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Learning Objectives

Review fluoropyrimidines (FPs), dihydropyrimidine dehydrogenase
(DPD), and DPD deficiency

Understand the association of DYPD variants with FPs-related toxicities
Provide updates on professional guidelines and clinical practices

Raise the awareness of heterogeneity among clinical
pharmacogenomic genotyping tests and introduce the AMP PGx
Working Group recommendation on DPYD genotyping alleles

Discuss additional considerations of implementing clinical DPYD/DPD
testing

Conclusions and future directions
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Case 0: Familial Pyrimidinemia and
Pyrimidinuria Associated with Severe
Fluorouracil Toxicity

Background: A 27/-year-old female undergone modified radical mastectomy
for infiltrating ductal carcinoma experienced mild to severe toxicities with
intravenous adjuvant chemotherapy including 5-fluorouracil (5-FU) on a
weekly schedule. Her chemo-related side effects included severe
leukopenia, stomatitis, hair loss, diarrhea, fever, and marked weight loss, and
later neurologic symptoms

Findings: Significantly elevated levels of uracil and thymine found in both
urine and plasma with repeated measurements over a period of 32 days. A
similar abnormal biochemical result was also seen in one of the patient’s
bro’{hgr,dbut not in her mother, and two other siblings. Dietary variations were
excluded.

Outcome: The patient died 6 months after the last dose due to bones and
liver metastases of the cancer. A genetic defect of pyrimidine-based
degradation has been proposed as the cause of the severe 5-FU toxicity
manifested in this patient.

Tuchman M, et al. N Engl J Med 1985;313:245-249



Case 1: 5-FU Discontinued after Identification
of the DPYD*2A variant

* Background: A 55-year-old female with colorectal cancer
developed severe to lethal toxicities including neutropenia,
mucositis, and diarrhea after the first cycle of 5-FU therapy

* Findings: DPYD genotyping revealed the c.1905+1G>A variant
(DPYD*2A), indicating partial DPD deficiency

* Outcome: FP therapy was discontinued, and an alternative
chemotherapy was initiated.



Case 2: Pretreatment Testing in Breast Cancer

* Background: A 62-year-old female scheduled to begin
capecitabine FP for breast cancer underwent pretreatment DPYD
testing

* Findings: The c.1236G>A/HapB3 variant was identified, indicating
Intermediate DPD activity

* Outcome: The capecitabine dose was reduced by 50%, and the
patient tolerated therapy without significant toxicity.



Case 3: Fatal Toxicity in an Unscreened Patient

* Background: A 48-year-old male with gastric cancer experienced
life-threatening toxicities (severe diarrhea, pancytopenia) after
receiving standard-dose of 5-FU. Patient died.

* Findings: Postmortem genetic testing identified a rare DPYD
variant (c.16797>G).

* Outcome: Highlighted the importance of preemptive DPYD testing
to prevent avoidable fatalities



Case 4: Lethal 5-FU Toxicity in a Carrier of A
Rare DPYD Variant

 Background: A 58-year-old male of South Asian decent with rectal
cancer was treated with 5-FU-based standard therapy, began to
experience severe side effects since Day 8, and died within one
month after the initial therapy.

* Findings: Pre-screening for 4 common DYPD variants was done, which
however, missed the pathogenetic ¢.704G>A (p.R235Q) variant that
was identified by whole-genome sequencing in postmortal specimen.

* Outcome: This case underscores the limitation of targeted genotyping
and the importance of including rare DPYD variants in pretreatment
testing to avoid false assurance and associated severe adverse
outcome.

Bembenek BM, et al. JCO Precision Oncology;8:245-249



Part 1: Fluoropyrimidines (FPs),
dihydropyrimidine dehydrogenase
(DPD), and DPD deficiency



Fluoropyrimidines (FPs)

S

* Fluoropyrimidines (e.g., 5-FU; Xeloda or
capecitabine, tegafur — prodrugs of 5-FU),
antimetabolites for the treatment of

 Colorectal cancers

* Breast cancers

* Gastrointestinal cancers
* Pancreatic cancers

* One of the most widely used class of
chemotherapy agents

* Worldwide: An estimated 2 million patients are treated
with FPs annually

* United States: ~275,000 patients undergo FP-based
therapy including ~147,950 colorectal patients each year
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5-FU Metabolism
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Dihydropyrimidine Dehydrogenase, DPD/DPYD

* Responsible for breaking
down >80% of administered
FPs in the liver

* Arate-limiting step for
inactivating/detoxifying 5-FU

* Reduced DPD enzyme activity
causes drug accumulation,
leading to toxicity

* Ubiquitously expressed
* Encoded by the DPYD gene

Mormal DFPD DPFD deficiency
Uracil 5-FU 5-FU =o Uracil
Hnahullam anabolism
Dy’tmc:m:: . ‘ DPD Cylotoxic
matabulnes metabolites

5-FUH, 5-FUH, +
T{:Iemhle Severe
off-target off-target
toxicity toxicity

Diasio RB and Offer SM, Cancers 2022, 14(13), 3207
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FPs Treatment Toxicities

Over 2 million newly diagnosed cancer patients world-wide are treated each
year with 5-FU or capecitabine, and ~275,000 patients undergo FP-based
therapy including ~147,950 colorectal patients (American Cancer Society,
2019) in the US undergo FP-based therapy each year.

~20-40% of patients develop severe (grade 3-4), sometimes life-threatening
toxicities
- Cardiotoxicity, myelosuppression, neutropenia, nausea, vomiting, severe diarrhea,
stomatitis, mucositis, hand-foot syndrome, neurologic toxicity, hyperammonemic
encephalopathy, and embryofetal toxicity
10-20% of patients are hospitalized for toxicity during treatment and 0.5-1%
suffer fatal toxicity (grade 4-5)

~10 of every 1,000 FP-treated patients will die, or 700-1,400 patients per year.
DPD deficiencies are known to be a major cause of these toxicities

Amstutz et al. 2017. CPT. PMID: 29152729
Meulendijks et al. 2016. Cancer Treat Rev. PMID: 27589829
Innocenti F, et al, 2020. JCO Oncol Pract. Dec;16(12):793-798. PMID: 33197222



FPs Treatment Toxicities

Common Terminology Criteria for Adverse Events Grades of Toxicity

Adverse event Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Mucositis Asymptomatic or mild Moderate pain or ulcer that Severe pain, interfering Life-threatening Death
symptoms: intervention  does not interfere with oral with oral intake consequences:
not indicated intake: modified diet indicated urgent intervention
indicated
Nausea Loss of appetite without ~ Oral intake decreased without Inadequate oral caloric or — —
alteration in eating habits significant weight loss, fluid intake: tube feeding,
dehydration, or malnutrition total parenteral nutrition, or
hospitalization indicated
Vomiting Intervention not indicated Outpatient intravenous hydration:  Tube feeding, total parenteral Life-threatening Death
medical intervention indicated nutrition, or hospitalization consequences
indicated

Adapted from the Department of Health & Human Services. Common Terminology Criteria for Adverse Events (CTCAE). Version 5.0. November 27, 2017. htips://ctep.
cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf.

Cascone VJ. JHOP, Aug 2021 Nov 11 (4)
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc.htm



Part 2: Association of DYPD
variants with DPD deficiency and
FPs-related toxicities



DPYD and DPD Deficiency

Pathogenic variants in DPYD are inherited in autosomal recessive
manner, known as DPD deficiency

Inborn error of metabolism — thymine-uraciluria
Partial DPD deficiency: ~3-8% that varies among populations who are
asymptomatic

One normal and one no-function allele or two decreased-function alleles

Complete DPD deficiency: a more severe and rare disorder with
variable expressivity

Both partial and complete DPD deficient individuals are susceptible to
severe 5-FU toxicity

Amstutz et al. 2017. CPT. PMID: 29152729
Kuilenburg et al. 2019. JIMD Report. PMID: 30349988
OMIM #274270



DPYD Gene and Variants

DPD is encoded by DPYD gene, chromosome 1p21.3
Spans 843 kb in length and contains 23 coding exons
Expressed in many tissues, including liver and peripheral blood

Five well known DPYD toxicity-risk predisposition variants
c.1905+1G>A (*2A), ¢.1679T>G (*13), ¢.1129-5923C>G (HapB3), c.2846A>T, c.557A>G

Large scale sequencing efforts such as 1000 Genomes and Genome
Aggregation Database (gnomAD) have uncovered additional variants in the
coding region

Currently over 1000 missense variants in gnomADv4.1.0

Limited knowledge on function or potential clinical relevance to 5-FU toxicity



Describing DPYD Variants and Haplotypes

e Star (*) allele nomenclature has been commonly used for pharmacogenes
* Some DPYD variants were assigned star (*) alleles by authors when first published, whereas others

are described by descriptive name or dbSNP ID

* DPYD*2-*13 describes individual variants rather than haplotypes, unlike other pharmacogenes
* DPYD HapB3 (c.1129-5926C>G and ¢.1236G>A)

rs67376768 (c.2846A>T, p.D949V)

* Haplotype-based star (*) nomenclature for DPYD deemed impractical by the Pharmacogene
Variation Consortium (PharmVar) DPYD Gene Expert Panel

Large gene size and potential recombination between exons makes haplotype phasing across all exons
extremely difficult

Standard HGVS nomenclature is recommended instead of legacy star-allele names
If no variants are detected, DPYD is reported as no variant detected and the phenotype as normal metabolizer

Most of the functionally relevant variants are rare or extremely rare
Clinicians may act on their presence regardless of whether the haplotype has other variants



Five Well-known Toxicity-Risk Disposition
DPYD Variants

Legacy HGVS cDNA HGVS protein CPIC Activity
Name Nomenclature nomenclature Defined Value
(NM_000110.4) (NP_000101.2) Function
*2A rs3918290 c.1905+1G>A N/A No function 0
*13 rs55886062 c.1679T>G p.1560S No function 0
N/A rs6/7376798 C.2846A>T p.D949V Decreased 0.5
HapB3 rs75017182, ¢.1129-5923C>G, N/A, Decreased 0.5
rs56038477 c.1236G>A p.E412E
N/A rs11523289 c.557A>G p.Y186C Decreased 0.5
8

* 4 out of 5 prevalent in the Caucasian population except for c.557A>G

* Activity score system to predict overall metabolizer activity and linked to prescribed recommendations from
CPIC



Table 1. Values for activity assigned to alleles of

DPYD.
. Activity value Alleles Ref.
DPD Enzyme Activity Scores o 4101119272940
(rs3918290)
DPYD*13 [4,19,30,32,33,46,49,50]
(rs55886062)
0.5 C.2846A>T [413,24,33.36,41,42,44,47]
. (rs67376798)
o "o c.1236G>A/ [14,15,42,44,46,47,49,50,56]
HapB3
A (rs56038477)
1 DPYD*1
8 . (wild-type)
*E . These values for both alleles of a patient are summed, leading to an
E 1o . individual gene activity score.
"= I
- ‘ Table 2. Initial dose recommendation for DPYD
N + % ‘ gene activity score.
) Gene activity score % of standard dose
N 0 Alternative drug
Wild—ltype DPYIIZ)'2A c.284|6A>T DPYID’13 C.123|6(5 =A D- 5 2 5
DPYD variant
1 50
Henricks LM, et al. Pharmacogenomics 2015;16:1277-86. 1.5 75
2 100




Part 3: Professional guidelines on
genotyping-guided dosing and
clinical practices



Dosing Guidelines and Clinical DPYD Testing
Implementation Resources

Clinical Pharmacogenomics Implementation Consortium (CPIC)
* https://cpicpgx.org/guidelines/guideline-for-fluoropyrimidines-and-dpyd/
* Activity score system for genotype-phenotype translation

Dutch Pharmacogenomics Working Group (DPWG)
* https://www.nature.com/articles/s41431-019-0540-0

Experts from the Spanish Pharmacogenetics and Pharmacogenomics (SEFF) and Spanish Society of
Medical Oncology

* https://link.springer.com/article/10.1007/s12094-021-02708-4

French National Network of Pharmacogenetics (RNPGx)
* https://www.sciencedirect.com/science/article/pii/S0007455118300535?via%3Dihub

FDA: Table of Pharmacogenetic Associations, Table of Pharmacogenomic Biomarkers in Drug Labeling, and
FDA label

* https://www.fda.gov/medical-devices/precision-medicine/table-pharmacogenetic-associations
* https://www.fda.gov/drugs/science-and-research-drugs/table-pharmacogenomic-biomarkers-drug-labeling
* https://www.accessdata.fda.gov/drugsatfda docs/label/2024/210124s009Ibl.pdf



https://cpicpgx.org/guidelines/guideline-for-fluoropyrimidines-and-dpyd/
https://www.nature.com/articles/s41431-019-0540-0
https://link.springer.com/article/10.1007/s12094-021-02708-4
https://www.sciencedirect.com/science/article/pii/S0007455118300535?via%3Dihub
https://www.fda.gov/medical-devices/precision-medicine/table-pharmacogenetic-associations
https://www.fda.gov/drugs/science-and-research-drugs/table-pharmacogenomic-biomarkers-drug-labeling
https://www.accessdata.fda.gov/drugsatfda_docs/label/2024/210124s009lbl.pdf
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1962: approved 5-FU
1998: approved Genentech's Xeloda as the first oral chemotherapy

2003: updated labeling advising against prescribing Xeloda in patients with a known DPD
deficiency

2015, 2016: updated labeling to warn of the risk of serious or fatal adverse reactions in patients
with low or absent DPD activity; to avoid these drugs in patients with complete DPD deficiency;
but “there is insufficient data to recommend a specific dose in patients with partial DPD activity
as measured by any specific test.”

2022: updated labeling to include “consider testing [patients] for genetic variants of DPYD prior
to initiating Xeloda to reduce the risk of serious adverse reactions if the patient's clinical status
permits and based on clinical judgement. - did not recommend all patients be screened

for DPYD/DPD and still stated that "there are insufficient data to recommend a specific dose in
patients with partial DPD deficiency."

2024: updated labeling with further information, at multiple places, on the risk of serious
adverse events for patients with complete DPD deficiency treated with 5-FU; and that “DPD
deficiency is estimated to be more prevalent in Black or African American populations
compared to White populations”



Positions of
Oncology Societies

National
Comprehensive
NGO Cancer
Network"

Neither the National Comprehensive Cancer Network
(NCCN) nor the American Society of Clinical Oncology
(ASCO) currently recommends DPYD/DPD testing before

cancer treatment. ®
European Society of Molecular Oncology (ESMO) guidelines AS CO

In localized colon cancer strongly recommends DPD AMERICAN SOCIETY OF CLINICAL ONCOLOGY
genotyping or phenotyping before initiating FP-based
adjuvant therapy and DPD-deficiency testing should be
conducted before initiating 5FU or capecitabine in metastatic
patients with colorectal cancer.

GOOD SCIENCE
BETTER MEDICINE
Asian medical societies do not recommend DPD testing BEST PRACTICE

since DPD deficiency is rare in Asian patients.

European Society for Medical Oncology



Clinicians’ Concerns for A Universal DPYD Testing Approach

(Notes from Dialogues at the 2025 FDA-AACR Workshop: DPD Deficiency and Weighing Potential
Harms)

T ( . ) . .. ; ) )
5 & Main uncertainty: insufficient evidence to support genotype-guided
Clinical Pharmacology y pport genotype-g

P R dosing reduction -> uncertainty with action of the genotyping result

& Therapeutics &==== \ /
Acknowledged that DPYD-related toxicities and testing options should be

discussed with patients

\_ J

4 )
Variability of the tests

\_ J

4 )

Delays of cancer treatment (due to TAT of DPYD genotyping)

\. J
4 )

Xeloda (capecitabine) and 5-FU are “are not replaceable”, thus,
genotyping-guided dosing may compromise or undertreat patients
\_

4 N\
Other factors such as cost, poor reimbursement rate, challenges in

implementation of dosing guideline such as CPIC, patients’ preference
\_ J

https://www.genomeweb.com/cancer/aacr-fda-workshop-oncologists-grapple-balancing-risks-benefits-dpyd-testing
https://www.aacr.org/professionals/policy-and-advocacy/regulatory-science-and-policy/events/2025-fda-aacr-workshop-dpd-deficiency-and-weighing-potential-harms/



https://www.genomeweb.com/cancer/aacr-fda-workshop-oncologists-grapple-balancing-risks-benefits-dpyd-testing
https://www.aacr.org/professionals/policy-and-advocacy/regulatory-science-and-policy/events/2025-fda-aacr-workshop-dpd-deficiency-and-weighing-potential-harms/

Part 4. The importance of
standardization of clinical
pharmacogenomic (PGx) testing, and
AMP PGx Working Group
recommendation on DPYD
genotyping Tier 1 and Tier 2 alleles



There is a large inter-laboratory variabilit
DPDY Genotyping

Table 1. Variant Coverage and Estimated Diagnostic Performance of Commercially Available DPYD Genotyping Tests in the United States

DPYD Variants Tested

Laboratory Name Test Name (Order Code) *2A 13 c.2846A>T HapB3 c.557A>G Other FN Rate Sensitivity NPV
Color Health Color Extended and Color Standard X X 81.6% 18.4% 95.1%

panels
23andMe DPYD Drug Metabolism X X 69.4% 30.6% 95.8%
Fulgent Genetics Picture PGx X X X 65.3% 34.7% 96.0%
ARUP Dihydropyrimidine dehydrogenase X X X 65.3% 34.7% 96.0%

(DPYD), 3 Variants (2012166)
Indiana University Pharmacogenetic DPYD Genotyping X X X X X 0% 100% 100%

(53102299)
Quest Pharmacogenomics panel (36943) X X X 28, %4. %5, %7.%8, 20.4% 79.6% 98.7%

*9A, *98B
LabCorp DPYD Genotyping (512275) X X X X X 0% 100% 100%
Mayo Clinic Laboratories DPYD Genotype, Varies (DPYDQ) X X X X X *7, *8, *10 0% 100% 100%
OneOme The RightMed Test X X X X X 0% 100% 100%
RPRD Precision HealthPGx Panel X X X X X 23,%4,°5.%6,%7,8, 0% 100% 100%
*9A, *98B, *10, *11,
*12, p.R21Q, p.R21X,
p-M166V, p.R592Q,
pQu.N635K, p.R886C

Sanford Laboratories DPYD Genotyping (LBOR0149) X X X X X *3, *7,*8, *10, *12 0% 100% 100%
Sinochips Diagnostics DPYD genotyping X X X X X *7:"8;*10,.*12 0% 100% 100%
Tempus DPYD test X X X X X 0% 100% 100%

Full-gene DPYD sequencing tests that are available for Mendelian disease diagnosis are not included in this table. DPYD genotyping tests performed by CLIA-certified
clinical laboratories were identified through searching the NIH Genetic Testing Registry,'” a web search, and authors knowledge of available clinical laboratories
performing the test. This is not a comprehensive list and is subject to change. Variant coverage was determined per information available on laboratory websites as of
November 2023. Diagnostic metrics including FN rate, sensitivity, and NPV were estimated for each test using DPYD genotyping results from an institutional patient
cohort of 827 patients with an assumption that these tests performed in CLIA-certified laboratories have good analytical performance and no FPs; therefore, specificity
and PPV were not calculated because no FPs are expected, and 100% specificity and PPV for all tests are assumed. FN rate was calculated as the number of

FNs/(FNs + TPs). Sensitivity was calculated as the number of TPs/(TPs + FNs). NPV was calculated as the number of TNs/(TNs + FNs).

Abbreviations: CLIA, Clinical Laboratory Improvement Amendments; DPD, dihydropyrimidine dehydrogenase; FN, false-negative; FP, false-positive; NPV, negative
predictive value; PGx, pharmacogenetics; PPV, positive predictive value; TN, true-negative; TP, true-positive.

Adapted and updated from Hertz DL, Smith DM, Scott SA, et al. Response to the FDA decision regarding DPYD testing prior to fluoropyrimidine chemotherapy. Clin
Pharmacol Ther 2023;114:768-779, and Rubinstein WS, Maglott DR, Lee JM, et al. The NIH Genetic Testing Registry: a new, centralized database of genetic tests to
enable access to comprehensive information and improve transparency. Nucleic Acids Res 2013;41(D1):D925-935.

Nguyen et al. 2024.
J Natl Compr Canc Netw.
PMID: 38754463



AMP PGx Working Group Minimum Sets of Alleles
Recommendations for Clinical PGx Testing

Goals

* To develop recommendations defining a minimum set of variants (a “Must-Test” list) that should be included in clinical
genotyping assays

* To promote standardization of PGx testing across different laboratories

Applications

* Used by the clinical PGx testing community as a reference for test development
* Complementary other clinical dosing guidelines (e.g., CPIC, DPWG) in clinical implementation

Members

* Subject matter expert representatives from the clinical PGx testing community (US and Europe), including organizational
representation from ACMG, CAP, CPIC, DPWG, ESPT, PharmGKB, and PharmVar

Published recommendations

CYP2C19 - Pratt VM, et al. JIMD, 2018;20:269-276

CYP2CO9 - Pratt VM, et al. JIMD, 2019;21:746-755

Warfarin-Related Genes - Pratt VM, et al. JMD, 2020;22:847-859

CYP2D6 - Pratt VM, et al. JMD, 2021;23:1047-1064 ASSOCIATION
TPMT/NUDT15 - Pratt VM, et al. JMD, 2022;24:1079-1088 FOR MOLECULAR
CYP3A4/CYP3AS - Pratt VM, et al. JMD, 2023;25:619-629 PATHOLOGY

DPYD - Pratt VM, et al. JIMD, 2024,26:851-863



AMP PGx Working Group DPYD Genotyping
Allele Recommendation

Challenges
DPYD variants are rare compared to other PGx genes
Information on phasing of variants not as well documented

DPYD testing can be different depending on the clinical indication
PGx indication vs. diagnostic testing for autosomal recessive DPD deficiency
Limited reference materials for DPYD

Co-project with CDC GeT-RM to characterize additional DNAs from Coriell Life
Sciences (Camden, NJ)

Copy number variations (CNVs) at exonic or full-gene level have been
observed in individuals with DPD deficiency or 5-FU toxicity

Population-specific rare variants continue to be discovered

Pratt VM, et al. IMD, 2024;26:851-863



AMP PGx Working Group Two-Tier Framework for
Clinical DPYD Genotyping Recommendation

Tier 1 Minimum “must-test” alleles
Known effect on protein function and/or gene expression

Appreciable minor allele frequency (for DYPD, 0.1% in at least one
subpopulation for Tier 1, and 0.01% for tier 2 alleles) based on gnomAD v4.0.0

Available reference materials
Technical feasibility to detect variant in a clinical laboratory

Tier 2 Expanded panel
Meet at least one but not all the criteria for inclusion in Tier 1

Other

Variants with unknown or uncertain function are not recommended for
iInclusion in clinical genotyping panels

No recommendation for DPYD CNV testing at this time



AMP Recommendations for DPYD Clinical Testing
Tier 1

. CPIC
Variant Legacy Defined
(NM_000110.4) | Name .
Function

No

Activity
Value

DPYD
RefSeqGene
(LRG_722)

NG_008807.2:

GRCh38.p13 chr 1

NC_000001.11:

Reference
Material
Available*

HGVS protein
Nomenclature

Multiethnic
Allele
Frequency

c.1905+1G>A *2A function rs3918290 g.476002G>A 0.97450058C>T N/A Yes 0-0.5%
RRRE e 0 rSsemw NGIETZ NGO MO ve  coo
c.1129- Decreased rs75017182 21 ?42’?6830015 qNSE;Sc;%%%gIGlC(): A&
cﬁgg;fA HapB3  finction 0 1s56038477 NG _008807.2:  NC_000001.10: Nz_—gﬁggf ves 0.06-2.4%
g.352197G>A g.97573863C>T
A DR g e e Wil v o2




AMP Recommendations for DPYD Clinical Testing
Tier 2

Multiethnic
. CPIC - DPYD : Reference
Variant Legacy Defined Activity RefSeqGene | GRCh38.p13 chr 1 HGVS protein Allele

(NM_000110.4) | Name Value Nomenclature Material Frequency

Function (LRG_722) PATETIE ] By (%)
[1]

NG_008807.2: NC_000001.11:

c.299 302del *7 fu nr:l;ﬂn 0 rs72549309 g.1 8564]2TCAT[1 g .9??404; 1ATGA[1 N;E’iqu‘lﬂ%‘}f: Yes 0-0.01%
N .. o e ST Nowomo o wwwooz g
SRS - S oo e Megmuz Nomomin NEOCZ v e |
o, o e (SURUZMoomon WOz oo
e GRS Y, G Uk B S
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Additional Considerations for DPYD
Recommendations

Due to extreme toxicity associated with DPD deficiency
Variants with at least > 0.1% allele frequency in any subpopulation are recommended as Tier 1
c.1679T>G, p.lle560Ser (legacy DPYD*13) did not meet the Tier 1 allele frequency cutoff
Included in Tier 1 due to its association with extreme toxicity and the European Medicines

Agency (EMA) drug label recommendations
Overall detection rate of recommended panel to identify individuals
with impaired DPD function cannot be reliably calculated at this time

Overall incidence of partial or complete DPD deficiency is not well defined
Large percentage of pathogenic variants are rare or novel

Additional variants are present in gnomAD that may also be associated with DPD

deficiency and/or 5-FU toxicity, e.g., c.2043_2058del (p.Leu682IlefsTer24, rs773499329,
with MAF 0.1% in South Asians) identified in DPYD GeTl-RM Study



Proficiency Testing/External Quality

Assessment

1

c.1905+1G>A
c.1898del
c.1601G>A

¢ 1627A>G

¢ 2194G>A
¢.299_302del
¢.703C>T

¢ 85T>C

¢ 2657G>A
c.2983G>T
c.1003G>T

¢ 557A>G

¢ 1156G>T
c.1679T>G

¢ 61C>T

¢ 2846A>T
¢.1129-5023C>G
c.1236G>A

none
none
none
none
2
2
none
none
none
none
1
none
1
none
1
1
none

mber (%) CAP

63 (98%)
13 (20%)

15 (23%)
18 (28%)

13 (20%)
27 (42%)
14 (22%)
59 (92%)

54 (84%)
36 (56%)

Number (%) RfB

142 (100%)

138 (97%)

138 (97%)
50 (35%)

Number (%) SKML

22 (100%)

2 (9%)*

22 (100%)

22 (100%)
22 (100%)

Number (%)
EMQNS¢
73 (100%)

1 (1%)
1 (1%)
47 (64%)
5 (7%)

2 (3%)
71 (97%)
1 (1%)
70 (96%)
44 (60%)
28 (38%)

Europe’s EQA vendors: Reference Institute for Bioanalytics (RfB), UK-European Molecular Genetics Quality

Network, and Dutch based-SKML

PT vendor in the US: College of American Pathologists (CAP)

Pratt VM, et al. IMD, 2024:26:851-863



Clinical Impacts of AMP PGx Working Group
Recommendations

Promote test standardization of DPYD genotyping assay and
concordance between laboratories

Inform clinical laboratory professionals of which variants to
iInclude when designing and validating clinical PGx assays for

DPYD testing

Complementary to other clinical guidelines, e.g., by CPIC and
DPWG

Served as a minimum sets of alleles for initial testing design that
can also be expanded to suit the testing population

Ease some of the challenges and clinicians’ concerns associated
with adopting pretreatment DYPD genotyping



Limitations of AMP PGx Working Group
Recommendations

Only focus on allele recommendations for clinical laboratory PGx
genotyping assays that include DPYD

Not to be interpreted for recommendations for diagnostic testing of autosomal
recessive DPD deficiency

The guidelines do not include
Genotype-phenotype correlation
Clinical interpretation of genotypes

Recommendations for medication management such as changes of dosing based
on genotype

There are no recommendations or endorsements for any specific
molecular methodology, reference materials, proficiency testing services,
vendors or testing platforms



Part 5: Additional considerations
of pretreatment DYD/DPYD
testing and future directions



Genotyping vs. Phenotyping

Strengths Limitations
Genotyping of - Low cost - No relevant for Asian and African
DPYD - Easy to perform and implement populations
*2A, p.D949V, - Unequivocal result - Low sensibility for identifying patients
*13 and - No pre-analytical requirement at risk of toxicity
Haplotype B3 - Validated genotype-guided FP - Account for genetics only
dosing - Uncertain enzyme activity reliability
Phenotyping - Apply to all populations - Time-consuming and highly
of [U] % - Takes into account all parameters | specialized non-standardized analytical
[UH2)/[U] influencing DPD enzyme activity method
- Higher sensitivity as compared to | - Strict pre-analytical requirements
genotyping - Circadian variability
- Possible influence of food intake
- Uncertain cutoff value
- No validated phenotype-guided FP
dosing
- Lack of specificity

Etienne-Grimaldi et al. on behalf of RNPGx, GPCO. European Journal of Cancer, 2023;181:3-17.



Concerns Raised on the DPD Phenotyping
Approach

Variations in Measured Pretreatment[U]  Correlations of Endogenous [U], DPD Enzyme Activity in
between Hospitals PBMCs, Toxicity, and DPYD Genotype

Uracil levels per hospital
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Future Directions:
Efforts towards a Universal Pretreatment DPYD Testing

More evidence for genotyping-guided dosing adjustment and impact on efficacy
More evidence for cost-effectiveness of pretreatment DPYD genotyping

Should full-gene sequencing be performed instead of genotyping for less genetically
charactered populations? How to handle novel, rare variants with unknown functions?

Should the DPYD testing be offered to patients as an “opt-in” or “opt-out” option?

Action by clinical PGx labs: to at least test the AMP Tier 1 and possibly Tier 2 alleles depending
on the testing populations

Action by FDA: to update FPs labeling information to include a “black boxed warning” and
recommend pretreatment testing

Action by clinical societies: to develop guidelines recommending pretreatment DPYD/DPD
testing



Promising Updates

Dana-Farber Cancer Institute: launched DPYD testing for 8 variants, has found 158/3018 or
~5% of tested patients with altered FP metabolizer status. The uptake of DPD testing is now
among 90% of patients before first dose, compared to 26% when it was started

Oncology Pharmacogenetics Real-world Evidence Consortium: consolidates submission of
data submitted by 20 centers conducting DPYD testing

In 2020, European Medical Agency (EMA) updated its recommendation on pretreatment DYD
testing should be performed, and can be done by both genotyping and phenotyping. It
recommended considering a reduced starting FP dose in partially deficienc?\//lpanents, and
contra-indicates FP in patients with complete DPD deficiency. In line with EMA, the European
summaries of Broduct characteristics (SmPCs) recommended upfront DPD phenotyping and
or/genotyping but does not make it mandatory.

The France Story: 2019, the first country to mandate pre-treatment DPD-deficiency testing in
all patients, based on [U]. Based on data from 38,862 patients, the [U] cut-off was set at 150
ng/ml for complete DPYD deficient patient, and 16 ng/ml for partial deficiency. Dose
adjustment or contradiction recommendation was established. Since 2020, no preventable
toxicity-related death has been declared to the French Pharmcovigilance Network in
patients with complete or partial DPD deficiency. (http://ansm.sante.fr)



http://ansm.sante.fr/

Decision Algorithms for Pre-Therapeutic Screening
for DPD Deficiency and Dose FP Adjustment

PRE-THERAPEUTIC SCREENING FOR DPD DEFICIENCY

Wild type Optional

Carriers of at least one deleterious allele
Gene score = 2

; PHENOTYPING
Variant activity score
. Wild type (*1) 1 ¥
| C.2846A>T 0.5 ¥
' HapB3% 0.5 §
| DPYD *2A 0
| c.1679T>A (*13) 0 ¥

[Ul< 16 16 < [U] < 150 [U] = 150 UH2:U ratio <1

Start first cycle at

,. 4 5 reduced dose
l (according to [U])
@ Avoid FP Start first Start first l ‘n l

@
or cycle at cycle at -
start first cycle 50% ' of 50-75% ' of -
Alternative at <25% of standard standard ‘ " Ret"i‘_’aluzt':" O;::;SG :
therapy Standarddose dose dose adaptation before cycle

Therapeutic drug monitoring

recommended for i.v. 5FU

Etienne-Grimaldi et al. on behalf of RNPGx, GPCO. European Journal of Cancer, 2023;181:3-17.



Conclusions

* Pathogenic DPYD variants cause partial or complete DYD
deficiency that can lead to severe to lethal toxicities in
cancer patients treated with FPs

* There are ongoing debates between clinical communities
with other professional groups and patient advocacy
groups on implementing universal DPYD/DPD testing

* Drug-gene paired dosing guidelines (e.g., CPIC, DPWG)
and genotyping standardization guideline (i.e., AMP PGx
DPYD genotyping allele recommendation) are developed
to ease challenges in clinical implementation

* Explicit FDA recommendation and oncology guidelines
are warranted, both are keys for the ultimate adoption of
a universal DPYD/DPD testing approach




ADVOCATES FOR UNIVERSAL WHY TEST v
E DPD/DPYD TESTING

IMPROVE THE STANDARD OF CARE IN THE USA

Prevent avoidable

deaths!

Testing for DPD/DPYD deficiency prior to the
start of chemotherapy with 5-FU (Fluorouracil)
or Capecitabine (Xeloda) can reduce suffering

and save lives.

https://testddpd.org/

Over 2 million newly diagnosed cancer patients world-
wide and ~275,000 patients including ~147,950
colorectal patients in the US are treated with FPs-based
therapy annually

The prevalence of toxicity-related mortality from FPs is ~
0.5-1%

The estimated death rate in the US is 700-1,400 annually,
and many of them are preventable
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