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Abstract

Background Dihydropyrimidine dehydrogenase
(DPD) enzyme is responsible for the elimination of
approximately 80% of administered dose of 5-FU.
DPD deficiency has been associated with severe 5-FU
toxicity. Syndrome of DPD deficiency manifests as
diarrhea, stomatitis, mucositis, and neurotoxicity and
in some cases death. This is a true pharmacogenetic
syndrome, with symptoms being unrecognizable until
exposure to the drug.

Patients and methods A 75-year-old patient with met-
astatic pancreatic adenocarcinoma developed grade 4
thrombocytopenia, grade 3 coagulopathy, and grade 3
neurologic toxicity with a fatal outcome following
administration of 5-FU. Due to pancytopenia, DPD
activity could not be determined in peripheral blood
mononuclear cells (PBMC) using a previously described
radioassay. Therefore, screening and genotypic analysis
of homozygous and heterozygous, known and unknown
sequence variants, in the DPYD gene were performed
using DHPLC as previously described. All DPYD
sequence variants identified by DHPLC were confirmed
by DNA sequencing using a dideoxynucleotide chain
termination method and capillary electrophoresis on an
ABI 310 Automated DNA Sequencer.
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Results Genotyping analysis of the DPYD gene
revealed the presence of the heterozygous mutation,
IVS14 +1 G > A, DPYD*2A.

Conclusion Genotypic analysis using DHPLC can be
employed to screen DPD deficiency in a patient with
severe neutropenia. The mutation IVS14+1 G > A,
DPYD#*2A, is the most common mutation associated
with DPD deficiency. A G > A base change at the
splice recognition sequence of intron 14, leads to exon
skipping and results in a 165-bp deletion in the DPD
mRNA. We have previously demonstrated that a
homozygote DPYD*2A genotype results in complete
deficiency while the heterozygous DPYD*2A geno-
type results in partial deficiency of DPD.
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Introduction

Fluorouracil (5-FU), an analog of uracil, is one of the
most commonly used chemotherapeutic agents and
constitutes the mainstay of chemotherapy for most
gastrointestinal tumors [1]. The cytotoxicity of 5-FU is
thought to be secondary to: (1) inhibition of
thymidylate synthase (TS), principally via the actions
of its metabolite, fluorodeoxyuridine monophosphate
(FAUMP); and (2) synthesis of defective RNA as a
result of incorporation of a second metabolite, fluoro-
uridine triphosphate (FUTP), into RNA [2] (Fig. 1).
The most common 5-FU toxicities include neutropenia,
mucositis, diarrhea, and hand—foot syndrome, with the
latter two adverse effects predominating when 5-FU is
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Fig. 1 80-85% of 5-FU is
catabolized to inactive metab-
olites by DPD and only 1-3%
of the 5-FU mediated cyto-
toxic effects on tumor cells
and normal tissue through
anabolic actions. Increased
anabolism of 5-FU in patients
with DPD deficiency

administered as a continuous intravenous (IV) infusion
[3]. Like other conventional cytotoxic antineoplastic
agents, 5-FU has a relatively narrow therapeutic index.
Its toxicity often limits the dose that can be adminis-
tered, limiting its overall therapeutic usefulness. Fur-
thermore, since the late 1980s, there have been
multiple case reports demonstrating unanticipated
fatal and near fatal toxicities in patients with dihydr-
pyrimidine dehydrogenase (DPD) deficiency follow-
ing intravenous and oral fluoropyrimidines [4-8].

As DPD catalyzes the rate limiting step in the cata-
bolic pathway of 5-FU, a deficiency of DPD can pro-
duce the clinical syndrome of 5-FU toxicity including
mucositis, granulocytopenia, neuropathy, and death)
[3]- Van Kuilenburg et al. [6] showed that cancer
patients with 5-FU toxicity had a 59% reduced DPD
activity. Johnson et al. [7] showed similar results,
with 43% of these patients showing reduced DPD
activity. The gene for DPD has been isolated to chro-
mosome 1p22 (DPYD). Over 32 different DPYD
alleles have been identified, the functional signifi-
cance of most remains to be elucidated. Current
efforts at screening for DPD are aimed at testing the
DPD activity as opposed to screening for an actual
genetic marker. We here present a patient with pan-
creatic cancer who developed severe toxicity follow-
ing 5-FU and results of his genotype analysis of the
DPYD gene.

Patients and methods
Patient

The patient was a 75-year-old Caucasian male with his-
tologically confirmed metastatic pancreatic adenocarci-
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noma. His past medical history was remarkable for
peripheral vascular disease requiring arterial bypass
surgery of the right lower extremity 5 years prior. His
medications included oxycontin, warfarin, alprazolam
and zolpidem. He smoked one pack of cigarettes daily
for over 50 years. The initial physical examination was
notable for an ECOG performance status of 1; right
upper quadrant tenderness and hepatomegaly. Initial
laboratory evaluation revealed a white blood cell count
of 11.1 x 10°, hemoglobin 10.2 gm/dl, platelets
270 x 10°, creatinine 1.4 mg/dl, AST 64 U/l, ALT 30 U/
1, total bilirubin 0.6 mg/dl, alkaline phosphatase 299 U/
L, CA 19-9 of 5743 U/ml and normal electrolytes.

He was treated with bolus 5-FU administered
intravenously once weekly for 3 weeks followed by
1 week with no therapy. He tolerated two treatments
with 5-FU without significant toxicity, except grade 1
nausea, grade 2 anemia and grade 1 thrombocytope-
nia. On the third week, however, he presented with
generalized weakness, altered mental status,
deterioration of his performance status to 3 and pan-
cytopenia (white blood count 2.2 x 10° [grade 2];
hemoglobin 8.6 gm/dl [grade 2]; platelets 14 x 10°
[grade 4]; INR 3.4 [grade 3]). Other laboratory abnor-
malities included grade 2 creatinine (2.4 mg/dl), grade
1 weight loss and grade 3 anorexia. He was admitted
to the oncology unit for transfusion of red blood cells
and platelets. In addition, the patient underwent an
extensive workup to rule out an underlying infection,
disseminated intravascular coagulation and gastroin-
testinal bleeding. Given the patient’s presentation of
mental status changes and pancytopenia following 5-
FU, DPD deficiency was a major diagnostic concern.
5-FU was stopped and blood was collected to isolate
peripheral blood mononuclear cells (PBMC) to deter-
mine DPD activity but was not successful due to
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absence of sufficient PBMC. His mental status
continued to decline to grade 3 and on hospital day
four, he expired.

After obtaining informed consent, an autopsy was
performed. Post-mortem examination was remarkable
for moderately to poorly differentiated adenocarci-
noma of the pancreatic body and tail with extensive
metastatic spread to the liver, diaphragm and regional
lymph nodes. Gastrointestinal examination revealed a
perforated duodenal ulcer. Central nervous system
examination revealed lacunar infarction, hypertensive
small vessel disease and remote focal hemorrhage of
the basis pontis. Post-mortem blood cultures were pos-
itive for Candida albicans as were tissue cultures from
the duodenal ulcer.

DPYD genotyping

Screening and genotypic analysis of homozygous and
heterozygous, known and unknown sequence variants,
in the DPYD gene were performed using DHPLC as
previously described [9]. DHPLC is a DNA screening
method based on temperature-modulation heterodu-
plex separation of dSDNA containing mismatched base
pairs. Heteroduplex DNA is generated by denaturing
and reannealing a mixed population of reference wild-
type samples and mutant DNA. Under conditions of
partial heat denaturation (within a linear acetonitrile
gradient), the heteroduplex fragments having internal
sequence variations will have reduced column reten-
tion time relative to their homoduplex counterparts
and will illustrate a melting pattern or a finger print
characteristic of each sequence variant. In the DHPLC
method, heteroduplexes are resolved without the use
of radioactivity, acrylamide gel, or chemical denatur-
ants [9].

All DPYD sequence variants identified by DHPLC
were confirmed by DNA sequencing using a dide-
oxynucleotide chain termination method (Big Dye Kit;
Applied Biosystems, Foster City, CA, USA) and capil-
lary electrophoresis on an ABI 310 Automated DNA
Sequencer (Applied Biosystems, Foster City, CA,
USA) (Fig. 2).

Results

Because of pancytopenia, DPD enzyme activity could
not be assessed in the patient. Genotype analysis of the
DPYD gene revealed the presence of the heterozygous
mutation, IVS14 +1 G > A, DPYD*2A, now recog-
nized as the most common cause of DPD deficiency
[10].

IVS14+1 G>A, DPYD*2A

DHPLC Sequence
Chromatograms Chromatograms
Wild type
V |'
Patient I A4

Fig.2 DPYD genotyping. DHPLC and direct sequence analysis
revealed the presence of the inactivating mutation, DPYD*2A

Discussion

This case demonstrates the importance of understand-
ing the interplay between pharmacology and clinical
medicine. Genotypic analysis using DHPLC was
employed to screen DPD deficiency in this patient with
severe neutropenia as DPD radioassay could not be
performed due to lack of sufficient PBMC. The post-
mortem examination was significant for a perforated
duodenal ulcer and candidemia that we believe were
related to 5-FU-associated severe mucositis and pro-
longed neutropenia, respectively. In patients with
severe DPD enzyme deficiency, even a small dose or a
very short administration of 5-FU could lead to a
marked surge in plasma 5-FU concentrations (C,,y),
leading to increased 5-FU anabolism in susceptible tis-
sues e.g. GI tract, hair, and bone marrow. Syndrome of
DPD deficiency manifests as diarrhea, stomatitis,
mucositis, and neurotoxicity and in some cases death
[4, 5]. These individuals are at significant risk if they
develop cancer and are given 5-FU.

To date, the more than 32 sequence variations in the
DPYD gene have been described [9]. Yet, only
DPYD*2A and DPYD*13 have been consistently asso-
ciated with DPD deficiency. Genotypic screening for
DPYD*2A may benefit only a limited number of can-
cer patients due to the low frequency of this variation
in the general population (0.94% frequency in the Cau-
casian population [9].

The mutation IVS14 +1 G > A, DPYD*2A, is the
most common mutation associated with DPD deficiency.
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A G > A base change at the splice recognition sequence
of intron 14, leads to exon skipping and results in a 165-
bp deletion in the DPD mRNA [11]. We have previ-
ously demonstrated by genotype analysis of the DPYD
gene that a homozygote DPYD*2A genotype results in
complete deficiency while a heterozygote genotype
results in partial deficiency of DPD [9].

Most assays that are currently available to detect
this pharmacogenetic syndrome are too labor-and-time
intensive to be routinely used to screen cancer patients
prior to 5-FU administration [12]. Recently, we devel-
oped and validated an oral UraBT, which may poten-
tially be used as a screening method to rapidly detect
DPD deficiency in cancer patients prior to 5-FU
administration [13]. This in vivo assay utilizes 2-*C-
uracil (which has a similar substrate affinity for the
DPD enzyme as 5-FU [14]. As the 2-"*C-uracil sub-
strate is degraded by DPD and other enzymes of the
pyrimidine catabolic pathway, the '3C label is released
as 13CO,. The CO, present in breath can then be
quantitated by infrared spectrophotometry. Previously,
we demonstrated DPD deficient individuals have an
impaired ability to catabolize the 2-'*C-uracil, which
results in altered '>CO, breath profiles.

Options for DPD deficient patients are limited usu-
ally requiring discontinuation of 5-FU. Thymidine and
uracil rescues have been reported inconsistently in 5-
FU toxicity. The clinical feasibility of 5-FU dose esca-
lation with PN401 has been demonstrated in preclinical
and phase I studies [15-17]. However, no data on the
effect of PN401 in DPD-deficient patients exist. Animal
experiments with ethynyluracil in our laboratory have
manifested that PN401 can protect against 5-FU toxic-
ity in DPD deficient patients, suggesting that PN401
may be very helpful in patients at risk of toxicity fol-
lowing the administration of standard doses of 5-FU
[14]. The demonstration in the Ashour study that toxic-
ity reduction is still observed when PN401 is given 48 h
after a lethal dose of 5-FU [18] suggests that PN401 can
be used as an antidote after accidental overdose of 5-
FU (e.g. due to pump malfunction or ingestion of
excessive quantities of 5-FU prodrugs like capecita-
bine). Whether PN401 would be effective in protecting
against 5-FU induced toxicity in patients with the auto-
somal co-dominantly inherited DPD deficiency
(detected in 3-5% of the general population, still needs
to be investigated.

Conclusion

In conclusion, DPD deficiency is a relatively common,
enzyme disorder to be aware of when considering 5-FU
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chemotherapy administration. Findings to look for
include mucositis, granulocytopenia, and neuropathy.
If undiagnosed, DPD deficiency can lead to death.
Treatment consists of stopping 5-FU and is otherwise
largely supportive. The knowledge of this true pharma-
cogenetic syndrome is important as 5-FU remains the
third most commonly used chemotherapy worldwide.
To date, screening of patients for the presence of a
DPD deficiency prior to the treatment with 5-FU is not
yet routinely performed. We suggest that patients
should be informed about the risks of the therapy and
DPD testing should be performed upon manifestations
of severe untoward toxicity.
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