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INTRODUCTION

Approximately 30% of patients treated with flu-
orouracil (FU) develop grade = 3 toxicity." Del-
eterious genetic variations in DPYD, the gene
that encodes dihydropyrimidine dehydrogenase
(DPD), have been established as predictors of
FU-associated toxicity.*” The Clinical Pharma-
cogenetics Implementation Consortium has
recently published updated guidelines for FU
dosing in carriers of deleterious DPYD variants.®
The guidelines use an activity score for each
variant, which is determined by the degree to
which a variant impairs DPD activity.® Despite
clear guidance for variants that have been pre-
viously characterized and reported, an urgent
need remains for providing FU dosing guidance
to patients who carry variants of unknown sig-
nificance and/or complex genotypes.

We present the case of a patient with rectal
cancer who experienced severe FU-associated
toxicity during neoadjuvant therapy with capecit-
abine. Genetic testing revealed a compound het-
erozygous DPYD genotype that included a novel
variant of unknown DPD function, p.T132A
(NM_000110.3:¢.394A>G; NP_000101.2:p.
Thr132Ala), and a well-recognized toxicity-
associated variant, rs3918290 (NM_000110.3:
c.1905+1G>A; DPYD*2A).>* We used our
recently reported in silico tool (DPYD-Varifier)’
to predict that p.T132A would be deleterious
to function, which was subsequently validated
using ex vivo and in vitro approaches. These
methodologies permitted us to determine an
activity score for the patient that was used to
calculate a safe adjusted dose of FU for adju-
vant therapy.
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METHODS

This study was approved by the Mayo Clinic
institutional review board. Informed consent to
use medical records and patient-derived spec-
imens for research use, and reporting was
obtained from the patient. The entire coding
region of DPYD was initially sequenced by Mayo
Medical Laboratories. DPYD-Varifier was used
to predict the function of p. T132A.7 The effect
of p.T132A on DPD activity was measured in
vitro as previously described.””’

Total RNA was isolated from the patient’s blood
sample using the PAXgene Blood RNA Kit (Pre-
AnalytiX, Hombrechtikon, Switzerland), and
cDNA was reverse transcribed using oligo(dT)
primers (Thermo Fisher Scientific, Waltham,
MA). The full-length DPYD open reading frame
was amplified (primers: 5'-gtttgtcactggcagacteg-3/,
5'-ttcacagcaactgtttcacaaa-3’) using Q5 High-
Fidelity DNA Polymerase (New England Bio-
labs, Ipswich, MA). The polymerase chain
reaction (PCR) product was cloned into the
pJET1.2 vector, and 20 cloned constructs were
sequenced at the Mayo Clinic Gene Analysis
Shared Resource to determine the cis or trans
conformation of the variants. Peripheral blood
mononuclear cells (PBMCs) were isolated and
assessed ex vivo for DPD activity as previously
described.”!?

Additional PCR and quantitative PCR reactions
were performed with primers specific to canon-
ically (E13/14: 5’-ctcttgataaggacattgtgacaaa-3’,
5'-tttgeagetettgegatge-3') and alternatively spliced
DPYD (E13/15: 5'-ctcttgataagattgtgattgctage-3/,
5'-tttgeagetettgegatge-3'). GAPDH (primers: 5'-
accacagtccatgecatcac-3’, 5'-tccaccacectgttgetgt-3)
was used as a control gene to normalize expres-
sion values.
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chart presents the timeline
for the key events in the
diagnosis, treatment, and
laboratory testing of DPYD
variants. The horizontal line
represents the number of
days from the presentation
of symptoms through the
10th cycle of the adjuvant
therapy. Gold box rep-
resents continued fluoroura-
cil and leucovorin only

for an additional two

cycles (no oxalipatin). (*)
Not drawn to scale. cape,
capecitabine; C'T, computed
tomography; DPD, dihy-
dropyrimidine dehydroge-
nase; mFOLFOXG6,
modified infusional fluoro-
uracil, leucovorin, and oxal-
iplatin; radio, radiotherapy.

A timeline for this case study is presented in
Figure 1. A 32-year-old male with a history of
gastroesophageal reflux and hyperlipidemia pre-
sented with altered bowel function and bright
red blood per rectum. Colonoscopy revealed a
polyp in the cecum and a mass approximately
10 cm within the rectosigmoid colon. Biopsy
specimens of the colon and perirectal lymph
nodes were obtained, and pathology confirmed
adenocarcinoma. Carcinoembryonic antigen
was noted to be within normal limits. A staging
computed tomography scan of the chest, abdo-
men, and pelvis showed no evidence of distal
metastases, which suggested stage I1I disease.

The patient was treated shortly after diagnosis
with neoadjuvant therapy that consisted of capecit-
abine (825 mg x m™ for 5 days each week) and
radiotherapy (50.4 Gy in 28 fractions). Five days
after starting treatment, the patient reported
fatigue, severe diarrhea (10 to 15 bowel move-
ments per day), and skin rash. The capecitabine
dose was reduced by approximately 25%, but the
patient was hospitalized soon after this change.
During hospitalization, absolute neutrophil count
decreased to 700 cells/pL. (normal reference
range, 1,500 to 8,000 cells/pL), which prompted
discontinuation of therapy late in the second
week of treatment. The patient remained hospi-
talized for 13 days, during which time he expe-
rienced severe neutropenic fever and weight loss
(approximately 25 Ib). Seven days after discharge
from the hospital, the patient’s radiation treat-
ment was resumed and continued for 47 days.
Eight weeks after the completion of neoadjuvant
therapy, low anterior resection of a 23-cm por-
tion of the rectosigmoid colon was performed.
Pathology at the time of resection revealed a
microscopic focus (0.5 mm) of residual, moderately

tumor bed measuring 1.3 x 1.0 cm. The surgi-
cal resection margins and multiple lymph nodes
(n = 16) were negative for tumor. One and a half
months after surgery, the patient was sched-
uled to begin modified infusional FU, leucov-
orin, and oxaliplatin (mFOLFOX6) adjuvant
therapy.

Because of the severe toxicity during the initial
neoadjuvant therapy, genetic testing was ordered.
Sequencing of the coding region for DPYD
revealed the presence of DPYD*2A and the pre-
viously unreported variant p. T132A. With our
recently reported in silico prediction algorithm
DPYD-Varifier,” we determined that p. T132A
was likely deleterious to function and thus may
have contributed to FU-related toxicities during
neoadjuvant therapy.

Additonal functional studies were performed to
determine the phasing of these two variants and
the degree to which p. T132A alters DPD activ-
ity. Clonal RNA sequencing identified 11 clones
that contained only DPYD*2A and nine that con-
tained only p. T132A, which confirmed the trans
conformation of the two variants. DPD activity
in the patient’s PBMCs was reduced by 64%
(92.4 pmol FU x min™' x mg™) compared with
previously reported reference values obtained
from individuals who do not carry a deleterious
DPYD variant'’ (254.0 pmol FU x min™ x mg';
Fig 2A). To determine whether allelic imbalance
of DPYD was occurring, allele-specific PCR
primers E13/14 and E13/15 were used to
amplify canonical and alternatively spliced DPYD
(Fig 2B, top). In quantitative studies, efficien-
cies of both PCR reactions were similar, and
both the canonical and the alternatively spliced

forms of DPYD were expressed at similar levels
(Fig 2C).
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Fig 2. Functional assess-
ment of DPYD variants in
the patient. (A) Dihydro-
pyrimidine dehydrogenase
(DPD) enzyme activity
was measured in peripheral
blood mononuclear cells
isolated from the patient
and was compared with
reference values previously
published by our labora-
tory for peripheral blood
mononuclear cells from
individuals who do not carry
known deleterious variants
in DPYD (noncarriers) and
those heterozygous for *2A
(*2A/wild type [WT]). (B)
Polymerase chain reaction
primers were designed as in-
dicated (arrows) to amplify
across the exon 13/14 and
13/15 junctions to detect
the presence of alternative
splicing in the patient and a
heterozygous carrier of *2A.
(C) Relative expression of
canonical and alternatively
spliced DPYD was measured
using primers described
in (B). (D) In vitro DPD
activity conferred by recom-
binant *2A, p.D949V, and
p.T132A variants relative to
WT DPD activity was com-
pared. For each variant, the
mean of two independent
experiments is presented as
a horizontal bar + standard
deviation. Each independent
experiment consisted of
three technical replicates.
Results for p.D949V were
obtained from previously
published data.” nt,
nucleotide.

"To directly quantify the degree to which p. T132A
impairs DPD function as a single allele, in vitro
analysis of transgenic p.T132A DPD was per-
formed. This amino acid substitution decreased
DPD actvity by 38% compared with wild-type
DPD protein (Fig 2D). This level of reduction
is similar to that observed for the well-studied
p-D949V variant’’; thus, the DPD activity score
would be expected to be similar. The DPD activ-
ity score® was calculated to be 0.5 for this patient
(0.0 for DPYD*2A and 0.5 for p. T132A), which
suggested that a 75% reduction in FU dose likely
would be safe.

One and a half months after surgery, the patient
received the first cycle of dose-adjusted modi-
fied infusional FU, leucovorin, and oxaliplatin
therapy. No bolus FU was administered, and
the 46-hour infusional doses of FU and leu-
covorin were reduced by 75%. Standard doses
of oxaliplatin were administered (85 mg x m™).
The patient experienced grade 1 to 2 diarrhea,
dyspepsia, neutropenia, and fatigue during his
adjuvant chemotherapy (assessed by the treat-
ing physician using Common Terminology Cri-
teria for Adverse Events [version 5.0]). During
cycle 4, the infusional dose of FU was increased
by 10% to 15%, and an increase in diarrhea
and fatigue was observed. Because of this, the
subsequent doses were given at the initial dose
(75% reduction) for the remainder of therapy.
No additional dose interruptions or delays were
required. Finally, the decision was made to
administer two additional cycles of therapy that
did not contain oxaliplatin because of accumu-
lating grade 1 neuropathy (Fig 1, gold box). The
patient has completed the 10th cycle of adjuvant
therapy and has responded well to the treatment

with no severe toxicity and no physical evidence
of cancer progression.

DISCUSSION

This report outlines the effective management
of toxicity in a patient with rectal cancer treated
with an FU-based regimen using a precision
oncology approach. To date, genetic testing of
DPYD variants is not mandated in the United
States, and complete DPD deficiency is only listed
as a contraindication to FU treatment.!! Many
studies have increasingly performed functional
characterizations of DPYD variants,’°7%1012.13
and the Clinical Pharmacogenetics Implemen-
tation Consortium has published activity-based
FU dosing guidelines for many of the reported
DPYD variants.® However, a paucity of informa-
tion exists with respect to FU dose adjustments
in compound heterozygous variant carriers.

In this case report, DPYD genotype and variant
function data were used to provide guidance for
adjuvant FU dosing in a patient who carries a
complex DPYD genotype that includes a novel
variant of unknown significance. The 38%
reduction in in vitro DPD function attributed
to p. T132A also is consistent with the approxi-
mately 36% activity measured in the patient’s
PBMCs because the p.T132A variant in the
patient’s genome is present in a compound com-
plex heterozygous state (trans) with DPYD*2A.
Structurally, the p. T132A variant is located in
proximity to iron sulfur cluster 1 and 2 (three-
dimensional distance < 15 A). Typically, dele-
terious variants are in proximity to important
domains in the DPD protein.’

Opverall, this case study demonstrates that the in
silico and in vitro approaches used in this report
can be used concurrently with DPYD variant
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screening to enable informed decisions about
FU dose modifications. These approaches are
especially valuable with regard to variants with
unknown function and/or compound complex
genotypes. Overall, this case report illustrates
that DPYD genotype-phenotype—guided FU
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