
ISSN: 1607-8322, e-ISSN: 2220-5799                   Anaesthesia, Pain & Intensive Care 

Vol 30(6); June 2026                                                            DOI: 10.35975/apic.v30i6.3263 
 

www.apicareonline.com 690 Open access attribution (CC BY-NC 4.0)  

  ORIGINAL RESEARCH         PERIOPERATIVE MEDICINE 

Impact of dihydropyrimidine dehydrogenase 
deficiency on oxidative stress index induced by 5-
fluorouracil therapy in patients with stage-III 
colorectal cancer patients 
Muhtada Ali Challoob 1 , Omar Khalid Suhail 2 , Mustafa Burhan Ali 3 

Authors affiliations: 

1. Muhtada Ali Challoob, MD, MSc. Lecturer in College of Pharmacy, University of Misan, Maysan, Iraq. ORCID: 0009-0007-2869-2159; 
Email: muhtada.ali@uomisan.edu.iq 

2. Omar Khalid Suhail, Department of Applied Pathological Analysis, College of Science, Al-Nahrain University, Baghdad, Iraq. 
Email: omar.khalid@nahrainuniv.edu.iq 

3. Mustafa Burhan Ali, Department of Medical Chemistry, College of Medicine, Al-Mustansiriyah University, Baghdad, Iraq. 
Email: dr.mustafa.al_burhan@uomustansiriyah.edu.iq 

Correspondence: Muhtada Ali Challoob, Email: muhtada.ali@uomisan.edu.iq  
 

ABSTRACT  

Background & objective: To the best of our knowledge, no previous studies have examined the valuation of 
oxidative stress levels in colorectal cancer patients with dehydropyrimidine dehydrogenase (DPD) deficiency 
who are receiving 5-fluorouracil chemotherapy. The aim of this study is to determine the oxidative stress index 
(OSI) in stage III colorectal cancer patients with DPD deficiency who are receiving 5-fluorouracil (5-FU) 
chemotherapy. 

Methods: This study comprised 164 male patients with stage III colorectal cancer, all of whom got adjuvant 
treatment containing of a single cycle of 5-fluorouracil (5-FU). Participants were categorized according to their 
DPD levels into two groups: 82 males with DPD deficiency and 82 males without DPD deficiency. Multiple 
regression analyses were carried out to evaluate the OSI and its related elements after adjusting for potential 
confounders, and receiver operating characteristic (ROC) curve analysis was conduct to evaluate the diagnostic 
performance of OSI. 

Results: The OSI was expressively higher in DPD-deficient patients in comparison with non-DPD-deficient 
patients (P < 0.001). OSI exhibited a significant negative correlation with DPD levels (r = –0.674, P < 0.001) and 
white blood cell (WBC) count (r = –0.570, P < 0.001). In multiple regression analysis, DPD level was independently 
related with OSI (P < 0.001). Additionally, receiver operating characteristic (ROC) curve analysis revealed 
excellent diagnostic performance of OSI, with an area under the curve (AUC) of 0.989 (95% CI: 0.979–0.999, P < 
0.001). 

Conclusions: A strong relationship was observed between DPD deficiency and severe systemic oxidative stress 
in colorectal cancer patients receiving 5-FU chemotherapy. 
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1. INTRODUCTION 

Colorectal cancer remains one of the main global 

health burden and is among the leading causes of 

cancer-related mortality worldwide.1 For numerous 

decades, systemic chemotherapy for colorectal cancer 

has depend primarily on the fluoropyrimidine analog 

5-fluorouracil (5-FU).2 Its antitumor activity is mainly 
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attributed to the inhibition of thymidylate synthase, an 

important enzyme in DNA synthesis, thereby 

suppressing the proliferation of quickly dividing 

cancer cells.3 Nevertheless, despite its widespread 

clinical use, the therapeutic application of 5-FU is 

restricted by its narrow therapeutic index and 

considerable interindividual variability in treatment 

response and toxicity.4 

A foremost determinant of this interindividual 

variability is the pharmacogenetic syndrome of 

dihydropyrimidine dehydrogenase (DPD) deficiency.5 

DPD, encoded by the DPYD gene, is the early and 

rate-limiting enzyme responsible for the catabolism of 

5-fluorouracil (5-FU), accounting for the degradation 

of more than 80% of the administered dose.6 Patients 

with partial or complete DPD deficiency display 

impaired 5-FU metabolism, resulting in prolonged 

systemic exposure to active metabolites and a 

substantially increased danger of severe, and 

potentially life-threatening, toxicities such as 

myelosuppression, mucositis, and neurotoxicity.7 

These clinical consequences highlight the urgent need 

for dependable biomarkers to predict and monitor 5-

FU–related adverse events, particularly in this high-

risk population. 

Emerging evidence highlights the essential role of 

oxidative stress in both the mechanism of action and 

the pathophysiology of toxicities related with several 

chemotherapeutic agents, including 5-fluorouracil (5-

FU).7 Oxidative stress consequences from an 

imbalance between the generation of reactive oxygen 

species (ROS) and the capacity of cellular antioxidant 

defenses to neutralize these reactive intermediates.8 

Administration of 5-FU has been presented to elevate 

ROS levels, causing cellular damage by the lipid 

peroxidation, protein oxidation, and DNA lesions.9 In 

the context of DPD deficiency, prolonged systemic 

exposure to 5-FU may amplify this oxidative burden, 

thereby contributing substantially to the severe 

toxicity profile observed in affected patients.10 

To comprehensively assess the balance between pro-

oxidant and antioxidant forces within a biological 

system, the concept of “oxidative stress” has been 

established.11 This state can be quantified utilizing a 

panel of biomarkers, including Total Oxidant Status 

(TOS), which reveals the overall oxidant burden, and 

Total Antioxidant Capacity (TAC), which represents 

the combined effectiveness of endogenous antioxidant 

defenses. The ratio of TOS to TAC, expressed as the 

Oxidative Stress Index (OSI), offers an integrated 

measure of oxidative state.12 Evidence from studies in 

many cancers suggests that these markers may be 

associated with disease severity and treatment 

response.13 

So, this study is built upon the hypothesis that an 

exaggerated state of systemic oxidative stress 

constitutes an important mechanistic contributor to the 

severe toxicity observed in DPD-deficient colorectal 

cancer patients receiving 5-fluorouracil (5-FU) 

chemotherapy. We suggest that quantifying oxidative 

stress biomarkers, including Total Oxidant Status 

(TOS), Total Antioxidant Capacity (TAC), and the 

Oxidative Stress Index (OSI), could provide a new and 

clinically valuable means of identifying patients at 

high risk for severe adverse reactions. Understanding 

the interplay between a precise pharmacogenetic 

profile and the systemic oxidative response to 

chemotherapy may simplify the development of 

personalized therapeutic strategies, comprising the 

potential use of antioxidant co-therapy to mitigate 

toxicity and improve the therapeutic index of 5-FU in 

this genetically defined patient subgroup. This study 

seeks to address a serious gap in our understanding of 

5-FU–induced toxicity and to inform innovative 

approaches for safer and more effective colorectal 

cancer treatment. 

Considering this background, this study was carried 

out to investigate the influence of dihydropyrimidine 

dehydrogenase (DPD) on the oxidative stress index 

(OSI) in patients with stage III colorectal cancer 

undergoing 5-fluorouracil (5-FU) therapy. 

2. METHODOLOGY 

An observational cross-sectional study was performed 

in Misan, Iraq, involving cancer patients receiving 

care at Misan Health Directorate—Misan Center for 

Tumor Treatment. An entire of 164 male patients from 

Iraq, who had previously undergone surgical 

intervention for stage III colorectal cancer, were 

enrolled. The study was performed between 

November 2023 and February 2025. 

All patients comprised in the study were confirmed to 

have stage III colorectal cancer by a pathologist 

depending on tissue biopsy. Every patient underwent 

surgical resection of the malignant tumor, followed by 

the standard treatment protocol. Patients getting 

adjuvant therapy in the form of a single cycle of 

fluoropyrimidine-based chemotherapy (5-

fluorouracil, 5-FU) were subsequently divided into 

two groups according to their DPD enzyme levels. The 

main group consist of 82 male patients, aged 41–71 

years, with DPD deficiency, while the second group 

included 82 male patients, aged 40–68 years, without 

DPD deficiency. Especially, patients with DPD 

deficiency displayed more severe relapse and 

significantly lower white blood cell counts compared 

to patients without DPD deficiency. 

The research objects were clearly explained to all 

participants, and data were collected by using a 

comprehensive questionnaire. Informed consent was 

gained from each participant prior to inclusion in the 

study. The study protocol was approved by the College 

of Medicine, Baghdad, Iraq (IRB approval number 

2023/138B) and was carried out in consistent with the 
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1964 Helsinki Declaration and its later 

amendments, or with comparable ethical 

standards. 

The study excluded individuals with other 

malignancies, including kidney, bladder, 

lung, prostate, pancreatic, stomach, liver, 

bone, brain cancers, melanoma, thyroid 

cancer, leukemia, and stage IV colorectal 

cancer. Patients with liver disease, active 

inflammatory conditions, Cushing’s disease, 

pancreatitis, acromegaly, renal failure, or a 

history of pancreatectomy were also 

excluded, as were those with chronic or acute 

inflammatory disorders. 

2.3. Laboratory Analysis 

Venous blood samples (5 mL) were collected 

from each participant using gel tubes 

containing a clot activator and permitted to 

clot at room temperature for approximately 4 

minutes. Serum was detached by centrifugation at 

5000 rpm for 10 minutes and subsequently isolated 

within one hour of collection. The serum was then 

directly conveyed to a separate tube and stored at –

20°C until analysis. Hemolyzed samples were 

excluded, and prior to analysis, all samples were 

brought to room temperature. Participants were 

provided with detailed information regarding the study 

objectives, and data were collected using a 

comprehensive questionnaire. All procedures were 

performed in strict consistent with the ethical 

guidelines approved by the Ethics Committee of 

College of Medicine, University of Baghdad. 

White blood cell (WBC) counts were determined 

using an automated hematology analyzer (GENEX 

device, GENEX Laboratories, New York, USA). 

Dihydropyrimidine dehydrogenase (DPD) 

concentration was measured by an enzyme-linked 

immunosorbent assay (ELISA) using a commercially 

available DPD ELISA kit (Shanghai, China) for in 

vitro diagnostic purposes. Serum levels of total 

antioxidant capacity (TAC) and total oxidant status 

(TOS) were counted by using commercially available 

ELISA kits in accordance with the manufacturer’s 

instructions (ZellBio GmbH, Veltlinerweg 42, 89072 

Ulm, Germany). The oxidative stress index (OSI) was 

calculated as the ratio of TOS to TAC. Body mass 

index (BMI) was calculated in kg/m². 

2.4. Statistical Analysis 

The collected data were analyzed by using the 

statistical software package (IBM SPSS Statistics, 

version 27; IBM Corp., Armonk, NY, USA). The 

Kolmogorov–Smirnov and Shapiro–Wilk tests had 

carried out to evaluate the normality of the variables. 

Typically distributed data are presented as mean ± 

standard deviation (SD), while non-normally 

distributed data are indicated as median and 

interquartile range (IQR). Comparisons between  

 

groups had carried of by using the independent 

samples t-test for normally distributed continuous 

variables and the Mann–Whitney U test for non- 

normally distributed variables. Sensitivity and 

specificity had been calculated, and the optimal cut-

off value was determined using receiver operating 

characteristic (ROC) curve analysis. Statistical 

significance, which reveals the degree of confidence 

in the study outcomes, was defined as a P-value ≤ 0.05. 

Correlations were assessed via Pearson’s or 

Spearman’s correlation analysis, as appropriate. The 

outcomes of linear regression analysis are presented as 

correlation coefficients (r) or regression coefficients, 

along with corresponding P-values and 95% 

confidence intervals (CI). 

3. RESULTS 

The study population included 164 male patients, 

equally divided into a DPD-deficient group (n = 82; 

age range: 41–71 years) and a non-DPD-deficient 

group (n = 82; age range: 40–66 years) . 

3.1. Demographics / Laboratory Data 

The Mann–Whitney U test and independent samples t-

test had utilized to assess differences in age, BMI, 

WBC count, and DPD levels between DPD-deficient 

and non-DPD-deficient patients. BMI, WBC count, 

DPD, and TAS levels were significantly lower in 

DPD-deficient patients compared with non-DPD-

deficient patients (P < 0.05). On the other hand, TOS 

and OSI levels were significantly higher in DPD-

deficient patients than in non-DPD-deficient patients 

(P < 0.05), as shown in Table 1. 

Table 1: Demographics and laboratory characteristics 
data; the differences in median (IQR) between the DPD-
deficient and non-DPD deficient patients 

Varibles DPD-deficient 
patients (N=82) 

Non-DPD 
deficient 
patients (N=82) 

P-Vaue 

Age (years) 52 (10.5) 55 (10) .254 

BMI (kg/m2) 21.1 (4.2) 19.4 (3.35) 0.002 

WBC (x 109/l) 2.5 (.8) 3.85 (1.5) 0.000 

DPD (ng/ml) 25 (14) 79 (14.75) 0.000 

TOS (µmol/l) 3.67 ± 0.37 1.97 ± 0.57 0.000 

TAS (µmol/l) 41.02 ± 11.1 49.35 ± 5.15 <0.001 

OSI 0.98 ± 0.38 0.4 ± 0.12 0.000 

P < 0.05, statistically significant; N= number; IQR, interquartile range; 
SD, standard deviation; DPD: dihydropyrimidine dehydrogenase; WBC: 
white blood cell; BMI: body mass index; OSI: oxidative stress index; 
TOS: total oxidant status; TAS: total antioxidant capacity 
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3.2. Correlation 
Analysis  

Pearson’s correlation 

analysis has 

conducted to assess 

the associations 

between OSI and both 

DPD and WBC levels 

among the patients. A 

highly significant 

negative correlation 

was observed between 

OSI and DPD, as well 

as between OSI and 

WBC (P < 0.001), as 

shown in Table 2 and 

Figure 1 . 

3.3. Regression 
Analysis of OSI 

Multiple linear 

regression analysis, 

adjusted for potential 

confounders, 

exhibited significant 

relations between OSI 

and DPD 

concentration (P < 

0.001), as well as 

WBC count (P = 0.045), as shown in Table 3. 

 

3.4. Receiver Operating Characteristic 
(ROC) curve analysis for OSI 

Receiver operating characteristic (ROC) curve 

analysis for OSI (Table 4) revealed an area under the 

curve (AUC) of 0.989 (95% confidence interval [CI]: 

0.979–0.999), referring excellent diagnostic accuracy 

in distinguishing DPD-deficient from non-DPD-

Table 2: Variable correlation analysis 
between OSI with factors 

Variables 
Correlation 

Correlation 
coefficient 

P 
value 

OSI and DPD - 0.674 <0.001 

OSI and WBC - 0.57 <0.001 

P < 0.05 is statistically significant 

Table 3: Multiple linear regression analysis 
between OSI as dependent variable with factors 
as independent variable. 

Multiple linear regression 

Variables 
independent 

Coefficients P value 
95% CI 

Lower Upper 

DPD -.007 <.001 -.009 -.005 

WBC -.044 .045 -.088 -.001 

Age .002 .473 -.003 .006 

Constant .904 <.001 .675 1.133 

Multiple linear regression via an entry technique; adjusted R2: 0.577; 
the p-value is considered statistically significant when it is less than 
0.05; CI: confidence interval; OSI: dependent variable. 

Table 4: Receiver Operating Characteristic (ROC) 
curve analysi 

Variables OSI P-value 

AUC value 0.989  

P value <0.001  

Cut-off 0.485 <0.001 

Asymptotic 95% CI 
Lower 0.979 

Upper 0.999 

Sensitivity % 95  

Specificity% 90.2  

Test Quality Excellent  

AUC: area under the curve; CI: confidence interval; P-value 
<0.05 is statistically significant. 

Figure 1: Correlation analysis between OSI with DPD and WBC. Inverse 
correlation between OSI with DPD and WBC  
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deficient patients. This excellent performance 

suggests that OSI is a highly reliable biomarker for 

oxidative stress severity and supports its clinical utility 

in identifying patients at risk of severe toxicity. The 

optimal cut-off value for OSI was 0.485, which 

delivered the best balance between sensitivity (95%) 

and specificity (90.2%) in the present analysis.  

 

Clinically, OSI values above 0.485 may strongly 

indicate severe toxicity related with DPD deficiency. 

The outcomes were statistically significant (P < 

.0.001), as shown in Table 4 and Figure 2. 

Figure 2: Receiver Operating Characteristic (ROC) curve 
analysis for OSI; an area under the curve of 0.989 (95% 
confidence interval: 0.979-0.999), p-value of <0.001 

4. DISCUSSION 

This study presents strong proof about relating of 

dihydropyrimidine dehydrogenase (DPD) deficiency 

with pronounced oxidative stress and subsequent 

organ toxicity in Iraqi male patients with colorectal 

cancer receiving 5-fluorouracil (5-FU)–based 

chemotherapy. The vital outcome is a significant, 

independent inverse relationship between DPD levels 

and the Oxidative Stress Index (OSI), suggesting that 

reduced DPD concentrations predict a heightened state 

of systemic oxidative stress. 

Dihydropyrimidine dehydrogenase (DPD) is 

responsible for metabolizing more than 80% of 

administered 5-fluorouracil (5-FU). Lack of this 

enzyme results in the accumulation of 5-FU, mainly in 

the liver, thereby prolonging its cytotoxic activity and 

markedly increasing the danger of severe toxicity.14,15 

Our results are automatically consistent with this 

established role, suggesting that the buildup of 

unmetabolized 5-FU promotes excessive generation of 

reactive oxygen species (ROS). This is evidenced by 

the significantly elevated Total Oxidant Status (TOS) 

and the concomitant reduction in Total Antioxidant 

Status (TAS) observed in the DPD-deficient group. 

Furthermore, 5-FU has been shown to deplete main 

intracellular antioxidants. Previous studies in 

colorectal cancer patients have confirmed that 5-FU–

based chemotherapy reduces levels of reduced 

glutathione and the antioxidant enzyme glutathione 

peroxidase, in addition to lowering concentrations of 

vitamin E and β-carotene. The weakening of this 

antioxidant defense system further enlarges the 

harmful effects of increased ROS production.16–18 

Collectively, these outcomes support the well-

recognized concept that chemotherapy-induced 

oxidative stress can result in extensive cellular 

damage.19 

Moreover, the significant inverse association between 

the Oxidative Stress Index (OSI) and white blood cell 

(WBC) counts supports the well-established 

myelosuppressive effects of 5-FU toxicity.20 These 

outcomes propose that the same oxidative stress–

mediated mechanism responsible for hepatic and renal 

injury may also impair hematopoietic stem cells within 

the bone marrow, ultimately resulting in 

leukopenia.21,22 This clarification is concordant with 

present evidence indicating that chemotherapy-

induced reactive oxygen species (ROS) can activate 

apoptotic pathways in rapidly proliferating cells, 

including immune cell precursors.23,24 

The most important clinical implication of this study 

emerges from the Receiver Operating Characteristic 

(ROC) curve analysis. The Oxidative Stress Index 

(OSI) shown outstanding diagnostic performance 

(AUC = 0.989) in detecting DPD deficiency. The 

proposed cut-off value of 0.485 for OSI, yielding 95% 

sensitivity and 90.2% specificity, represents a robust 

and clinically meaningful threshold. Furthermore, 

multiple linear regression analysis reaffirmed the 

important connection between OSI and DPD 

concentration, even after controlling for potential 

confounding variables. These outcomes refer that OSI 

may serve as a dependable, non-invasive biomarker 

for predicting severe 5-FU–related toxicity. 

Monitoring OSI following treatment could facilitate 

early identification of high-risk patients, enabling 

timely dose modifications or consideration of 

substitute therapeutic strategies. Such an approach 

would support individualized chemotherapy and 

reduce the likelihood of life-threatening adverse 

effects. 

This study possesses numerous notable strengths, 

including its concentration on a well-defined patient 

population and the comprehensive statistical analyses 

that link enzymatic deficiency, systemic oxidative 

stress, and end-organ toxicity. However, certain 

limitations must be acknowledged. The cross-

sectional design allows for the identification of strong 

associations but does not permit definitive conclusions 

regarding causality. Furthermore, the study was 

carried out at a single center and included only male 

participants, which may limit the broader 

generalizability of the outcomes. 
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5. CONCLUSIONS 

In conclusion, this study exhibits that DPD deficiency 

in colorectal cancer patients receiving 5-FU therapy is 

strongly related with pronounced systemic oxidative 

stress. This raised oxidative burden is, in turn, closely 

linked to clinically significant myelosuppression. The 

most significant contribution of this work is the 

validation of the Oxidative Stress Index (OSI) as a 

highly accurate predictive biomarker for identifying 

patients at risk of severe toxicity related to DPD 

deficiency. Incorporating OSI assessment into clinical 

practice could represent a substantial advancement in 

the management of 5-FU therapy, supporting a more 

individualized treatment strategy that proactively 

detects vulnerable patients and lessens the risk of 

serious, potentially life-threatening chemotherapy-

related complications. Further prospective 

investigations are needed to confirm these outcomes 

and to facilitate the integration of OSI measurement 

into routine clinical protocols. Accordingly, OSI 

assessment may be incorporated within established 

guidelines to help predict and monitor severe 

complications associated with DPD deficiency during 

5-FU treatment. 
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