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Abstract

Repaglinide, an oral hypoglycemic agent, is a short-acting insulin secretagogue. We describe a case, in which an extremely
low dose of repaglinide caused severe hypoglycemia and novel drug interactions are suggested. A 71-year-old man with type
2 diabetes was taken to the hospital due to consciousness disorder caused by severe hypoglycemia. He was taking repaglinide
0.25 mg once in the morning with nilotinib 400 mg/day and febuxostat 20 mg/day. Endogenous insulin secretion was not
suppressed even in hypoglycemia. Detection of plasma repaglinide 10 h after administration in this case indicates delayed
elimination of the agent, which might be derived from reduced hepatocyte uptake due to inhibitory effects of nilotinib
on OATPI1B1 and reduced oxidation of the agents by inhibitory effects of nilotinib, mainly on CYP3A4 activities, and of
febuxostat on CYP2C8 activities. Repaglinide is eliminated by the liver, and is a short-acting insulin secretagogue with a
good safety profile in patients with type 2 diabetes complicated by renal impairment, including elderly patients; however,

its delayed elimination due to drug—drug interactions should be noted.
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Introduction

Repaglinide, an oral hypoglycemic agent, is a short-acting
insulin secretagogue used to reduce postprandial glucose
levels in patients with type 2 diabetes. Since repaglinide
and its inactive metabolites are eliminated via the biliary-
fecal route, it has a favorable safety profile with a low risk
of hypoglycemia in patients with impaired renal function.
Repaglinide is extensively metabolized by the hepatic
cytochrome P450 (CYP) enzyme system mainly by CYP2C8
and CYP3A4 [1] and agents that inhibit these enzymes raise
the plasma concentration of repaglinide [2—4]. Therefore,
identification of agents which interact with CYP2CS8 and
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CYP3A4 is important to enable the safe use of repaglin-
ide. A recent nested case—control study suggests that drug
interaction between clopidogrel and repaglinide is clinically
relevant and could increase the risk for hypoglycemia [5]
and that glucuronidation converts clopidogrel to an inhibi-
tor of CYP2CS [6]. In addition, cases have been reported
in which repaglinide caused severe hypoglycemia due to
combined use of brotizolam [7], amiodarone [8], and tri-
methoprim/sulfamethoxazole [9]. In these reports, repaglin-
ide was used at doses from 3 to 10 mg/day, which are higher
than the licensed ordinary dose in Japan of 1.5 mg/day. We
describe a case, in which an extremely low dose of repaglin-
ide caused severe hypoglycemia and novel drug interactions
are suggested.

Case report

A 71-year-old man with type 2 diabetes was taken to the
hospital due to consciousness disorder due to severe
hypoglycemia.
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The patient was diagnosed with chronic myelocytic leu-
kemia (CML) 11 years ago. He was taking nilotinib 400 mg/
day to treat CML and febuxostat to prevent hyperuricemia.
Thirty months prior to admission, his casual plasma glucose
level was 267 mg/dL and his HbAlc was 9.3%. His body
weight and body mass index were 65.6 kg and 23.2 kg/m?,
respectively. He was diagnosed with type 2 diabetes and
was taking sitagliptin 25 mg/day. He had intact cognitive
function and no impairment of ADL. Glycoalbumin (GA)
was used as his glycemic control indicator, since his HbAlc
values were apparently low compared to glycemic levels,
likely due to alteration in hemoglobin metabolism in CML
and related therapy. Fourteen months ago, gliclazide 10 mg/
day was added, as his GA had increased to 27.3% (Fig. 1).
The agent was effective and his GA was improved to 18.3%.
Five months prior to admission, gliclazide was replaced
with repaglinide 0.25 mg once in the morning, as his esti-
mated glomerular filtration rate was decreased to 37.2 mL/
min/1.73m?, leading to an increased risk of hypoglycemia. In
addition, febuxostat was increased from 10 mg/day to 20 mg/
day because his hyperuricemia had worsened.

On the day of the attack, he had breakfast and took
0.25 mg repaglinide at 7:00 am and had lunch at noon as
usual according to the information provided by his family
living together. At 4:30 pm, he became disturbed and could
not speak clearly, and he was taken to hospital by ambu-
lance. His vital signs and neurological signs were normal
except consciousness disorder. His arterial blood gas includ-
ing PaO,, PaCO,, HCO;™, and pH was normal. His renal
function had recovered to the level it had been 8 months
prior and apparent liver damage and electrolyte disorder was
not observed (Table 1). He was diagnosed with severe hypo-
glycemia as his plasma glucose was 29 mg/dL and intra-
venous administration of glucose improved consciousness.
Glucose was continuously infused intravenously for 12 h and
he recovered completely.

We concluded that severe hypoglycemia was caused by
repaglinide because endogenous insulin secretion was not
suppressed, even in hypoglycemia, apparent adrenal insuf-
ficiency was not diagnosed because of no hyponatremia and
a normal cortisol level and repaglinide was detected by LC/
MS/MS in plasma sample about 10 h after administration of
the agent (Table 1).

He has not experienced hypoglycemia since repaglinide
was stopped. Thirty days after the attack, his GA was ele-
vated to 24.0% (Fig. 1).

Discussion

Increased attention has been placed on avoiding treatment-
related hypoglycemia in the medical management of diabe-
tes. Especially in elderly patients, frequent hypoglycemia

Table 1 Results of the blood laboratory test carried out immediately
after emergency transportation

Laboratory test Value
Alanine aminotransferase (U/L) 13
Aspartate aminotransferase (U/L) 33
Albumin (g/dL) 3.5
Creatinine (mg/dL) 1.11
eGFR (mL/min/1.73m?) 50.9
Uric acid (mg/dL) 3.8
Na (mmol/L) 140
K (mmol/L) 3.9
Hb (g/dL) 9.7
Platelet (10*/uL) 16.8
White blood cell (10*/uL) 7.3
Glucose (mg/dL)* 29
IRI (pU/mL)* 17.5
CPR (pg/mL)* 4.80
Cortisol (pg/dL)* 12.8
Repaglinide (ng/mL)* 1.2

eGFR estimated glomerular filtration rate, /Rl immunoreactive insu-
lin, CPR C-peptide immunoreactivity

*[tems measured from the identical plasma sample

increases the risk of falls and consequently decreases qual-
ity of life in these patients [10], and severe hypoglycemia
increases the risk of dementia, cardiovascular disease, and
death from any cause [11-13]. Moreover, because of polyp-
harmacy in the elderly and age-related changes in pharma-
cokinetics and pharmacodynamics, mainly due to decline
in renal function, adverse effects of drugs and drug—drug
interactions are exacerbated in elderly patients.

Since repaglinide, a short-acting insulin secretagogue, is
mainly metabolized in the liver and its metabolites, which
are eliminated via the biliary—fecal route [14], are inactive,
repaglinide has a good safety and efficacy profile in patients
with type 2 diabetes complicated by renal impairment [15].
The half-life of the agent at doses of 0.5-4 mg is 1.0-1.4 h
in patients with type 2 diabetes [16] and that at doses of
0.25-1.0 mg is 0.8-1.1 h in healthy Japanese individuals
[17]. The half-life of the agent at a dose 1 mg in Japanese
patients with type 2 diabetes was not significantly different
from that in healthy individuals [17]. In this case, detection
of plasma repaglinide 10 h after administration indicates
delayed elimination of the agent, as plasma concentration
of repaglinide at a dose 0.25 mg is not detectable 5 h after
administration in healthy individuals [17].

Repaglinide, a liver-eliminated drug, is taken up to hepat-
ocytes from blood via organic anion transporting polypep-
tide 1B1 (OATP1B1), the expression of which is exclusive to
the basolateral membrane of hepatocytes [18]. Several stains
are OATP1B1 substrates and cyclosporine is an inhibitor of
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the transporter [19]. Cyclosporine raises the plasma concen-
tration of repaglinide by inhibiting its OATP1B1-mediated
hepatic uptake [19]. Irbesartan, which also has inhibitory
effects on the transporter, raises the plasma concentration
of repaglinide [20].

Gemfibrozil, a CYP2CS inhibitor, raised the area under
the plasma concentration—time curve (AUC) of repagli-
nide 8.1-fold and prolonged its half-life from 1.3 to 3.7 h
in healthy individuals. Itraconazole, a CYP3A4 inhibitor,
raised repaglinide AUC 1.4-fold, and the gemfibrozil-
itraconazole combination raised the AUC 19.4-fold and
prolonged the half-life of repaglinide to 6.1 h [2]. These
results indicate that both CYP2C8 and CYP3A4 participate
in the elimination of repaglinide in vivo and display addi-
tive inhibitory effects. Clopidogrel [5] and trimethoprim/
sulfamethoxazole [9] which possess CYP2C8-inhibitory
effects, and brotizolam [7] and amiodarone [8], which pos-
sess CYP3A4-inhibitory effects, have been reported to cause
severe hypoglycemia during administration of repaglinide.

In this case, a very small dose 0.25 mg repaglinide unex-
pectedly caused severe hypoglycemia due to delayed elimi-
nation, which may be due to drug—drug interactions between
repaglinide and nilotinib and between repaglinide and febux-
ostat. Nilotinib, a tyrosine-kinase inhibitor indicated for the
treatment of CML, is primarily metabolized via CYP3A4-
mediated oxidation and to a minor extent by CYP2C8
[21]. Nilotinib increases plasma concentration of orally
administrated midazolam, a substrate of CYP3A4 [21],
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and selectively inhibits CYP2CS activities in human liver
microsomes [22]. Nilotinib also inhibits uptake of OATP1B1
substrates [23, 24]. Febuxostat, an inhibitor of xanthine oxi-
dase, is extensively metabolized by conjugation via uridine
diphosphate glucuronosyltransferase (UGT) enzymes and
by oxidation via CYP enzymes, including CYP2CS8 [25].
Febuxostat inhibits CYP2C8 activities [26], but does not
inhibit CYP3A4 activities [27]. Taken together, delayed
elimination of repaglinide in this case may be derived from
reduced uptake to hepatocytes due to the inhibitory effects of
nilotinib on OATP1B1 and reduced oxidation of the agents
due to the inhibitory effects of nilotinib, mainly on CYP3A4
activities, and of febuxostat on CYP2CS8 activities.

In cases of severe repaglinide-induced hypoglycemia due
to drug-drug interactions including Japanese cases, admin-
istered doses of the agent have been reported to range from
0.75 mg to 10 mg/day [7-9, 28, 29], far larger than the dose
taken in this case. Severe hypoglycemia induced by a very
small dose of repaglinide could be due to multiple mecha-
nisms leading to reduced elimination of the agent.

In this case, it took approximately 150 days for the hypo-
glycemic attack to appear after the dose of febuxostat was
increased. In speculation, repaglinide, a lipophilic agent,
may slowly accumulate in lipophilic tissues, including adi-
pose, which could form a drug reservoir, contributes to the
long residence time of the drug in the plasma, and affects
trough concentrations. Since the administrated dose of repa-
glinide was small, it may take a prolonged period of time for
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the trough concentration of the agent to reach the concentra-
tion which causes insufficient suppression of endogenous
insulin secretion during hypoglycemia.

In conclusion, this is the first case of repaglinide-induced
severe hypoglycemia with concurrent use of nilotinib and
febuxostat. In addition, this is the smallest dose of the agent
reported in the literatures to cause severe hypoglycemia.
Repaglinide, a liver-eliminated and short-acting insulin
secretagogue, has a good safety profile in patients with
type 2 diabetes complicated by renal impairment, includ-
ing elderly patients. However, delayed elimination due to
drug—drug interactions should be noted. Consequently,
further studies regarding such interactions are necessary to
allow safer use of the agents.
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