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Abstract:

Dihydropyrimidine dehydrogenase (DPD) deficiency induces severe adverse events in patients receiving
fluoropyrimidines. We encountered a 64-year-old DPD-deficient man with a severe capecitabine-related gas-
trointestinal disorder. He received capecitabine-containing chemotherapy after rectal cancer resection. During
the first course of chemotherapy, he developed severe diarrhea, a fever, and hematochezia. Endoscopy re-
vealed mucosal shedding with bleeding throughout the gastrointestinal tract. DPD deficiency was suspected
because he developed many severe adverse events of capecitabine early and was finally confirmed based on
the finding of a low DPD activity level in peripheral blood mononuclear cells. After one month of intensive
care, hemostasis and mucosal healing were noted, although his gastrointestinal function did not improve, and
he had persistent nutritional management issues.
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Introduction

Fluoropyrimidine (FP) anticancer agents are commonly
used in daily clinical practice as key drugs for gastrointesti-
nal, breast, and head and neck cancers. Dihydropyrimidine
dehydrogenase (DPD) is the first rate-determining enzyme in
the catabolism of pyrimidine bases uracil and thymine (1)
and is also known as an important enzyme that catalyzes the
metabolic degradation of FPs (2). Patients with deficiency or
reduced activity of DPD are prone to serious adverse events,
and administration of FPs to such patients may even lead to
death.

We herein report a case of DPD deficiency in which we

were able to prevent the development of severe gastrointesti-
nal disorders after capecitabine administration.

Case Report

The patient was a 64-year-old man who underwent high
anterior resection for rectal cancer at a previous hospital.
The cancer was a well-differentiated adenocarcinoma (pT3,
pNla, cMO, pStage IIIB, UICC TNM Classification, 8th
Edition) and was treated with postoperative adjuvant chemo-
therapy consisting of capecitabine (oral FP, 2,000 mg/m’/
day, days 1 to 14) and oxaliplatin (130 mg/m’ on day 1)
every 3 weeks. On chemotherapy initiation, he had an East-
ern Cooperative Oncology Group (ECOG) performance
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status (PS) of 0, no organ dysfunction, and no postoperative
complications. On day 8, no hematopenia or
hematologic toxicity was observed. On day 11, he developed
diarrhea, oral mucositis, anorexia, and a fever [all grade 1
according to the Common Terminology Criteria for Adverse
Events version 5.0 (CTCAE v5.0)]; these symptoms gradu-
ally worsened to grade 2-3. However, he did not contact the
hospital and continued taking capecitabine until day 14 by
his own decision.

On day 19, he developed grade 3 diarrhea, grade 3 renal
dysfunction, and grade 3 febrile neutropenia (FN) (neutro-
phils, 380/mm’) and was urgently admitted to the previous
hospital. Granulocyte colony-stimulating factor and mero-
penem were administered as an intravenous antibiotic treat-
ment for FN. Later, he developed grade 4 renal dysfunction
and was placed on temporary dialysis. He had continuous
grade 3 diarrhea after admission and had bloody stool on
day 28. An endoscopic examination revealed gastric ulcers
and mucosal damage in the colon. It was judged that further
treatment for systemic management would be difficult, so he
was transferred to our hospital on day 46 for a detailed ex-
amination and intensive treatment.

DPD deficiency was suspected because he had experi-
enced the early onset of many grade >3 adverse events dur-
ing the first cycle of chemotherapy at the previous hospital.
Upon admission to our hospital, the DPD activity in periph-
eral blood mononuclear cells (PBMCs) was measured. His
level of DPD activity was below the detection limit (<1.06
U/mg protein); therefore, he was diagnosed with DPD defi-
ciency.

On admission, he had an ECOG PS of 3. A physical ex-
amination revealed a fever (38.5°C), anemia of the palpebral
conjunctiva, and grade 3 oral mucositis. The blood test data
are presented in Table 1. High levels of inflammatory mark-
ers, severe anemia, and low platelet count were observed;
therefore, antibiotherapy and blood transfusion were initi-
ated.

On day 46, esophagogastroduodenoscopy (EGD) revealed
esophageal mucosal shedding (Fig. 1a) and extensive ulcers
with contact bleeding in the lesser curvature of the gastric
body (Fig. le). The exposed blood vessels at the bottom of
the ulcer were coagulated to stop the bleeding. On day 47,
double-balloon endoscopy (DBE) revealed shedding of the
ileal mucosa and multiple ulcers (Fig. 2a) and shallow mu-
cosal shedding in the sigmoid colon (Fig. 2d). The bleeding
was caused by persistent bleeding from multiple sites due to
gastrointestinal mucosal disorders. Endoscopic hemostasis
was difficult, and blood transfusion therapy was continued.

Endoscopy examinations were performed periodically.
Fig. 1 shows the course of the EGD findings. The mucosa
of the esophagus had fallen off circumferentially, but the
healing process with fibrosis formation of the mucosa was
observed (Fig. la-c). However, with improvement, segmental
esophageal stenosis occurred, and the passage of the endo-
scope became impossible on day 109 (Fig. 1d). Extensive
ulceration was observed in the lesser curvature of the gastric

non-

body; however, the ulcer tended to shrink (Fig. le-g). Fig. 2
shows the course of the colonoscopy (CS) findings. The ul-
cers in the terminal ileum showed regenerative epithelializa-
tion of the mucosa over time and tended to heal (Fig. 2a-c).
Initially, multiple ulcers were found in the colon, and the
mucosal damage tended to improve gradually (Fig. 2d-f).
However, multiple stenoses occurred, and the endoscope
could not be inserted into the mouth side of the transverse
colon (Fig. 2g).

Fig. 3 shows the clinical course of the patient. Renal dys-
function and inflammatory responses improved over time.
Although he suffered from hemorrhagic shock twice, his
hemodynamics were stabilized by appropriate blood transfu-
sions. The gastrointestinal mucosa eventually regenerated,
and the bloody stool stopped on day 69. He had received a
total of 184 units of red cell concentrate (RCC), 360 units
of platelet concentrate (PC), and 92 units of fresh-frozen
plasma (FFP) transfusions within the period up to day 67.
After the bloody stool stopped, he still had severe diarrhea,
which was suspected of being caused by protein leak syn-
drome and was treated with albumin supplementation and
octreotide.

He was transferred to a rehabilitation hospital on day 161.
He is still alive without any recurrence eight months after
rectal cancer resection and continues to receive both central
venous and enteral nutrition due to gastrointestinal transit
and absorption problems.

Discussion

DPD is widely expressed in human tissues, and the liver
is the major source of this enzyme; that is, with 80% of the
total body supply (3). DPD activity is also high in PBMCs,
with a comparable pattern to that in the liver. Therefore,
PBMCs are widely used to measure DPD activity (4). A
DPD activity of less than 30% is considered partially defi-
cient, and that less than 10% is considered completely defi-
cient. The proportions of partial DPD deficiency and com-
plete DPD deficiency were reportedly 3-5% and 0.1% in
Caucasian and African American populations,
tively (5-8). However, detailed reports on DPD activity in
Japan are scarce. The average DPD activity in 150 Japanese
healthy volunteers was reported to be 173 U/mg protein;
however, there were large individual differences (9).

Several methods of detecting DPD deficiency have been
reported. DPD activities in PBMCs may be used as a
marker for DPD activity in general (4, 6). Another method,
involving the measurement of dihydrouracil and uracil in
urine, is simple and useful but is associated with challenges
for screening carriers and partial deficiency (10). The 2-13
C-uracil breath test rapidly discriminates between normal,
partially, and profoundly DPD-deficient individuals, making
it a useful screening method that can be used in most clini-
cal settings (11, 12). However, its practicality remains un-
clear. Therefore, the measurement of DPD activity values in
PBMC would be useful in Japan.

respec-
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Table 1. Laboratory Data at the Time of Admission to Our Hospital.
(Blood cell count) (Biochemistry) (Coagulation test)
WBC 15.800 /uL TP 4.1 g/dL PT 55.7 %
Seg 94 % Alb 2.3 g/dL PT-INR 142
Lym 5 % T-Bil 3.2 mg/dL  APTT 442 s
Mono 1 % D-Bil 2.2 mg/dL  FDP 7.8 ug/mL
Eos 0 % AST 25 U/L
RBC 201x104 /uL. ALT 17 U/L
Hb 6 g/dL  LDH 155 U/L
MCV 83.6 F1 I'-GTP 37 U/L
MCHC 357 % BUN 60.8 mg/dL
Plt 5.0x10% /juL. Cre 4.72 mg/dL
CRP 7.76 mg/dL

WBC: white blood cell, Seg: segmented cell, Lym: lymphocyte, Mono: monocyte, Eos: eo-
siophil, RBC: red blood cell, Hb: hemoglobin, MCV: mean corpuscular volume, MCHC:
mean corpuscular hemoglobin concentration, Plt: platelet, TP: total protein, Alb: albumin,
T-Bil: total bilirubin, D-Bil: direct bilirubin, AST: aspartate aminotransferase, ALT: ala-
nine aminotransferase, LDH: lactate dehydrogenase, I'-GTP: I'-glutamyl transpeptidase,

BUN: blood urea nitrogen, Cre: creatinine, CRP: C-reactive protein, PT: prothrombin time,

PT-INR: prothrombin time-international normalized ratio, APTT: activated partial pro-

thrombin time, FDP: fibrinogen degradation products

Underbar means abnormal value of the data.

Figure 1.

The course of mucosal damage findings on esophagogastroduodenoscopy. The mucosa of

the esophagus had fallen off after capecitabine initiation (a). Gradual regeneration of the normal
mucosa was observed (b). With improvement, stenosis occurred, and the endoscope could not be
passed (c, d). Extensive ulceration was observed in the lesser curvature of the gastric body (e). The
ulcer tended to shrink with the passage of time (f, g).

DPD deficiency is caused by alterations in the DPD gene.
The DPD gene is mapped to chromosome 1p22 and consists
of 23 exons (13, 14). The Clinical Pharmacogenetics Imple-
mentation Consortium guidelines stratify patients based on
their DPD genotype and provide dosage recommendations
according to their score (15). However, not all genetic vari-
ants have been identified, so data on more cases need to be
collected.

In Japan, a total of 24 cases (including the present case)

of severe adverse events were reported among patients with
DPD deficiency who were treated with FPs, according to a
search using PubMed and a domestic article search en-
gine (3, 16-37). The characteristics of these patients are
summarized in Table 2. A total of 13 men and 11 women
were reported, and the median age was 64.5 (range: 39-78)
years old. Eleven patients had colorectal cancer, one had je-
junum cancer, seven had gastric cancer, and five had breast
cancer. Thirteen patients reported since 2012 received oral
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Figure 2. The course of mucosal damage findings in double-balloon endoscopy (a, d) and colonos-
copy (b, c, e-g). The ulcers in the ileum showed regenerative epithelialization of the mucosa with the
passage of time and tended to heal (a-c). Multiple ulcers were found in the colon (d). The mucosal
damage tended to improve gradually (e-f). Stenosis occurred with the improvement, and the endo-
scope could not be inserted into the mouth of the transverse colon (g).
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Figure 3. Clinical course after admission to our hospital. Serial changes in the levels of albumin,
hemoglobin, CRP, and creatine, and the course of the administration of blood transfusions, intrave-
nous therapeutics, and antibiotics are presented. Alb: albumin, Hb: hemoglobin, CRP: C-reactive
protein, PIPC/TAZ: piperacillin/tazobactam, VCM: vancomycin

capecitabine. The main initial symptoms were gastrointesti-
nal toxicities, accounting for 75% of the cases, which
tended to appear earlier than hematologic toxicities. Most
patients were diagnosed with DPD deficiency by measuring
the DPD activity in the PBMCs. For the 15 patients with
available DPD activity data, the average value was 7.97
(range: 0.32-21.5) U/mg protein. The mortality rate due to

adverse events was approximately 29%; specifically, it was
14% for the 7 patients with DPD activity 28 U/mg protein
and 38% for the 8 patients with DPD activity <8 U/mg pro-
tein, suggesting that a lower DPD activity may be associated
with severe adverse events.

In foreign reports, most patients with DPD deficiency re-
ceived 5-FU for colorectal cancer, and only few patients re-
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Table 2. Clinical Features of Severe Adverse Events in Japanese Patients with DPD Deficiency Who Received Fluoropyrimi-

dine.

Sex, n Male/Female 13/11
Age, years Median (range) 64.5 (39-78)
Cancer type, n CC/RC/IC/GC/BC 41711715
Fluoropyrimidines, n 5-FU/S-1/UFT/Cape/2 drugs (S-1 — Cape, S-1+UFT) 6/1/3/12/2
Onset day of gastrointestinal symptoms, day Median (range) 10 (2-42)
Onset day of blood toxicity, day Median (range) 14 (5-42)
Initial symptom”, n Gastrointestinal symptoms/oral mucositis/fever/hand-foot syndrome/n.d. 18/4/2/1/1
Diagnosisf, n DPD activity (PMBC)/Uracil in urine/DPD gene variant/another 22/6/3/1
DPD protein amount?, U/mg protein Average (range) 7.92 (0.32-21.5)
Prognosis, n Recover/Death 1777
Mortality according to DPD amount?, n <8 U/mg/>8 U/mg 3/1

*: Includes cases with multiple symptoms. T: Includes cases with multiple diagnoses. ¥: Among 15 patients with available DPD activity data.

DPD: dihydropyrimidine dehydrogenase, CC: colorectal cancer, RC: rectal cancer, JC: jejunum cancer, GC: gastric cancer, BC: breast cancer, Cape:

capecitabine, n.d.: not demonstrated, PBMC: peripheral blood mononuclear cells, UFT: tegafur/uracil

ceived oral FPs, including capecitabine (38). There have
been several reports of severe gastrointestinal disorders in
foreign countries as well (39-41). In all cases, severe gastro-
intestinal symptoms were observed within two weeks of FP
initiation. Attention should thus be paid to the appearance of
gastrointestinal symptoms as well as blood toxicities, regard-
less of race.

Of the 24 previously reported cases, only Inoue et al. re-
ported a patient with severe gastrointestinal disorders with
hemorrhagic shock caused by capecitabine administra-
tion (36). Their patient had extensive ulcerations at the end
of the ileum and hemorrhaging from multiple sites. Because
of the multiple bleeding sites and the frequent shock-
inducing massive bleeding, endoscopic treatment was unable
to control the bleeding, and the terminal ileum was surgi-
cally resected by 80 cm. No bloody stool was observed after
intestinal resection, and the patient’s general condition im-
proved. In the present case, mucosal shedding with bleeding
was observed throughout the gastrointestinal tract, and surgi-
cal treatment was considered impossible. Conservative treat-
ments saved the patient’s life; however, extensive mucosal
fibrosis and multiple gastrointestinal stenoses were observed.
In the future, balloon dilation and bowel resection will be
needed in order to restore oral intake after protein-losing en-
teropathy has been resolved. However, there have been no
reports of DPD-deficient patients with gastrointestinal steno-
sis following mucosal injury caused by FP anticancer
agents. Thus, it is necessary to follow up on the gastrointes-
tinal function.

Capecitabine is an oral FP anticancer drug, absorbed from
the gastrointestinal tract and converted to 5-fluorouracil (5-
FU) through three specific enzymatic reactions in the liver
and major tissues. Uracil-tegafur and S-1 constitute 5-FU
pro-drugs and DPD inhibitors (uracil and gimeracil), allow-
ing a reduction in the absolute dose of 5-FU. Thus, adverse
events due to DPD deficiency are more likely to occur in
patients treated with capecitabine than uracil-tegafur and S-
1. Nevertheless, there was a report of death in a DPD-

deficient patient treated with S-1 (17); therefore, caution
should be exercised when administering any of these drugs.

Uridine triacetate competitively inhibits the incorporation
of 5-FU into ribonucleic acid (RNA) and is effective in the
treatment of fatal adverse events caused by overdose or
oversensitivity to 5-FU or capecitabine. It was approved by
the U.S. Food and Drug Administration in December 2015
and is indicated for the treatment of severe adverse events
occurring within 96 hours of therapy initiation. There is a
report of a patient with DPD deficiency who was saved by
administration of uridine triacetate more than 96 hours after
the start of capecitabine administration, although it was used
in an off-label capacity (42). It is important for this drug to
be approved in Japan, although patients with DPD defi-
ciency are rare.

Our patient continued to take capecitabine after the onset
of symptoms. If the patient had been thoroughly educated to
stop taking the drug early after the appearance of several
symptoms and to seek medical attention, severe adverse
events may have been able to be avoided. In addition, tele-
phone follow-up has been reported to lead to a decrease in
adverse events, which may be useful in similar cases (43).
The measurement of DPD activity prior to the use of FP an-
ticancer drugs may prevent the occurrence of serious ad-
verse events. In Europe, the Pharmacovigilance Risk Assess-
ment Committee recommended that phenotype and/or geno-
type testing for DPD deficiencies be performed prior to the
administration of FPs. However, the frequency of DPD defi-
ciency is extremely low in Japan, and it is not realistic to
perform this procedure for all patients for cost-effective rea-
sons. In Japan, telephone follow-up may be a feasible and
effective means of reducing adverse events due to DPD defi-
ciency. It is known that the DPD gene is inherited in an
autosomal recessive manner, so it may be worthwhile to
measure DPD activity in close relatives when FP anticancer
drugs are used.

In conclusion, we can save patients with DPD-deficiency
from a fatal status. However, it remains unclear whether or
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not the gastrointestinal function would improve. Therefore,
in patients with DPD deficiency who present with early se-
vere adverse events, such as hematologic and gastrointestinal
toxicities, it is important to discontinue FP and prevent their
aggravation.
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