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Insulin-dependent diabetes may occur in patients with
cancers who are treated with checkpoint inhibitors
(CPIs). We reviewed cases occurring over a 6-year period
at two academic institutions and identified 27 patients
in whom this developed, or an incidence of 0.9%. The
patients had a variety of solid-organ cancers, but all had
received either anti-PD-1 or anti-PD-L1 antibodies. Di-
abetes presented with ketoacidosis in 59%, and 42% had
evidence of pancreatitis in the peridiagnosis period.
Forty percent had at least one positive autoantibody
and 21% had two or more. There was a predominance
of HLA-DR4, which was present in 76% of patients. Other
immune adverse events were seen in 70%, and endo-
crine adverse events in 44%. We conclude that autoim-
mune, insulin-dependent diabetes occurs in close to
1% of patients treated with anti-PD-1 or -PD-L1 CPIs.
This syndrome has similarities and differences com-
pared with classic type 1 diabetes. The dominance of
HLA-DR4 suggests an opportunity to identify those at
highest risk of these complications and to discover insights
into the mechanisms of this adverse event.

Monoclonal antibodies (mAbs) that block immune inhibi-
tory ligands CTLA-4 and PD-1, known as immune check-
point inhibitors (CPIs), have revolutionized the treatment of
cancers that are resistant to conventional cancer therapies.
As a result, life expectancy of patients with malignancies

such as melanoma, lung cancer, renal cell carcinoma, and
several other cancers has significantly improved (1).

Tolerance to autoantigens expressed in the peripheral
tissues, including endocrine organs, is maintained first by
the deletion of highly autoreactive T and B cells from the
immune repertoire during lymphocyte development and
then by control mechanisms that can prevent autoreactive
cells that have escaped deletion in the thymus from
reactivation in the periphery. Some mechanisms are in-
trinsic to the immune cell, such as T-cell exhaustion, anergy,
or senescence, whereas others are extrinsic. The CTLA-4 and
PD-1 immune checkpoints play an integral role in mainte-
nance of immune tolerance to self through negative regu-
lation of the immune system (Fig. 1). Within the lymph
tissue, CTLA-4 is present in naive T cells as well as regu-
latory T cells and binds to CD80/86 on antigen-presenting
cells. Binding of CTLA-4 to CD80/86 leads to inhibition of
the immune response. CTLA-4 acts as a competitive in-
hibitor of the key costimulatory molecule CD28, which also
binds CD80/86. During normal naive T-cell activation, the
levels of CD28 on the cell surface exceed those of CTLA-4,
and CD28-mediated costimulation proceeds. However, as
T-cell activation unfolds, the CTLA-4 levels are upregulated
at the cell surface, and CTLA-4 outcompetes CD28, inhibit-
ing the T-cell response.

In addition to CTLA-4, another negative regulator of
T-cell activation is the cell surface receptor PD-1. PD-1 is
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Figure 1—Immunologic actions of CPIs. Top: Blockade of negative costimulatory signals (checkpoints) leads to activation of T cells and
endows their ability to kill tumor cells. Bottom: The most widely used strategies block CTLA-4, which is expressed on activated T cells and
binds to B7.1 (CD80) and B7.2 (CD86), which is expressed on antigen-presenting cells (e.g., dendritic cells). In addition, other mAbs have
targeted the interaction between PD-1, expressed on T cells, and PD-L1, expressed on tumor and other cells.

generally not expressed on naive T cells but rather on
chronically activated T cells in peripheral tissues, partic-
ularly CD8" T cells. By binding to its ligands PD-L1 and
PD-L2, which are expressed on stromal cells, tumor cells,
and antigen-presenting cells, PD-1 transmits negative sig-
naling events in such T cells and thus promotes inhibition of
the immune response (2).

The role of these peripheral tolerance mechanisms
has been shown in mouse and human disease. Mice
with genetic deletion of CTLA-4 develop generalized tissue
infiltration by self-reactive T cells, leading to severe sys-
temic autoimmunity, whereas mice with genetic deletion
of PD-1 also develop distinct autoimmune diseases (3,4).
Administration of anti-PD-1 and -PD-L1 antibodies to
NOD mice results in rapid onset of diabetes (5) and
reversal of tolerogenic therapies, such as anti-CD3 and
tolerogenic peptide infusion (6).

CPIs are effective in reversing the mechanisms that
normally block immune responses to malignancy and in
maintaining control of antitumor immunity (7-9). Treat-
ment with CPIs has shown improved prognosis over stan-
dard-of-care therapies, leading to U.S. Food and Drug
Administration approval for seven cancers and for ma-
lignancies with microsatellite instability or DNA mis-
match repair mutations (7,9). These therapies, such as
the anti-CTLA-4 mAbs ipilimumab and tremelimumab (in

trials), the anti-PD-1 mAbs nivolumab and pembrolizu-
mab, and the anti-PD-L1 mAbs atezolizumab, avelumab,
and durvalumab, benefit patients by allowing for activation
of tumor-reactive T lymphocytes.

CTLA-4 mutations in humans have been linked to multiple
endocrine diseases, induding type 2 diabetes, Graves disease,
hypothyroidism, and Addison disease (10-13). Autoimmune
endocrine diseases are seen in individuals with mutations of
genes affecting thymic development (such as AIRE, APS1) or
regulatory T cells (such as FoxP3, IPEX) (14,15). It is not
surprising, therefore, that the treatment of patients with CPIs
has led to autoimmunity in endocrine tissues (Fig. 1). Thy-
roiditis, hypophysitis with secondary adrenal insuffidiency,
secondary hypothyroidism and gonadal deficiency, primary
adrenal insuffidiency, and insulin-dependent diabetes have
been reported following anti-CTLA-4, anti-PD-1, and/or
anti-PD-L1 mAbs (16,17). These autoimmune syndromes
occur with varying frequency: thyroiditis in 2.9-3.3% of
patients treated with anti-PD-1 treatment (18,19) and hypo-
physitis in 0.5-17% of those treated with ipilimumab
(18,19), with primary adrenal insufficiency and insulin-
dependent diabetes being uncommon. Combination treat-
ment is reported to induce endocrine immune-related
adverse events (irAEs) in nearly half of patients (18-20). It is
unclear why certain individuals develop these adverse events.
Furthermore, the mechanisms behind these irAEs and their
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relationship to spontaneous autoimmune disease are not yet un-
derstood, nor is why certain classes of CPIs cause certain irAEs.

The literature describing autoimmune diabetes thus far
is limited to case reports with variable presentations. The
overall frequency of insulin-dependent diabetes as an irAE
is reported to be a relatively low 0.2-11%, but the events
have high clinical significance (18,19). The subjects are
older than those presenting with classic type 1 diabetes,
often require admission to intensive care units for treat-
ment, and require injections of exogenous insulin for
metabolic control.

Biomarkers that could identify which individuals are
likely to develop diabetes would be valuable as they might
allow clinicians to prevent hospitalizations or even might
suggest therapies that might prevent overt onset of di-
abetes. Moreover, the mechanisms of this form of diabetes
may identify mechanisms of other forms of insulin-
dependent diabetes, including spontaneous autoimmune
type 1 diabetes.

Here, we describe the largest case series to date, with
data from two academic institutions, with the goal of
better defining this uncommon irAE and common identi-
fying attributes that might lead to clinical and mechanistic
insights into the disease.

RESEARCH DESIGN AND METHODS

Subject Identification and Case Definition

Patients were identified following inpatient consult or
outpatient referral to Endocrinology at Yale New Haven
Hospital and University of California, San Francisco
(UCSF) Medical Center. The number of patients treated
with CPIs over the same period was determined from the
electronic health record (EPIC; Epic Systems Corp.). Patients
who met the following criteria were included in this case series:

1. New onset of hyperglycemia requiring exogenous insulin
treatment in patients
a. Without a history of diabetes or
b. With a history of type 2 diabetes who became
insulin requiring and showed deterioration in gly-
cemic control that was previously well controlled
on oral medications alone.

2. Continued requirement for insulin treatment for more
than 1 month with evidence of insulin deficiency either
through presentation with diabetic ketoacidosis (DKA)
or low or absent random C-peptide.

This study was approved by the institutional review
boards at Yale University and the UCSEF.

Autoantibodies

Diabetes autoantibodies (glutamic acid decarboxylase
[GAD]65, islet antigen 2 [[A-2/ICA-512], zinc transporter
8 [ZnT8], insulin autoantibodies [IAA]) were measured in
the clinical laboratories at the Yale New Haven Hospital
and UCSE clinical laboratories. Biochemical autoantibodies
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were measured at the Department of Pathology, Immu-
nology and Laboratory Medicine, University of Florida, in
15 of the patients; islet cell antibodies were measured by
immunofluorescence.

HLA Typing

For 17 patients, HLA typing was performed at the Yale
University Histocompatibility and Immune Evaluation
Laboratory by reverse sequence-specific oligonucleotide
HLA typing method (LIFECODES HLA SSO Typing Kit).
For five patients (patients 3, 8, 13, 14, and 26), HLA-A2
was identified by flow cytometric screening using mAb
BB7.1 (Abcam, Cambridge, MA). For four patients (patients
3,4, 8, and 14), HLA-DR4 sequencing was performed by PCR
with primers specific for HLA-DR:0401.

REVIEW OF CASES AT UCSF MEDICAL CENTER
AND YALE NEW HAVEN HOSPITAL

We identified 27 cancer patients who presented with the
acute onset of insulin-deficient diabetes (5 cases were
previously reported) who had been treated with CPls
over the period of 2012-2018, as detailed in Table 1. Over
that same period, a total of 2,960 patients received CPI
therapy, indicating a prevalence of approximately 0.9%.

CPI Therapy

The majority of the patients had been treated with CPI for
metastatic melanoma (cutaneous, 11; ocular, 3), which
may reflect the earlier introduction of the CPI therapies
and clinical trials for the treatment of these malignancies.
The remaining patients had been diagnosed with six other
types of malignancies.

The patients were exposed to different individual and
combination CPIs. Fourteen patients received only anti-
PD-1 mAb (nivolumab or pembrolizumab) and one received
only anti-PD-L1 mAb (atezolizumab). The most common
combination was nivolumab and ipilimumab. Interestingly,
all of the case subjects were exposed to anti-PD-1 or anti—
PD-L1 therapy, but many were not treated with an anti-
CTLA-4 mAb. There were no cases of CPI-induced diabetes in
patients treated with anti-CTLA-4 mAb alone.

The median time of onset of CPl-induced diabetes was
20 weeks after the first treatment cycle, but the range was
wide (1-228 weeks). The number of CPI treatments given
prior to presentation also varied widely (1-78 cycles). The
patient with the longest time from treatment to diagnosis
(228 weeks and 78 cycles) had a treatment holiday between
two rounds of therapy.

Clinical and Laboratory Features
There were 17 men and 10 women with the average age at
diabetes diagnosis of 66 years. All patients are Caucasian
non-Hispanic, except for patients 18, 22, and 27, who are
Hispanic, Asian, and other and non-Hispanic, respectively.
Four of the patients had a personal history of pre-
diabetes, and two of type 2 diabetes. Prior to treatment
with CPI, two patients with type 2 diabetes were well
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Table 1—Continued

Cycles of treatment at

Age,
Patient years Sex

25
26

Relevant PMH

Other CPI irAE

Other therapies

diagnosis, n

CPI

Type of cancer

NC
Type 2 diabetes, lung

Neurotoxicity

None

Melanoma

79
58

Limbic encephalitis

Carboplatin, etoposide,

SCLC

adenocarcinoma

paclitaxel

Type 2 diabetes, toxic

None

Carboplatin-pemetrexed,
pemetrexed maintenance

14

NSCLC

80

27

MNG

Atezo, atezolizumab; Gl, gastrointestinal; GM-CSF, granulocyte-macrophage colony-stimulating factor; I, ipilimumab; INF, interferon; Lynch syndrome, hereditary nonpolyposis colorectal

cancer; MNG, multinodular goiter; N, nivolumab; NC, noncontributory; NSCLC, non-small-cell lung cancer; P, pembrolizumab; PMH, past medical history; RCC, renal cell carcinoma; SCC,

squamous cell carcinoma; SCLC, small-cell lung cancer.
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controlled using 1,000 mg of metformin daily or less.
There was a personal history of other autoimmune diseases
in 30% (8/27) of patients. Although no patients had a first-
degree family history of type 1 diabetes, 2 of the patients
had a second-degree family history of type 1 diabetes, 10 of
type 2 diabetes, 1 of both type 1 diabetes and type 2 dia-
betes, and 1 of unspecified diabetes. Five of the patients were
being treated with steroids (but =10 mg/day of prednisone)
for other irAEs at the time of diabetes diagnosis.

Fifty-nine percent of the patients (16/27) presented
with DKA, with an average glucose of 653 mg/dL (range
240-1,765). The average BMI was 26.07 kg/m” (range 17~
40). The clinical presentations were acute based on symp-
toms and review of the random glucoses (Fig. 2). However,
the average A1C was 7.95% (63 mmol/mol) at diagnosis
(range 6.0-10.5% [42-91 mmol/mol], n = 25), suggesting
that some degree of hyperglycemia had been present prior
to the acute presentation.

In most subjects (23/27; 85%), there was rapid loss of
B-cell function evidenced by the acute progression to
hyperglycemia and low or undetectable levels of C-peptide
at time of diagnosis (i.e., <1.1 ng/mL; normal = 1.1-4.4 ng/mL).
We considered whether the autoimmune destruction in the
islet involved other islet cells but found that random glucagon
levels were within the normal range (average 98.5 pg/mlL,
range 79-136 pg/mL; normal range <134 pg/mlL) in a small
sample of 4 patients in whom glucagon was measured.

Interestingly, the levels of lipase and/or amylase were
elevated (2- to >10-fold above upper limit of normal) in
32% of the patients on the day of diagnosis, and in one, the
enzymes were more than eightfold elevated from 1 month
prior to diagnosis until presentation with DKA. Patient
11 had pancreatic edema identified by computed tomog-
raphy of the abdomen obtained at diabetes diagnosis. This
observation suggests that ongoing pancreatic inflamma-
tion may be a factor in the precipitation of the disease.

The average insulin use at the first follow-up visit after
diagnosis was 0.56 units/kg/day, suggesting insulin sen-
sitivity similar to patients with type 1 diabetes.

Immunologic Features
We measured at least 1 autoantibody in 25 of the patients
(Table 2) and 3 or more in 24 of the patients. Of these 25, at
least 1 autoantibody was positive in 40% (10/25), and 2 or
more autoantibodies were positive in 21% (5/24) of cases. We
also found a single positive autoantibody in 25% (3/12) of
patients who were treated with CPI that did not develop
diabetes but had similar cancer diagnoses. None of the patients
without diabetes had more than one positive autoantibody.
We investigated possible associations between antibody
status and other clinical features. Patients with any positive
type 1 diabetes autoantibody at the time of presentation
develop CPl-induced diabetes after fewer cycles than those
without autoantibodies (Wilcoxon rank sum test, median
cycles 2.5 for those with any positive autoantibody and 13 for
those with negative autoantibodies, P = 0.024). There was
also a shorter number of weeks on CPI therapy, 14 for those
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Figure 2—Timing of hyperglycemia after CPI treatment. The symbols indicate the weeks between the initial treatment with CPI and the time
of diagnosis of insulin-dependent diabetes. Black symbols indicate exposure to a single CPI indicated on the y-axis. Gray symbols
indicate whether additional CPIs were used. The numbers in the circles refer to the treatment cycles that were administered.

with any positive autoantibody and 21 for those with neg-
ative autoantibodies, but this did not reach statistical signif-
icance (P = 0.18). Presentation with DKA, age, and BMI were
not associated with autoantibodies.

In three patients, autoantibodies before treatment with
CPI and after diagnosis of diabetes were tested (Table 2). In
one, autoantibodies were present before and after treatment.
A second had negative autoantibodies prior to treatment, and
two of the three originally tested autoantibodies became
positive after treatment. The third was negative before and
after treatment.

HLA Genotypes

HLA genotypes were determined in 23 of the 27 subjects,
and the haplotype frequencies are shown in Table 3. There
was a predominance of HLA-DR4 (16/21, 76%), which is
significantly higher than reported frequencies in U.S.
Caucasians (17.3%; X2 test, P < 0.0001) or even patients

with spontaneous type 1 diabetes ()(2 test, P = 0.002) (21).
HLA-A2 also was frequent (59%, 13/22), but not signifi-
cantly different from the reported frequencies in U.S.
Caucasians (47.4%). HLA-DR3, which is also increased in
frequency among patients with type 1 diabetes (34.1%), was
at a similar frequency in the CPI diabetes group (35%, 6/17).
HLA-DQ8 (DQB1*0302), which is in linkage disequilibrium
with HLA-DR4 and is also increased in type 1 diabetes, was
found in 38% (6/16) of the patients with extended se-
quencing and the frequency is similar to patients with
type 1 diabetes ()(2 test, P=0.77) (21). Two of the patients
were DR3/4 heterozygotes. None of the subjects expressed
the type 1 diabetes protective allele HLA-DR2.

Relationship Between Autoimmune Diabetes, Other
Endocrinopathies, and Tumor Responses to the CPls
After diabetes presentation, 37% (10/27) of the patients
continued CPI therapy (Table 1). Overall 73% (8/11) of

Table 2— Autoantibodies in patients with CPl-induced insulin-dependent diabetes
Frequency of autoantibodies

CPI-treated patients with diabetes, n/N

CPI-treated patients without diabetes, n/N

Anti-GAD65 9/25
Anti-IA-2 5/24
Anti-ZnT8 2/20
Islet cell antibody 2/19

2/12
1/12
0/12
0/12

Autoantibodies before and after CPI treatment

Autoantibodies before treatment

Autoantibodies after treatment

GAD IA-2 ZnT8 GAD IA-2 ZnT8 IAA
Patient 5 NEG NEG NEG NEG NEG N/A NEG
Patient 9 POS POS POS POS NEG N/A NEG
Patient 10 NEG NEG NEG POS POS NEG POS
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Table 3—HLA genotypes in patients with CPl-induced
diabetes and in patients treated with CPIs who did not
develop diabetes

HLA genotype Patients, n/N (%)

Patients with diabetes A*02:01 (A2) 13/22 (59)
DR17 717 (41.1)
DR7 3/17 (17.6)
DR11 6/17 (35)
DR12 1/17 (5.8)
DR3 6/17 (35)
DR4 16/21 (76)

Patients without diabetes A*02:01 (A2) 5/9 (56)
DR3 1/9 (11)
DR4 2/9 (22)

n/N, positive/total N of patients checked.

those patients with diabetes and cutaneous melanoma had
partial or complete responses to CPI therapy defined by
Response Evaluation Criteria in Solid Tumors (RECIST) 1.1
criteria (Table 4). These response rates compare favorably
with those reported previously: for anti-PD-1 mAb (nivo-
lumab) alone, the response rate in the frontline setting is
43.7%, and for combined ipilimumab/nivolumab in the
frontline setting it is 57.6% (22).

Seventy percent (19/27) of the patients with CPI-
induced diabetes had other irAEs, and 44% (12/27) had
an endocrine irAE prior or concurrent to the development
of diabetes. The majority (11/12) had primary thyroid
dysfunction that presented as hypothyroidism or thyroid-
itis (thyrotoxicosis followed by hypothyroidism).

CLINICAL AND BIOLOGIC SIGNIFICANCE
OF CPI-INDUCED DIABETES

Treatment with CPIs has shown improved prognosis over
standard-of-care therapies and has been approved for
seven cancers and for malignancies with microsatellite
instability or DNA mismatch repair mutations. These ther-
apies benefit patients by allowing for activation of tumor-
reactive T lymphocytes.

CPl-induced insulin-dependent diabetes is an uncommon
but clinically significant event. Since our first description of
CPI-induced diabetes (23), there have been more than 39 cases
of CPl-induced diabetes reported in 22 different publica-
tions (for example, 24-35). Melanoma was the most frequen-
tly represented form of cancer, and the most commonly used
CPIs were either PD-1 or PD-L1 mAbs. DKA was the pre-
sentation in 81%, indicating the severe nature of this adverse
event. Also consistent with our findings was the frequent
co-occurrence of thyroid disease (28%). Although these cases
also reported frequent anti-GAD65 antibodies (47%), HLA-
DR4 was only present in 40% (8/20), which is still higher
than the expected rate in the general population (12.7%).

Similar to these previous reports, we defined CPI-induced
diabetes as new-onset insulin-dependent diabetes following
treatment of a malignancy with a CPI. In our series from two
academic institutions, the overall incidence of this form of
diabetes was 0.9% among those treated with CPIs in the
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Table 4—Tumor responses in patients treated with CPIs
Type of cancer Patients, n/N (%)

Cutaneous melanoma 8/11 (73)
Ocular melanoma 1/3 (33)
Non-small-cell lung cancer 3/4 (75)
Renal cell carcinoma 3/3 (100)
Other cancers* 4/6 (67)

n/N, n with diabetes with partial or complete tumor response/
total N of patients. *Other cancers include gastrointestinal
adenocarcinoma, cholangiocarcinoma, small-cell lung cancer,
primitive neuroectodermal tumor (PNET), Lynch syndrome
(hereditary nonpolyposis colorectal cancer), pancreatic cancer,
squamous cell carcinoma (tongue).

6-year period that we examined. This may be an un-
derestimate as patients at both Yale University and UCSF
received care in multiple medical settings. The time of
diabetes onset can be long after the initial CPI treatment,
and therefore the link of new-onset diabetes to the CPI
may not have been appreciated in some cases. The pres-
ence of preexisting type 2 diabetes, which is a common
diagnosis in this same age range, has a different patho-
genesis but does not preclude the development of CPI-
induced diabetes. Indeed, two of our patients had this
prior history but developed new insulin dependence and
worsening of metabolic control.

There are clinical and laboratory features of this form of
diabetes that are similar to but also clearly different from
spontaneous type 1 diabetes. Most striking is the differ-
ence in age of the time of onset, which was 66 years. The
time between initial exposure to CPI and clinical presen-
tation with diabetes was variable but more rapid than
thought for type 1 diabetes. In two patients, in particular,
diabetes diagnosis occurred after prolonged exposure to
CPI therapy. Within the existing literature, the median
time from CPI initiation to presentation with diabetes
was shorter, 6.2 weeks, but the range was still large (1-
52 weeks). The time to diabetes presentation was longer
than for other irAEs, such as thyroiditis, which on average
occurs between 3 and 8 weeks after treatment (36,37).

The loss of B-cells is acute, as illustrated by the rapid
progression from normoglycemia to hyperglycemia. In
Type 1 Diabetes TrialNet studies of new-onset type 1 di-
abetes, 88% had a stimulated C-peptide level of at least
0.6 ng/mL (0.2 pmol/mL), but in our subjects, random
C-peptide levels were undetectable or very low in 88% at
the initial onset of hyperglycemia (38). The A1C levels at
the time of diagnosis are similar to those found in patients
with new-onset type 1 diabetes (in our case series [7.95%,
or 63 mmol/mol] and in the reported cases [7.7%, or
61 mmol/mol]). It may be that the A1C elevation in these
patients is due to significant hyperglycemia over a short
period rather than a more mild hyperglycemia over alonger
period, e.g., one subject had an A1C of 5.8% (40 mmol/mol)
1 week prior to diagnosis and an A1C of 6.8% (51 mmol/mol)
at the time of diagnosis.
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About 40% of our subjects had biochemical autoanti-
bodies that are found in spontaneous type 1 diabetes. This
is similar to previous reports in which anti-GAD65 auto-
antibody was positive in 47% (18/38) but different from
spontaneous type 1 diabetes where over 95% have de-
veloped at least one positive autoantibody by the time of
diagnosis (39). The islet cell antibody assay was used to
identify additional targets of the immune response in the
islets, but most subjects who had antibody positivity had
autoantibodies to known antigens. In addition, random
glucagon levels were not reduced, suggesting that a-cells
had not been affected. Effects on B cells in CPI-treated
patients who develop irAEs have been reported by others,
and a role for them in spontaneous type 1 diabetes has
been shown (40,41). Our data are consistent with a role for
this arm of the adaptive immune response.

HLA typing revealed a striking predominance of HLA-
DR4-positive cases. Other spontaneous type 1 diabetes
high-risk alleles were not overrepresented, including DR3,
DQ2, and DQ8. The frequency of the HLA-DR4 genotypes
was higher than in the background population but was
also higher compared with patients with type 1 diabetes in
which 42% were reported to be positive for any of the DR4
alleles (X2 test, P < 0.001). Interestingly, we did not find
a dominance of HLA-DR4 among the CPI-treated patients
with diabetes. The very high rates of DR4 in this group
warrants further studies with more extended cohorts to
determine whether prescreening for these HLA alleles
should be considered prior to initiation of CPI treatment.

These affected patients received a number of other
medications, e.g., glucocorticoids, IL-2, and interferon,
and it is possible that those medications contributed to
the diabetes presentations, particularly because of the
relatively long time interval between CPI exposure and
diabetes onset. High-dose IL-2 has been associated with
deterioration in C-peptide levels in patients with new-
onset type 1 diabetes (42). Interferon-a mediates human
B-cell overexpression of HLA class I, endoplasmic reticu-
lum stress, and B-cell apoptosis in humans, hallmarks of
early type 1 diabetes development (43). It is unlikely that
glucocorticoids played a significant role in diabetes pre-
sentation in these patients, as they are not a cause of
insulin deficiency.

At this time, there are no treatments that are known
to stop the development of this irAE, and patients who de-
velop diabetes do not undergo spontaneous remission, which
may occur in some patients with CPl-induced thyroiditis.
Glucocorticoid treatment did not reverse the diabetes in one
patient treated with high (50 mg/day) or three patients
treated with low (10 mg/day) doses of prednisone.

CPI-induced diabetes was only seen in patients that had
received anti-PD-1 or —-PD-L1 therapies, which is consistent
with most other reports in the literature. This predilection
for affecting particular endocrine organs with certain CPI
classes is notable and may hint at the mechanism of the
irAEs. Overall, endocrine adverse events are more common
with combination therapies than monotherapies, but thyroid
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dysfunction is more frequent with anti-PD-1/L1 mAbs
compared with anti-CTLA-4 mAbs and hypophysitis is
more common with ipilimumab. The reasons for the
different rates of irAE with different CPIs are not known
but may involve the response of the target tissue to injury
or inflammation or the effects of the CPIs on a repertoire
of autoreactive T cells. Expression of CTLA-4 on pituitary
cells is associated with activation of complement after
binding of anti-CTLA-4 antibody (ipilimumab) (44). We
previously reported finding increased expression of PD-L1,
but not CD80 or CD86, on B-cells from NOD mice during
the progression of autoimmune diabetes (45). The rate of
pancreatitis in those with DKA exceeds the reported rates
in the general population of CPI-treated patients (46,47).
We speculate that blockade of the cellular response to
inflammatory mediators, possibly resulting from pancre-
atitis or other inflammatory processes, may contribute to
the disease development and explain the absence of di-
abetes in patients treated with anti-CTLA-4 mAb, whose
ligands are CD80 and CD86 alone (6). A similar mechanism
has been suggested for protection of cardiac tissue and the
development of myocarditis with anti-PD-1 mAb (48).

Finally, the mechanisms that lead to CPI-induced diabetes
are expected to reflect the same mechanisms involved in the
antitumor responses. In this regard, the tumor response rate
was satisfactory in our patients, but our sample size is too
small for comparison and a suitable control group is not
available at this time. Nonetheless, elucidating these mech-
anisms may identify strategies for prevention of autoimmu-
nity without inhibiting the anticancer activity of the therapy
and for treatment of type 1 diabetes.

In summary, we have identified features of CPI-induced
diabetes, the recognition of which is increasing with wider
use of these drugs to treat cancers. Glucose levels and, in
patients with known type 2 diabetes, A1C levels should be
followed carefully in cancer patients treated with CPIs and
appropriate referrals instituted as suggested. The pro-
viders should be alarmed and check baseline glucose prior
to the initiation of treatment in all patients, as suggested
in the consensus recommendations for management of
CPl-induced diabetes by the Society for Immunotherapy
of Cancer Toxicity Management Working Group (49). Our
studies provide insight into the mechanisms that may be
involved in this new form of insulin-deficient diabetes. CPI
treatment may induce autoantibodies in some, but in those
patients, particularly those who are HLA-DR4-positive,
B-cell killing may progress. In addition to their importance
in identifying individuals at risk for this outcome, studies
of this form of diabetes may shed light on immune
mechanisms that drive spontaneous type 1 diabetes.
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