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Abstract
Advanced malignant melanoma (MM) is treated with immune checkpoint inhibitor (ICl) therapy, which often results in sev@
immune-related adverse events. Fulminant type 1 diabetes mellitus (T1DM) is a rare, rapidly progressive, life-threatening disease.
Here, we summarize 8 cases of MM with ICl-induced T1DM and describe one case that developed fulminant T1DM due to
nivolumab therapy. We retrospectively reviewed patients treated with ICI from 2014 to 2021 at our hospital. The clinical features
and risk factors of ICl-induced T1DM were discussed. ICls were administered to 426 MM patients at our hospital. Among these,
nivolumab was administered in 5 cases, pembrolizumab in 1 case, and the combination of nivolumab and ipilimumab in 2 cases.
The frequency of ICl-associated T1DM was 1.88%. The mean glycated hemoglobin level at T1DM onset was 8.0 + 1.0%. Of
the patients, 75% were diagnosed with fulminant T1DM, 62.5% developed diabetic ketoacidosis, and 25% had glutamic acid
decarboxylase (GAD) antibodies (an early predictive marker for TIDM). The mean interval between the first ICl administration
and T1DM development was 201 + 187 days. The mean duration of resumption was 13 + 7 days. We should monitor for T1DM
development following treatment with ICIs. ICI can be continued to be used to treat MM if insulin therapy successfully controls
T1DM.

A 67-year-old patient who received adjuvant nivolumab therapy developed fulminant T1DM and thyrotoxicosis 57 days later
and tested positive for GAD antibodies. Subsequently, he developed hypophysitis and an isolated adrenocorticotropin deficiency.
He continued receiving nivolumab along with self-injected insulin without developing recurrence.

Abbreviations: FT1DM = fulminant type 1 diabetes, GAD = glutamic acid decarboxylase, HbA1c = glycated hemoglobin,
ICl = immune checkpoint inhibitor, irAEs = immune-related adverse events, MM = malignant melanoma, T1DM = type 1 diabetes
mellitus.
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1. Introduction

Following the approval of nivolumab for malignant melanoma
(MM) in Japan in 2014, immune checkpoint inhibitors (ICls)
have been increasingly used to treat advanced MM. CD8 +T
cells activated by ICIs clear tumors mainly by inducing cell death
through perforin-granzyme and Fas-Fas ligand pathways.!"
Accordingly, multiple immune-related adverse events (irAEs)
(such as type 1 diabetes mellitus [T1IDM]) have been reported.?!
Type 1 diabetes is caused by the destruction of insulin-produc-
ing beta cells of the pancreas through an immune-mediated
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mechanism. Since program death 1 (PD-1) is a negative regula-
tor of the immune reaction, abnormalities in the PD-1 pathway
cause hyperactivity of immune function, leading to the develop-
ment of autoimmune diseases, such as TIDM. Immune check-
point inhibitor-induced T1IDM is a severe side effect due to its
rapid progression. It often presents as ketoacidosis and could be
fatal without appropriate treatment. In this report, we pres-
ent a case of mucosal MM, complicated by fulminant TIDM,
with nivolumab therapy, along with 7 other TIDM cases at our
hospital. The clinical features and risk factors of ICI-induced
T1DM were also discussed.
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2. Case report

A 67-year-old Japanese man experienced repeated epistaxis.
He had a history of chronic sinusitis and thyroiditis and did
not take any medications. On consultation with an otolaryn-
gologist, a black broad-based mass in the left inferior turbi-
nate was detected and resected. The patient was diagnosed
with MM without metastasis based on pathological exam-
ination and computed tomography. The left upper maxillary
region was additionally excised and confirmed complete
resection (stage III). Nivolumab was administered as adju-
vant therapy.

Although the patient successfully completed the fourth
cycle of nivolumab, he experienced extreme thirst, poly-
urea, and 6-kg weight loss 2 weeks after the fourth cycle of
nivolumab. Blood tests revealed prominent hyperglycemia.
He had a blood glucose level of 539 mg/dL, glycated hemo-
globin (HbA1c¢) 7.1%, glycoalbumin 23.3%, insulin 8.2 pU/
mL, C-peptide 2.6 ng/mL, anti-glutamic acid decarboxylase
(GAD) antibodies > 2000 U/mL, adrenocorticotropic hor-
mone 30.1 pg/mL, cortisol 15.28 mg/dL, thyroid-stimulating
hormone 0.01 pIU/mL, triiodothyronine 4.49 pg/mL, and
free thyroxine 1.7ng/dL. The arterial blood pH was 7.40.
He was diagnosed with fulminant type 1 diabetes (FT1DM)
(Grade 4) and thyrotoxicosis (Grade 1). He had no previ-
ously reported abnormalities related to diabetes. He tested
positive for DRB1#08:02-DQB*03:02.

He was immediately hospitalized for hyperglycemia, and
insulin treatment was initiated. His symptoms gradually
improved with insulin treatment. He was discharged one week
after the onset of irAE as his blood glucose level had stabi-
lized. Two weeks after irAE onset, nivolumab was resumed
because insulin could be supplied even if pancreatic func-
tion was lost. He successfully continued receiving nivolumab
along with self-injected insulin without developing recurrence
(Fig. 1).

He was in thyrotoxicosis when he developed hypergly-
cemia. Thyrotoxicosis spontaneously improved and hypo-
thyroidism (Grade 2) progressed, and he started taking
levothyroxine. This is a typical course for ICI-induced hypo-
thyroidism. In particular, he may have had a high risk of
developing hypothyroidism because of positive antithyro-
globulin and anti-TPO antibodies. Six months later, it was
suspected that he developed adrenal insufficiency due to
malaise and loss of appetite. He was diagnosed with isolated
adrenocorticotropin deficiency by ACTH 8.9 pg/mL, corti-
sol 1.51 pg/dL, and no pituitary swelling. He was prescribed
oral hydrocortisone therapy and is currently alive with no
recurrence 15 months after the surgery. He was diagnosed
with autoimmune polyendocrine syndrome (APS) following
functional impairment of pancreatic islets, thyroid glands,
and adrenal glands.
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3. Discussion

Fulminant type 1 diabetes is an independent subtype of type
1 diabetes that was discovered in Japan and clinically char-
acterized by markedly rapid onset of hyperglycemia with
ketoacidosis, near-normal levels of HbAlc despite remarkable
hyperglycemia, and negative status of islet cell autoantibod-
ies.! The Japan Diabetes Society reported the diagnostic cri-
teria for FT1DM as pancreatic islets express PD-L1 and are
susceptible to immune destruction; PD-1 inhibitors could
induce diabetes.’) ICI-related FT1DM sometimes includes
acute-onset TIDM and progresses less rapidly than conven-
tional FT1IDM.!! The frequency of ICI-induced T1DM was
reportedly 0.2%.17

We have summarized 8 cases of MM with ICI-induced TIDM
at our hospital between 2014 and 2021 (Table 1). ICIs were
administered to 426 MM patients, and the frequency of ICI-
induced T1DM in our hospital was 1.88%. This rate was higher
than that recorded in previous clinical trials due to the inclu-
sion of combination therapy. Also, the frequency of ICI-induced
T1DM may be high in Japan due to the higher proportion of
FT1DM there.*! The average age at onset was 54 years. There
were no notable differences between the sexes. Regarding the
sites of the primary lesions, 4 cases were mucosal, 3 were cutane-
ous, and the site in one case was unknown. The rates and grades
of irAE were comparable between the patients with mucosal
MM and those with cutaneous MM.¥! Nivolumab was adminis-
tered in § cases, whereas pembrolizumab was administered in 1
case. In 2 cases, the combination of nivolumab and ipilimumab
was used. The mean HbAlc at TIDM onset was 8.0 + 1.0%
(mean = standard deviation). There were 6 diagnosed cases of
FT1DM (75%) and 2 diagnosed cases of acute-onset TIDM.
Diabetic ketoacidosis, which could be fatal, occurred in 5 cases
(62.5%). Three patients (37.5%) were transported by ambu-
lance. There were no deaths in our cases but sudden death due to
FT1DM has been previously reported.”! It is essential to detect
diabetic ketoacidosis before the onset or immediately thereafter.
Signs of hyperglycemia and symptoms, such as malaise, thirst,
and polyuria, should be recognized immediately. Two patients
(25%) had anti-GAD antibodies; one was the Japanese patient
described in the present case, and the other was a Malaysian
case. A previous report showed that half of the ICI-induced
T1DM patients were positive for T1DM-associated antibodies,
the most common of which was the GAD antibody."” The GAD
antibody positivity rate in ICI-induced TIDM was reportedly as
low as 4.5% in Japan.!'! This racial difference in GAD antibody
positivity rate might be related to the difference in human leu-
kocyte antigen (HLA). The GAD antibody is an early predictive
marker associated with a high risk of developing TIDM.!"? It
might be useful for measuring GAD antibodies before or during
ICI administration. The mean interval between ICI initiation and
T1DM development was 201 = 187 days, ranging from 22 to
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Figure 1. Clinical course of the present case report. FT1DM = fulminant type 1 diabetes.
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Summary of the 8 Japanese patients developed immune checkpoint inhibitor-induced T1DM.

Primary HbA1c Diabetic Emergency GAD Durationto  Duration to
No. Age Sex lesion Drug (%) Type ketoacidosis transport  antibody diabetes (d) resume (d) Other irAEs
1 74 F Nasal cavity ~ Nivolumab NE Fulminant NE + NE 122 None -
2 46 M Foot sole Pembrolizumab 7.5 Fulminant + - 406 None -
3 46 M Choroid Nivolumab 8.2 Fulminant + >2000 39 21 -
4 48 M Head Nivolumab 9.2 Acute-onset + + - 484 None -
5 49 F Vagina Nivolumab 10 Acute-onset + - - 373 (291) -
6 63 F Unknown Nivo/Ipi 6.0 Fulminant - - 107 9 Thyroiditis,

hypophysitis

7 36 F Head Nivo/Ipi 6.2 Fulminant + - - 22 5 Colitis, thyroiditis
8 67 M Nasal cavity  Adj Nivolumab 71 Fulminant - - >2000 57 15 Thyroiditis

Case 8 is our case report.

F = female, GAD = glutamic acid decarboxylase, HbA1c = glycated hemoglobin, irAEs = immune-related adverse events, M = male, NE = not evaluated, T1DM = type 1 diabetes mellitus.

484 days. In previous reports, the mean duration was 155 = 123
days, and there was also a large variation.'! Cases with a shorter
duration had lower HbAlc levels, indicating a more rapidly
progressive TIDM.!"3l The statistical correlation is unknown
because of the small number of cases. However, the development
of ICI-induced T1DM should be considered during and after ICI
administration. Four out of the 8 patients continued receiving
the same ICI. The mean duration of resumption was 13 = 7 days.
The other patients reverted to the same ICI after using the other
ICIs. The same ICI can be used to treat MM if insulin therapy
successfully controls TIDM. Our case report had the HLA-
DRB1*0802-HLA-DQB1#0302 haplotype. It was reported
that DRB1#0802-DQB1#0302 was associated with acute-onset
T1DM, but only DRB1*0405-DQB1*0401 was associated with
fulminant TIDM.!* Only one of our patients had DRB1*0405-
DQB1*#0401. Three patients experienced other irAEs aside from
T1DM. This case report also had DRB1#08:02-DQB*03:02 and
describes hypothyroidism and hypophysitis. The first patient had
thyrotoxicosis and hypophysitis, while the second had colitis and
hypothyroidism. These 3 cases were likely caused by APS.

First reported by Schmidt in 1926, APS is characterized by func-
tional impairment of multiple endocrine glands."s! APS type 2 is a
polygenetic adult disease with 2 or 3 of the following endocrinop-
athies: autoimmune thyroid disease, type 1 diabetes, and adrenal
insufficiency.' In a systematic review of 23 APS cases; endocrine
organs, including the thyroid gland (78.3%), pancreatic islets
(73.9%), pituitary gland (47.8%), and adrenal gland (8.7%), were
reportedly affected by ICI administration.'” Type 1 diabetes melli-
tus, a rare autoimmune disease, also occurred in most of the cases
included in the report, indicating similarities between the patho-
geneses of APS and autoimmune diabetes. Patients with diabetes
should be aware that they may develop APS. APS was reportedly
associated with HLA genotypes, and HLA testing can reveal the
involvement of genetic factors.'”! In addition, a high therapeutic
effect was observed in patients who developed APS.

The patient in our case report had a rare condition. He had
mucosal melanoma, received ICI as postoperative adjuvant ther-
apy, tested positive for GAD antibodies, and developed other
endocrine irAEs along with TIDM. These factors were closely
related to the risk of TIDM. Any irAEs were detected early,
and immediate intervention helped the course run without any
complications. He was probably GAD antibody-positive prior
to nivolumab treatment, indicating his potential risk for devel-
oping T1IDM.!" The positive conversion of islet cell autoanti-
bodies, including GAD antibodies, may have aided in the early
detection of TIDM.!"3 Although the incidence of TIDM as an
irAE is low, measuring islet autoantibodies could be useful.

In conclusion, we reported a rare case of TIDM and summa-
rized 8 cases. ICI-induced T1DM is a rare, but life-threatening

irAE. Our study has some limitations, such as the small number
of cases and the cases having significantly different patient back-
grounds. We must pay attention to development of TIDM with
IClIs, especially in the adjuvant setting. Immune-related adverse
events can be detected at an early stage using regular blood tests
and history taking, with ICIs administered to manage the irAE.
Testing for HLA and pancreatic autoimmunity helps in the risk
assessment and early detection of TIDM. Further studies are
needed to reveal the pathogenic mechanism and risk factors of
ICI-induced T1DM.
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