significance between the
groups. serum PON1-P was determined with a minimum value of 67.86 U/l and a maximum level of 920
U/l in the whole study group, with no statistical difference between diabetic children and healthy controls.

The diabetic study group was divided in two categories: (1) patients with DM (n=38) and (2) patients
with DM and other autoimmune diaseases (n=13)
(Table 2). There was no statistical difference in PON1
levels (arylesterase and paraoxonase activities) between the two study groups. The patients with DM and
other autoimmune diseases (n=13) had also the insulin antibodies (IAA) determined and a statistical significant correlation was observed between PON1-P and
IAA (p=0.045) (Fig. 1) and a possible correlation
between PON1-A and IAA (p=0.052) (Fig. 2).
The PON1 activities were also analyzed according on the gender (Table 3). There was only a statistical difference according on the gender in PON1-A
level in diabetic group (p=0.02) (Fig. 3).
The level of the C-peptide in the diabetic group
was 0.42±0.64, with a significat coefficient of correlation between C-peptide and the years of evolution
(r = - 0.40, p=0.002).
DISCUSSIoN

It is known that PON1 activity is decreased both
in type 1 and type 2 DM [12]. An explanation for this
decrease is the non-enzymatic glycation of Apo A1,
HDL and PON1 because of the high levels of blood
glucose [13]. In our study, diabetes did not alter the levels of serum arylesterase and paraoxonase activities of

Table 1. Demographic and biochemical parameters in study groups. Data are presented as mean ± SD

Table 2. Mean Value ± SD for PoN1-A and PoN1-P in diabetic patients
and diabetic patients associated autoimmune diseases
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Table 3. Mean±SD values for PoN1-A and PoN1-P with respect to gender

Fig. 1 - Scatter-plot showing the correlation between PoN1-P and IAA
in diabetic associated autoimmune diseases group

Fig. 2 - Scatter-plot showing a possible correlation between PoN1-A
and IAA in diabetic associated autoimmune diseases group
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SUMMARY
Background: Oxidative stress and inflammatory reactions are known to hold an important role in the etiopathogeny and persistence of acute or chronic clinical entities. Isoprostanes - a group of prostaglandin-like compounds,
active products of arachidonic acid - have proved to be representative biomarkers of lipid peroxidation. The aim
of this study was to determine the activity of serum 8-iso-prostaglandin F2α (8iPGF2α), as an in vivo oxidative stress
marker, in paediatric patients with diabetes mellitus type 1(DM1) and in a control group. The main goals of this
study were the following: establishing a possible correlation between the activity of 8iPGF2α and the presence of
an autoimmune disease associated with DM1 and identifying a possible correlation between 8iPGF2α, the value of
glycosylated hemoglobin (HbA1c) and the pancreatic autoimmune markers GAD65, IA2, IA in the group of patients with DM1 and other associated autoimmune diseases.
Methods: Fifty-one children and adolescents (31 males) aged 11.65 ± 4.1 years with DM1 were enrolled in the
study. Twenty-seven healthy children, age- and gender-matched, were enrolled as controls. Patients and controls
underwent the 8iPGF2α assessment through an ELISA serum method.
Results: The mean 8iPGF2α value was 2090.6 ± 3536.5 in the DM1 patient group and 509.9 ± 493.5 in controls (p =
0.03). The mean 8iPGF2α value was 2178.19 ± 4017.05 in patients with DM1 who did not suffer from other associated autoimmune diseases (n = 38) vs. 1834.95 ± 1504.73 in patients with DM1 and other associated autoimmune
diseases (n = 13) (p = 0.76). The correlation between the 8iPGF2α and the HbA1c values was determined by obtaining a correlation coefficient r = 0.38 and p = 0.0057. No correlation was observed between GAD65 and
8iPGF2α (r = 0.3; p = 0.29), IA2 and 8iPGF2α (r = -0.02; p = 0.92), IAA and 8iPGF2α (r = 0.4; p = 0.12).
Conclusions: Oxidative stress reactions are more intense in patients with diabetes mellitus type 1 than in healthy
patients. Similar results were obtained in patients associating other autoimmune diseases. 8iPGF2α can be an ideal
marker for determining oxidative reactions in vivo.
(Clin. Lab. 2014;60:253-259. DOI: 10.7754/Clin.Lab.2013.121141)
anoids, especially prostaglandin F2α and F2-isoprostanes
are endogenous compounds involved both in physicological and pathological processes. Isoprostanes - a
group of prostaglandin-like compounds, active products
of arachidonic acid - have proved to be representative
biomarkers of lipid peroxidation [1]. Bioactive compounds, especially 8-iso prostaglandin F2α (8iPGF2α) are
formed in different tissues, where they might be found
esterified. They are also found in free form in different
____________________________________________
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INTRODUCTION
Oxidative stress and inflammatory reactions are known
to hold an important role in the etiopathogeny and
maintenance of acute or chronic clinical entities. EicosClin. Lab. 2/2014
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optical density was read at 405 nm using a microplate
reader.

body fluids (serum, plasma, urine) [2]. Diabetes mellitus type 1 (DM1) is characterized by multiple metabolic
alterations, of which the most important is hyperglycemia [3]. The hyperglycemia concept can exist in two
forms: sustained hyperglycemia and fluctuant hyperglycemia [4]. The first theory concerning the role played
by hyperglycemia in generating the complications of
diabetes was elaborated by Brownlee. According to this
theory, the hyperglycemic state can induce the formation of superoxide compounds, which can lead to diabetic complications [5]. Studies performed in vitro have
indicated that hyperglycemia, albeit fluctuant, leads to
changes in the vascular endothelium due to the overproduction of superoxides at the mitochondrial level. In
order to identify the emergence of superoxide radicals
in vivo, various oxidative stress markers have been discovered, such as 8-iso-prostaglandin F2α - marker of lipid peroxidation, the protein-carbonyl radical - marker of
protein oxidation, and the 8-hydroxyguanosine - marker
of the oxidative deterioration of DNA in vivo [6,7].
The aim of this study was to determine the activity of
serum 8iPGF2α in paediatric patients with DM type 1
and in a control group; to establish a possible correlation between the activity of 8iPGF2α and the presence of
an autoimmune disease associated with DM type 1; to
identify a possible correlation between 8iPGF2α and the
value of glycosylated hemoglobin; to establish a possible correlation between pancreatic autoimmune markers
GAD65, IA2, IA and the activity of 8iPGF2α in the
group of patients with DM type 1 and other associated
autoimmune diseases.

Statistical analysis
All results are presented as mean ± standard error of the
mean value. Student’s unpaired t-test was used for the
analysis of experimental data with a Gaussian distribution. Data with non-Gaussian distribution were compared using the Mann-Whitney U-test. P-values below 0.05
were considered statistically significant. Pearson’s and
Spearman’s correlation coefficients were used to determine the strength of the association between two analysed parameters. Statistical analyses were performed
using SPSS 21.0 for Windows (Statistical Package for
the Social Sciences).
RESULTS
The patients’ clinical characteristics are presented in
Table 1. 8iPGF2α presented values between 2090.6 ±
3536.5 in DM1 patients and values between 509.9 ±
493.5 in the control group, with a p value of 0.03 (Figure 1). We also determined the 8iPGF2α mean values in
DM1 with/without other autoimmune diseases, more
precisely: 2178.19 ± 4017.05 in DM1 with other autoimmune diseases (n = 38) versus 1834.95 ± 1504.73 in
DM1 without other autoimmunities (n = 13), with a p
value = 0.76 (Figure 2). We analysed a possible correlation between 8iPGF2α and metabolic control (HbA1c),
with a correlation coefficient r = 0.38 and a p value of
0.0057 (Figure 3).
In children suffering from DM1 associated with other
autoimmune diseases (autoimmune thyroiditis, celiac
disease, idiopathic juvenile arthritis) the minimal value
for 8iPGF2α was noted in patients with DM1 and autoimmune thyroiditis (1782.2 ± 1623.1, n = 9), while the
maximal values were recorded for 1 patient with DM1
and idiopathic juvenile arthritis (2444.5) (Table 2). The
GAD65, IA2, and IAA antibodies were measured in
children with DM1 and autoimmune diseases, thus
making possible a correlation between GAD65 and
8iPGF2α (r = 0.3; p = 0.29), IA2 and 8iPGF2α (r = -0.02;
p = 0.92), IAA and 8iPGF2α (r = 0.4; p = 0.12) (Figure
4), without significant statistical p values.

MATERIALS AND METHODS
Patients
We enrolled 51 children with an average age of 11.65 ±
4.10, who had already been diagnosed with DM1. All
patients have received insulin therapy since the onset of
the disease. The study group (31 boys, 20 girls) was divided according to other autoimmune diseases: 38 patients with DM1 and 13 patients with DM1 and other
autoimmune diseases. The control group consisted in 27
healthy children (15 boys, 12 girls) with an average age
of 9.21 ± 3.92. None of them suffered from diabetes
mellitus, acute or chronic inflammatory diseases. None
had a history of autoimmune diseases.

DISCUSSION
Determination of quantitative 8iPGF2α
The hydrolysis of lipoproteins or phospholipids bound
to 8iPGF2α is necessary for the assessment of the free
and esterified forms of isoprostane. The serum is treated
with a NaOH solution at 45°C for 2 hours. The use of
one part of NaOH 10N for every 4 parts of the sample is
indispensable. Subsequently, the serum is washed with
a 12.1 N HCl solution - 100μL for each 500μL of hydrolysed probe. F2-isoprostane in the eluate was quantified using competitive immunoassay according to the
manufacturer’s instructions (DRG Instruments). The

Oxidative stress reactions can be associated with DM1
and its chronic complications (microvascular and macrovascular complications) [8]. Several studies revealed
the role of oxidative stress in the appearance of the
complications of diabetes [9]. F2-isoprostanes can be
produced in vivo through the arachidonic acid pathway,
circulating in free form, or esterified in serum or plasma
[2]. The assessment of serum 8iPGF2α was done both in
paediatric patients suffering from DM1 and in a healthy
control group. The study group presented high levels of
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Table 1. Clinical characteristics of study subjects.
DM1 (n = 51)

Control Group
(n = 27)

p

Gender (female/male)

20/31

15/12

-

Age

11.65 ± 4.10

9.21 ± 3.92

-

Evolution of DM1

3.29 ± 2.96

-

-

Insulinotherapy %

100

-

-

HbA1C

9.51 ± 1.87

-

-

Peptid C

0.42 ± 0.64

-

-

8iPGF2α

2090.6 ± 3536.5

509.9 ± 493.5

0.03 *

Table 2. 8iPGF2α values in DM1 with other autoimmune diseases.

8iPGF2α

DM 1 (n = 38)

DM1 + Autoimmune
thyroiditis (n = 9)

DM1 + Celiac disease
(n = 3)

DM1 + Idiopathic juvenile
arthritis (n = 1)

2329.9 ± 4041.1

1782.2 ± 1623.1

2123.1 ± 1683.3

2444.5

Figure 1. Box-plot showing the mean values for 8iPGF2α in DM1 patients and control group.

8iPGF2α compared to healthy subjects. Similar results
were obtained by Davi et al. and Flores et al. [10,11].
The mean evolution of DM1 was 3.29 ± 2.96 years, and
the maximal values for 8iPGF2α were observed in chil-
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dren with new onset diabetes [12]. The level of 8iPGF2α
is the same in DM1 patients with or without other autoimmune diseases. The association of autoimmune thyroiditis, celiac disease or idiopathic juvenile arthritis did
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Figure 2. Box-plot showing the mean values for 8iPGF2α in DM1 patients without other autoimmunities and DM1 patients with
other autoimmune diseases.

Figure 3. Scatter-plot showing the correlation between 8iPGF2α and HbA1c.
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Figure 4. Scatter plot showing no correlation between GAD65 and 8iPGF2α (A), IA2 and 8iPGF2α (B), and IAA and 8iPGF2α.
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ways that determine this vicious circle in the natural
history of diabetes mellitus type 1.

not seem to be influenced by oxidant status. The maximal value of 8iPGF2α was noted in a patient suffering
from DM1 and idiopathic juvenile arthritis, due to the
intense inflammatory reactions known in this clinical
entity.
The correlation between oxidative status and metabolic
control in DM1 children is in line with other studies
showing that a normal 8iPGF2α level and good metabolic control can stop the progression to diabetic complications [13]. Hyperglycemia leaves a very early imprint
on the development of vascular implications and has an
important therapeutic implication: it seems mandatory
to begin an aggressive treatment from the onset of type
1 diabetes. Tight control of glycemia is the key strategy,
especially for postprandial hyperglycemia, which is accompanied by high levels of reactive species [14] not
only in plasma but also at intracellular level [15]. Only
one strategy could be envisioned for the future treatment: precise control of hyperglycemia, together with
compounds targeting mitochondrial reactive species.
This therapeutic approach has the potential to reduce the
metabolic memory effect of hyperglycemia on diabetic
complications.
DM1 has a prodromal stage characterized by the presence of pancreatic antibodies such as GAD65, IA2, or
IAA months or years before the clinical onset of diabetes [16]. The current classifications are based on etiopathogenetic criteria, the destruction of β cells being the
proof of pancreatic autoimmunity [17]. The diagnostic
sensitivity of pancreatic antibodies can vary with age or
gender. GAD65 can be present in 80% of DM1 patients
at onset [18]. The GAD65 level can be higher in patients suffering from other autoimmune diseases, most
frequently from autoimmune thyroiditis [19]. IA2 can
appear in 32 - 75% of patients newly diagnosed with
DM1 [20]. It is known that the diagnostic sensitivity for
IAA can vary with age and that the presence can announce the appearance of other autoimmune markers
[21]. Thus, the hypothesis of insulin as an autoantigen
in the early onset of DM1 can be sustained [22]. All
these arguments confirm the statement according to
which oxidative stress is present after the onset of the
autoimmune process in DM1, with a possible role in the
maintenance and intensification of this phenomenon.
In diabetes mellitus type 1 oxidative stress seems to be
an “epiphenomenon” leading to poor metabolic control.
Therapeutic intervention to correct both the quantitative
and qualitative changes specific to oxidative stress
should be viewed as a priority to reduce diabetic complications. Metabolic control seems to play a crucial
role not only in the diabetic complications but also in
metabolic memory. Therefore, the possibility of
„switching off” the metabolic memory could be an important strategy in the prevention of diabetic complications.
All in all, oxidative stress seems to be a pivotal pathway
in diabetic complications. Thus, if we are able to determine the critical steps that are involved in hyperglycemic memory, it might be possible to interrupt the path-
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Summary
Purpose: Platinum derivatives play a very important role
in cancer therapy. Despite their outstanding results in the
treatment of tumors with different locations, the occurrence
of hypersensitivity reactions raises issues when it comes to
therapy decision, because the changing of chemotherapy
line could influence the tumor`s evolution. Over the years
the scientific community has paid particular attention to
the mechanism by which this occurs and to identification
of predictive factors. The purpose of this case-control, retrospective study was to find new predictive markers for the
occurrence of allergic reactions to platinum derivatives.
Methods: We identified 59 cases of allergic reactions to
platinum derivatives in the Oncology Institute “Prof. Dr.
Ion Chiricuta” from Cluj-Napoca city in 2013. Blood tests
data were analyzed before the administration of the cycle on which the allergic reaction occurred, along with the

mandatory analyses for the patients and we focused on the
values of neutrophils, lymphocytes, monocytes, eosinophils
and basophils.
Results: When these values were compared with the values of the control group (which was made at a ratio of 1:2
or 1:3, matched for age, tumor location and chemotherapy
cycle) we found that each increase of lymphocytes or doses
of platinum and each drop in monocytes number increased
the risk for allergic reactions to occur.
Conclusion: These findings are of a great value for the
physicians and represent a starting point for more detailed
studies.
Key words: cancer, hypersensitivity, monocytes, platinum
derivatives, predictive markers

Introduction
Platinum derivatives had been introduced in
therapy since the early 1980s and were mainly
indicated in the therapy of malignant tumors of
different origins. Up until today there are three
compounds that are being used on a large scale:
Cisplatin – the first generation, Carboplatin – the

second generation, and Oxaliplatin – the third
generation. On a smaller scale, other platinum derivatives that are being used are Nedaplatin – approved in Japan, Lobaplatin – approved in China,
and Heptaplatin – approved in the Republic of Korea [1]. These drugs are essential for the treatment
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of cancers located in the stomach, lung and ovary.
It is commonly known that platinum derivatives
are liable for allergic reactions. Occurrence of allergic reactions to platinum compounds therapy
raises issues when it comes to therapy decision.
Changing the chemotherapy line can influence
the disease evolution, as some tumors are less responsive to other drugs. Due to their frequently
increased usage, the incidence of allergic reactions also increased [2]. Therefore, the incidence
for Cisplatin is now between 5 and 20%, for Carboplatin between 9 and 27% and for Oxaliplatin
between 10 and 19% [3,4].
Hypersensitivity reactions are body’s modified
reactions after contact with specific substances, microbial or chemical agents. Pathophysiologically,
there are four types of allergic reactions, each with
its own mechanism. The first type of hypersensitivity reaction is characterized by increased production
of immunoglobulin E (IgE), taking place in two stages. After the body’s first contact with the allergen,
an increased quantity of IgE is synthesized and will
be stored on basophils’ and mastocytes’ membrane,
without any clinical symptoms occurrence. After
repeated contacts with the allergen, basophils and
mastocytes are activated, followed by their degranulation and the release of vasoactive mediators that
cause clinical symptoms. Symptoms that accompany this type of allergic reaction are itching, chest
pain, rash, anaphylactic reactions, and seasonal allergies [5,6]. Allergic reactions to platinum derivatives are usually of type I and they occur following
multiple cycles of chemotherapy [7]. Hemolysis and
thrombocytopenia, chronic urticaria, joint pain and
proteinuria are considered to be type II and type III
allergic reactions (mediated by IgG & IgM) to Oxaliplatin chemotherapy. The occurrence of inflammatory reactions hours or days after Oxaliplatin or
Carboplatin therapy is considered to be a type IV allergic reaction and is mediated by T cells [8].
Over time, it has been attempted to optimize
the tolerance of these compounds by implementing desensitization protocols [9,10], or by finding
new markers with a predictive value in hypersensitivity reactions occurrence. Among these markers are skin testing, the number of chemotherapy
cycles in which the allergic reaction has occurred,
total dose of chemotherapy, previous allergies,
lactate dehydrogenase values, gender, neutrophil
and monocyte count [11-14]. Skin testing proved
an efficient method, which unfortunately cannot
be applied in every hospital.
The aim of this study was to assess the relationship between the values of the elements
JBUON 2015; 20(6): 1618

found in blood (basophils, leukocytes, monocytes,
and eosinophils) and the risk of allergic reactions
to platinum derivatives. We also made a relationship analysis between the chemotherapy dose,
platinum derivative and the occurrence of allergic
reactions.

Methods
This study was a case-control study, based on retrospective analysis of the database of The Oncology Institute “Prof. Dr. Ion Chiricuta” from Cluj-Napoca city,
which is a regional oncologic hospital in North-West
Romania, where patients from other regions are also
treated.
We identified the occurrence of allergic reactions
to platinum derivatives throughout the year 2013. Information was extracted from the database about patients with allergic reactions and control patients at
a ratio of 1:2 or 1:3, matched for age, tumor location
and chemotherapy cycle. Fifty-nine patients developed
allergic reactions (group 1) and 142 did not (group 2,
control group). The analyzed data included age, patient
sex, allergic symptoms and their severity, re-challenge
with the allergic agent, the type of chemotherapy regimen in which the allergic reaction had occurred, number of cycles after which the allergic reaction occurred,
cumulative dose of platinum derivatives and previous
exposure to them. The Ethics Committee of the Oncology Institute “Prof. Dr. Ion Chiricuta” has approved the
protocol from which the data were analyzed.
All medical data obtained for the purpose of this
study were strictly confidential. Any data that could
allow patients to be identified were deleted from the
database.
The blood analysis data was taken the same day,
before the administration of the cycle in which the allergic reaction occurred, along with serum biochemistry (creatinine, bilirubin, alanine aminotransferase).
The values of neutrophils, lymphocytes, monocytes,
eosinophils and basophils were analyzed.
Statistics
Qualitative variables were calculated by the absolute numbers of lymphocytes, eosinophils, basophils
and monocytes per μL and percentages. Quantitative
data was presented by mean ± standard deviation if
they followed a normal distribution, or median and
interquartile range if they did not follow a normal
distribution. Chi square test was used to test the relationship between qualitative variables. The comparison
of two groups of quantitative data that followed a normal distribution was performed with Student’s t-test
for independent samples. Wilcoxon rank sum test and
Kruskal-Wallis test were used to compare two groups
and three groups of data that didn’t follow a normal distribution. Nonparametric post-hoc tests were performed
using Tukey contrasts. Normality of the data was as-
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sessed with quantile-quantile plot and Shapiro-Wilk
test. The area under the receiver operator characteristic (ROC) was computed along with 95% confidence
interval (CI) obtained by bootstrap. A conditional logistic regression analysis was performed to predict allergic reactions based on platinum derivative type, age
(years), gender, number of the cycle, first cycle (no/yes),
total dose of chemotherapy (mg), the cumulative dose
of chemotherapy (mg) (from the start of chemotherapy
to the day when the allergic reaction occurred), leukocytes (10*3 /µL), neutrophils (10*3 /µL), lymphocytes
(10*3 /µL), monocytes (10*3 /µL), eosinophils (10*3 /
µL), and basophils (10*3 /µL). A full model was created with all these variables, then a stepwise backward/
forward selection procedure was used to identify the
variables in the final model, using Akaike information
criterion. The results were presented as crude and adjusted odds ratios along with 95% confidence intervals.
For all analyses a two-tailed p value less than 0.05 was
considered statistically significant. The analyses were
performed in R environment for statistical computing
and graphics, version 3.2.0 [15].

Results
During 2013, 5800 cycles of Carboplatin, 2877
cycles of Cisplatin and 2080 cycles of Oxaliplatin
were administered. There were 33 cases of allergic
reactions to Carboplatin, 24 to Oxaliplatin and 2 to
Cisplatin. Demographic data and other data regarding the 2 groups are summarized in Table 1.
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The distribution of tumors’ localization was
as follows: bronchopulmonary 2 patients, cervix
6 patients, cholangiocarcinoma, 8 patients, melanoma 1 patient, ovary 23 patients, stomach 3
patients, colorectal carcinoma 14 patients, esophagus 1 patient, head and neck cancer (oropharynx) 1 patient. Regarding the chemotherapeutic
regimen, 21 of patients received Carboplatin +
Paclitaxel and 19 patients received Capecitabine
+ Oxaliplatin.
Hypersensitivity reactions were classified
according to National Cancer Institute Common
Criteria (NCI-CTCAE v4.0) as follows: 10.16% (6
patients) of the patients had grade 1 allergic reactions, 33.89% (20 patients) had grade 2, 54.23%
(32 patients) had grade 3 and 1.6% (1 patient) had
grade 4 allergic reactions.
The manifestations of allergic reactions were
mainly located at cutaneous level (74.5%, 44 patients) and the respiratory system (64.41%, 38
patients); less affected were the circulatory system (37.29%, 22 patients) and the digestive system (23.9%, 20 patients). Manifested symptoms
included dyspnea, bronchospasm, laryngospasm,
erythema (face, limbs, and thorax), generalized
pruritus, hypotension, abdominal pain, and nausea. The allergic reactions were managed by administering steroids, antihistamines, adrenaline,
analgesics, antiemetics, and calcium and oxygen

Table 1. Characteristics of the study groups
Variables
Age (years), mean (SD)

Allergic patients (N=59)

Control group (patients
without allergic reaction)
(N=142)

53.27 (12.26)

54.02 (10.63)

Female, N (%)

48 (28.74)

119 (71.26)

Male, N (%)

11 (32.35)

23 (67.65)

3 (2 - 4)

2 (2 - 4)

Chemotherapy cycle, median (IQR)
Chemotherapy dose when the allergic reaction
occurred (mg), median (IQR)
a

Chemotherapy dose of previous exposures (mg),
median (IQR)
b

0 (0 - 3300)

975 (480 - 2037.5)
0 (0 - 0)

0.664
0.673
0.241
0.5
< 0.001

2110 (750 - 5200)

1140 (500 - 3407.5)

0.016

Leukocytes (10*3 /µL), median (IQR)

6.11 (4.66 - 7.45)

5.56 (4.68 - 7.09)

0.471

Neutrophils (10*3 /µL), median (IQR)

3.4 (2.42 - 4.58)

3.18 (2.33 - 4.07)

0.382

Lymphocytes (10*3 /µL), median (IQR)

1.84 (1.33 - 2.15)

1.77 (1.19 - 2.14)

0.505

Monocytes (%), median (IQR)

10.8 (8.25 - 12.7)

10.7 (8.8 - 14.1)

0.281

Monocytes (10*3 /µL ), median (IQR)

0.62 (0.44 - 0.86)

0.62 (0.51 - 0.79)

0.717

1.4 (0.7 - 2.5)

0.04

0.07 (0.04 - 0.15)

0.095

0.3 (0.2 - 0.5)

0.4 (0.2 - 0.6)

0.178

0.02 (0.01 - 0.03)

0.02 (0.01 - 0.04)

0.263

a+b

Total dose of chemotherapy (mg), median (IQR)

1100 (520 - 2030)

p value

Eosinophils (%), median (IQR)
Eosinophils (10*3 /µL), median (IQR)
Basophils (%), median (IQR)
Basophils (10*3 /µL) , median (IQR)

0.9 (0.45 - 2)
0.06 (0.02 - 0.13)

a: mg values for chemotherapy dose when the allergic reaction occurred, b : mg values for chemotherapy dose of previous exposures,
a+b : mg values for total dose of chemotherapy, SD : standard deviation, IQR : interquartile range
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Table 2. Predictive factors for the occurrence of allergic reactions found using a conditional logistic regression
Variables

Crude OR (95% CI)

p value

Adjusted OR (95% CI)

p value

Platinum derivative (Cisplatin vs
Carboplatin)

1.63 (0.29 – 9.29)

0.580

2.47 (0.39 – 15.71)

0.338

Platinum derivative (Oxaliplatin
vs Carboplatin)

1.19 (0.67 – 2.11)

0.556

2.83 (1.28 – 6.26)

0.010

First cycle (no vs yes)

2.45 (0.79 – 7.64)

0.123

3.44 (0.996 – 11.85)

0.051

1 (1.00 – 1.00)

0.032

1.000 (1.00 – 1.0002)

0.001

Lymphocytes (10*3/µL)

1.18 (0.82 – 1.69)

0.369

1.61 (1.04 – 2.47)

0.032

Monocytes (10*3/µL)

0.79 (0.32 – 1.95)

0.615

0.27 (0.77 – 0.94)

0.040

Neutrophils (10*3 /µL)

1.03 (0.91 – 1.19)

0.615

1.18 (0.98 – 1.40)

0.073

Chemotherapy total doses (mg)

OR : odds ratio, CI : confidence interval

therapy. Adrenaline and oxygen therapy were administered only in severe cases.
After the onset of the allergic episode, 49.15%
(29/59) of the patients were re-challenged to
chemotherapy and 52.63% (10/29) of them still
showed allergic reaction.
Regarding chemotherapy doses at previous
exposures, the total dose of chemotherapy administered to the patients and the occurrence of
hypersensitivity reactions, we found statistically
significant difference between the two groups. We
also found that the allergic reactions occurred after a median of 360 days (range 260-534) of free
platinum interval for Carboplatin and 255.5 days
(range 178.75-460.25) for Oxaliplatin. These values were calculated for the allergic patients who
were previous exposed to Carboplatin or other
platinum derivatives (20 of 33 patients) and Oxaliplatin or other platinum derivatives (8 of 24
patients).
The cycle number was different between
platinum derivatives (overall p=0.005), statistical differences being found between Carboplatin
[median interquartile range (IQR)=3 (2–5)] and
Oxaliplatin [median IQR=2 (2–3)] that had lower
values (p<0.001), and between Cisplatin [median
IQR=3 (3–4)] and Oxaliplatin (p<0.01), but not between Carboplatin and Cisplatin (p=0.167).
The area under the receiver operator characteristic (AUROC) for allergic reactions based on
exposure dosage was 0.53 (95% CI 0.45-0.62) for
all the subjects; cut-offs were not computed. For
patients who received Carboplatin AUROC was
0.55 (95% CI 0.43-0.66), for those who received
Oxaliplatin was 0.61 (95% CI 0.47-0.75), and for
Cisplatin there were too few subjects to compute.
Regarding the blood count, the percents of eosinophils were statistically significantly lower in
patients that showed allergic reactions (p=0.04),
JBUON 2015; 20(6): 1620

while for absolute values of eosinophils the difference was not statistically significant between the
two groups (p=0.095).
Each increase of lymphocytes or doses of
platinum derivatives increased the risk of allergic
reactions to occur, and each drop in monocytes
number increased the risk for allergic reactions
to occur. Oxaliplatin showed the highest risk of
allergic reactions occurrence (Table 2).

Discussion
It is known that high doses and previous exposures to platinum derivatives increase the risk of
allergic reactions occurrence [8,10] and our study
confirmed these findings (Table 1). International
guidelines (NCCN) recommend the use of desensibilisation, in order to preserve an active line of
treatment. For now no definitive predictive factors
have been recognized and accepted in guideline
recommendations.
A study of Piovano et al. found as risk factors
for hypersensitivity reactions in patients with
gynecologic malignancies treated with Carboplatin the following: 1) menopausal status and body
mass index >25 showed a lower risk; 2) a history
of systemic hypersensitivity showed a higher risk;
and 3) age was not associated with a higher risk.
The same study confirmed that the incidence of
hypersensitivity reactions was higher in ovarian
cancer [13]. Regarding the Oxaliplatin therapy,
Kim et al. found as risk factors for the occurrence
of hypersensitivity reactions the following: 1)
younger age; 2) female sex; and 3) use of Oxaliplatin as salvage therapy [16,17]. In our study no statistical differences were noticed regarding gender
or age of the patients.
The present study found that the average
number of administrations after which allergic
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reactions occurred was three cycles for Carboplatin and Cisplatin and two cycles for Oxaliplatin,
although literature states that allergic reactions
develop after at least four courses of chemotherapy. We also found that previous exposure to platinum derivatives, the dose administered at the
chemotherapy regimen when the allergic reaction
occurred, the total dose of chemotherapy (previous+current exposure) were higher in patients
with allergic reactions (Table 1) and each increase
in chemotherapy dose increased the risk of allergic reaction (Table 2). Couraud et al. reported that
besides the number of administered courses as
risk factors, previous exposure to platinum salts,
third line of treatment and a long platinum free
interval were risk factors [18], some of them being
described by other authors too [19]. An interesting
fact is that in some cases Carboplatin didn’t show
cross-hypersensitivity with Cisplatin. If a patient
is allergic to Carboplatin, he might tolerate Cisplatin and vice versa [19,20].
Hypersensitivity reactions to Oxaliplatin
were considered less frequent, but the increase
of its usage also increased the absolute number
of hypersensitivity reactions [8]. Our study not
only confirmed this, but also found that the risk
for allergic reactions to Oxaliplatin was 2.8 -fold
higher than Carboplatin (Table 2). Other studies
had found that the incidence of allergic reactions
to platinum derivatives is 5-10% for Cisplatin,
9-27% for Carboplatin and 10-19% for Oxaliplatin
[17]. As mentioned before, intensive use of Oxaliplatin showed an increased incidence of hypersensitivity for Oxaliplatin which raised from 2% in
initial trials to actual high occurrence of 10-25%
[21].
We found that the most frequent incriminated localization and chemotherapy regimen were
colon and ovary, Oxaliplatin + Capecitabine and
Carboplatin + Paclitaxel, respectively.
Our study showed no difference between
the two groups of patients in terms of basophils’
number, though literature states differences in
terms of quality regarding the basophils. A study
of Iwamoto et al. showed that monitoring pharmacodynamic changes (overexpression of FcεR1)
on basophils after repeated exposures to Carboplatin is an important marker for severe allergic
reactions to Carboplatin [22].
Eosinophils represent up to 1-6% of the total
white blood cells. Their role is to destroy parasites and microorganisms but are also responsible for amplifying the inflammatory response. An
ever increasing number of studies are focusing on
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their role in the pathogenesis of allergic asthma,
the meaning of this condition is highlighted and
the eosinophils can be considered as a future therapeutic target as some studies show [23-26]. In
the present study, after analyzing the eosinophils’
values, we noticed that in patients who developed
an allergic reaction, the percentage of eosinophils
was lower compared to the control group but this
could be explained by the variation of the values
of other leukocytes. Another explanation could
be related with the severity of hypersensitivity.
A study of Kyoko et al. showed that the percentage of eosinophils found in patients with grade
3 or 4 allergic reactions to Oxaliplatin was lower
compared to the control group (statistically insignificant). In our patients, 54.23% developed grade
3 hypersensitivity reactions, thus the decrease in
eosinophils’ percentage could be explained by the
grade of the allergic reaction. Comparison of the
number and percentage of eosinophils in the two
groups shows an elevation in the number of eosinophils in the control group, but without statistical significance. On the contrary, Okayama et al.,
in their publication, showed that eosinophils were
significantly increased in patients with hypersensitivity reaction, compared with the control group.
Eosinophil count has been proved as independent
predictive factor for hypersensitivity reaction for
Oxaliplatin [27]. Mori et al. found that Oxaliplatin free interval could represent a risk factor for
hypersensitivity reaction [28], while Shao et al.
found that rechallenge with Oxaliplatin increased
the risk of hypersensitivity reaction up to 71.4%
[29].
When it comes to lymphocytes and monocytes, no statistically significant differences between patients that developed allergic reactions
and the control group were noticed. The novelty
that our study brings is that these elements (lymphocytes, monocytes, eosinophils and Platinum
cumulative dose) might play a predictive role in
hypersensitivity reactions to Platinum derivatives (Table 2). Although it has been reported a
lower monocyte count in patients which developed allergic reactions to Platinum derivatives
[14], to our knowledge this is a first-time report
of a relationship between their values and the risk
of an allergic reaction. Seki et al. suggested that
high numbers of eosinophils are correlated with
low grade hypersensitivity reaction meanwhile
high grade hypersensitivity reaction is linked to
high numbers of monocytes [14,30].
Regarding the limitations of this study we
can quote the small number of clinical reports of
JBUON 2015; 20(6):1621
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the allergic reactions, incomplete data about the
associated pathologies of the patients, the small
number of patients which developed allergic reactions and the fact that we could not establish a
predictive dose for the occurrence of hypersensitivity reactions.

occur. These findings can constitute the basis of
future research regarding the establishment of
non-invasive, low-cost markers for the occurrence
of allergic reactions to platinum derivatives.

Conclusion

This paper was published under the frame of
European Social Fund, Human Resources Development Operational Programme 2007-2013, project no. POSDRU/159/1.5/S/138776.
Dr. Daniel-Corneliu Leucuta is a fellow of
POSDRU grant no. 159/1.5/S/138776 with title:
“Model colaborativ institutional pentru translatarea cercetarii stiintifice biomedicale in practica clinica – TRANSCENT”.

Our study achieved its purpose of finding new
predictive markers for the appearance of allergic reactions to platinum derivatives. It has also
found that each increase of lymphocytes or doses
of platinum derivatives increases the risk of allergic reactions to occur, and each drop in monocytes increases the risk for allergic reactions to
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Abstract: Classic galactosemia is an autosomal recessive disorder caused by the deficiency of
the enzyme galactose-1-phosphate uridyltransferase (GALT) involved in galactose metabolism.
Bacterial infections are a known cause of early morbidity and mortality in children with classic
galactosemia. The most common agent is Escherichia coli, but in rare situations, other bacteria are
incriminated. We report a case of a three-week-old female patient with galactosemia, who presented
with Group B Streptococcus (GBS) meningitis/sepsis. She received treatment with antibiotics, supportive
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therapy, and erythrocyte transfusion, but after a short period of improvement, she presented acute
liver failure with suspicion of an inborn error of metabolism. Rapid nuclear magnetic resonance (NMR)
spectroscopy from urine showed highly elevated values of galactose and galactitol. Under intensive
treatment for acute liver failure and with a lactose-free diet, her clinical features and laboratory
parameters improved considerably. Genetic testing confirmed compound heterozygous status for
GALT mutations: c.563 A>G [p.Q188R] and c. 910 C>T, the last mutation being a novel mutation in
GALT gene. In countries without an extensive newborn screening program, a high index of suspicion
is necessary for early diagnosis and treatment of galactosemia.
Keywords: galactosemia; group B streptococcus meningitis; acute liver failure; nuclear magnetic
resonance (NMR) spectroscopy; GALT mutations

1. Introduction
Galactose-related disorders are autosomal recessive disorders caused by the deficiency of one
of the enzymes involved in galactose metabolism. There are three types of enzymatic deficiencies:
galactose-1-phosphate uridyltransferase (GALT) deficiency (classical galactosemia), galactokinase
(GALK) deficiency and galactose-6-phosphate epimerase (GALE) deficiency. The diagnosis of
galactosemia should be considered in countries where newborn screening does not include galactosemia,
in all newborns or infants with any of the following features: failure to thrive, jaundice, hepatomegaly,
splenomegaly, poor feeding, vomiting, lethargy, hypoglycemia, convulsions, full fontanelle, cataract,
excessive bruising, bleeding diathesis, and renal tubular acidosis [1].
This disorder should be urgently diagnosed because early exclusion of any source of lactose
and galactose in the children’s diet produces a rapid clinical improvement of liver damage, jaundice
resolves within days, cataracts may clear, kidney functions return to normal, and liver cirrhosis may be
prevented [1,2].
2. Case Presentation
We report a case of a three-week-old female with classical galactosemia who presented with
Group B Streptococcus (GBS) meningitis and acute liver failure (ALF) [3]. She was born at 39 weeks of
gestation, by cesarean section for maternal indication (uterine scar). She presented premature rupture
of membranes for 30 h. The pregnancy was normal, and it was periodically monitored at the local
hospital. In the third trimester of pregnancy, the mother had two episodes of vulvovaginitis treated
with local antibiotics. There was no consanguinity of the parents and her family has no history of
inherited disease.
At birth, the baby’s weight was 3700 g, height was 50 cm and Apgar score was 10. She presented
intense jaundice on the second day of life for which she received several phototherapy sessions.
She started breastfeeding on her third day of life. Six days after birth, the mother and child
were discharged from the regional hospital. A few days later, she became lethargic, with intense
jaundice and signs of dehydration. She was initially admitted to the Neonatology Department,
presenting jaundice, hepatosplenomegaly, anemia, thrombocytopenia, and high level of bilirubin
levels (total bilirubin 27.84 mg/dL, conjugated bilirubin 8.68 mg/dL). Her acute-phase reactants
had increased, and blood culture and culture from the cerebrospinal fluid (CSF) were positive
for GBS. Cerebral magnetic resonance imaging (MRI) described specific meningitis lesions and
cerebral edema. She received antibiotic treatment (ampicillin associated with gentamycin, then
meropenem associated with vancomycin), fluconazole intravenous, albumin intravenous infusion,
and erythrocyte transfusion (due to severe anemia). Due to the severe evolution with aggravating
liver disease (INR 1.6, not corrected with vitamin K), after a few days, she was suspected of an
inborn error of metabolism. Urine was collected for rapid urinary nuclear magnetic resonance (NMR)
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spectroscopy, which was performed with our adapted protocol previously described [4,5] for several
metabolic studies using a Bruker Avance III 400 MHz spectrometer, equipped with gradients on the
z-axis. The one-step-blood-ammonia-measurement (using the micro diffusion method with reflection
registration at λ 635 nm) identified an increased value of 177 µg/dL (normal values for ammonia using
this method are less than 54 µg/dL). According to the literature, these moderate increased values were
considered just secondary modifications of hepatic dysfunctions, and after a few hours, the results of
the urinary NMR spectroscopy showed highly elevated concentrations of galactose (79,839 mmol/mol
creat.) and galactitol (41,734 mmol/mol creat.). The patient was transferred to our pediatric hospital
(2nd Pediatric Clinic, Cluj-Napoca, Romania) with signs of encephalopathy (second degree coma),
jaundice, hepatosplenomegaly (liver at 4 cm, spleen at 3 cm below costal margin), ascites, petechiae
and bleeding at the sites of venous puncture. The initial laboratory parameters in our unit revealed
increased transaminases (AST 128 U/L, ALT 57 U/L), high bilirubin levels (total bilirubin 20.19 mg/dL,
and increased conjugated bilirubin 15.65 mg/dL), hypoalbuminemia (2.6 g/dL), high ferritin level
(2,156 ng/mL) and prolonged prothrombin time (23 s) with INR 2.8. She also had moderate hemolytic
anemia (hemoglobin 9.2 g/dL) with negative Combs test, leukocytosis (23,500 /mm3 with neutrophilia
89%) and thrombocytopenia (56,000/mm3 ). Unfortunately, erythrocyte transfusion was given before
the suspicion of galactosemia and the measurement of GALT enzyme activity in erythrocytes was
not performed. The ophthalmologic examination revealed “oil drop” cataract, which is common in
classic galactosemia [6]. Genetic testing for GALT gene confirmed the presence of two mutations as
compound heterozygous status: one at exon 6 of the GALT gene, c.563 A>G [p. Q188R] and another
one on exon 10 (not yet described in galactosemia), c. 910 C>T. GALT gene was analyzed by PCR and
bidirectional sequencing of the whole coding region and intron-exon splicing junctions. MLPA was
used for detection of the deletions and duplications of one or more exons. The obtained sequences
were compared with the sequence of reference ENST00000378842. The genetic test of the parents was
not performed due to their refusal.
Based on the clinical presentation and laboratory parameters, the final diagnosis made was classic
galactosemia with GBS meningitis and ALF. She was treated with high doses of antibiotics (meropenem
associated with vancomycin), intravenous immunoglobulins (IVIG), albumin intravenous infusion,
furosemide, and spironolactone. As she had presented with cerebral edema, she received mannitol,
dexamethasone and furosemide. Her diet was immediately changed from breastfeeding to exclusive
parenteral nutrition with glucose/arginine infusion (in the first days in our clinic), and then enteral
nutrition with soy milk.
Two weeks later, her clinical features and laboratory parameters improved considerably. The level
of galactose and galactitol excretion in urine decreased. Recent follow up, at two years of age, showed
normal physical and neurological development, normal laboratory parameters, and the absence of
cataract (on ophthalmologic slit-lamp examination).
3. Discussion
For infants, milk is the main dietary source of galactose. It contains lactose, a disaccharide that is
hydrolyzed in the small bowel in glucose and galactose. The galactose is absorbed in the intestinal
mucosa and is metabolized to glucose and stored as glycogen in the liver and skeletal muscles, and
in very small quantities in kidneys, and other tissues or cells. Initially galactose is metabolized in
galactoso-1-phosphate (Gal-1-P) in the presence of galactokinase (GALK). In the second step, Gal-1-P
is metabolized in glucoso-1-phosphate under the action of UDP-glucose-galactoso-1-phosphatidyl
transferase (GALT). Then, glucoso-1-phosphat, in the presence of UDP-galactoso-4-epimerase (GALE)
is metabolized in UDP-glucose, which plays an important role in glycogenesis [1,2]. Depending on the
enzyme that is deficient (GALK, GALT or GALE), there are three types of diseases [2].
Classic galactosemia (type 1) represents the most severe form of the disease and is caused
by the deficiency of galactose-1-phosphate uridyltransferase (GALT). The incidence is 1 case per
20,000–50,000 newborns and is the most common form in the European population. The absence of
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GALT or reducing its activity causes the accumulation of galactose, Gal-1-P, galactitol or galactonate in
the liver, brain, kidney or other organs [2,7].
Numerous mutations of GALT gene have been identified [8]. The most frequent mutation is
Q188R, which determines the absence of enzymatic activity and implicitly the most severe form of the
disease. Q188R and K285N mutations are common in Eastern European populations, representing
54–70% of the type 1 galactosemia mutations [8–12].
Other mutations found are S135L, frequent in African-American people, L145P and N314D (the D2
Duarte variant), presented in 5% of the United States population. This N314D mutation is associated
with the reduction in enzyme activity, causing a mild form of the disease [8,13–15].
In our case, Q188R mutation (c.563A>G [p. Gln188Arg]) was found in a heterozygous state. It is
the most frequent mutation in the European population (64%) and can be associated with an important
decreased of enzyme activity and a severe phenotype [15]. The second mutation found in our patient
(c. 910C>T) is a novel mutation in GALT gene [16].
The clinical manifestations of type 1 galactosemia are secondary to galactose consumption and
occurs in the newborn period or in the first few months of life. This is due to the fact that in the first
period of life, the only food is milk (breast milk or formula), the main source of galactose. The enzymatic
deficiency leads to the accumulation of Gal-1-P, galactose, galactitol or galactonate in hepatocytes, renal
tubular cells, neurons, and erythrocytes. At the same time, GALT deficiency inhibits glycogenolysis,
causing hypoglycemia and reducing UDP-Galactose, which is the precursor for glycoprotein and
glycolipids [2].
The important symptoms are jaundice, hepatosplenomegaly, hepatocellular insufficiency, vomiting,
hypoglycemia, hypotonia, seizures, hemolytic anemia, and cataract. A positive urine-reducing
substance test, even one not specific to galactosemia, could be another puzzle piece that confirms
suspicions of a metabolic disease in infants. The liver is the main affected organ in GALT-deficiency.
The early histopathological aspect is represented by hepatocyte fatty degeneration and bile duct
proliferation. The prognosis of ALF associated with galactosemia is poor and depends by early
diagnosis and stopping galactose intake. In children, the diagnosis of ALF is based on PALF criteria
like a syndrome characterized by jaundice, coagulopathy (INR > 1.5) and hepatic encephalopathy in
patients with no evidence of prior liver disease. The toxic metabolites also accumulate in the kidneys
and central nervous system [17]. If diagnosis is delayed, hepatic injury will progress with possible fatal
evolution or fibrotic changes and cirrhosis [2]. The indication for liver transplantation in galactosemia
is often difficult, not only because it is a reversible disorder, but also because dysfunction of other
organs or systems (MSOF–multisystem organ failure) could be also be associated [18]. Accumulation
of galactose and galactitol in lens cells leads to opacity of the lens (“oil droplet” cataract), which
progresses to blindness [6]. The incidence of cataracts in patients with galactosemia is 38–75% [2,19].
Also, an excess of galactoso-1-phosphat and other toxic metabolites in different tissues causes Fanconi
syndrome, delayed development, speech difficulties, intellectual disability, and ovarian insufficiency.
Mental retardation occurs after 6–12 months and is often irreversible [2].
One of the most common causes of early death in children with galactosemia is infection.
These patients have an increased risk of sepsis, especially with Escherichia Coli [19–21]. Other organisms
like Klebsiella, Staphylococcus, Group B Streptococcus (GBS), Streptococcus faecalis or Candida can also be
involved. The substrate for the bacterial proliferation is the galactose excess, which inhibits bactericidal
activity of polymorphonuclear cells and phagocytosis [21]. The neutrophil function is depressed,
favoring bacterial multiplication and severe infections, especially with lactose-fermenting bacteria [22].
Group B Streptococcus (GBS or Streptococcus agalactiae) is a Gram-positive coccus that frequently
colonizes the genital and gastrointestinal tract. The encapsulated coccus can produce toxic
polysaccharides, which ensure a high virulence [23]. The GBS infection is rare in healthy children, but
is one of the major causes of neonatal sepsis (1–5.4/1000 newborn in USA) [22]. It is associated with
invasive infections, especially in immunocompromised hosts. The infection with Streptococcus agalactiae
in neonate occurs during passage through the vagina, but in some cases, may be vertically, in utero.
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The newborn is susceptible to infection due to the absence of specific antibodies against GBS [23–25].
The manifestations of newborn GBS infection are sepsis (50%), pneumonia (35%), meningitis (15%), skin
and soft-tissue infection, osteomyelitis, and septic arthritis [21]. These infections lead to high morbidity
and mortality, especially among newborns, premature babies, and children with comorbidities [22].
Galactosemia type II (also called galactokinase deficiency) and type III (galactose epimerase
deficiency) have different patterns of signs and symptoms. Galactosemia type II (GALK deficiency)
causes fewer medical problems than the classic type. Affected infants develop cataract or pseudotumor
cerebri later. Galactosemia type II is secondary to galactokinase deficiency, the enzyme involved in
the transformation of galactose into galactose 1 phosphate. The galactose excess is metabolized by
an alternative method, resulting in galactonic acid and galactitol, which is responsible for cataract.
The signs and symptoms of GALE deficiency (galactosemia type III) vary from mild to severe and
can include cataract, delayed growth or development, intellectual disability, liver disease, and kidney
problems [23].
4. Conclusions
We presented a rare association between two extremely severe diseases in neonates: Group B
Streptococcus (GBS) meningitis/sepsis and acute liver failure (ALF), both requiring prompt diagnosis
and specific treatment, in a patient with late diagnosed galactosemia, as consequences of this metabolic
injury. Genetic tests revealed a compound heterozygous status with Q188R and a novel mutation in the
GALT gene. If a galactose-free diet is initiated during the first days of life, the prognosis is significantly
improved and the evolution to acute liver failure, sepsis or the other complications can be prevented.
In developed countries, the diagnosis of galactosemia is made early, by extensive newborn screening
programs. Unfortunately, in Romania, the neonatal screening program does not include galactosemia,
but clinical recognition and rapid urine/blood samples collection (before supportive therapy), followed
by an appropriate test and a lactose-free diet prevents severe consequences.
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When a cardiologist is asked to evaluate the cardiac toxic eﬀects of chemotherapy, he/she can use several tools: ECG,
echocardiography, coronary angiography, ventriculography, and cardiac MRI. Of all these, the fastest and easiest to use is the
ECG, which can provide information on the occurrence of cardiac toxic eﬀects and can show early signs of subclinical cardiac
damage. These warning signs are the most desired to be recognized by the cardiologist, because the dose of chemotherapeutics
can be adjusted so that the clinical side eﬀects do not occur, or the therapy can be stopped in time, before irreversible side
eﬀects. This review addresses the problem of early detection of cardiotoxicity in adult and pediatric cancer treatment, by using
simple ECG recordings.

1. Introduction
In the last twenty years, the survival and life expectancy of
adults and children with cancer have risen signiﬁcantly,

mainly due to the new chemotherapy. However, chemotherapeutic agents have secondary and adverse eﬀects, some of
them dreadful. Their early recognition can prevent the development of associated sometimes fatal pathologies. Monitoring
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the cardiac side eﬀects of chemotherapy is feasible generally
using echocardiography, radionuclide ventriculography, dosing cardiac biomarkers [1] such as BNP and NT-proBNP [2],
and ECG. Sometimes, these techniques may identify subclinical heart damage [3] before the clinical manifestation by
heart failure, chronic coronary syndrome, or myocardial
infarction. Therefore, an attempt was made to discover early
markers of toxicity, and the purpose of this review is to present published data on ECG changes as markers of cardiac
toxicity caused by chemotherapeutics. The 12-lead surface
ECG is a simple examination that is performed quickly in
about 3 minutes and can provide information on cardiotoxicity, which is mainly manifested by ischemic changes or by
arrhythmias. Of course, there are more subtle changes, which
can precede the installation of arrhythmias: for example, biﬁd
and broad P wave lasting more than 120 ms that precedes the
installation of atrial ﬁbrillation or the prolonged QT
interval > 500 ms that precedes in some cases the installation
of torsade de pointes. Sometimes, the presence of multiple
atrial ectopic beats may require stopping chemotherapy in
order to prevent atrial ﬁbrillation; the presence of numerous
PVCs with multiple morphologies may require discontinuation of chemotherapy due to an increased risk of malignant
ventricular arrhythmias such as polymorphic ventricular
tachycardia or ventricular ﬁbrillation. These ECG markers
are easily recognizable by the clinical cardiologist or interventional arrhythmologist but are more challenging for an
oncologist or general practitioner. The ECG does involve
not only 12-lead recording but also derivatives such as
recording with a monitor during hospitalization, single-lead
or two-lead monitoring at home with a portable monitor
(Omron, Heal Force Print 180 D, 180B), and monitoring by
Apple devices, smartwatch, smartphones, Holter ECG/24
hours, exercise stress test, or electrophysiological study [4].
These are derivatives of the 12-lead ECG, and we will not
refer to them in this review. The electrocardiographic
changes given by chemotherapy can be transient, and
therefore, other methods than the standard ECG are used
to detect them. Generally, before starting chemotherapy, it
is suitable for the patient to have a baseline ECG recording
so that later, after starting the treatment, the measurements
may be compared with the initial recording.

2. Arrhythmogenic
Mechanisms of Chemotherapy
There are several mechanisms by which chemotherapy can
become proarrhythmogenic (Table 1):
(1) By the eﬀect of direct damage to the myocardial cell
with the release of natriuretic peptides BNP, NTproBNP, and troponin, with the development of
ischemic or nonischemic dilated cardiomyopathy,
increased left ventricular ﬁlling pressures, and
subsequently left atrial and ﬁbrillation
(2) Coronary spasm with the induction of myocardial
ischemia or a direct eﬀect of the chemotherapeutic
on coronary vascularization with secondary ische-

mia, with or without myocardial necrosis and
arrhythmogenesis by the formation of abnormal
reentry circuits or abnormal depolarizations
(3) Action at the level of ion channels with impaired ventricular depolarization or repolarization, prolongation
of the QT interval, and induction of polymorphic
ventricular tachycardia (torsade de pointes)
(4) Direct action on the conduction system: sinus node,
atrioventricular node, His, left or right branch,
respectively, and Purkinje network
One of the most common side eﬀects of chemotherapy
that can be detected on the ECG in 12 leads is sinus bradycardia. Taxanes and angiogenesis inhibitors (thalidomide)
can cause sinus bradycardia, most likely through a direct
action on the sinus node. Nevertheless, taxanes can have
eﬀects at other levels of the atrioventricular conduction system. Thus, paclitaxel can aﬀect the infrahisian conduction
system (after the bifurcation of the His) and lead to the
appearance of the right or left branch block. If the lesion
is located at the suprahisan level, atrioventricular blocks
of varying degrees, from 1 to 3, may occur. The conduction
disorders generally occur within 4 hours of initiating the
paclitaxel infusion and disappear after stopping the chemotherapeutic, usually within the ﬁrst 48 hours [5]. The mechanism by which paclitaxel aﬀects the conduction system is
either directly by aﬀecting the sinus node, atrioventricular
node, and His-Purkinje system or indirectly by aﬀecting
the parasympathetic nervous system, which induces bradycardia or conduction disorders. Thalidomide-induced sinus
bradycardia is also explained by the action on the sympathetic nervous system [6] and also the induction of a manifest clinical or subclinical hypothyroidism which is in turn
associated with sinus bradycardia by intrinsic remodeling of
the sinus node [7]. On the other hand, thalidomide has also
been implicated in the development of rapid ventricular
arrhythmias, especially ventricular tachycardia [8].
Another mechanism promoting cardiac arrhythmias is
through myocardial ischemia [9] or even necrosis if myocardial ischemia persists for a long time. Thus, alkylating agents
cisplatin, cyclophosphamide [10], ifosfamide, and melphalan
may promote coronary vasospasm, cardiomyocyte damage,
and endothelial damage. Up to 10% of cisplatin users develop
atrial and ventricular arrhythmias within the ﬁrst 24 hours-3
days of initiating treatment, with the disappearance of these
side eﬀects within approximately 1 week. Melphalan has also
been implicated in the genesis of episodes of atrial ﬁbrillation
or atrial ﬂutter [11].
Anthracyclines cause atrial and ventricular arrhythmias by
inducing structural cardiomyopathy associated with decreased
left ventricular systolic function with altered ejection fraction.
This decrease in ejection fraction leads to increased left ventricular end-diastolic pressure and increased left intra-atrial
pressure and favours atrial arrhythmias such as extrasystoles,
atrial tachycardia, or atrial ﬁbrillation. On the other hand,
the marked decrease of the ejection fraction may favour
ventricular arrhythmias: premature ventricular contractions,
ventricular tachycardia, and ventricular ﬁbrillation.

Disease Markers

3
Table 1: Proarrhythmic risk of chemotherapy: atrial, ventricular, and QT prolongation.
Atrial arrhythmias

Ventricular arrhythmias

QT prolongation

Atrial ﬁbrillation with doxorubicin
Small case series
Rare cases
Atrial ﬁbrillation and ﬂutter
Rare cases

Small case series
Small case series
Never
Never
Rare cases

Tyrosine kinase
inhibitors

Atrial ﬁbrillation with ibrutinib

Large studies: PVCs and VT

Rare cases
Rare cases
Never
Never
Never
Small studies
QT prolongation of 5-15 ms
No QT prolongation with ibrutinib

Antimicrotubule
agents

Rare cases

Small case series

Arsenic trioxide

Rare cases

Small studies

Atrial ﬁbrillation

Small case series

Never

Large studies: PVCs and VT

Small studies
Small studies

Small studies
Small case series

Anthracyclines
Antimetabolites
Cyclophosphamide
Melphalan
Trastuzumab

Thalidomide
Histone deacetylase
inhibitors
IL-2
Amsacrine

Never
Small studies showed QT
prolongation > 450 ms and even >450 ms
Never
Small studies
Therefore contraindicated if QT > 450 ms
Never
Rare cases, associated with hypokalemia

Large studies demonstrated atrial arrhythmias for melphalan, ventricular arrhythmias for tyrosine kinase inhibitors and histone deacetylase inhibitors, and QT
prolongation for tyrosine kinase inhibitors, histone deacetylase inhibitors, and arsenic trioxide.

5-Fluorouracil validates its arrhythmogenic eﬀects
through coronary vasospasm and the myocardial ischemia it
induces. Like 5-FU, interleukin-2 promotes arrhythmias by
inducing vasospasm with consequent prolonged myocardial
ischemia or myocardial inﬂammation (myocarditis) [12].

3. ECG Modifications and Arrhythmias
Induced by Different Chemotherapeutics
3.1. Anthracyclines. Anthracyclines are currently used to treat
leukemias, lymphomas, breast cancer, and solid pediatric
tumors. Generation I anthracyclines (daunorubicin and
doxorubicin) have as a side eﬀect the irreversible development of nonischemic dilated cardiomyopathy, and their
eﬀects are cumulated with increasing doses and duration of
use (an incidence of 5-8% is observed at a cumulative dose
of 450 mg/m2) [13].
A study by Kilickap’s team that involved Holter EKG
monitoring for 48 hours of patients immediately after
doxorubicin infusion showed a paroxysmal atrial ﬁbrillation rate of 10.3% [14]. However, when ECG monitoring
was performed at each visit for the continuation of chemotherapy, a 6% incidence of this arrhythmia was recorded [15]. The
highest detection rate (56.6%) was objectiﬁed by interrogating
the implantable deﬁbrillator in patients with cardiac dysfunction associated with chemotherapy [16]. The same study
shows that the incidence of nonsustained ventricular tachycardia can reach up to 73.9% of cases, similar to those in the
control group, of patients with nonischemic cardiomyopathy,

not related to anthracyclines (was not signiﬁcantly diﬀerent
from non-anthracycline-related cardiomyopathy and dilated
cardiomyopathy or ischemic heart disease) [16]. However,
premature ventricular contractions remain the most common
form of anthracycline-induced ventricular arrhythmia (the
number of bigeminal ventricular extrasystoles increased
signiﬁcantly, p < 0:05) [17].
A study analyzing the eﬀects of epirubicin on QTc
interval dispersion (deﬁned as the diﬀerence between the
maximum and minimum QT intervals on the recorded
electrocardiogram) showed an increase in this parameter
in all patients included in the research. When dexrazoxane
was administered in addition to epirubicin, the dispersion
of the QT interval decreased statistically (p < 0:05) compared to the group without dexrazoxane [18].
3.2. Alkylating Antineoplastic Agents. Alkylating agents are
frequently used before stem or bone marrow transplantation. Several factors increase the risk of developing this
melphalan-induced arrhythmia, including advanced age (over
63 years: risk ratio: 4.8 (95% conﬁdence interval (CI) 3.2-7.6),
p < 0:001), dilated left atrium over 33 cc/m2 (risk ratio: 2 (95%
CI 1.3-3.1), p < 0:001), left ventricular systolic dysfunction
(p < 0:001), and even cardiac amyloidosis (this was not significant, p = 0:08) [19, 20]. Besides, when a supraventricular
arrhythmia occurs after hematopoietic stem cell transplantation, the prognosis of these patients worsens as observed in a
study conducted by Tonorezos et al. on a group of 1177
patients. Of these, those with atrial ﬁbrillation or ﬂutter had
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a higher risk of in-hospital death (28% vs. 3%, p < 0:001) and
also one year after the intervention (41% vs. 15%; p < 0:001).
Practically, the existence of arrhythmias in post-stem cell
transplant patients has been an independent predictor of
mortality with a greater risk for death within a year of
transplant (odds ratio 3.5 (95% CI 2.1-5.9; p < 0:001)) [21].
Busulfan is another chemotherapeutic belonging to the
alkylating agent class. The incidence of developing atrial
ﬁbrillation was up to 6.4% when used in combination with
cyclophosphamide [22].
In conclusion, during treatment with alkylating agents,
patients should be monitored for atrial ﬁbrillation with
melphalan and busulfan and also for the development of
structural abnormalities that may be responsible for
ventricular arrhythmias with cyclophosphamide and
ifosfamide.
3.3. Anti-HER2 Agents. An analysis that included over 8000
patients treated with trastuzumab reported an incidence of
atrial ﬁbrillation of 1.2% after trastuzumab use (95% CI
0.56-2.68) [23]. On the other hand, a study published in
2015 by Pivot and colleagues compared the cardiac toxicity
generated by trastuzumab after 6 months and 12 months of
adjuvant treatment, respectively. Of the 3380 enrolled
patients, only 0.65% had NYHA III/IV heart failure classes
in the one-year treatment arm and 0.53% in the six-month
treatment arm, with no statistically signiﬁcant diﬀerence
between the two groups. For NYHA I/II heart failure classes,
the number of cases was signiﬁcantly higher in the one-year
treatment group (5.9%) than in the group receiving 6 months
of treatment (3.4%) [24]. When trastuzumab was used after a
“dose-dense” (accelerated) regimen of anthracyclines and
taxanes, the enrolled patients showed a signiﬁcant decrease
in LVEF in a tiny percentage (1%) [25].
The use of trastuzumab with paclitaxel after an anthracycline and cyclophosphamide induction regimen resulted in
symptomatic heart failure in 4% of patients enrolled in the
study (95% CI 0.5-13.2), and in 21% of them, a decrease in
LVEF below 50% was noticed (95% CI 11.1-34.7) [26].
Another study that evaluated the safety of administration
of trastuzumab in the elderly found that of the 22 patients,
only 2 had a 10% asymptomatic decrease in LVEF [27].
More extensive studies of approximately 45,000 women
with a mean age of 76.2 years showed that the 3-year incidence of cardiomyopathy or heart failure of any grade was
32.1% in the trastuzumab-only group and 41.9% in patients
who also received anthracyclines compared with no adjuvant
therapy (18.1%, p < 0:001) [28].
Trastuzumab-emtansine (T-DM1), a combination used
in the second line of treatment after trastuzumab, did not
cause any signiﬁcant cardiovascular events (including symptomatic heart failure) in the 153 patients evaluated in Krop
et al.’s study [29].
Lapatinib is a safer product than trastuzumab in that
it rarely induces left ventricular dysfunction and arrhythmias [30].
3.4. Tyrosine Kinase Inhibitors. These products do not induce
structural abnormalities of the myocardium but may prolong
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the QT interval and induce ventricular arrhythmias such as
torsade de pointes.
Ibrutinib is a Bruton tyrosine kinase inhibitor used in
B-line haematological malignancies such as chronic lymphocytic leukemia and mantle cell lymphoma. A study
conducted by Yun et al., published in 2017, shows an incidence of atrial ﬁbrillation/ﬂutter of 8.18% in patients
treated with ibrutinib compared to placebo (8.18% vs.
0.93%, RR = 8:81, 95% CI 2.70-28.75, p < 0:001). It should
be remembered that the risk of arrhythmia is proportional
to the dose and time of treatment [31]. According to the
HELIOS phase 3 trial published in 2018 in the Leukemia
journal, the rate of occurrence of atrial ﬁbrillation/ﬂutter
as an adverse event was reported at 4.9% [32]. Another
study, published in the NEJM, showed similar incidences
of atrial ﬁbrillation of 6%. In 25% of the patients, it was
necessary to stop the treatment, but for the rest, no intervention was needed [33]. Although ibrutinib carries a relatively
high risk of atrial ﬁbrillation, it also acts as an antiplatelet
agent, associated with an increased risk of bleeding. Therefore, the use of antivitamin K in this category of patients
has been discouraged. It seems that the new oral anticoagulants such as dabigatran, rivaroxaban, or apixaban have a
higher safety proﬁle [34].
Regarding Bruton tyrosine kinase inhibitors inducing
ventricular arrhythmias, there is a reported incidence of
678 events/100,000 patients. Surprisingly, ibrutinib does not
prolong the QTc interval; it even shortens it, although it does
induce a risk of ventricular tachycardia [35].
3.5. Antimicrotubule Agents. In a study conducted by
Rowinsky et al., 2 of the 140 patients treated with paclitaxel
had a high-grade atrioventricular block and therefore
required the implantation of a pacemaker. However, EKG
monitoring of patients during injection is not indicated [36].
3.6. Immunomodulating Agents. Thalidomide is an agent
used in the treatment of multiple myeloma that can cause
bradyarrhythmias, including diﬀerent types of atrioventricular block, both alone and in combination with other chemotherapeutics. Sinus bradycardia has been reported in 26% up
to 53% of patients and most often resolves within 12-21 days
of discontinuation of treatment [7].
Thalidomide was also associated with atrial ﬁbrillation,
with an incidence of 4.7% versus 3.4% in the placebotreated arm. Therefore, cardiac monitoring is recommended
in all patients treated with this immunomodulator [37].
Lenalidomide is another immunomodulator used in both
multiple myeloma and myelodysplastic syndrome. It can
induce supraventricular arrhythmias with an incidence
ranging from 4.6 to 7% when used in combination with
dexamethasone [38].
3.7. Amsacrine. This substance is used for the treatment of
acute myeloid leukemia and electrophysiologically acts similar
to anthracyclines. It can cause atrial and ventricular arrhythmias, respectively, and QT prolongation. However, proarrhythmic eﬀects are rare and were reported in 0.7% in a
study of 5340 patients [39]. The administration of amsacrine

Disease Markers
is prone to hydroelectrolytic disturbances which may eventually lead to arrhythmias. Therefore, the use of this chemotherapeutic requires strict monitoring of the electrolytes
(especially the level of potassium) to be administered safely,
even in patients with left ventricular dysfunction [40].
3.8. Interleukin 2 (IL-2). The mechanism by which IL-2
induces cardiac arrhythmias is the increase of capillary permeability with tissue extravasation and hypotension and
tachycardia. If those modiﬁcations occur in a structurally
normal heart, they are not arrhythmogenic, but when they
occur in an ischemic heart, they can produce atrial and ventricular arrhythmias. Another speculated mechanism is the
action that diﬀerent vasopressors have on the electrical system of the heart. Ventricular arrhythmias are also possible,
but the frequency of life-threatening ventricular tachycardias
is low, between 0.4 and 1.1% [41].
3.9. Trisenox (Arsenic Trioxide). Arsenic trioxide inhibits fast
and slow potassium channels and activates ATP-dependent
potassium channels. This is the electrophysiological mechanism underlying QT prolongation with a high risk of torsade
de pointes. Approximately 38% of patients who are treated
with arsenic trioxide develop QT prolongation > 450 ms
and 27% > 500 ms [42]. The degree of QT prolongation was
higher in male patients during the ﬁrst cycle of treatment
and also in patients with hypokalemia regardless of gender.
Corrected QT intervals in these patients normalized up to
the second cycle of chemotherapy, so it was considered that
arsenic trioxide did not cause a permanent prolongation of
the QTc interval [42]. Because life-threatening arrhythmias
are rarely associated with arsenic trioxide, caution is advised
in the use of QTc with the Bazett formula since the risk of
cardiac toxicity may sometimes be overestimated, and therefore, cancer treatment may be unnecessarily discontinued. In
these situations, alternative correction formulas are recommended [43]. Fortunately, the doses used in practice at this
time are optimized so that ventricular arrhythmias occur
with a fair frequency, but it is still necessary to monitor
electrolytes and ECG in those patients, both before and
during treatment [44].
3.10. Histone Deacetylase Inhibitors. These products, which
are used to treat cutaneous T-cell lymphoma and multiple
myeloma, can prolong the QT interval, and there have been
reported cases of sudden death after starting treatment. For
these reasons, they are contraindicated in the case of a QT
interval over 450 ms. The underlying mechanism of arrhythmogenesis is not fully understood. However, it is currently
accepted that these inhibitors interact with potassium hERG
channels [45].
3.11. Antimetabolites. The most common side eﬀects with 5ﬂuorouracil and capecitabine are chest pain, with or without
EKG signs of ischemia. The mechanism of action is a coronary spasm. A spasm was demonstrated by reproduction in
the radial artery after administration of 5-ﬂuorouracil. The
use of calcium channel blockers and long-acting nitrates
has been proposed to counteract the vasospastic eﬀects of
antimetabolites [46].
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4. Arrhythmias Determined by Long
QT Interval
One of the most straightforward cardiotoxicity markers that
can be measured on the surface ECG is the QT interval
(Figure 1), an easy to measure, standardized interval, the
most used method being the tangent method in derivation
II or V5. Because ECG paper is often marked with lines or
squares delimiting 40 ms, the measurement is easy considering the number of squares found along the length of the QRS
complex and the T-wave. This interval represents depolarization along with ventricular repolarization. The QT interval
measurement must not include the U-wave unless there is
an evident fusion between T and U.
This QT interval is vital in arrhythmogenesis because
when prolonged, it can be associated with polymorphic ventricular tachycardia, in this case called torsade de pointes.
Not all polymorphic tachycardia is torsade de pointes but
only that which is accompanied by an extended QT interval.
In other cases, the term “torsade-like” can be used.
Due to the fact that the QT interval can be longer in the case
of bradycardia and shorter in the case of tachycardia, there are
mathematical formulas for correcting the QT interval depending on the frequency: Bazett, Fridericia, Framingham, and
Hodges. It is considered that a corrected QT interval < 450 ms
in men and <460 ms in women is normal. When the QT interval is >500 ms, the risk for torsade de pointes is high. Intervals
between 450 and 500 ms considered the “grey area” should be
monitored by serial recordings, and serum electrolytes should
be checked for hypokalemia or hypomagnesaemia.
The 450 ms limit of the QT interval is considered too
restrictive in cancer patients because if this limit was to apply,
then over 10% of patients receiving chemotherapy would
have to give up perhaps life-saving therapy [47]. On the other
hand, in oncology patients, there have been found variations
of the QT interval up to 60 ms within 24 hours. Thus, in cancer patients, a prolonged QT interval > 480 ms or an increase
of >100 ms after the initiation of chemotherapy is considered
signiﬁcant [48, 49].
Cancer patients who are treated with antiarrhythmic
medication for heart disease are at risk of developing drug
interactions with the possibility of prolonging the QT
interval. Class IA (quinidine and procainamide) and class
III antiarrhythmics (amiodarone and sotalol) prolong the
QT interval by their particular mechanism of action on
ion channels. On the other hand, antiemetic drugs such
as ondansetron and droperidol also prolong the QT interval. Among analgesics, methadone, an opioid derivative,
also prolongs the QT interval (+14.1 msec, p < 0:001)
[50]. Commonly used antineoplastic medication may also
have the eﬀect of prolonging the QT interval: tyrosine
kinase inhibitors (rituximab, dasatinib, lapatinib, nilotinib,
and sorafenib), anthracyclines (doxorubicin and daunorubicin), and antimetabolites (capecitabine, panobinostat,
romidepsin, and vorinostat). These associations with antiarrhythmics should be avoided to prevent malignant
ventricular arrhythmias such as torsade de pointes [51].
Arsenic trioxide is known to prolong the QT interval,
which is why therapy should be stopped if the interval is
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Figure 1: Chemotherapy that induces QT prolongation. Diﬀerent agents act on diﬀerent or more ionic channels prolonging ventricular
depolarization and depolarization. A QT prolongation of >500 ms is considered dangerous and should lead to treatment cease.

prolonged >500 ms. When the interval decreases to 460 ms,
the treatment can be resumed. Shen et al. [52], Niu et al.
[53], and Unnikrishnan et al. [54] have published case
reports of torsade de pointes in patients being treated with
arsenic trioxide. However, there is also stronger evidence
than isolated published cases. Thus, Ohnishi et al. [55]
reported 8 cases of QT prolongation after arsenic trioxide
infusion, but none of the 8 patients showed torsade de
pointes. The most extensive patient studies of arsenic trioxide
included approximately 100 patients. Thus, the study of Barbey et al. [42] on 99 patients observed QT prolongation over
500 ms in 26% of individuals. Only one of these patients had
torsade de pointes, but it was also associated with hypokalemia. Also, Roboz et al. [43] in a group of 113 patients
observed QT prolongation > 500 ms in 12% of individuals,
and none of them showed torsade de pointes.
4.1. Tyrosine Kinase Inhibitors. Nilotinib was associated with
5 to 15 ms QT prolongation, but this prolongation was not
associated with polymorphic ventricular tachycardia [56].
On the other hand, in the study of Tam et al. [57], nilotinib
administered to healthy volunteers resulted in an average
QT prolongation of 18 ms. On subgroup analysis, 1.9% and
even 2.5% of patients with chronic myeloid leukemia presented QT prolongation. Of all patients treated with nilotinib
from Tam et al.’s study, 0.3% died suddenly, and it was
assumed that QT interval prolongation had an involvement,
although no direct relationship between had been demonstrated. Lu et al. [58]. have also shown that dasatinib, sunitinib, and nilotinib can prolong the QT interval. Studies with
Vandetanib have shown a QT prolongation in 9% to 61%
of the patients [59]. In Wells et al.’s [60] and Natale et al.’s
[61] studies, QT prolongation occurred in approximately
5.1% of patients; only one of the patients presented torsade
de pointes; in all other patients, the QT prolongation had
no arrhythmic consequence. In these 2 studies that we have
mentioned, the deﬁnition of the prolonged QT interval was
>550 ms or an increase of >100 ms between 2 consecutive

measurements. Zang et al. [62]. performed a systematic
review and meta-analysis of Vandetanib’ studies related to
QT prolongation. They showed that QT prolongation > 450
/460 ms occurred in 16.4% (95% CI 8.1–30.4) of patients
and >500 ms prolongation occurred in 3.7% of patients
(95% CI 1.7–7.8).
4.2. Histone Deacetylation Inhibitors. Vorinostat has been
incriminated in the prolongation of the QT interval complicated with polymorphic ventricular tachycardia in a case
report published by Lynch et al. [63]. It is important to mention that the patient associated hypokalemia. Probably hypokalemia, more than chemotherapy, was involved in the
development of malignant ventricular arrhythmias, and this
patient would have had a congenital long QT syndrome that
could have been exposed by vorinostat. However, no genetic
study has been done to conﬁrm this hypothesis. Romidepsin
has been incriminated in several cases of sudden cardiac
death, but there has been no clear relationship between QT
prolongation and death, as patients did not have an ECG
recording before death [64, 65]. In the study of Piekarz
et al. [64], QT prolongation was approximately 15 ms after
administration of romidepsin. This prolongation is insigniﬁcant and does not justify stopping chemotherapy that might
be life-saving. Last but not least, panobinostat is another
histone deacetylation inhibitor, which has also been shown
to prolong the QT interval up to 20 ms [65]. In conclusion,
histone deacetylation inhibitors may prolong the QT interval, but no clear association with arrhythmic events such as
torsade de pointes has been demonstrated.
4.3. Anthracyclines. Even though the most common side
eﬀect of anthracyclines is structural impairment of the left
ventricle with decreased LV ejection fraction, to a lesser
extent, anthracyclines may alter the QT interval. In the study
of Galetta et al. [18], epirubicin produced variable QT prolongation when administered to patients with nonHodgkin’s lymphoma (all the patients showed increased
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QT dispersion (44:3 ± 8:4 vs. 68:4 ± 11:4 ms, p < 0:001) and
QTc dispersion (46:2 ± 6:2 vs. 72:42 ± 8:4 ms, p < 0:001)
after epirubicin-based chemotherapy in non-Hodgkin lymphoma patients). Also, in the study of Nousiainen et al.
[66], QTc dispersion increased from 26:5 ± 2:5 to 39:0 ± 3:5
ms (p = 0:039). Five patients (18%) developed QT dispersion
exceeding 50 ms. At the same time, Liu et al. [67] showed in
experimental studies on rabbit myocytes that tamoxifen can
prolong the QT interval.

5. ECG Changes Produced by
Chemotherapy in Children
As in adults, chemotherapy can have cardiac toxicity in children. But children have 2 particularities: First, their heart is
constantly developing, and the structure that has been
aﬀected by chemotherapy will increase with the growth of
the child’s heart, so in the following years, the injured structure will become larger [68]. Second, the survival of children
is generally higher than that of adults; therefore, on the one
hand, it is important to limit the cardiac toxic eﬀect of chemotherapy which will last for years; on the other hand, if
the toxic eﬀect occurred, the evolution of left ventricular dysfunction should be blocked to prevent the development of
clinical manifest heart failure. As for arrhythmias, they generally appear in the acute phase and disappear after stopping
the chemotherapeutic. If arrhythmias occur in the chronic,
postadministration phase, then antiarrhythmic drugs are
generally needed to control arrhythmias.
Up to 25% of children who are treated with anthracyclines may have electrocardiogram changes [69]. These can
be QT interval prolongation, ischemic or nonischemic Twave and ST segment changes, bundle branch blocks or
atrioventricular blocks, decreased QRS complex amplitude,
and electric axis change. In addition, atrial or ventricular
arrhythmias with diﬀerent severity ranging from premature
contractions to tachycardia were described. In the study of
Larsen et al. [70] performed on 100 children with an average
age of 15 years, 73 treated with anthracyclines and 27 treated
with anthracyclines plus radiotherapy, minor arrhythmias
were detected, such as rare atrial or ventricular premature
contractions, as well as major arrhythmias. Among these
are sustained supraventricular tachycardia or ventricular
tachycardia that occurred especially at high doses of
anthracyclines > 200 mg/m2. Furthermore, prolonged QT
interval > 480 ms was found in approximately 14% of children. Another study by Steinherz and Steinherz [71] on 100
children identiﬁed ECG changes in 13 of them after anthracyclines. One of the 100 died suddenly, without any ECG
changes, and 2 died due to arrhythmias. In another study,
Lipshultz et al. [72] found 5% nonsustained ventricular
tachycardia in children treated with doxorubicin. Amsacrine
[73] can also cause ECG changes in children and usually
occur within the ﬁrst minutes or hours of administration.
These are QT prolongations, ST and T-wave ischemic
changes or nonspeciﬁc nonischemic changes, and atrial or
ventricular tachyarrhythmias. Usually, these changes occur
from the ﬁrst dose and can be quickly detected by ECG. If
the patient has an underlying hypokalemia, then the depolar-
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ization and repolarization changes given by amsacrine may
be exacerbated by hypokalemia, so serum potassium levels
should be monitored during therapy.
Massin et al. [74] studied severe arrhythmias that
occur in the ﬁrst 24 hours in 33 children with various
tumors treated with chemotherapy. Two patients developed sinoatrial block or atrioventricular block during the
ﬁrst 4 hours of daunorubicin infusion, 8 children had
atrial and ventricular premature beats or bursts of premature beats during the combination of vincristine+daunorubicin or vincristine+cyclophosphamide, and none of the
children presented life-threatening arrhythmias.
In a study by Mulrooney et al. [75], 2715 children who
survived neoplastic disease have been checked for ECG
changes, which were interpreted as chronic side eﬀects due
to chemotherapy. Thus, 99 individuals were identiﬁed with
pathological Q-waves as signs of old myocardial infarction,
5 with left branch block, 13 with right branch block, 4 with
bifascicular block, 8 with signiﬁcant QT prolongation, and
none with atrial ﬂutter or atrial ﬁbrillation. In total, major
ECG changes were present in 290 of 2715 patients (approximately 10%) and minor ECG changes in 565 (23.3%). Minor
changes included atrial or ventricular premature beats, nonspeciﬁc T-wave or ST segment changes, low QRS, and deviation of the heart’s electrical axis.
Newer studies are trying to determine whether lower
chemotherapy doses that do not induce ECG changes still
remain eﬀective for the suppression of neoplastic disease.
Researchers are trying to verify if lower doses that do
not cause an excessive increase in QT interval > 480 ms
or that produce only benign atrial or ventricular premature beats are still eﬀective in controlling the child’s neoplastic disease. The results of the studies would further
beneﬁt children, as toxic eﬀects might aﬀect a developing,
immature heart.

6. Conclusions
Oncological treatment requires a good collaboration between
the oncologist and the cardiologist. Even if new drugs
increase the life expectancy of cancer patients, death may
be due to a therapeutic dosing error, due to proarrhythmic
side eﬀects, or due to impaired left ventricular ejection fraction. For these reasons, some oncology clinics have hired a
cardiologist who can monitor the evolution of heart function
during chemotherapy by ECG, Holter ECG, and echocardiography. The cardiologist must know the limits that are
acceptable for subclinical cardiac toxicity such as a mild but
reasonably prolonged QT interval below 480 ms, the presence of benign arrhythmias such as atrial or ventricular premature beats, the presence of insigniﬁcant ST segment and
T-wave changes, and changes in the heart axis. All of these
ECG insigniﬁcant changes should not stop the child or adult
from receiving a potentially life-saving therapy. When the
oncology-cardiologist is not available, close collaboration
with a cardiology clinic or outpatient cardiac clinic with
experienced physicians in monitoring toxic eﬀects of
chemotherapy is required.
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Abstract: Vitamin D, a crucial hormone in the homeostasis and metabolism of calcium bone, has
lately been found to produce effects on other physiological and pathological processes genomically
and non-genomically, including the cardiovascular system. While lower baseline vitamin D levels
have been correlated with atherogenic blood lipid profiles, 25(OH)D supplementation influences
the levels of serum lipids in that it lowers the levels of total cholesterol, triglycerides, and LDLcholesterol and increases the levels of HDL-cholesterol, all of which are known risk factors for
cardiovascular disease. Vitamin D is also involved in the development of atherosclerosis at the site
of the blood vessels. Deficiency of this vitamin has been found to increase adhesion molecules or
endothelial activation and, at the same time, supplementation is linked to the lowering presence
of adhesion surrogates. Vitamin D can also influence the vascular tone by increasing endothelial
nitric oxide production, as seen in supplementation studies. Deficiency can lead, at the same time,
to oxidative stress and an increase in inflammation as well as the expression of particular immune
cells that play a pivotal role in the development of atherosclerosis in the intima of the blood vessels,
i.e., monocytes and macrophages. Vitamin D is also involved in atherogenesis through inhibition
of vascular smooth muscle cell proliferation. Furthermore, vitamin D deficiency is consistently
associated with cardiovascular events, such as myocardial infarction, STEMI, NSTEMI, unstable
angina, ischemic stroke, cardiovascular death, and increased mortality after acute stroke. Conversely,
vitamin D supplementation does not seem to produce beneficial effects in cohorts with intermediate
baseline vitamin D levels.

conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses/by/
4.0/).

Keywords: vitamin D; cardiovascular; atherosclerosis; 25-OH vitamin D; rickets; osteomalacia; bone
metabolism; myocardial infarction; ischemic heart disease; ischemic stroke
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1. Introduction: Vitamin D Deficiency—A Pandemic; Atherosclerosis—The First
Cause of Mortality
Vitamin D, a lipid-soluble cholesterol-based molecule, is synthetized in adequate
amounts in people with sufficient sun exposure or, in lesser amounts, taken up through
diet. If deficient, the intake can be supplemented with oral formulations [1]. Although
presently uncommon in developed countries, vitamin D severe deficiency can cause rickets
and osteomalacia in children and adults, respectively. Notwithstanding, less severe subclinical deficiency levels encompassing osteoporosis are more prevalent and associated
with the risk of fractures [2]. Although the effects on bone turnover and calcium-phosphate
homeostasis are its most widely recognized functions, this molecule acts as a hormone, exerting immunomodulatory actions [3], controlling cellular proliferation and differentiation,
and is directly associated with lower risk of obesity, diabetes mellitus, metabolic syndrome,
and cardiovascular disease and has neuroprotective and antiaging effects [4,5].
Despite its proven beneficial effects, 25-hydroxyvitamin D [25(OH)D] deficiency is currently considered a European and global pandemic [6,7]. The most acute deficiency strikes
low- and middle-income countries (LMICs), where vitamin D deficiency is encountered
in 50% to 66% of adults and a staggering 90% to 99% of infants while in the USA, up to
37% of adults and up to 46% of dark-skinned infants suffer from this condition [6]. A 2016
analysis considering mostly Nordic and western Europe populations found significant
variability between countries for the percentage of the population classified as deficient:
from a low of 6.6% in a Finnish study to a high of 76% in Norwegian studies [7]. This
high variability appears to be dependent on the age groups studied. When considering
only the adult population, Nordic countries appear to have a lower incidence of 25(OH)D
deficiency, most probably due to increased vitamin supplementation or food fortification
compared to lower-latitude countries, such as the United Kingdom, Netherlands, and
Germany. Consequently, these data are a matter of concern from the point of view of
public health.
Atherosclerosis, a chronic condition of the arterial blood vessels, develops as intima
internalization of lipids leads to fatty streaks, which in turn evolve to atherosclerotic
plaques [8]. The presence of stenotic atherosclerotic lesions leads to chronic tissue ischemia
or, if eroded, can produce a thrombus that acutely severs blood flow and produces tissue
necrosis. These pathological mechanisms are expressed clinically as ischemic heart disease
(IHD), ischemic stroke, or peripheral artery disease (PAD). Thus, atherosclerosis leads to
cardiovascular disease (CVD), the first cause of mortality globally. Similar to vitamin D
deficiency, atherosclerosis is viewed as a global pandemic, with developed nations having
a lower level and low- and middle-income countries (LMICs) having still elevated levels of
incidence [9]. Worldwide, almost 30% of individuals with ages between 30 and 79 years,
had abnormal carotid intima-media thickness and 21% had carotid atherosclerotic plaques,
both a consequence of the atherosclerotic process at the level of the carotid arteries [10].
2. Metabolism of Vitamin D
Cholecalciferol, the form of vitamin D named D3 , is synthetized in the skin from
7-dehydrocholesterol upon irradiation with ultraviolet waves in the range of ultraviolet
B light (UV-B) (Figure 1) [11]. 7-dehydrocholesterol is part of the metabolic pathway that
controls the synthesis of cholesterol in human cells. By absorbing ultraviolet radiation,
which can be ionizing, 7-dehydrocholesterol turns into pre-vitamin D3, which, in turn,
because of its molecular instability, converts to cholecalciferol. This process of absorbing
UVB takes place in the cellular membrane, and the resulting vitamin D is expelled in the
extracellular space, binding to a carrier protein named vitamin D-binding protein. Sunlight
also acts as a regulator of vitamin D production in that increased sunlight exposure is
captured by pre-vitamin D and vitamin D and transforms these molecules into photoisomers, which do not have any biological activities [12]. Although production of vitamin D3
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in the skin is the primary source in humans, it can be found in and taken up from food,
such as fish oil or mushrooms, in the form of ergocalciferol (Figure 2) [13]. Skin synthesis
of vitamin D3 rises proportionally with the intensity of the UV radiation. It also reduces
proportionally with sunblock usage or the quantity of melanin encountered in the skin, i.e.,
in higher-latitude-living cohorts, during months with reduced sun exposure, or in patients
with darker skin [11,14,15]. However, cholecalciferol is not biologically active; thus, vitamin
D is hydroxylated in the liver cells to form 25(OH)D followed by 1α-hydroxylation [11].
The active hormonal form is produced in this last step of 1α-hydroxylation mainly in the
kidneys and at other extrarenal sites, resulting in a compound named 1,25(OH)2D3 [16–18].

Figure 1. Vitamin D synthesis in the skin.

Figure 2. Structure of vitamin D and its derivates.

3. Mechanism of Action
The hormonal form of vitamin D, being a lipid-soluble molecule, is transported in
the blood bonded to a serum protein named vitamin D-binding protein (DBP) [19]. At the
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molecular level, vitamin D in the form of 1,25(OH)2D3 exerts its actions by binding to a
membrane-bound and cytoplasmic receptor named vitamin D receptor (VDR), which can
be found in almost all human tissue, including the cardiovascular system [5,11]. Binding
of vitamin D to its VDR is critical for its action because 1,25 dihydroxy vitamin D, the
active form, penetrates the cell membrane and binds to VDR [20]. This vitamin D-VDR
complex acts with the retinoic acid receptor (RXR) and forms important heterodimers
that activate elements of the vitamin D response elements by initiation of the cascade of
molecular interactions regulating the suppression and transcription of specific genes [21].
In total, VDR has a direct action on the expression of more than 1000 genes [22]. Overall,
vitamin D–VDR interaction decreases the expression of proinflammatory cytokines IL-2
and IL-12 [23]. VDR, being a transcription factor, mediates vitamin D’s genomic actions,
controlling a large number of genes, approximately 3% of the genome [13]. At the same
time, vitamin D supplementation in insufficient-defined individuals is associated with
gene expression. In a 2020 randomized controlled trial, different doses of supplementation,
i.e., 600, 2000, and 10,000 IU, and placebo were given to patients with levels of vitamin D
of less than 30 ng/mL [24]. After 6 months, there was a dose-dependent increase in serum
25(OH)D and gene expression levels. Conversely, a similar 2018 study did not find any
differences in gene expression at 12 months after supplementation with 2000 and 4000 I.U
and placebo in patients with baseline levels of approximately 20 ng/mL [25]. Ways in which
Vitamin D acts non-genomically have also been identified, such as through intracellular
signaling molecules, generation of second messengers, and activation of specific protein
kinases [26]. The change in the chemical structure of cholecalciferol led to the emergence of
new molecules, which, surprisingly, have the ability to bind to VDR. A number of products
are presented in Table 1 together with their properties.
Table 1. Derivates of vitamin D with clinical implications.
Calcidiol
Calcitriol
Calcipotriol

3,25 (OH)D3
4,1,25 (OH)
5, 22-ene-26,27-dehydro-1,25(OH)2D3

Doxercalciferol

6, 1α(OH)D2

Alfacalcidol
Tacalcitol
Oxacalcitriol

7, 1α(OH)D3
8, 1α,24(OH)2D3
10, 22-oxa-1,25(OH)2D3

Falecalcitriol

11, 1,25(OH)2-26,27-F6-D3

Treatment of Renal Osteodystrophy
Treatment of renal osteodystrophy
Treatment of psoriasis
Treatment of secondary
hyperparathyroidism
Treatment of osteoporosis
Treatment of psoriasis
Treatment of psoriasis
Treatment of secondary
hyperparathyroidism

4. Normal Values
It is recommended to evaluate vitamin D levels by using serum 25(OH)D levels
expressed in ng/mL or nmol/L. One unit of ng/mL is roughly equivalent to 2.5 units of
nmol/L [27]. Multiple threshold values for vitamin D deficiency in non-pregnant adults
have been proposed throughout the decades [28]. Most authorities define deficiency at
levels lower than 20 ng/mL and insufficiency at levels between 21 and 29 ng/mL while
recommended values are considered to be higher than 30 ng/mL or 75 nmol/L [27–29].
Although it is suggested that values more than 30 ng/mL would be sufficient, there is
no clear consensus on the optimal values of serum vitamin D. Interrelation studies of
25(OH)D with muscle strength, and risk of breast cancer or colon cancer have urged
several investigators to suggest an optimal 25(OH)D target for multiple health outcomes:
40 to 50 ng/mL [30,31]. Garland et al., based on the epidemiology of cancer, suggest that
increasing 25(OH)D to a 40 to 60 ng/mL range could reduce breast cancer risk by 25% and
colon cancer risk by 27% [32].
5. Vitamin D’s Action on Lipid Profile
Deficient vitamin D levels corelated with unfavorable serum lipid levels and sufficient
values with good lipid profiles in observational and interventional studies [33]. More
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recent studies confirm these findings [34–36]. In a 2016 study examining a Polish cohort of
patients, there was an inverse relationship between vitamin D levels and total cholesterol
(TC), low-density-lipoprotein cholesterol (LDL-C), and triglycerides (TGs) [34]. A study
analyzing the levels of 25(OH)D and various lipid fractions of more than 20,000 showed
a statistically significant correlation between vitamin D deficiency and an atherogenic
lipid profile of the patients [35]. Moreover, recently, meta-analyses have been published
evaluating vitamin D levels and vitamin D supplementation and their correlation with the
lipid profile [37–39]. In one 2015 meta-analysis of eight randomized controlled trials (RCTs)
evaluating the impact of vitamin D supplementation on the lipid profile found a lowering
effect for TG and a correlation with increasing high-density-lipoprotein cholesterol (HDL-C)
but also with LDL-C [37]. The interpretation of these results should be cautionary because
of the reduced number of studies considered and the high heterogeneity of outcomes
and interventions, i.e., the dose of vitamin D supplementation. In a much larger metaanalysis evaluating the pooled effect of vitamin D supplementation on TG, TC, LDL-C,
and HDL-C in up to 39 RCTs, there was an inverse and statistically significant relationship
between vitamin D supplementation and TG, TC, and LDL-C. In contrast, vitamin D
supplementation increased levels of HDL-C [38]. Similarly, in a meta-analysis of seven
RCTs of co-supplementation of vitamin D and calcium in overweight and obese patients,
the authors found that less than 8 weeks of supplementation led to a statistically significant
TG, TC, and LDL-C reduction and an increase in HDL-C levels [39]. Low levels of vitamin
D have been identified in polycystic ovary syndrome (PCOS), especially in obese patients
and those with a waist-to-hip ratio above 0.85 [40]. Additionally, vitamin D deficiency may
be a risk factor in the development of this endocrine-metabolic pathology [41]. A metaanalysis of 11 RCTs that included 483 patients with PCOS evaluated the effect of vitamin
D supplementation versus placebo [42]. The group treated with vitamin D supplements
showed a reduction in insulin resistance and TC versus the placebo group. However,
vitamin D supplements did not improve HDL-C and TG levels in patients with PCOS.
In children, supplementation of vitamin D to maintain serum 25(OH)D in the optimal
range is associated with a lower risk for developing type 1 diabetes and also helps to
control the disease activity [43].
6. Vitamin D’s Action on Atherosclerosis
Cardiovascular disease (CVD) is the main cause of mortality globally and atherosclerosis is the prime step in CVD development. While historically atherosclerosis was thought to
actualize through an accumulation of lipids in the blood vessel walls, the current position is
that this condition involves the immune system cells and the process of inflammation and
circulating cholesterol molecules [44]. The atherosclerosis process begins as an interplay
between blood vessel wall injury, inflammation, endothelial dysfunction, and immune
cell recruitment [45]. The risk factors for atherosclerosis include hyperlipidemia, cigarette
smoking, hypertension, diabetes, and ageing, leading to endothelial cell (EC) dysfunction
and recruitment and stimulation of inflammatory and smooth muscle cell (SMC) proliferation. Typically, after these first steps, lipoproteins start accumulating in the vessel wall and
platelets and monocytes adhere to the intima layer. The internalized monocytes transform
into macrophages and later into foam cells. SMCs are recruited and then proliferate in
the extracellular matrix (ECM) produced along with T cell recruitment. Then, lipids are
accumulated intracellularly and in the ECM, forming the characteristic atherosclerotic
plaque. New data about atherosclerosis’s pathophysiology has become available during
the last decades showing that vitamin D plays a particular role in developing this condition [46,47]. Early atherosclerosis in children was evidenced by the Bogalusa Heart Study
and a large number of cardiovascular risk factors were found to associate with atherosclerosis in children. The progression of the atherosclerotic process in early life is associated
with obesity, alteration in the lipid profile, and increased blood pressure values. There is
evidence that low vitamin D levels in children are associated with increased blood pressure
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and dyslipidemia and the anti-inflammatory effect of vitamin D could ameliorate these
cardiovascular risk factors [48].
6.1. Endothelial Adhesion and Activation
Initial murine and human randomized trials showed the possible link between vitamin
D insufficiency or vitamin D inaction, i.e., in VDR-null mice and the increased vascular cell
adhesion levels in humans or a state of endothelial cell activation in vivo in mice [49,50].
Similarly, in a 2012 study, it was found that in patients with type 2 diabetes mellitus
(T2DM), vitamin D deficiency was associated with increased expression of the M2 monocyte
phenotype, which expresses surface molecules aiding in adhesion to endothelial cells [51].
In a 2017 RCT, Salekzamani et al. proved that in patients with metabolic syndrome, a weekly
dose of vitamin D of 50,000 IU for 16 weeks significantly increased the level of vitamin D
from insufficient to sufficient and significantly reduced the levels of cytokine IL-6, vascular
cell adhesion molecule 1 (VCAM-1), and E-selectin, which are known to be involved in
the adhesion process of the endothelial cells [52]. Similarly, Szeto et al. provide evidence
that VDR-null mice exhibit increased serum levels of ICAM-1 and MCP-1, compounds
known as adhesion molecules [53]. Moreover, the macrophages lacking VDR present an
increase in the uptake of cholesterol and this results in cholesterol accumulating in the
intracellular space. This study also showed that VDR-null macrophages exhibit increased
renin-angiotensin system components, such as renin, angiotensinogen, or AT1R, and these
animal subjects had significantly higher levels of atherosclerosis. Blocking renin with
aliskiren ameliorated atherosclerosis. Thus, Szeto et al. showed that the antiatherogenic
effects of vitamin D allegedly lie with the inhibition of RAS in the immune cells that are
involved in the process of atherosclerosis.
6.2. Vascular Tone and Endothelial Function
The vascular tone is most commonly controlled through nitric oxide (NO). NO is
produced in humans through NO synthase (NOS), which has several different isoforms,
and the endothelial form (eNOS) is the one present constitutively in the blood endothelial
cells [54]. Through its actions on the vessels’ endothelial cells, vitamin D increases the nitric
oxide levels, which is known to be a vasodilator and platelet antiaggregant and reduces
the level of reactive oxygen species released [55,56]. eNOS activity through its control of
vascular constriction or dilatation is one of several ways that endothelial function manifests.
Altered endothelial function results in vascular tone abnormalities, increased permeation
of molecules into the endothelial cells, and increases in pro-coagulation and/or prothrombotic activity [46]. While vitamin D deficiency correlated in some particular instances
with endothelial dysfunction [57], recent meta-analyses of RCTs did not find a definite
connection between vitamin D supplementation and endothelial function (EF) [58,59]. A
2017 meta-analysis of approximately 1200 patients evaluating the outcome of vitamin
D supplementation on endothelial function did not find any statistically significant correlation between patient groups. Endothelial function was evaluated mainly through
flow-mediated dilatation (FMD), pulse-wave velocity (PWV), or augmentation index (AI),
which are recognized surrogates of EF [58,60–62]. Similarly, in one 2018 meta-analysis
evaluating endothelial function indirectly through FMD, PWV, or AI in response to vitamin D supplementation in approximately 1800 patients with metabolic syndrome or
related conditions, a statistically significant correlation only in FMD improvement without
affecting PWV or AI was found [60]. Additional data comes from a small population
RCT from 2020, where 4 weeks of 2000 IU/day vitamin D supplementation in an African
American cohort significantly reduced oxidative stress and increased endothelial nitric
oxide production and bioavailability [63]. These two mechanisms are known to give rise
to atherosclerotic disease [57]. In this trial, African American participants had median
serum vitamin D levels below that of the recommended levels of 50 nmol/L established by
European or International authorities presented previously [28,29]. It must be specified
that these results were not observed in the comparison cohort of European Americans,
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which in turn had higher baseline levels of serum vitamin D so that these beneficial effects
of vitamin D supplementation could be observed only in deficient patients.
6.3. Inflammation and Atherosclerosis
The pathological process of atherosclerosis is presently known to develop through
chronic inflammation of the blood vessel wall brought about by the innate immune response cells, such as monocytes or macrophages [64]. As described previously, the process of atherosclerosis involves the innate immune system in the form of monocytes and
macrophages that invade the vascular intima and a process of inflammation. Although
most of the cells involved in the atherosclerotic plaque are macrophages, a limited role is
also played by B and T cells, which are considered part of the adaptive immune system [65].
Modulating the immune and inflammatory response in atherogenesis could provide potential future clinical benefits besides the classical lipid-lowering approach [66]. Vitamin D has
been found to act as an anti-inflammatory mediator in certain instances, which incurs the
possibility of its benefit in lowering atherosclerosis development [67]. Vitamin D appears
to reduce proinflammatory type 1 cytokines: IL-12, IL-6, IL-8, IFN-gamma, and TNF-alpha;
and increase anti-inflammatory type 2 cytokines: IL-4, IL-5, and IL-10 (Figure 3) [68,69]. In
patients with rheumatoid arthritis, a condition of increased inflammation associated with
endothelial dysfunction, premature atherosclerosis, and a higher risk of developing CVD,
it has been found that vitamin D levels are low and corelate with the disease [70]. In children, where vitamin D deficiency and insufficiency is much more prevalent than in adults,
there has been a link between vitamin D deficiency and oxidative stress and inflammation
through surrogate molecules, such as cathepsin, IL-6, and adiponectin [71]. Furthermore,
an association was reported in the pediatric population between vitamin D deficiency and
incidence and severity of viral respiratory tract infection. Vitamin D antiviral activity relies
on the suppression of the overexpression of proinflammatory cytokines and modulation of
natural killer cells’ function and toll-like receptor expression [43].

Figure 3. Mechanism of action of vitamin D on the process of atherosclerosis [68,69].
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Based on their previous data on atherosclerosis development in murine models, Amy
et al. proved in a 2017 RCT that vitamin D supplementation in patients diagnosed with type
2 diabetes mellitus (T2DM) decreases the levels of LDL cholesterol uptake by circulating
monocytes, one of the first steps that leads to the development of atherosclerosis [72].
Previously, it was shown that in mice, vitamin D-induced deficiency in monocytes and
macrophages leads to the increase of the transport of cholesterol into the blood vessel
wall by monocytes and to cholesterol uptake by atherosclerotic plaque macrophages,
respectively [73]. Similarly, it appears that in patients with T2DM, vitamin D deficiency
was associated with increased expression of the M2-monocyte phenotype, which expresses
surface molecules facilitating adhesion to endothelial cells [52]. Building on these data,
the authors proved that in patients with T2DM without disease-specific complications
and with median baseline levels of vitamin D of less than 25 ng/mL, supplementation
with 4000 I.U. of vitamin D daily for 4 months reduced total cholesterol contained within
monocytes. However, intervention did not lead to lower levels of triglycerides, TC, LDL,
or HDL cholesterol [72]. These findings suggest that vitamin D supplementation could
inhibit atherosclerosis progression. In the context of these findings, there is a need for
randomized controlled trials documenting this process in the general population. Despite
this early data, vascular inflammation has not yet been decisively associated with vitamin
D deficiency or vitamin D supplementation [74,75].
6.4. Arterial Smooth Muscle Cells
Since the smooth muscle cells play an important role in the development of atherosclerosis through proliferation inside the pathological fibrous and fatty atheroma [42], amelioration of this pathological process could have an impact on atherogenesis. The vitamin D
receptor is known to be found on the endothelial cells’ surface and vitamin D produces
effects by binding to its receptor [76]. Additionally, VDR is encountered in arterial SMC
based on data in rabbits that prove calcium uptake into the muscle cells coupled with
degeneration of SMC in moments of very high serum vitamin D levels [77]. In rat models
of cultured aortic SMC, it has been shown that the lack of vitamin D signaling in VDR
knock-out (VDRKO) mice led to increased production of angiotensin II, which, in turn,
is known to lead to increased oxidative stress and premature cellular ageing known as
cellular senescence [78]. This data could explain the previously proved association of
vitamin D deficiency and increased cardiovascular risk as blocking angiotensin II’s actions
is for a long time one of the cornerstones in many cardiovascular therapeutics [79,80].
In a similar rat model of SMC, it was shown that 1,25(OH)D determines the decrease of
smooth muscle proliferative activity non-genomically by inhibiting endothelin (ET) and
an ET-activated cyclin-dependent kinase 2, one key kinase with an essential role in the
cell cycle [81]. Another study of aortic SMC in a mouse model reported that vitamin D
modulates tissue factor (TF) expression, genomically reducing its transcription through the
activity of nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) [82]. TF is
a known agent involved in the process of clotting and if vitamin D has similar functions
in human SMC, vitamin D sufficiency or supplementation could provide a benefit and
possibly explain at least one mechanism through which vitamin D is associated with lower
CV risk [83].
All the actions of vitamin D on atherosclerosis presented previously are summarized
in Table 2.
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Table 2. Vitamin D effects on atherosclerosis.

Lipid profile

•
•
•
•

reduces total cholesterol
reduces LDL-C
reduces triglycerides
increases HDL-C

Endothelial adhesion and activation

#
#

reduces vascular cell adhesion molecule 1 (VCAM-1)
reduces E-selectin

Vascular tone and endothelial function

•
•

increases the level of nitric oxide
reduces the level of reactive oxygen species released

#

reduces proinflammatory type 1 cytokines: IL-12, IL-6, IL-8,
IFN-gamma, TNF-alpha
increase anti-inflammatory type 2 cytokines: IL-4, IL-5, and IL-10
reduces oxidative stress through reducing cathepsin, IL-6 and adiponectin

Inflammation and atherosclerosis

Arterial smooth muscle cells

#
#

•
•
•
•

decreases production of angiotensin II
decreases oxidative stress
inhibits cellular senescence
reduces tissue factor expression

7. Clinical Studies on Atherosclerosis and Vitamin D Deficiency and Vitamin
D Supplementation
The role of vitamin D deficiency or supplementation in the development of myocardial infarction or stroke has been evaluated in recent years and has brought into focus
new important data [84–86]. In an observational study of approximately 340 patients,
those with lower levels of vitamin D were found to be slightly more likely to suffer from
coronary atherosclerosis as evaluated by coronary computed tomography angiography
while the median of these patients’ levels was below those defined as deficient, respectively
20 ng/mL [87]. In an observational study evaluating vitamin D deficiency in 637 patients
that were evaluated through coronary catheterization, there was a correlation between increasing vitamin D levels and a lowered number of significant coronary artery lesions [34].
Another small observational retrospective study evaluated vitamin D levels in patients
presenting to the emergency room with acute coronary syndromes (ACS), and found that
lower levels of vitamin D corelated positively with the presence of ACS and inversely with
high-sensitive cardiac troponin T levels [88]. One prospective study comparing patients
with ST elevation myocardial infarction (STEMI), non-STEMI (NSTEMI), or unstable angina
with a control group without ACS found a statistically significant link between low levels of
vitamin D in the study group and the presence of ACS. In contrast, the levels in the control
group were significantly higher [89]. In this study, the percentage of patients suffering
from an episode ACS with insufficient levels of vitamin D was a staggering 72% while
89% of the same total of patients had deficient serum levels of vitamin D, i.e., lower than
30 ng/mL. In comparison, the control group was 27.5% insufficient and 41.6% deficient in
vitamin D. In yet another study of Polish patients diagnosed with uncomplicated acute
myocardial infarction (AMI), the group suffering from AMI (n = 59) was entirely vitamin D
insufficient, with every participant having levels lower than 30 ng/mL and almost 90% of
this group being deficient in vitamin D with levels lower than 20 ng/mL [90]. Data that
links vitamin D deficiency and ischemic stroke are also available. Analyzing the recorded
data from over 10,000 evaluated patients from the prospective Copenhagen City Heart
Study, Brøndum-Jacobsen et al. found decreasing lower levels of 25(OH)D were correlated
with an increased risk of suffering from an ischemic stroke [91]. This study showed that
patients in the 50th to 100th percentile of vitamin D levels had a median of 62 nmol/L
while the patients in the lower 25th percentile had a level of 19 nmol/L. Comparing both
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categories of patients, it came out that those in the 25th percentile had a statistically significant hazard ratio for ischemic stroke of 1.45 (1.16–1.80; 95% confidence interval), an
increase of 45%. Another prospective study evaluating and comparing the levels of vitamin
D in patients who presented to the emergency room with an ischemic stroke to a control
group found that in the stroke group (n = 168), vitamin D median levels were significantly
lower. Comparing the two groups, 43% of stroke victims were deficient, while only 6% of
the control group had vitamin D levels below 20 ng/mL [92]. Another study from Poland
evaluated vitamin D levels and mortality in 240 patients after diagnosing ischemic stroke.
This study showed that in patients with ischemic stroke, only 1.3% had optimal levels
of vitamin D of higher than 30 ng/mL and during the 45-month follow-up, the patients
with severe deficiency, defined as levels lower than 10 ng/mL, had a much higher and
statistically significant mortality rate per year: 4.81% compared with 1.89% in patients
without severe deficiency [93]. Thus, severe vitamin D deficiency is a significant factor that
increases death risk in patients with ischemic stroke.
Studies on vitamin D supplementation to reduce CVD burden did not provide positive results. In a 2020 RCT, among randomized patients with mean age of 75, vitamin D
supplementation at 2000 IU/day for 3 years did not reduce the initial elevated systolic
or the diastolic blood pressure, which in almost all cases was increased due to atherosclerotic disease [94]. Patients in this study had a median vitamin D level of approximately
22 ng/mL and approximately 40% of the patients with supplementation were below the
threshold level for insufficiency. This result would suggest that vitamin D supplementation
for less than 3 years in the older general population does not influence SBP and DBP.
Elevated arterial blood pressure (BP) is a known cause for atherosclerosis; in many animal
models, it has been linked to loss of carotid arterial distensibility and has been reviewed
as a risk factor for atherosclerosis. Simultaneously, one of the risk factors for developing
atherosclerosis is high BP, forming a possible positive feedback loop between these two
CV conditions [95–98]. Similarly, a 2017 RCT evaluating monthly high-dose (100,000 IU)
vitamin D supplementation did not find any benefit on cardiovascular disease, including
hypertension or angina, direct consequences of systemic and coronary atherosclerosis [99].
The patients evaluated were mainly of European race with a median age of 66 years old,
were followed for a median period of 3.3 years, and had a median vitamin D level of
25 ng/mL, although approximately 30% of them were below the insufficiency threshold of
20 ng/mL. The RECORD trial (Randomized Evaluation of Calcium or Vitamin D) showed
no effect of low-dose vitamin D supplementation (400–800 IU) on 2–7-year cardiovascular mortality and all-cause mortality [100]. Furthermore, the Women’s Health Initiative
showed a non-significant harmful effect of vitamin D supplementation and calcium on
non-fatal myocardial infarction, death by coronary artery disease, and need of vascularization [101]. Finally, in another extensive study of almost 26,000 patients who underwent
randomization, a daily dose of 2000 IU of vitamin D coupled with daily 1 g of omega-3
fatty acids did not reduce cardiovascular events defined as myocardial infarction, stroke,
or death from cardiovascular disease in a median follow-up of 5.3 years [102]. In this study,
only 12.7% of patients had 25(OH)D levels below those for insufficiency of 20 ng/mL. All
these data do not support the role of vitamin D supplementation in reducing cardiovascular burden of disease in these patients with relatively normal baseline levels of 25(OH)D.
While attaining normal levels of vitamin D is recommended in patients that are deficient or
insufficient, additional RCTs may be necessary to conclusively evaluate the role of vitamin
D supplementation in reducing myocardial infarction, stroke, or overall CVD burden in
deficient and/or insufficient patients.
While vitamin D deficiency and insufficiency could represent an important cardiovascular risk factor, there is a need for additional extensive studies analyzing the clinically
beneficial role of vitamin D supplementation in patients with low baseline blood levels.
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8. Future Directions
To date, vitamin D, a highly important hormone in the homeostasis and metabolism
of calcium bone, has lately been found to produce effects on other physiological and
pathological processes, including the cardiovascular system.
While lower baseline vitamin D levels have been found to corelate with atherogenic
blood lipid profiles, 25(OH)D supplementation has been found to influence the levels
of serum lipids in that it lowers the levels of total cholesterol, triglycerides, and LDL
cholesterol and increases the levels of HDL cholesterol.
To detect whether a true association between vitamin D and atherosclerosis exists,
future interventional studies should be designed with sufficient sample size, long follow-up
duration, higher vitamin D doses, restriction of lipid-lowering drug use, and potentially
control for confounders of atherosclerosis (such as metabolic and endocrine diseases).
Vitamin D is also involved in the development of atherosclerosis at the site of the
blood vessels. Deficiency of this vitamin has been found to lead to an increase of adhesion
molecules or endothelial activation and at the same time supplementation is linked to the
lowering presence of adhesion surrogates. Vitamin D also influences the vascular tone by
increasing endothelial nitric oxide production as seen in supplementation studies. A better
understanding of these queries might have significant implications for the potential use of
vitamin D analogues in the prevention of atherosclerosis.
Vitamin D deficiency is consistently associated with cardiovascular events, such as
myocardial infarction, STEMI, NSTEMI, unstable angina, ischemic stroke, cardiovascular
death, and increased mortality after the acute faze of stroke. Conversely, vitamin D
supplementation does not seem to produce beneficial effects in cohorts with all intermediate
baseline levels of vitamin D.
Future work is needed to ascertain whether vitamin D therapy is effective in reducing
mortality through reducing the incidence of acute coronary syndromes. Vitamin D might
be deficient in patients who smoke, have high blood lipids, diabetes, or other specific
risk factors.
9. Conclusions
Vitamin D has lately been found to modify the mechanisms of atherosclerosis. Supplementation in deficient patients has been found to lower the levels of total cholesterol,
triglycerides, and LDL cholesterol and increase the levels of HDL cholesterol. Vitamin D
deficiency increases vascular cell adhesion molecules and E-selectin, with a potential role
in the formation of atheroma plaque. It also influences the vascular tone by modifying
endothelial nitric oxide production. Deficiency can lead to oxidative stress, increased
inflammation, and expression of immune cells, i.e., monocytes and macrophages, that play
a pivotal role in atherosclerosis of the intima. Another pathway by which vitamin D is
involved in atherogenesis is through inhibition of vascular smooth muscle cell proliferation.
Furthermore, studies have shown that vitamin D deficiency is associated with cardiovascular events, such as myocardial infarction, STEMI, NSTEMI, unstable angina, ischemic
stroke, cardiovascular death, and increased mortality, after the acute stroke.
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Simple Summary: Around 90% of children diagnosed with acute lymphoblastic leukemia are longterm survivors due to the efforts made in the last decades to tailor the chemotherapy protocols, which
is not the case for the adult population. This literature review proposes to bring together all the
relevant data to answer the ardent question: why the results in adults, adolescents and young adults
are not nearly as good as those obtained in children?
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Abstract: It is a new and exciting time for acute lymphoblastic leukemia (ALL). While nearly 50 years
ago, only one in nine children with ALL survived with chemotherapy, nowadays nearly 90% of
children have a chance of long-term survival. Adults with ALL, as well as the special category of
adolescents and young adult (AYA) patients, are catching up with the new developments seen in
children, but still their prognosis is much worse. A plethora of factors are regarded as responsible for
the differences in treatment response, such as age, ethnicity, disease biology, treatment regimens and
toxicities, drug tolerance and resistance, minimal residual disease evaluation, hematopoietic stem
cell transplantation timing and socio-economic factors. Taking these factors into account, bringing
pediatric-like protocols to adult patient management and incorporating new agents into frontline
treatment could be the key to improve the survival rates in adults and AYA.
Keywords: acute lymphoblastic leukemia; prognosis; survival rates; adolescents and young adults;
differences in treatment response; pediatric-like protocols; novel therapies
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1. Introduction
A crucial development in acute lymphoblastic leukemia (ALL) management occurred
in 1947 when it was demonstrated that folic acid antagonists were efficient in inducing remission. The importance of acquiring complete remission (CR), the use of chemotherapeutic
agents in combination, the prophylactic administration of intrathecal drugs, maintenance
treatment during remission and the improvement of supportive care are important factors
that have contributed to a gradual increase in survival [1]. In the history of hematological
malignancies management, there are few achievements as spectacular as the massive decline in the mortality from childhood leukemia. Between the 1960s to the 2000s, progress
led to an increase of children surviving ALL from one in nine to approximately nine in ten.
This improvement is attributed not as much to the discovery of new drugs, as it is to the
re-evaluation of the tools already in hand [2].
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ALL can affect all individuals, from birth to the late stages of life, making it a very
heterogenous disorder [3]. Over the last decades, patients with ALL have seen improved
survival rates. However, as previously mentioned, this progress has mainly occurred in
children and adolescents, with current 5 year event-free survival (EFS) rates varying from
76% to 86% [4,5] and getting up to 90% in some reports [6], whereas adults have much
worse outcomes. ALL has a bimodal distribution regarding age, with peak incidences in
children aged between 2 and 5 years and in adults older than 40 years [5]. In the pediatric
population group, older children have poorer outcomes, and within adult populations,
younger adults have better outcomes [7]. The adolescent and young adults (AYA) thus
stand at the crossroads between these two age groups [8]. Survival rates in AYAs (generally
defined as 16–39 years, but this definition is a subject of debate) are inferior and can decline
by 50% between childhood and adulthood [9]. A recent analysis [10,11] indicated a better
survival for adults in the past two decades, the most substantial improvement being seen
in adolescents aged from 15 to 19 years, but still faring worse than children. The 5-year
overall survival (OS) is 87% for children aged 0–15 years, as opposed to 63% for AYA aged
15–20 years and 44% for adults aged 20–29 years [12]. ALL is still a relatively infrequent
disease in AYAs, so the data on this age group are limited and they are often analyzed
either together with children or adults, depending on the pediatric or adult oncologists
treating them [13]. The factors responsible for the different outcomes are various, including
the disease heterogeneity, socio-economic factors, host factors, therapeutic protocols used
and the experience of the health care professionals [14].
2. Socio-Economic Factors
ALL is the most common malignancy treated by pediatric hematologists [15]. Almost
all children diagnosed with ALL are treated in specialized pediatric oncology centers,
which have vast experience in this area, being involved in clinical trials, while adults are
mostly treated by oncologists and probably have inferior access to clinical trials. Less than
2% of adolescents are enrolled in trials and this fact is associated with a poor outcome. They
are treated by physicians and support teams with less experience with this disorder [12,15].
It is often invoked that young adults have poor compliance, are living independently,
want to be emancipated, are concerned about fertility issues [16], are probably without
parent support, which in children can help keeping a rigorous schedule of appointments or
maintenance medication (given that this is administered orally). The greatest adherence to
treatment is when patients are surrounded by a caregiver: a mother figure, relatives, loved
ones, and a skilled team of professionals, which is often the case in pediatric patients [7].
The pediatric oncologists give more attention to the detail of therapy, are more determined
to deliver treatment on time, avoiding delays based on nonmedical factors, administer the
maximal dose and are more accustomed with protocols, chemotherapy-related toxicities
and supportive care [6,8,17,18].
Another factor contributing to a worse outcome in young adults in certain countries
could be the lack of proper medical insurance. In addition, comprehensive care centers
are mostly dedicated to treating either younger or older patients, leaving them disconnected [19]. Racial disparities could also be an important factor due to the inequal access to
health care systems and recent advancements in diagnosis and therapy [20].
There is a need for collaboration between centers both nationwide and internationally,
because of the low number of AYA patients, which, as mentioned before, have less access to
clinical trials, and there is a suboptimal accrual of cases to allow for statistical power [21].
3. Host Factors
3.1. Age
Age is a powerful determining factor for survival in ALL and the impact of age
continues through adolescence, with a 10-year-old having the half of the risk of therapy
failure of a 20-year-old, making age a constant variable [22]. For older patients, progress in
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the unfavorable outcome has been less significant, partly due to comorbidities and organ
dysfunctions, making them unsuitable for intensive chemotherapy [23].
3.2. Sex and Ethnicity
Adverse factors such as male sex or African-American ethnicity lost their prognostic
power with improved treatment strategies [24].
Another host factor that could be taken into consideration is sexual maturity, as sexual
hormones might hypothetically influence the anti-leukemic drug metabolism [25].
3.3. Disease Biology
The difference in outcomes across age categories can be explained by numerous biological disparities. One of the significant differences between age categories is disease
cytogenetics (Table 1). Also, adults usually present with a higher number of white blood
cells, an increased frequency of T-cell ALL (20–25% in adults as compared to 15% in children), decreased incidence of hyperdiploidy and differences in sensitivity to corticosteroids
and chemotherapy in vitro. Adolescents have intermediate characteristics between young
children and adults and the frequency of T-cell phenotype is similar to adults and two times
higher than in children [26]. However, children with T-cell ALL have a better prognosis
compared to adults [27]. In T-ALL, inactivating PTEN lesions as well as NRAS/KRAS
mutations can be found in children, but these do not influence prognosis, while in adults
their presence is linked to a worse outcome [27,28]. Also, children often present with
favorable trisomies of chromosomes 4, 10 or 17 [16,24].
Table 1. Frequency of disease characteristics of AYA, adults and children with ALL. AYAs were defined between 15 to
39 years of age. Ph-like prevalence is controversial between studies, being different in US and Europe cohorts. Some data
are lacking, with AYAs having prevalence between children and adults.
Disease Characteristic

Adults

AYA

Children

References

High WBC count
T-cell
ETP-ALL
Hyperdiploidy
Trisomies of chromosomes 4, 10, 17
Philadelphia chromosome
t(12;21)/ETV6/RUNX1
IKZF1 gene deletions
IKZF1plus
Ph-like mutations
JAK mutations
CRLF2 gene alterations
iAMP21
IGH translocations
DUX4/ERG
t (4;11)/MLL
t (1;19)/TCF3-PBX1
CNS involvement

More frequent
25%
7.4%
5%
Rare
53%
2%
20.3%
21.3%
27%
5%
4%
12%
More frequent
~2%
8–10%
6%
Higher

More frequent
Intermediate
Less than 20%
Rare
14%
7%
25%
60%
11%
5.8%
11%
15%
4.5–5.7
3%
10%

Less frequent
15%
10–15%
30–40%
Frequent
3%
25%
15%
6%
3%
5.6%
5–7%
1.5%
<3%
5%
2–3% (85% in infants)
3%
3%

[26,29]
[30]
[12,31]
[12]
[16,32]
[17]
[12]
[32,33]
[33]
[3,34]
[31]
[12]
[30]
[32,35]
[30,36]
[32,37]
[12,32]
[29]

The genomic landscape of adult ALL is different compared to children, as unfavorable
prognostic cytogenetic anomalies increase with age. It is well known that the presence of
the Philadelphia chromosome implies a poor prognosis. It has an incidence of only 3% in
patients younger than 18 years of age but increases to 6% in patients up to 25 years, 14% in
patients between 25–35 years and goes as high as 53% in patients older than 55 years [17].
The t(12;21) (ETV6/RUNX1) rearrangement is found in less than 3% in adults, whereas
in children it is as high as 20% and it was observed that in adolescents the frequency was
only 7% in the FRALLE-93 trial [26]. Favorable cytogenetics are less frequent in adults,
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but multiple analyses showed that even when present, they are associated with inferior
survival [12].
The translocation t(4;11) (MLL) is commonly associated with infants (85% of the cases)
but is also found in adults (3–8%) and they tend to be older and most frequently have
a high leukocyte count, organomegaly and CNS involvement. Prognosis of MLL gene
rearrangement is poor [38].
TCF3-PBX1 fusion t(1;19) is an interesting biomarker in ALL. A total of 3% of children
and adolescents and 6% of adults carry this translocation and it correlates with pre-B-ALL,
and it creates controversy regarding the risk once patients are diagnosed with this fusion.
In pediatric cohorts, early studies regarded TCF3-PBX1 as a marker of poor prognosis,
but more recent studies involving more intensive chemotherapy regimens have reported
improved outcomes. Other studies reported CNS relapses and dismal outcomes after first
relapse, pointing to clinical heterogeneity. With adults there is a similar case, with recent
studies showing that they should be associated with intermediate risk. However, other
study groups plead to stratify adults as high-risk and treat them more aggressively [32].
The incidence of extramedullary disease such as CNS involvement might be higher in
AYA patients, and in children it is only 3% [16].
A significant number of studies concentrating their attention on extrapolating from
pediatric to adult ALL acknowledged molecular mutations more frequently found with advancing age, such as IKZF1 gene deletions, JAK mutations or CRLF2 gene alterations/over
expression, immunoglobulin heavy chain (IGH) translocations, and iAMP21 [3,25,35,39–41].
IKZF1 deletion, a well-known high-risk feature in pediatric ALL, is connected to poor
survival rates in adult ALL. Interestingly, IKZF1 deletion in patients without the ERG
deletion is regularly combined with other gene deletions, such as CDKN2A/2B, PAX5
and PAR1, named the IKZKplus gene abnormality [33]. IGH translocations are often found
in AYAs and are linked to an unfavorable outcome in adults but are not an independent
prognostic feature in children and adolescents [35]. Multiple studies indicated that the
BCR-ABL-like gene expression profile is common with advancing age and is associated
with a poor outcome [27].
Translocations of the double homebox 4 gene DUX4 into the IGH enhancer locus
characterizes the DUX4/ERG cases. DUX4 is not normally expressed in B cells and translocations into the IGH leads to the expression of a truncated DUX4 isoform in the B-cell
lineage. Intragenic deletions of the ERG gene have been found in 5% of childhood ALL
and the dysregulated DUX4/ERG is connected to favorable outcomes, albeit the common
presence of IKZF 1 intragenic deletions. DUX4/ERG is found in up to 15% of AYAs [30].
Early thymic precursor (ETP) ALL is a subgroup of T-cell ALL and was first described
in children, having a neutral prognosis. However, in adults, the prognosis is dismal, with a
high rate of treatment resistance when treated with traditional therapeutic protocols. ETPALL is thought to be more frequent in adults than in children and using RNA-sequencing
profiling it was shown that adults had frequent mutations in DNA methylation factor genes,
which were never found in children. This could demonstrate that adult ETP ALL could be
genetically more similar to acute myeloblastic leukemia (AML) [27,42]. It was suggested,
using pediatric-inspired protocols in adults (GRAAL 2003, GMAALL) that the disease
resistance does not seem to be influenced by the different genetic ALL subtypes among the
age groups, at least when patients receive intensive pediatric inspired treatment [25]. Also,
in a study it was shown that conventional risk factors (WBC count, immunophenotype,
early steroid resistance and some conventional cytogenetics, such as t (12;21)) may as
well be abandoned as prognostic factors when using pediatric-inspired protocols, because
it was found that oncogenetic events, such as MLL rearrangement, including t (4;11),
BCR-ABL-like cases with IKZF1 deletions, CRFL2 alterations and early MRD assessment
independently influenced the risk of relapse in patients enrolled in the GRAAL 2003/2005
trials. A comprehensive investigation of prognostic ALL markers is desired, including
both conventional and complex cytogenetics and MRD assessment for optimal treatment
stratification [25,43].
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There is increasing evidence that adult ALL cells are more resistant to chemotherapy
and have a higher MRD after therapy compared to children. In one experiment, ALL cells
of children older than 10 years, which had identical cytogenetical features, were shown
to be more resistant to chemotherapy in vitro compared to their counterparts of children
younger than 10 years of age [3].
Although many recurrent chromosomal aberrations could explain the difference in
outcome, they are not enough to account for the variations in response to therapy. In the
context of recent advances and availability of genomics, many groups performed gene
profiling, which demonstrated different gene profiles related to recurrent chromosomal
abnormalities and also identified novel aberrations in ALL [12].
With increasing age, the mechanisms involved in ALL pathogenesis are becoming
more complex regarding the pathways and different target cells involved in malignant
transformation, which can partly explain the dismal prognosis in adult ALL. The latest
studies of clonal development of pediatric and adult ALL found enhancement of mutations
in epigenetic regulators from diagnosis to relapse and it is feasible that epigenetic modifier
abnormalities could lead to chromatin changes, which could determine a greater drug
resistance in adult B cell ALL. Adults with ALL have more cooperative alterations and
mutations of epigenetic modifiers and genes linked to B-cell development, indicating
differences in the transformation of target cells between adult and pediatric patients,
explaining the differences in the treatment response [44].
Many other studies have tried to find new biomarkers which can predict the clinical
outcome in adult ALL, but the majority used only one or two markers at a time and
because ALL is heterogeneous, their prognostic value is poor. The hypothesis is that
leukemic cells have a high turnover rate, and they release into circulation proteins and
DNA, which could function as biomarkers forecasting recurrence and these data could
be used for a proteomic approach. In the future, proteomic analyses could be relevant by
identifying useful biomarkers for the characterization of ALL and the prediction of disease
progression [45].
3.4. Treatment Related Differences
Almost two decades ago, it became clear that the gap in outcome between children
and adults could not be attributed solely to differences in disease biology and treatment
tolerance, and that improved response rates and prolonged survival could be associated
with the intensified chemotherapy regimens in children. An important question is why
treatment strategies differ insofar as to sometimes be opposed. It is known that adult
hematologists prefer chemotherapy regimens that resemble AML treatment, based on
induction and short consolidation blocks, followed closely by hematopoietic stem cell
transplantation (HSCT) [25].
Over the past years, the treatment of adults diagnosed with ALL has significantly
improved. Most study groups now use pediatric-inspired regimens or even unmodified
pediatric protocols in adults up to 60 years old, so chemotherapy intensity has increased [43].
In a comparison of the pediatric FRALLE-93 trial and adult LALA-94 trial, it was observed
that adolescents treated with the pediatric protocol were stratified in the high-risk group,
thus receiving more intense chemotherapy, whereas the LALA-94 considered them as
standard risk group patients. Better results were obtained for adolescents treated with the
pediatric protocol regarding the complete remission rate achieved and event-free survival
rate (EFS) [26].
There is a significant difference in induction courses between pediatric and adult protocols, meaning that usually children protocols administer higher doses of non-myelotoxic
agents, like vincristine, steroids and L-asparaginase, higher doses of methotrexate within
a shorter interval of time, the time to recovery is shorter, and continuously higher doses
of prednisone and more asparaginase are used, leading to a better outcome (Table 2).
On the contrary, adult protocols administer higher doses of anthracyclines, cytarabine,
cyclophosphamide and etoposide, particularly in AML-like consolidation cycles. The
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combination of high-dose cytarabine and mitoxantrone causes a much-prolonged period of
neutropenia and thrombocytopenia, thus not allowing a short interval between chemotherapy cycles [25,26]. Commonly, adult protocols have longer delays between courses and
pediatric hematologists administer chemotherapy with greater adherence to schedules and
dose intensity [19].
Table 2. Treatment differences between adults and children with ALL. Abbreviations: VCR-vincristine, MTX-methotrexate,
CNS-central nervous system, CRS-cytokine release syndrome, PPR-poor prednisone response.
Characteristic

Chemotherapy

Adults

Children

Myelotoxic agents
(anthracyclines, cytarabine,
cyclophosphamide, etoposide)

Non-myelotoxic agents (VCR, asparaginase,
MTX, higher doses of Prednisone)

Longer delays between
courses

Greater adherence to schedules
Early and more intensive CNS chemotherapy
More prolonged maintenance chemotherapy

Increased frequency of drug
toxicity

Asparaginase hypersensitivity
reactions, asparaginase,
corticosteroids, cytarabine,
daunorubicin, VCR toxicities
Blinatumomab CRS
CAR-T cells CRS, aplasia,
hypogammaglobulinemia,
immune effector
cell-associated neurotoxicity
syndrome

Inotuzumab ozogamicin (higher rates of
veno-oclusive disease)
Blinatumomab CRS
CAR-T cells CRS, aplasia,
hypogammaglobulinemia, immune effector
cell-associated neurotoxicity syndrome)

References

[25,26]

[18]

[3,14,46–49]

Alterations in drug
metabolism

Drug resistance

Time to complete remission

Resistance to prednisolone
with increasing age

[50]

Complex karyotype
associated with steroid
resistance in T-ALL

[51]

PRC2 loss-of-function
alterations associated with
PPR in T-ALL

[52]
Children achieve CR earlier than most adults

[16]

Several studies in young populations in the USA, France, Netherlands and the UK
concluded that adults treated with pediatric regimens have superior outcomes as compared
to those treated with classical adult regimens [13,18,22,26,46]. These differences cannot
only be accounted for by the median age or disease biology, as children and AYAs have
comparable rates of Ph+ and MLL rearrangements and other high-risk characteristics. It
is likely that many AYAs could be underdosed when receiving treatment based on adult
protocols, due to insufficient total doses of corticosteroids, vinca alkaloids and asparaginase.
AYAs and adults up to 50 years old can tolerate pediatric regimens and this can lead to
improved outcomes [18,53–55].
Most clinical trials in adults to date included patients between 15 and 80 years. A
small decrease in complete remission rates (CR) was observed with advancing age, but
overall survival rates (OS) were far better in younger patients as compared to older patients
treated with the same pediatric-inspired regimen. Even though better results were obtained
in younger patients treated with adult protocols, it is possible that these younger patients
could be getting less intensive chemotherapy and therefore be undertreated [19].
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3.5. Treatment Related Toxicities
Pediatric oncologists are more accustomed with drug-related toxicities compared to
adult oncologists, being more prone to maintain the recommended dose and schedule. In
the FRALLE-93 trial, the time interval between achieving complete remission (CR) and
the next course of chemotherapy was significantly shorter when compared to the adult
LALA-94 trial (2 versus 7 days) [17].
Older ALL patients can have lower rates of complete remission and more treatmentrelated toxicities due to decreased drug tolerance (such as asparaginase), resistance to
treatment agents (corticosteroids, L-asparaginase, cytarabine, daunorubicin, vincristine)
and alterations in drug metabolism [46].
One of the main questions of using a pediatric inspired-regimen in AYA is that of
asparaginase-related toxicities. In a recent study which enrolled adults aged 18–50 years
old, who received an intensive pediatric protocol with 30 weeks of high-dose asparaginase, it was found that adults who completed 26 or more weeks of this drug had similar
treatment efficacy with the pediatric population. Tolerance to asparaginase is linked to a
favorable prognosis and the occurrence of asparaginase-induced toxicities (hepatic toxicity,
hypersensitivity reactions, neutralizing antibodies, pancreatitis, thrombosis, bleeding) was
comparable to that found in older children. However, tolerance to asparaginase of adults
was slightly lower than in children [3,18].
A recent study demonstrated that blinatumomab, besides inducing remission and
allowing for the bridging to HSCT, can also provide effective therapy during severe infections until chemotherapy can be resumed [59]. In the phase III TOWER study, notable
improvements were noted in adults with relapsed or refractory ALL treated with blinatumomab, irrespective of age, prior treatment, prior HSCT, or bone marrow disease burden,
but it was more evident in the first salvage. Blinatumomab is now approved to treat MRDpositive patients [49]. In another study on patients aged 1–30 years with intermediate-risk
or high-risk relapsed ALL which were randomized in two study arms, one arm receiving
two blocks of intensive treatment and the other re-induction followed by two 4-week blocks
of blinatumomab proved that the second arm had improved 2-year overall survival and
MRD negativity with lower rates of febrile neutropenia, infection and sepsis. Also, in
one study, adult patients with relapsed/refractory ALL receiving inotuzumab ozogamicin
achieved better rates of remission than those with conventional treatment. In children,
however, inotuzumab ozogamicin is connected to high rates of veno-occlusive disease,
especially after HSCT, and it was observed that if lower doses, fractioned inotuzumab,
and a prolonged interval to HSCT were used, this complication could be avoided [48].
The revolutionizing CAR-T cell treatment of patients with relapsed/refractory B-ALL has
yielded high response rates, but with short durations, especially in adult populations.
Another issue to be addressed is the toxicity management, such as prolonged aplasia,
hypogammaglobulinemia, cytokine release syndrome, and immune effector cell-associated
neurotoxicity syndrome, which are major problems [47].
3.6. Drug Tolerance and Drug Resistance
Most of the cytostatic drugs used nowadays have been known for over four decades,
but it is less known what their safest antileukemic dose is, the best administration schedule
or the differences between each patient’s drug metabolism [7].
Using intensive unmodified pediatric protocols in adult ALL patients could lead to
more adverse reactions; for example, high doses of prednisone can cause hypertension
or hyperglycemia, there can be a more prolonged myelosuppression, higher incidence of
vincristine- or asparaginase-related toxicities or late results such as secondary malignancies
induced by therapy [25]. This radical option is feasible in teenagers and young adults, who
perhaps can tolerate this approach as well as children, but it is suggested that in adults,
pediatric-inspired regimens should be used [53].
Pediatric ALL clinical trials have demonstrated that dexamethasone is far superior
to prednisone, largely by decreasing the risk of CNS relapse [19]. It was observed that
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in vitro resistance to prednisolone with increasing age might be a continuous variable in
ALL patients, except infants. This can be attributed to the activation of P-glycoprotein,
which has a higher expression with advancing age, lower methotrexate polyglutamate
accumulation and perhaps mutations in the p53 gene in adults [60]. Protein tyrosine
phosphatase nonreceptor type 2 (PTPN2) is known for its function for suppressing a gene
in T-cell ALL. PTPN2 deletions are associated with αβ lineage and TLX deregulation and
a positive relationship with alterations in the IL7R/JAK/STAT signaling pathway. These
deletions are also connected to a higher glucocorticoid response and better survival rates
in children, but not in adults [50]. It was shown in a study that a complex karyotype
(≥3 cytogenetic alterations) could in part explain the steroid resistance associated with
activating mutations in IL7R in adults with T-ALL. A recent report suggested that these
patients were slow responders with a high burden MRD on the 8th day of treatment,
despite no correlation being found between the two groups regarding the prednisone
response [51]. PRC2 (Polycomb Repressor Complex 2) loss-of-function alterations were
found in pediatric T-ALL. In a study of poor prednisone poor response, low bone marrow
blast clearance and persistent MRD in T-ALL adult patients were connected factors. PRC2
function loss intertwines with activating mutations of the IL7R/JAK/STAT pathway and
are common mutations in T-ALL but are not restricted to ETP-ALL [52].
The Cancer and Leukemia Group B (CALGB) study demonstrated that the administration of L-asparaginase is well tolerated by adult patients and that patients with T-cell
ALL had a better prognosis compared to those with pre-B-cell ALL, particularly if they had
mediastinal masses [19].
The France–Belgium Group for Lymphoblastic Leukemia in Adults 94 (LALA-94 trial)
suggested that pediatric-inspired regimens have substantially improved patient outcomes,
although a worse treatment tolerance was noted in patients older than 45 years. In the
GRAALL 2003 study, the chemotherapy toxicity was satisfactory in adults younger than
45 years, but older patients did not tolerate induction or postremission therapy. Even if they
still benefitted from this approach, the cumulative rate of chemotherapy-related deaths
was still too high (23%). There is a necessity of dose adaptations and reduced intensity
conditioning for HSCT in these older patients [53].
3.7. Time to Complete Remission
Children have a tendency to achieve complete remission earlier than adult patients,
confirmed by the MRD negativity [16].
4. MRD Evaluation
Obtaining an early remission, prevention of relapse and treatment-associated mortality
are important therapeutic steps. Evaluation of the disease response to the first phase of
intensive chemotherapy through minimal residual disease (MRD) monitoring is essential
and can impact prognosis, risk group stratification and treatment approach, being the
strongest predictor of relapse [61–63]. In the pediatric population, MRD evaluation is
routinely used, and a major point is that the purpose of chemotherapy is achieving MRD
negativity. In adults, however, MRD evaluation has only recently been incorporated into
treatment algorithm. The information that MRD brings is as important as the initial white
blood count or cytogenetics [28,34,64]. Using the MRD response can accurately select
patients for HSCT, thus sparing adult patients with negative MRD from transplant-related
toxicities. A total of 70–80% of patients stratified in the standard risk group and 50% of highrisk group patients could achieve negative MRD, making it the most important prognostic
factor known in adult ALL, particularly in young adults treated with novel pediatric-like
regimens. Relapse can be expected from MRD positivity, and the risk of relapse is much
higher in standard risk group patients with positive MRD than the high-risk group ones,
thus the prognosis is dismal on chemotherapy alone [61,65,66]. Early MRD detection is an
essential tool to assess the risk group stratification that should be used in adults treated
with modern therapies; in fact, this has already been stated in six other studies published
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between 2000 and 2013, including more than 1000 patients and in almost all of these studies
MRD was recognized as a strong predictor of outcome [43]. The MRD status is crucial in
risk stratification, established by European and US pediatric studies. These studies use
risk stratification based on MRD status postinduction or postconsolidation, increasing or
decreasing therapy intensity. MRD status in adult patients could play a similar role as
in the pediatric studies. A two-stage risk-adapted analysis found that 72% of patients
with negative MRD were free of disease after 5 years, as opposed to only 14% of MRD
positive patients, despite the stratification into the risk groups. This meta-analysis found
that pediatric MRD patients had better chances to be disease-free after 10 years compared
to those who were MRD positive (73% versus 32%). A total of 64% of MRD negative adults
were free of disease after 10 years and only 21% of MRD positive were disease-free [67].
Although MRD is a strong tool at hand in the short term, in the long run it is a poor
instrument for treatment effect at the trial level, with the necessity of randomized trials to
carefully discern the MRD limitations regarding the long-term effects [62,68].
5. HSCT in First Complete Remission
Despite the many advances in ALL, cooperative group trials continue to identify
subgroups of ALL with a higher risk for relapse following chemotherapy, who could benefit
from HSCT. Improvements have been made in donor selection, conditioning regimens,
immunosuppression, infection monitoring and prophylaxis, leading to the diminishing
rate of transplant-related mortality (TRM). However, this risk is greater in AYAs and
patients older than 13 years of age receiving HSCT and they were observed as having
inferior outcomes due to two times greater TRM. Contrary to this finding, the relapse
rate in children and AYA following a myeloablative conditioning regimen is similar and
regardless of the patient’s age [69].
The tendency in adults is in fact to receive early HSCT, probably before an ideal
decrease in MRD level. The usual risk factors that most European adult ALL groups
have used to stratify patients in the high-risk group include high white blood cell count,
immunophenotypic characteristics, cytogenetic features, karyotype, early response to
therapy (MRD evaluation), and usually one feature is enough to consider a patient as being
part of the high-risk group and to offer him HSCT in first CR if he has a donor. It was
shown that patients with poor MRD response substantially benefited from HSCT in first
CR and poor MRD response was a powerful prognostic factor and a powerful predictive
element for a positive HSCT effect [25].
The most suitable therapeutic methods for ALL continue to evolve. HSCT in CR1 is
the standard of care for both children and adults with high-risk characteristics. Specific
genomic studies, pharmacogenomics and better MRD evaluation can improve the identification of candidates for HSCT in CR1 who are otherwise considered as a standard risk
group. The presence of the Philadelphia chromosome is a clear indication of HSCT, but it
should be also considered for patients with other adverse cytogenetics, high white blood
cell count and MRD positivity [4]. When HSCT is incorporated in the treatment strategy
in CR1 there is only a small improvement in OS, especially for patients in the standard
risk group and TRM is an important issue in up to 40%. These findings were confirmed
in a study performed on Australian ALL patients which included adolescents and adults
treated on the FRALLE-93 protocol and it was shown also that high-risk patients had a
poor prognosis with or without HSCT [6].
Whether adults can benefit from HSCT with a reduced intensity regimen remains
an important question. A retrospective study from the European Society for Blood and
Marrow Transplant concluded that serious consideration is to be given to a reduced
intensity regimen for older adults with ALL due to a higher TRM [70].
Pediatric-inspired regimens can offer the same leukemia-free survival in the absence
of HSCT. The BFM group has shown that for children with ALL and HSCT from a sibling
donor, TRM was as low as 4%, leading to the observation that young adults tolerate HSCT
more poorly than children. Further, after resolving the TRM, this method did not seem
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to decrease the risk of relapse. Patients older than 30 years had an excess of TRM, mostly
due to comorbidities and deficient supportive care, emphasizing the fact that an optimal
conditioning regimen is vital [71].
Achievement of satisfactory low or negative MRD with standard chemotherapy to
proceed to HSCT is difficult, so intensive treatments come together with severe infections
and end-organ consequences, further underlying the need for alternate therapeutic approaches. Blinatumomab proved to be efficient as a bridge to HSCT, especially in patients
with positive MRD, in improving survival, both in children and AYA. In the BLAST study it
was shown that adults receiving blinatumomab treatment prior to HSCT could be beneficial
in selected patients, but long-term survival without HSCT could be also possible [59,63,72].
Inotuzumab ozogamicin, approved for use in adults in the relapse/refractory ALL and
Ph + ALL setting, with achievement of high rates of negative MRD, is also used for transplantation bridging with satisfactory results. The best approach regarding the timing and
the succession of antibody-based and cellular immunotherapies is still not completely
established and further clinical trials will explore these agents [59,73]. It is not exactly
known where CAR-T cell therapy stands in the HSCT setting. It has immunomodulatory
effects, and it is associated with cytokine release syndrome with an impairment effect
on the endothelium, which can affect the safety profile of HSCT after CAR-T therapy.
Lymphodepletion prior to CAR-T infusion can have a harmful effect with an excess of
morbidity and mortality [47].
6. Future Directions in Treating ALL
In contrast to the significant advances made in the standard treatment of pediatric
and adult ALL, relapse and resistance to chemotherapy rates are still high, the doses
of conventional chemotherapy are stretched to the limits, especially in the adult population, and the outcome is dismal. Small patients with ETV6-RUNX1 or hyperdiploidy
(>50 chromosomes) with negative MRD during induction are proper candidates for treatment reduction. Antibody-based treatments are a major breakthrough and various mechanisms have been applied to target surface antigens that are usually expressed on the surface
of blast cells, leading to the development of monoclonal antibodies (MAbs) [29,74]. Such
MAbs are targeting CD20 (Rituximab), are antibody–drug conjugates targeting CD22 (inotuzumab ozogamicin), bispecific antibodies (Blinatumomab) and CD19 chimeric antigen
receptor T cell therapy (tisagenlecleucel—the first CAR-T cell-based product approved by
the FDA in august 2017 for relapsed/refractory ALL for children and AYA up to 25 years
old). The treatment of ALL was also revolutionized with the introduction of tyrosine-kinase
inhibitors targeting fusion proteins (BCR-ABL1) [47,75–77]. The first major discovery in
the use of monoclonal antibodies was made in 1997 with the approval of Rituximab (antiCD20) by the FDA for non-Hodgkin lymphoma, but its use has extended nowadays [78].
Developments in the recombinant DNA technology headed to the progress of chimeric or
humanized MAbs with reduced immunogenicity [77].
In the ALL setting there are thought to be many fusions or mutations that can serve
as alleged targets, but efficient specific therapy for each target has yet to be established.
Ph-positive patients or Ph-like ALL with ABL class fusion are suitable for therapy with
Dasatinib. The identification of high-risk subtypes (hypodiploidy, ETP-ALL, rearrangements of KMT2A, immature T-cell, Ph positive, TCF-HLF) may respond to a bcl-2 inhibitor,
venetoclax [74]. The activation of the Ras pathway is a usual finding in pediatric ALL
and patients could benefit from RAF and MEK inhibitors, but there are no FDA-approved
agents yet for such targets [79]. For those who do not have a targetable lesion or who do
not respond early to chemotherapy, the options include blinatumomab, inotuzumab or
CAR-T cells for B-ALL or nelarabine and daratumumab (antiCD38) for T-ALL [49,74].
Besides the well-known T-cell redirecting antibodies, there are other such bispecific
IgM antibodies designed to bind to one or two tumor-associated antigen molecules (IGM2323 which has 10 binding units to CD20) to CD3. These molecules are useful in patients
in which the expression of CD20 has been reduced due to the treatment with other anti-

Cancers 2021, 13, 3886

12 of 16

CD20 antibodies, such as Rituximab. IGM2323 seems to produce less cytokines and a
milder cytokine release syndrome, making it a promising therapeutic option for the future,
although further studies are awaited. Tri-specific antibodies are being developed, which
target cancer cells, receptors that activate T cells and co-stimulatory signals that enhance
continuing T cell activity against malignant cells. Such antibodies resemble blinatumomab
with the addition of a co-stimulatory domain that activates T cells, which at the same time
targets CD3 and CD28 molecules. This method of co-stimulatory domains is well-known
in CAR-T therapy design [48,49].
Other issues are addressed regarding the long periods of administration of blinatumomab (4 week-long perfusions) to maintain the therapeutic serum concentration, thus
dual-affinity re-targeting proteins (DARTs) and tandem diabodies (TandAbs) have been
created [49]. CAR-T therapy symbolizes a major development in treating hematological
malignancies and efforts are being concentrated into increasing the potency, the persistence,
decreasing toxicities, exploring new cancer-associated antigens as targets, implementing multi-targeted CARS, decreasing the long manufacturing process and decreasing the
costs [47].
Using new techniques of detecting MRD positive patients, such as next generation
sequencing (NGS) to identify specific genomic lesions that can be overlooked by the current methods, has a tremendous potential for making more efficient drug improvement
by corroborating prompt evidence of treatment benefit [62,67,80]. Widespread sequencing and genome-wide analyses have distinguished new elements with prognostic and
therapeutic consequences. Learning how the different pathways of genetic alterations
function is essential for therapeutic targeting. Furthermore, functional genomic screening
and testing for chemotherapeutic drug sensitivity broadens the horizon into individualized
medicine, together with personalized targeted therapy, IMMUNOTHERAPY, reducedintensity chemotherapy, or even without chemotherapy [48,81]. The knowledge and the
therapeutic options at hand are rapidly expanding and the efforts will concentrate on the
balanced combinations of targeted therapies trying to avoid and to eliminate toxicities [74].
7. Conclusions
Over the last years, the outcome of adults diagnosed with ALL has improved, benefitting from more precise molecular diagnostic techniques, prompter and increasingly
available MRD evaluation, and, not least, the intensification of therapy, the tendency nowadays being to follow pediatric therapeutic schemes. Adult ALL management is rapidly
catching up with that of pediatric ALL. It is important to emphasize the fact that adolescents are not “big children” and to seek a better adaptation of therapy to their unique
needs. The important question about the upper age limit up to which a pediatric protocol
could be administered still remains unanswered. Another important question is to be
addressed: which patients benefit more from HCST in CR1 and in which patients should
this be withheld, warranting future investigation. Rather than intensifying doses in adults,
new targeted therapy should be added to frontline chemotherapy, as novel agents are
being developed with unprecedented celerity, having the potential to dramatically improve
patient outcomes.
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