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Abstract
Programmed cell death-1 (PD-1) and programmed cell death-ligand-1 (PD-L1) inhibitors have been highlighted in the field 
of cancer treatment. The interaction between PD-1 and PD-L1 is thought to play an important role in the regulation of the 
self-immune tolerance mechanism, so blocking these molecules may cause serious immune-related adverse events (IrAE), 
including fulminant insulin-dependent (type 1) diabetes. Here, we describe a patient with fulminant type 1 diabetes induced 
by nivolumab, an anti-PD-1 antibody. The patient, a 78-year-old man, was being treated with nivolumab as a third-line treat-
ment for squamous cell carcinoma of the lung. After three cycles, he experienced an abrupt flare-up of the blood glucose 
within half a day. His blood glucose further increased without clinical symptoms until his hospital visit. Laboratory data 
showed the complete exhaustion of intrinsic insulin and the elevation of serum antibody titer to glutamic acid decarboxylase 
(GAD). Although the patient was previously diagnosed with non-insulin-dependent (type 2) diabetes, his disease activity 
had been well controlled with oral medication and low-dose insulin therapy until just before the flare-up. Because of the 
laboratory findings and the extremely rapid onset of hyperglycemia, a diagnosis of fulminant, rather than the rapid onset, 
type 1 diabetes related to nivolumab therapy was strongly suspected. Our case study indicates that fulminant hyperglycemia 
can occur extremely rapidly. The blood glucose of patients receiving PD-1 antibody therapy should be closely monitored.
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Abbreviations
AUC​	� Area under the curve
CT	� Computed tomography

CTLA-4	� Cytotoxic T-lymphocyte-associated protein-4
DM	� Diabetes mellitus
EIA	� Enzyme immunoassay
GAD	� Glutamic acid decarboxylase
HbA1c	� Hemoglobin A1c
HLA	� Human leukocyte antigen
IrAE	� Immune-related adverse event
MRI	� Magnetic resonance imaging
NSCLC	� Non-small cell lung cancer
SPIDDM	� Slowly progressive insulin-dependent diabetes 
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Introduction

Several immune checkpoint inhibitors, including antibodies 
against programmed cell death-1 (PD-1) and programmed 
cell death-ligand 1 (PD-L1), have recently emerged as a 
novel and effective anti-tumor therapy for patients with 
various types of solid tumors [1], melanoma, and Hodgkin 
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lymphoma. Although anti-PD-1 or anti-PD-L1 antibodies 
appear to have a tolerable toxic profile and a lower inci-
dence of adverse effects than other cytotoxic agents, several 
immune-related adverse events (IrAEs) have been reported, 
such as thyroid dysfunction, hypophysitis, pneumonitis, coli-
tis, myositis, nephritis, hepatitis, adrenal insufficiency, and 
uveitis [2]. Without prompt medical management, some of 
these events can develop into serious and fatal complica-
tions. It is thought that the inhibition of T-cell function aug-
ments these autoimmune reactions. Notably, the fulminant 
onset of insulin-dependent (type 1) diabetes, which is poten-
tially life-threatening if unrecognized, can very occasionally 
occur in patients treated with immune checkpoint inhibitors, 
although its rarity means that there have been no reports 
describing the manner of its onset and its subsequent blood 
glucose dynamics. Although most IrAEs caused by immune 
checkpoint inhibition are treatable with the administration 
of glucocorticoids or other immunosuppressive agents, the 
usefulness of steroid therapy for type 1 diabetes has not been 
demonstrated. Here, we describe a patient who developed 
fulminant hyperglycemia within half a day during nivolumab 
therapy.

Case report

A 78-year-old man was referred to our department with 
suspected lung cancer. After a diagnostic work-up, he 
was diagnosed with squamous non-small cell lung cancer 
(NSCLC) with contralateral lung and mediastinal metasta-
ses. He received first-line chemotherapy with carboplatin 
[5 area under the curve (AUC)] and nab-paclitaxel, and 
achieved a partial response with good performance status. 
The first-line chemotherapy was continued for five cycles. 
Three months later, he experienced disease progression and 
second-line chemotherapy with vinorelbine was started. 
After two cycles, imaging showed exacerbation of the lung 
cancer. Consequently, nivolumab (3 mg/kg every 2 weeks) 
was administered as third-line chemotherapy. Before the 
nivolumab therapy, he was diagnosed with type 2 diabe-
tes and was treated with combination therapy of dipeptidyl 
peptidase-4 (DPP-4) inhibitor (linagliptin 5 mg/day) and 
alpha-glucosidase inhibitor (voglibose 0.9 mg/day) and con-
ventional insulin therapy with mixed-type insulin (insulin 
aspart 30 mix 24 units/day, twice a day). He had a good 
glycemic control with normal HbA1c (5.4%) 2 weeks before 

the flare-up (Fig. 1). On the ninth day of the third cycle of 
nivolumab, his preprandial blood glucose abruptly increased 
to 277 mg/dL in the evening, despite being 130 mg/dL, as 
usual, that morning. Prior to this flare-up, his morning and 
evening preprandial blood glucose levels, self-monitored 
at home, had been stable and consistently < 140 mg/dL 
(Table 1). No increased dietary volume or other potential 
factors or causes had been observed. His blood glucose level 
increased further to > 600 mg/dL in 2 days after the flare-up 
and did not return to baseline; however, he was unaware of 
any symptoms related to hyperglycemia.

He attended the outpatient department 5 days later for 
his next cycle of nivolumab, as scheduled. He was neu-
rologically normal with an alert mental status. Physi-
cal examination showed no specific findings. His skin 
and tongue were not so dry. His height and weight was 
156 cm and 56.5 Kg, respectively. His blood pressure was 
122/76 mm Hg and his heart rate was 78 bpm. Although 
neither ketoacidosis nor ketonuria were observed, his clin-
ical course was suspicious for the development of fulmi-
nant type 1 diabetes. He was admitted for the management 
and further evaluation of the hyperglycemia. On the day 
of admission, his random blood glucose was elevated to 
527 mg/dL, but glycated hemoglobin (HbA1c) remained 
in the normal range (6.1%; normal range 4.7–6.2%). Labo-
ratory tests performed on admission are summarized in 
Table 2; the tests showed a remarkable decrease in serum 
C-peptide to less than 0.1 ng/ml and urinary C-peptide to 
less than 0.3 µg/day. Serum titers showed elevated anti-
glutamic acid decarboxylase (GAD) antibody [Enzyme 
immunoassay (EIA), GAD Ab, Cosmic, Tokyo, Japan]; 
however, all other anti-pancreatic islet antibodies were 
negative. Serum chemistry and electrolytes levels were 
as follows: Na 136 mEq/L, K 3.6 mEq/L, Cl 98 mEq/L, 
Ca 9.2 mEq/L, BUN 9.7 mg/dL; Creatinine 0.91 mg/dL 
and total protein 7.6 mg/dL. A complete blood cell (CBC) 
count showed a hemoglobin level of 12.7 g/dL with 37% 
hematocrit, a WBC count of 67 × 102/µL with 54.6% neu-
trophils, and a plate count of 13.7 × 104/mm3. From these 
findings and the rapid clinical course, we finally diagnosed 
fulminant onset type 1 diabetes, suspecting nivolumab to 
be the agent responsible because there were no other fac-
tors associated with glucose metabolism. Human leuko-
cyte antigen (HLA) typing did not identify any specific 
alleles known to be closely related to the onset of type 
1 diabetes. After admission, the nivolumab therapy was 

Table 1   Preprandial blood 
glucose level (mg/dL)

*Day from the initiation of nivolumab

Day 35 36 37 38 39 40 41 42 43

Morning 136 145 128 124 308 > 600 504 495 504
Evening 150 156 107 277 401 534 − 477
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suspended and intensive insulin therapy with the combina-
tion of rapid and long-acting insulin was started. Before 
and during his hospitalization, the patient experienced 
no abdominal or upper airway symptoms which are com-
monly observed with typical acute-onset type 1 diabetes. 
A combination of abdominal computed tomography (CT) 
with contrast and Magnetic Resonance Imaging (MRI) 
without gadolinium eliminated pancreatic complications 
(Fig. 2). He was discharged after the titration of insulin 
dose and was in stable disease for up to 7 months from the 
initiation of nivolumab therapy even though no radiologi-
cal response had been observed. At the 6-month follow-
up, he was negative for anti-GAD antibody; however, the 
diabetes had not improved and insulin requirement was 
not reduced. Nivolumab was initially administered for 
three cycles (6 weeks) and suspended for 7 months after 
hyperglycemic event. At the time when anti-GAD antibody 
disappeared, nivolumab was being suspended. Shortly 
after the confirmation of being negative for anti-GAD 
antibody, nivolumab was resumed without further exacer-
bation of diabetes or other endocrine disorders. However, 
no improvement of hyperglycemia was noted and insulin 
requirement was not reduced when the anti-GAD antibody 
titer decreased.

Discussion

With the rise of immunotherapy, the concept of anti-cancer 
treatment has been rapidly changing, and much of the recent 
therapeutic progression with immune checkpoint inhibitors 
has been encouraging. Nivolumab is a fully human IgG4 
monoclonal antibody immune checkpoint inhibitor, which 
targets PD-1 and inhibits binding to its ligands, PD-L1 and 
PD-L2. It is currently approved for the treatment of NSCLC 
[3], malignant melanoma [4], renal cell carcinoma [5], head 
and neck cancer [6], and Hodgkin lymphoma [7], and it is 
expected to be approved soon for the treatment of some of 
gastrointestinal cancer [8, 9].

PD-1 is expressed on the surface of activated and regula-
tory T-cells, whereas PD-L1 is primarily expressed on tumor 
cells. The interaction between these is known to play an 
important role in the regulation of the immune tolerance 
mechanism, preventing the excessive self-immunity associ-
ated with the functional loss of T-cell inhibition. Conversely, 
the inhibition of immune checkpoint molecules such as 
PD-1, PD-L1, and cytotoxic T-lymphocyte-associated pro-
tein-4 (CTLA-4) not only reinforces the anti-cancer mech-
anism through T-cell activation but also dysregulates the 
self-immune tolerance system responsible for autoimmune 

Fig. 1   Clinical course of the patient. After 3 cycles of nivolumab, abrupt elevation of hyperglycemia was noted without prominent hyperglyce-
mic symptom. Serum and urinary C-peptide excretion was significantly decreased, whereas HbA1c remained in normal range
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activation in various organs that can result in severe IrAEs 
[2]. Endocrine complications are also assumed to be types 
of IrAE, although their pathological mechanisms remain to 
be elucidated, unlike those of other IrAEs. It has been pos-
tulated that activated T-cells triggered by PD-1 inhibition 
infiltrate into normal tissue, generating autoimmune toxici-
ties. Hypothyroidism is considered to be the most frequent 
endocrine disorder caused by anti-PD-1 antibodies, but other 
endocrine disorders, such as hypophysitis and adrenal insuf-
ficiency, have been reported [10]. Type 1 diabetes has also 
been identified as a serious adverse event provoked by anti 
PD-1 and PD-L1 antibodies [11–13]. However, the incidence 
of type 1 diabetes triggered by immune checkpoint inhibi-
tors is extremely low compared with that of other IrAEs, 
although there have been several reports of patients devel-
oping fulminant type 1 diabetes during treatment with anti-
PD-1 antibodies, as in our case [14–16].

Fulminant type 1 diabetes has only recently been discov-
ered. It is an important subtype, especially in East Asia, 
and accounts for approximately 20% of acute-onset type 1 
diabetes cases in Japan [17]. It is defined by the abrupt onset 
of hyperglycemia and ketoacidosis around a week and is 
mostly negative for islet-related antibodies such as islet-cell 
and anti-GAD antibodies [18]. On the other hand, several 
reports have remarkably demonstrated a case of the onset of 
fulminant type 1 diabetes with a presence of anti-GAD anti-
body [19–21]. Although the precise pathogenesis of fulmi-
nant type 1 diabetes is unclear, genetic background and viral 
infection both appear to be important factors [18]. There 
have been no reports on record regarding dramatic onset of 
hyperglycemia in an extremely short duration during PD-1 
or PD-L1 treatment. Our case is very similar to that of ful-
minant type 1 diabetes in the manner of remarkably abrupt 
onset although it does not meet all requirements for the 
diagnostic criteria. The sudden increase in hyperglycemia 
in our patient may have occurred as a consequence of the 
rapid destruction of pancreatic islet beta cells, which leads 
to a lack of endogenous insulin secretion. It could be postu-
lated that T-lymphocytes activated by immune checkpoint 
inhibitors infiltrated into pancreatic tissue, causing damage 
to islet beta cells; however, the precise mechanism remains 
unexplored. As already noted, ketoacidosis is a major diag-
nostic criterion of fulminant type 1 diabetes. The reason 
why ketoacidosis and other typical symptoms described in 
a previous case study [14] were not observed in our patient 
could be because he had continued self-injection of insulin 
as prescribed, preventing severe symptoms, even though the 
dose of insulin was insufficient to control his blood glucose. 
In this case, the anti-GAD antibody titer was elevated at the 
diagnosis of type 1 diabetes. It is uncertain whether anti-
GAD antibodies were present or absent prior to the treat-
ment with nivolumab, because our patient did not undergo 
a pre-treatment evaluation for this. In that regard, Lowe 

Table 2   Laboratory data on admission

ACTH adrenocorticotrophic hormone, AST aspartate aminotrans-
ferase, ALT alanine transaminase, FT3 free tri-iodothyronine, GAD 
glutamic acid decarboxylase, HLA human leukocyte antigen, IA-2 
islet-associated antigen-2, MCV mean corpuscular volume, MCH 
mean corpuscular hemoglobin, MCHC mean corpuscular hemoglobin 
concentration, NGSP National Glycohemoglobin Standardization 
Program, TSH thyroid-stimulating hormone, ZnT8 zinc transporter 8

Complete blood count
 White blood cell (WBC) 67 × 102/µL
 Red blood cell (RBC) 375 × 104/µL
 Hemoglobin 12.7 g/dL
 Hematocrit 37.0%
 MCV 99 fL
 MCH 33.9 pg
 MCHC 34.3 g/dL
 Platelet (PLT) 13.7 × 104/µL

Biochemistry
 Total protein 7.6 g/dL
  Albumin 3.7 g/dL
  AST 38 IU/L
  ALT 23 IU/L

 Total bilirubin 0.6 mg/dL
 Alkaline phosphatase (ALP) 597 IU/L
 γ-glutamyltransferase (γ-GTP) 295 IU/L
 C-reactive protein (CRP) 1.35 mg/dL
 Plasma glucose 527 mg/dL
 HbA1c (NGSP) 6.1%
 Blood urea nitrogen (BUN) 9.7 mg/dL
 Creatinine 0.91 mg/dL
  Na 136 mEq/L
  K 3.6 mEq/L
  Cl 98 mEq/L

 Total ketone body 101 µmol/L
 Serum C-peptide < 0.1 ng/mL
 Urinary C-peptide < 0.3 µg/day
 ACTH 27.6 pg/mL
 Cortisol 13.0 µg/dL
 TSH 4.45 µIU/mL
 FT3 2.5 pg/mL

Urinalysis
 Sugar (4+)
 Protein (±)
 Occult blood (−)
 Urinary ketone body (−)

Islet autoantibodies
 GAD antibody (< 5.0 U/ml) 41.1 U/mL
 IA-2 antibody (−)
 ZnT8 antibody (−)

HLA DNA typing
 DRB1*0301-DQB1*0803
 DRB1*0601-DQB1*1406
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et al. reported the case of anti-GAD antibody which turned 
to be positive with the onset of diabetes after the combina-
tion therapy of nivolumab and ipilimumab [22]. A previous 
report classified a specific subgroup of diabetes as slowly 
progressive insulin-dependent type 1 diabetes (SPIDDM), 
in which anti-GAD and/or islet-cell antibodies are positive 
[23]. SPIDDM, which shows similar characteristics to type 
2 diabetes, does not present ketosis or ketoacidosis at the 
time of onset and there is no requirement for urgent insulin 
treatment after diagnosis. In our patient, the presence of anti-
GAD antibodies and a history of type 2 diabetes made it dif-
ficult to distinguish the fulminant exacerbation of SPIDDM 
from new-onset type 1 diabetes. It could be supposed that he 
already had SPIDDM before commencing nivolumab. Con-
versely, the anti-GAD antibodies may have been produced 
by the mechanism of PD-1 inhibition after treatment with 
nivolumab. Human leukocyte antigen (HLA) -typing analy-
sis of the patient did not show a high-risk HLA haplotype 
that predisposed to fulminant type 1 diabetes. Regardless 
of the presence of anti-GAD antibodies, the mechanism for 
the fulminant hyperglycemia in our patient does not appear 
to have been mediated by humoral immunity because anti-
body-mediated type 1 diabetes, typically defined as acute-
onset type 1 diabetes, usually has an onset within several 
weeks and shows significantly elevated HbA1c, in contrast 
to our case. Therefore, although it is clear that complete 
destruction of the pancreatic islet beta cells occurred, the 
mechanisms of this phenomenon still remain unclear. The 
pathogenesis of fulminating onset in our case appeared to be 
associated with cellular immunity driven by T-cells to some 
extent. Interestingly, a recent report demonstrated positive 
anti-thyroid peroxidase antibody titers after the initiation 
of pembrolizumab in some melanoma patients [24]. These 

results could imply that PD-1 inhibition also modulates 
the mechanism of humoral immunity, but details have not 
been investigated. In that regard, previous report showed 
that inhibition of the PD-1 and PD-L1 axis promoted B-cell 
proliferation and interleukin-6 production [25]. Previously 
reported cases of diabetes as IrAE with autoantibodies are 
summarized (Table 3). The time to diagnosis of diabetes in 
each case was not uniform and there was no report describ-
ing the precise period until hyperglycemia had occurred. 
Only one case was diagnosed with fulminant diabetes [32]. 
However, unlikely our case, HbA1c level at onset was ele-
vated and it was assumed that it would take time for the 
progression of diabetes. GAD antibody was the most com-
mon antibody among reported cases. Of interest, besides this 
case, no Asian patients with autoantibody-positive diabetes 
provoked by immunotherapy have been reported in contrast 
to autoantibody-negative fulminant diabetes. Ethnic differ-
ences may influence this phenomenon but details remain 
obscure.

It is important to identify and manage patients who 
could suffer from serious IrAEs induced by immune 
checkpoint inhibitors. However, there is insufficient evi-
dence to conclude that the presence of anti-GAD antibod-
ies at baseline is a risk factor for type 1 diabetes in patients 
treated with anti-PD-1 antibodies. Further investigation 
is needed to identify the role of baseline measurement of 
anti-GAD antibodies as a predictive marker for fulminant 
hyperglycemia.

In conclusion, fulminant type 1 diabetes is a rare but a 
rapidly progressive and life-threatening adverse event. The 
present case emphasized that close and careful monitoring, 
as well as appropriate management, is essential for patients 
treated with immune checkpoint inhibitors.

Fig. 2   Enhanced CT (a) and MRI (b) imaging. Significant abnormal findings of pancreas were not noted
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