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What's new? 

• Immune checkpoint inhibitor-related Type 1 diabetes is rare in clinical trials, but case 

reports published between 2015 and 2017 suggest that real-world incidence may be 

higher than previously anticipated. 

• We describe nine cases of this life-threatening immune-mediated Type 1 diabetes. To 

our knowledge this is the largest series reported in the literature to date. 

• Patients presented with fulminant, symptomatic hyperglycaemia within weeks of 

commencing immune checkpoint inhibitors. 

• The unprecedented survival benefit seen with immune checkpoint inhibitors across 

many cancers is anticipated to result in their widespread use as a single agent and in 

combination with other cancer therapies in the near future.  

Abstract 

Background In recent years, immune checkpoint blockade has become a standard therapy for 

a wide range of cancers. Adverse events, including endocrinopathies, result from the 

induction of autoimmunity.  

Case report We report a case series of nine individuals who presented with immunotherapy-

induced Type 1 diabetes between 2015 and 2017. Onset of diabetes occurred within 12 weeks 

of commencing therapy. Anti-glutamic acid decarboxylase antibodies were present in six 

people. Retrospective testing of islet antibodies in pre-treatment samples was possible in two 

people and this revealed anti-glutamic acid decarboxylase seroconversion in the first and high 

anti-glutamic acid decarboxylase titres pre- and post-treatment in the second person. Six 

people had high risk human leukocyte antigen

Conclusion 

 haplotypes. Clinical and genetic factors are 

described and compared with previously published cases.  

 

Introduction  

Immunotherapy is based on the premise that an enhanced immune system can recognize and 

eradicate cancers. Checkpoint blockade with cytotoxic T lymphocyte-associated antigen-4 

(CTLA-4) and programmed cell death protein-1 pathway (PD1/PD-L1) is rapidly becoming 

the standard of care in a range of cancers, including melanoma, non-small-cell lung cancer, 

renal cell carcinoma and head and neck cancer, with unprecedented impact on overall survival 

[1–5].  
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CTLA-4 and PD1 are inhibitory cell-surface receptors expressed on activated T cells that 

limit immune activation. In contrast to anti-CTLA-4, which amplifies T-cell activation in 

lymphoid organs and tumours, anti-PD1 predominantly overcomes exhaustion of anti-tumour 

T effector cells within the tumour bed. T-cell exhaustion represents a state of cellular 

dysfunction induced during chronic antigen/tumour exposure, leading to failure to control 

tumour progression [6]. A common analogy is that checkpoint inhibitors act by 'releasing the 

brakes' on the immune system to combat the tumour [7]. Conversely, T-cell exhaustion 

phenotypes are thought to confer better prognosis in autoimmune diseases. With restoration of 

exhausted T-cell function mediated by PD1 pathway blockade, induction of collateral 

immune-related adverse events (AEs) such as rash, hepatitis, nephritis, pneumonitis, colitis 

and endocrinopathies are common. While most immune-related AEs are responsive to 

immunosuppression, endocrinopathies tend to be irreversible and require ongoing hormone 

replacement [8].  

 

The incidence of immunotherapy-induced Type 1 diabetes is reported to be ~0.4% [1]; 

however, reports suggest that the real-world incidence may be significantly higher [8–32]. 

Cohort studies of islet antibody-positive people (mainly first-degree relatives of people with 

Type 1 diabetes) have found that ~10% with a single positive antibody will progress to Type 

1 diabetes [33]. Factors that lead to progression to diabetes may include differences in gene 

expression of diabetogenic T cells, viral antigen reactivity and metabolic pathways used by 

autoreactive T cells [34]. The relationship between PD1 and its ligands in the development of 

diabetes has been established in mice. PD1–PD-L1 interaction inhibits the activation, 

expansion, and effector function of islet-reactive T cells through the lifespan of the animal  

[35]. 

In keeping with the mechanism of PD1 pathway blockade, one hypothesis is that progression 

to fulminant islet autoimmunity may be increased or accelerated in a proportion of healthy 

individuals with positive islet antibodies.  

 

Research design and methods 

We describe our experience of nine people presenting with anti-PD1-mediated Type 1 

diabetes between 2015 and 2017. Treatment was undertaken at two tertiary centres in 

Melbourne, Australia:  the Peter MacCallum Cancer Centre and Eastern Health. The authors 

were responsible for management and follow-up. Demographics, treatment history, diabetes 
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presentation, the presence of islet antibodies and human leukocyte antigen

 

 (HLA) type were 

characterized.  Where feasible, serum obtained before treatment commenced was tested for 

evidence of pre-existing islet autoimmunity.  

A literature review of PubMed and Medline for case reports of anti-PD1-related diabetes 

identified 28 cases. Clinical information from our series was compared with published cases, 

with a focus on timing and kinetics of diabetes in relation to commencing anti-PD1-based 

therapy, the presence of high-risk HLA genotype and pre-treatment evidence of islet 

autoimmunity that could account for the accelerated development of diabetes.  

 

Results 

Demographics and clinical characteristics are detailed in Table 1. Biochemistry, HLA 

genotype and islet antibodies are summarized in Table 2. Individuals were aged 23–82 years 

and presented within 1–12 weeks (mean 6.4 weeks, median 6 weeks) of the first dose of anti-

PD1 treatment with diabetic ketoacidosis (DKA) or symptomatic hyperglycaemia requiring 

hospital admission.  Person 1 had an existing history of autoimmunity (rheumatoid arthritis). 

Person 9 had a history of Type 2 diabetes treated with metformin, a sulfonylurea and 

empagliflozin. In four people who developed other immune-related AEs, diabetes was the 

first immune-related AE to manifest. Person 1 presented 6 weeks after anti-PD1 treatment 

with DKA and concomitant pancolitis. Person 5 presented 8 weeks after anti-PD1 treatment 

with DKA and thyroiditis. Six months later he developed a widespread rash and inflammatory 

polymyositis. Person 6 presented with DKA 6 weeks after anti-PD1 treatment, while 

thyroiditis and rash occurred 6 months later. Person 8 was diagnosed with DKA 12 weeks 

after treatment and hypophysitis 6 weeks later. Three people received prior anti-CTLA4 

therapy. There was no significant difference in diabetes presentation compared with those 

treated with PD1 inhibitor monotherapy. Person 7 was treated with glucocorticoids in an 

attempt to salvage β-cell function, with no improvement in glycaemia. A full report of this 

case has been published by Aleksova et al. [19].  

 

Antibodies to glutamic acid decarboxylase (GAD), tyrosine phosphatase-related islet antigen 

2, insulin and zinc co-transporter 8 were measured. GAD antibody was positive in six out of 

nine people. Pre-treatment testing in person 4 identified GAD antibodies >1000 U/mL 

(reference range <5 U/mL).  Conversely, person 8 had undetectable pre-treatment GAD 
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antibodies and demonstrated seroconversion 12 weeks after treatment to 7.6 U/ml. HLA 

typing was performed in six of the nine people in our series. All  had at least one high-risk 

class II HLA allele (DR3, DR4, DQ2 or DQ8). Person 6 had both susceptibility and resistance 

haplotypes. The 28 previously published cases between 2015 and 2017 are summarized in 

Table 3. 

 

Discussion 

Consistent with other reports, the majority of people in our series presented with DKA within 

weeks of starting anti-PD1-based therapy. HbA1c

 

 tended to be lower at onset, in keeping with 

rapid islet destruction and hyperglycaemia, allowing less time for glycosylation of 

haemoglobin. Individuals exhibited marked glycaemic variability, with frequent episodes of 

hypoglycaemia despite regular insulin adjustment. This rapid onset and fulminant course 

implies an accelerated islet autoimmunity in contrast to the more protracted kinetics of 

spontaneous Type 1 diabetes in children and young adults [33,34]. It is noteworthy that 

immunosuppressive doses of corticosteroids are not helpful in reversing islet cell destruction. 

The result is phenotypic Type 1 diabetes, with features of fulminant diabetes described in 

Japan, Korea and in a case published in Australia [36]. Nine of the published cases highlight 

this distinct phenotype (Table 3). Understanding how PD1 blockade impacts immune 

response in individuals with varying autoimmune susceptibility is critically important.  

C-peptide level was low in most cases despite presenting in <12 weeks. Similar rapid 

progression to diabetes was seen in people with diabetes given islet transplantation from their 

co-twin or HLA-matched sibling who, given HLA identity, received little or no 

immunosuppression [37]. This observation provided critical evidence that Type 1 diabetes is 

an autoimmune disease. The effect is attributable to endogenously accumulated islet reactive 

activated memory T cells in the diabetic sibling which caused rapid graft failure. In PD1 

inhibitor treatment, T cells are activated by exogenous intervention. In both situations, β cells 

are exposed to a high number of activated T cells over a short period of time.  

  

The prevalence of GAD antibody positivity in most published cases is in keeping with GAD 

being the most common antigen specificity in adult-onset Type 1 diabetes [38]. Person 4 in 

our series had elevated levels of GAD antibodies pre-treatment and these remained high 

throughout therapy. This finding was also reported by Gauci et al. [30]. By contrast, the GAD 
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antibody titre in person 8 was <0.6 U/ml pre-treatment, but elevated at 7.6 U/ml at diabetes 

presentation. Lowe et al. [18] described a similar outcome of GAD antibody seroconversion 

and development of DKA 2 weeks after the third infusion of combination 

ipilimumab/nivolumab.  

 

Collectively, in our series and other published cases, there were 18 people with elevated GAD 

antibodies at diabetes presentation and 17 without.  

 

Person 9 had pre-existing Type 2 diabetes which was well controlled on triple oral 

antihyperglycaemic agents. Matsumura et al. [24] also described a person with pre-existing 

diet-controlled diabetes, who developed severe hyperglycaemia with very low C-peptide level 

and persistently negative GAD antibody on nivolumab.  Person 9 had been on a stable dose of 

a sodium-glucose co-transporter-2 (SGLT2) inhibitor for over 6 months and was well on the 

day of anti-PD1 treatment. This individual presented with DKA 2 days after pembrolizumab 

therapy, but remained antibody-negative. In this case, C-peptide level was higher at diabetes 

presentation than in other cases. SGLT2 inhibitors have been associated with euglycaemic 

DKA when used to treat both Type 1 and Type 2 diabetes. The exact contribution of the 

SGLT2 inhibitor to the rapid manifestation of DKA remains uncertain. It is plausible that 

ketosis was accelerated during early autoimmune pancreatic destruction, resulting in a 

relatively preserved C-peptide concentration in this person. There have been no published 

cases of DKA in the setting of combined SGLT2 and PD1 inhibitor use; however, caution 

should be exercised in this cohort, particularly as development of DKA 2 days after immune 

checkpoint inhibitor administration is the earliest pancreatic immune-related AE reported to 

date.  Unfortunately, HLA-typing was not possible in this case but may have been useful in 

delineating aetiology.  

 

Notably, the six that were HLA-typed in the present series demonstrated high risk alleles. 

Preclinical studies support the premise that PD1 loss may induce specific autoimmune disease 

depending on pre-existing genetic background [39].  In published cases, 14 people had at least 

one high risk HLA allele, two had high risk and protective alleles, three had no high risk 

alleles and 11 reports did not record HLA (Table 3). The clinical utility of HLA-typing and 

baseline islet antibody testing to stratify risk and manage potential immune-related AEs 

remains to be prospectively evaluated.  
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Understanding the underlying mechanisms of immune-related AEs may provide insights and 

facilitate the development of targeted approaches to deal with the autoimmune side effects of 

immune checkpoint inhibitors.  Recent studies have shown that blocking interleukin-7 

receptor-α with monoclonal antibodies in non-obese diabetic mice has been shown to prevent 

and reverse autoimmune diabetes by inducing exhaustion of auto-reactive T cells [40]. In 

humans, abatacept (CTLA-4 Ig) was found to increase endogenous C-peptide production in 

newly diagnosed Type 1 diabetes and is now being trialled in antibody-positive relatives with 

normal glucose tolerance [41].   

 

In conclusion, PD1 inhibitor-induced diabetes is a rare and irreversible complication.  As 

checkpoint inhibitors become standard of care in many tumour types and with the 

introduction of combination approaches, we anticipate an increased incidence of iatrogenic 

Type 1 diabetes. The clinical phenotype is a steroid-unresponsive, accelerated and fulminant 

islet autoimmunity that usually presents with DKA. People receiving anti-PD1 therapy should 

receive education on recognizing symptoms of hyperglycaemia to aid early presentation.  This 

series has prompted a prospective study to investigate predictive risk factors, including pre-

treatment islet antibodies and HLA status. This will clarify whether checkpoint inhibitors are 

an accelerator or initiator of Type 1 diabetes and guide future management and potentially 

prevention of this complication. Endocrinologists and oncologists need to be increasingly 

vigilant to ensure early recognition and prompt treatment for this life-threatening form of 

diabetes. 
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Table 1 Demographics and clinical characteristics 

Patient Age/sex Tumour type 
Tumour 

stage 

Immune check 

point inhibitor 

Onset of diabetes 

since first Anti-

PD1 exposure 

RECIST 

Response 

/duration of 

response  

1 70/M Melanoma  IV M1b Pembrolizumab  6 weeks 

PR/20 months 

(Treatment 

discontinued at 6 

weeks)* 

2 82/M 
SCC  

(oropharynx) 

IV 

(T2N2C) 

Pembrolizumab + 

carboplatin/5FU 
9 weeks 

SD/21 months 

(Treatment 

ongoing) 

3 61/M Melanoma 
Resected 

IIIC 
Pembrolizumab 8 weeks 

SD/14 months 

(Treatment 

discontinued 8 

weeks)* 

4 53/F Melanoma IV M1b 
Pembrolizumab 

+/- epacadostat 
3 weeks 

PR/8 months 

(Treatment 

ongoing) 

5 

 
23/M Melanoma IV M1b Pembrolizumab 8 weeks 

PR/21 months 

(Treatment 

discontinued at 7 

months)* 

6 

 
61/M Melanoma IV M1b 

Sequential 

ipilimumab, then 

pembrolizumab 

6 weeks 

PR/24 months 

(Treatment 

ongoing) 

7 60/M Melanoma IV M1c 

Sequential 

ipilimumab, then 

pembrolizumab 

5 weeks 

CR/29 months 

(Treatment 

discontinued at 

1.5 months)* 

8 50/M Melanoma IV M1c 
Ipilimumab and 

nivolumab 
3 months 

SD/5 months 

(Treatment 

ongoing) 

9 65/M Melanoma IV M1c Pembrolizumab 2 days 
Not restaged/1.5 

months 
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CR, complete response; F female; M, male; PD, progressive disease; PD1, programmed cell death protein-1; PR, partial 

response; RECIST, Response Evaluation Criteria In Solid Tumours; SCC, squamous cell carcinoma; SD, stable disease. 

*Persons 1, 3, 5, 7 and 9 discontinued treatments at the time of diagnosis of Type 1 diabetes mellitus. They maintained the 

responses they had achieved despite no additional doses of anti-PD1 therapy. Person 3 received treatment in the adjuvant 

setting. He discontinued pembrolizumab after 8 weeks and remained disease free for a further 7 months before developing 

disease progression in the brain. Patient 5 discontinued pembrolizumab at 7 months because of several immune-related 

toxicities including myositis and Type 1 diabetes. He maintained the partial response for 21 months and has now progressed 

with intracranial metastases. 

(Treatment 

withdrawn)* 
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Table 2  Diabetes presentation 

Patient 
Relevant 

background 

Diabetes 

presentation 
Other immune toxicities Biochemistry‡ HbA1c Antibodies HLA§ 

1 

CVID 

Rheumatoid 

arthritis 

DKA Colitis 

Glucose 50 mmol/l  

Serum ketones 6 mmol/l  

pH 6.99 

73.8 mmol/mol 

(8.9%) 

 

GAD >2000 U/mL (<5) 

IA2 <0.3 U/mL (<15) 

Insulin Ab 0.3 U (<0.7) 

- 

2 - 

Symptomatic  

hyperglycaemia 

with ketosis 

Hypothyroidism, rash, arthritis 

Glucose 36mmol/l 

Urinary ketones ++ 

C peptide <0.03 nmol/l 

69.4 mmol/mol 

(8.5%) 

 

GAD <0.6 U/mL (<5) 

IA2 <0.3 U/mL (<15) 

Insulin Ab 0.3 U (<0.7) 

ZnT8 Ab 0.2 U (<3.1) 

DRB1*04 (DR4) 

DQB1*03:02 (DQ8) 

3 - DKA - 

Glucose 15 mmol/l 

Serum ketones 5.8 mmol/l 

pH 7.30 

C peptide <0.03 nmol/l  

60.7 mmol/mol 

(7.7%) 

 

GAD >2000 U/mL (<5) 

IA2 <0.3 U/mL (<15) 

Insulin Ab 0.3 U (<0.7) 

ZnT8 Ab 0.3 U (<3.1) 

DRB1*04 (DR4) 

 

4 - DKA - 

Glucose 34 mmol/l 

Serum ketones 5.8 mmol/l  

pH 7.09 

C peptide 0.04 nmol/l  

55.2 mmol/mol 

(7.2%) 

 

GAD >2000 U/mL (<5) 

IA2 <0.3 U.mL (<15) 

Insulin Ab 0.4 U (<0.7) 

DRB1*03 (DR3) 

DRB1*04 (DR4) 

DQB1*03:02 (DQ8) 

5 - DKA 

Thyroiditis (thyrotoxic phase 

followed by hypothyroidism), 

rash, inflammatory polymyositis 

Glucose 41.4 mmol/l 

Urinary ketones ++ 

pH 7.20 

C peptide 0.11 nmol/l 

58 mmol/mol 

(7.5%) 

 

GAD 12.0 U/mL (<1.45) 

IA2 <1.1 U/mL (<1.1) 

Insulin Ab 1.2 U (0-0.7) 

DRB1*03 (DR3) 

DRB1*04 (DR4) 

DQB1*03:02 (DQ8) 

6 

Large 

pancreatic 

metastasis 

DKA Immune rash and thyroiditis 

Glucose 15.1 mmol/l 

Serum ketones present 

pH 7.14 

C peptide 0.12 nmol/l 

70 mmol/mol 

(8.6%) 

 

GAD >2000 U/mL (<5) 

IA2 <1.1 U/mL (<10) 

ZnT8 <15 (<15)  

DRB1*03 (DR3) 

DRB1*15 (DR15) 

DQB1*06 (DQ6)  

7  
Prostate 

cancer 
DKA - 

Glucose 27 mmol/l 

Blood ketones 5.9 mmol/l  

62 mmol/mol 

(7.8%) 

GAD <0.6 U/mL (<5) 

IA2 <0.3 U/mL (<15) 
- 
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CVID, Common variable immune deficiency; DKA,  diabetic ketoacidosis; GAD, glutamic acid decarboxylase; HLA, human leukocyte antigen;

‡Biochemistry reference ranges: Glucose 4–6 mmol/l, serum ketones <0.6 mmol/l, C peptide 0.30-2.40 nmol/l. 

 IA2,  islet antigen 2; SGLT2, sodium glucose co-transporter- 2; ZnT8, 

zinc co-transporter 8. 

§ HLA: DR3 and DR4: strongly associated with diabetes, DQ8: linked to juvenile diabetes, coeliac disease and rheumatoid arthritis, DR15 and DQ6: resistance to diabetes 

C peptide 0.057nmol/l   

8 - DKA 
Hypophysitis (adrenal and 

thyroid axis) 

Glucose >41.5 mmol/l 

Serum ketones 6.1  

pH 7.04 

C peptide 0.01nmol/l 

43 mmol/mol 

(6.3%) 

 

GAD 7.7 U/mL (<5) 

IA2 <0.3 U/mL (<15) 

DRB1*04 (DR4) 

DQB1*03:02 (DQ8) 

9 

Type 2 

diabetes on an 

SGLT2 

inhibitor † 

DKA - 

Glucose 24 mmol/l 

Serum ketones 6 mmol/l 

pH 7.24 

C Peptide 0.38 nmol/l 

57 mmol/mol 

(7.4%) 

 

GAD <0.6 U/mL (<5) 

IA2 <0.3 U/mL (<15) 
- 
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Table 3  Review of cases published to date 

Author/ year 

published 

Age/ 

gender 

Tumour  

Type 

Onset of 

diabetes 

Diabetes 

presentation 

Antibody and HLA 

status† 

(As reported) 

Hughes et al, 

2015 [10] 

55/F Melanoma 5 months DKA 
Antibody negative 

HLA A2.1+, DR4+  

83/F 
Non-small-cell  

lung cancer 
< 1 month DKA 

Antibody positive (GAD only

HLA A2.1+, DR4+  

63/M 
Renal cell 

carcinoma 
4 months 

Elevated random 

glucose 

Antibody positive (GAD, 

ICA512, Insulin Ab) 

HLA A2.1+, DR4+ 

58/M 
Small cell lung 

cancer 
1 week DKA 

Antibody positive (GAD 

only) 

HLA A2.1+ 

64/F Melanoma < 1 month 
Elevated glucose 

with ketonuria 

Antibody negative 

HLA DR4+ 

Mellati et al, 

2015 [11] 

70/M 
Adenocarcinoma 

(lung) 
15 weeks 

Hyperglycaemia 

followed by DKA 

Antibody negative 

HLA not known 

66/F 

Sarcomatoid 

squamous cell 

carcinoma (jaw) 

7 weeks DKA 

Antibody positive (GAD 

only) 

HLA DR3-DQ2/DR4-DQ8  

Martin -

Liberal et al, 

2015 [12] 

54/F Melanoma 
After 3rd

Hyperglycaemia 
 

infusion 

Antibody positive (GAD 

only) 

HLA A2 DR4 DQ8 

Gaudy et al, 

2015 [13] 
44/F Melanoma 

2 weeks after 

second dose 

DKA 

'Fulminant Type 1 

diabetes' 

Antibody negative 

No high risk HLA haplotype 

Chae et al, 

2016 [14] 
76/M 

Adenocarcinoma 

(lung) 
1 month 

Asymptomatic 

hyperglycaemia 

Antibody positive 

HLA not known 

Godwin et al, 

2016 [15] 
34/F 

Non-small-cell  

lung cancer 
4 weeks DKA 

Antibody positive (GAD, 

IA2, Insulin Ab) 

No high risk HLA 

Thoreau et al, 

2016 [16] 
73/M Melanoma 26 weeks 

DKA and acute 

leg ischaemia 

Antibody negative 

HLA not known 

Miyoshi et al, 

2016 [17] 
66/F Melanoma 4 months 

DKA 

'Fulminant Type 1 

diabetes' 

Antibody negative (GAD, 

IA2, ZnT8) 

HLA DRB1 HLA DQB1  

Lowe et al, 

2016 [18] 
54/M Melanoma 4 months 

DKA 

'Fulminant Type 1 

Antibody positive (GAD 

only) 
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diabetes' HLA- I A2 and HLA-II 

DQB1*0602 

Okamoto et 

al,  2016 [20] 
55/F Melanoma 12 months 

Elevated glucose 

with ketonuria 

'Fulminant Type 1 

diabetes' 

Antibody negative 

HLA 

DRB1*04:05‐DQB1*04:01  

Hansen et al, 

2016 [21] 
58/M Melanoma 51 weeks 

Symptomatic 

hyperglycaemia 

Antibody positive (GAD) 

HLA not known 

Teramoto et 

al, 2016 [22] 
63/F Melanoma 30 weeks DKA 

Antibody negative (GAD, 

IA2 and Insulin) 

HLA not known 

Fukui et al, 

2016 [23] 
62/F Melanoma 130 days 

Symptomatic 

hyperglycaemia 

'Fulminant Type 1 

diabetes' 

Antibody negative (GAD 

and IA2) 

HLA DRB1*13:02 and 

DQB1*06:04 

Matsumura 

et al, 2016* 

[24] 

68/M 

 

Adenocarcinoma 

(lung) 
40 days 

Severe 

hyperglycaemia 

with low c peptide 

Antibody negative (GAD 

HLA A*24:02 and 

DRB1*09:01 and 

DRB1*15:02 

Shah et al, 

2016 [25] 
77/F 

Squamous cell 

carcinoma (lung) 
10 days 

Hyperglycaemia 

and ketosis 

Antibody negative 

HLA-A2, HLA-DR4 both 

negative 

Munakata, et 

al, 2016 [26] 
72/M 

Hodgkin 

lymphoma 
57 Days 

Hyperglycaemia 

'Fulminant Type 1 

diabetes' 

Antibody negative 

HLA-B*40:02 

Asai, et al, 

2017 [27] 
50/M 

Adenocarcinoma 

(lung) 
After 5th

Hyperglycaemia 

 cycle 'Fulminant Type 1 

diabetes' 

Antibody negative 

HLA not known 

Li et al 2017 

[28] 
63/M 

Squamous cell 

carcinoma (lung) 
27 days DKA 

Antibody positive (GAD) 

HLA not known 

Hickmott et 

al 2017 [29] 
57/M Urothelial cancer After 5th

Hyperglycaemia 

and ketosis 
 cycle Not available 

Gauci et al 

2017 [30] 
73/M Melanoma 6 weeks DKA 

Antibody positive (GAD 

and ZnT8) 

HLA not known 

Usui et al 

2017 [31] 

31/M 
Non-small-cell 

lung cancer 
2 weeks 

Hyperglycaemia 

'Fulminant Type 1 

diabetes' 

Antibody positive (GAD) 

HLA DRB1*04:05-

DQB1*04:01 

62/F 
Non-small-cell 

lung cancer 
10 weeks 

Symptomatic 

hyperglycaemia 

Antibody negative 

HLA DRB1*09:01-
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DQB1*03:03 

Ishikawa et al 

2017 [32] 
54/F Melanoma Unavailable 

Hyperglycaemia 

'Fulminant Type 1 

diabetes' 

Antibody status and HLA 

not known 

F, female; GAD, glutamic acid decarboxylase; HLA, human leukocyte antigen; 

*Person with pre-existing Type 2 diabetes. 

IA2,  islet antigen 2;  M, male; ZnT8, zinc 

co-transporter 8. 

†HLA A2 DR4 DQ8, HLA DR3-DQ2, HLA A*24:02 and DRB1*09:01, DRB1*04:05-DQB1*04:01: high risk 

haplotypes for Type 1 diabetes, HLA DRB1*04:05‐DQB1*04:01, HLA-B*40:02, HLA DRB1*09:01-

DQB1*03:03: associated with Type 1 diabetes in Japan and fulminant diabetes, HLA DRB1*13:02 and 

DQB1*06:04: weakly associated with Type 1 diabetes, HLA-II DQB1*0602, HLA DRB1*15:02: protective for 

Type 1 diabetes, HLA DRB1 11:01 13:02:01, HLA DQB1 03:01:01 06:04:01: not associated with Type 1 

diabetes. 
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