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Immune Checkpoint Inhibitors
and Risk of Type 1 Diabetes
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OBJECTIVE

Type 1 diabetes mellitus (TLDM) is a rare, irreversible immune-related adverse
event reported in patients receiving treatment with immune checkpoint inhibi-
tors (ICl). However, clinical risk factors for ICl-induced T1IDM (ICI-T1DM) and its
impact on survival in patients remain unknown.

RESEARCH DESIGN AND METHODS

We used Optum’s Clinformatics Data Mart database for assessment of the inci-
dence and characteristics of TIDM in a large de-identified cohort of patients
treated with ICl between 2017 and 2020. We applied Fine-Gray and cause-specific
hazard models to study associations between patient/treatment characteristics
and ICI-T1DM and applied the Cox model with ICI-T1DM as a time-varying covari-
ate to assess the impact of ICI-T1DM on survival.

RESULTS

ICI-TIDM was observed in 261 of 30,337 (0.86%) patients. Dual use of antibodies
to cytotoxic T lymphocyte antigen 4 (CTLA-4) and programmed cell death 1 (PD-1)
or programmed cell death ligand 1 (PD-L1) was associated with increasing risk of
ICI-TADM (hazard ratio [HR] 1.62; 95% Cl 1.15-2.26) vs. anti-PD-L1 or anti-PD-1
alone. Younger age (HR 1.19 for every 5-year decrease; 95% Cl 1.13-1.25) and pre-
existing non-T1DM diabetes (HR 4.48; 95% Cl 3.45-5.83) were also associated
with higher risk of ICI-TLDM. Conversely, prior use of immunosuppressive medi-
cations (HR 0.57; 95% Cl 0.34-0.95) was associated with lower incidence of ICI-
T1DM, but part of its protective effect may be due to the increased mortality
rate. Development of ICI-TIDM does not seem to significantly impact patient
survival.

CONCLUSIONS

The risk of ICI-TIDM is associated with the type of ICI therapy, patient age, and
preexisting non-T1DM diabetes. These data may help guide risk assessment and
screening practices for patients during ICI therapy.

Immune checkpoint inhibitors (ICl), including anti—cytotoxic T lymphocyte antigen 4
(CTLA-4), anti—-programmed cell death 1 (PD-1), and anti—-programmed cell death
ligand 1 (PD-L1) antibodies, have revolutionized cancer treatment. Treatment with ICI
therapy has improved survival in multiple malignancies, including previously treat-
ment refractory cancers such as melanoma and lung cancer. ICl release the brakes
on the immune system, allowing immune cells to detect and destroy tumor cells.
With reactivation of T cells, however, ICl are associated with many immune-related
adverse events, including autoimmune-like disorders. Autoimmune endocrinopathies
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associated with ICl have been reported
in up to 4-30% of patients, with thyroid
disorders being the most common (1-4).
ICl-induced type 1 diabetes mellitus (ICI-
T1DM) is a rare, but potentially life-
threatening complication that occurs in
0.6—-1.4% of patients receiving ICl (5-7).

ICI-TAIDM is characterized by rapid
B-cell destruction, which can occur as
early as 5 days after ICI initiation and up
to several months after IClI discontinua-
tion (8-11). Of patients diagnosed with
ICI-TIDM, 40-76% present with diabetic
ketoacidosis (DKA), often requiring inten-
sive care unit treatment (5,8,9,11-14),
and almost all will require lifelong insulin
therapy (8,9,12). To date, the focus of
most studies with identification of risk
factors for developing ICI-TIDM has been
on clinical and laboratory data, such as
HLA haplotype and autoantibody pres-
ence, which are typically not available to
the clinician at the time of ICl initiation
(10,12,15); in other studies investigators
have relied on pooled data from ICl ran-
domized controlled trials, which exclude
patients at potentially higher risk of adv-
erse events (16). To address these gaps,
we used a national insurance claims data-
base for assessment of incidence of ICI-
T1DM, clinically available characteristics
of patients with ICI-T1IDM, and impact on
survival of ICI-TIDM in a large cohort of
patients treated with ICI.

RESEARCH DESIGN AND METHODS

Database and Data Extraction

We studied a de-identified cohort of
Optum’s Clinformatics Data Mart, which
captures a privately insured population
from a diverse group of health plans in
the U.S. We included patients who were
treated with pembrolizumab, nivolumab,
atezolizumab, durvalumab, avelumab, ce
miplimab, or ipilimumab between 2017
and 2020 and who had at least 12 mon
ths of medical records available prior to
the start of ICI. We identified patients
with TIDM based on ICD-10 diagnosis
codes under the category of E10. We first
removed patients who had at least one
ICD-10 code of TIDM prior to the start
of ICI and then identified patients who
had ICI-TIDM based on two outpatient
ICD-10 codes of T1IDM at least 30 days
apart or one inpatient ICD-10 code of
T1DM occurring after ICI therapy (17).
The onset date of TIDM was defined as
the earliest date of all ICD-10 codes of

T1DM. Patients who did not die were cen-
sored at the date of last follow-up. Patient
characteristics recorded included age; sex;
race; smoking status (former and current
smoker vs. nonsmoker); IClI type (anti—
CTLA-4, anti—PD-L1/anti~PD-1, or anti—
CTLA-4 + anti-PD-1/anti—-PD-L1); prior
use of immunosuppressant medications,
including traditional and biologic disease-
modifying antirheumatic drug and gluco-
corticoids (Supplementary Table 1) within
3 months prior to the start of ICl; and Elix-
hauser Comorbidity Index (CMI) score
(18), calculated with use of diagnosis
codes in the 12-month history before ICI
treatment. Specifically, we defined a com-
bination of anti-CTLA-4 and anti-PD1/
PD-L1 if both treatments were adminis-
tered before ICI-TIDM for patients with
ICI-TADM, or before the last follow up for
patients without ICI-T1IDM, regardless of
the proximity or order in which they were
prescribed. We defined immunosuppres-
sive drugs as traditional and biologic dis-
ease-modifying antirheumatic drug or
glucocorticoids at supraphysiological doses
(see Supplementary Table 2) for at least
30 days (19). Historically, the immunosup-
pressive effects of steroids are dose
dependent, but it is not entirely clear
whether glucocorticoids at lower doses
have some immunosuppressive effects.
Therefore, for differentiation of this group
from the group not taking immunosup-
pressants, patients taking glucocorticoids
at lower doses, or for shorter periods of
time, were grouped as a separate cate-
gory (“low-dose glucocorticoids”).

Statistical Analysis

Clinical characteristics were reported by
ICI-TIDM status with categorical variables
expressed as frequency and continuous
variables expressed as median (range).
Fine-Gray (FG) (20) and cause-specific haz-
ard (CS) models were used to assess
effects of patient/treatment characteris-
tics on the risk of ICI-TIDM. The FG model
estimates the effect of covariates on the
subdistribution hazard function. Hence,
significant effects of the covariates in this
model can be interpreted as influencing
the cumulative incidence function. The CS
model estimates the effect of covariates
on the hazard rate of ICI-T1IDM in subjects
who are still alive. The FG and CS models
are based on different model assumptions
and provide different interpretations. The
two analyses complement each other. We
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implemented the CS model using the
conventional Cox proportional hazards
model by treating death as censoring
and the FG model using cmprsk package
in R. Time-varying Cox model (ICI-TIDM
as a time-varying covariate and other
patient characteristics as time-fixed cova-
riates) was used to evaluate the impact
of ICI-TIDM on patient survival (21).
Missing data were assumed to be ran-
dom and were excluded or considered
as a separate category in the analyses.
Statistical significance is determined with
P value <0.05.

RESULTS

Incidence and Presentation of
ICI-TAIDM

Based on the entry criteria, we identi-
fied 30,337 patients treated with ICl
between 2017 and 2020, with a median
follow-up time of 308 days. ICI-TIDM
was observed in 261 patients (0.86%).
The median time from ICI initiation to
T1DM diagnosis was 10 weeks (range
1-95). Of the 261 patients, 78 (29.9%)
presented with DKA, 76 (97.4%) of
whom were hospitalized. Among the 97
patients with no prior history of diabe-
tes, and who were thus unlikely to be
checking blood glucose levels on a regu-
lar basis prior to ICI-TIDM diagnosis, 47
(48.4%) presented with DKA. Addition-
ally, eight (3.1%) patients presented
with pancreatitis, all of whom were
hospitalized.

Factors Associated With ICI-T1DM

On univariate analysis based on the FG
model (Table 1), Black race (hazard ratio
[HR] 1.53; 95% CI 1.07-2.19) and preex-
isting diagnosis of other types of diabetes,
including type 2 diabetes mellitus (T2DM)
and ketosis-prone diabetes (HR 5.28; 95%
Cl 3.91-7.12), were associated with a
higher incidence of ICI-TIDM. Combina-
tion therapy (anti-CTLA-4 + anti-PD-1/
PD-L1) increased the risk of ICI-TIDM
compared with anti-PD-1/PD-L1 mono-
therapy (HR 1.93; 95% ClI 1.40-2.66).
Younger age (HR 1.12 for every 5-year
decrease; 95% Cl 1.08-1.18) was also
associated with higher risk of ICI-TIDM.
Conversely, a higher comorbidity index
(=5 vs <5: HR 0.48; 95% Cl 0.28-0.83)
was associated with lower risk of ICI-
TIDM, and prior use of immunosuppres-
sive drugs (HR 0.61; 95% CI 0.27-1.00)
was marginally associated with lower risk
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Table 1—Univariate FG model for effects of patient/treatment characteristics on incidence of ICI-T1DM

TiDM FG model
Yes (n = 261) No (n = 30,076) HR (95% Cl) P
Age, years, median (range) 70 (19-89) 72 (4-90) 0.89 (0.85, 0.93)* <0.0001
=60 52 4,317 Reference
>60 209 25,759 0.65 (0.48, 0.88) 0.006
Tumor type
Melanoma 39 4,042 Reference
Lung 124 15,711 0.81 (0.56, 1.16) 0.25
Both 14 1,398 1.04 (0.57, 1.92) 0.89
Other 84 8,808 1.00 (0.69, 1.47) 0.99
NA 117 0
ICI types
Anti—PD-1/PD-L1 215 27,133 Reference
Anti—CTLA-4 1 83 1.50 (0.21, 10.69) 0.69
Anti—PD-1/PD-L1 + anti—CTLA-4 45 2,880 1.93 (1.40, 2.66) 0.0001
Sex
Male 151 16,846 Reference
Female 110 13,225 0.93 (0.73, 1.19) 0.55
NA 0 5
Race
White 162 19,970 Reference
Black 37 2,968 1.53 (1.07, 2.19) 0.019
Asian 8 708 1.41 (0.69, 2.86) 0.35
Hispanic 20 2,005 1.25 (0.78, 1.98) 0.35
NA 34 4,425
Weighted CMI
<5 14 795 Reference
=5 233 28,552 0.48 (0.28, 0.83) 0.008
NA 34 4,425
Diabetes before ICI
No 97 21,339 Reference
Yes 150 8,008 5.28 (3.91, 7,12) <0.0001
NA 14 729
Smoking
No 64 8,483 Reference
Yes 197 21,593 1.19 (0.90, 1.58) 0.23
Immunosuppressantt
No 214 22,517 Reference
Low-dose glucocorticoids 30 4,584 0.70 (0.48, 1.03) 0.072
Immunosuppressive drugs 17 2,975 0.61 (0.37, 1.00) 0.051

*Denotes the HR for every 5-year increase in age. tUse of immunosuppressant medications within 3 months prior to the start of ICl. NA

represents missing data.

of ICI-TIDM. Conclusions in the CS model
were the same (data not shown).

In multivariable analysis with the FG
model, younger age (HR 1.19 for every 5-
year increase; 95% Cl 1.13-1.25), prior
diagnosis of other forms of diabetes (HR
4.48; 95% Cl 3.45-5.83), and use of combi-
nation ICI therapy (comparing anti—CTLA-4
+ anti-PD-1/PD-L1 with anti—PD-1/PD-L1)
(HR 1.71; 95% CI 1.23-2.39) remained
associated with higher risk of ICI-TIDM
(Table 2). Prior use of immunosuppressive
drugs was associated with lower risk (HR
0.57; 95% Cl 0.34-0.95) of ICI-T1DM, while

use of low-dose glucocorticoids seems to
be associated with a reduced risk of ICI-
T1DM, but it did not reach statistical signif-
icance (HR 0.72; 95% CI 0.49-1.06).

Age, prior diagnosis of other forms of
diabetes, and use of combination ICI ther-
apy remained significant in the CS model,
indicating that these factors influenced
both the incidence and CS of ICI-TIDM.
However, the effect of prior use of immu-
nosuppressive drugs on risk of ICI-TIDM
became nonsignificant (HR 0.67; 95% Cl
0.40-1.11). As we found that prior use of
immunosuppressive drugs was associated

with a higher mortality rate (HR 1.67;
95% Cl 1.59-1.76 [based on CS model]),
different results from the FG and CS mod-
els suggest that part of the protective
effect of the prior use of immunosuppres-
sive drugs on diagnosis of ICI-TIDM is
due to the increased mortality rate, pre-
venting ICI-TADM from being observed.

ICI-T1DM and Survival

Of the 30,337 patients, 15,359 (50.63%)
died during 2017-2020, and of these,
143 died after diagnosis of ICI-T1DM.
Occurrence of T1DM following ICI had
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Table 2—Multivariable FG and CS models for effects of patient/treatment characteristics on incidence of ICI-T1DM

Age (unit = 5 years)

ICI types

Anti—PD-1/PD-L1

Anti—CTLA-4

Anti—PD-1/PD-L1 + anti—CTLA-4
Sex

Male

Female

Race/ethnicity
White
Black
Asian
Hispanic

Weighted CMI
<5
=5

Diabetes before ICI
No
Yes

Smoking
No
Yes

Immunosuppressantt
No
Low-dose glucocorticoids
Immunosuppressive drugs

FG model

HR (95% Cl) P

0.84 (0.80, 0.89) <0.0001
Reference

1.46 (0.21, 10.33) 0.70

1.71 (1.23, 2.39) 0.0016
Reference

1.05 (0.81, 1.35) 0.74
Reference

1.25 (0.87, 1.81) 0.23

1.10 (0.51, 2.35) 0.81

1.03 (0.64, 1.67) 0.89
Reference

0.61 (0.35, 1.05) 0.072
Reference

4.48 (3.45, 5.83) <0.0001
Reference

1.27 (0.94, 1.72) 0.12
Reference

0.72 (0.49, 1.06) 0.091

0.57 (0.34, 0.95) 0.031

CS model

HR (95% Cl) P

0.85 (0.80, 0.90)* <0.0001
Reference

1.40 (0.20, 10.07) 0.74

1.61 (1.15, 2.26) 0.0055
Reference

1.02 (0.79, 1.32) 0.88
Reference

1.25 (0.86, 1.81) 0.24

1.09 (0.51, 2.33) 0.83

1.04 (0.64, 1.68) 0.87
Reference

0.69 (0.40, 1.18) 0.17
Reference

4.66 (3.58, 6.06) <0.0001
Reference

1.29 (0.96, 1.74) 0.091
Reference

0.75 (0.51, 1.10) 0.15

0.67 (0.40, 1.11) 0.12

tUse of immunosuppressant medication within 3 months prior to the start of ICI.

no significant impact on overall sur-
vival in univariate (Fig. 1) or multivariable
analysis after adjustment for age, sex,

race, cancer type, ICl type, CMI, smoking
status, and prior use of immunosuppres-
sants (Table 3).

no/before ICI-T1DM

1.001 X = after ICI-T1IDM
3
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3 3
@®
e} 4
e Y
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0 250 500 750 1000 1250 1500
Days after ICI

Figure 1—Kaplan-Meier curves for overall survival (ICI-TIDM is a time-varying covariate).

Older age (HR 1.07; 95% CI 1.06-1.08),
male sex (HR 1.12; 95% Cl 1.08-1.16),
higher CMI (>5 vs. =5, HR 1.53; 95% ClI
1.36-1.73), smoking (HR 1.13; 95% CI
1.08-1.18), lung cancer (HR 1.70; 95%
Cl 1.59-1.81), prior use of immunosuppres-
sive drugs (HR 1.63; 95% Cl 1.55-1.72), use
of low-dose glucocorticoids (HR 1.21; 95%
Cl 1.15-1.27), and presence of other types
of diabetes prior to ICI therapy (HR 1.12;
95% Cl 1.08-1.16) were associated with
shorter survival.

CONCLUSIONS

To our knowledge, this is the largest
study of ICl-induced T1DM and the first
using U.S-based insurance claims data to
evaluate potential risk factors that would
be available at the time of ICl treatment
initiation. Insurance claims data present a
cost-effective way to study rare adverse
events such as ICI-TIDM, providing tre-
mendous analytical flexibility that is not
possible even with large epidemiologic
cohorts. We found that the risk of ICI-
T1DM is low (0.86%), and >30% patients
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Table 3—Multivariable time-varying Cox regression for effect of ICI-T1DM on

overall survival

T1DM
Age (unit = 5 years)

ICI types
Anti-PD-1/PD-L1
Anti—CTLA-4
Anti—PD-1/PD-L1 + anti—CTLA-4

Tumor type
Melanoma
Lung
Both
Other

Sex
Male
Female

Race

White

Black

Asian

Hispanic
Weighted CMI

<5

=5
Diabetes before ICI

No
Yes

Smoking
No
Yes

Immunosuppressantt
No
Low-dose glucocorticoids
Immunosuppressive drugs

HR (95% Cl) P
1.14 (0.95, 1.37) 0.16
1.07 (1.06, 1.08) <0.0001
Reference

0.73 (0.49, 1.08) 0.11

0.89 (0.84, 0.95) 0.0003
Reference

1.70 (1.59, 1.81) <0.0001

1.70 (1.55, 1.87) <0.0001

1.81 (1.70, 1.93) <0.0001
Reference

0.89 (0.86, 0.92) <0.0001
Reference

0.99 (0.94, 1.07) 0.64

0.98 (0.88, 1.09) 0.69

0.94 (0.88, 1.01) 0.07
Reference

1.53 (1.36, 1.73) <0.0001
Reference

1.12 (1.08, 1.16) <0.0001
Reference

1.13 (1.08, 1.18) <0.0001
Reference

1.21 (1.15, 1.27) <0.0001

1.63 (1.55, 1.72) <0.0001

tUse of immunosuppressant medication within 3 months prior to the start of ICI.

with ICI-TIDM present with serious acute
complications, such as DKA or pancreati-
tis, and both complications often require
hospitalization.

Our study found that dual ICl therapy
increased the risk of developing TAIDM-ICI,
which is consistent with prior case reports
of patients who developed fulminant dia-
betes after receiving both anti~CTLA-4 and
anti-PD-1/anti—PD-L1 treatment (8,9,22).
While anti-PD-1 therapy has previously
been linked to ICI-TIDM, less is known
about dual ICI use. PD-1 promotes islet-
specific tolerance, while PD-1 inactivation
has been linked to autoreactive T-cell acti-
vation in mouse models of autoimmune
diabetes (23,24). CTLA-4 has not been
linked with 3-cell tolerance or T1DM spe-
cifically but, rather, affects T-cell activa-
tion through a pathway different from
that of PD-1 (25,26). As anti-PD-1 and

anti-CTLA-4 therapies target different
components of the T-cell response, dual
use of both types of therapy may lead
to a two-hit model in which CTLA-4 inhi-
bition increases T-cell activation and
PD-1 inhibition leads to B-cell-specific
targeting.

The average age of patients who devel-
oped ICI-TIDM in our analysis was 68
years, consistent with prior studies. As
others have noted, age at diagnosis of
ICI-T1DM is significantly higher than what
is typically seen in T1DM, likely reflecting
the patient population that receives ICI
(8,10-12). Because our data set includes
a large population with a wide range of
ages (4-90 years), we were able to iden-
tify younger age as a risk factor for devel-
oping ICI-T1IDM, which has not previously
been shown. While it is unclear why youn
ger age increases risk for ICI-T1IDM, this
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finding may be an important part of risk
assessment in initiating ICI.

The results of our analysis demon-
strate that patients with a history of
T2DM and other types of diabetes prior
to ICI initiation had an increased risk of
developing ICI-TIDM, as previously sug-
gested in several case reports (9). While
the underlying cause of T2DM is insulin
resistance, patients with long-standing
T2DM have decreased 3-cell mass and
B-cell failure (27-29). Similarly, most
diagnoses coded within E13 (“other
specified diabetes mellitus”) are due to
non-immune-mediated insulin deficiency.
Thus, even a small amount of ICI-medi-
ated [3-cell destruction may result in pro-
found insulin deficiency, DKA, and de
novo insulin requirement in patients with
underlying T2DM or other forms of dia-
betes. Others have hypothesized that
some patients with a history of T2DM
who subsequently develop ICI-TIDM
may have latent autoimmune diabetes of
adults with anti-GAD antibodies, predis-
posing them ICI-TIDM (30). While wors-
ening of T2DM and other types of
diabetes could conceivably be miscoded
as T1DM, our entry criterion of two
T1DM codes 30 days apart makes this
less likely.

In contrast to early reports identifying
White race to be associated with the
highest risk of ICI-TIDM (11,31), we
found that ICI-TIDM was more likely to
occur in the case of Black race in our
univariate analysis. However, after con
trolling for confounders, such as age,
sex, and prior history of T2DM, this asso-
ciation was no longer significant. T2DM
is more common in African Americans in
the U.S. (32), and we also observed an
increased risk of ICI-TIDM in patients
with a history of T2DM. Therefore, the
high prevalence of T2DM for Black race
is the likely explanation for the signifi-
cant finding in the unadjusted univariate
analysis.

Another finding in our study is that
prior immunosuppressive therapy decr
eased the risk of developing ICI-T1IDM.
With further analysis we found that part
of the reason for this protective effect
might be the increased mortality rate. To
our knowledge, this is the first effort to
explore the role of prior immunosuppres-
sion in this patient population. Our
observation that the increased risk of
prior immunosuppressive therapy on the
mortality rate may be due to either the
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effects of immunosuppressive therapies
themselves, or the underlying disease
that immunosuppressive therapies are
treating, such as rheumatologic, pulmo-
nary, gastrointestinal or endocrine disor-
ders. However, identifying a specific
autoimmune disease based on ICD-10
codes is challenging; therefore, additional
studies will be needed to determine the
mechanism through which a history of
prior immunosuppressive therapy leads
to increased mortality rate.

Study limitations include dependence
on ICD-10 codes and lack of information
on severity of adverse events and
tumor stage. Due to these limitations,
studying the effect of ICI-TIDM on
patient survival is challenging, as sur-
vival is related to the severity of ICI-
TIDM and cancer stage. ldentifying a
specific autoimmune disease based on
ICD-10 codes is challenging; therefore, it
is hard to tell whether the significant
association between prior use of immu-
nosuppressants and poor survival is due
to the effect of medication or due to
the underlying autoimmune disease
that is not captured in our data.

Despite these limitations, our data pro-
vide important insights into ICI-TIDM.
While the incidence of ICI-T1IDM is low,
the occurrence of DKA and pancreatitis
can be life-threatening. Early identifica-
tion through monitoring symptoms and
glucose levels is important. Health care
providers must be aware of this new
form of TIDM in patients treated with
ICl, and patient education on early hyper-
glycemia symptoms, such as hunger,
thirst, and frequent urination, should be
provided in high-risk populations prior to
ICl initiation. HLA genotypes and other
patient characteristics possibly serving as
predictive biomarkers are the subject of
ongoing studies.
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