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1. Overview

Pharmacogenetic analysis such as DPYD gene variants
for systemic fluoropyrimidines (FP) provides critical ge-
netic information to optimize dose modification or omis-
sion of common therapies. FP including intravenous 5-
fluorouracil (IV 5-FU) and its oral prodrug capecitabine are
used to treat a variety of solid tumors such as pancreatic,
colorectal, and breast cancer.(-2) National Comprehensive
Cancer Network (NCCN) guidelines recommend FOLFIRI-
NOX (IV 5-FU + leucovorin + irinotecan + oxaliplatin) or
modified FOLFIRINOX (mFOLFIRINOX) as a preferred
first-line treatment for all stages of pancreatic cancer.(2*®)
NALIRI (IV-FU, leucovorin and liposomal irinotecan) regi-
men is often considered as subsequent-line therapy for
those who did not receive FOLFIRINOX as initial therapy.(”)
In addition, capecitabine is used in combination with gem-
citabine as adjuvant treatment.(38) Often, capecitabine is
also used as a radiosensitizer for those considered candi-
dates for radiation.(® Common toxicities of systemic fluor-
opyrimidines include fatigue, neutropenia, diarrhea, and
vomiting.(®) Severe NCI CTCAE grade 3+ toxicities arising
from fluoropyrimidine therapy in patients with select
DPYD variants are also hematological or gastrointesti-
nal.(119)

e The DPYD gene codes for the dihydropyrimi-
dine dehydrogenase (DPD) enzyme that is the
rate-limiting step in catabolizing 5-FU to inac-
tive metabolites.(10-11)

A patient’s DPYD genotype predicts their DPD ac-
tivity score (AS). Each DPYD allele is assigned a
score of normal (1.0), decreased (0.5), or no (0.0)
activity. The sum of a patient’s two alleles is used
to determine their AS, which is then used to cate-
gorize the patient as a normal (AS=2.0, NM), in-
termediate (AS=1-1.5, IM), or poor (AS=0-0.5,
PM) metabolizer. (12-13)

Five DPYD variants have moderate or strong evi-
dence that they result in decreased (c.2846A>T
(p.D949V), c.1129-5923C>G, c.1236G>A (HapB3),
¢.557A>G (p.Y186C) or no (c.1905+1G>A (*24),
¢.1679T>G (*13)) DPD activity. 14 Approximately
2% of Black/African patients carry the ¢.557A>G
variant, and 6% of those with European descent
carry one of the other validated variants.(13) Other
variants primarily of ethnic minorities are known
and may be actionable but are typically not in-
cluded in testing due to a lack of evidence.(15)
(Table 1)

Severe NCI CTCAE grade 3+ toxicity occurs in
about one third of patients undergoing 5-FU ther-
apy regardless of genotype and this risk is approx-
imately two times greater(12-13) in patients carry-
ing DPYD variants that decrease DPD activity.(13.16-
17) Risk of fatal toxicity is about 25x higher in
DPYD variant carriers.('8)[t should be noted that
a patient can carry two variants with diminished
or null DPD activity, which further increases their
risk of severe and fatal toxicity.
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Table 1. DPYD variant and resultant DPD AS.

DPYD Variant, cDNA Historic Name rsID Allele Clinical Functional DPD AS Reference
Status (activity score)
€.1129-5923C>G, HapB3 rs75017182, Decreased function 0.5 30,31
c.1236G>A rs56038477
c.557A>G p.Y186C rs115232898 | Decreased function 0.5 32
c.2846A>T p.D949V rs67376798 Decreased function 0.5 32
c.1905+1G>A *2A rs3918290 No function 0.0 33
c.1679T>G *13 rs55886062 No function 0.0 34

e Clinical Pharmacogenetics Implementation Con-
sortium (CPIC) guidelines recommend a 50% dose
reduction for patients with AS=1.0-1.5, and avoid-
ance of fluoropyrimidine treatment for patients
with AS=0-0.5. Patients with normal activity
(AS=2.0) should proceed with the standard start-
ing dose.

e Prospective clinical studies of DPYD-guided dos-
ing have demonstrated that patients who carry
DPYD-variants and receive reduced fluoropy-
rimidine doses have lower toxicity risk and
noninferior progression-free and overall survival
compared to variant carriers receiving standard
dose. Toxicity risk and survival is similar to pa-
tients with normal DPD activity receiving stand-
ard dosing.(1419-20)

e Due to these clinical benefits, pre-treatment DPYD
testing to inform fluoropyrimidine dosing is rec-
ommended by the European Medicines Agency
(EMA) and European Society of Medical Oncology
(ESMO) and commonly conducted in Europe. (21-22)
The Food and Drug Administration (FDA) and
NCCN have not yet recommended this strategy,
though the FDA updated labeling for injectable 5-
FU and capecitabine in early 2024 to advise clini-
cians to consider pre-treatment DPYD testing.(14)

2. Who should be tested:

Pre-treatment testing should be considered for any
patient with unknown DPYD genotype preparing to

receive their first dose of systemic fluoropyrimidine
chemotherapy (25-26), unless treatment must be initi-
ated before the result will be known (i.e, < 7 days).
Testing for DPD deficiency may be performed by as-
sessing DPYD genotype or by conducting a phenotypic
DPD activity test, such as uracil measurement. Provid-
ers should determine which test is appropriate when
considering their patient population, institutional
workflow, and cost/reimbursement for testing. (27-28)
DPYD testing is unlikely to be beneficial in patients
who have already initiated systemic fluoropyrimidine
chemotherapy or are initiating treatment with re-
duced doses (e.g.,, mFOLFIRINOX).3:28)

3. How to manage dose:

CPIC Guidelines: Avoid 5-FU for patients with an AS
0-0.5. Reduce dose by 50% when AS=1-1.5. NM Pa-
tients with AS=2.0 receive standard dosing.(3)

PM: Fluoropyrimidine administration is not recom-
mended for patients with complete DPD deficiency
(AS=0 or 0.5).(23-26)

Non-5-FU regimens that are recommended by
NCCN include gemcitabine-based regimens or tar-
geted therapy based on tumor biomarkers (e.g.,
olaparib for BRCA 1 or 2 mutations, or entrectinib,
larotrectinib, and repotrectinib for NTRK gene fusion-
positive pancreatic cancer).(293)

IM: Patients with partial DPD deficiency (AS=1.0-
1.5) should be initiated on a reduced dose according to
CPIC guidelines.

Current Issues to Consider

e The EMArecommendation for testing and FDA guidance to consider testing do not specify which patients to
test based on tumor type, fluoropyrimidine agent, or disease setting (i.e., adjuvant vs. metastatic).1* 2-22)

e Additionally, dosing guidelines do not include specific recommendations based on agent or 5-FU infusion type
(i.e., bolus vs. continuous), warranting further clarification. (2324

e Recommendations for 5-FU (IV, capecitabine)/DPYD pharmacogenetic management in pancreatic cancer

e To our knowledge, these are the first pancreatic cancer-specific pharmacogenetic-guided management recom-

mendations for fluoropyrimidines/DPYD.




For IV 5-FU, both the bolus and the continuous infu-
sion should be adjusted based on CPIC recommenda-
tions.(14.23)

For capecitabine, the intended starting dose
should be adjusted based on CPIC guidelines, recogniz-
ing there is variability between clinicians and
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institutions regarding standard capecitabine starting
doses.(17.23)

Patients who tolerate the reduced starting dose should
be re-escalated for their next cycle as tolerated, per-
haps in increments of 10% of the original starting dose
per cycle. (23)

Table 2. Dose recommendations by cumulative DPD AS.

DPD AS Recommended Dose
2.0 100% standard dose
1-1.5 50% standard dose
0-0.5 Avoid 5-FU therapy

To calculate the cumulative DPD AS, take the DPD AS for each of the
patient’s two alleles in Table 1 and add them.

References

Shakeel F, Fang F, Kwon JW, et al. Patients carrying
DPYD variant alleles have increased risk of severe tox-
icity and related treatment modifications during fluoro-
pyrimidine chemotherapy. Pharmacogenomics.
2021;22(3):145-155. doi:10.2217/pgs-2020-0154

Buckley CW, O'Reilly EM. Next-generation therapies for
pancreatic cancer. Expert Rev Gastroenterol Hepatol.
2024;18(1-3):55-72.
doi:10.1080/17474124.2024.2322648

NCCN Clinical Practice Guidelines in Oncology, Pancre-
atic Adenocarcinoma (Version 3. 2024). 2024 August 2,
[cited 2024 Oct 9]. Available from:
https://www.nccn.org/professionals/physi-

cian gls/pdf/pancreatic.pdf

Sohal DPS, Kennedy EB, Cinar P, et al. Metastatic Pan-
creatic Cancer: ASCO Guideline Update. J Clin Oncol.
2020;38(27):3217-3230. doi:10.1200/JC0.20.01364

Balaban EP, Mangu PB, Khorana AA, et al. Locally Ad-
vanced, Unresectable Pancreatic Cancer: American Soci-
ety of Clinical Oncology Clinical Practice Guideline. J Clin
Oncol. 2016;34(22):2654-2668.
doi:10.1200/JC0.2016.67.5561

Conroy T, Desseigne F, Ychou M, et al. FOLFIRINOX ver-
sus gemcitabine for metastatic pancreatic cancer. N Eng/
J Med. 2011;364(19):1817-1825.
doi:10.1056/NEJM0a1011923

Wang-Gillam A, Hubner RA, Siveke JT, et al. NAPOLI-1
phase 3 study of liposomal irinotecan in metastatic pan-
creatic cancer: Final overall survival analysis and charac-
teristics of long-term survivors. Eur J Cancer.
2019;108:78-87. doi:10.1016/j.ejca.2018.12.007

10.

11.

12.

13.

14.

Neoptolemos JP, Palmer DH, Ghaneh P, et al. Compari-
son of adjuvant gemcitabine and capecitabine with gem-
citabine monotherapy in patients with resected pancre-
atic cancer (ESPAC-4): a multicentre, open-label, ran-
domised, phase 3 trial. Lancet. 2017;389(10073):1011-
1024. doi:10.1016/50140-6736(16)32409-6

Ross A. Abrams et al., NRG Oncology/RTOG 0848: Re-
sults after adjuvant chemotherapy +/- chemoradiation
for patients with resected periampullary pancreatic ade-
nocarcinoma (PA). JCO 42, 4005-4005(2024).
doi:10.1200/JC0.2024.42.16_suppl.4005

Etienne-Grimaldi MC, Pallet N, Boige V, et al. Current di-
agnostic and clinical issues of screening for dihydropy-
rimidine dehydrogenase deficiency. Eur J Cancer.
2023;181:3-17. doi:10.1016/j.ejca.2022.11.028

Thorn CF, Marsh S, Carrillo MW, et al: PharmGKB sum-
mary: Fluoropyrimidine pathways. Pharmacogenet Ge-
nomics 21:237-242, 2011

Johnson MR, Diasio RB. Importance of dihydropyrimi-
dine dehydrogenase (DPD) deficiency in patients exhibit-
ing toxicity following treatment with 5-fluorouracil. Adv
Enzyme Regul. 2001;41:151-157. d0i:10.1016/s0065-
2571(00)00011-x

Morris SA, Moore DC, Musselwhite LW, et al. Addressing
barriers to increased adoption of DPYD genotyping at a
large multisite cancer center. Am J Health Syst Pharm.
2023;80(19):1342-1349. doi:10.1093/ajhp/zxad117

Nguyen DG, Morris SA, Hamilton A, et al. Real-World Im-
pact of an In-House Dihydropyrimidine Dehydrogenase
(DPYD) Genotype Test on Fluoropyrimidine Dosing, Tox-
icities, and Hospitalizations at a Multisite Cancer Cen-
ter. JCO Precis Oncol. 2024;8:2300623.
doi:10.1200/P0.23.00623


https://www.nccn.org/professionals/physician_gls/pdf/pancreatic.pdf
https://www.nccn.org/professionals/physician_gls/pdf/pancreatic.pdf
https://ascopubs.org/action/doSearch?ContribAuthorRaw=Abrams%2C+Ross+A
https://doi.org/10.1200/JCO.2024.42.16_suppl.4005

Fall 2024

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Pratt VM, Cavallari LH, Fulmer ML, et al. DPYD Genotyp-
ing Recommendations: A Joint Consensus Recommenda-
tion of the Association for Molecular Pathology, Ameri-
can College of Medical Genetics and Genomics, Clinical
Pharmacogenetics Implementation Consortium, College
of American Pathologists, Dutch Pharmacogenetics
Working Group of the Royal Dutch Pharmacists Associa-
tion, European Society for Pharmacogenomics and Per-
sonalized Therapy, Pharmacogenomics Knowledgebase,
and Pharmacogene Variation Consortium. J Mol Diagn.
2024;26(10):851-863. doi:10.1016/j.jmoldx.2024.05.015

Meulendijks D, Cats A, Beijnen JH, Schellens JH. Improv-
ing safety of fluoropyrimidine chemotherapy by individ-
ualizing treatment based on dihydropyrimidine dehy-
drogenase activity - Ready for clinical practice?. Cancer
Treat Rev. 2016;50:23-34.
doi:10.1016/j.ctrv.2016.08.002

Merloni F, Ranallo N, Scortichini L, Giampieri R, Berardi
R. Tailored therapy in patients treated with fluoropyrim-
idines: focus on the role of dihydropyrimidine dehydro-
genase. Cancer Drug Resist. 2019;2(3):787-802. Pub-
lished 2019 Sep 19. doi:10.20517/cdr.2018.006

Sharma BB, Rai K, Blunt H, Zhao W, Tosteson TD, Brooks
GA. Pathogenic DPYD Variants and Treatment-Related
Mortality in Patients Receiving Fluoropyrimidine Chemo-
therapy: A Systematic Review and Meta-Analysis. Oncol-
ogist. 2021;26(12):1008-1016. doi:10.1002/0onc0.13967

Henricks LM, Lunenburg CATC, de Man FM, et al. DPYD
genotype-guided dose individualisation of fluoropyrimi-
dine therapy in patients with cancer: a prospective
safety analysis. Lancet Oncol. 2018;19(11):1459-1467.
doi:10.1016/51470-2045(18)30686-7

Knikman JE, Wilting TA, Lopez-Yurda M, et al. Survival of
Patients With Cancer With DPYD Variant Alleles and
Dose-Individualized Fluoropyrimidine Therapy-A
MatchedPair Analysis. J Clin Oncol. 2023;41(35):5411-
5421. doi:10.1200/JC0.22.02780

European Medicines Agency (2020) New testing and
treatment recommendations for fuorouracil, capecita-
bine, tegafur and fucytosine. https://www.ema.eu-
ropa.eu/en/documents/referral/fuorouracil-fuorouracil-
related-substances-article-31-referral-new-testing-treat-
ment_en.pdf. Accessed 7 Oct 2024

Argilés G, Tabernero J, Labianca R, et al. Localised colon
cancer: ESMO Clinical Practice Guidelines for diagnosis,
treatment and follow-up. Ann Oncol. 2020;31(10):1291-
1305. doi:10.1016/j.annonc.2020.06.022

Amstutz, U. et al. Clinical Pharmacogenetics Implemen-
tation Consortium (CPIC) guideline for dihydropyrimi-
dine dehydrogenase genotype and fluoropyrimidine
dosing: 2017 update. Clin. Pharmacol. Ther. 103, 210-
216 (2018).

Lunenburg, C. et al. Dutch Pharmacogenetics Working
Group (DPWG) guideline for the gene-drug interaction

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

PGx of 5-Fluorouracil (5-FU) e58

of DPYD and fluoropyrimidines. Eur. J. Hum. Genet. 28,
508-517 (2019).

Fluorouracil [package insert]. Fresenius Kabi, 2016.
https://www.accessdata.fda.gov/drugsatfda docs/la-
bel/2024/202669s009Ibl.pdf

Capecitabine [package insert]. Genentech Inc, 2022.
https://www.accessdata.fda.gov/drugsatfda docs/la-
bel/2022/020896504450455046504750485049s050s0511
bl.pdf

Innocenti F, Mills SC, Sanoff H, Ciccolini J, Lenz HJ, Mi-
lano G. All You Need to Know About DPYD Genetic Test-
ing for Patients Treated With Fluorouracil and Capecita-
bine: A Practitioner-Friendly Guide. JCO Oncol Pract.
2020;16(12):793-798. doi:10.1200/0P.20.00553

Tamraz B, Venook AP. DPYD Pharmacogenetics: To Opt-
in or to Opt-out. JCO Oncol Pract. 2024;20(8):1009-
1011. doi:10.1200/0P.24.00255

Golan T, Hammel P, Reni M, et al. Maintenance Olaparib
for Germline BRCA-Mutated Metastatic Pancreatic Can-
cer. N Engl J Med. 2019;381(4):317-327.
doi:10.1056/NEJM0a1903387

Nie Q, Shrestha S, Tapper EE, Trogstad-Isaacson CS, Bou-
chonville KJ, Lee AM, et al. Quantitative Contribution of
rs75017182 to Dihydropyrimidine Dehydrogenase
mRNA Splicing and Enzyme Activity. Clin Pharmacol
Ther. 2017;102(4):662-70 D.O.l: 10.1002/cpt.685.
PMID: 28295243

Turner AJ, Haidar CE, Yang W, Boone EC, Offer SM, Em-
pey PE, et al. Updated DPYD HapB3 haplotype structure
and implications for pharmacogenomic testing. Clin
Transl Sci. 2024;17(1):€13699 D.O.I: 10.1111/cts.13699.
PMID: 38129972

Offer SM, Fossum CC, Wegner NJ, Stuflesser AJ, Butter-
field GL, Diasio RB. Comparative functional analysis of
DPYD variants of potential clinical relevance to dihydro-
pyrimidine dehydrogenase activity. Cancer Res.
2014;74(9):2545-54 D.0O.1: 10.1158/0008-5472.CAN-13-
2482. PMID: 24648345

Offer SM, Wegner NJ, Fossum C, Wang K, Diasio RB.
Phenotypic profiling of DPYD variations relevant to 5-
fluorouracil sensitivity using real-time cellular analysis
and in vitro measurement of enzyme activity. Cancer
Res. 2013;73(6):1958-68 D.0O.I: 10.1158/0008-
5472.CAN-12-3858. PMID: 23328581

Shrestha S, Zhang C, Jerde CR, Nie Q, Li H, Offer SM, et
al. Gene-Specific Variant Classifier (DPYD-Varifier) to
Identify Deleterious Alleles of Dihydropyrimidine Dehy-
drogenase. Clin Pharmacol Ther. 2018;104(4):709-18
D.0.I: 10.1002/cpt.1020. PMID: 29327356

Corresponding Author:

Daniel L Hertz, PharmD, PhD: dlhertz@med.umich.edu



https://www.ema.europa.eu/en/documents/referral/fuorouracil-fuorouracil-related-substances-article-31-referral-new-testing-treatment_en.pdf.%20Accessed%207%20Oct%202024
https://www.ema.europa.eu/en/documents/referral/fuorouracil-fuorouracil-related-substances-article-31-referral-new-testing-treatment_en.pdf.%20Accessed%207%20Oct%202024
https://www.ema.europa.eu/en/documents/referral/fuorouracil-fuorouracil-related-substances-article-31-referral-new-testing-treatment_en.pdf.%20Accessed%207%20Oct%202024
https://www.ema.europa.eu/en/documents/referral/fuorouracil-fuorouracil-related-substances-article-31-referral-new-testing-treatment_en.pdf.%20Accessed%207%20Oct%202024
https://www.accessdata.fda.gov/drugsatfda_docs/label/2024/202669s009lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2024/202669s009lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/020896s044s045s046s047s048s049s050s051lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/020896s044s045s046s047s048s049s050s051lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/020896s044s045s046s047s048s049s050s051lbl.pdf
mailto:dlhertz@med.umich.edu

e59

Author Contributions:

Dr. Javier Granados conducted literature search, compiled
relevant studies, and drafted manuscript. Dr. Vaibhav Sa-
hai provided medical review, edits, and additional studies.
Dr. Dan Hertz supervised the project, provided guidance
and revised the manuscript.

Conflicts of Interest:

Dr. Dan Hertz is an unpaid medical advisor to Advocates
for Universal DPD/DPYD Testing, a non- profit advocacy or-
ganization that seeks to increase the clinical uptake in the
USA of DPD/DPYD testing prior to fluoropyrimidine chem-
otherapy treatment. Dr. Vaibhav Sahai received Institu-
tional grant funding from Agios, Bristol-Myers Squibb,
Celgene, Clovis, Cornerstone, Exelixis, Fibrogen, Incyte, Ip-
sen, Medimmune, Merck, NCI, Rogel Cancer Center, Re-
pare, Relay, Servier, Syros and Transthera; and consultant
fees from AstraZeneca, Autem, Cornerstone, Delcath Sys-
tems, GlaxoSmithKline, Helsinn, Histosonics, Incyte, Ipsen,
Kinnate, Lynx Group, QED, Servier and Taiho.

Funding:

N/A

SMART-MD Journal of Precision Medicine 2024; Vol 1. No 3.



