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Significance of this study

What is already known about this subject?
►► Diabetes mellitus has been rarely reported in clini-
cal trials of immune checkpoint inhibitors (ICIs) for 
cancer therapy.

What are the new findings?
►► We found that ICIs that include programmed cell 
death protein 1 inhibitors can induce insulin-depen-
dent diabetes, which occurs most frequently with 
pembrolizumab, can present with diabetic ketoaci-
dosis and does not appear to undergo remission.

How might these results change the focus of 
research or clinical practice?

►► These results highlight the importance of monitoring 
blood glucose and hemoglobin A1c prior to initiating 
ICIs as well as during follow-up, having a heightened 
suspicion for the occurrence of diabetes and devel-
oping better risk prediction.

Abstract
Objective  Insulin-dependent diabetes can occur with 
immune checkpoint inhibitor (ICI) therapy. We aimed to 
characterize the frequency, natural history and potential 
predictors of ICI-induced diabetes.
Research design and methods  We reviewed 1444 
patients treated with ICIs over 6 years at our cancer center, 
and from the 1163 patients who received programmed 
cell death protein 1 (PD-1) inhibitors, we identified 21 
such cases, 12 of which developed new-onset insulin-
dependent diabetes and 9 experienced worsening of pre-
existing type 2 diabetes.
Results  ICI-induced diabetes occurred most frequently 
with pembrolizumab (2.2%) compared with nivolumab 
(1%) and ipilimumab (0%). The median age was 61 years, 
and body mass index was 31 kg/m2, which are both higher 
than expected for spontaneous type 1 diabetes. Other 
immune-related adverse events occurred in 62%, the 
most common being immune mediated thyroid disease. 
New-onset insulin-dependent diabetes developed after a 
median of four cycles or 5 months; 67% presented with 
diabetic ketoacidosis and 83% with low or undetectable 
C-peptide. Autoantibodies were elevated in 5/7 (71%) at 
the time of new-onset diabetes. Diabetes did not resolve 
during a median follow-up of 1 year.
Conclusions  PD-1 inhibitors can lead to insulin deficiency 
presenting as new-onset diabetes or worsening of pre-
existing type 2 diabetes, with a frequency of 1.8 %. The 
underlying mechanism appears similar to spontaneous 
type 1 diabetes but there is a faster progression to severe 
insulin deficiency. Better characterization of ICI-induced 
diabetes will improve patient care and enhance our 
understanding of immune-mediated diabetes.

Introduction
A balance between immune stimulation 
and inhibition is essential for homeostasis. 
In the setting of malignancy, this balance 
is augmented, allowing tumors to evade 
immune-mediated cell death.1 Recently, 
monoclonal antibodies have been devel-
oped against immune checkpoints namely 
cytotoxic T lymphocyte antigen 4 (CTLA-4), 
programmed cell death protein 1 (PD-1), 
or programmed cell death protein-ligand 
1 (PD-L1). CTLA-4 is expressed on T cells 
where its role is to downregulate T cell prolif-
eration on B7 engagement early in immune 

response, primarily in lymph nodes. PD-1 is 
expressed on activated T cells, including T 
regulatory cells, B cells, and myeloid cells. 
Its major role is to limit the activity of T cells 
in peripheral tissues at the time of an inflam-
matory response and to limit autoimmunity. 
In the context of cancer, it binds to its ligands 
PD-L1 and PD-L2 expressed on tumor cells 
that causes inhibition of T cell receptor-me-
diated positive signaling, leading to reduced 
proliferation, reduced cytokine secretion, 
and reduced survival of effector T cells. 
PD-1 is also expressed on regulatory T cells, 
where it may enhance their proliferation 
after binding to the ligands. This combined 
effect suppresses intrinsic immune-medi-
ated antitumor activity.2

The immune checkpoint inhibitors (ICIs) 
are monoclonal antibodies designed to 
block these checkpoints, thus resulting 
in a derepression of cytotoxic T cell func-
tion,3 4 in turn leading to enhanced anti-
tumor immune response. Blocking these 
regulatory molecules, however, also causes 
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breaches in self-tolerance leading to a large spectrum 
of immune-related adverse events (IRAEs).5 The ICIs 
include CTLA-4 inhibitors ipilimumab and tremeli-
mumab [not Food and Drug Administration (FDA) 
approved], PD-1 inhibitors pembrolizumab and 
nivolumab, and PD-L1 inhibitors atezolizumab and 
avelumab. Endocrine IRAEs reported with ICIs include 
hypophysitis, thyroiditis, and in rare cases adrenalitis 
or diabetes mellitus. The hypophysitis usually affects 
the anterior pituitary and can lead to central hypo-
thyroidism, hypogonadotrophic hypogonadism and/
or secondary adrenal insufficiency. This has been a 
well-characterized IRAE of the CTLA-4 inhibitor ipili-
mumab.6 Adrenal insufficiency has also been described 
in these patients but that is mostly secondary due to 
hypophysitis or chronic glucocorticoid use either for 
the cancer or managing other IRAEs. In theory, there 
is concern for immune-mediated adrenalitis, but that 
has not been reported very clearly mostly due to lack 
of comprehensive hormone panel and imaging. The 
occurrence of immune mediated thyroid disease 
has been described in more detail, occurring more 
frequently with PD-1 inhibitor use7 8 as compared with 
CTLA-4 inhibitor use.

The use of harmonized terminologies to report and 
describe IRAEs is a major issue in the field at this time. 
The quality of endocrine IRAE data reporting in clin-
ical trials is suboptimal,9 and important data such as 
the time of onset, clinical course and possible revers-
ibility of such events are not systematically recorded or 
reported. New onset of diabetes mellitus has not been 
reported in clinical trials of CTLA-4 inhibitors and 
has been reported in <1% of patients in PD-1 inhib-
itor clinical trials. However, higher rates of up to 1.5% 
were reported with combined use of CTLA-4 and PD-1 
inhibitors recently.10 Clinical trials for PD-L1 inhibi-
tors have not reported new-onset diabetes, but a case 
of this has been published.11 A recent meta-analysis 
of clinical trials of ICIs demonstrated 0.2% frequency 
of insulin-deficient diabetes.12 A recent review of 
24 reported cases from multiple centers has synthe-
sized the available information.13 A case series of five 
patients who developed autoimmune diabetes after 
starting an anti-PD-1 agent described possible risk 
factors, including human leukocyte antigen (HLA) 
association and combined use of checkpoint inhib-
itors.14 More recently, Stamatouli et al15 reported on 
their experience with 24 patients of ICI-induced 
diabetes showing an association with HLA-DR4 (15). 
Most of these studies have reported on their experi-
ence based on patients referred for concern of ICI-in-
duced diabetes, hence the frequency of this condition 
has not been well addressed in real world practice. 
The natural history of the disease and its associated 
risk factors also need better characterization, and we 
aimed to address these knowledge gaps.

Methods
Subject identification and case definition
After receiving approval from the Mayo Clinic Institu-
tional Review Board, we reviewed our cancer center 
database of patients treated with a CTLA-4 inhibitor 
(ipilimumab) or PD-1 inhibitor (pembrolizumab and 
nivolumab) from January 2012 to December 2017. 
During this time period, a total of 1444 patients with 
cancer received therapy with one of these ICIs, of which 
281 received ipilimumab, 774 received pembrolizumab 
and 389 received nivolumab. From this list, medical 
charts were reviewed to identify cases concerning for 
ICI-induced insulin-dependent diabetes based on the 
following criteria:
1.	 New diagnosis of insulin-dependent diabetes or hyper-

glycemic crisis.
2.	 Worsening of prediabetes or type 2 diabetes without 

another attributable reason, defined as an increase in 
hemoglobin A1c (HbA1c) value by 10% in 6 months, 
clinical need for a second antihyperglycemic agent or 
insulin, diabetic ketoacidosis (DKA), or new-onset ke-
tonuria or ketonemia.

We chose duration of 6 months to ensure that we saw 
a pattern of persistent worsening. We chose an increase 
in HbA1c of 10% since we believe this represents a 
significant change. We excluded patients with pre-ex-
isting type 1 diabetes and those with type 2 diabetes on 
insulin pump prior to ICI initiation but did not iden-
tify any such patients during subject identification. We 
collected data for baseline variables at the start of ICI 
therapy, diabetes-related clinical and laboratory varia-
bles at the time of diagnosis and also at the most recent 
follow-up.

Laboratory testing
All laboratory testing was performed at the Mayo 
Medical Laboratory, Rochester, Minnesota. Auto-
antibodies associated with type 1 diabetes that were 
measured included antibodies against glutamic acid 
decarboxylase 65 (GAD65), islet antigen 2, zinc trans-
porter 8 and insulin autoantibodies.

Results
Frequency of ICI-induced diabetes
From a total of 1444 ICI-treated patients with cancer, 21 
patients (1.4%) met criteria for ICI-induced diabetes, 
of which 12 (0.8%) had new-onset insulin-dependent 
diabetes and 9 (0.6%) had unexplained worsening 
of pre-existing type 2 diabetes. There were no cases 
of ICI-induced diabetes in the 281 patients treated 
with CTLA-4 inhibitor ipilimumab alone, 25 of whom 
had pre-exisiting type 2 diabetes. Among the 1163 
patients treated with a PD-1 inhibitor, 21 (1.8%) (17 on 
pembrolizumab and 4 on nivolumab) met criteria for 
ICI-induced diabetes, of which 12 (1%) had new-onset 
insulin-dependent diabetes and 9 (0.8%) experienced 
worsening of pre-existing type 2 diabetes. In this cohort, 
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96 had pre-existing prediabetes or type 2 diabetes, out 
of which 9 (9.3%) had worsening of glycemic control 
after ICI initiation. Among the 774 patients treated 
with pembrolizumb, 17 (2.2%) met criteria for ICI-in-
duced diabetes, of which 11 (1.4%) had new-onset insu-
lin-dependent diabetes and 6 (0.8%) had worsening 
of pre-existing type 2 diabetes. In this cohort, 4 had 
prediabetes and 52 had type 2 diabetes before ICI initi-
ation, and 6/56 (10.7%) had worsening of glycemic 
control after ICI initiation. Among the 389 patients 
treated with nivolumab, 4 (1%) met criteria for ICI-in-
duced diabetes, of which 1 (0.2%) had new-onset insu-
lin-dependent diabetes and 3 (0.8%) had worsening of 
pre-existing type 2 diabetes. In this cohort, 2 had predi-
abetes and 38 had type 2 diabetes before ICI initiation, 
and 3/40 (7.5%) had worsening of glycemic control 
after ICI initiation.

Baseline characteristics at ICI initiation
The patients had a median age at ICI initiation of 
61.3 years, 57% were male, 95% were Caucasian, and 
median body mass index (BMI) was 31.4 kg/m2. Four-
teen percent had a personal history of autoimmunity 
(all with Hashimoto’s thyroiditis) and 24% had a family 
history of autoimmunity. Information regarding family 
history was only available for 15 patients. ICIs were 
prescribed for various malignancies, with the most 
common being melanoma (45%) and lung cancer 
(25%). Eighty-one per cent of the patients were treated 
with pembrolizumab and the rest with nivolumab; two 
patients had received ipilimumab prior to therapy with 
pembrolizumab. Those that developed new-onset insu-
lin-dependent diabetes had a median age at ICI initi-
ation of 68 years, 50% were male, all were Caucasian 
with a median BMI of 32.2 kg/m2. Those that had wors-
ening of pre-existing type 2 diabetes had a median age 
at ICI initiation of 57 years, 67% were male, 89% were 
Caucasian with a median BMI of 27 kg/m2. Other base-
line characteristics are mentioned in table 1 and online 
supplement table S1.

Disease characteristics of new-onset insulin-dependent 
diabetes
New-onset insulin-dependent diabetes developed in 12 
patients after a median of four cycles of ICI or 5 months 
since initiation of ICI therapy. The HbA1c at presenta-
tion was 9.7 (IQR 8.6–10.7)% or 83 (IQR 70–93) mmol/
mol. Eight patients (67%) presented with DKA at the 
time of diagnosis, with one of them having concomi-
tant hyperglycemic hyperosmolar state. C-peptide was 
tested in six patients, of which five (83%) had a low 
(reference range 1.1–4.4 ng/mL) or undetectable level. 
Pancreatic enzymes were tested at the time of diagnosis 
in seven patients, with increase in four patients (57%) 
(one had mild elevation and three had elevation more 
than two times the upper limit of normal). Fluorodeox-
yglucose (FDG)-positron emission tomography (PET) 
scan was performed within 4 months of diagnosis in 

five patients, of which one (patient 10) demonstrated 
diffusely increased pancreatic uptake (figure 1) at the 
initial scan. At least one antibody associated with type 
1 diabetes was tested in seven patients, of which five 
(71%) had at least one positive antibody, with antibody 
against GAD65 being the most common in 4/7 (57%). 
Fifty percent of patients developed another IRAE during 
the follow-up duration, with the most common being 
thyroiditis (manifested as primary hypothyroidism or 
thyrotoxicosis followed by primary hypothyroidism) 
in 42%. Multiple daily injections of insulin (MDI) was 
initiated and continued for all except one patient that 
transitioned to insulin pump during median follow-up 
duration of 13 months since ICI initiation. Other 
disease characteristics are mentioned in tables 2 and 3.

Disease characteristics of worsening type 2 diabetes
There was unexplained worsening of glycemic control 
in nine patients with pre-existing type 2 diabetes after 
a median of four cycles of ICI or 4 months since initia-
tion of ICI therapy. The median HbA1c at presentation 
was 10% or 86 mmol/mol, and median RPG was 308 
mg/dL (IQR 224–533). Pancreatic enzymes were tested 
in seven patients, with increase in four patients (57%) 
(three had mild elevation and one had elevation more 
than two times the upper limit of normal). FDG-PET 
was performed within 4 months of case development in 
four patients, none of which showed increased pancre-
atic uptake. None of these patients underwent testing 
for type 1 diabetes-associated antibodies. C-peptide 
was normal in the one patient with worsening glycemic 
control who underwent testing. At the time of wors-
ening of type 2 diabetes, there was initiation of insulin 
in six patients (MDI initiated in four, basal insulin initi-
ated in two), conversion from basal insulin to MDI in 
two patients, and increase in total daily dose of MDI by 
100 units in one patient. Seventy-eight percent devel-
oped another IRAE, with the most common being 
thyroiditis (manifested as primary hypothyroidism or 
thyrotoxicosis followed by primary hypothyroidism) in 
44%. All patients were on MDI (7/9, 78 %) or basal 
insulin (2/9, 22%) without any de-escalation in dose 
during the median follow-up duration of 26 months 
since ICI initiation. Other disease characteristics are 
mentioned in tables 2 and 4.

Discussion
We report the frequency, clinical features and follow-up 
of new-onset insulin-dependent diabetes and significant 
unexplained worsening of glycemic control in patients 
receiving ICIs for various cancers. We confirmed the 
absence of occurrence of this IRAE in patients receiving 
CTLA-4 inhibitors and report a slightly increased 
frequency of this disorder in patients receiving one of 
the PD-1 inhibitors. Other immune checkpoint manip-
ulation approaches, such as PD-L1 inhibition are now 
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Table 1  Baseline characteristics in patients with PD-1 inhibitor-induced diabetes prior to initiation of PD-1 inhibitor

Baseline characteristics

All cases (n=21)
New-onset insulin-
dependent diabetes (n=12)

Worsening of type 2 
diabetes (n=9)N (%) or median (IQR)

Age at ICI initiation (years) 61.3 (54.5–70) 67.9 (60.2–71.2) 57.4 (51–62.9)

Male 12 (57.1) 6 (50) 6 (66.7)

Race 

 � White 20 (95.2) 12 (100) 8 (88.9)

 � Black 1 (4.8) 0 (0) 1 (11.1)

 � Body mass index (kg/m2) at ICI initiation 31.5 (25–36.7) 32.2 (24.9–37.7) 27.5 (24.9–35.6)

Personal history of autoimmunity 3 (14.3) 2 (16.7) 1 (11.1)

 � Hashimoto’s thyroiditis 3 (14.3) 2 (16.7) 1 (11.1)

Family history of autoimmunity (n=15) 5 (23.8) 4/11 (33.3) 1/4 (11.1)

 � Hashimoto’s thyroiditis 1 (4.8) 1 (8.3) –

 � Celiac disease 1 (4.8) 1 (8.3) –

 � Ulcerative colitis 1 (4.8) 1 (8.3) –

 � Psoriasis 1 (4.8) – 1 (11.1)

 � Type 1 diabetes 1 (4.8) 1 (8.3) –

Malignancy 

 � Lung cancer 5 (25) 2 (16.7) 3 (33.3)

 � Melanoma 9 (45) 7 (58.3) 2 (22.2)

 � Breast cancer 2 (10) 1 (8.3) 1 (11.1)

 � Renal cell cancer 1 (5) 1 (8.3) –

 � Multiple myeloma 1 (5) 1 (8.3) –

 � Lymphoma 1 (5) – 1 (11.1)

 � Merkel cell cancer 1 (5) 1 (8.3) –

 � Esophageal cancer 1 (5) – 1 (11.1)

 � Pancreatic cancer 1 (5) – 1 (11.1)

RPG (mg/dL) at ICI initiation 116 (98–154) 115 (84–140) 158 (107–254)

FPG (mg/dL) at ICI initiation 108 (99–132) 102 (93–108) 132 (114–153)

HbA1c (%) at ICI initiation 8 (6.8–8.6) – 8 (6.8–8.6)

ICI therapy 

 � Pembrolizumab 17 (81) 11 (91.7) 6 (66.7)

 � Nivolumab 4 (19) 1 (8.3) 3 (33.3)

Other ICI used 2 (9.5) 1 (8.3) 1 (11.1)

 � Ipilimumab 2 (9.5) 1 (8.3) 1 (11.1)

 � Glucocorticoid use 7 (35) 4 (33.3) 3 (33.3)

FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; ICI, immune checkpoint inhibitor; PD-1, programmed cell death 
protein 1; RPG, random plasma glucose.
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being used and will require investigation for IRAEs 
including diabetes.

Case identification and frequency
Among the PD-1 inhibitor-treated patients, 12 devel-
oped new-onset insulin-dependent diabetes and 9 out 
of 96 with pre-existing prediabetes or type 2 diabetes 
had worsening of glycemic control. Those with wors-
ening of pre-existing type 2 diabetes in the absence 
of other predisposing factors had initiation of insulin 
therapy in most of these patients and intensification 

in the rest. This demonstrates a temporal association 
between the initiation of ICI and development of β 
cell failure leading to insulin deficiency. This is similar 
to the rapid onset of hyperglycemia in cases of ICI-in-
duced diabetes reported in literature.13 15 However, as 
seen in our study, ICI use can also lead to significant 
worsening of glycemic control in pre-existing type 2 
diabetes, and this aspect has not been explored much 
in the available literature. We used strict criteria to clas-
sify these as induced by ICI therapy. However, limited 
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Figure 1  PET scan performed at diagnosis of new-
onset insulin-dependent diabetes demonstrating diffusely 
increased FDG uptake in the pancreas of patient 10. FDG, 
fluorodeoxyglucose; PET, positron emission tomography.
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laboratory characterization was available for these nine 
cases in the medical records, with no testing for anti-
bodies associated with type 1 diabetes and C-peptide 
testing for only one patient. We also investigated the 
use of glucocorticoids that occurred in seven patients. 
It is unlikely that diabetes in these patients was caused 
by glucocorticoids, as they are not known to cause abso-
lute insulin deficiency. Among the patients who had 
worsening of pre-existing type 2 diabetes, three were 
on glucocorticoids but did not have decrease in insulin 
dose after glucocorticoids were discontinued.

As compared with other studies that have mostly 
reported on patients referred for concern of diabetes 
after ICI therapy, we reviewed the medical records of all 
patients treated with CTLA-4 and PD-1 inhibitors at our 
institution over a period of 6 years, with at least a 6-month 
follow-up duration after initiating ICI therapy. This adds 
to the strength of our study for being able to ascertain 
the frequency of ICI-induced diabetes. Overall, 1.4% of 
the entire group developed new-onset insulin-dependent 
diabetes or significant worsening of type 2 diabetes. There 
were no cases in the 281 patients treated with CTLA-4 
inhibitor ipilimumab. Stamatouli et al15 and Iyer et al16 have 
reported on their experience with ICI-induced diabetes 
and also did not find any cases with CTLA-4 inhibitor 
therapy. However, 1.8% of those treated with PD-1 inhib-
itors developed ICI-induced diabetes, of which 1% had 
new-onset insulin-dependent diabetes and 0.8% demon-
strated worsening of pre-existing type 2 diabetes. In our 
study, 9/96 (9.3%) patients with pre-existing prediabetes 
or type 2 diabetes had worsening of glycemic control 
after starting PD-1 inhibitor therapy. The frequency of 
new-onset insulin-dependent diabetes of 1% seen in our 
cohort of PD-1 inhibitor-treated patients is higher than 
that reported by a recent meta-analysis from available 
clinical trials.12 This discrepancy between clinical prac-
tice and trial data might be due to better characterization 

of diabetes in clinical practice and longer follow-up after 
ICI therapy initiation. The difference in frequency of 
ICI-induced diabetes between the different ICIs may in 
part be related to the expression of the specific check-
points that they inhibit. CTLA-4 has been demonstrated 
to be expressed on pituitary cells. Accordingly, the 
CTLA-4 inhibitor ipilimumab has been shown to cause 
hypophysitis with highest frequency among all ICIs.12 
However, both in vitro and in vivo studies have demon-
strated an association between PD-1 and autoimmune 
diabetes. Single-nucleotide polymorphisms in the PD-1 
gene have been demonstrated to be enriched in individ-
uals with type 1 diabetes (12.2%) compared with controls 
(6.8%), implicating the PD-1 pathway in the develop-
ment of immune-mediated diabetes.17 Analysis of periph-
eral blood mononuclear cells from long-standing type 
1 diabetes patients versus healthy controls stimulated 
with CD3/CD28 to induce proliferation of T-regulatory 
cells has demonstrated lower expression of PD-1 on the 
surface of these cells.18 Another study of 22 Japanese type 
1 diabetes patients compared with 29 healthy controls 
demonstrated lower PD-1 expression on CD4 positive T 
cells.19 These data provide some mechanistic insight into 
the development of insulin-dependent diabetes with the 
use of PD-1 inhibitors.

Disease characteristics and natural history of ICI-induced 
diabetes
In this study, insulin deficiency occurred at a median 
of 4–5 months after ICI initiation or four cycles of ICI 
therapy; however, some patients developed it within a 
few weeks, whereas others developed it much later, espe-
cially one patient that presented with severe DKA after 
16 cycles or 24 months since ICI initiation (table 3). The 
few patients that did undergo pretherapy testing in the 
new-onset diabetes group demonstrated normoglycemia 
prior to ICI therapy. This progression to insulin deficiency, 
which was acute and severe in most cases as demonstrated 
by the frequency of DKA, appears to be more rapid as 
compared with spontaneous type 1 diabetes, suggesting a 
faster rate of β cell failure in patients who develop ICI-in-
duced diabetes. The other cases of ICI-induced diabetes 
reported in the literature have demonstrated a similar 
rapid progression to hyperglycemia.13 15 With our knowl-
edge of the mechanism of these ICIs, we hypothesize that 
T cell-mediated destruction of β cells is the underlying 
cause of ICI-induced diabetes. In this study, we did not 
evaluate the response of malignancy to ICIs, but some 
available studies have suggested a possible association 
between the development of IRAE and better malignancy 
response to a specific ICI.15 20 21 This would make theo-
retical sense since ICI-mediated derepression of T cells 
is responsible for both the antitumor response as well as 
autoimmune adverse events. Two-thirds of our patients 
with new-onset insulin-dependent diabetes presented 
with DKA, suggesting rapid progression to severe insulin 
deficiency in these patients. All patients were on insulin 
during the follow-up duration, most being on MDI, and 
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Table 2  Disease characteristics of patients with PD-1 inhibitor-induced diabetes

Disease characteristics

All cases (n=21)
New-onset insulin-
dependent diabetes (n=12)

Worsening of type 2 
diabetes (n=9)N (%) or median (IQR)

Time from ICI initiation to diagnosis 

 � Numberof ICI cycles 4 (2–5.5) 4 (2–5.8) 4 (2.5–9)

 � Duration (months) 4.8 (2–8.2) 4.9 (2.2–8.1) 3.9 (1.8–10.3)

Weight change (kg) from ICI initiation to diagnosis −3.3 (–7.1 to +0.2) −3.4 (–7.3 to -2.4) 0.3 (-7.6 to +7.6)

RPG (mg/dL) at diagnosis 460 (372–807.5) 600 (429–971) 308 (224.3–533.2)

FPG (mg/dL) at diagnosis 285 (206.5–316) 298 (212.8–331.5) 230 (199–307.5)

HbA1c at diagnosis 9.9 (8.7–11.1); 9.7 (8.6–10.7); 10 (8.8–11.6);

(%; mmol/mol) 85 (72–98) 83 (70–93) 86 (73–103)

Diabetic ketoacidosis 8 (38.1)* 8 (66.7)* 0 (0)

Low C-peptide level (reference 1.1–4.4 ng/mL) 5/7 (71.4) 5/6 (83.3) 0/1 (0)

Pancreatic enzymes

 � Mildly elevated 4/14 (28.6) 1/7 (14.3) 3/7 (42.8)

 � Moderate to severely elevated (>2 times upper 
limit of normal) 

4/14 (28.6) 3/7 (42.8) 1/7 (14.3)

 � Not elevated 6/14 (42.8) 3/7 (42.8) 3/7 (42.8)

Antibody positivity 5/7 (71.4) 5/7 (71.4) Not checked

 � GAD65 (reference ≤0.02 nmol/L) 4/7 (57.1) 4/7 (57.1)

 � IAA (reference ≤0.02 nmol/L) 2/6 (33.3) 2/6 (33.3)

 � IA-2 (reference ≤0.02 nmol/L) 1/6 (16.7) 1/6 (16.7)

 � ZnT8 (reference <15 U/mL) 0/4 (0) 0/4 (0)

 � Increased pancreas FDG uptake 1/9 (11.1) 1/5 (20) 0/4 (0)

Other IRAE 13 (61.9) 6 (50) 7 (77.8)

 � Thyroiditis 9 (69.2) 5 (41.7) 4 (44.4)

 � Hypophysitis 3 (23.1) 2 (16.7) 1 (11.1)

 � Dermatitis 2 (15.4) 1 (8.3) 1 (11.1)

 � Ocular 1 (7.7) – 1 (11.1)

 � Hepatitis 1 (7.7) – 1 (11.1)

 � Arthritis 1 (7.7) 1 (8.3) –

Diabetes therapy at latest follow-up visit 

 � MDI±oral agent 19 (90.5) 11 (91.7) 7 (77.8)

 � Basal insulin±oral agent 1 (4.8) 0 (0) 2 (22.2)

 � Insulin pump 1 (4.8) 1 (8.3) 0 (0)

Follow-up duration after ICI start (months) 17.9 (10.4–28.3) 12.9 (10.4–24.3) 26 (14.8–30.7)

Follow-up duration after diagnosis (months) 12.5 (5.3–20.7) 9.7 (3.9–12.9) 17.2 (9.7–23.7)

Deaths (all from cancer) 4 (19) 1 (8.3) 3 (33.3)

*n=1 had concomitant hyperglycemic hyperosmolar state.
FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; ICI, immune checkpoint inhibitor; PD-1, programmed cell death 
protein 1; RPG, random plasma glucose.

Clinical care/education/nutrition

none of them were able to de-escalate their therapy. 
This suggests that remission of ICI-induced diabetes is 
unlikely. In literature, remission of such cases is reported 
rarely, with only 1/21 cases reported to have undergone 
remission in the experience from MD Anderson Cancer 
Center.16 In terms of management, some earlier reported 
cases in the literature were administered glucocorticoids, 
possibly related to information available from treating 

other IRAEs. However, those cases did not have improve-
ment in their glycemic control. The patients reported in 
our study did not receive glucocorticoids for therapy of 
ICI-induced diabetes.

Potential factors influencing disease occurrence and severity
Even with the retrospective nature of this study and 
limited information available from review of chart 
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records, we identified some potential predictive factors, 
which could influence the frequency of occurrence, or 
the natural history of ICI-induced diabetes. We evalu-
ated the predisposition to autoimmunity by reporting 
on family history or personal history of autoimmune 
conditions. In those with new-onset insulin-dependent 
diabetes, 17% had a personal history of autoimmunity 
(all with Hashimoto's thyroiditis), and 1/3 had a family 
history of autoimmunity (table 1 and online supplement 
table S1). However, because family history was obtained 
from the medical record in this retrospective study, the 
rate of positive family history could be under-reported. 
In the entire cohort, almost two-thirds of our cohort had 
another IRAE, with the most common being thyroiditis. 
Hence, the presence of one IRAE may raise the suspicion 
for occurrence of another. Autoantibodies associated 
with type 1 diabetes were positive in five of seven patients, 
all of which had new-onset insulin-dependent diabetes. 
Unfortunately, these antibodies were not tested prior to 
initiating ICI therapy; hence, we are not able to comment 
on their status as a biomarker for predicting the develop-
ment of ICI-induced diabetes. However, the information 
available from these antibodies at the time of diagnosis 
does suggest their role in disease prognostication. Patient 
3 who had the most number of positive antibodies had 
the shortest duration between initiation of ICI and 
new-onset insulin-dependent diabetes. He also presented 
with concomitant DKA and hyperglycemic hyperosmolar 
state. Overall, the frequent occurrence of other IRAEs 
and antibody positivity in patients with new-onset insu-
lin-dependent diabetes fits with the autoimmune nature 
of ICI-induced diabetes. Some of the patients with wors-
ening of pre-existing type 2 diabetes did not have optimal 
glycemic control prior to ICI, highlighting the need to 
address diabetes control more closely.

New-onset insulin-dependent diabetes in the setting 
of ICI therapy shares some similarities with spontaneous 
type 1 diabetes, with the frequent occurrence of DKA and 
low or undetectable C-peptide levels when tested, which 
implies lack of endogenous insulin production, most 
likely due to immune-mediated loss of β cells. However, 
there are some differences, as noted with the more rapid 
presentation to insulin deficiency as compared with spon-
taneous type 1 diabetes. Also, these patients were much 
older with a median age of 61 years as compared with 
those with spontaneous type 1 diabetes. The BMI was 
higher as compared with the usually lean body habitus 
of patients with spontaneous type 1 diabetes. Hence, in 
our assessment, age or BMI of the patient are not useful 
predictors for the development or severity of ICI-induced 
diabetes. The occurrence of new-onset insulin-depen-
dent diabetes was characterized by a median weight loss 
of 3 kg when compared with the original weight prior 
to ICI initiation. Hence, loss of weight might be an indi-
cator for the development of insulin deficiency in the 
setting of ICI use.

We also evaluated for increased FDG uptake in the 
pancreas on PET scan performed within 4 months of 

case development, which was done in nine patients. This 
had limited sensitivity to detect pancreatic inflamma-
tion. Mild to moderate elevation in pancreatic enzymes 
occurred in the setting of ICI therapy, but the clinical 
use, evaluation and long-term significance of this finding 
need to be investigated further.

Conclusions
We have identified new-onset insulin-dependent diabetes 
induced by PD-1 inhibitors with a frequency of 1%. This 
form of diabetes is characterized by more rapid progres-
sion to severe insulin deficiency as compared with spon-
taneous type 1 diabetes, frequently presents with DKA 
and does not appear to undergo remission. In addition 
to new-onset diabetes, PD-1 inhibitors can also worsen 
glycemic control in pre-existing type 2 diabetes. ICI-in-
duced diabetes requires complex insulin therapy for 
management and adds significantly to the morbidity of 
these patients with cancer. With the growing use of these 
agents for cancer therapy, clinicians are more likely to 
encounter this condition. This underscores the impor-
tance of monitoring blood glucose and HbA1c prior 
to initiating ICIs as well as during follow-up, having a 
heightened suspicion for the occurrence of diabetes and 
developing better risk prediction. Better characterization 
of ICI-induced diabetes will improve both the diagnosis 
and management of this condition and also add to our 
knowledge of immune-mediated diabetes.
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