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Abstract 

Background:5-fluorouracil(5-FU) has been extensively used as monotherapy or in combination therapy for a 

variety of solid cancers. Capecitabine, a novel oral fluoropyrimidine derivative may be converted to 5-FU 

selectively in tumors. Although treatment with 5-FU is generally well tolerated, few people often experience 

fluoropyrimidine-related toxicity. This can be explained by clinical factors. However, much variability in 

toxicity remains unexplained. Dihydropyrimidine dehydrogenase (DPYD) is a rate limiting metabolizing 

enzyme for fluorouracil and its prodrug capecitabine. Reports show that G>A single nucleotide 

polymorphism at the 5’-splice sequence of exon 14 (DPYD*2A) of DPYD gene to be highly polymorphic, 

which leads to the formation of a truncated non-functional protein. It is considered to be predictive marker as 

about 50% DPYD*2A allele carriers actually develop severe toxicities with 5-FU. However, the 

polymorphism pattern of DPYD*9 and DPYD*2 and its association with tolerability are limited in Indian 

setting. 

In silico analysis of the SNPs using bioinformatics tools, SIFT, Polyphen 2 and I Mutant 3 showed that all 

the four SNPs were deleterious. Hence selection of these SNPs is justifiable. 

 

Objectives: 

a) To determine the pattern of DPYD*9 and DPYD*2 gene polymorphisms in cancer patients with solid 

tumors (colorectal cancer, TNBC, Ca stomach) 

b) To estimate the plasma concentration of 5FU at the end of first and 4th cycle. 

c) To evaluate the association of myelosuppression, GIT and skin toxicity due to capecitabine therapy in 

patients of DPYD*9 and DPYD*2 gene polymorphism in our population. 

 

Methodology: Eligible cancer patients who receive oral capecitabine will be recruited. Blood sample will be 

collected for Genotyping of DPYD*9 and DPYD*2 polymorphisms by PCR-RFLP/gene sequencing. 

Myelosuppression, Febrile Neutropenia and other toxicities will be monitored. 

 

Conclusion: A reduced functional DPD enzyme is often caused by genetic polymorphisms in DPYD. The 

heterozygous carriers of such DPYD polymorphisms have a partial DPD deficiency. When such patients are 

treated with a full dose of fluoropyrimidines, they are generally exposed to toxic levels of 5-FU and its 

metabolites. 
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Background:  

5-fluorouracil (5-FU) has been extensively used 

for almost five decades either as monotherapy or 

in combination therapy for a variety of solid 

cancers [1]. Capecitabine, a novel oral 

fuoropyrimidine derivative may be converted to 5-

FU selectively in tumors through a cascade of 

different enzymes. Several metabolic pathways 

are involved by which 5-FU and the prodrug 

capecitabine are converted to active nucleotide 

analogues[2].The main mechanism of action is by 

inhibition of  thymedylate synthase, which plays 

an important role in the folate homocysteine cycle 

and pyrimidine synthesis pathways. Also, the 

active metabolite (5-FU) can be incorporated 

directly into the RNA and DNA ultimately leading 

to cell death [3].  

 

The most common dose-limiting capecitabine 

toxicities are hand-foot syndrome (HFS), diarrhea 

febrile neutropenia and thrombocytopenia which 

may demand either dose reduction or 

discontinuation of therapy. This can be explained 

by clinical factors, such as age, gender, local 

clinical practice and, possibly, diet. However, 

much variability in toxicity remains unexplained 

[4]. 

 

Dihydropyrimidine dehydrogenase (DPYD): 

DPYD is a rate limiting metabolizing enzyme for -

flurouracil and its prodrug capecitabine. 

Overexpression of DPYD enzyme is related to 

drug resistance [5]. A meta-analysis reported that 

DPYD gene to be highly polymorphic in different 

ethnic population. G>A single nucleotide 

polymorphism at the 5’-splice sequence of exon 

14 (DPYD*2A) is the most commonly reported 

variation of DPYD gene which leads to the 

formation of a truncated non-functional protein 

[6]. The major limitation of this polymorphism of 

being used as a predictive marker for toxicity is its 

lower minor allele frequency in different ethnic 

groups and only about 50% DPYD*2A allele 

carriers actually develop severe toxicities with 5- 

FU[7]. Despite the documented data from 

different ethnic groups, the polymorphism pattern 

of DPYD*9 and DPYD*2 and its association with 

tolerability are limited in Indian setting.  

 

In six RCTs, patients receiving capecitabine as 

neoadjuvant or adjuvant treatment for breast 

cancer showed grade 3–4 leucopenia [8-13]. 

25.73% patients in the capecitabine group 

developed grade 3–4 leucopenia after neoadjuvant 

or adjuvant treatment and 39.11% in capecitabine-

free group. 

In six RCTs, the rates of grade 3 HFS were 

reported [8, 10-14], overall, 14.87% patients in the 

capecitabine group developed grade 3 HFS after 

neoadjuvant or adjuvant treatment and 1.70% 

experienced in the capecitabine-free group.  

 

Rosmarin in his study concluded that   DPYD 

polymorphisms was consistently associated with 

capecitabine toxicity, rs12132152 and rs12022243 

rs12132152 were particularly strongly associated 

with HFS [15]. 

 

The clinical pharmacogenetic implementation 

consortium guidelines stated the DPYD*2A 

polymorphism patients should receive 30–50% 

dose reduction in heterozygous (GA) patients and 

switching to an alternate drug in homozygous 

(AA) DPYD*2A mutants [16]. 

 

Lokanayagam et al concluded four DPYD 

sequence variants (c.1905 + 1G>A [rs3918290], 

c.2846A4T [rs67376798] c.1601G4A [rs1801158] 

and c.1679T>G [rs55886062] were found in 6% 

of the cohort and were significantly associated 

with grade 3–4 toxicity[17]. 

 

Varma et al studied the influence of DPYD*9A 

polymorphism on plasma concentration of 5-FU 

concluded that DPYD *9 polymorphism had a 

significant influence on the plasma levels of 5-FU 

after capecitabine administration. [18] 

 

Ramalaksmi S et al conducted genetic study in 

south Indian origin suffering from colorectal 

cancer on CAPOX therapy. She reported exon 14 

skipping IV +1g>A (DPYD*9A) which is related 

to DPYD deficiency occurred in only 1of 16 

(5.5%) patients and this was associated commonly 

with more toxic side effects and nonresponsive to 

treatment. [19] 

 

In silico analysis of genes using bioinformatics 

tools avoids screening of a huge number of 

individuals to detect an association between the 

gene and the disease at a reasonable level of 

statistical significance. In other words, these tools 

help in the pre-selection of SNPs. 

 

Before taking up wet lab-based approaches, if 

disease-associated SNPs can be identified from 

neutral SNPs, it would be of great use. In silico 

analyses are useful when the disease associations 

could not be established by subsequent 

independent studies. Hence, independent evidence 

of functionality of SNPs obtained by using 

prediction tools could also serve as additional 
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resources to discriminate true associations from 

false positives. 

Table 1 shows the in-silico analysis of the 

concerned SNPs using SIFT, Polyphen and I 

Mutant bioinformatics tools. In missense 

mutations, 4 SNPs were selected, D949V, S534N, 

I560S and I560S. All the 4 SNPs were found to be 

Damaging with SIFT Score of 0.00. These SNPs 

were analysed by the PolyPhen tool with score of 

0.996,0.993, 1.00 and 1.00 respectively all of 

them being probably damaging. I-mutant 3.0 was 

used to predict the effects of single point mutation 

on the protein stability. DDG values of binary 

classification showed values of <0 implying a 

decreased stability of the protein as a result of the 

gene polymorphism. Hence it is justifiable to find 

its association with the effect of drug and 

therapeutic outcome. 

 

Table 1:IN SILICO analysis of the SNPs of DPYD using bioinformatics tools 
Common  

Allele ID 

Codons Substitution dbSNP SNP type Prediction SIFT 

Score 

Polyphen 

Score 

Sensitivity Specificity Prediction SVM 2 

Prediction 

effect 

DDG value 

Prediction 

by I 

Mutant 

1,97547947,1,
T/AT>A 

GAT-GtT D949V rs67376798 Non 
synonymous 

Damaging 0.00 0.996 0.55 0.98 Probably 
damaging 

-0.12 
Kcal/mol 

Decrease 

1,97981421,1,

C/T 

AGT-AaT S534N rs1801158:T Non 

synonymous 

Damaging 0.00 0.993 0.7 0.97 Probably 

damaging 

-0.54    

Kcal/mol 

Decrease 

1,97981343,1,
A/C 

ATT-AgT I560S rs55886062:C Non 
synonymous 

Damaging 0.00 1.00 0.00 1.00 Probably 
damaging 

-1.80    
Kcal/mol 

Decrease 

1,97981343,1,

A/T 

ATT-AaT I560S rs55886062:T Non 

synonymous 

Damaging 0.00 1.00 0.00 1.00 Probably 

damaging 

-1.80    

Kcal/mol 

Decrease 

 

Hypothesis: 

Myelosuppression, GIT and skin toxicity are more 

pronounced in our patient population with DPYD 

*9 and DPYD*2 gene polymorphism in patients 

receiving   capecitabine therapy.    

 

Specific Objectives: 

1. To determine the pattern of DPYD*9 and 

DPYD*2 gene polymorphism in patients of 

solid cancers (Colorectal carcinoma, TNBC 

and Ca Stomach)  

2. To estimate the plasma concentration of 5FU at 

the end of first and 4th cycle  

3. To evaluate the association of 

myelosuppression, GIT and skin toxicity due to 

capecitabine therapy in patients of DPYD*9 

and DPYD*2 gene polymorphism in our 

population.    

 

Methodology: 

Study Design: Prospective Observational Study 

Study Setting: Medical Oncology Dept of 

JKSHCH, Mangalore & KMC Attavar 

Central Research Laboratory, KSHEMA  

 

Study Period:  2 years from IEC approval  

 

Inclusion Criteria:   
1. Patients of more than 18 years of age 

diagnosed with any solid cancer eligible to 

receive oral capecitabine chemotherapy for 8 

cycles.  

2. Patients willing to participate in the study.  

 

 

Exclusion criteria: 

1. Known contraindications for Fluorouracil 

therapy – coronary insufficiency, pregnancy, 

lactation.  

 

Sample size:  

Formula used :4pq/d2 

p- Prevalence of ADR of 30% in DPYD *9 

polymorphism and 8 % of precision rate 

4x0.30x0.0.07/ 0.08x0.08= 132 

With 15% attrition=150 

 

Methodology:  

Clinical Work:  Patients suffering from any type 

of solid cancer eligible to receive oral 

capecitabine in a dose of 625- 850 mg/m2 twice 

daily for 2 weeks followed by 1 week rest for 8 

cycles (fulfilling inclusion and exclusion criteria) 

will be enrolled after obtaining the written 

informed consent.  

 

Sample collection: 4ml of venous blood sample 

for genotyping of DPYD*9 AND DPYD*2 was 

drawn prior to initiation of capecitabine therapy.  

The baseline parameters such as CBC, (Hb%, TC, 

DC, ESR, Platelet count, LFT were performed and 

followed with a complete blood count done every 

3 weeks. The patient will be clinically evaluated 

for signs of gastrointestinal, hemopoietic, skin 

toxicity in addition to routine oncology evaluation 

for the respective cancer for which patient is 

receiving the therapy. 

 

Parameters observed:  Myelosuppression: 

Absolute neutrophil count (ANC) , platelet count, 

http://www.ncbi.nlm.nih.gov/sites/entrez?db=snp&cmd=search&term=+rs55886062
http://www.ncbi.nlm.nih.gov/sites/entrez?db=snp&cmd=search&term=+rs55886062


Effect Of Dihydropyrimidine Dehydrogenase Gene Polymorphism On Tolerability Of  

Oral Capecitabine Therapy In Solid Tumors.  Section A-Review Paper 

 

Eur. Chem. Bull. 2023, 12(Special Issue 10), 1696 – 1701                       1699 

Episodes of febrile neutropenia, cumulative dose 

of capecitabine and duration of treatment 

interruptions were recorded for 24 weeks. Dose 

adjustment, if any, was done as per routine to 

maintain an ANC between 750–1500/cumm will 

be noted. 

 

Definitions: Myelosuppression ANC<750 cumm 

and or thrombocytopenia<75000cumm 

Febrile Neutropenia (Temperature higher than 

38 °C with ANC). 

 

Thrombocytopenia, Hand foot syndrome and GIT 

toxicity will be categorized as per NCI- CTC 

revised criteria.  

 

Patients will be evaluated for tolerating the dose 

initiated, Percentage of patients completing the 

planned cycle of capecitabine therapy at 24 weeks. 

Patients will also be monitored for symptoms of 

GIT (stomatitis, vomiting, Diarrhea, hand-foot 

syndrome.   

 

Laboratory work:  
Blood sample collection for genetic analysis: 3 

ml of venous blood samples will be collected in 

EDTA (2%) vial. EDTA blood will be utilized for 

DNA extraction and genotyping. DNA will be 

extracted from leukocytes by using DNA 

extraction mini kit. 

 

Quality analysis of the extracted DNA: The 

quality of the DNA will be checked by 

electrophoresis on 0.8% Agarose gel, containing 

ethidium bromide (0.5 µg/ml) in TAE buffer. 

 

Quantification of genomic DNA: The 

quantification and purity of DNA will be checked 

by the spectrophotometer (ratio of OD260 / 

OD280). DNA concentration was calculated using 

the following formula:  

Concentration (µg/ml) of DNA in original 

solution= Absorbance x 100 x 50 µg/ml. 

 

Amplification and Genotyping of the gene 

polymorphism: Genotyping of all genes will be 

confirmed by PCR-RFLP. 

 

Genotyping of DPYD*9 and DPYD*2 

polymorphisms:   

Genotyping will be performed using PCR RFLP 

for DPYD*9 (DPD (IVSI14+1G>A) and 

genotyping was performed using PCR and gel 

electrophoresis.  5'- 

ATCAGGACATTGTGACATATGTTTC-3’ will 

be the forward primer and 5'-CTTGTTT 

TAGATGTTAAATCACACATA-3'  will be the 

reverse primer used for  DPYD*9  gene with an 

annealing temperature of 58 degree  C and  Ndel  

will be used as restriction enzyme.  All the 

reactions were set in a final volume of 25 µl 

consisting 10 µl of DNA (100 ng), 1 µl forward 

primer, 1 µl reverse primer and 13 µl of 2X PCR 

master mix. Except the annealing temperatures the 

PCR cycling conditions were Initial denaturation 

at 95° C for 5 min, Denaturation at 95°C for 1 

min, Extension at 72°C for 40 sec, Final extension 

at 72°C for 7 min which will be common for all 

primers. All the amplifications will be completed 

within 35 PCR cycles. The amplified PCR 

products will be resolved on 2% agarose gels and 

visualized under UV light. 

 

Statistical Analysis: Statistical analysis will be 

performed using IBM SPSS software version 22.0. 

Allelic and genotypic frequencies, disequilibrium 

coefficients and the associated standard error for 

co-dominant traits will be calculated. Hardy 

Weinberg equilibrium (HWE) will be calculated 

for each polymorphism studied. Association 

between the genetic variants and toxicity will be 

assessed by Chi-square test. Relative risk for 

toxicity will be determined by Fischer’s test.  P 

value < 0.05 was considered as statistically 

significant.   

 

Significance of the proposed study 

The study will help the clinician in deciding 

whether to start or not to initiate the capecitabine 

therapy with particular genetic pattern and also to 

adjust the dose of capecitabine according to the 

tolerability to the drug.  

 

Conclusion:  

The association of DPYD*9 and DPYD*2 gene 

polymorphisms have been less explored among 

solid cancer patients. There are only a few studies 

which focused on influence of DPYD*9 and 

DPYD*2 gene polymorphism on the plasma 

concentration of 5FU and on the toxic effects of 

the drug among cancer patients in terms of 

myelosuppression, GIT and skin toxicity due to 

capecitabine therapy.  

 

The study will help the clinician in deciding 

whether to start or not to initiate the capecitabine 

therapy with particular genetic pattern and also to 

adjust the dose of capecitabine according to the 

tolerability to the drug. Hence it is essential to 

treat patients through personalized approach. 

The study is on the large inter-individual 

variability, that may reflect functional 
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consequences of genetic polymorphisms in genes 

encoding drug-metabolizing enzymes. The 

concept of "individualized medicine" is evolving 

and there has been a paradigm shift from the 

concept of "one drug fits all" to "right drug for the 

right patient at the right dose and time." Hence it 

is very important to investigate the possible roles 

of genetic polymorphisms in the metabolism of 

5FU. There are only a few studies on the effect of 

DPYD gene polymorphism on 5FU metabolism, 

especially in Indian settings to the best of our 

knowledge. 
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