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Abstract

Background: Cancer treatment using drugs metabolized by the enzymes dihydropyrimidine dehydrogenase
(DPYD) and UDP-glucuronosyltransferase 1A1 (UGT1A1l) results in adverse effects for some patients. This is
frequently reported in cancer patients undergoing therapy with 5-fluorouracil, capecitabine, and irinotecan who
have polymorphisms in the genes coding for DPYD and UGT1A1. The present study assessed the DPYD*2A and
UGT1A1*28 polymorphisms in cancer patients before starting chemotherapy to identify the individuals at risk of
developing an adverse drug reaction.

Methods: Genomic DNA was isolated from patients and subjected to PCR amplification using specific primers to
study DPYD*2A and UGT1A1*28 polymorphisms. The PCR products were assessed by Sanger sequencing for
establishing the genotype.

Results: Of 75 cancer patients requiring treatment with drugs metabolized by DPYD and UGT1Al, 2 (2.66%) and
12 (29.27%) were likely to have adverse reactions based on DPYD*2A and UGT1A1*28 genotyping, respectively.
Conclusion: Our findings indicate that carrying out genotyping for these two polymorphisms will help a large
number of patients requiring treatment with 5-fluorouracil, irinotecan, and capecitabine.
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Highlights:

What is current knowledge?

Patients with variants in DPYD and UGTIAI genes are at risk of
experiencing drug toxicities when treated with 5-fluorouracil,
capecitabine, and irinotecan

Not all physicians involve testing for these genetic variants in their
treatment protocols

‘What is new here?

The prevalence of DPYD and UGT1AL1 variants is high among the Indian
subpopulation

A high percentage of Indian patients will benefit from testing for these
variants

Implementing pharmacogenomic testing as a part of routine oncological
care will improve patient outcome

Introduction

Current-day oncology practice is focusing on targeted therapies and
personalized medicine to achieve better patient outcomes. However, it is
extremely important to assess variants of enzymes involved in the metabolism
of chemotherapeutic drugs (1). The use of pharmacogenomics to detect variants
will allow physicians to alter treatment regimens for superior patient outcomes.
Patients with altered enzyme function due to genetic variations are at higher
risk of experiencing varying degrees of drug toxicity with the use of certain
chemotherapeutic medications (2). Identifying such patients by genetic testing
and subsequently planning individualized treatment is the essence of precision
medicine.

b

Two enzymes, dihydropyrimidine dehydrogenase (DPYD) and uridine 5'-
diphospho-glucuronosyltransferase (UGT) are involved in the metabolism of
several drugs used in oncology practice (3). The enzyme DPYD is involved in
the breakdown of wuracil and thymine, utilizing nicotinamide adenine
dinucleotide phosphate as a cofactor, and plays an important role in the
pharmacokinetics of fluoropyrimidine-related anticancer drugs (4). It is coded
by a gene located on chromosome 1p21.3 and has several polymorphisms.
Variants in the DPYD gene interfere with the metabolism of 5-fluorouracil (5-
FU) and capecitabine (5) and are used in the treatment of solid tumors,
including colorectal, gastric, breast, pancreatic, and head and neck cancers (6).
The DPYD*2A is a splice variant that affects the expression of DPYD (7).
Hence, this loss-of-function variation results in DPYD deficiency, thereby
leading to altered metabolism and adverse medication reactions (8). Around
80% of administered standard dose of 5-FU is rapidly degraded by DPYD to
inactive compounds, followed by excretion within 24 hours. The metabolism is
similar for capecitabine, which is converted into 5-FU by the enzyme thymidine
phosphorylase intracellularly (4).

The enzyme, UGT, metabolizes a variety of lipophilic compounds,
including bilirubin, steroids, toxins, and therapeutic medications. This enzyme
controls the phase II metabolic pathway known as glucuronidation, which
consists of glucuronic acid being conjugated to particular substrates, producing
water-soluble metabolites that can be excreted from the body. The UGT1A gene
complex is on chromosome 2q37 and is involved in the metabolism of anti-
cancer drugs like irinotecan and 5-FU. The common variant of the UGT1A1
gene is UGTI1A1*28, which has an altered number of TA repeats in its
promoter, containing six TA repeats within the TATA box promoter region.
Extra (TA) repeats decrease the rate of transcription initiation of the UGT1A1
gene, leading to reduced gene expression, resulting in irinotecan toxicity that
presents as severe neutropenia, fever, and diarrhea, and limits the usage of
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irinotecan. This occurs in 20-25% of patients, and approximately 7% of them
die from these complications (9).

The present study aimed to evaluate DPYD*2A and UGTI1A1%*28
polymorphisms in cancer patients requiring chemotherapy with 5-FU,
capecitabine, and irinotecan to identify individuals with altered metabolism of
these chemotherapeutic drugs, which will ultimately enable oncologists to
improve patient outcomes by altering drug dosage.

Methods
This study was carried out on 89 cancer patients who were referred to the
Department of Genetics and Molecular Medicine, Kamineni Hospitals in
Hyderabad, India for molecular testing of DPYD *2A and UGT1A1%*28
variants. Patients were tested for one or both polymorphisms according to their
treatment plan.

o DNA Isolation and PCR

Approximately 2 ml of blood were collected in ethylenediaminetetraacetic
acid containers and genomic DNA was isolated for all the samples using the
salting out method (10).

Three-step PCR amplification was carried out in a thermal cycler using
specific primers (Table 1) for DPYD and UGTIAl polymorphisms. The
primers were synthesized by Bioserve Biotechnologies (India) Private Limited,
Hyderabad, India.

The PCR reaction was set up in a reaction volume of 25 pL containing 1 pL.
of the isolated DNA. The reaction was carried out according to the protocol
described in our previous paper (11). PCR products were visualized after
agarose gel electrophoresis and then sent for Sanger sequencing.

Table 1. Sequences of the primers used for DPYD and UGT1ALl gene sequencing

Produc
Annealing
Gene Primers t size
temperature
(bp)

Forward: CTAAAGGCTGACTTTCCAGACTAC
DPYD*2A 58°C 155
Reverse: CAGCAAAGCAACTGGCAGATTC

Forward: TCCCTGCTACCTTTGTGGAC
UGTIA1 60 °C 186
Reverse: AGCAGGCCCAGGACAAGT

Results

The study included all patients who were referred to the Department of
Genetics for DPYD and/or UGT1Al polymorphism testing with diagnoses of
colon, breast, stomach, pancreatic, brain, liver, or other types of cancer. Gender
distribution analysis revealed 33 female patients and 56 male patients, for a
total of 89 patients. Of 89 patients, the majority of patients (47.19%) were
diagnosed with colon cancer. In addition, 29 patients were diagnosed with other
types of cancer that were less common in the study group, such as Ewing
sarcoma, ovarian cancer, etc. (Table 2).

Table 2. Frequency of different types of cancer

Type of cancer Number of patients Percentage
Colon 42 47.19%

Breast 6 6.74%
Stomach 4 4.49%
Pancreas 3 3.37%
Brain 2 2.25%
Liver 5 5.62%

Other/Unknown 27 30.34%

Less frequently encountered types of cancer in our study, such as ovarian, renal, bone,
esophageal, and mediastinal tumors were grouped.

Of 75 patients assessed for DPYD*2A (1905+1 G>A) gene polymorphism,
2 (2.66%) were found to be homozygous (AA), 20 patients (26.66%) were
found to be heterozygous (AG), while 53 patients (70.66%) were found to be
homozygous (GG) (Table 3). Moreover, UGTIAI1(TA)n genotyping in 41
patients showed that 9 patients (21.95%) were homozygous for the TA6/6
repeats, 12 patients (29.27%) carried TA7/7 or TA7/8, while 20 patients
(48.78%) were TA6/7 (Table 3 and Figures 1 and 2).

Table 3. Results of genetic testing for DPYD*2A and UGT1A1*28 variant

Gene DPYD*2A UGTI1A1
No. of Genotype No. of Genotype
patients/percentage patients/percentage
Homozygous 53 (70.66%) GG 9 (21.95%) TAG6 / TA6
wild type
Heterozygous 20 (26.66%) AG 20 (48.78%) TA6 / TA7
Mutant type 2 (2.66%) AA 12 (29.27%) TA7 / TA7,
TA7 / TA8

Allele G =126 (84%) TAG6 = 38 (46%)
Frequency A =24 (16%) TA7/8 = 44 (54%)
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Figure 1. Chromatogram for UGT1A1 TA6/TA6 showing the number of TA
repeats visualized by Sanger sequencing
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Figure 2. Chromatogram for UGT1A1 TA6/TAT7 showing the number of TA
repeats visualized by Sanger sequencing
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Discussion
There has been an increasing amount of data indicating the importance of
DPYD and UGT!1Al variants as risk factors for chemotherapy-associated
toxicity in cancer patients under treatment with 5-FU, capecitabine, and
irinotecan. The implementation of these pharmacogenetic tests in regular
clinical practice is still not routinely carried out (12). The US oncology
guidelines recommend DPYD testing for all patients requiring treatment with 5-
FU (6). A variety of cancers including colon, breast, pancreatic, and gastric
cancers are currently being treated with 5-FU, while colon cancers are also
treated with capecitabine and irinotecan in case of failure of first-line drug
therapy. Approximately 31-34% of patients develop severe toxicities with 5-
FU, a prodrug that requires conversion by DPYD into cytotoxic metabolites for
its anti-tumor effects (9). The risk of chemotherapy-related death was shown to
be 25.6 times higher in DPYD *2A variant carriers receiving conventional
dosages of 5-FU therapy (13). Another study reported that 71% of patients with
severe 5-FU toxicity showed reduced DPYD activity, suggesting that impaired
DPYD functioning is a contributor to 5-FU-related adverse effects (14). Drug
toxicity could be controlled in DPYD-deficient patients by reducing the dose of
5-FU, or by using a U.S. Food and Drug Administration-approved antidote,
uridine triacetate (15).

A previous study by Pavithran, et al. (2019) analyzed the prevalence of
DPYD variants among patients receiving treatment with 5-FU or capecitabine-
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based regimens in a single center based in South India and identified that 31.9%
of patients carried the DPYD *2A variant allele (16).

The prevalence of DPYD deficiency is approximately 3-5% in the
Caucasian population and 8% in the African-American population. However, its
prevalence in the Indian population has not been determined (17). Genetic
testing and subsequent recalculation of drug doses in 18 patients carrying the
DPYD*2A variant resulted in 11% (2 patients) experiencing grade 0 toxicity,
61% (11 patients) experiencing grade 1 to 2 toxicity, and 28% (5 patients)
experiencing grade 3 or higher toxicity. Through dose adjustment, the risk of
grade 3 toxicity was reduced from 73% to 28% (18).

In a study by Jada et al. (2007), the UGT1A1*28 allele was found in 65.2%
of healthy Asian patients and 33.3% of Asian cancer patients (19). In a similar
study by Balram et al. (2001), the frequency of the UGT1A1%*28 allele in the
Indian population was found to be 35.1% (20). In our study, 78% of patients
were found to carry the UGT1A1%*28 risk allele. Homozygous patients (TA7/7)
require a 70% reduction in dose compared with the standard dose. High doses
of drugs are recommended for patients with *1/*1 genotype (21).

One of the limitations of this study was the inability to follow up all
patients undergoing treatment and collect more data regarding their response to
therapy and adverse drug reactions.

Our study determined that a significant proportion of cancer patients will
benefit from genotyping for the two polymorphisms prior to commencing
chemotherapy. This study highlights the importance of implementing screening
for these two variants as a part of routine care in oncology treatment to help a
significant percentage of cancer patients benefit from appropriate cancer care.

Conclusion

This study provides evidence that 29.33% of patients in the study area carried
the risk allele for DPYD*2A, while the UGT1A1%*28 risk alleles were found in
78.05% of patients, suggesting that a very high percentage of Indian patients
will benefit from genotyping prior to commencing chemotherapy with 5-FU,
irinotecan, and capecitabine.

Acknowledgments
The authors are grateful to the present and past staff of the Department of
Molecular Medicine and Genetics, Kamineni Hospital, Hyderabad, India

Funding source
The authors received no financial support for the research, authorship, and/or
publication of this article

Ethical statement
Consent for testing was taken from all of the patients. All the tests performed
were clinically required and hence ethical approval was not sought.

Conflict of interest
The authors declare that there is no conflict of interest regarding the publication
of this article.

Author contributions

KG performed data analysis and wrote the first draft of the manuscript. NB was
involved in molecular analysis and writing the manuscript. SM performed the
final editing of the manuscript and referred cases to our study by suggesting
genetic testing. QH conceptualized the study, supervised it, and performed the
final editing of the manuscript. All authors read and approved the final
manuscript and agree to be accountable for the content of the work.

References

1) Jain AK, Jain S, Rana AC. Metabolic enzyme considerations in cancer
therapy. Malays J Med Sci. 2007;14(1):10-7. [View at Publisher] [Google
Scholar] [PMID]

2) Pinto N, Dolan ME. Clinically relevant genetic variations in drug
metabolizing enzymes. Curr Drug Metab. 2011;12(5):487-97. [View at
Publisher] [Google Scholar] [DOI] [PMID]

3) Del Re M, Di Paolo A, van Schaik RH, Bocci G, Simi P, Falcone A, et al.
Dihydropyrimidine dehydrogenase polymorphisms and fluoropyrimidine
toxicity: ready for routine clinical application within personalized
medicine? EPMA Journal. 2010;1(3):495-502. [View at Publisher] [Google
Scholar] [DOI] [PMID]

4) Seck K, Riemer S, Kates R, Ullrich T, Lutz V, Harbeck N, et al. Analysis
of the DPYD Gene Implicated in 5-Fluorouracil Catabolism in a Cohort of
Caucasian Individuals. Clin Cancer Res. 2005;11(16):5886-92. [View at
Publisher] [Google Scholar] [DOI]

How to Cite:

8

5) Matakova T, Halasova E, Skovierova H, Dzian A, Dobrota D, Skerefiové
M. DPYD genotype and haplotype analysis and colorectal cancer
susceptibility in a case-control study from Slovakia. Gen Physiol Biophys.
2017;36(5):557-63. [View at Publisher] [Google Scholar] [DOI] [PMID]

6) Innocenti F, Mills SC, Sanoff H, Ciccolini J, Lenz HJ, Milano G. (2020).
All You Need to Know About DPYD Genetic Testing for Patients Treated
With Fluorouracil and Capecitabine: A Practitioner-Friendly Guide. JCO
Oncol Pract. [View at publisher] [Google scholar] [DOI] [PMID]

7) Borras E, Dotor E, Arcusa A, Gamundi MJ, Hernan |, de Sousa Dias M, et
al. High-resolution melting analysis of the common c.1905+1G>A
mutation causing dihydropyrimidine dehydrogenase deficiency and lethal
5-fluorouracil toxicity. Front Genet. 2013;3:312. [View at Publisher]
[Google Scholar] [DOI] [PMID]

8) Del Re M, Michelucci A, Di Leo A, Cantore M, Bordonaro R, Simi P, et al.
Discovery of novel mutations in the dihydropyrimidine dehydrogenase
gene associated with toxicity of fluoropyrimidines and viewpoint on
preemptive pharmacogenetic screening in patients. EPMA Journal. 2015;
6(1): 17. [View at Publisher] [Google Scholar] [DOI] [PMID]

9) Dean L. Irinotecan Therapy and UGT1A1 Genotype. In: Pratt VM, Scott
SA, Pirmohamed M, et al., editors. Medical Genetics Summaries [Internet].
Bethesda (MD): National Center for Biotechnology Information (US);
2012. [View at Publisher] [Google Scholar]

10) Mowva S, Alluri RV, Komandur S, Vattam K, Eppa K, Mukkavali KK, et
al. Relationship of angiotensin-converting enzyme gene polymorphism
with nephropathy associated with type 2 diabetes mellitus in Asian Indians.
Journal of Diabetes and its Complications. 2007;21(4),237-41. [View at
Publisher] [Google Scholar] [DOI]

11) Poornima S, Subramanyam K, Khan IA, Hasan Q. The insertion and
deletion (128005D) polymorphism of the angiotensin | converting enzyme
gene is a risk factor for osteoarthritis in an Asian Indian population. J
Renin Angiotensin Aldosterone Syst. 2015;16(4):1281-7. [View at
Publisher] [Google Scholar] [DOI] [PMID]

12) Cremolini C, Del Re M, Antoniotti C, Lonardi S, Bergamo F, Loupakis F,
et al. DPYD and UGT1A1 genotyping to predict adverse events during
first-line FOLFIRI or FOLFOXIRI plus bevacizumab in metastatic
colorectal cancer. Oncotarget. 2017;9(8):7859-66. [View at Publisher]
[Google Scholar] [DOI] [PMID]

13) Sharma BB, Rai K, Blunt H, Zhao W, Tosteson TD, Brooks GA.
Pathogenic DPYD Variants and Treatment-Related Mortality in Patients
Receiving Fluoropyrimidine Chemotherapy: A Systematic Review and
Meta-Analysis. The Oncologist. 2021;26(12):1008-16. [View at Publisher]
[Google Scholar] [DOI]

14) Amstutz U, Froehlich TK, Largiader CR. Dihydropyrimidine
dehydrogenase gene as a major predictor of severe 5-fluorouracil toxicity.
Pharmacogenomics. 2011;12(9):1321-36. [View at Publisher] [Google
Scholar] [DOI] [PMID]

15) Henricks LM, Lunenburg CA, Meulendijks D, Gelderblom H, Cats A,
Swen JJ, et al. Translating DPYD genotype into DPD phenotype: using the
DPYD gene activity score. Pharmacogenomics. 2015;16(11):1275-84.
[View at Publisher] [Google Scholar] [DOI] [PMID]

16) Pavithran K, Ariyannur P, Jayamohanan H, Philip A, Jose WM, Soman S.
Dihydropyrimidine dehydrogenase deficiency in patients treated with 5-FU
or capecitabine based regimens: A single center experience from South
India. Journal of Clinical Oncology. 2021;39(15). [View at Publisher]
[Google Scholar] [DOI]

17) Saif MW, Mattison L, Carollo T, Ezzeldin H, Diasio RB.
Dihydropyrimidine dehydrogenase deficiency in an Indian population.
Cancer Chemother Pharmacol. 2006;58(3):396-401. [View at Publisher]
[Google Scholar] [DOI] [PMID]

18) Deenen MJ, Meulendijks D, Cats A, Sechterberger MK, Severens JL, Boot
H, et al. Upfront Genotyping of DPYD*2A to Individualize
Fluoropyrimidine Therapy: A Safety and Cost Analysis. J Clin Oncol.
2016;34(3):227-34. [View at Publisher] [Google Scholar] [DOI] [PMID]

19) Jada SR, Lim R, Wong CI, Shu X., Lee SC, Zhou Q, et al. Role of
UGT1A1*6,UGT1A1*28andABCG2c.421C>A polymorphisms in
irinotecan-induced neutropenia in Asian cancer patients. Cancer Science.
2007;98(9):1461-7. [View at Publisher] [Google Scholar] [DOI] [PMID]

20) Balram C, Sabapathy K, Fei G, Khoo KS, Lee EJD. Genetic
polymorphisms of UDP-glucuronosyltransferase in Asians:UGT1A1* 28 is
a common allele in Indians. Pharmacogenetics. 2002;12(1):81-3. [View at
Publisher] [Google Scholar]

21) Fujii H, Yamada Y, Watanabe D, Matsuhashi N, Takahashi T, Yoshida K,
et al. Dose adjustment of irinotecan based on UGT1A1 polymorphisms in
patients  with  colorectal cancer. Cancer Chemother Pharmacol.
2019;83(1):123-9. [View at Publisher] [Google Scholar] [DOI] [PMID]

Gangavarapu K, Shyamali Bora N, Srinivas M, Hasan Q. Frequency of dihydropyrimidine dehydrogenase and UDP-glucuronosyltransferase 1Al variants
in cancer patients requiring chemotherapy: A single-center study in southern India. JCBR. 2023;7(1):6-8.

goeo

© The author(s)


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3351212/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Jain+AK%2C+Jain+S%2C+Rana+AC.+Metabolic+enzyme+considerations+in+cancer+therapy.+Malays+J+Med+Sci.+2007+Jan%3B14%281%29%3A10-7&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Jain+AK%2C+Jain+S%2C+Rana+AC.+Metabolic+enzyme+considerations+in+cancer+therapy.+Malays+J+Med+Sci.+2007+Jan%3B14%281%29%3A10-7&btnG=
22593646
https://www.ingentaconnect.com/content/ben/cdm/2011/00000012/00000005/art00007
https://www.ingentaconnect.com/content/ben/cdm/2011/00000012/00000005/art00007
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2%29%09Pinto+N%2C+Dolan+ME.+Clinically+relevant+genetic+variations+in+drug+metabolizing+enzymes.+Curr+Drug+Metab.+2011+Jun&btnG=
https://doi.org/10.2174/138920011795495321
21453273
https://link.springer.com/article/10.1007/s13167-010-0041-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=3%29%09Del+Re+M%2C+Di+Paolo+A%2C+van+Schaik+RH%2C+Bocci+G%2C+Simi+P%2C+Falcone+A%2C+Danesi+R.+Dihydropyrimidine+dehydrogenase+polymorphisms+and+fluoropyrimidine+toxicity%3A+ready+for+routine+clinical+application+within+personalized+medicine%3F+EPMA+J.+2010+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=3%29%09Del+Re+M%2C+Di+Paolo+A%2C+van+Schaik+RH%2C+Bocci+G%2C+Simi+P%2C+Falcone+A%2C+Danesi+R.+Dihydropyrimidine+dehydrogenase+polymorphisms+and+fluoropyrimidine+toxicity%3A+ready+for+routine+clinical+application+within+personalized+medicine%3F+EPMA+J.+2010+&btnG=
10.1007/s13167-010-0041-2
23199091
https://aacrjournals.org/clincancerres/article/11/16/5886/185585/Analysis-of-the-DPYD-Gene-Implicated-in-5
https://aacrjournals.org/clincancerres/article/11/16/5886/185585/Analysis-of-the-DPYD-Gene-Implicated-in-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=4%29%09Seck%2C+K.+%282005%29.+Analysis+of+the+DPYD+Gene+Implicated+in+5-Fluorouracil+Catabolism+in+a+Cohort+of+Caucasian+Individuals.+Clinical+Cancer+Research%2C+11%2816%29%2C+5886%E2%80%935892&btnG=
10.1158/1078-0432.ccr-04-1784
https://pubmed.ncbi.nlm.nih.gov/29372689/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5%29%09Mat%C3%A1kov%C3%A1+T%2C+Hala%C5%A1ov%C3%A1+E%2C+%C5%A0kovierov%C3%A1+H%2C+Dzian+A%2C+Dobrota+D%2C+%C5%A0kere%C5%88ov%C3%A1+M.+DPYD+genotype+and+haplotype+analysis+and+colorectal+cancer+susceptibility+in+a+case-control+study+from+Slovakia.+Gen+Physiol+Biophys&btnG=
10.4149/gpb_2017046
29372689
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8462561/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6%29%09Innocenti%2C+F.%2C+Mills%2C+S.+C.%2C+Sanoff%2C+H.%2C+Ciccolini%2C+J.%2C+Lenz%2C+H.-J.%2C+%26+Milano%2C+G.+%282020%29.+All+You+Need+to+Know+About+DPYD+Genetic+Testing+for+Patients+Treated+With+Fluorouracil+and+Capecitabine%3A+A+Practitioner-Friendly+Guide.+JCO+Oncology+Practice&btnG=
10.1200/OP.20.00553
33197222
https://www.frontiersin.org/articles/10.3389/fgene.2012.00312/full
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=High-resolution+melting+analysis+of+the+common+c.1905%2B1G%3EA+mutation+causing+dihydropyrimidine+dehydrogenase+deficiency+and+lethal+5-fluorouracil+toxicity&btnG=
https://doi.org/10.3389/fgene.2012.00312
23335937
https://link.springer.com/article/10.1186/s13167-015-0039-x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8%29%09Del+Re+M%2C+Michelucci+A%2C+Di+Leo+A%2C+Cantore+M%2C+Bordonaro+R%2C+Simi+P%2C+et+al.+Discovery+of+novel+mutations+in+the+dihydropyrimidine+dehydrogenase+gene+associated+with+toxicity+of+fluoropyrimidines+and+viewpoint+on+preemptive+pharmacogenetic+screening+in+patients.+EPMA+Journal+&btnG=
10.1186/s13167-015-0039-x
26330892
https://www.ncbi.nlm.nih.gov/books/NBK294473/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Irinotecan+Therapy+and+UGT1A1+Genotype&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1056872706000729
https://www.sciencedirect.com/science/article/abs/pii/S1056872706000729
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Movva%2C+S.%2C+Alluri%2C+R.V.%2C+Komandur%2C+S.%2C+Vattam%2C+K.%2C+Eppa%2C+K.%2C+Mukkavali%2C+K.K.%2C+Mubigonda%2C+S.%2C+Saharia%2C+S.%2C+Shastry%2C+J.C.+and+Hasan%2C+Q.+%282007%29+Relation-ship+of+angiotensin-converting+enzyme+gene+polymorphism+with+nephropathy+associated+with+type+2+diabetes+mellitus+in+Asian+Indians.+Journal+of+Diabetes+and+its+Complications&btnG=
https://doi.org/10.1016/j.jdiacomp.2006.07.001
https://pubmed.ncbi.nlm.nih.gov/25178458/
https://pubmed.ncbi.nlm.nih.gov/25178458/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Poornima%2C+S.%2C+Subramanyam%2C+K.%2C+Khan%2C+I.+A.%2C+%26+Hasan%2C+Q.+%282014%29.+The+insertion+and+deletion+%28I28005D%29+polymorphism+of+the+angiotensin+I+converting+enzyme+gene+is+a+risk+factor+for+osteoarthritis+in+an+Asian+Indian+population.+Journal+of+the+Renin-Angiotensin-Aldosterone+&btnG=
10.1177/1470320314547403
25178458
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5814264/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cremolini+C%2C+Del+Re+M%2C+Antoniotti+C%2C+Lonardi+S%2C+Bergamo+F%2C+Loupakis+F%2C+Borelli+B%2C+Marmorino+F%2C+Citi+V%2C+Cortesi+E%2C+Moretto+R%2C+Ronzoni+M%2C+Tomasello+G%2C+Zaniboni+A%2C+Racca+P%2C+Buonadonna+A%2C+Allegrini+G%2C+Ricci+V%2C+Di+Donato+S%2C+Zagonel+V%2C+Boni+L%2C+Falcone+A%2C+Danesi+R.+DPYD+and+UGT1A1+genotyping+to+predict+adverse+events+during+first-line+FOLFIRI+or+FOLFOXIRI+plus+bevacizumab+in+metastatic+colorectal+cancer.+Oncotarget.+&btnG=
10.18632/oncotarget.23559
29487697
https://academic.oup.com/oncolo/article/26/12/1008/6511598
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sharma%2C+B.+B.%2C+Rai%2C+K.%2C+Blunt%2C+H.%2C+Zhao%2C+W.%2C+Tosteson%2C+T.+D.%2C+%26+Brooks%2C+G.+A.+%282021%29.+Pathogenic+DPYD+Variants+and+Treatment%E2%80%90Related+Mortality+in+Patients+Receiving+Fluoropyrimidine+Chemotherapy%3A+A+Systematic+Review+and+Meta%E2%80%90Analysis&btnG=
https://doi.org/10.1002/onco.13967
https://www.futuremedicine.com/doi/full/10.2217/pgs.11.72
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Amstutz%2C+U.%2C+Froehlich%2C+T.+K.%2C+%26+Largiad%C3%A8r%2C+C.+R.+%282011%29.+Dihydropyrimidine+dehydrogenase+gene+as+a+major+predictor+of+severe+5-fluorouracil+toxicity.+Pharmacogenomics&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Amstutz%2C+U.%2C+Froehlich%2C+T.+K.%2C+%26+Largiad%C3%A8r%2C+C.+R.+%282011%29.+Dihydropyrimidine+dehydrogenase+gene+as+a+major+predictor+of+severe+5-fluorouracil+toxicity.+Pharmacogenomics&btnG=
https://doi.org/10.2217/pgs.11.72
21919607
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3351212/
https://www.futuremedicine.com/doi/full/10.2217/pgs.15.70
https://doi.org/10.2217/pgs.15.70
26265346
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3351212/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pavithran%2C+K.%2C+Ariyannur%2C+P.+%2C+Jayamohanan%2C+H.%2C+Philip%2C+A.%2C+Jose%2C+W.+M.%2C+and+Soman%2C+S.+%282021%29+Dihydropyrimidine+dehydrogenase+deficiency+in+patients+treated+with+5-FU+or+capecitabine+based+regimens%3A+A+single+center+experience+from+South+India.+Journal+of+Clinical+Oncology&btnG=
10.1200/JCO.2021.39.15_suppl.e15517
https://link.springer.com/article/10.1007/s00280-005-0174-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dihydropyrimidine+dehydrogenase+deficiency+in+an+Indian+population&btnG=
10.1007/s00280-005-0174-5
16421754
https://dspace.library.uu.nl/handle/1874/345672
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Deenen%2C+M.+J.%2C+Meulendijks%2C+D.%2C+Cats%2C+A.%2C+Sechterberger%2C+M.+K.%2C+Severens%2C+J.+L.%2C+Boot%2C+H.%2C+%E2%80%A6+Schellens%2C+J.+H.+M.+%282016%29.+Upfront+Genotyping+ofDPYD*2A+to+Individualize+Fluoropyrimidine+Therapy%3A+A+Safety+and+Cost+Analysis.+Journal+of+Clinical+Oncology&btnG=
https://doi.org/10.1200/JCO.2015.63.1325
26573078
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1349-7006.2007.00541.x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Jada%2C+S.+R.%2C+Lim%2C+R.%2C+Wong%2C+C.+I.%2C+Shu%2C+X.%2C+Lee%2C+S.+C.%2C+Zhou%2C+Q.%2C+%E2%80%A6+Chowbay%2C+B.+%282007%29.+Role+of+UGT1A1*6%2CUGT1A1*28andABCG2c.421C%3EA+polymorphisms+in+irinotecan-induced+neutropenia+in+Asian+cancer+patients.+Cancer+Science%2C+98%289%29%2C+1461%E2%80%931467&btnG=
10.1111/j.1349-7006.2007.00541.x
22593646
https://journals.lww.com/jpharmacogenetics/Citation/2002/01000/Genetic_polymorphisms_of.12.aspx
https://journals.lww.com/jpharmacogenetics/Citation/2002/01000/Genetic_polymorphisms_of.12.aspx
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Balram%2C+C.%2C+Sabapathy%2C+K.%2C+Fei%2C+G.%2C+Khoo%2C+K.+S.%2C+%26+Lee%2C+E.+J.+D.+%282002%29.+Genetic+polymorphisms+of+UDP-glucuronosyltransferase+in+Asians%3AUGT1A1*+28+is+a+common+allele+in+Indians.+Pharmacogenetics&btnG=
https://europepmc.org/article/med/30377777
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fujii%2C+H.%2C+Yamada%2C+Y.%2C+Watanabe%2C+D.+et+al.+Dose+adjustment+of+irinotecan+based+on+UGT1A1+polymorphisms+in+patients+with+colorectal+cancer.+Cancer+Chemother+Pharmacol&btnG=
10.1007/s00280-018-3711-8
30377777

