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Fluoropyrimidine adjuvant chemotherapy leads to long-
term impact on coronary arteries, blood cell profile and
iron in colorectal cancer survivors
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ABSTRACT

Aim To assess whether colorectal carcinoma (CRC) survivors 5 years post-fluoropyrimidine (5-fluorouracil
and capecitabine) chemotherapy (ChemT) has increased presence of subclinical coronary artery disease
(CAD), lower iron and altered blood cell composition.

Methods This prospective, 2 year, single-centre study used invasive coronary angiography to detect the
presence of CAD among ChemT (N=45) and control group patients (age, gender-matched, cancer-naive
(N=45). Full blood count and iron levels were compared between two groups.

Results Coronary angiography in 90 patients (mean age 65+7 years; 60% male) identified significantly
higher presence of CAD in CRC ChemT patient group compared to control: 80% vs. 55 % (p=0.013). CRC
ChemT patients had lower red blood cell count (4.45+ 0.56 vs. 4.68+ 0.50 x10°/L; p=0.044), platelet count
(214.18+50.99 vs. 251.00 £156.40 x10°/L; p=0.002) and white blood cell count (5.50 +1.62 vs. 7.67+1.72
x10°%/L; p=0.000). Mean corpuscular haemoglobin concentration was higher in CRC ChemT patients (342.11
g/L +£15.74 vs. 336.42 g/L. £10.29: p=0.046), and iron deficiency was more prevalent (ChemT20.40 umol/L
+3.891vs. control 23.37 pmol/L +4.10: p=0.001).

Conclusion Our study shows that among CRC survivors who underwent 5-FU and capecitabine therapy
there is a significantly higher prevalence of CAD accompanied by long-term impairment in blood erythro-

poiesis.
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INTRODUCTION

Colorectal carcinoma (CRC) accounts for 10% of all tumours.
CRC is the third most common cancer-related cause of death
claiming over 600,000 lives each year, with 5-year survival
ranging from 30-60% in women, and 28-57% in men (1).

The typical course of treatment for non-metastatic CRC is sur-
gical resection of the tumour aiding histopathological staging
(2). For high-risk stage II and III CRC, treatment consists of
adjuvant chemotherapy (ChemT), with the current standard of
care consisting of a combination of fluoropyrimidine and oxal-
iplatin (3). The most commonly used fluoropyrimidine ChemT
is a combination of S5-fluorouracile (5-FU) given intravenous-
ly, and capecitabine, which is an oral pro-drug that is enzymat-
ically converted to fluorouracil in the tumour (4). However,
this treatment has limited efficacy as within 5 years post-diag-
nosis CRC remains the most common cause of death in these
patients (5). For the patients that survive the 5 year-window
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post-initial diagnosis and treatment, cardiovascular disease
(CVD) is the most common cause of death (6, 7). The 10-year
cumulative cardiovascular morbidity is significantly higher in
CRC patients than in the general population, with the cumu-
lative prevalence of CVD being 71% in the CRC population
versus 22% in non- CRC population (8, 9). Recent studies have
found that patients with CRC are at higher risk of developing
new-onset morbidities related to CVD, with a 10-year cumula-
tive incidence rate of 57% (10).

Prevalence of symptomatic cardiovascular toxicity during
ChemT treatment ranges from 1% to 4 % presenting as atypical
chest pain, ECG changes, coronary artery vasospasms, direct car-
diotoxicity, and even acute myocardial infarction (11). Pre-clini-
cal studies showed that possible acute cardiotoxicity mechanisms
include cellular damage and ischemia (12) . However, CVD
pathogenesis of the CRC survivors still remains unknown (13).
Poor cardiovascular outcome may result from long-term
ChemT impact on blood cell profile and impaired erythropoie-
sis. About 60% of patients with CAD were found to have iron
deficiency (14). Reduced red blood cell (RBC) count and iron
deficiency are linked to higher mortality rates from coronary
artery disease (CAD) (15). Increased haemoglobin concentra-
tion in RBCs, indicated by higher mean corpuscular haemoglo-
bin concentration (MCHC), can lead to high blood viscosity

This article is an open-access article licensed under CC-BY-NC-ND 4.0 license (https://creativecommons.org/licenses/by-nc-nd/4.0/)



Medicinski Glasnik | Volume 22 | Number 2, August | 2025 |

and is linked to enhanced mortality from CVD (16, 17) . In
vitro studies as well as clinical work have shown that acute
treatment with 5-FU decreases blood viscosity. Furthermore, it
was shown that increasing 5-FU concentrations, regardless of
sheer rate, affects blood rheology (18).

Cardiovascular effects of 5-Fluorouracile (5-FU) and capecit-
abine adjuvant colorectal cancer chemotherapy vary from
symptomatic electrocardiographic abnormalities to myocardial
infarction. These changes are acute and present mostly during
the ChemT administration (19). However, the long-term effect
of fluoropyrimidine ChemT on blood composition and the sub-
sequent impact on CVD remains to be elucidated.

The aim of this study was to assess CRC survivors 5 years
post-adjuvant ChemT with 5-FU and capecitabine to identify
whether they develop CAD and impaired erythropoiesis.

PATIENTS AND METHODS

Patients and study design

This prospective 2-year single-centre study was conducted at the
University Clinical Centre in Tuzla, at the Clinic for Invasive Car-
diology and Clinic for Oncology and Radiotherapy (Figure 1).
Records of the 142 patients who received 5-fluorouracile (5-
FU) and capecitabine adjuvant colorectal cancer chemotherapy
between | January 2015 and 1 January 1 2018 were screened
for inclusion in the study. Eligible patients (ChemT group
N=45) were selected using the following inclusion criteria: (1)
diagnosed with CRC as the primary and only tumour; (2) di-
agnosed between 2015 and 2018 (3) patients with CRC that
received treatment with adjuvant ChemT (5-FU and capecit-
abine) for a minimum 5 years and maximum 7 years before the
study started (7) .

The control group (N=45) was selected from 1245 patients
scheduled for coronary angiography between 1 August 2021
and 1 May 2024. The eligible patients for the control group were
selected using the following inclusion criteria: (1) cancer naive,

(2) age-matched to the CRC group (3) gender-matched to the
CRC group (4) selected for elective coronary angiography (7).
Exclusion criteria included: patients who did not give consent
for the study, CRC patients with initially diagnosed metastatic
cancer, those who had cancer recurrence within the time after
ChemT until beginning of the study, CRC patients who had
additional ChemT beside 5-FU and capecitabine, patients with
acute coronary syndromes or those with previously diagnosed
with CAD (Figure 1).

The study protocol was approved by the Ethics Committee of
University Clinical Centre Tuzla (Ref. 02-09/2-40/24) and all
methods were performed in accordance with their guidelines
and regulations.

Methods

During hospitalization, after administration of heparin bolus
(50 U/Kg) and 200 pcg of nitroglycerin, invasive coronary an-
giography was performed with the adoption of a standard right
radial approach (20). After puncturing the anterior wall of the
artery, a standard 5F-guiding catheter was introduced via an
introducer sheet, over diagnostic 0.035inch guidewire and
advanced into the ascending aorta. After gently retracting the
wire, catheter was advanced first into the left followed by the
right coronary cusp. Coaxial engagement of the left and right
coronary ostia was made. Conventional coronary angiogra-
phy cine images were acquired at 15 frames per second. Two
orthogonal views were made of each vessel segment with no
overlaps and sufficient contrast fillings. Presence and severity
of coronary lesions was routinely established by visual screen-
ing by the operator. After the procedure, all patients were ad-
mitted to the Department of Interventional Cardiology.

Antecubital venous blood samples were collected for the analysis
upon admission to the Clinic for Invasive Cardiology: red blood
cells (3.86-5.08 x10%L), haemoglobin (119-157 g/L), haemato-
crit (0.356-0.470 L/L), MCV (83.0-97.2 fL), MCH (27.4-33.9
pg), MCHC (320-345g/L), white blood cells (3.4-9.7x10°/L),
platelets (158-424 x10°/L), neutrophils (2.06-6.49 x10°/L) and
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Figure 1. Summary of study design (Figure created with Biorender.com)



iron (8-30 umol/L). All the blood samples were sent for analysis
to the Polyclinic for Laboratory Diagnostic, University Clinical
Centre Tuzla. The full blood count was determined by Sysmex
XN 1000 laser flow cytometry-based haematological analyser
(Sysmex Corporation, Cobe, Hyogo, Japan). The concentration
of plasma iron was determined by the iron ferrozine colorimetric
assay using Advia Centaur XPT biochemical-immunochemical
analyser (Siemens, Dublin, Ireland).

Statistical analyses

Data are presented as meantstandard deviation (SD) unless
otherwise stated. Normality of data distribution was examined
using Shapiro-Wilk’s normality test. Comparison between two
groups was performed by Student’s t-test (Gaussian data dis-
tribution). Qualitative variables were compared with Parson’s
x2 test. Differences were considered significant when p<0.05.

RESULTS

Among 142 patients who were diagnosed with CRC between
2015-2018 and received adjuvant ChemT (5-FU and capecit-
abine), 45 patients (31.7%) fulfilled the inclusion criteria:
mean age was 65+7 years; 27 (60%) were males (Figure 1).
Among 1245 non-cancer patients hospitalized for elective in-
vasive coronarography over the period 2021-2024, 45 (3.61%)
patients met the eligibility criteria: mean age 65+7 years; 27
(60%) were males (Figure 1).

Both patient groups underwent coronary angiography to detect
the presence of CAD. The prevalence of CAD was significant-
ly higher in the CRC ChemT group, 36 (80%) compared to
only 25 (55%) patients of control group (p<0.01).

Results of full blood count analysis showed significantly low-
er red blood count (RBC) count in ChemT group: 4.45 +0.560
x10%/L vs. control group 4.68+0.500 x10°/L (p=0.044). There was
a trend for lower mean corpuscular volume (MCV) in ChemT
group: 92.14+4.336 fL vs. 90.40+4.136 fL) (p=0.054) (Table 1).

Table 1. Full blood count and iron levels in patients receiving
ChemT therapy for colorectal carcinoma (CRC)

Control (N=45) ChemT (N=45)

Variable
(reference value) Mean+SD P
Red blood cells %
(3.86-5.08 x109/L) 4.68 +0.50 4.45+0.56 0.040
Haemoglobin

+ +
(119-157 /L) 139.87 £14.01  138.71 +£12.09
Haematocrit
(0.356-0.470 L/L) 0.41 £0.046 0.40 +0.039
MCV (83.0-97.2 fL) 90.40 +£4.13 92.14+ 433
MCH (27.4-33.9 pg) 30.89 + 3.66 32.02+1.92
MCHC (320-345g/L) 336.42+10.29 342.11 £ 15.74* 0.046
White blood cells

+ + *
(3.4-9.7x109/L) 7.67+1.72 5.50+1.62 0.0001
Platelets %
(158-424 x109/L) 251.00 £ 156.40 214.18 £50.99* 0.002
Neutrophils
(2.06-6.49 x109/L 3.20+0.77 3.58+1.52
Iron (8-30 umol/L) 23.37+£4.10 20.40 + 3.89* 0.001

*p<0.05 vs. control
MCYV, mean corpuscular volume; MCH, mean corpuscular
haemoglobin; MCHC, mean corpuscular haemoglobin concentration
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Moreover, ChemT patients had significantly lower platelet
count, 214.18+50.99 vs. 251.00+156.40 x10%/L) (p=0.002) and
lower white blood cell count, 5.50+1.62 x10°/L vs. 7.67+1.72
x10%/L (p=0.0001). Cancer survivors had higher mean corpus-
cular haemoglobin concentration (MCHC) (342.11+15.74 g/L
vs. 336.42+10.29 g/L (p=0.046). Lower iron concentration was
detected in ChemT group (20.40+3.89 pmol/L vs. 23.37+4.10
pumol/L (p=0.001).

DISCUSSION

Patients diagnosed with common cancers have unexpectedly
higher prevalence of CVD than the general population, and the
concurrent incidence of both diseases relates to risk factors,
side effects of cancer therapy, and direct cardiovascular effects
of the cancer itself (21). Here, we investigated long-term im-
pact of ChemT consisting of 5-FU and capecitabine in colorec-
tal cancer survivors. To our knowledge, this is the first clinical
study to use coronary angiography, a gold standard for diag-
nosing CAD, to examine this patient population. Furthermore,
we examined the long-term impact of the therapy on full blood
count parameters including iron. Among CRC survivors who
underwent 5-FU and capecitabine therapy, a significantly high-
er prevalence of CAD accompanied by long-term impairment
in blood erythropoiesis was found in our study.

Previous studies have shown higher CVD mortality in CRC
patients in comparison to cancer-naive individuals (6, 22). Re-
portedly, no single mechanism responsible for cardiotoxicity
from these drugs (5-FU and capecitabine) has been reported
as underlying mechanisms are multifactorial (23). Preclinical
work on rats has demonstrated that 5-FU can cause short-term
effect on the heart: haemorrhagic infarction, proximal spasm of
the coronary arteries and concentric fibrous thickening of the
intima of the small arteries (24). Histopathological studies in
rabbits have shown arterial endothelial damage after adminis-
tration of 5-FU (12).

In vitro studies on cultured myocardial and endothelial cells
showed that toxic effects of 5-FU may not be lethal, but may
reflect reversible interference with cellular function (25). Our re-
sults of higher prevalence of CAD in ChemT patients versus the
control group could explain the enhanced CVD mortality asso-
ciated with post-adjuvant therapy with 5-FU capecitabine (26).
Some of the pathophysiological mechanisms of cardiotoxic-
ity of 5-FU could be due to its influence on blood rheology.
In vitro studies have shown that 5-FU interacts with the cell
membrane, induces echinocytosis and vesiculation, and af-
fects blood rheology, which may contribute to CVD (27). In
our study, higher MCHC in ChemT CRC patients was found.
Higher MCHC correlates with increased rigidity of RBCs and
can negatively impact microcirculatory blood flow. It can con-
tribute to higher blood viscosity, which may contribute to a
lack of myocardial perfusion, ischemia and bigger infarct size
in acute myocardial infarction (AMI) (28). Higher MCHC can
be a prediction factor for poorer prognosis in several cardio-
vascular conditions like acute myocardial infarction and con-
gestive heart failure (16). Our results showed significantly
lower red blood cell count in ChemT group, which can also
contribute to increased cardiovascular mortality (15).

We have also found lower platelet and white blood cell count
in ChemtT CRC patients. Low platelet counts in patients with
AMI have been associated with a higher incidence of major ad-
verse cardiovascular events and shorter survival (29). Further-
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more, low platelet count correlates with increased all-cause
mortality (30). In previous studies, lymphopenia was associat-
ed with increased infection-related deaths (31).

Patients treated with 5-Fu and capecitabine ChemT had sig-
nificantly lower iron levels. Previous studies have shown that
iron deficiency prevalence ranges between 29-56% in patients
admitted for acute coronary syndrome. Furthermore, iron
deficiency has been associated with a 50% increased risk of
non-fatal AMI and CVD death after extensive adjustments in-
cluding anaemia (32).

In conclusion, the changes observed in blood composition
parameters due to long-term effects of 5-FU and capecitabine
could be the cause of higher cardiovascular morbidity and
mortality after 5 years or long-term, in CRC ChemT patients.
Significantly higher presence of CAD could be caused by the
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