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Abstract

Purpose Isolated adrenocorticotropic hormone deficiency is a rare disease; however, since immune check point inhibitors
(ICIs) have become widely used, many more cases have been reported. In this study, we compared the human leukocyte
antigen (HLA) signatures between ICI-induced isolated adrenocorticotropic hormone deficiency (IAD) and idiopathic IAD
(IIAD).

Design and methods: Clinical features and HLA frequencies were compared among 13 patients with ICI-induced IAD, 8
patients with ITAD, and healthy controls. HLA frequencies of healthy controls were adopted from a HLA database of Japa-
nese population.

Results Age and body mass index were higher, while the rate of weight loss was lower, in patients with ICI-induced IAD
than in those with IIAD. No HLA alleles had a significantly higher frequency in patients with ICI-induced IAD than in
healthy controls, whereas the frequencies of HLA-DRB1*09:01, HLA-DQA1*03:02, and DQB1*03:03 were significantly
higher in patients with IIAD than in healthy controls.

Conclusions ICI-induced IAD and ITAD were different in terms of HLA frequencies. There were no specific HLAs related
to ICI-induced IAD, whereas several HLAs in strong linkage disequilibrium were associated with IIAD. This might sug-
gest that the two diseases have different pathological mechanisms. HLAs unique to IIAD may be helpful in predicting its
pathophysiology.
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Introduction

Immune check point inhibitors (ICIs) block cytotoxic
T-lymphocyte antigen 4 (CTLA-4), programmed cell death
protein 1 (PD-1), or programmed cell death protein ligand 1
(PDL-1) to induce an immune system attack on cancer cells.
Now that ICIs are widely used in a variety of cancer thera-
pies, immune-related adverse events (irAEs) have become
problematic and cannot be ignored. IrAEs may occur in
any organ or tissue in the body, but the skin, intestines, and
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endocrine system, including the pituitary, adrenal glands,
thyroid, pancreas, and parathyroid gland, are targeted most
frequently [1, 2].

Hypophysitis caused by ICIs is most common after anti-
CTLA-4 antibody treatment, with a prevalence of 3.2-13%
[3, 4], and is less common after anti-PD-1 or PDL-1 anti-
body treatment, with a prevalence of 0.1-0.5% [4, 5].
Among the pituitary hormone disorders, adrenocortico-
tropic hormone (ACTH) deficiency is clinically important
as it must be treated immediately. ACTH deficiency in the
absence of ICI treatment usually occurs in pituitary disease
accompanied by other pituitary deficiencies [6]. Isolated
ACTH deficiency (IAD) is very rare and caused by lympho-
cytic hypophysitis [7], Sheehan’s syndrome, radiotherapy
[8], traumatic brain injury [9], subarachnoid hemorrhage
[10], or mutations in the T-box transcription factor [11] or
proopiomelanocortin [12] genes. Idiopathic IAD (ITAD) is
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diagnosed after excluding these secondary ACTH deficien-
cies, and the prevalence of acquired IIAD is 3.8-7.3 per
100,000 [13]. Due to the rare cases, the pathophysiology of
ITAD has not been fully elucidated, but it has been shown to
be associated with autoimmune disease [14]. Some specific
human leukocyte antigens (HLAs) increase susceptibility
to developing certain autoimmune diseases [15]. However,
there are few reports of a link between IIAD and HLA. We
investigated the relevance of HLAs in ICI-induced IAD and
1IAD.

Subjects and methods
Patients

The study was approved by the Nippon Medical School and
Faculty of Medicine Ethics Committee (no. 30-03-1098)
and was conducted in accordance with the principles of
the Declaration of Helsinki. We obtained informed consent
from all individual participants in the study.

Sixteen patients developed pituitary hormone deficien-
cies after treated with ICIs for cancer during the study reg-
istration period. Three out of 16 patients were excluded as
they had not only ACTH deficiency but also complicated
with other pituitary hormone deficiencies. The remain-
ing thirteen patients who developed hypophysitis as iso-
lated ACTH deficiency after being treated with ICIs was
expressed as ICl-induced IAD in this study. Those 13
patients with ICI-induced IAD and eight patients with
acquired ITAD at our institution from 2014 to 2021 were
enrolled in the study. Cases of ICI-induced IAD during a
clinical trial were excluded.

In the group of ICI-induced IAD, there were five patients
who received a combination therapy of Nivolumab and Ipil-
imumab. In general, Ipilimumab causes a hypophysitis with
not only ACTH but multiple pituitary hormone deficiencies.
We evaluated pituitary functions of these patients as follows
and confirmed that only ACTH was affected. Therefore,
those five patients which received a combination therapy
were included in this study.

Pituitary hormone evaluation

The patients underwent baseline hormone evaluations.
Overt ACTH deficiency was defined as a morning cortisol
level below 4 pg/dL without elevated ACTH or as a peak
cortisol level below 18 pg/dL in an ACTH or corticotropin-
releasing hormone test (100 pg administration). Central
hypothyroidism was diagnosed based on a low free thyrox-
ine level with a normal or low thyroid stimulating hormone
level. Hypogonadotropic hypogonadism was diagnosed
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in premenopausal women with irregular menstruation or
amenorrhea, after confirming normal serum gonadotro-
pin, estradiol, and prolactin levels to exclude hyperprolac-
tinemia or ovarian disease, and in postmenopausal women
with a low estradiol level but without a sufficiently elevated
gonadotropin level. In men, hypogonadotropic hypogonad-
ism was defined as a low serum testosterone level without an
elevated gonadotropin level. Thyroid stimulating hormone
and PRL responses on a thyrotropin releasing hormone test,
and luteinizing hormone and follicle-stimulating hormone
responses on a luteinizing hormone-releasing hormone test,
were also referenced if available. Severe GH deficiency was
defined as a peak GH level below 9 ng/mL, determined by
a growth hormone releasing peptide-2 test [16]. PRL defi-
ciency was diagnosed when the PRL level was below 1.5
ng/mL on several days.

Clinical characteristics

Sex, age, BMI, symptoms, hyponatremia (serum sodium
level<135 mEqg/L), hypoglycemia (blood glucose
level <70 mg/dL), eosinophilia (eosinophil/white blood
cell count>7%), pituitary MRI, and levels of anti-pituitary
antibody, anti-thyroperoxidase antibody (positive at >16.0
IU/mL), anti-thyroglobulin antibody (positive at >28.0 TU/
mL), antinuclear antibody (positive at > 1:40), and immuno-
globulin G4 (positive at > 135 mg/dL) levels were evaluated
in the ICI-induced IAD and IIAD groups. An anti-pituitary
antibody assay (SRL, Inc, Tokyo, Japan) was established
using the biotin/avidin system with rat pituitary glands [17].

HLA genotyping

The HLA-A, B, C, DRB1, DRB3/4/5, DQA1, DQBI,
DPALI, and DPBI alleles were genotyped using next-gener-
ation sequencing using a MiSeq system (Illumina, Inc. San
Diego CA, USA) with HLA typing Kit (Scisco Genetics,
Inc. Seattle WA, USA) at HLA Laboratory, Kyoto, Japan.
The HLA alleles in this study were compared with those
from a database of a healthy Japanese population [18, 19].

Statistical analysis

Continuous variables are expressed as means + standard
deviation. Differences between groups were assessed using
the nonparametric Wilcoxon rank sum test for continuous
data and Fisher’s exact test for categorical data, and dif-
ferences were considered significant at p <0.05. Statistical
analyses were performed using JMP, version 14.1.0 (SAS
Institute, Cary, NC, USA).
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Results
Characteristics of patients with ICl-induced IAD

The characteristics of the 13 patients who developed ICI-
induced IAD are summarized in Table 1. Five patients

Table 1 Characteristics of patients with ICI-induced ACTH deficiency

(four males and one female) with non-small cell lung can-
cer received pembrolizumab or atezolizumab. Four male
patients with kidney cancer received nivolumab mono-
therapy or nivolumab plus ipilimumab. Two patients (one
male and one female) with melanoma received nivolumab
plus ipilimumab. One male patient with bladder cancer

Age Sex Cancer type ICI (no. of courses) Endocrine disorder
1 63 M NSCLC Pem (39) ACTH
2 70 M NSCLC Pem (2) ACTH, Primary hypothyroid
3 71 F NSCLC Ate (59) ACTH, Primary hypothyroid
4 77 M NSCLC Pem (14) ACTH
5 78 M NSCLC Pem (10) ACTH
6 56 M KC Niv (13) ACTH
7 57 M KC Niv (4), Ipi (4) ACTH
8 71 M KC Niv (5), Ipi (4) ACTH
9 85 M KC Niv (8), Ipi (4) ACTH
10 72 F MM Niv (3), Ipi (3) ACTH
11 83 M MM Niv (5), Ipi (4) ACTH, TIDM
12 78 M BC Pem (10) ACTH
13 66 M NC Pem (9) ACTH

NSCLC: Non-small cell lung cancer, MM: Melanoma, BC: Bladder cancer, KC: Kidney cancer, NC: Nasal cancer, Pem: Pembrolizumab,
Niv: Nivolumab, Ipi: Ipilimumab, Ate: Atezolizumab, ACTH: adrenocorticotropic hormone, TIDM: Typel diabetes

Table 2 Clinical characteristics of patients ICl-induced IAD 1IAD p-value
with ICI-induced IAD versus IIAD (n=13) (n=8)
Sex (Male/Female) 1172 4/4 0.146
Age 71.3+9.1 57.8+11.4 0.007
BMI 20.9+3.8 17.9+2.6 0.032
Symptom
anorexia 12 6 0.531
fatigue 9 5 1.000
nausea 3 3 0.631
fever 2 2 0.618
diarrhea 1 1 1.000
weight loss 3 6 0.032
disturbance of consciousness 1 1 1.000
Hyponatremia 6 4/7 1.000
Hypoglycemia 4 2/7 1.000
Eosinophilia 5 0/7 0.114
Anti-pituitary Ab positivity 177 0/5 1.000
TPOAD positivity 2 0 0.505
Hyponatremia: sodium level <135 mEq/L, TgAb positivity 4 0 0.131
Hypoglycemia: blood glucose level <70 mg/  ANA positivity 1 0 1.000
dL, Eosinophilia: eosinophil/white blood  1gG4 positivity 2 0 0.505

cell count>7%, TPOAb: anti-thyroperox- Pituitary MRI
idase antibody (positive at >16.0 IU/mL),

TgAb: anti-thyroglobulin antibody (positive n}(l) rmil
at >28.0 IU/mL), ANA: anti-nuclear anti- shrunken
body (positive at >1:40), IgG4: immuno- enlarged

globulin G4 (positive at > 135 mg/dL)
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received pembrolizumab. One male patient with nasal can-
cer received pembrolizumab. The median number of ICI
courses before the development of ACTH deficiency was
9 [3.5-13.5, (25-75%)]. Endocrine disorders other than
ACTH deficiency included two cases of primary hypothy-
roidism and one case of type 1 diabetes.

Clinical characteristics of patients with ICl-induced
IAD versus IIAD

The clinical characteristics of the 13 patients with ICI-
induced IAD and 8 patients with [TAD were compared
(Table 2). Age (71.3£9.1 vs. 57.8+11.4 years, p=0.007)
and BMI (20.9+3.8 vs. 17.9+2.6, p=0.032) were higher
in the ICI-induced IAD group than the IIAD group. In terms
of ACTH deficiency symptoms, weight loss occurred less
frequently in the ICI-induced IAD group than the IIAD
group (3/13 vs. 6/8, p=0.032). Other symptoms such as
anorexia, fatigue, nausea, diarrhea, and disturbance of con-
sciousness were not significantly different between the two
groups. In the blood analysis, the ICI-induced IAD and
ITAD groups did not differ in the frequency of hyponatre-
mia (6/13 vs. 4/7, p=1.00), hypoglycemia (4/13 vs. 2/7,
p=1.000), or eosinophilia (5/13 vs. 0/7, p=0.114). In the
immunological examination, cases of anti-pituitary anti-
body (1/7), anti-thyroperoxidase antibody (TPOADb) (2/13),
antithyroglobulin antibody (TgAb) (4/13), antinuclear anti-
body (ANA) (1/13), and immunoglobulin G4 (IgG4) (2/13)
positivity were detected in the ICI-induced IAD group. On
the other hand, none of the patients in the I[TAD group were
positive for any of these markers. Pituitary MRI examina-
tion revealed that in the ICI-induced IAD group, one patient
(patient No. 3 in Table 1) had a shrunken pituitary, one other
patient (patient No. 8 in Table 1) had an enlarged pituitary,
while the other 11 patients had normal pituitaries. In the
ITAD group, one patient had a shrunken pituitary, another

Table 3 HLA allele frequencies in the ICI-induced IAD and ITAD groups

patient had an enlarged pituitary, and the other six patients
had normal pituitaries.

HLA allele frequencies in ICl-induced IAD patients,
IIAD patients, and healthy controls

The HLA alleles with higher frequencies in the ICI-induced
IAD group than in the IIAD group are shown in Table 3.
In the ICI-induced IAD group, no alleles had significantly
higher frequencies compared with the healthy controls. On
the other hand, the frequencies of HLA-DRB1*09:01 (87.5%
(7/8) vs. 26.6%, p<0.001), HLA-DQA1*03:02 (87.5%
(7/8) vs. 26.8%, p<0.001), and DQB1*03:03 (87.5% (7/8)
vs. 28.7% p=0.001) were significantly higher in the IIAD
patients than in healthy controls. Compared with the ICI-
induced IAD group, the IIAD group had significantly higher
frequencies of HLA-DRB1%*09:01 (3/13 vs. 7/8, p=0.008),
HLA-DQA1*03:02 (3/13 vs. 7/8, p=0.008), DQB1*03:03
(3/13 vs. 7/8 p=0.001) and HLA-DPA1*02:02 (7/13 vs. 8/8
p=0.046).

Discussion

In this study, we investigated the characteristics of patients
with ICI-induced IAD or IIAD and their relationships with
HLA allele frequencies. Patients in the ICI-induced IAD
group were older, had a higher BMI, and less frequently suf-
fered from weight loss. This might be because all patients in
the ICI-induced IAD group had cancer and attended a hos-
pital to receive ICI therapy regularly; therefore, they were
diagnosed earlier compared with the IIAD patients.

There were no differences in the frequency of hyponatre-
mia, hypoglycemia, or eosinophilia, or in the positive rate
of immunological examinations we measured (i.e. TPOAD,
TgAb, ANA, IgG4), between the two groups. IIAD has a

Controls (n=18,604) ICI-induced IAD (n=13) IIAD (n=8) IClI-induced IAD vs. IIAD
HLA prevalence n p-value n p-value p-value
A*24:02 59.7% 10 0.271 6 0.493 1.000
B*52:01 21.6% 5 0.171 2 0.685 0.656
C*12:02 21.0% 5 0.164 2 0.677 0.656
DRB1*15:02 20.1% 5 0.155 2 0.666 0.656
DRB1*09:01 26.6% 3 1.000 7 <0.001 0.008
DQA1*01:03 34.7% 6 0.393 2 0.722 0.926
DQA1%*03:02 26.8% 3 1.000 7 <0.001 0.008
DQB1*06:01 34.5% 6 0.391 2 0.722 0.926
DQB1*03:03 28.7% 3 0.769 7 0.001 0.008
DPA1%02:02 68.1% 7 0.370 8 0.062 0.046
DPB1*05:01 62.1% 5 0.092 7 0.272 0.067
DPB1%*09:01 18.9% 5 0.083 2 0.651 0.656

Controls: healthy Japanese population (ref. 18,19)
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close association with autoimmune disease, but no patients
in the IIAD group were positive for autoimmune antibodies.
Regarding previous autoimmune diseases, one patient had
a medical history of Schoenlein—Henoch purpura. A study
from Poland revealed that 73% of 151 IIAD patients had
autoimmune disease and/or thyroid antibodies [20]. On the
other hand, only 12.6% of 103 Japanese patients with [IAD
were positive for antithyroid antibodies [21], which was no
higher than the prevalence in the healthy Japanese popula-
tion. Whether this difference was due to the different eth-
nicities of the study groups was not elucidated.

In this study, no alleles were statistically more frequent in
the ICI-induced IAD group than in healthy controls. Inaba
et al. reported that HLA-DQB1*06:01, DPB1*09:01, and
DRB5*01:02 increase the susceptibility to ACTH defi-
ciency induced by anti-PD-1 therapy [22]. Furthermore,
patients with pituitary irAEs had significantly increased
frequencies of HLA-DR15, B52, and Cwl12, as reported
by Yano et al. [23], and of HLA-Cw12, DR15, DQ7, and
DPw9, as reported by Kobayashi et al. [24]. Some of these
HLA alleles tended to be more prevalent in our ICI-induced
IAD group than in healthy controls, but not significantly so
(HLA-B*52:01 (serotype B52): 38.5% (5/13) vs. 21.6%,
p=0.171; HLA-C*12:02 (serotype Cwl12): 38.5% (5/13)
vs. 21.0%, p=0.164; HLA-DRB1*15:02 (serotype DR15):
38.5% (5/13) vs. 20.1%, p=0.155; and HLA-DPB1%*09:01
(serotype DPw9): 38.5% (5/13) vs. 18.9%, p=0.083). These
HLA alleles are more prevalent in the Japanese population.
Furthermore, the study populations of the abovementioned
studies were small (8 patients in [22], 11 patients in [23],
and 17 patients in [24]), and the type of ICI used differed
among the studies. In addition, Kobayashi et al. recruited
a unique control population comprising only 40 patients
without pituitary irAEs who received ICI treatment; this
also might have affected the results. Inaba et al. analyzed
HLA allele frequencies using a direct counting method, in
contrast to HLA prevalences as in this study; however, the
use of their method would not have changed our results.

Although the pathogenesis of pituitary irAEs remains
unknown, CTLA-4 is expressed in the human pituitary
gland at different levels, and an autopsy study showed that
anti-CTLA-4 therapy can lead to type II and IV immune
mechanisms in pituitaries expressing high levels of CTLA-4
[25]. PDL-1 expression has been detected in human pitu-
itary tumors [26], but whether such tumors express PDL-2
or PD-1 is unknown. Another study reported that ICI ther-
apy using antibodies targeting CTLA-4, PD-1, and PDL-1
resulted in uncontrollable type 2 macrophages and depletion
of regulatory T cells, thereby inducing pituitary irAEs [27].
Further studies are necessary to clarify whether these patho-
logical mechanisms are related to HLA allele frequencies.

The frequencies of HLA-DRB1*09:01, DQA1*03:02,
and DQB1*03:03 were significantly higher in the IIAD
group than in healthy controls in this study. Inaba et al.
also showed significantly increased frequencies of HLA-
DRB1*09:01 and DQBI1*03:03 in IIAD patients [22].
DRB1*09:01 and DQB1*03:03 are associated with acute-
onset type 1 diabetes [28, 29] and autoimmune polyglan-
dular syndrome type III (thyroid autoimmunity plus other
autoimmune diseases or type 1 diabetes excluding Addi-
son’s disease) [30] in the Japanese population. Regarding as
Type 1 diabetes, Miyadera et al. reported that the instability
of HLA-DQ protein mediates the development of autoim-
mune disorders, analyzing the level of cell-surface MHC
(major histocompatibility complex) density of HLA-DQ
proteins [31]. This may have some common features with
ITAD mechanisms. It must be taken into consideration that
DRB1*09:01 is the most common DRBI allele in Japa-
nese population and in strong linkage disequilibrium with
DQA1%*03:02, and DQB1*03:03. Although this haplotype
was expected to increase in the IIAD group, those findings
were still observed significantly higher frequency in the
ITAD group than ICI-induced IAD group, suggesting that
the two groups might have different characteristics.

A study by Heaney et al. reported that lymphocytic
hypophysitis was associated with HLA-DQS8 and HLA-
DR53 in European and Asian ethnicities [32]. The frequen-
cies of these HLA alleles were not increased in either the
ICI-induced IAD or ITAD group, compared with the healthy
controls, in this study. However, our results could not be
compared with those of Heaney et al. because of ethnic dif-
ferences between the study populations. Since HLA preva-
lence depends on ethnicity, a strength of this study was
evaluation of patients with the same ethnicity.

This study has some limitations. First, the sample sizes
of the ICI-induced IAD and ITAD groups were small due to
the rarity of each disease. Further investigations of the rel-
evance of HLA alleles in ACTH deficiency in larger study
populations are necessary. Second, patients were treated
with monotherapy or combination therapy consisting of
anti-PD-1, anti-PDL-1, or anti-CTLA-4, and the mecha-
nisms of each agent in pituitary irAE development might
differ; therefore, it is ideal to evaluate each therapy indi-
vidually to clarify the differences in HLA allele frequencies
among these therapies. Third, the control group was healthy
Japanese individuals, differing from the ICI-induced IAD
patients, all of whom had cancer. Although examination
of HLA allele frequencies in cancer patients who did not
develop ICI-induced IAD as the control population is ideal,
this is ethically difficult and almost impossible to recruit
such individuals.

In conclusion, ICI-induced IAD and ITAD were differ-
ent in terms of HLA frequencies. No specific HLAs were
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correlated with ICI-induced IAD, whereas several HLAs
in strong linkage disequilibrium (HLA-DRB1*09:01,
HLA-DQA1*03:02, and DQB1*03:03) were associated
with ITAD. This may suggest differences in the pathologi-
cal mechanisms between the two diseases. HLAs unique to
ITAD may be helpful in predicting its pathophysiology.
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