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Abstract

Purpose Immune checkpoint inhibitor (ICI) induced type 1 diabetes (T1D) and pituitary dysfunction are life-threatening
adverse events, yet there is little clinical data available. We aimed to investigate the clinical characteristics of patients with
these adverse events and report their human leukocyte antigen (HLA) profile to determine its relevance.

Methods This is a single-center prospective study. We enrolled patients with cancers who were administered ICI and
diagnosed as ICI induced T1D (ICI-T1D) and pituitary dysfunction (ICI-PD). Clinical data and extracted DNA from blood
samples were collected. HLA typing was performed using next-generation sequencing. We compared our results with those
previously reported in healthy controls and investigated the correlation between HLA and the occurrence of ICI-T1D and
ICI-PD.

Results We identified 914 patients treated with ICI in our facility from 1st September, 2017 to 30th June, 2022. Six of these
patients developed T1D and 15 developed pituitary dysfunction. The duration from the initiation of ICI treatment to the
onset of T1D or pituitary dysfunction averaged 492 + 196 days and 191 + 169 days. Among the six patients with T1D, two
were positive for anti-GAD antibody. The frequencies of HLA-DR11, -Cw10, -B61, -DRB1*11:01, and -C*03:04 were
significantly higher in patients with ICI-T1D than in controls. The frequencies of HLA-DR15 and -DRB*15:02 were
significantly higher in patients with ICI-PD than in controls.

Conclusion This study revealed the clinical characteristics of ICI-T1D and ICI-PD and the association between specific
HLAs and these adverse events.

Keywords Type 1 diabetes * Pituitary dysfunction * Immune checkpoint inhibitors - Human leukocyte antigen

Introduction

Immune checkpoint inhibitors (ICIs) have shown great
promise for the treatment of several malignancies which
are frequently resistant to conventional therapies [1]. ICIs
enhance anti-tumor immunity by inhibiting endogenous
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Among these irAEs, endocrine dysfunctions are life-
threatening.

The frequencies of different types of endocrine dys-
function vary by disease, with a prevalence of 6.2% for
hypothyroidism, 2.6% for hyperthyroidism, 1.3% for
hypophysitis, 0.7% for primary adrenal insufficiency, and
0.2% for insulin-dependent diabetes [3]. Insulin-
dependent diabetes is also named type 1 diabetes (T1D)
according to the Japanese Clinical Practice Guideline for
Diabetes 2019 [4]. Specific variants of human leukocyte
antigens (HLAs) are associated with autoimmune disease
development. Furthermore, specific HLA alleles and
haplotypes are associated with the development of
endocrine irAEs such as T1D and pituitary and thyroid
dysfunction [5-8]. For instance, the frequency of HLA-
DR4 genotypes was higher in Caucasian patients with
ICI-induced T1D (ICI-T1D) than that in patients with
T1D which was not an irAE of treatment with ICIs and
that in the general population [5]. Additionally, HLA-
DR15 might be a predictive marker of ICI-induced sec-
ondary adrenal insufficiency in Japanese patients [6]. The
allele and haplotype frequencies of HLA-DPA1:01:03
and -DPB1%02:01 were significantly higher in patients
with ICI-induced thyroid dysfunction than those in con-
trols [8]. However, these reports are limited by the small
number of patients studied. Considering the known racial
differences in HLAs [9], more reports are needed to
increase the certainty of HLAs as a generally applicable
predictor of irAE development. Herein, we aim to
investigate the clinical characteristics of patients with
ICI-T1D and ICI-induced pituitary dysfunction (ICI-PD)
at our hospital and demonstrate that each of these com-
plications is associated with specific HLA serotypes or
alleles.

Methods
Patients

We identified inpatients who consulted the Department of
Diabetes, Metabolism, and Endocrinology at Tokyo Medi-
cal University Hospital. Patients who met the following
criteria were included in this prospective study:

1. Aged 20 years or older and having a diagnosis of
cancer for which there were treated with ICI from 1st
September, 2017 to 30th June, 2022.

2. Undergoing therapy with the following ICIs: anti PD-
1 antibodies (nivolumab or pembrolizumab), anti PD-
L1 antibodies (atezolizumab or durvalumab), anti-
CTLA-4 antibody (ipilimumab), or combination
therapy with nivolumab and ipilimumab.
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3. Having new-onset diabetes or pituitary dysfunction
after ICI treatment initiation.
4. Having given written consent for this study.

The follow-up period was 1-46 months. We identified
six patients who presented with T1D and 14 who developed
pituitary dysfunction. One patient presented with both T1D
and pituitary dysfunction.

Clinical assessments

Each endocrine irAE was diagnosed and treated according to
the clinical guidelines of the Japan Endocrine Society [10].
Clinical symptoms were recorded during each hospital visit.
Blood samples were collected from patients every 3—4 weeks
after the first ICI treatment, on an occasional basis. Blood
tests and adrenocorticotropic hormone (ACTH) stimulation
tests to diagnose pituitary dysfunction were performed early
in the morning, under fasting conditions. The criteria for the
diagnosis of fulminant T1D were: (1) occurrence of diabetic
ketosis or ketoacidosis soon (approximately 7 days) after the
onset of hyperglycemic symptoms (elevation of urinary and/
or serum ketone bodies at first visit); (2) plasma glucose level
>16.0 mmol/L (=288 mg/dL) and glycated hemoglobin level
<8.7% at the first visit; and (3) urinary C-peptide excretion
<10 pg/day, basal serum C-peptide level <0.3 ng/mL (<0.10
nmol/L), or stimulated C-peptide level (glucagon or after a
meal) <0.5 ng/mL (<0.17 nmol/L, respectively), at symptom
onset [11]. We calculated the C-peptide index using the
following equation:

C — peptide index = fastingC — peptide level(ng/ML) x 100/
fasting plasma glu cos e level (mg/dL)

we tested for the presence of anti-GAD antibodies in all
patients with ICI-T1D and measured the serum levels of
amylase, lipase, and elastase-1.

HLA genotype

DNA was extracted from blood. HLA typing of HLA-A,
HLA-B, HLA-C, HLA-DRB1, HLA-DQA1, HLA-DQBI,
HLA-DPA1, and HLA-DPB1 was performed using next-
generation sequencing at the HLA Foundation Laboratory
(Kyoto, Japan). We compared the carrier frequency of HLA
serotypes and alleles in the study patients with those of the
general Japanese population (controls) and investigated the
association between the HLA serotypes and alleles and the
occurrence of endocrine irAEs [12].

Statistical analysis

The continuous patient characteristic variables are expres-
sed as mean =+ standard deviation (SD). The median is
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Table 1 Characteristics of patients with type 1 diabetes induced by immune checkpoint inhibitors
Patient Age Sex Type of cancer Immune checkpoint inhibitors Cycle of treatment at Other immune-related adverse
diagnosis events
1 71 F  Lung adenocarcinoma  Pembrolizumab 12 Isolated ACTH deficiency, Colitis
2 34 F  Parotid cancer Nivolumab 43 None
3 38 M  Melanoma Pembrolizumab 14 Hypothyroidism
4 54 M  Hodgkin lymphoma Pembrolizumab 23 None
5 70 F  Small cell lung cancer Atezolizumab 12 None
6 58 M  Pleomorphic carcinoma Pembrolizumab 30 None
Table 2 Characteristics of patients with pituitary dysfunction induced by immune checkpoint inhibitors
Patient Age Sex Type of cancer Immune checkpoint inhibitor ~ Cycle of treatment at Other immune related adverse
diagnosis events
1 71 F  Lung adenocarcinoma Pembrolizumab 12 Type 1 diabetes, Colitis
2 67 M  Carcinoma of gingiva Nivolumab 38 None
3 78 M Gastric cancer Nivolumab 5 Peripheral neuropathy
4 63 M Lung adenocarcinoma Nivolumab 3 None
5 77 M Melanoma Nivolumab +ipilimumab 2 None
6 84 M  Melanoma Nivolumab +ipilimumab 2 Thyroiditis, Hypothyroidism
7 60 F  Lung adenocarcinoma Atezolizumab 5 None
—Pembrolizumab
8 71 M  Hypopharyngeal carcinoma Nivolumab 23 None
9 68 M  Hepatocellular carcinoma  Atezolizumab 5 None
10 79 F  Nasal cancer Pembrolizumab 5 None
11 66 M Lung adenocarcinoma Pembrolizumab Hypothyroidism, Peripheral
neuropathy
12 63 M Lung adenocarcinoma Durvalumab 9 None
13 56 F  Renal cell carcinoma Nivolumab +Ipilimumab None
14 77 M  Bladder cancer Pembrolizamab 4 None
shown in parenthesis where relevant. All statistical analyses ~ The characteristics of each patient are shown in

were performed using IBM SPSS Statistics (version 28
RRID:SCR_016479). The carrier frequency of HLA alleles
was compared between groups using Fisher’s exact test.
Statistical significance was set at p <0.05.

Results
Patient characteristics

We identified 914 patients treated with ICI from 1st Sep-
tember, 2017 to 30th June, 2022 at our facility. Among
these, six patients developed ICI-TID and 15 patients
developed ICI-PD. The incidence rates of ICI-T1D and ICI-
PD in this cohort were 0.66% and 1.64%, respectively. All
patients were hospitalized and all except one ICI-PD patient
gave consent for their participation in the study. Therefore,
a total of 14 ICI-PD patients were involved in the study.

Tables 1 and 2 for ICI-T1D and ICI-PD, respectively. One
patient developed both T1D and pituitary dysfunction. All
patients were Japanese, Asian. None of the patients had a
history of diabetes or Pituitary dysfunction prior to ICI
treatment. Treatments with ICI included the anti PD-1
antibodies pembrolizumab and nivolumab, the anti PD-L1
antibodies atezolizumab and durvalumab, the anti CTLA-4
antibody ipilimumab, or combination therapy with ipili-
mumab and nivolumab (Fig. 1). Among the six patients
who developed ICI-T1D, five received anti PD-1 antibodies
and one received PD-L1 antibodies. Among the 14 patients
with ICI-PD, eight underwent therapy with anti PD-1 anti-
bodies, two with anti PD-L1 antibodies, three received
combination therapy with ipilimumab and nivolumab, and
one was treated with atezolizumab followed by pem-
brolizumab. Primary diseases varied from patient to patient
and included lung cancer (both adenocarcinoma and small
cell lung cancer), malignant melanoma, Hodgkin’s
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Cancer patients who have been treated with immune checkpoint
inhibitors between September 1%, 2017 and June 30, 2022
(n=914)

|

Cancer patients who were hospitalized due to developing type 1
diabetes or pituitary dysfunction after treatment of immune
checkpoint inhibitors and had a consultation with the department
of diabetes, metabolism, and endocrinology (n=20)

Patients who agreed to be enrolled in this study (n=19)

|

Pituitary dysfunction
(n=14)*

Type 1 diabetes
(n=6)*

Fig. 1 Flow diagram of patients. We enrolled 19 patients who devel-
oped type 1 diabetes or pituitary dysfunction and were referred to the
department of diabetes, metabolism, and endocrinology in 914 cancer
patients who have been treated with Immune checkpoint inhibitors
between September 1st, 2017 and June 30th, 2022. *Included one case
which developed both type 1 diabetes and pituitary dysfunction

lymphoma, or renal cell, gastric, hypopharyngeal, hepato-
cellular, gingival, nasal, bladder, or salivary gland cancer.
Patients with ICI-T1D were significantly younger than those
with ICI-PD (p =0.032). We did not find any sex-related
differences in the incidences of these adverse effects. The
number of days from the initiation of therapy with ICI until
diagnosis was significantly longer in ICI-T1D group than
that in ICI-PD group (p =0.009) and the number of cycles
of treatment was significantly higher (p =0.007). No dif-
ference in terms of mortality was observed for the two
diseases across the study period. The last day of observation
was 30th June, 2022. A comparison of clinical character-
istics between ICI-T1D and ICI-PD is given in Table 3.

Clinical and biochemical characteristics of patients
with ICI-T1D

Six patients were diagnosed with acute-onset T1D or ful-
minant T1D. Three of these patients developed typical
hyperglycemic symptoms, such as thirst, five patients
complained of fatigue, and three presented weight loss. Two
patients developed ketoacidosis. Their clinical and biolo-
gical characteristics are summarized in Table 4. Anti-GAD
antibodies were detected in two patients with antibody titers
of 266 U/mL and 15.6 U/mL, respectively. The average
plasma glucose concentration was 633.5 mg/dL and all
patients presented with glycemia values above 288 mg/dL at
symptom onset. The average HbAlc level was 7.3%, and all
of were below 8.7%. The fasting serum C-peptide level of
one patient was lower than 0.3 ng/mL at symptom onset. In
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Table 3 Comparison of clinical data on type 1 diabetes and pituitary
dysfunction with immune checkpoint inhibitors

Type 1 Pituitary p value
dysfunction
diabetes (n=6) (n=14)

Age (y) 542+14.2 70.0 +7.86 0.032
Sex (n)

Male 3 10

Female 3 4
BMI 22.8+2.46 21.1+£3.19 0.302
Primary sites (n)

Lung cancer 3 5

Malignant melanoma 1 2

Hodgkin lymphoma 1 0

Renal cell carcinoma 0 1

Others 1 6
ICI class (n)
PD-1

Pembrolizumab 4

Nivolumab 1 4
PD-L1

Atezolizumab 1 1

Durvalumab 0 1
CTLA-4

Ipilimumab 0 0

Ipilimumab 0

+Nivolumab

Atezolizumab 0 1

>Pembrolizumab

Days at diagnosis 492196 (457) 191+169 (126) 0.009

(median)
Cycles of treatment at 22.3+11.3 (18.5) 8.79+9.64 (5) 0.007
diagnosis (median)

Other immune related

adverse events (total)

Thyroid dysfunction
Type 1 diabetes
Pituitary dysfunction

o O = =

Adrenal insufficiency
Outcome (n) 0.406
Alive

Death 1 5

w
O

the two cases in which we were able to determine serum C-
peptide, levels had fallen to below 0.3 ng/mL at 48 days
from the onset of symptoms and remained at that level until
day 58. Elevated pancreatic enzyme levels, a clinical feature
of fulminant T1D, was observed in two of the six patients.
One patient who did not meet the diagnostic criteria for
fulminant T1D also had elevated levels of all three enzymes
(amylase, lipase, and elastase-1). All patients but one sur-
vived the study period.
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Table 4 Diabetes related clinical data of patients with type 1 diabetes

induced by Immune checkpoint inhibitors

n==6 Type 1 diabetes

Symptoms Patients, n/N(%)
Ketosis 4/6 (66.7)
Ketoacidosis 2/6 (33.3)

Diagnosis Patients, n/N(%)
Fulminant type 1 diabetes 4/6 (66.7)
Acute-onset type 1 diabetes 2/6 (33.3)

Type 1 diabetes related autoantibodies Patients, n/N(%)
Anti-GAD 2/6 (33.3)
Anti-IA-2 0/6 (0)
Anti-ZnT8 0/6 (0)
Anti-insulin 0/1 (0)

Laboratory data (median)

633.5+£345.0 (497)
7.3+0.87 (7.2)
7.87+5.16 (5.8)
1.7+ 1.7 (0.76)
0.5+0.5 (0.26)
Patients, n/N(%)

Plasma glucose (mg/dL)

HbAlc (%)

Urinary C-peptide excretion (ug/day)
Fasting serum C-peptide (ng/ml)

C peptide index

Increases of exocrine pancreatic enzyme

Amylase 2/6 (33.3)
Lipase 2/6 (33.3)
Elastase-1 1/6 (16.7)

n/N, positive/total N of patients checked

Clinical characteristics of ICI-PD

The mean duration of time from the initiation of treatment
with ICI to the diagnosis of ICI-PD was 191.3 days and the
median was 125.5 days. Eleven patients developed isolated
ACTH deficiency, and three developed partial pituitary
deficiency. Fatigue, loss of appetite, and weakness were the
most common symptoms at onset, reported in 12, eight, and
six patients, respectively. Magnetic resonance imaging was
performed in 11 cases, none of which showed pituitary
enlargement. At the end of the follow-up period, five deaths
and nine survivors were registered Fig. 2.

HLA typing in patients who developed ICI-T1D

HLA analysis was performed in all six patients. HLA-B61
and HLA-Cw10 were observed in four (67%) of the six
patients with ICI-T1D. Statistically, the frequencies of ser-
otypes HLA-DR11, -B61, and -Cw10 were significantly
higher in patients with ICI-T1D than in controls [12]
(p =0.033, OR: 9.47, 95% CI: 1.732-51.769; p =0.036,
OR: 6.128, 95% CI: 1.122-33.469; p =0.034, OR: 6.251,
95% CI: 1.145-34.138, respectively) (Fig. 3).

According to the results of next-generation sequencing,
HLA-DRB1*11:01:01 and HLA-C*03:04:01  were

HLA serotype
2
[

10 100
Odds Ratio

Fig. 2 Comparison of HLA serotype frequencies of patients with typel
diabetes induced by Immune checkpoint inhibitors. Circles show odds
ratios. The lines show 95% confidence intervals. This forest plot shows
that HLA-DR11, HLA-B61 and Cw10 frequencies of our cases with
typel diabetes induced by Immune checkpoint inhibitors were sig-
nificantly higher than those of the controls in Japan. (p =0.033, OR:
9.47, 95% CI. 1.732-51.769; p=0.036, OR: 6.128, 95% CIL
1.122-33.469; p=0.034, OR: 6.251, 95% CI: 1.145-34.138,
respectively)

A24|
A26
A31 *
Cw4
Cwl2
DR4 —

HLA serotype

DR9
DR12
DR14| hd
DRI15] ®

Odds Ratio

Fig. 3 Comparison of HLA serotype frequencies of patients with
pituitary dysfunction induced by immune checkpoint inhibitors. Cir-
cles show odds ratios. The lines show 95% confidence intervals. This
forest plot shows that HLA-DR15 frequency was significantly higher
in patients with pituitary dysfunction than in the controls in Japan
[Ikeda, 2015, Determination of HLA-A®, -C*, -B*, -DRBI1 allele and
haplotype frequency in Japanese population based on family study].
(p =0.004, OR: 4.97, 95 % CI: 1.558-15.853)

identified in two and four of the six patients with ICI-T1D,
respectively (Supplementary Table 1). The allele fre-
quencies of HLA-DRB1*11:01 and HLA-C*03:04 were
found to be significantly higher in patients with ICI-T1D
than in controls [12].

HLA typing in patients who developed ICI-PD

HLA analysis was performed in all 14 patients with ICI-PD.
HLA- DR15 was identified in 10 (71%) of the 14 patients.
The frequency of the HLA-DR15 serotype was found to be
significantly higher in patients with ICI-PD than that in
controls [12] (p = 0.004, OR: 4.97, 95% CI: 1.558-15.853)
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(Fig. 3). Four and six of the 14 patients carried HLA-
DRB1#*15:01:01 and HLA-DRBI1*15:02:01 alleles,
respectively, and 11 out of 14 carried HLA-A*24:02:01
(Supplementary Table 1). The frequency of the HLA-
DRB1%*15:02 allele was found to be significantly higher in
cases with ICI-PD than that in controls (p =0.046, OR:
2.97, 95% CI: 1.03-8.563).

Discussion

This study provides new insights into the development of
ICI-T1D and ICI-PD through the detailed analysis of clin-
ical data. Using high-resolution sequence-based HLA typ-
ing (3-field), we identified HLA alleles in patients with ICI-
T1D and ICI-PD. Our results are in agreement with those
previously reported, reinforcing the certainty of the
research. In this study, 33.3% of patients with ICI-T1D
were positive for autoantibodies, while 94% of T1D patients
who had not been treated with ICI had at least one auto-
antibody at new onset [13]. Previous literatures have also
reported that around 40% of patients who developed ICI-
T1D were positive for at least one T1D related autoantibody
[5, 14]. These results demonstrate the difference between
ICI-T1D and T1D which was not treated with ICIL.

This study found that HLA-DR15 and HLA-DR*15:02
were most common in patients who developed ICI-PD. A
small number of studies have previously reported an asso-
ciation between HLA alleles/serotypes and ICI-PD. For
example, Yano et al. and Kobayashi T et al. found a cor-
relation between HLA -DR 15 and ICI-PD [6, 7]. Yano
et al. examined 11 patients with ICI-PD and reported an
association between HLA-DR*15:02 and increased risk of
ICI-PD [6]. Our findings are consistent with these previous
results, thus strengthening the idea that HLA typing might
be useful as a predictive marker for identifying those at
highest risk of developing these complications.

This study revealed correlations between the occurrence
of ICI-T1D and the presence of HLA-B61 and HLA-Cw10.
In this way, our results relating to ICI-T1D differ from
previous literatures, which reported that DR4, DR3, DR9Y,
and A2 were the dominant HLA serotypes in patients who
developed ICI-T1D [5, 14-16]. Recently, similar studies
have also been reported in Japan, where the presence of
HLA-DR4 was also found to be correlated with the devel-
opment of ICI-T1D [17]. However, in our study, we
identified the presence of the serotypes HLA-B61 and
HLA-Cw10 in four out of six patients who developed ICI-
T1D. HLA-B61 has also been shown to have a significant
association with T1D which was not treated with ICI in a
Japanese population [18].

Although there are still no reliable predictors of irAEs for
asymptomatic patients with ICIs, identifying biomarkers
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that predict them is important and of interest for the optimal
management of patients treated with ICIs [19]. Among
these, recent studies focused on HLA typing have presented
the results as indicating potential predictive biomarkers of
irAEs. Associations between irAEs and specific HLA
alleles have not only been reported for endocrine irAEs but
also for the other irAEs. For example, Hasan Ali et al.
reported a significant association between the alleles HLA-
DRB1#11:01 T and HLA-DQB1:03:01 and pruritus and
colitis induced by ICI, respectively [20]. In addition, Cap-
pelli et al. identified a correlation between HLA-
DRB1#04:05 and inflammatory arthritis induced by ICI
[21]. The cost of HLA typing has fallen in recent years and
is expected to continue decreasing, making such methods
more accessible.

The principal limitation of the study was that the data
used were obtained from a single center. Hence, our report
involved a limited number of cases and all patients were
Japanese. Considering the known racial differences in HLA
profiles [9], it is not yet possible to conclude which HLA
serotypes or alleles induce susceptibility to ICI-T1D, and
racial differences may determine the differences in the
results observed across different studies with different
patient cohorts.

In conclusion, universal HLA typing might be an effec-
tive predictor of the occurrence of endocrine irAEs in
cancer patients for whom ICI therapy is being considered.
Further studies including more patients and conducting an
evaluation of the costs within the context of the quality-
adjusted life-years are needed to consolidate the position of
HLA typing as a predictive biomarker.
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