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Diabetic ketoacidosis caused by fulminant type 1 diabetes
during adjuvant chemotherapy for colon cancer: A case report
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Abstract. Development of diabetic ketoacidosis (DKA) caused
by fulminant type 1 diabetes (FT1D) during administration of
uracil-tegafur (UFT) with leucovorin (LV) as adjuvant chemo-
therapy is extremely rare. Here, we report a case of DK A caused
by FT1D during administration of UFT with LV as adjuvant
chemotherapy for colon cancer. A woman in her 60s was trans-
ferred to the emergency medical center of our hospital with
complaints of impaired consciousness and vomiting. She had
undergone left hemicolectomy and D3 lymph node dissection
for transverse colon cancer 8 months earlier. She was provided
UFT with LV as adjuvant chemotherapy. Laboratory analysis
revealed hyperglycemia, high anion gap metabolic acidosis and
urinary ketones. She was diagnosed with DK A and was started
on intravenous infusion of fluid and continuous subcutaneous
insulin injections. Following admission, she was examined and
diagnosed with FT1D. The present case describes an extremely
rare case of DKA caused by FT1D during adjuvant chemo-
therapy with UFT + LV for colon cancer.

Introduction

Most colorectal cancers are adenocarcinomas. The primary
treatment method is surgery, which may resultin cure depending
on the disease stage at diagnosis. We usually perform adjuvant
chemotherapy for high risk of recurrence cases. The regimens
of adjuvant chemotherapy are various such as 5-fluorouracil
(5-FU) + leucovorin (LV), oral uracil-tegafur (UFT) + LV,
oral capecitabine, and FOLFOX (oxaliplatin, S-fluorouracil,
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and leucovorin). UFT often causes neutropenia, stomatitis,
hand-foot syndrome, and alopecia; however, fulminant type 1
diabetes (FT1D) is a rare complication.

Diabetic ketoacidosis (DKA) is a life-threatening compli-
cation of type 1 diabetes (T1D), which leads to death if not
treated. FT1D is a subtype of T1D characterized by notice-
ably rapid and almost complete destruction of pancreatic B
cells, with acute onset leading to severe metabolic disorders.
Several studies have reported that interferon alpha or immune
checkpoint inhibitors induce FT1D; however, its mechanism
of development remains unclear. Here, we report a case of
DKA caused by FT1D during administration of UFT with LV
as adjuvant chemotherapy for colon cancer.

Case report

A woman in her 60s was transferred to the emergency medical
center of our hospital with complaints of impaired consciousness
and vomiting. Eight months earlier, she underwent left hemicolec-
tomy and D3 lymph node dissection for transverse colon cancer
with perforation. The final pathological diagnosis was Stage 11
colon cancer (TNM classification: T4AbNOMO). The patient had
been taking adjuvant chemotherapy with UFT + LV; the dose for
UFT and LV was 500 and 75 mg/day, respectively. The patient
had been medicated for 28 days with a 14-day washout period;
she successfully underwent 4 courses of chemotherapy without
any major side effects. During the chemotherapy, she didn't have
neither upper respiratory tract nor abdominal symptoms. In the
fifth course, she developed impaired consciousness and vomiting
on the last day of medication.

Her surgical history included appendectomy. Neither she
nor her family had a history of diabetes mellitus. She had
no history of drinking or smoking and no known allergies.
Upon admission, the Glasgow Coma Scale revealed a score
of 11 (E3V3M5). Her abdomen was flat and soft. Laboratory
data upon admission are presented in Table I. Arterial blood
gas analysis revealed high anion gap metabolic acidosis.
Urinalysis was positive for glucose and ketone bodies, and
biochemical analyses revealed hyperglycemia. Abdominal
computed tomography revealed fatty liver and pancreatic
swelling. Based on these findings, the patient was diagnosed
with DKA and was started with intravenous fluid infusion and
continuous subcutaneous insulin injections. Her blood glucose
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Table I. Laboratory findings on admission.
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Table II. Laboratory findings on the fourth day after admission.

Variable Value Normal ranges  Exocrine pancreatic enzyme Levels Normal ranges
Complete blood count Amylase, IU/1 223 33-120
White blood cell, mm? 20,920 3,300-7,900 Lipase, U/l 414 11-53
Red blood cell, x10%/ul 276 369-507 Trypsin, ng/ml 1,760 100-550
Hemoglobin, g/dl 10.2 11.3-154 Elastasel, ng/ml 2,930 <300
Hematocrit, % 294 34.0-46.3
Platelets, x10%/ul 29.1 15.5-35.0
Artery blood gas analysis . .
C-peptide level after admission was 0.1 pg/day, whereas
pH 7.138 7.35-745 . . .
fasting serum C-peptide level was 0.01 ng/ml. C-peptide level
pO,, mmHg 149 83-108 . S
remained stable at 0.01 ng/ml for six minutes after glucagon
pCO,, mmHg 15.8 32-48 loading. Both anti-glutamic acid decarboxylase antibody and
HCO;, mmol/l 5.1 anti-insulin antibody were negative. We determined that the
Lactate, mg/dl 57 4.5-14.4 DKA was caused by FT1D. The patient was discharged on
Base excess, mmol/l -22.7 34114 day 22 after admission, and no recurrence has been observed
Anion Gap, mmol/l 26.3 for five years since the radical surgical procedure.
Urinalysis . .
pH 6.0 5575 Discussion
Protein 1+ ) ) ) ) )
Glucose o “) Our patient was provided adjuvant chemgtherapy with UFT
Ketone bodies 1+ O (500 mg/day) + LV (75 mg/day). The patient did not have a
history of alcohol or drugs and had undergone four courses of
Biochemistry chemotherapy without any major side effects. She developed
AST, IU/ 121 7-35 impaired consciousness and vomiting on the last day of medi-
ALT, IU/1 84 7-40 cation during the fifth course of chemotherapy.
LDH, IU/1 328 125-225 Because of the marked insulin deficiency and increased levels
v-GTP, 1U/1 26 <70 of the insulin counter-regulatory hormones cortisol and adrena-
ALP, U/l 303 130-330 line, high levels of plasma glucose (=300 mg/dl), hyperketonemia
T-Bil, mg/dl 07 02-12 (increase of B-hydroxybutyric acid), and acidosis (pH, <7.3) occur
CPK.TU/I 357 40-200 together; this condition is known as DKA (Treatment Guide
TP, g/dI 6.7 6.5-82 for Diabetes, 2014.-2015.). DKA is often c.on31dered the initial
Alb, g/dl 40 3049 symptom of T1D, including ETID. FT.lD is a novel subtype of
’ T1D that has been reported in Japan since the end of the 20th
T'(.:hOI’ mg/ dl 128 130-220 century (1). FT1D is characterized by rapid-onset DKA, low
Triglyceride, mg/dl 33 50-150 HbA . levels, undetectable serum C-peptide concentrations, and
Na, mmol/l 135 135-147 negative islet-related autoantibodies (2). Although the pathogen-
K, mmol/l 4.7 35-4.8 esis of FT1D remains unknown, recent studies indicate its cause
CI, mmol/l 98 97-108 as either viral infection or genetic factors, such as HLA-II or
Amylase, TU/1 69 33-120 CTLA4 CT60 (3-5). In this case, we didn't examine the antibodies
BUN, mg/dl 48.7 8.0-20.0 against virus and genotyping for HLA-IT or CTLA4.
Creatinine, mg/dl 122 0.40-0.80 Some studies have reported that interferon alpha induces
C-reactive protein, mg/dl 1.14 <020 autoimmuns:-mediated T1D (6.,7). The pr.ecise role of inter-
Glucose, mg/dl 834 70-110 feron alpha in the. onset of T1D in humans is ur}clear; howe\./e.r,
HbAlc, % 65 4.6-6.2 1ntlcirferoc111 allzha t1s kno;v]r; to Ilrolromote .mattlkl;atlos olf dzl'ldmtlc
Ketone bodies, ymol/l 1.1973 <130 cells and activation of B cells in mice, thereby leading to

AST, aspartate transaminase; ALT, alanine transaminase; LDH,
lactate dehydrogenase; ALP, alkaline phosphatase; T-Bil, total bili-
rubin; CPK, creatine phosphokinase; TP, total protein; Alb, albumin;
T Chol, total cholesterol; BUN, blood urea nitrogen.

level gradually improved, and feeding and intensive insulin
therapy was initiated on day three after admission. Laboratory
findings on day four are presented in Table II. Each exocrine
pancreatic enzyme was remarkably elevated. Her urinary

autoimmune diabetes. Interferon alpha also directly influences
pancreatic beta cells by inducing cytokines and enhancing
their susceptibility to invasion by diabetogenic T cells (8). In
addition, immune checkpoint inhibitors are known to cause
endocrine-related adverse events. Although the evidence is
limited, some reports have described new-onset T1D after
anti-programed cell death-1 therapy (9-13). Their common
point is that both interferon alpha and immune checkpoint
inhibitors stimulate the immune system.

UFT is an anti-cancer agent (14). Tegafur produces 5-FU
by hepatic metabolism. 5-FU acts as an anti-cancer agent by
inhibiting RNA synthesis through active metabolites and
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thymidylate synthase activity (15). Co-administration with
uracil enhances the inhibition of 5-FU degradation, thereby
increasing the concentration of 5-FU (16). UFT is widely used
as adjuvant chemotherapy for Stage III colorectal cancer (17); its
efficacy has been applied to high-risk Stage II colorectal cancer,
such as in cases of perforation (18,19). Although several patients
receive UFT, the development of FT1D during chemotherapy is
extremely rare. To the best of our knowledge, only one case with
FTI1D during chemotherapy with UFT has been reported to
date. Adachi et al (20) suggested two possible mechanisms for
this development. The first is via immune suppression or immu-
nological reaction, and the second is via the effects of thymidine
phosphorylase. With regard to the first opinion, UFT have the
common feature with interferon alpha and immune checkpoint
inhibitors in the point of effect on the immune system, but the
reason why other anti-cancer agents induce FT1D is remained.
With regard to the second opinion, no reports of FT1D caused
by 5-FU, TS-1, or capecitabine exist, although these belong to
the same family of fluoropyrimidine anti-cancer agents. The
mechanistic differences between UFT and other fluoropy-
rimidine anti-cancer agents might participate in development of
FT1D. More cases and further studies are warranted to investi-
gate the mechanisms of FT1D pathogenesis.

We reported an extremely rare case of DKA caused by
FT1D during adjuvant chemotherapy with UFT + LV for colon
cancer. The difference in the mechanisms between UFT and
other fluoropyrimidine anti-cancer agents might contribute to
the development of FT1D. More cases and further studies are
warranted to investigate the mechanism of FT1D pathogenesis.
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