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Background: Type 1 diabetes mellitus induced by immune-checkpoint inhibitors (ICI-T1DM) is a rare critical entity. However, the
etiology of ICI-T1DM remains unclear.

Methods: In order to elucidate risk factors for ICI-T1DM, we evaluated the clinical course and immunological status of patients
with ICI-T1DM who had been diagnosed during 2016 to 2021.

Results: Seven of 871 (0.8%, six men and one woman) patients developed ICI-T1DM. We revealed that the allele frequencies of hu-
man leukocyte antigen (HLA)-DPA1*02:02 and DPB1*05:01 were significantly higher in the patients with ICI-T1DM In compari-
son to the controls who received ICI (11/14 vs. 10/26, P=0.022; 11/14 vs. 7/26, P=0.0027, respectively). HLA-DRB1*04:05, which
has been found to be a T1DM susceptibility allele in Asians, was also observed as a high-risk allele for ICI-T1DM. The significance
of the HLA-DPB1*05:01 and DRB1*04:05 alleles was confirmed by an analysis of four additional patients. The absolute/relative
neutrophil count, neutrophils-lymphocyte ratio, and neutrophil-eosinophil ratio increased, and the absolute lymphocyte count and
absolute/relative eosinophil count decreased at the onset as compared with 6 weeks before. In two patients, alterations in cytokines
and chemokines were found at the onset.

Conclusion: Novel high-risk HLA alleles and haplotypes were identified in ICI-T1DM, and peripheral blood factors may be utilized
as biomarkers.
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INTRODUCTION

Immune-checkpoint inhibitors (ICIs) are effective agents in
cancer immunotherapy [1,2]. They augment anti-cancer immu-
nity by inhibiting the binding of immune-checkpoint molecules,
such as cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4),
programmed death protein 1 (PD-1), and ligand for PD-1 (PD-
L1) [1,2]. Immune-related adverse events (irAEs) often occur
during treatment with ICIs; the incidence is more than 50% for
any grade irAEs due to ICI treatment [3-8]. In endocrine organs,
irAEs have been reported in the pituitary gland, the thyroid
gland, the parathyroid glands, the adrenal glands, and the pan-
creas [3-8]. As biomarkers of irAEs, Fujisawa et al. [9] reported
alterations in peripheral blood cell counts during irAEs. Regard-
ing ICI-induced type 1 diabetes mellitus (ICI-T1DM), Takada et
al. [10] found that female sex and malignant melanoma (MM)
were risk factors for ICI-TIDM. We have reported biomarkers
[7] and the predisposing role of human leukocyte antigen
(HLA) in thyroid dysfunction as an irAE [8]. However, bio-
markers and susceptible HLA alleles as risk factors in ICI-
T1DM remain unknown. As ICI-T1DM is a rare disease, inves-
tigation of the risk factors has been difficult. In the current
study, we have obtained a sufficient number of patients for ex-
amination from multiple centers.

In the current study, we aimed to investigate the risk factors in
patients with ICI-T1DM, and have identified novel HLA alleles
and haplotypes susceptible to ICI-T1DM and possible peripher-
al blood biomarkers.

METHODS

Patients

The study was conducted at the Japanese Red Cross Society
Wakayama Medical Center (JRCW), Wakayama Medical Uni-
versity Hospital (WMU), and Nagoya University (NU). Patients
with advanced malignant diseases (MM; non-small cell lung
cancer [NSCLCT; small cell lung cancer [SCLC]; gastric cancer,
renal cell carcinoma, urothelial cancer, hypopharyngeal cancer,
and Hodgkin lymphoma) that received ICI treatment were re-
cruited during 2016 to 2021. ICI treatments included anti-PD-1
antibody (nivolumab or pembrolizumab), anti-PD-L1 antibody
(durvalumab), or anti-CTLA-4 antibody (ipilimumab) follow-
ing nivolumab. ICIs were intravenously administered as fol-
lows: pembrolizumab, 2 mg/kg every 3 weeks; nivolumab, 3
mg/kg every 2 weeks; durvalumab, 1,500 mg every 3 weeks
(until 4 times, then every 4 weeks); ipilimumab following
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nivolumab, 3 mg/kg ipilimumab following nivolumab, 2 mg/kg
every 3 weeks. Patients who had infectious diseases or who
were treated with glucocorticoids were excluded. The study
protocol was approved by the JRCW (No. 782, 891), WMU
(No. 1987), and NU (No. UMIN000019024) Institutional Ethi-
cal Review Board, and written informed consent was obtained
from all participants. All procedures were in accordance with
the ethical standards of the responsible committee on human
experimentation and with the Declaration of Helsinki, as revised
in Fortaleza, Brazil in October 2013.

Assessment of irAEs and ICI-T1DM

For assessment of irAEs, we used the descriptions and grading
scales of National Cancer Institute (NCI) Common Terminolo-
gy Criteria for Adverse Events version 3.0. The diagnostic crite-
ria for fulminant TIDM (F1DM) are as follows [11]: (1) occur-
rence 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 (PG) level =288 mg/dL and hemoglobin Alc (HbAlc)
level <8.7% at first visit; and (3) urinary C-peptide immunore-
activity (CPR) excretion <10 pg/day or fasting serum CPR lev-
el <0.3 and <0.5 ng/mL after intravenous glucagon loading (or
after a meal) at the onset.

The diagnostic criteria for TIDM are as follows [12]: (1) oc-
currence of diabetic ketosis or ketoacidosis within the first 3
months after the onset of hyperglycemic symptoms (thirst, poly-
dipsia, polyuria, weight loss); (2) need for continuous insulin
therapy after the diagnosis of diabetes mellitus (DM); (3) a posi-
tive test result for anti-islet autoantibodies; and (4) presence of
endogenous insulin deficiency without verifiable anti-islet auto-
antibodies. Acute-onset T1DM (autoimmune) fulfilled criteria 1,
2, and 3, while acute-onset T1DM fulfilled criteria 1, 2, and 4.

Data and sample collection

Baseline characteristics of the patients with ICI-T1DM includ-
ing the type of cancer, ICI treatments, and the manifestation of
ICI-T1DM were recorded (Table 1). The following factors were
investigated: serum amylase (AMY), arterial blood gas data, se-
rum beta-hydroxybutyrate (BHB), serum acetoacetic acid
(AcAc), serum total ketone body (TKB), urine ketone bodies,
serum non-esterified fatty acid (NEFA), anti-pancreatic beta-
cell autoantibodies, occurrences of other irAEs, thyroid autoan-
tibodies, insulin secretion status at the onset and 1 month after,
HLA typing tests, tumor response, and continuation of ICI (Ta-
ble 2). For longitudinal examination, white blood cell (WBC),
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Table 2. Laboratory Investigations of the Patients with ICI-TIDM at Onset
Serum ‘
[Rlat] Serum CPR at 1 A‘ml_
IRTat month . : . . GAD . .

. CPRat month AMY, Blood, BE, HCO;, BHB, AcAc, TKB, Urine NEFA, Tumor Continuation

Patient onset, after the . Ab/ ) o
onset, afterthe U/L  pH' mmol/L mmol/L pmol pmol pmol ketone uHEg/L . response of ICI
pU/mL  onset, ne/mL  onset Insulin
pU/mL & - Ab
ng/mL

1 0.8° <04°  0.17° <0.02° 83 7372 0 24.9 818> 452" 1,270" Negative 936" Ne/Ne PR Continued
2 ND ND <0.02° <0.02° 70 7.306° —6.2° 192° 5,159 613° 5,772° 3+ 2311® Ne/Ne PR Continued
3 7.7 <0.4° 231 <0.02° 228" ND ND ND ND ND ND ND ND  Ne/ND PR Discontinued
4 0.7 <0.4° 133 <0.02° ND 7.393 0.1 24.5 1,778 583" 2361° 1+° 1,115° Ne/Ne PR Continued
5 <04°  <04* <0.02° <0.02° 47 7.43 6.1 308  2,865° 1,093° 3,958 4+ 1,028" Ne/Ne PR Continued
6 ND ND <0.01° <0.01° 47 7.43 -0.2 24.2 734 575 1309° 1+ ND  Ne/Po CR Continued
7 2.5° ND* 0.16"> <0.01° 137° 7.234* -10.9° 15° 1,374° 726" 2,100° 1+ ND  Ne/Ne CR Continued
ICI-T1DM, immune-checkpoint inhibitor-induced type 1 diabetes mellitus; IRI, immunoreactive insulin; CPR, C-peptide immunoreactivity; AMY, amy-
lase (44—132 U/L); BE, base excess (0£4 mmol/L); HCOs", bicarbonate (22—26 mmol/L); BHB, beta-hydroxybutyrate (<74 umol); AcAc, acetoacetic
acid (14-68 umoL); TKB, total ketone body (28—120 pumol); NEFA, non-esterified fatty acid (172—586 nEq/L); GAD, glutamic acid decarboxylase; Ab,
autoantibody; Ne, negative; PR, partial response; ND, not determined; Po, positive; CR, complete response.
“pH, 7.35—7.45; "Abnormal values.

hemoglobin, platelet count (Plt), absolute neutrophil count
(ANC), relative neutrophil count (RNC), absolute lymphocyte
count (ALC), relative lymphocyte count, absolute eosinophil
count (AEC), relative eosinophil count (REC), absolute baso-
phil count, relative basophil count, absolute monocyte count,
relative monocyte count, neutrophil-lymphocyte rate: RNC/
RLC (NLR), derived NLR (dNLR): ANC/(WBC-ALC) [13],
neutrophil-eosinophil rate: RNC/REC (NER), platelet-lympho-
cyte rate: PIt/ALC, albumin (Alb), aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline phosphatase
(ALP), blood urea nitrogen (BUN), creatinine (Cr), estimated
glomerular filtration rate (eGFR), sodium (Na), potassium (K),
chloride (Cl), calcium (Ca), lactate dehydrogenase, C-reactive
protein, free thyroxine, and thyrotropin were examined. The
eGFR was used to estimate kidney function and was calculated
as follows [14]: Male: eGFR (mL/min/1.73 m*)=0.741X 175X
age **” X (serum Cr)"'**; Female: eGFR=0.741X175Xage
02033 (serum Cr) X 0.742 (<90).

Peripheral blood samples were collected from patients at
baseline and at every visit during ICI treatment (0 weeks and at
3+2-week intervals). The levels or ratio of each result of the
examinations was evaluated as follows: rate of change in values
(1) during the first 12 weeks; (2) between baseline (0 week) and
onset of ICI-T1DM; and (3) during 6 weeks until the onset. Pa-
tient 1 was excluded from the analysis because the onset was
just 6 weeks after the first ICI treatment. For patients 6 and 7,
cytokines/chemokines were measured at 0 weeks, at 3 weeks
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(before second treatment), at 3 weeks before the onset of ICI-
T1DM, and then at the onset. Serum samples were centrifuged
at 3,000 rpm at 4°C for 15 minutes and stored at —80°C until
measurement.

Cytokine and chemokine analysis

Cytokine and chemokine levels were measured as previously
described using Bio-Plex Pro Human 17-plex panels (interleu-
kin [IL]-1B, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12, IL-
13, IL-17, interferon [IFN]-y, tumor necrosis factor-o, granulo-
cyte-colony stimulating factor [G-CSF], granulocyte-macro-
phage-colony stimulating factor [GM-CSF], monocyte che-
moattractant protein [MCP]-1, macrophage Inflammatory pro-
tein [MIP]-1p) (Bio-Rad Laboratories, Hercules, CA, USA) [7].
Each assay was performed in duplicate. Absolute fluorescence
intensity (Fi) values were derived from the discovery assay and
are in direct proportion to reflect the number of proteins in the
samples, and Fi values were log2 transformed for analysis. Fi
values were used for relative comparisons of each patient or
timing in the current study. For the comparison of controls, the
results of cytokine/chemokine levels in the 13 patients with thy-
roid irAE (IR) and 13 patients without any irAEs (non-IR) in
the previous report [7] were presented.

HLA-genotyping
DNA was extracted from blood, and genotyping for the HLA-
A, B, C, DRBI1, DRB345, DQA1, DQBI1, DPA1, and DPBI1 al-
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leles was carried out by the next-generation sequencing method
(GenoDive Pharma, Kanagawa, Japan). Haplotype frequencies
were estimated by direct counting [15]. The allele and haplotype
frequencies were compared to those of non-IR with ICI therapy
(referred to as ICI-controls) [7], and those of healthy Japanese
controls [16,17]. In a confirmatory set, HLA-DPBI was geno-
typed using a Luminex system with WAKFlow HLA typing kits
(Wakunaga Pharmaceutical, Hiroshima, Japan), as described
previously [18].

Statistical analysis

Values among more than two groups were ascertained by the
Kruskal-Wallis test, followed by the Wilcoxon signed-rank test
with Bonferroni correction, in which each value was compared
with other values in the time course. Association of allele or hap-
lotype frequencies was analyzed using Fisher’s exact test with
2X?2 contingency tables. Statistical analyses were performed us-
ing JMP version 15 (SAS Institute Inc., Cary, NC, USA). P val-
ues <0.05 were considered to be statistically significant.

RESULTS

Clinical characteristics of patients with ICI-T1DM

A total of 871 (432 in JRCW and 439 in WMU) patients with
malignant diseases treated with ICIs were screened, and seven
(0.8%) patients developed ICI-T1DM (four patients with
NSCLC and a patient with SCLC in JRCW and two patients
with MM in WMU) (Table 1). It should be noted that part of the
clinical profile of patient 6 on admission was previously de-
scribed [4].

In the baseline demographic data (Table 1), male predomi-
nance was shown, and ICI treatment until the onset ranged be-
tween 2 and 21 cycles. Hyperglycemic symptoms, such as thirst
or fatigue, were seen at the onset. Baseline levels of HbAlc and
casual PG were within normal range, but casual PG levels were
above 400 mg/dL and HbAIc levels were <8.7% at the onset.
Patient 4 had pre-existing type 2 DM. Eczema (patient 1) and
interstitial pneumonitis (patient 2) occurred. Thyroid autoanti-
bodies were not detected in five patients tested. Serum immuno-
reactive insulin (IRI) levels were low in five patients tested (ID
1,3,4,5, and 7), and casual serum CPR levels were also below
the reference range in five patients (ID 1, 2, 5, 6, and 7) at the
onset (Table 2). In the course, fasting IRI levels became unde-
tectable in four patients (ID 1, 3, 4, and 5), and serum CPR lev-
els in all seven patients were also undetectable 1 month after the
onset (Table 2). The changes in casual PG are shown in Fig. 1.
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Of note, two patients (ID 3 and 7) exhibited elevation in serum
AMY levels at the onset, and subsided (Table 2). Patients 2 and
7 had metabolic acidosis. Serum BHB and AcAc levels in-
creased in five patients (ID 1, 2, 4, 5, and 7), and TKB levels in-
creased in six patients (ID 1, 2, 4, 5, 6, and 7). Urine ketone
bodies were positive in five patients (ID 2, 4, 5, 6, and 7), and
negative in patient 1. Therefore, serum or urine ketone bodies
were positive in all six patients tested. NEFA levels increased in
four patients (ID 1, 2, 4, and 5). Partial or complete tumor re-
sponses were archived in the patients. Pancreatic beta-cell auto-
antibodies were all negative except for patient 6, who had a
positive conversion of anti-insulin autoantibody at the onset.

Assessment of ICI-T1DM

Referring to the criteria for FIDM [11]. (1) Occurrence of dia-
betic ketosis or ketoacidosis was seen in six patients (ID 1, 2, 4,
5, 6,and 7); (2) PG level =288 mg/dL was confirmed in all pa-
tients and an HbA 1c level <8.7% was observed in six patients;
(3) Fasting serum CPR was <0.3 ng/mL in five patients (ID 1, 2,
5, 6, and 7) at the onset, and then in all patients 1 month later.
Also, referring to the criteria for TIDM [12], all patients tested

—e—Pt.1 ——Pt2 —o—-Pt3

Pt4 ——Pt5 —o—Pt6 —e—Pt7

1,000
900
800
700
600
500
400
300
200
100

(mg/dL)

10 20 30 40 50 60 70
Weeks after ICIs treatment (mg/dL)

6 wk-before | 3 wk-before Onset
Pt.1 564
Pt.2 108 91 420
Pt.3 404
Pt4 76 165 491
Pt.5 99 110 502
Pt.6 119 639
Pt.7 90 920

Fig. 1. (A) Glycemic changes in patients with immune-checkpoint
inhibitor (ICT)-induced type 1 diabetes mellitus are shown. (B) Ca-
sual plasma glucose levels are indicated with changes in the last 6
weeks until the onset.
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were considered to have TIDM (patient 6 had ‘autoimmunity”).

HLA typing results analysis

In the HLA allele analysis (Supplemental Tables S1-S13), HLA-
C*01:02 and HLA-DRB1%#04:05 allele frequencies were signif-
icantly higher in ICI-T1DM patients than in controls (P=0.035,

and P=0.045, respectively) (Supplemental Tables S3, S4). No-

tably, the frequencies of HLA-DPA1*02:02 and its associated
allele, DPB1*05:01, were significantly associated with an in-

creased risk of ICI-T1DM when compared to controls (P=0.021
and P=0.0075, respectively) (Supplemental Tables S8, S9).
Confirmatory analysis of HLA-DRB1 and DPBI alleles in

Table 3. Summary of HLA Alleles and Haplotypes of the Patients with ICI-T1DM

HLA alleles or haplotypes

Patient C DRBI1 DQBI DPA1 DPBI DRB1-DQBI DPA1-DPBI DRB1-DQB1-DPBI
*01:02 *04:05 *04:01 *02:02 *05:01 *04:05-¥04:01  *02:02-*05:01  *04:05-*04:01-*05:01 *08:03-*06:01-*05:01
1 1 1 2 2 1 2 1
2 2 1 1 1 1 1 1 1
3 1 1 1
4 2 1 1 1 1 1
5 1 1 1 2 2 1 1 1
6 1 1 2 2 1 1
7 1 2 2 2

sented.

HLA, human leukocyte antigen; ICI-T1DM, immune-checkpoint inhibitor-induced type 1 diabetes mellitus.

Numbers of alleles or haplotypes in patients with ICI-T1DM are shown. The alleles or haplotypes that significantly increased from controls are repre-

Table 4. Summary of HLA Alleles and Haplotypes of the Patients with ICI-T1DM

. DRBI1- DPA1-
C DRBI DQBI1 DPA1 DPBI DOBI DPBI DRB1-DQB1-DPBI
HLA alleles or haplotypes *04:05 *02:02-  *04:05-*04:01- *08:03-*06:01
:05- *02:02- :05-%04:01- *08:03-*06:01-
*01:02 *04: *04:01 *02:02 *05:01 .
oro 0303 0o 020 050 *04:01 *05:01 *05:01 *05:01
Controls, %" 17.3 13.4 12.9 435 384 12.8 343 7.32 3.54
% of alleles or haplotypes in 429 35.7 35.7 78.6 78.6 35.7 71.4 4 3
ICI-T1DM patients (total 14)
No. of alleles or haplotypes in 6 5 5 11 11 5 10 28.6 214
ICI-T1DM patients (total 14)
P value® 0.035¢ 0.045¢ 0.045¢ 0.021¢ 0.0075¢ 0.045¢ 0.016 0.029¢ 0.039¢
OR 3.66 3.72 3.72 4.67 5.98 3.72 4.85 5.31 6.55
95% CI 1.13-11.92 1.08-12.83 1.08-12.83 1.23-17.76 1.57-22.82 1.08-12.83 1.42-16.62 1.32-21.36 1.29-33.13
No. of alleles or haplotypes in 6 4 4 10 7 6 7 2 1
ICI-controls (total 26)
P value® NS NS NS 0.022¢ 0.0027¢ NS 0.0093¢ NS NS
OR NA NA NA 5.87 9.95 NA 6.79 NA NA
95% CI NA NA NA 1.31-26.33  2.13-46.56 NA 1.60-28.86 NA NA

HLA, human leukocyte antigen; ICI-T1DM, immune-checkpoint inhibitor-induced type 1 diabetes mellitus; OR, odds ratio; CI, confidence interval; NS,
not significant; NA, not applicable.
*The frequencies in control subjects are shown to the first decimal place. Control subjects for allele analysis: Japanese Society for Histocompatibility and
Immunogenetics (http://jshi.umin.ac.jp/standarization/file/JSHI-hyokiallele-202 1list.pdf) (JSHI2022) [16], and for haplotype analysis: HLA Laboratory,
Japan INC (http://hla.or.jp/med/frequency_search/ja/haplo/) [17]; *P value in comparison to the controls in Japanese population [16,17]; °P value in com-
parison to the controls with ICI treatment [7]; “P values less than 0.05.
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four patients with ICI-T1DM in NU showed increased frequen-
cies of DRB1*04:05 (two of eight alleles, and two carriers in
four patients), as well as increased frequencies of DPB1*05:01
(five of eight alleles, and three carriers in four patients). The data
of two out of these four patients were previously reported [19].
Next, HLA-DRB1*04:05-DQB1*04:01 and HLA-DPA1*02:
02-DPB1*05:01 haplotype frequencies were significantly higher
in patients with ICI-T1DM than in controls (P=0.045, and
P=0.016, respectively) (Supplemental Tables S11, S12). HLA-
DRB1*#04:05-DQB1*04:01-DPB1*05:01 and HLA-DRBI1*08:
03-DQB1*06:01-DPB1*05:01 haplotype frequencies were sig-
nificantly higher in patients with ICI-TIDM than in controls
(P=0.029 and P=0.039, respectively) (Supplemental Table S13).
In the comparison of patients with ICI-T1DM and ICI-con-
trols, HLA-DPA1*02:02, DPB1*05:01, and HLA-DPA1*02:
02-DPB1*05:01 haplotype frequencies were significantly more
frequent in patients with ICI-T1DM than in ICI-controls (P=
0.022, P=0.0027, and P=0.0093, respectively) (Supplemental

Tables S8, S9, S12).

Alleles and haplotypes of seven patients in the initial analysis
are summarized (Tables 3, 4). Remarkably, HLA-DPA1*02:02
and DPB1*05:01 were present in all patients with ICI-T1DM,
and HLA-DPA1*02:02-DPB1*05:01 was found in all but one.

Rate of change in values for each factor after the initiation
of ICI treatment

During the 12 weeks after the initiation of ICI treatment, the
levels of some factors changed (Supplemental Table S14), al-
though the P values were not significant after Bonferroni cor-
rection.

Rate of change in values for each factor at onset of ICI-
T1DM

In the comparison of the levels in each factor at the onset with
those at baseline, a decrease in Plt levels and an increase in lev-
els of RNC, Alb, ALP, BUN, Cr, and K were seen (Supplemen-
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Fig. 2. Rate of changes in values for each factor for 6 weeks until the onset of immune-checkpoint inhibitor-induced type 1 diabetes melli-
tus. In box-and-whisker plots, minimum, lower quartile, median, upper quartile, and maximum levels are shown as indicated. Average levels
are shown as ‘x.” The rate of change in values (each value/baseline value: 0 week), and shown on the y-axis. A significant change between 6
weeks before and at the onset was seen in levels of (A) absolute neutrophil count, (B) relative neutrophil count, (C) absolute lymphocyte
count, (D) absolute eosinophil count, (E) relative eosinophil count, (F) neutrophil-lymphocyte rate, and (G) neutrophil-eosinophil rate. A
significant change between 3 weeks before and at the onset was observed in levels of (H) albumin, and (I) potassium (K). “P<0.05.

90 www.e-enm.org

Copyright © 2022 Korean Endocrine Society



HLA in ICI-Induced Type 1 Diabetes E n M

tal Table S15).

Rate of change in values for each factor for 6 weeks until
the onset of ICI-T1DM

A longitudinal analysis showed significant increases in ANC,
RNC, NLR, NER, and decreases in ALC, AEC, and REC from
the levels at 6 weeks before the onset (Fig. 2, Supplemental Ta-
ble S16). The levels in Alb and K significantly increased from 3
weeks before the onset.

Cytokine and chemokine levels

The levels in cytokines/chemokines tended to decrease 3 weeks
before the onset (the average ratio of onset/3 weeks before was
0.94 in patient 6, and 0.90 in patient 7) (Supplemental Material
S1). The levels of Th1 (IL-12, IFN-y) and Th2 (IL-4, IL-5, and
IL-13) cytokines, IL-8, and G-CSF decreased at the onset (both
the rate of change <0.94 in patient 6, and that <0.90 in patient
7). The levels of MCP-1 and MIP1- were unchanged.

DISCUSSION

The main goal of this study was to identify risk factors in pa-
tients with ICI-T1DM. We revealed that the HLA-DPA1*02:02
and DPB1*05:01 alleles were observed in most of the patients,
and the allele frequencies were significantly higher than those
in ICI-controls and also controls of the Japanese general popu-
lation. HLA-DRB1*04:05 allele frequencies were significantly
higher than those in the general population, but when compared
to ICI-controls. Confirmatory analysis for HLA-DPB1*05:01
and DRB1%*04:05 alleles further supported the idea that these
HLA alleles may confer susceptibility to ICI-T1DM. In addi-
tion, we showed that the levels of several blood markers were
altered from baseline and during the last 6 weeks until the onset
in the longitudinal analysis. These factors may be utilized as
biomarkers of ICI-TIDM.

The prevalence of ICI-T1DM (0.8%) was close to that in the
previous report by Stamatouli et al. [20], in which the incidence
was estimated to be 0.9%. The male predominance and tumor
variance differed from the findings of Takada et al. [10], who
reported that female sex and having MM were risk factors for
the development of ICI-T1DM.

All patients were diagnosed with TIDM [12]. Referring to the
criteria for F1DM [11], not all the patients met the criteria for
F1DM at onset, but all patients then fulfilled the criteria 1
month later. Taken together, ICI-T1DM is considered to be a
mixed type of TIDM and F1DM. The levels of HbAlc and ca-
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sual PG acutely increased at the onset of ICI-T1DM,; therefore,
routine monitoring of HbAlc and PG is recommended for an
earlier diagnosis of ICI-T1DM.

Hernando-Calvo et al. [21] reported that patients with MM
switching from high dNLR to low dNLR had significantly bet-
ter overall survival at the end of cycle 2 of ICI treatment. Jiang
et al. [22] reported that patients with low Alb before ICI therapy
had a significantly increased risk of progression in patients with
NSCLC. In the current study, dNLR rose at week 9, and Alb in-
creased at week 6, but the reason was unknown, and all patients
had a favorable prognosis. In a comparison of the levels of each
factor at the onset to those at baseline, Fujisawa et al. [9] report-
ed that Grade 3 or 4 irAEs and lung/GI irAEs were associated
with increased WBC and decreased RLC between baseline and
onset of irAEs. ICI-T1DM as a systemic irAE may therefore be
related to alteration in peripheral blood cell counts.

Mertoglu and Gunay [23] reported that NLR significantly in-
creased in patients with type 2 DM. They suggested that NLR
represents the status of inflammation, which plays a central role
in the development of type 2 DM. In the current study, the in-
crease in ANC, RNC, and NLR, and the decrease in ALC from
6 weeks before the onset are considered to be associated with
the development of ICI-TIDM. The increase in NER and the
decrease in AEC and REC may be additional unique findings to
ICI-T1DM observed in the current study. The increased levels
in Alb and K at onset from 3 weeks before may represent dehy-
dration and alteration in metabolism by DM. However, since
there is no comparison with those who have not developed ICI-
T1DM, these significances need further investigation.

In the current study, HLA-DPA1*02:02 and DPB1*05:01
were observed in most patients with ICI-T1DM, and their allele
or haplotype frequencies were significantly increased. HLA-
DPB1*05:01 was confirmed to be important in four additional
patients with ICI-TIDM. HLA-DPB1*05:01 seemed to be re-
lated to HLA-DRB1*04:05, HLA-DRB1*09:01, and HLA-
DRB1*08:03 [6,8]. It was therefore summarized that (1) HLA-
DPA1%*02:02 and DPB1*05:01 may be strongly related to the
immune reaction in ICI-T1DM, followed by (2) DRB1*04:05,
(3) DRB1*08:03, and (4) C*01:02. These HLA alleles or haplo-
types are different from those observed in thyroid irAE [8], and
pituitary irAE [6].

Erlich et al. [24] found that HLA-DRB1*03:01, DRB1*04:
05, DRB1*04:01, and DRB1*04:02 alleles confer susceptibility,
in contrast, the DRB1*15:01 allele is protective against TIDM.
Kawabata and Ikegami [25] reported that DRB1*04:05 and
DRB1*09:01 were associated with FIDM and T1DM in Asia.
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The importance of DRB1*04:05 in ICI-T1DM has been sug-
gested [20]. HLA-DRBI typing results of the patients with ICI-
T1DM in Japan are as follows: DRB1*11:01/*13:02 [26],
DRB1*04:05 [27], DRB1*04:05, and DRB1*09:01 in another
[28], and DRB1%04:05/%04:06 [29]. DRB1*04:05 allele in-
crease was also observed in the current study. Interestingly,
Tsang et al. [30] reported that some patients with ICI-T1DM
possessed T1DM-protective HLA-DRBI alleles. de Filette et al.
[31] mentioned that in addition to the genotypes susceptible to
TIDM/F1DM (such as DR3, DR4, or DRY), protective ones
were also seen in patients with ICI-TIDM. From these reports,
it is speculated that ICI-T1DM may constitute a distinct patho-
physiologic entity from TIDM/F1IDM. HLA-DRB1*15:01-
DQB1*06:02 was more frequently seen in ICI-controls than in
controls in the general population (Supplemental Table S13).
Although the reason is unclear, considering that the haplotype is
generally scarce [17], a certain association of HLA with the oc-
currence of malignancies was suggested.

Notably, HLA-DPB1*02:01 was shown to confer disease
susceptibility to childhood-onset TIDM in a Japanese popula-
tion [32], and HLA-DPA1*01:03-DPB1*03:01/%02:02 has been
reported to be associated with susceptibility to TIDM in Cauca-
sians [33]. These alleles and haplotypes were not associated
with ICI-T1DM in the current study. The predominance of the
HLA-DPA1*02:02-DPB1*05:01 haplotype in ICI-T1DM is
therefore a unique finding, and these alleles and haplotypes may
have a critical role in disease promotion. HLA-DPB1*05:01 al-
lele is also one of the risk alleles in Graves’ disease in the Japa-
nese population [34].

We could not confirm the increase of HLA-C*01:02-related
haplotypes such as HLA-C*01:02-DRB1*04:05-DQB1*04:01-
DPB1*05:01 because of the difficulty of haplotype identifica-
tion. Therefore, it is unclear that whether the increase in HLA-
C*01:02 is due to its related haplotypes or other factors.

The most well-known role of the HLA molecule is to bind
and present epitopes to pathogenic T-cells [35]. Autoantigen
epitope peptides are presented with HLA on the surface of anti-
gen-presenting cells in autoimmune diseases [35].

Pancreatic beta-cell autoantigen, as well as tumor-associated
antigen/neoantigen, could be presented with HLA on the surface
of antigen-presenting cells [4,6,8,35]. We speculate that autoim-
mune disease-predisposing HLA may also be involved with
malignant diseases. The HLA alleles and haplotypes identified
in the current study may be useful for the prediction of ICI-
T1DM. Yoneda et al. [36] investigated the pancreas of a patient
with renal cell carcinoma who developed T1DM with ICI treat-
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ment. Infiltration of CD8+ T-cells in the pancreas was found,
and it was concluded that the low levels of PD-L1 expression in
the pancreatic islet might be associated with beta-cell injury
[36]. Importantly, antibodies such as an anti-glutamic acid de-
carboxylase antibody or anti-insulin antibody are often unde-
tectable in patients with ICI-T1DM, possibly reflecting acute
damage of beta cells, as in the current study [30]. The develop-
ment of anti-insulin autoantibodies in patient 6 and elevation of
serum AMY in two patients suggest that autoimmunity and/or
inflammation may be involved in the development of ICI-
T1DM.

Although the sample size was small and the comparisons were
relative, the results of cytokine/chemokine measurements were
interesting. Th2 cytokines (IL-4, IL-5, and IL-13) have been re-
ported to be protective for the development of TIDM [37]. The
decrease in Th2 cytokines at the onset of ICI-T1DM in the cur-
rent study is consistent with previous findings in TIDM. Thl
cytokines (IFN-y) have been reported to be associated with in-
ducing T1DM, but also with suppressing diabetogenic CD8+ T-
cells [37]. Although Thl functions are known to be predominant
in the development of T1DM [37], the decrease in Th1 cytokines
in the current study might therefore uniquely contribute to the
development of ICI-T1DM; however, the pathogenic signifi-
cance is unclear. Purohit et al. [38] reported that the levels of se-
rum IL-8, IL-1Ra, MCP-1, and MIP1-B decreased in patients
with TIDM. The decreased serum IL-8 level and the unchanged
levels of MCP-1, and MIP1-f at the onset in the two patients
suggest specific cytokine/chemokine profiles in ICI-T1IDM. In
comparison to the earlier study on the cytokine/chemokine in the
development of thyroid irAE [7], the levels of IL-1, IL-2, IL-8,
G-CSF, GM-CSF, and MCP-1 slightly changed or remained un-
changed between baseline and 3 weeks after ICI treatment;
therefore, the alterations of cytokine/chemokine in ICI-T1DM
seemed to be different from those in thyroid irAEs.

Hong et al. [39] reported four patients with ICI-T1DM. They
showed that all patients showed antitumor responses after ICI
therapy, which is consistent with our results. Due to the small
sample size because of the rarity of this disorder, protective al-
leles, such as DRB1*15:01, in TIDM could not be identified in
ICI-T1DM [24], and it is still unclear how each HLA risk allele
and the corresponding haplotypes contribute to the development
of ICI-T1DM. Moreover, statistical techniques such as multiple
regression analysis to identify the association of the HLA risk
alleles and haplotypes with blood biomarkers could not be con-
ducted because of the insufficient number of patients. Further
investigations with a greater number of cases are required to
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clarify the precise mechanisms, biomarkers, and correlations
with antitumor activities in ICI-T1DM.

In conclusion, novel susceptible HLA alleles and haplotypes
to ICI-T1DM were identified. HLA typing in combination with
peripheral blood markers may be utilized as biomarkers in ICI-
T1DM.
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