The 1 . Cancer Diagnostics and Molecular Pathology

ncologist

Implementing DPYD*2A Genotyping in Clinical Practice:
The Quebec, Canada, Experience

Catherine Jouver,? Rami Nassasein,? Denis Souuieres,? Xiaopuan WEeNG,? CarL AMIREAULT,® Jean-Pierre Avous,? PATRICE BEAUREGARD,®
NormAND BLais,? CHRISTIAN CARRlER,d ALEXIS-SIMON CLOUTIER,b ALEXANDRA DESNOYERS,® ANNE-SOPHIE LEMAY,d FREDERIC LEMAY,©

Rasmy LoungNARATH,? Jacques JoLvet,® FRANCOIS LETENDRE,f MustapHA TeHFE,® CHARLES VADNAIS,? DANIEL ViEns,® FRANCINE AuBIN®

@Centre Hospitalier de I’Université de Montréal (CHUM), Montreal, Quebec, Canada; bH6pitaI Pierre-Boucher, Longueuil, Quebec,
Canada; “Centre Hospitalier de I’'Université Sherbrooke, Sherbrooke, Quebec, Canada; dCentre Hospitalier Régional Trois-Rivieres,
Trois-Rivieres, Quebec, Canada; *Centre Intégré de Santé et de Services Sociaux (CISSS) des Laurentides, Saint-Jéréme, Quebec, Canada;
fcisss Montérégie Ouest, Chateauguay, Quebec, Canada; 8Hdpital Sainte-Croix, Drummondville, Quebec, Canada

Disclosures of potential conflicts of interest may be found at the end of this article.

Key Words. Fluoropyrimidines toxicity ¢ DPYD genotyping ® DPYD*2A e Fluorouracil e Capecitabine

/ABSTRACT

Background. Fluoropyrimidines are used in chemotherapy
combinations for multiple cancers. Deficient dihydro-
pyrimidine dehydrogenase activity can lead to severe life-
threatening toxicities. DPYD*2A polymorphism is one of
the most studied variants. The study objective was to doc-
ument the impact of implementing this test in routine
clinical practice.

Methods. We retrospectively performed chart reviews of all
patients who tested positive for a heterozygous or homozy-
gous DPYD*2A mutation in samples obtained from patients
throughout the province of Quebec, Canada.

Results. During a period of 17 months, 2,617 patients were
tested: 25 patients tested positive. All were White. Twenty-
four of the 25 patients were heterozygous (0.92%), and
one was homozygous (0.038%). Data were available for
20 patients: 15 were tested upfront, whereas five were

identified after severe toxicities. Of the five patients con-
firmed after toxicities, all had grade 4 cytopenias, 80%
grade >3 mucositis, 20% grade 3 rash, and 20% grade 3 diar-
rhea. Eight patients identified with DPYD*2A mutation prior
to treatment received fluoropyrimidine-based chemotherapy
at reduced initial doses. The average fluoropyrimidine dose
intensity during chemotherapy was 50%. No grade >3 toxic-
ities were observed. DPYD*2A test results were available in
an average of 6 days, causing no significant delays in treat-
ment initiation.

Conclusion. Upfront genotyping before fluoropyrimidine-
based treatment is feasible in clinical practice and can pre-
vent severe toxicities and hospitalizations without delaying
treatment initiation. The administration of chemotherapy
at reduced doses appears to be safe in patients heterozy-
gous for DPYD*2A. The Oncologist 2021;26:e597—e602

Implications for Practice: Fluoropyrimidines are part of chemotherapy combinations for multiple cancers. Deficient
dihydropyrimidine dehydrogenase activity can lead to severe life-threatening toxicities. This retrospective analysis demon-
strates that upfront genotyping of DPYD before fluoropyrimidine-based treatment is feasible in clinical practice and can pre-
vent severe toxicities and hospitalizations without delaying treatment initiation. This approach was reported previously, but
insufficient data concerning its application in real practice are available. This is likely the first reported experience of system-
atic DPYD genotyping all over Canada and North America as well.

INTRODUCTION

5-Fluorouracil (5-FU) and capecitabine are part of combi-
nation chemotherapy protocols for the treatment of vari-
ous cancers, especially gastrointestinal (Gl), breast, and

squamous cell carcinoma of the head and neck (HNSCC) [1].
These two fluoropyrimidines may cause Gl, hematological,
and cutaneous toxicities. About 10% of patients experience
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grade 3 or 4 toxicities that lead to dose interruption or dis-
continuation and may necessitate hospitalization [2]. These
toxicities also have an impact on patients’ quality of life and
health care resources. Moreover, lethal toxicities have been
reported in 0.5% to 1% of patients [3].

5-FU is converted intracellularly to active metabolites,
which inhibit thymidylate synthase and interfere with
RNA and DNA synthesis, leading to cell death [1].
Dihydropyrimidine dehydrogenase (DPD), a rate-limiting
enzyme encoded by the DPYD gene, is responsible for
pyrimidine catabolism and hepatic 5-FU catabolism [1].
DPD deficiency leads to decreased 5-FU clearance and
enhanced toxicity (Fig. 1). Genetic polymorphism in DPYD
can result in a complete or partial loss of DPD enzymatic
activity. Up to 128 DPYD genetic variants have been
reported with mixed effect on enzymatic activity. Four have
been identified as clinically significant to predict toxicities:
DPYD*2A (c.1905+1G>A), DPYD*13(c.1679T>G), DPYD*9B
(c.2846A>T), and HapB3 (c.1129-5923C>G) [4-10]. Heterozy-
gote and homozygote DPYD*2A mutations have been identi-
fied in up to 1% and 0.1% of White populations, respectively
[11]. This mutation was found to be responsible for 5% of
grade 3—4 fluoropyrimidines toxicities, especially prolonged
neutropenia and mucositis, and can sometime lead to
treatment related mortality [12].

In a prospective clinical trial, upfront DPYD*2A testing with
subsequent dose modifications was shown to reduce grade >3
toxicities compared with historical controls. On a population
level, the upfront genotyping also seemed cost-saving [11]. How-
ever, preemptive DPYD testing has not been widely adopted.
Concerns exist regarding the impact of dose modifications on
treatment efficacy, the feasibility of implementing the test
in clinical practice without treatment delays, and cost-effec-
tiveness. As DPYD*2A genotyping became available in our
center (Centre Hospitalier de I'Université de Montréal
[CHUM]), we aimed to review our experience in Quebec
province, Canada, since its introduction in March 2017.

MATERIALS AND METHODS

Genomic DNA was extracted from peripheral blood mononu-
clear cells using the Qiasymphony system (Qiagen Inc.,
Germantown, MD). Variant alleles of DPYD*2A (c.1905+1G>A,
IVS14+1G>A, rs3918290) were screened by real-time polymer-
ase chain reaction with TagMan probes (Thermo Fisher Scien-
tificc, Waltham, MA). Positive control heterozygote variant
allele DNA was kindly provided by Dr. Schellens from Nether-
lands Cancer Institute, Utrecht University, The Netherlands
[11]. Our essay was validated internally and externally and
approved for clinical use by the Institut National D’Excellence
en Santé et Services Sociaux (INESSS) in February 2017. At the
time of this analysis, our institution, CHUM was the only cen-
ter testing for DPYD*2A mutation in the province of Quebec,
Canada. The test is performed twice weekly with a cost of
CAD $18.30 per analysis.

Patients aged 218 years who tested positive for a het-
erozygote or homozygote mutation since the implementa-
tion of the test in March 2017 were identified. Data were
either collected on site or through questionnaires sent to
the treating physician in other institutions. Medical charts
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Figure 1. Role of DPD in irreversibly metabolizing 5-flurouracil
(5-FU) to an inactive metabolite (5-FUH,). On the right, active
metabolites of 5-FU—fluorouridine monophosphate, fluo-
rodeoxyuridine monophosphate, fluorouridine triphosphate, and
fluorodeoxyuridine triphosphate—incorporate into DNA and
RNA and lead to inhibition of cell replication [27].

Abbreviations: 5-FU, 5-fluorouracil; 5-FUH,, 5,6-dihydro-5-fluoro-
uracil; DPD, dihydropyrimidine dehydrogenase; FAUMP, fluo-
rodeoxyuridine monophosphate; FdUTP, fluorodeoxyuridine
triphosphate; FUMP, fluorouridine monophosphate; FUTP, fluo-
rouridine triphosphate.

were reviewed for multiple variables, including demo-
graphic characteristics (age, gender, ethnicity), cancer type
and stage, planned fluoropyrimidine-based treatment, and
toxicities after exposure to fluoropyrimidine-based therapy.
DPD-deficient patient toxicities were reviewed and graded
according to the Common Terminology Criteria for Adverse
Events version 5.0 [13].

The average test response time and treatment delays
related to the test were also examined. Results were ana-
lyzed by descriptive statistics.

The study was approved by the CHUM research ethics
board.

REsuLTS

From March 2017 to August 2018, 2,617 DPYD*2A genotyping
assays were performed, of which 81% were referred from
72 different hospitals in the province. Twenty-five patients
were found to harbor a mutation, of whom all were White;
75% male and 25% female. Twenty-four of the 25 patients
were heterozygous (0.92%), and one was homozy-
gous (0.038%).

DPYD*2A genotype testing results were available in an
average of 6 days (including transport between institu-
tions), causing no significant delays in treatment initiation
according to 99% of queried physicians. Data and variables
for analysis were available for 20 of the 25 patients: 15 had
Gl tumors, two had breast cancer, and two had HNSCC. One
patient did not have cancer but was tested as her son had
been identified as a heterozygous DPYD*2A mutation car-
rier. DPYD*2A genotype testing was performed upfront,
before chemotherapy, in 14 patients. In five patients, it was
performed after severe toxicities encountered during
fluoropyrimidine-based chemotherapy.

Of the five patients with mutations identified after tox-
icities, all had grade 4 neutropenias, four had grade >3
mucositis, two had grade 4 thrombocytopenia, one had
grade 3 desquamating generalized rash, and one had grade
3 diarrhea. All had experienced toxicities after the first
treatment cycle administered at full 5-FU dose. Average
duration of hospitalization because of febrile neutropenia
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Table 1. DPYD*2A heterozygous patients identified after 5-FU severe toxicities
Hospitalization
Cancer Chemotherapy for treatment Subsequent
Age, yr Gender type Stage received Toxicities of AEs, days treatment
64 Male Rectal \Y) FOLFIRI Grade 4 neutropenia 13 Raltitrexed
Grade 4 thrombocytopenia
Grade 3 mucositis
53 Male Anal 1 5-FU + Grade 4 neutropenia 20 RT alone®
mitomycin + RT  Grade 3 mucositis
42 Male Gastric IV FOLFOX Grade 4 neutropenia 17 Paclitaxel and
Grade 4 thrombocytopenia ramucirumab
Grade 3 mucositis requiring TPN
Grade 3 generalized
desquamative rash
56 Male Anal Localized 5-FU + Grade 4 neutropenia 14 Cisplatin and RT
disease mitomycin + RT  Grade 3 mucositis
69 Female Colon I FOLFOX Grade 4 neutropenia 13 TOMOX

Grade 3 diarrhea
Grade 3 alopecia
(complete hair loss)

Abbreviations: 5-FU, 5-fluorouracil; AE, adverse event; FOLFIRI, irinotecan, leucovorin, and 5-FU; FOLFOX, oxaliplatin, leucovorin, and 5-FU; RT,
radiation therapy; TOMOX, raltitrexed and oxaliplatin; TPN, total parenteral nutrition.

@Performance status not admissible to further chemotherapy treatment after toxicities.

PExact TNM staging not available. Al toxicities were reported according to the Common Terminology Criteria for Adverse Events version 5.0 [13].

Table 2. DPYD*2A-mutated patients treated alternatively

Post-testing

Age, yr Gender Cancer type Stage Original treatment choice DPYD*2A mutation treatment

57 Male Head and neck N Carboplatin, 5-FU, and RT Heterozygous Cisplatin + RT

66 Female Breast \Y) Capecitabine Heterozygous Carboplatin and
gemcitabine

31 Female Breast 1l Capecitabine Heterozygous Anastrozole + goserelin

62 Male Head and neck 11 Carboplatin, 5-FU, and RT Heterozygous Cisplatin + RT

56 Male Pancreas \Y FOLFIRINOX Homozygous Gemcitabine and

nab-paclitaxel

Abbreviations: 5-FU, 5-fluorouracil; FOLFIRINOX, oxaliplatin, irinotecan, leucovorin, and 5-fluorouracil; RT, radiation therapy.

Table 3. Fluoropyrimidine-based regimens in DPYD*2A heterozygous patients

Chemotherapy Initial> maximal Maximum tolerated Grade 3 or 4
Age, yr Gender Cancer type Stage regimen 5-FU dose, % 5-FU dose, % adverse events
61 Male Colon 11 FOLFOX 50 > 87 75 None
55 Male Gastro-esophageal IV Cisplatin, 5-FU, and 25 - 50 50 None
junction trastuzumab
70 Male Rectal 11 Capecitabine 33 - 100 66 None
65 Male Colon v FOLFOX 25 > 50 50 None
60 Male Rectal 1Y FOLFOX and 50 - 50 50 None
bevacizumab
74 Male Colon 11 FOLFOX (adjuvant) 50 - 50 50 None
28 Male Colon \Y FOLFOX (adjuvant) 50 = 50 50 None
48 Female Colon v FOLFOX 50 - 100 87 None

Abbreviations: 5-FU, 5-fluorouracil; FOLFOX, oxaliplatin, leucovorin, and 5-FU.

was 15 days. In addition, one patient required total paren-
teral nutrition because of severe mucositis. None of these
five patients received any further treatment with
fluoropyrimidine-based chemotherapy. One patient with
localized anal cancer had prolonged clinical deterioration
after toxicities that rendered him ineligible for further

www.TheOncologist.com

chemotherapy. Table 1 outlines second-line treatments
administered after severe 5-FU toxicities.

Of patients screened for DPYD*2A mutations before
starting fluoropyrimidine-based chemotherapy, five were
allocated to a different type of chemotherapy (Table 2). One
patient refused treatment. This patient was a 74-year-old
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man with stage IV gastrointestinal cancer, for which a pallia-
tive approach was chosen. Eight patients received
fluoropyrimidine-based chemotherapy at 25% to 50%
reduced initial doses (Table 3). The average maintained dose
reduction was 50% throughout treatment. Some patients
received higher subsequent doses after well-tolerated initial
treatment cycles, and two patients reached full fluo-
ropyrimidine doses. Both patients required subsequent dose
reductions to 66% and 87% after grade 2 diarrhea and grade
2 mucositis. No grade 23 toxicities were observed in
patients with DPYD*2A mutation identified upfront. No
patient with preemptive dose reductions stopped treat-
ment because of toxicity. One patient completed 12 cycles
of adjuvant FOLFOX (oxaliplatin, leucovorin, and 5-FU)
administered at 50% of the dose. Another patient com-
pleted concomitant chemoradiation for rectal cancer with
5-FU dose escalations up to 100% and subsequent dose
de-escalations to 66%. One patient received up to 14 cycles
of dose-reduced FOLFIRI (irinotecan, leucovorin, and 5-FU)
in combination with bevacizumab.

Two patients had previous fluoropyrimidines exposures.
One patient had received one cycle of FEC (5-FU, epirubicin,
and cyclophosphamide) as adjuvant treatment for breast can-
cer and experienced grade 4 neutropenia, prompting a treat-
ment change. In our study, this patient was identified
preemptively and treated with carboplatin and gemcitabine
instead of capecitabine. The other patient had received con-
comitant 5-FU and radiation therapy for localized rectal can-
cer. A dose reduction to 75% had been needed because of
significant asthenia, but full treatment had been completed
without significant toxicities. Treatment was changed to
raltitrexed for recurrent metastatic disease after DPYD*2A
mutation identification.

DiscussioN

In this retrospective analysis, the prevalence in our population
was 0.92% and 0.038% for heterozygote and homozygote
DPYD*2A mutations, respectively. It should be noted that the
majority of tested patients were White. This is comparable to
published data by Deenen et al. [11]. The prevalence
described in our study is, however, probably overestimated
because some heterozygous variants were retrospectively
identified after major fluoropyrimidine-related toxicities.

In our cohort, five patients were found to have DPYD*2A
mutations after fluoropyrimidine-related toxicities that led to
treatment interruptions and hospitalizations. Resulting dete-
rioration of performance status and treatment delays after
fluoropyrimidine toxicities may lead to disease progression
and affect survival outcomes. All patients experienced febrile
neutropenia, and 80% had mucositis, consistent with toxic-
ities described as the most likely experienced with DPYD*2A
genotype according to a pooled analysis of data [7]. Patients
treated without upfront DPYD testing and carried DPYD*2A
variants had severe toxicities after the first treatment cycle.
These severe adverse effects could have been avoided with
preemptive DPYD*2A mutation testing. Management of
these symptoms and toxicities is also expensive. Test cost is
low (CAD $18.30) and readily accessible for patients through-
out Quebec province, and the results are available in an

© 2020 AlphaMed Press

average of 6 days. Initial concerns about response time and
treatment delays were not validated. During the period of
data collection for this study, 2,617 tests were performed for
an approximate total cost of CAD $47,890. One day of hospi-
talization in the province of Quebec costs at least CAD
$1,000. Assuming that each of the five patients identified
with DPYD mutations had an average of 15-day hospitaliza-
tions, cost estimates suggests that upfront identification is
potentially cost-saving, as already demonstrated by Deenen
and colleagues [11].

Our analysis shows that all patients found upfront to
have DPYD*2A mutations did not experience severe toxicity
after preemptive fluoropyrimidine dose reductions. In a pro-
spective trial, Deenen et al. demonstrated that 50% fluo-
ropyrimidine dose reduction in DPYD*2A heterozygote
variants resulted in 45% reductions in grade > 3 toxicity with
no deaths [11]. Dose adjustments performed by Hendricks
et al. in a prospective trial showed a decrease of the relative
risk for severe fluoropyrimidine-related toxicity by 1.31 using
genotype-guided dosing compared with 2.87 in an historical
cohort of DPYD*2A carriers. This reduction was also seen in
other DPYD variants included in the trial [14]. However, not
all DPYD mutation carriers experience severe toxicity. Thus,
dose escalation should be adopted to ensure that maximal
tolerated dose is administered. Future studies should focus
on evaluating treatment response and survival outcomes in
DPYD*2A carriers treated with reduced fluoropyrimidine
doses to confirm equivalent therapeutic results. This is par-
ticularly important in gastrointestinal cancers in which alter-
native treatments to 5-FU or capecitabine are limited. In
metastatic colorectal cancer, some studies have suggested
that raltitrexed is an adequate therapeutic alternative to
5-FU [15, 16]. Nevertheless, there are no studies demonstrat-
ing equivalent efficiency of TAS-102 or raltitrexed in the adju-
vant setting. Alternative treatment options, however, are
available for cancers of other sites. As observed in our study,
patients with head and neck cancer can be treated effec-
tively with cisplatin-based chemoradiotherapy, and patients
with breast cancer can be treated with an array of other
molecules.

Our study was conducted in Quebec province, Canada,
within regional hospitals and academic centers, demonstrat-
ing the feasibility of implementing upfront DPYD*2A screen-
ing in clinical practice. DPYD genotyping is a highly sensitive,
specific, and rapid technique, but it is important to remem-
ber that it does not detect all variants and therefore cannot
prevent all toxicities. DPYD*2A mutation is associated with
significant decrease in the DPD enzyme activity. Other DPYD
variants have different prevalence in other populations and
variable impact on enzyme activity, as some can cause only
25% decrease, associated with variable toxicity profile [17].
Combined, detection rate might increase, and further toxic-
ities can be prevented. Henricks et al. published a prospec-
tive safety analysis with individualized DPYD genotype-
guided dosage including four DPYD variants: DPYD*2A,
c.2846A>T, ¢.1679T>G, and c.1236G>A. Eight percent of
patients were found to be heterozygous carriers, leading to a
decrease in fluoropyrimidines related toxicities in a larger
population [14]. Henceforth, our institution has now insti-
tuted, since July 2019, upfront screening for these four DPYD
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genotypes. Since implementation of the four variants testing,
we identified 5% of heterozygous carriers in our population.
A cost analysis done by Henricks et al. showed that the
screening strategy is not expected to vyield additional
costs [18].

Several trials assessed the feasibility of DPD phenotyping
using different methods, either by measuring the DPD
enzyme activity in peripheral blood mononuclear cells or by
measuring the uracil or its metabolite dihydrouracil concen-
trations in plasma or urine [17, 19, 20]. It should be noted
that despite the high sensitivity of the DPD enzymatic activity
method to detect all cases of enzyme deficiency, it is techni-
cally delicate, and interpretation requires the determination
and the validation of threshold values of enzyme activity to
distinguish DPD-deficient patients from normal ones. Thus,
there is no established consensus for an optimal assay. Fluo-
ropyrimidine dose reduction recommendation of each geno-
type is individualized based on linking DPYD genotype with
variability in DPD enzyme activity and toxicities observed,
which is known as the gene activity score.

The American Society of Clinical Oncology does not
endorse DPYD genotyping but mentions the risk of severe tox-
icity and 1% of mortality while discussing chemotherapy
options [21]. There are no specific National Comprehensive
Cancer Network recommendations. The U.S Food and Drug
Administration states a warning in the 5-FU monograph about
the possibility of toxicity in some patients who may carry DPD
enzyme genetic variants [22]. The European Society for Medi-
cal Oncology guidelines for colorectal cancer management, last
updated in 2016, mention the option of DPD testing prior to
fluoropyrimidine administration [23]. Since April 2020, the
European Medicines Agency has recommended that patients
should be tested for the lack of enzyme DPD before starting
cancer treatment with fluorouracil or with the related medi-
cines, capecitabine, and tegafur [24].

INESSS is one of the first governmental institutions to
encourage physicians to discuss with its patients the risk of
5-FU or capecitabine toxicity based on genetic mutations
and recommend upfront DPYD genotyping with proper dose
modifications according to the variant identified [25].
Recently published in 2018, the French Clinical Oncologic
Pharmacology group (Groupe de Pharmacologie Clinique
Oncologique—Unicancer) and Hospital Pharmacogenetic
National Network (Réseau national de pharmacogénétique
hospitaliere) recommend the screening of DPD deficiency
before initiating chemotherapy containing 5-FU or
capecitabine with DPD phenotyping and DPYD genotyping.
They also advise to reduce 5-FU dosing according to DPD
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