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Background: Side effects of chemotherapy in cancer patients need to be investigated in more detail. Aim: To determine the incidence 
of cardiotoxicity in patients treated with different chemotherapy regimens containing 5-fluorouracil (5-FU) in Zanjan, Iran. Patients 
and Methods: In a prospective cohort study, patients with different types of solid gastrointestinal tumors who were candidates for 
5-FU based chemotherapy regimens were enrolled. The study population consisted of 100 patients (48 females and 52 males) with 
a mean age of 63.99 ± 12.40 years. We measured serum cardiac troponin I (cTnI) levels before and during each chemotherapy 
cycle and determined the occurrence of cardiotoxicity in patients based on the levels of cTnI, clinical signs and symptoms as well 
as electrocardiogram findings. In addition, we assessed a history of diabetes, hypertension, smoking, dyslipidemia and previous 
chest radiation as potential risk factors for cardiotoxicity. Results: The incidence of cardiotoxicity was 8%, of which 5 patients were 
diagnosed with acute coronary syndrome, 2 patients with arrhythmias and one with hypotension. In addition, there was no significant 
association between studied risk factors and 5-FU induced cardiotoxicity. Conclusion: The incidence of cardiotoxicity in patients 
receiving 5-FU infusion regimens was notable. Thus, paying more attention to the 5-FU-induced cardiotoxicity is necessary in order 
to improve the prognosis of patients with cancer.
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While the incidence of cancer is increasing 
worldwide, the cancer mortality rate has dropped 
dramatically in recent years due to advances in its 
treatment [1–3]. Chemotherapy-induced cardiotoxic-
ity is an issue that affects the quality of life and overall 
survival of cancer patients and can hinder further 
treatment in these patients [4–8]. The main strategy 
for these patients is timely diagnosis and treatment 
of high-risk individuals [9]. Fluoropyrimidines are 
a group of chemotherapy drugs that include two 
important anti-metabolite drugs called 5-fluoroura-
cil (5-FU) and capecitabine [10–12]. Either drugs 
can cause cardiotoxicity [13, 14]. The incidence 
of 5-FU and capecitabine induced cardiotoxicity 
has been reported to be 1–18% [15] and 3–35%, 

respectively [16]. Fluoropyrimidines are the second 
most widely used chemotherapy drug after anthra-
cyclines to cause cardiovascular complications, with 
5-FU being the third most common chemotherapy 
drug worldwide for treatment of solid malignancies 
such as cervical and gastrointestinal malignan-
cies, and are commonly used in conjunction with 
radiotherapy [12]. This aforementioned widespread 
utilization puts a greater emphasis on the importance 
of early diagnosis and treatment of cardiovascular 
complications of chemotherapy. 5-FU-induced car-
diotoxicity can lead to asymptomatic changes in the 
electrocardiogram (ECG) to serious and symptom-
atic cardiovascular complications, including acute 
coronary syndrome (ACS), arrhythmias, heart failure, 
hypotension, cardiogenic shock and even death [17]. 
There is ample evidence that cardiac troponins might 
be acceptable biomarkers for early detection of myo-
cardial injury and cardiotoxicity [18, 19]. Since 2000, 
troponins have been recognized as the standard 
marker for the diagnosis of heart muscle injury, and 
because they are cheaper and less invasive than 
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other diagnostic methods such as echocardiography, 
they can be a valid diagnostic tool for early detection 
of cardiotoxicity [7]. Due to the increase in patients 
with cancer undergoing chemotherapy regimens and 
associated cardiotoxicity, there is a need for a reliable 
method for timely detection of cardiotoxicity caused 
by chemotherapy agents. Therefore, the present 
study aimed to evaluate the cardiotoxicity related risk 
factors and the incidence of 5-FU-induced cardio-
toxicity in patients with gastrointestinal solid tumors 
with a focus on cardiac troponin I (cTnI)application 
for the diagnosis.

PATIENTS AND METHODS
Study design and subjects. In a prospective 

cohort study, 174 patients with solid tumors who were 
candidates for 5-FU regimens were enrolled between 
January 2018 and December 2019. Patients over 
18 years with definite diagnosis of gastrointestinal 
solid tumors who were candidates for 5-FU-contain-
ing regimens were included. We excluded patients 
with a history of heart disease (e.g. angina, valvular 
disease, and arrhythmias) or left ventricular output 
less than 55%, patients with renal and liver diseases, 
undergoing regimens with cardiac toxicity (anthracy-
clines, trastuzumab, cyclophosphamide, bevacizumab 
and panitumumab) [20] or concomitant use of any 
medications with an effect on the heart. We determined 
bilirubin >2 mg/dl and aspartate aminotransferase 
>2 × the upper limit of normal as hepatic dysfunction 
and serum creatinine >1.5 mg/dl as renal insufficiency. 
In addition, patients who needed to change or stop 
chemotherapy were excluded. After complete expla-
nation of the study design and aims, written informed 
consent was obtained from all patients or their legal 
representatives. Study protocol was evaluated and 
approved by the ethics committee of Zanjan University 
of Medical Sciences [ZUMS.REC.1396.107].

Chemotherapy regimens. Four chemotherapy 
regimens were used: FOLFOX4 (oxaliplatin, 180 mg/
m2 on day 1, leucovorin 400 mg/m2 over 2 h on days 
1 and 2, 5-FU, 400 mg/m2 bolus, then 600 mg/m2 over 
22 h on days 1 and 2, repeated every two weeks), 
FOLFIRI (Irinotecan, 180 mg/m2 on day 1, leucovorin 
400 mg/m2 over 2 h on day 1, 5-FU, 400 mg/m2 bolus 
on day 1, followed by 2400 mg/m2 continuous infusion 
over 46 h, repeated every two weeks), 5-FU+cisplatin 
(cisplatin 100 mg/m2 on day1, 5-FU750 mg/m2 con-
tinuous infusion over 24 h for 3 days, repeated every 
3 weeks), 5-FU+leucovorin (5-FU 425 mg/m2 infusion 
over 22 h daily for 5 days, leucovorin 20 mg/m2 bolus 
daily for 5 days, repeated every 4 weeks). In each regi-
men, we followed up patients for 3 cycles.

Cardiotoxicity evaluation. Two cardiologists ap-
praised cardiotoxicity based on new clinical signs and 
symptoms related to heart disease, as well as ECG 
findings and cTnI test results. At the beginning of the 
study, history taking, clinical examination and echo-
cardiography were performed. Echocardiography was 
carried out only once to assess the condition of heart 

in terms of defining the inclusion criteria. However, 
a complete history of cardiovascular symptoms (chest 
discomfort, shortness of breath, palpitations, etc.) and 
clinical examination before chemotherapy cycles and 
a 12-lead ECG before and after the completion of each 
cycle using the same device was recorded from the 
patients. Besides, in case of any cardiac symptoms 
during the study, all relevant diagnostic procedures 
and tests were performed.

Furthermore, cTnI was measured before initiation 
of each cycle and 24 h (T0), 48 h (T2) and 72 h (T3) 
after initiation of the chemotherapy cycles for FOLFOX 
and FOLFIRI regimens. For 5-FU+cisplatin regimen 
in addition to the previous ones, it was measured 
at 96 h (T4) and for 5-FU+leucovorin regimen in ad-
dition to the previous, it was also measured just after 
termination (T5) and 24 h later (T6). The serum level 
of cTnI was assessed using Elecsys Troponin I STAT 
immunoassay (Roche Diagnostics, Canada) according 
to the manufacturer’s instructions with cut-off point = 
0.3 ng/ml and a limit of detection = 0.16 ng/mL.

In case of cardiotoxicity, cardiac monitoring was 
started, then the dose of 5-FU reduced or switched 
to another chemotherapy regimen, and sublingual 
nitrates or calcium channel blockers was administered 
depending on the patient’s condition.

Potential risk factors of cardiotoxicity such 
as a history of diabetes, hypertension, smoking, 
dyslipidemia and previous chest radiation were also 
studied. A history of dyslipidemia was considered 
based on the patient’s previous lab tests (low density 
lipoprotein ≥ 180 mg/dl or triglyceride ≥ 200 mg/
dl), a history of hypertension was defined as sys-
tolic blood pressure above 140 mmHg or diastolic 
blood pressure above 90 mmHg or being treated 
with antihypertensive drug. Diabetes was defined 
based on the patient’s previous lab tests as a fasting 
plasma glucose > 126 mg/dL in multiple measure-

Figure. Study flow diagram
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ments or current use of antidiabetic medications. 
Body mass index (BMI) was calculated based on for-
mula: weight (kg)/[height (m)]2 and patients were 
categorized as underweight (< 18.5 kg/m2), normal 
(18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), 
and obese (> 29.9 kg/m2).

Interpretation of ECG findings. ACS was defined 
as ST-elevation myocardial infarction (STEMI), non-
STEMI or unstable angina. STEMI was considered ≥ 
1 mm elevation in ST-segment on 2 adjacent leads 
in all leads except for V2 and V3 in which cut-point was 
≥ 2 mm in men ≥ 40 years, ≥ 2.5 mm in men < 40 years 
and ≥ 1.5 mm in women regardless of age. Non-STEMI 
or unstable angina were determined as a depression 
on ST-segment ≥ 0.5 mm in two adjacent leads and/
or an inversion on T wave > 1 mm in two adjacent leads 
with prominent R wave or R/S ratio > 1.

Statistical analysis. Descriptive statistics were 
reported using mean ± standard deviation or percent-
age (frequency), as applicable. The normality of data 
distribution was determined using Kolmogorov — 
Smirnov test. Chi-squared and Fisher’s exact tests was 

performed to compare differences between categori-
cal variables. McNemar test was used to compare the 
number of patients with elevated troponin before and 
during chemotherapy. Data were analyzed using IBM 
SPSS Statistics for Windows version 23.0. The signifi-
cance level for all analyzes was considered p < 0.05.

RESULTS
Of 174 patients assessed for eligibility, 100 patients 

with solid gastrointestinal tumors undergoing 5-FU con-
taining chemotherapy regimens were included (Figure). 
The study population consisted of 48 females (48%) and 
52 males (52%) with mean age of 63/99 ± 12/40 years. 
Most patients had colorectal (72%) cancer (Table 1).

Eight cardiotoxic events (8%) consisted of 6 ACS 
(6%), 2 arrhythmias (2%) and one hypotension (1%) 
occurred during the study. The majority of events 
were seen in the first cycle (4 patients) followed 
by the second (3 patients) and third cycles (1 pa-
tient). Elevated cTnI above the cut-off point 0.3 ng/
ml (cTnI = 4.15) was seen only in one patient with 
STEMI. Four patients were diagnosed with unstable 
angina, two with sinus tachycardia and one with hy-
potension. Additionally, the main clinical symptom 
was chest pain and FOLFOX was the most common 
regimen among patients with cardiotoxicity (4 pa-
tients) (Table 2).

We found only one patient with increased cTnI 
levels above the cut-off (0.3 ng/ml). Besides, de-
tectable cTnI levels (> 0.16 ng/ml) were observed 
during the first, second, and third cycles in 12 (12%), 
10 (10%), and 14 patients (14%), respectively. 
Nonetheless, we failed to demonstrate a statistically 
significant difference in the proportion of patients 

Table 2. Cardiotoxic events among patients

Patient Age Gender Risk fac-
tor

Type of can-
cer

Cardiac
symptoms Regimen Cycle 

(day) Cardiotoxic event Elevated
cTnI

ECG
changes

1 49 Male No Colon Chest pain FOLFOX4 1 (1) Unstable angina Yes 
(0.16–0.3 ng/ml) ST depression

2 51 Male Hyperten-
sion Esophageal Chest pain and 

severe nausea 5-FU+cisplatin 1 (3) STEMI Yes (> 0.3 ng/ml) ST elevation

3 67 Female No Colon Palpitation, chest 
pain FOLFOX4 1 (2) Sinus tachycardia NO Narrow QRS com-

plex

4 65 Male
Hyperten-
sion and 
smoking

Colon Chest pain, dys-
pnea FOLFOX4 2 (2) Unstable angina NO NO

5 58 Male No Colon Palpitation 5-FU+leucovorin 2 (3) Sinus tachycardia NO Narrow QRS com-
plex

6 62 Female No Rectal Chest pain 5-FU+leucovorin 1 (2) Unstable angina Yes 
(0.16–0.3 ng/ml)

ST depression and 
T wave inversion

7 72 Male No Colon Dizziness FOLFOX4 3 (1) Hypotension NO NO

8 66 Female Hyperten-
sion Colon Chest pain 5-FU+leucovorin 2 (3) Unstable angina NO NO

Note: STEMI, ST-elevation myocardial infarction. 

Table1. Patient basic and clinical characteristics

Variable Patients
n (%)

Gender, male 52 (52)
Type of cancer
Esophageal 15 (15)
Gastric 9 (9)
Colon 52 (52)
Rectal 20 (20)
Anal 4 (4)
Chemotherapy regimens
FOLFOX4 25 (25)
FOLFIRI 5 (5)
5-FU+cisplatin 28 (28)
5-FU+leucovorin 42 (42)
Previous chest radiation 24 (24)
Concurrent radiotherapy 19 (19)
Diabetes 9 (9)
Hypertension 23 (23)
Dyslipidemia 17 (17)
Smoking
Current smoker 6 (6)
Former smoker 4 (4)
Never smoked 90 (90)
BMI
Normal 41 (41)
Underweight 26 (26)
Overweight 27 (27)
Obese 6 (6)

Table 3. Temporal changes in proportion of patients 
with detectable cTnI

Variable cTnI > 0.16 ng/ml
N (%)

cTnI ≤ 0.16 ng/ml
N (%) P-value

Cycle 1
Before 8 (8) 92 (92) 0.28During 12 (12) 88 (88)
Cycle 2
Before 6 (6) 94 (94) 0.12During 10 (10) 90 (90)
Cycle 3
Before 9 (9) 91 (91) 0.063During 14 (14) 86 (86)
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with detectable cTnI before and during each cycle 
(cycle 1, p = 0.28, cycle 2, p = 0.12, cycle 3, p = 
0.063) (Table 3).

Considering potential risk factors for cardiotoxicity, 
there was no significant association between having 
a history of diabetes, hypertension, smoking, dyslip-
idemia and previous chest radiation and developing 
a cardiotoxic event (Table 4).

DISCUSSION
The evidence suggests that cardiac troponins 

are powerful markers for detecting myocardial injury 
so that the most common cause of elevated cardiac 
troponin is myocardial infarction (MI) [21]. The cur-
rent study was aimed at determining the incidence 
of cardiotoxicity among patients undergoing 5-FU in-
fusion regimens with an emphasis on the efficacy 
of cTnI for diagnosis. It is worth mentioning, we only 
included patients with continuous infusion regimens 
due to the fact that in various studies, 5-FU infusion 
regimens have been shown to be associated with 
an increased incidence of cardiotoxicity compared 
with the bolus route of administration. In fact, the 
bolus 5-FU can be considered as an alternative 
choice among patients with infusion 5-FU-induced 
cardiotoxicity [22, 23].

We found the incidence of 5-FU induced cardiotox-
icity to be 8%. Furthermore, there was no significant 
difference in the proportion of patients with detect-
able cTnI before and during chemotherapy cycles. 

We observed no statistically significant difference 
in the prevalence of potential risk markers between 
patients with and without 5-FU-induced cardiotoxicity.

It is imperative to develop prompt and accurate 
diagnostic measures, given the potential for 5-FU-
induced cardiotoxicity to be associated with life-threat-
ening complications i.e. ischemia, arrhythmia and even 
death. However, no specific clinical guideline has yet 
been issued for the diagnosis and management of this 
condition mainly due to the scarcity of relevant clinical 
trials [24].

Jensen et al. [25] reported an 8.5% incidence 
of 5-FU-induced cardiotoxicity in 106 patients with 
colorectal cancer. In addition, they did not find any 
significant association between developing cardio-
toxicity and potential risk factors (cardiovascular 
disease, hypercholesterolemia, hypertension, dia-
betes mellitus, BMI and smoking), which is com-
pletely in line with results of the present study.

It has been shown that several risk factors might in-
crease the risk of cardiotoxicity, including age (elderly 
and very young), previous chest radiotherapy, BMI and 
particularly a history of cardiovascular disease [17, 25, 
26]. However, in general, there is no strong evidence 
to prove these factors to be associated with an in-
creased risk of 5-FU-induced cardiotoxicity in healthy 
patients, genetically prone patients, underlying heart 
diseases and renal insufficiency should be considered 
as paramount risk factors [27, 28].

In another study, Dyhl-Polk et al. [29] showed 
that 8 patients developed cardiotoxic-related 
clinical events, of which 6 patients (5.6%) had 
ACS. They also demonstrated that the proportion 
of patients with detectable cTnI before and dur-
ing the chemotherapy cycles was not statistically 
significantly different, which is completely in line 
with our findings.

Evidence suggests that long 5-FU infusion 
schedules as well as regimens containing cisplatin 
or leucovorin are more likely to cause cardiotoxic-
ity [13]. However, in the present study there were 
no significant differences between 5-FU regimens 
in terms of 5-FU-induced cardiotoxicity incidence.

In the present study, 5 patients reported chest pain 
(5%) which has been shown to be the most common 
manifestation of 5-FU-induced cardiotoxicity among 
patients with cancer [13]. In a multicenter study 
of 527 patients with solid tumors, 49 patients (25%) di-
agnosed with 5-FU-associated cardiotoxicity of whom 
21 patients (4%) reported chest pain and palpitation 
and only 2 patients developed myocardial infarction. 
In addition, among risk markers for cardiotoxicity only 
a history of heart diseases and HTN were significantly 
associated with increased risk of experiencing cardio-
toxicity [17]. Even so, as an exclusion criteria, patients 
with pre-existing heart diseases were not enrolled 
in the present study.

In a study by Holubec et al. [30], considering 
the cut-off of 0.04 μg/l for cTnI, 57% of patients had 
elevated cTnI levels and with cut-off of 0.3 μg/l, an in-

Table 4. Cardiotoxic events by gender, age and risk factors
Variable Cardiotoxicity P-value

Yes No
Age, years
< 65 4 (7.1) 52 (92.9) 0.72≥ 65 4 (9.1) 40 (90.9)
Gender
Male 5 (9.6) 47 (90.4) 0.71Female 3 (6.3) 45 (93.8)

Chemotherapy regimens
FOLFOX4 4 (14.3) 24 (85.7)

0.51FOLFIRI 0 (0) 5 (100)
5-FU+сisplatin 2 (8.3) 22 (91.7)
5-FU+leucovorin 2 (4.7) 41 (95.3)

Previous chest radiation
Yes 0 (0) 24 (100) 0.19No 8 (10.5) 68 (89.5)

Concurrent radiotherapy
Yes 17 (89.5) 6 (75) 0.64No 6 (7.4) 75 (92.6)
Diabetes
Yes 0 (0) 9 (100) 1.00No 8 (8.8) 83 (91.2)
Hypertension
Yes 4 (17.4) 19 (82.6) 0.079No 4 (5.2) 73 (94.8)
Dyslipidemia
Yes 0 (0) 17 (100) 0.34No 8 (9.6) 75 (90.4)

Smoking
Current smoker 1 (16.7) 5 (83.3)

0.58Former smoker 0 (0) 4 (100)
Never smoked 7 (7.8) 83 (92.2)

BMI
Normal 3 (7.3) 38 (92.7)

0.88Underweight 3 (11.5) 23 (88.5)
Overweight 2 (7.4) 25 (92.6)
Obese 0 (0) 6 (100)
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crease in cTnI was observed in 14% of patients. They 
have recommended measurement of cardiac tropo-
nins as a beneficial marker for monitoring patients 
during chemotherapy. Even so, we failed to show 
such findings and therefore could not recommend 
cTnI as a significantly suitable biomarker for progno-
sis or diagnosis purposes. In the present study, the 
cut-off was 0.3 ng/ml and the level above 0.16 ng/
ml was considered a detectable level according to the 
kit instructions.

In a study of 32 cancer patients treated with 
5-FU, Turan et al.[31]. found no significant increase 
in plasma cTnI levels following 5-FU administration, 
It should be noted that in their study, the cut-off point 
for cTnI was 0.1 ng/ml. Oztop et al. [32] also con-
ducted a study on 22 patients with gastrointestinal 
cancer to examine the cardiotoxicity of 5-FU con-
taining regimens, in the results of this study, serum 
troponin I was at normal level in all measurements 
and all patients.

It implies that one of the reasons for the lack 
of significant increase in cTnI levels during chemo-
therapy may be the utilization of conventional meth-
ods for its detection. The increased levels of troponin 
in chemotherapy-induced cardiotoxicity are small 
and may not be detectable by conventional methods. 
Thus, new high-sensitivity assays appear to be able 
to detect very small amounts of plasma troponin [9] 
and are more reliable markers for detecting subtle 
changes in cTnI levels. Indeed, even a small increase 
in cTnI levels can be associated with a poor progno-
sis and an increased risk of death [30]. In several 
studies, in which cTnI has been applied as a marker 
for diagnosing chemotherapy-related myocardial 
injury, various cut-offs have been reported and only 
in some studies high-sensitivity assays have been 
used to detect cTnI [30–33]. The use of troponin 
as a marker of myocardial injury has made significant 
progress in recent years, and its use is not limited 
to the diagnosis of acute myocardial infarction but 
also for diagnosis in outpatients and the risk stratifi-
cation of myocardial injury. Measurement of cardiac 
troponins using high-sensitivity assays has increased 
the chance of early cardiotoxicity detection among 
patients undergoing chemotherapy [34]. Sawaya 
et al. [35] showed that plasma cTnI concentrations 
in patients with anthracyclines and trastuzumab-
treated breast cancer could predict the progression 
of cardiotoxicity, as in the third month of chemo-
therapy, 28% of patients had increased cTnI.

Another reason might be due to the mecha-
nisms by which 5-FU induces cardiotoxicity. One 
of the proposed mechanisms is through the impact 
of 5-FU on the coronary arteries, leading to vascular 
endothelial damage, platelet aggregation and fibrin 
formation. Other mechanisms could be prostacy-
clin release from endothelial cells, coronary vaso-
spasm, or even an immunoallergic reaction [22]. 
For instance, a study showed that 14.1% of patients 
on Holter recording developed ischemia whereas, the 

increase in the proportion of patients with elevated 
troponin were not statistically significant during the 
chemotherapy [29]. Perhaps, with regard to the said 
mechanisms, 5-FU-induced cardiotoxicity is less likely 
to cause myocardial injury and therefore an increased 
troponin level.

In 2012, the European Society of Medical On-
cology recommended to monitor patients under-
going chemotherapy using serial measurements 
of cardiac biomarkers. Nevertheless, there is still 
insufficient evidence to endorse the application 
of cardiac biomarkers for prognosis or diagnosis 
of chemotherapy-induced cardiotoxicity [36]. Tak-
ing into account the fact that cardiac biomarkers 
such as N-terminal pro-brain natriuretic peptide, 
creatine phosphokinase, and cardiac troponins 
have been shown to have a low negative predictive 
value, indicating an inability to rule out cardiotoxic-
ity even in presence of normal levels of such bio-
markers. On the other hand, with silent ischemia 
as a relatively common manifestation of cardio-
toxicity, which has been demonstrated to be well 
recognized during Holter monitoring, patients close 
monitoring throughout the chemotherapy should 
be considered an integral part of diagnosing car-
diotoxicity [28].

The main limitation of this study is the use of con-
ventional cTnI assay which has less sensitivity in com-
parison to high-sensitivity methods to detect very 
small amounts of cTnI elevations. In addition, we fol-
lowed patients only for three cycles, which may lead 
to the missing of a number of cardiotoxic events that 
might manifest in the fourth and subsequent cycles. 
However, we measured cTnI levels at regular intervals 
before, during, and after chemotherapy cycles to pro-
vide reliable measurements in order to determine the 
proportion of patients with elevated cTnI.

In summary, the incidence of 5-FU-induced car-
diotoxicity in our study was 8%. There was no sig-
nificant association between known risk markers 
of cardiotoxicity and experiencing a cardiotoxic 
event. Furthermore, the elevation of cTnI during the 
chemotherapy was not statistically significant. To-
gether, the use of cTnI alone as a diagnostic marker 
might not be sufficient, especially for diagnosing 
silent ischemia. As far as the authors are concerned, 
diagnosis and management of chemotherapy-
induced cardiotoxicity needs a multi-disciplinary 
approach from a perfect history taking and physical 
examination to a close cardiac monitoring along 
with the use of potential cardiac biomarkers. In fact, 
further clinical trials are needed to address this 
controversial topic, making it possible to establish 
clinical guidelines and assist both cardiologists and 
oncologists effectively.

AUTHOR CONTRIBUTIONS
ZKM, MR, AZ, HF, AK, and HA designed the study. 

ZKM and AZ supervised the study. MR and AK con-
ducted the statistical analysis. ZKM provided the data 



Experimental Oncology 44, 60–66, 2022 (March)44, 60–66, 2022 (March) (March) 65

and performed data analyses and quality control. 
MR and ZKM drafted the manuscript and all authors 
contributed substantially to its revision. AZ takes re-
sponsibility for the paper as a whole.

AVAILABILITY OF DATA AND MATERIAL
The datasets used and analyzed during the current 

study are available from the corresponding author 
on reasonable request.

ETHICS APPROVAL AND CONSENT 
TO PARTICIPATE
This study was conducted in compliance with 

the Declaration of Helsinki, guidelines on Good 
Clinical Practice and with the approval of the Ethics 
Committee of Zanjan University of Medical Scienc-
es [ZUMS.REC.1396.107]. A written informed consent 
was obtained from all participants.

COMPETING INTERESTS
Authors declare no conflicts of interest.

REFERENCES
1. Shakir DK, Rasul KI. Chemotherapy induced cardio

myopathy: pathogenesis, monitoring and management. J Clin 
Med Res 2009; 1: 8–12. doi: 10.4021/jocmr2009.02.1225

2. Curigliano G, Cardinale D, Dent S, et al. Cardiotoxi
city of anticancer treatments: Epidemiology, detection, 
and management. CA Cancer J Clin 2016; 66: 30925. 
doi: 10.3322/caac.21341

3. Cardinale D, Colombo A, Lamantia G, et al. Cardio
oncology: a new medical issue. Ecancermedicalscience 2008; 
2: 126. doi: 10.3332/ecancer.2008.126

4. Kalam K, Marwick TH. Role of cardioprotective therapy 
for prevention of cardiotoxicity with chemotherapy: a system
atic review and metaanalysis. Eur J Cancer 2013; 49: 2900–9. 
doi: 10.1016/j.ejca.2013.04.030

5. Avila MS, Ayub-Ferreira SM, de Barros Wanderley MR, 
Jr., et al. Carvedilol for prevention of chemotherapyrelated 
cardiotoxicity: the CECCY trial. J Am Coll Cardiol 2018; 
71: 2281–90. doi: 10.1016/j.jacc.2018.02.049

6. Chang VY, Wang JJ. Pharmacogenetics of chemother
apyinduced cardiotoxicity. Curr Oncol Rep 2018; 20: 52. 
doi: 10.1007/s1191201806968

7. Cardinale D, Sandri MT. Role of biomarkers in chemo
therapyinduced cardiotoxicity. Prog Cardiovasc Dis 2010; 
53: 121–9. doi: 10.1016/j.pcad.2010.04.002

8. Bosch X, Rovira M, Sitges M, et al. Enalapril and 
carvedilol for preventing chemotherapyinduced left ventricu
lar systolic dysfunction in patients with malignant hemopa
thies: the OVERCOME trial (preventiOn of left Ventricular 
dysfunction with Enalapril and caRvedilol in patients submit
ted to intensive ChemOtherapy for the treatment of Malig
nant hEmopathies). J Am Coll Cardiol 2013; 61: 2355–62. 
doi: 10.1016/j.jacc.2013.02.072

9. Tan L-L, Lyon AR. Role of biomarkers in prediction 
of cardiotoxicity during cancer treatment. Curr Treat Options 
Cardiovasc Med 2018; 20: 55. doi: 10.1007/s119360180641z

10. Steger F, Hautmann MG, Kölbl O. 5FUinduced 
cardiac toxicity — an underestimated problem in radiooncol
ogy? Radiat Oncol 2012; 7: 212. doi: 10.1186/1748717x7212

11. Longley DB, Harkin DP, Johnston PG. 5fluoroura
cil: mechanisms of action and clinical strategies. Nat Rev 
Cancer 2003; 3: 330–8. doi: 10.1038/nrc1074

12. Sara JD, Kaur J, Khodadadi R, et al. 5fluorouracil 
and cardiotoxicity: a review. Ther Adv Med Oncol 2018; 
10: 175883591878014040. doi: 10.1177/1758835918780140

13. Polk A, Vaage-Nilsen M, Vistisen K, Nielsen DL. Car
diotoxicity in cancer patients treated with 5fluorouracil 
or capecitabine: a systematic review of incidence, manifes
tations and predisposing factors. Cancer Treat Rev 2013; 
39: 974–84. doi: 10.1016/j.ctrv.2013.03.005

14. Depetris I, Marino D, Bonzano A, et al. Fluoropyrim
idineinduced cardiotoxicity. Crit Rev Oncol Hematol 2018; 
124: 1–10. doi: 10.1016/j.critrevonc.2018.02.002

15. Yuan C, Parekh H, Allegra C, et al. 5FU induced 
cardiotoxicity: case series and review of the literature. Cardio
Oncology 2019; 5: 13. doi: 10.1186/s4095901900483

16. Chong JH, Ghosh AK. Coronary artery vasospasm 
induced by 5fluorouracil: proposed mechanisms, existing 
management options and future directions. Interv Cardiol 
2019; 14: 89–94. doi: 10.15420/icr.2019.12

17. Peng J, Dong C, Wang C, et al. Cardiotoxic
ity of 5fluorouracil and capecitabine in Chinese pa
tients: a prospective study. Cancer Commun (Lond) 2018; 
38: 22. doi: 10.1186/s4088001802921

18. O’Brien PJ. Cardiac troponin is the most ef
fective translational safety biomarker for myocardial 
injury in cardiotoxicity. Toxicology 2008; 245: 206–18. 
doi: 10.1016/j.tox.2007.12.006

19. Dolci A, Dominici R, Cardinale D, et al. Biochemi
cal markers for prediction of chemotherapyinduced car
diotoxicity: systematic review of the literature and recom
mendations for use. Am J Clin Pathol 2008; 130: 688–95. 
doi: 10.1309/ajcpb66lriivmqdr

20. Abdel-Rahman O. 5Fluorouracilrelated cardiotoxic
ity; findings from five randomized studies of 5fluorouracil
based regimens in metastatic colorectal cancer. Clin Colorectal 
Cancer; 18: 58–63. doi:10.1016/j.clcc.2018.10.006

21. Arshed S, Luo HX, Zafar S, et al. Elevated troponin 
I in the absence of coronary artery disease: a case report 
with review of literature. J Clin Med Res 2015; 7: 820–4. 
doi: 10.14740/jocmr2280w

22. Saif MW, Quinn MG, Thomas RR, et al. Cardiac tox
icity associated with capecitabine therapy. Acta Oncol 2003; 
42: 342–4. doi: 10.1080/02841860310011861

23. Cerny J, Hassan A, Smith C, Piperdi B. Coro
nary vasospasm with myocardial stunning in a patient 
with colon cancer receiving adjuvant chemotherapy with 
FOLFOX regimen. Clin Colorectal Cancer 2009; 8: 55–8. 
doi: 10.3816/CCC.2009.n.009

24. More LA, Lane S, Asnani A. 5FU cardiotoxicity: va
sospasm, myocarditis, and sudden death. Curr Cardiol Rep 
2021; 23: 17. doi:10.1007/s11886021014412

25. Jensen SA, Sørensen JB. 5fluorouracilbased therapy 
induces endovascular injury having potential significance to de
velopment of clinically overt cardiotoxicity. Cancer Chemother 
Pharmacol 2012; 69: 57–64. doi: 10.1007/s002800111669x

26. Feola M, Garrone O, Occelli M, et al. Cardiotoxi
city after anthracycline chemotherapy in breast carci
noma: effects on left ventricular ejection fraction, troponin 
I and brain natriuretic peptide. Int J Cardiol 2011; 148: 194–8. 
doi: 10.1016/j.ijcard.2009.09.564

27. Schöber C, Papageorgiou E, Harstrick A, et al. Car
diotoxicity of 5fluorouracil in combination with folinic 
acid in patients with gastrointestinal cancer. Cancer 1993; 
72: 2242–7. doi: 10.1002/10970142 (19931001)72:7<2242::aid
cncr2820720730 >3.0.co;2e

28. Aleksova A, Gagno G, Pierri A, et al. What the cardiolo
gist needs to consider in the management of oncologic patients 



66 Experimental Oncology 44, 60–66, 2022 (March)

with STEMIlike syndrome: a case report and literature review. 
Pharmaceuticals 2021; 14: 563. doi:10.3390/ph14060563

29. Dyhl-Polk A, Schou M, Vistisen KK, et al. Myocardial 
ischemia induced by 5fluorouracil: a prospective electrocar
diographic and cardiac biomarker study. Oncologist 2021; 
26: e403–13. doi: 10.1002/onco.13536

30. Holubec L, Jr., Topolcan O, Finek J, et al. Dynamic 
monitoring of cardiospecific markers and markers of thyroid 
gland function in cancer patients — a pilot study. Anticancer 
Res 2007; 27: 1883–6.

31. Turan T, Agac MT, Aykan A, et al. Usefulness of heart
type fatty acidbinding protein and myocardial performance 
index for early detection of 5fluorouracil cardiotoxicity. 
Angiology 2017; 68: 52–8. doi: 10.1177/0003319716637516

32. Oztop I, Gencer M, Okan T, et al. Evaluation of cardiotoxic
ity of a combined bolus plus infusional 5fluorouracil/folinic acid 
treatment by echocardiography, plasma troponin I level, QT interval 
and dispersion in patients with gastrointestinal system cancers. Jpn 
J Clin Oncol 2004; 34: 262–8. doi: 10.1093/jjco/hyh047

33. Hollebecque A, Lanoy E, Troallen F, et al. Cardiac 
troponin I elevation and overall survival among cancer patients 
receiving investigational compounds during phase I trials. Int 
J Cardiol 2016; 214: 364–9. doi: 10.1016/j.ijcard.2016.04.010

34. Sandoval Y, Sharain K, Saenger AK, et al. Clinical 
use of cardiac troponin for acute cardiac care and emerging 
opportunities in the outpatient setting. Minerva Med 2019; 
110: 139–56. doi: 10.23736/s00264806.18.058743

35. Sawaya H, Sebag IA, Plana JC, et al. Early de
tection and prediction of cardiotoxicity in chemother
apytreated patients. Am J Cardiol 2011; 107: 1375–80. 
doi: 10.1016/j.amjcard.2011.01.006

36. Layoun ME, Wickramasinghe CD, Peralta MV, 
Yang EH. Fluoropyrimidineinduced cardiotoxicity: manifesta
tions, mechanisms, and management. Curr Oncol Rep 2016; 
18: 35. doi:10.1007/s1191201605211

ОЦІНЮВАННЯ КАРДІОТОКСИЧНОСТІ, 
СПРИЧИНЕНОЇ 5-ФЛОРОУРАЦИЛОМ: ЗНАЧЕННЯ 

КАРДІОБІОМАРКЕРІВ

З. Каримімогаддам, М. Ростамі, А. Зераатхі, Х. Фаллах, 
А. Карамітанга, Х. Амірмогаддам

Університет медичних наук м. Занджан, 
Занджан 45195-313, Іран

Стан питання: Побічні ефекти хіміотерапії у онкологічних 
хворих потребують більш детального дослідження. Мета: 
Визначити частоту кардіотоксичності у хворих в клініч-
ному центрі Занджан в Ірані, які отримували хіміотерапію 
за різними схемами, що включала 5-флуороурацил (5-ФУ). 
Хворі та методи: У проспективне когортне дослідження 
було включено хворих із різними типами солідних пухлин 
шлунково-кишкового тракту, які були кандидатами на про-
ведення хіміотерапії з 5-ФУ. Досліджувана група включала 
100 хворих (48 жінок та 52 чоловіки), середній вік становив 
63,99 ± 12,40 року. Визначали вміст у сироватці крові кар-
діотропоніну І до та в процесі кожного циклу хіміотерапії, 
а також оцінювали розвиток кардіотоксичності, виходячи 
з рівнів кардіотропоніну І, клінічних ознак та симптомів, ре-
зультатів ЕКГ. Оцінювали наявність в анамнезі цукрового 
діабету, артеріальної гіпертензії, тютюнопаління, дисліпі-
демії та попереднього опромінення грудної клітки як по-
тенційних факторів ризику розвитку кардіотоксичності. Ре-
зультати: Прояву кардіотоксичності було визначено у 8% 
досліджуваних хворих. З них у 5 хворих було діагностовано 
гострий коронарний синдром, у 2 — аритмію та ще у одно-
го — артеріальну гіпотензію. Не було виявлено вірогідної 
асоціації між досліджуваними факторами ризику та розви-
тком кардіотоксичності внаслідок застосування 5-ФУ. Ви-
сновок: У досліджуваній групі хворих виявлено досить по-
мітну кількість проявів кардіотоксичності при терапії 5-ФУ, 
що потребує більшої уваги з метою поліпшення прогнозу 
при хіміотерапії у онкологічних хворих.
Ключові слова: кардіотропонін І, 5-флуороурацил, кардіоток-
сичність, хіміотерапія, пухлини шлунково-кишкового тракту.
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