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CASE REPORT
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ABSTRACT

Nivolumab, an anti–PD-1 antibody, is now considered an important therapeutic agent in several advanced malig-
nancies. However, immune-related adverse events such as endocrinopathies have been reported with its use. Thyroid 
disorder and isolated adrenocorticotropic hormone deficiency have frequently been reported as nivolumab-induced 
immune-related adverse events. Another endocrinopathy is nivolumab-induced type 1 diabetes mellitus (t1dm), described 
as diabetes mellitus with rapid onset and complete insulin insufficiency, at times leading to fulminant t1dm.

We report the case of a 68-year-old woman who developed pancreatic islet–related autoantibody-negative t1dm, 
possibly induced by nivolumab, under continuous glucocorticoid administration. She was treated with nivolumab 
for advanced malignant melanoma, concomitant with 10 mg prednisolone daily for thrombophlebitis tapered to 
5 mg after 13 courses of nivolumab therapy.

At approximately the 27th course of nivolumab therapy, she showed elevated plasma glucose levels despite pre-
served insulin secretion. A month later, she developed diabetic ketoacidosis. Her insulin secretion decreased and 
finally was exhausted. She was diagnosed with acute-onset rather than fulminant t1dm because of a rapidly progressive 
course to diabetic ketoacidosis during just more than 1 week. She is currently receiving insulin replacement. There 
has been no recurrence of the melanoma.

Thus, nivolumab might induce autoimmune diabetes mellitus, with patients having t1dm-sensitive human 
leucocyte antigen being more susceptible even when receiving glucocorticoids. Physicians should be aware that 
nivolumab could potentially induce t1dm as a critical immune-related adverse event.
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INTRODUCTION

Anti–PD-1 antibodies activate an antitumour immunologic 
response by abrogating PD-1–related T cell inhibition. They 
reportedly improve the prognosis of patients with several 
advanced malignancies1. Although nivolumab, an anti–PD-1 
antibody, has improved prognosis and become a popular 
agent in several advanced malignancies, various immune- 
related adverse events (iraes)2, including endocrinopathies3, 
have been reported.

Several cases of nivolumab-induced type 1 diabetes 
mellitus (t1dm) have been reported as endocrinologic 
iraes. The patients in most of those cases had a genetically 
susceptible background for t1dm4 and experienced rapidly 

progressive fulminant t1dm5–7. However, the clinical course 
of their disrupted insulin secretion was not studied.

We describe a case of acute-onset t1dm, probably 
induced by nivolumab, in which the patient’s insulin 
secretion was monitored throughout the clinical course. 
A progressive decline of insulin secretion that exhausted 
within a month was observed in this patient, indicating that 
t1dm with a slower clinical course rather than fulminant 
t1dm can develop as an irae. Thus, in the case of a hyper-
glycemic event, physicians should consider t1dm, a critical 
irae, even when insulin secretion is initially reported to be 
in the normal range.

The patient’s written informed consent was obtained 
for the publication of this case report. The Institutional 
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Review Board of Kyushu University Hospital waived the 
need for ethics approval.

CASE DESCRIPTION

A 68-year-old woman presented to our endocrine de-
partment complaining of general fatigue. She had been 
diagnosed 3 years earlier with vaginal malignant mela-
noma and had undergone total abdominal hysterectomy, 
bilateral salpingo-oophorectomy, and sentinel lymph node 
resection. Although interferon therapy was given after the 
surgical procedure, the melanoma progressed 1 year later, 
with relapse in intra-abdominal lymph nodes.

The patient was then started on nivolumab 3 mg/kg 
every 3 weeks. She had a 10-year history of Graves disease 
treated with potassium iodide 100 mg daily. She did not 
have any other past or family history of diabetes mellitus, 
endocrine, or autoimmune disease. After administration 
of the 13th course of nivolumab, prednisolone 10 mg daily 
was prescribed to treat thrombophlebitis in her left lower 
thigh and was tapered to 5 mg daily after 1 week.

At approximately the 27th course of nivolumab, the 
patient’s plasma glucose increased to 11.3  mmol/L and 
18.2 mmol/L (before dinner), 27 and 13 days respectively 
before a ketoacidosis episode. At the time, endogenous 
insulin secretion and HbA1c were within the normal 
range (Figure 1). Fasting plasma glucose, C-peptide, and 
anti-glutamic acid decarboxylase antibody 26 days before 
the ketoacidosis episode were 5.1 mmol/L, 0.5 nmol/L, and 
less than 0.5 U/mL respectively (Table i, Figure 1).

Seven days before the ketoacidosis episode and after 
administration of the 28th course of nivolumab, the patient 
complained of nausea and general fatigue. On the day of 
admission, she complained of progressive fatigue. She was 
alert, with no abnormality on physical examination. Table i 
presents her laboratory results. She was diagnosed with dia-
betic ketoacidosis, thyrotoxicosis, and adrenal insufficiency 
secondary to prednisolone treatment for thrombophlebitis. 
Whole-body computed tomography imaging revealed mild 
diffuse shrinkage of the pancreas, with no progression com-
pared with prior imaging. Human leucocyte antigen (hla) 
typing revealed that she had the acute-onset t1dm-sensitive 
genotype DRB1*09:01. Serum C-peptide values show the 
time course of the decline in her insulin secretion (Figure 1).

The patient initially received isotonic saline and con-
tinuous insulin infusion intravenously, which was changed 
to daily subcutaneous insulin injections because of the per-
sistence of endogenous insulin secretion exhaustion8 (Ta-
ble ii, Figure 1). Thyrotoxicosis attributed to Graves disease 
was improved by increasing the dose of potassium iodide to 
100 mg daily. At 20 days after admission, because the patient 
had recovered from thrombophlebitis, her prednisolone 
5 mg daily was changed to hydrocortisone 15 mg daily, which 
was continued as replacement therapy (Figure 1).

The patient has had no recurrence of melanoma since 
the foregoing event.

DISCUSSION

We describe a case of acute-onset t1dm probably induced 
by nivolumab. Nivolumab progressively disturbed the 

patient’s insulin secretion, leading to exhaustion within 
a month. This case is the first in which a time-dependent 
decline of insulin secretion, leading to exhaustion, has been 
documented during the development of acute-onset t1dm. 
Despite daily glucocorticoid administration, nivolumab 
possibly induced t1dm in this patient who had a t1dm- 
sensitive genetic background.

Previous reports of t1dm induced by immune check-
point inhibitors, and the present case, are summarized in 

TABLE I  Laboratory data at patient admission

Variable Value Reference 
range

Diabetes-related

Plasma glucose (mmol/L) 17.4 4.1–6.1

HbA1c (%) 8.2 4.9–6.0

Glycated albumin (%) 30.3 11–16

Immunoreactive insulin (mU/L) 1.5 1.0–18

Serum C-peptide (nmol/L) 0.2 0.4–1.1

Urinary C-peptide (nmol/day) 0.3 9.7–55.3

Urinary ketones 3+ —

Total ketone bodies (μmol/L) 7728 <130

Acetoacetic acid (μmol/L) 1048 <55

3-Hydroxybutyric acid (μmol/L) 6680 <85

Amylase (IU/L) 24 44–142

Lipase (IU/L) 25 16–51

Blood gases

pH 7.22 7.35–7.45

pCO2 (kPa) 3.50 4.26–5.59

pO2 (kPa) 13.19 10.64–13.30

HCO3
– (mmol/L) 10.5 20.0–24.0

Type 1 diabetes–related antibodies

Anti-GAD (IU/mL) <5.0 <5.0

Anti-IA2 (IU/mL) <0.4 <0.4

Anti-ZnT8 (IU/mL) <10 <15.0

Anti-ICA (IU/mL) <1.25 <1.25

Anti-insulin (%) <0.4 <0.4

Endocrine function

TSH (mIU/L) 0.01 0.27–4.2

Free triiodothyronine (pmol/L) 6.64 3.38–6.76

Free thyroxine (pmol/L) 29.4 12.9–23.2

TSH receptor antibody (IU/mL) 52.4 <2.0

Thyroid-stimulating antibody (%) 331 <120

Anti-TPO antibody (IU/mL) 8.3 <30.0

Anti-Tg antibody (IU/mL) 59.4 <30.0

ACTH (pmol/L) 0.24 1.58–13.86

Cortisol (nmol/L) 44.1 110.4–504.9

GAD  = glutamic acid decarboxylase; IA2  = insulinoma-associated 
antigen  2; ZnT8  = zinc transporter  8; ICA  = islet cell antibodies; 
TSH = thyroid-stimulating hormone; TPO = thyroid peroxidase; Tg = 
thyroglobulin; ACTH = adrenocorticotropic hormone.
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supplemental Table 1. Diabetic ketoacidosis episodes6,7,9–15 
similar to the episode in the present case were observed 
in 24 of 35 patients (69%), and 7 patients were diagnosed 
with fulminant t1dm6,7,14. Nivolumab was the main t1dm- 
inducing immune checkpoint inhibitor, but the period 
of treatment with immune checkpoint inhibitors before 
the development of t1dm varied between 1 week10 and 12 
months6 (supplemental Table 1).

Our patient developed t1dm after 60 weeks and 28 
courses of nivolumab. The episode of hyperglycemia that 
occurred 26 days before admission for diabetic ketoacidosis  
made it possible for us to observe the course of insulin 
secretion exhaustion probably induced by nivolumab. 
Initially, we did not diagnose t1dm, let alone an acute-onset 
type, because her insulin secretion was preserved during 
her first hyperglycemic event. However, her insulin secre-
tion continuously declined and finally reached exhaus-
tion (Figure 1, Table ii). Her clinical course suggests that 
nivolumab-induced t1dm can present as a rapid decline in 
insulin secretion leading to exhaustion in approximately a 
month, which is slower than fulminant t1dm16.

In the 35 published cases of nivolumab-induced t1dm, 
islet autoantibodies have been reported to be positive in 17 

patients7,10,15,17, negative in 175–7,9–14,18,19, and not measured 
in 1. As in the present case, rapidly progressive t1dm was 
observed in 8 patients without any detectable autoimmune 
islet antibodies6,7,10,13,18,19; however, those patients were 
hla-type-positive, which resulted in sensitivity to acute- 
onset t1dm (supplemental Table 1). Nivolumab probably 
induces rapidly progressive t1dm through an autoimmune 
mechanism independent of conventional pancreatic islet 
cell–related autoantibodies.

Of the 20 patients who were evaluated for hl a  
typing, 17 showed the t1dm-sensitive type for their eth-
nicity6,7,10,13,18,19 (supplemental Table 1). Previous studies 
have shown that t1dm develops in people with specific 
hla types. Acute-onset t1dm that is anti-glutamic acid 
decarboxylase antibody–positive and fulminant t1dm that 
is anti-glutamic acid decarboxylase antibody–negative  
show distinct correlations with specific hla types4. 
The DRB1*09:01 type has been reported to be related to 
acute-onset t1dm. However, in the present case, we did 
not observe any elevation of t1dm-related autoantibodies, 
although the patient experienced acute-onset t1dm and 
had a sensitive hla type. In that context, PD-1 inhibition 
possibly induced an autoimmune diabetes, especially given 
that the patient had a t1dm-susceptible background (sup-
plemental Table 1), although the pathologic mechanisms 
might differ from those observed in conventional clinical 
categories. Hence, through hla typing, the risk of immune 
checkpoint inhibitor–induced t1dm might be predictable.

Although the precise mechanisms of nivolumab- 
induced t1dm are not fully understood, activated CD8+ 
T cells have been speculated to evoke autoimmunity against 
and to destroy beta cells, resulting in insulin exhaustion3,20. 
Low-dose glucocorticoid (<10 mg daily) is sometimes used as 
monotherapy for immediate amelioration of inflammation 
in rheumatoid arthritis21. A prednisolone dose of 5 mg daily 
has been reported to be the cure for autoimmune pancre-
atitis22. However, prednisolone 5 mg daily, a dose sufficient 
to suppress adrenocortical function, could not prevent the 
development and progression of nivolumab-induced t1dm 
in our patient with her t1dm-sensitive genetic background. 
Glucocorticoids suppress the activity of the regulatory 
T cells, just as nivolumab does, which might be an important 
factor in preventing t1dm. The hla type and glucocorticoid 
dose also play a role in the extent of such suppression3,23. Our 
patient developed t1dm and showed exhaustion of insulin 
secretion despite daily glucocorticoid treatment. In that 
context, glucocorticoid could not prevent t1dm caused by 
the autoimmune-related beta-cell destruction.

Supplemental Table 1 presents 7 cases in which gluco-
corticoids were administered for various reasons after t1dm 
developed. In 6 patients, glucocorticoid was reportedly 
ineffective in reversing t1dm9–12,15,17; in the remaining 1 
patient, dexamethasone administration transiently im-
proved insulin insufficiency18. It is worth noting that, in the 
latter case, the patient did not present with a t1dm-sensitive 
hla type and was originally diagnosed with pancreatic 
diabetes, with incomplete decline in insulin secretion. 
Thus, the increase in plasma insulin observed in our pa-
tient might have been a result of dexamethasone-induced 
insulin resistance24 and not an improvement in nivolumab- 
induced t1dm. In our patient, nivolumab-induced t1dm was 

FIGURE 1  Patient’s clinical course in the present case. On day 26, 
before diabetic ketoacidosis, insulin secretion is preserved, based on 
serum C-peptide (CPR) 0.5 nmol/L and fasting plasma glucose (FPG) 
5.1 mmol/L. At the time of admission, FPG was highly elevated, and 
insulin secretion had declined, but not become exhausted (day 1 CPR 
0.1 nmol/L and FPG 13.0 mmol/L). Continuous insulin replacement 
was required to manage plasma glucose. The patient’s insulin secretion 
declined steadily, leading to exhaustion 9 days after the ketoacidosis 
event. Her insulin secretion had not recovered by 5 months later.

TABLE II  Evaluation of insulin secretion by glucagon loading testa

Variable Day 8 Day 15

Time (minutes) 0 6 10 0 6 10

Plasma glucose 
  (mmol/L)

5.4 5.4 6.2 16.1 15.9 16.0

Serum C-peptide 
  (nmol/L)

<0.03 <0.03 <0.03 0.03 0.03 0.03

a	� The residual ability of pancreatic beta cells to secrete insulin was 
tested by intravenous administration of 1 mg glucagon, a highly 
sensitive and efficient method for diagnosing insulin insufficiency 
even in the presence of high blood glucose levels8.
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possibly glucocorticoid-resistant, although glucocorticoid 
therapies have been reported to be effective in relieving 
several iraes2 induced by nivolumab without disrupting its 
antitumour effect25. Elucidation of the exact mechanisms 
of immune-related t1dm will surely provide a novel means 
for preventing this critical irae, leading to safe management 
of several malignancies with this promising drug.

SUMMARY

We report a case of acute-onset t1dm probably induced 
by nivolumab-evoked autoimmunity despite continuous 
glucocorticoid administration. The patient showed a grad-
ual but continuous decline in insulin secretion leading to 
exhaustion as part of the course of her disease. Nivolumab 
possibly induced t1dm because of the patient’s t1dm- 
sensitive hla type, which might have acted as a sensitizing 
factor (among several probable causes). Physicians should 
be aware that nivolumab can induce t1dm and should not 
overlook this critical irae.
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