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after introduction of mizoribine therapy in a patient
with rheumatoid arthritis
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Abstract Mizoribine has been recognized to have an

acceptable toxicity profile compared with other immuno-

suppressants. In this study, however, we report a case of

diabetic ketoacidosis and acute pancreatitis that suddenly

occurred in a rheumatoid arthritis patient 2 weeks after

introduction of mizoribine therapy. To the best of our

knowledge, this is the first case in the literature to show

mizoribine-induced diabetic ketoacidosis. Through prompt

diagnosis and treatment, the patient recovered from these

extremely rare but potentially lethal complications.
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Introduction

Mizoribine, a nucleotide in the imidazole class of com-

pounds, blocks de novo purine biosynthesis in cells via

selective inhibition of inosine-monophosphate dehydroge-

nase and guanosine-monophosphate synthetase in the

guanosine triphosphate (GTP) synthetic pathway, thereby

suppressing lymphocyte proliferation [1–3]. Due to its

efficacy over long periods and a better toxicity profile when

compared to other immunosuppressants, this agent has

been widely used in Japan mainly for renal transplant

recipients and recently for patients with steroid-resistant

lupus nephritis [4], nephrotic syndrome [5], Sjögren’s

syndrome [6], and rheumatoid arthritis (RA) [1, 7].

RA is a chronic systemic inflammatory disease that

primarily targets synovial structures, usually involving

peripheral joints in a symmetrical distribution. It is now

clear that early initiation of disease-modifying antirheu-

matic drugs (DMARDs) does alter the disease course [8]. A

variety of immunosuppressive agents has been approved as

DMARDs in many countries since abnormalities of the

immune system are thought to underlie the pathogenesis of

RA. In clinical practice, mizoribine is considered to be an

immunosuppressant adjunctive to prednisolone therapy

since concomitant use of both agents reduces the total

amount of prednisolone [9, 10]. Further, a recent pro-

spective cohort study suggested that mizoribine is useful

for management of patients with methotrexate (MTX)-

refractory RA when used in combination [11].

Critical side-effects of mizoribine have rarely been

reported. Here we present a case of diabetic ketoacidosis

and acute pancreatitis, occurring suddenly in an RA patient

2 weeks after introduction of mizoribine.

Case report

A 75-year-old man was admitted to the emergency room of

our hospital due to severe general fatigue, anorexia, thirst,

and an altered level of consciousness. The patient had

suffered from seropositive RA for 20 years, and he

received a low dose of prednisolone (5 mg/day). During

this period, the patient had few articular symptoms. The

patient also had a 32-year history of diabetes mellitus,

which was well controlled by dietetic treatment alone. Two
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weeks before emergency admission, the patient first visited

our hospital because of a marked increase in disease

activity and exacerbation of joint pain and swelling. At that

time, the patient fulfilled the 1987 American College of

Rheumatology criteria for diagnosis of RA, and he com-

plained of severe pain and swelling of 12 hand joints (four

metacarpophalangeal joints, six proximal interphalangeal

joints, and both wrist joints). The disease activity score for

28 joints (DAS28-ESR) was high (6.03). The laboratory

data regarding RA were as follows: serum C-reactive

protein (CRP), 0.32 mg/dl; erythrocyte sedimentation rate,

70 mm/h; serum matrix metalloproteinase-3 (MMP-3),

327 ng/ml; antinuclear antibody, 1:80; and rheumatoid

factor, 75 IU/ml). His white blood cell count was 3,940/ll.

Neither ocular nor oral symptoms suggestive of Sjögren’s

syndrome were observed, nor did the patient exhibit per-

sistent bilateral enlargement of the salivary or lachrymal

gland, which is the main manifestation of IgG4-related

Mikulicz’s disease. Skin ulcers and nail fold infarcts, the

most frequently observed features of rheumatoid vasculitis,

were not found. The patient had no complaints of fever,

weight loss, or general fatigue. A high-resolution computed

tomography (HRCT) scan of the lungs indicated a bron-

chiolitis pattern, but there were no abnormal findings

suggesting infectious pulmonary diseases. Data from

polymerase chain reactions for mycobacterium tuberculo-

sis, mycobacterium avium-intracellulare complex, and

mycobacterium kansasii were negative with induced spu-

tum from the patient. No white blood cells were seen in

urinalysis. His glycosylated hemoglobin (HbA1c) was

6.2%. Mizoribine (150 mg/day) and oral gold (auranofin,

6 mg/day) were added to prednisolone therapy. Since he

had chronic hepatitis for 10 years due to a hepatitis C virus

infection, methotrexate was not selected as the initial

DMARD.

Upon emergency admission, a physical examination

showed tenderness of the hypochondrium, but neither

abdominal rigidity nor distention was observed. No mass

was palpable in the abdomen. His tongue was dehydrated

and skin turgor had decreased, but jaundice was not

observed. Swelling and tenderness of the right elbow were

prominent, and disorientation and confusion were

observed. The patient’s body temperature, blood pressure,

and pulse rate were 36.8�C, 110/81 mmHg, and 109/min

with no irregularity, respectively. His body mass index was

14.9 kg/m2. Laboratory data indicated hyperglycemia

(plasma glucose, 829 mg/dl), metabolic acidosis (pH,

7.296; PO2
, 88.7 mmHg; PCO2

, 29.1 mmHg; HCO3
-,

13.7 mmol/l; base deficit, 11.2 mmol/l; lactate, 17 mg/dl),

renal dysfunction (blood urea nitrogen, 83.6 mg/dl; creat-

inine, 1.79 mg/dl), and electrolyte abnormalities (sodium,

127 mEq/l; potassium, 6.95 mEq/l; chloride, 100 mEq/l).

Urinalysis showed ketonuria (ketone bodies, 3+) and

glucosuria (glucose, 4+). Urine C-peptide reactivity was

low (27.4 lg/day), HbA1c was 6.6%, and antiglutamic acid

decarboxylase (anti-GAD) antibody was negative. Liver

function test results were normal. The serum level of

amylase was high (3,478 IU/l) and pancreatic-type amylase

accounted for 100%. White blood cell count was ele-

vated (12,060/ll) and serum CRP was highly increased

(13.3 mg/dl); however, bacterial cultures of specimens

from venous blood and sputum showed negative results.

There was no evidence of pulmonary infections on HRCT

films or urinary infections in urinalysis. HRCT scans

revealed enlargement and edema of the pancreas as well as

high signals in fat tissues around the pancreas, consistent

with pancreatic or peripancreatic inflammation. Pleural

effusion was evident bilaterally. No gallstones were seen.

From these observations, the patient was diagnosed with

diabetic ketoacidosis and acute pancreatitis.

Immediately after diagnosis, the patient intravenously

received saline and one injection of insulin (8 U).

Mizoribine and auranofin were discontinued and intrave-

nous infusion of insulin (4 U/h) was started. Prednisolone

was continued due to severe articular symptoms and high

disease activity. Five hours later, plasma glucose decreased

to 300 mg/dl and the insulin dose was tapered off to

0.5 U/h. On the following day, plasma glucose was around

200 mg/ml, the metabolic acidosis and electrolyte abnor-

malities were improved, and the ketone bodies and glucose

in urine disappeared. For treatment of acute pancreatitis, we

used an inhibitor of proteolytic enzymes, nafamostat mes-

ilate (10 mg of intravenous infusion). After 3 weeks, serum

levels of amylase and CRP were normalized and abdominal

symptoms disappeared. The intravenous infusion of insulin

was replaced with a subcutaneous injection (14 U/day).

Two months later, fasting glucose levels were maintained

under 100 mg/dl and HbA1c was 5.8%. Fasting plasma

C-peptide level returned to normal (2.7 ng/ml). Articular

symptoms disappeared and CRP was maintained within the

normal range. The patient was eventually discharged.

Discussion

In this case, clinical manifestations indicative of ketoaci-

dosis and acute pancreatitis simultaneously occurred 2

weeks after the introduction of mizoribine. Upon with-

drawal of mizoribine, these manifestations disappeared.

The patient was diagnosed with diabetes mellitus 32 years

earlier, but despite the long-term use of prednisolone, his

disease had been well controlled without using any drugs.

Since auranofin was prescribed for his RA concomitantly

with mizoribine, auranofin might have been implicated in

development of the complications. Before his first visit to

our hospital, however, the patient had received 6 mg/day
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auranofin at another clinic for several months, and during

this period, he showed no symptoms suggestive of hyper-

glycemia or pancreatitis. We therefore considered it

unlikely that auranofin was involved in the diabetic ke-

toacidosis and acute pancreatitis occurring 2 weeks after

initiation of the drug. Taken together, we diagnosed this

case as mizoribine-induced diabetic ketoacidosis and acute

pancreatitis.

Hyperglycemia and diabetes mellitus are relatively fre-

quent adverse effects associated with steroid therapy for

RA patients. Tacrolimus and cyclosporin A, potent

immunosuppressive agents often used as DMARDs, are

also recognized to have diabetogenic potential in organ

transplant recipients [12, 13]. Meanwhile, there are only a

few cases in the literature that present mizoribine-associ-

ated hyperglycemia [14] and we found no case of

mizoribine-induced diabetic ketoacidosis in a Medline

search. In this case, urine C-peptide reactivity was at a low

level, thereby suggesting impairment of insulin synthesis or

secretion. We therefore considered that such dysfunction of

pancreatic b-cells had led to diabetic ketoacidosis. The

patient showed diabetic ketoacidosis and insulin deficiency

at the time of diagnosis; however, he was negative for anti-

GAD antibody, an islet-related autoantibody, and insulin-

secretory capability was recovered after severe diabetic

ketoacidosis. These features are different from those of

autoimmune type 1 diabetes mellitus. High levels of serum

amylase were observed at the onset of symptoms, which is

reminiscent of fulminant type 1 diabetes [15]; however,

this patient showed HRCT findings characteristic of acute

pancreatitis. Since the patient had received low-dose

prednisolone for 20 years, we were not able to completely

exclude the possibility that increased insulin resistance of

peripheral tissues by prednisolone may be, at least in part,

involved in the diabetic ketoacidosis occurring in this

patient. Furthermore, the patient had a 32-year history of

diabetes mellitus although insulin therapy had not been

required. Peripheral insulin resistance is a prominent fea-

ture of type 2 diabetes mellitus. Thus, the diabetogenic

potential of mizoribine may be enhanced when adminis-

tered to patients with such a predisposing factor for

hyperglycemia.

The exact mechanism of mizoribine-induced diabetic

ketoacidosis remains an unanswered question. Using iso-

lated rat islets, Metz et al. [16] showed that short-term

exposure to mizoribine inhibits nutrient-induced insulin

secretion from pancreatic b-cells through selective deple-

tion of cellular GTP, suggesting inhibitory effects of

mizoribine on b-cell function. They also indicated that

prolonged depletion of GTP induces death of b-cells by

apoptosis over 1- to 3-day periods [17]. Such toxic effects of

mizoribine on b-cells may lead to an insulin-dependent

diabetic condition in patients receiving this drug. Takahashi

et al. [18] showed the possibility that mizoribine enhances

the transcriptional activity of glucocorticoid receptor via

14-3-3 proteins. Mizoribine may, therefore, increase the

diabetogenic activity of both prednisolone used in therapy

and endogenous glucocorticoids in patients.

Recently, an association between immunosuppressants

and acute pancreatitis has been described [19]. However,

only one case of mizoribine-induced acute pancreatitis has

been reported in the literature, in which 300 mg/day of

mizoribine was administered to an RA patient and no

abnormal saccharometabolism was evident [20]. Other

immunosuppressive drugs with definitive or probable

association with acute pancreatitis were not given to our

patient at the onset of symptoms. Corticosteroids have been

considered a probable cause of pancreatitis [21]. Our

patient had received a low dose of prednisolone for several

decades, but his symptoms of pancreatitis were resolved

without discontinuation of this drug. Drug-associated acute

pancreatitis is thought to be due to a hypersensitivity

reaction or generation of toxic metabolites. It was not clear

which of these mechanisms had been operative in our case.

The two-week interval between the initiation of mizoribine

and the onset of pancreatitis suggests an allergic mecha-

nism. Yutsudo et al. also reported that mizoribine-induced

pancreatitis occurred 12 days after initiation of the drug

[20]. Characteristic time intervals between the drug initi-

ation and the development of acute pancreatitis have been

reported for respective drugs, and they may provide pos-

sible clues to the discovery of underlying mechanisms in

which drugs cause acute pancreatitis [22]. Furthermore, a

drug may be strongly suspected if there is a consistent

latency period between the time of first exposure to the

drug and the onset of acute pancreatitis [19, 23]. Other

possible causes of acute pancreatitis include biliary tract

diseases such as gallstones, hypercalcemia, hypertriglyc-

eridemia, acute and chronic alcoholism, and infections, etc.

Based on clinical and laboratory data, these possibilities

were excluded from our case. An association of autoim-

mune pancreatitis with Sjogren’s syndrome or IgG4-related

Mikulicz’s disease has been noted [24, 25]; however,

symptoms characteristic of these conditions, such as dry

eyes, dry mouth, or a swelling of the salivary or lachrymal

gland, were not seen in our case. Since no clinical, labo-

ratory, or radiological features distinguish drug-induced

pancreatitis from pancreatitis caused by other etiologies,

awareness and knowledge of this entity is important in

making an accurate and timely diagnosis.

Over the past few decades, an association of diabetic

ketoacidosis and acute pancreatitis has been documented.

Nair et al. reported that acute pancreatitis occurs in at least

10–15% of cases with diabetic ketoacidosis [26]. However,

the cause-and-effect relationship of these two condi-

tions is complex. Some studies have stipulated that acute
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pancreatitis is a primary event, leading to severe injury of

pancreatic islet cells and alterations of insulin and/or glu-

cagon levels. Such hormonal disturbances may induce

hyperglycemia and ketoacidosis [27]. Others have con-

cluded that acute pancreatitis in diabetes ketoacidosis is a

distinct entity, and that transient and profound hypertri-

glyceridemia, which often occurs in episodes of diabetic

ketoacidosis, precipitates acute pancreatitis [26]. Whether

acute pancreatitis may be a primary event in adverse

reactions of mizoribine or a sequel to mizoribine-induced

diabetic ketoacidosis is not clear in our case. There is also

the possibility that a two-way cause-and-effect relationship

may be established between acute pancreatitis and diabetic

ketoacidosis [28]. Moreover, we cannot rule out the pos-

sibility that impairment of insulin synthesis or secretion in

b-cells, followed by the onset of diabetic ketoacidosis and

acute pancreatitis through a drug-allergic mechanism may

have occurred independently during mizoribine therapy.

Indeed, several reports have shown mizoribine-induced

hyperglycemia without the development of acute pancre-

atitis [14].

Mizoribine is known as an immunosuppressive agent

with an acceptable toxicity profile, compared with other

DMARDs. However, rheumatologists should be aware that

patients are at risk of diabetic ketoacidosis and acute

pancreatitis, both extremely rare but potentially lethal

complications, after the introduction of mizoribine therapy

for RA.
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