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ABSTRACT
Background Pituitary dysfunction is a life- threatening 
immune- related adverse event (irAE) induced by immune 
checkpoint inhibitors (ICIs). To date, it is not possible to 
identify patients who may develop pituitary irAEs prior to 
ICI treatment. The aim of this study was to characterize the 
predisposition for ICI- induced pituitary irAEs by analyzing 
anti- pituitary antibodies (APAs) and human leukocyte 
antigens (HLAs).
Methods In this case–control study, APAs and HLA alleles 
were analyzed in 62 patients (17 who developed ICI- 
induced isolated adrenocorticotropic hormone deficiency 
(ICI- IAD), 5 who developed ICI- induced hypophysitis 
(ICI- H) and 40 who did not develop pituitary irAEs) treated 
with ICIs between November 2, 2015, and March 31, 
2020, at Nagoya University Hospital. The main outcome 
measures in this study were the association between the 
development of pituitary irAEs with APAs at baseline and 
after treatment and HLA alleles.
Results Eleven of 17 (64.7%) patients who developed 
ICI- IAD had APAs at baseline, whereas APAs were positive 
only in 1 of 40 (2.5%) control patients. Although APAs 
were negative at baseline in all patients who developed 
ICI- H, they had become positive before the onset of 
ICI- H in 3 of 4 patients several weeks after ipilimumab 
administration. At the onset of ICI- IAD and ICI- H, APAs 
were positive in 15 of 17 (88.2%) and 4 of 5 (80%) 
patients, respectively. The prevalence of HLA- Cw12, HLA- 
DR15, HLA- DQ7, and HLA- DPw9 was significantly higher 
in patients with ICI- IAD, whereas that of HLA- Cw12 and 
HLA- DR15 was significantly higher in patients with ICI- H 
than in controls.
Conclusions This study showed distinct and overlapped 
patterns of APAs and HLA alleles between ICI- IAD and 
ICI- H. Our findings also showed that positive APAs at 
baseline and after treatment, together with susceptible 
HLA alleles, could become predictive biomarkers for ICI- 
IAD and ICI- H, respectively.
Trial registration number UMIN000019024.

BACKGROUND
Immune checkpoint inhibitors (ICIs), 
including anti- cytotoxic T- lymphocyte antigen 
4 (CTLA-4), anti- programmed cell death-1 
(PD-1), and anti- programmed cell death-1 
ligand 1 antibodies, have been applied for 
several advanced malignancies.1 However, 
ICIs can cause adverse events, termed 
immune- related adverse events (irAEs), 
including pneumonitis, skin toxicities, colitis, 
and endocrine dysfunction.2 3 There are 
two different types of pituitary irAEs, that 
is, isolated adrenocorticotropic hormone 
(ACTH) deficiency (IAD) without pituitary 
enlargement and hypophysitis with deficiency 
of multiple anterior pituitary hormones 
accompanied by pituitary enlargement.4 5 
IAD can be induced by either anti- CTLA-4 or 
anti- PD-1 antibodies, whereas hypophysitis is 
mainly induced by anti- CTLA-4 antibodies.4 6 7 
Although immune responses to the pituitary 
glands have been implicated in the pathogen-
esis of pituitary irAEs,8 9 the specific mecha-
nisms remain unclear.

Anti- pituitary antibodies (APAs), measured 
by indirect immunofluorescence (IIF), are 
a surrogate marker of the presence of auto-
immunity against pituitary glands10 and are 
detected with a higher frequency in cases of 
some pituitary diseases, particularly biopsy 
proven hypophysitis.11 Although APAs are 
negative at baseline, one study showed that 
APAs became positive at the onset of ipili-
mumab (anti- CTLA-4 antibody)- induced 
hypophysitis in all patients examined.9 In 
addition, APAs can be detected at the onset 
of IAD induced by combination therapy 
with nivolumab (anti- PD-1 antibody) and 
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ipilimumab.12 Although these data indicate that APAs can 
become positive after the onset of ICI- induced IAD or 
hypophysitis, it remains unclear whether APAs are detect-
able before the onset of pituitary dysfunction.

Specific human leukocyte antigen (HLA) variants can be 
used as a marker of autoimmune diseases. Recent studies 
have shown that the frequencies of HLA- DQB1*06:01, 
HLA- DPB1*09:01, and HLA- DRB5*01:02 are higher in 
cases of anti- PD-1 antibody- induced IAD compared with 
those in healthy controls from a database of Japanese 
individuals.13 Another study reported that the frequen-
cies of HLA- DR15, HLA- B52, and HLA- Cw12 were higher 
in patients with pituitary irAEs, including both hypoph-
ysitis and IAD, compared with those in healthy controls 
from a database of Japanese individuals.14 However, it is 
unclear whether the susceptible HLA alleles are different 
between ICI- induced IAD and hypophysitis.

Because pituitary irAEs are almost always accompa-
nied by ACTH deficiency, which is life- threatening,8 it 
may be ideal to identify patients with a risk of pituitary 
irAEs before the initiation of ICI treatment. Accordingly, 
in this study, we aimed to examine whether APAs were 
present before the onset of pituitary irAEs and to analyze 
susceptible HLAs in patients with ICI- induced IAD and 
hypophysitis.

METHODS
Patients
To determine whether APAs and/or HLA haplotypes 
were associated with ICI- induced pituitary irAEs, we 
reviewed the clinical records of all patients who had 
received ICI treatment between November 2, 2015, and 
March 31, 2020, at Nagoya University Hospital and iden-
tified 17 patients with ICI- induced IAD and 5 patients 
with ICI- induced hypophysitis. The patients were consec-
utively enrolled in our prospective study population, as 
reported previously.4 15 16 As controls, 40 patients without 
pituitary irAEs who had received ICIs from November 2, 
2015, to April 30, 2019, were enrolled such that the ratios 
of malignancy type and drug usage were similar to those 
in patients with pituitary irAEs.

Clinical assessments
Each endocrine irAE was defined according to the Japan 
Endocrine Society clinical guidelines for endocrine 
irAEs.17 At the onset of pituitary irAEs, all patients under-
went MRI scans and detailed assessment of anterior pitu-
itary function using loading tests, as described previously.4 
IAD was defined based on impaired responses of ACTH 
to corticotropin- releasing hormone without deficiencies 
in other anterior pituitary hormones. The cut- off for the 
diagnosis of ACTH deficiency was a decreased peak serum 
cortisol level (<18 µg/dL) and an impaired response of 
ACTH (less than twofold of baseline) in corticotropin- 
releasing hormone loading tests (intravenous injection of 
100 µg human corticorelin)18 performed in the morning. 
Hypophysitis was defined based on findings of pituitary 

enlargement and deficiencies in multiple anterior pitu-
itary hormones. IrAEs other than endocrine dysfunc-
tion, as reported in the guideline,19 were diagnosed 
by attending physicians and subjected to analysis if the 
grade was higher than 1. All irAEs were monitored and 
graded using Common Terminology Criteria for Adverse 
Events(CTCAE) V.5.0 criteria. Sixteen patients with pitu-
itary irAEs and 33 patients without pituitary irAEs were 
included in our previous study, in which we analyzed the 
clinical characteristics of pituitary irAEs.4

APAs
The presence of serum APAs was tested at baseline in 
all patients enrolled (n=62) and at the onset of pituitary 
irAEs in the 22 patients. In four of five patients who devel-
oped hypophysitis following ipilimumab administration, 
serum samples collected 2–3 weeks before onset were 
also tested for the presence of APAs. As controls, serum 
samples collected 12 weeks after the initiation of ipilim-
umab were tested for APAs in six patients with malignant 
melanoma (MM) without pituitary irAEs. We used IIF of 
human pituitary gland substrates to assess the presence 
and cell specificities of serum APAs, as described previ-
ously.11 20 Human pituitary glands were obtained from 
the autopsy laboratory in Nagoya University Hospital. 
The primary and secondary antibodies used in this study 
are shown in online supplemental table S1. Images were 
obtained with a BZ-9000 microscope (Keyence, Osaka, 
Japan).

HLA genotyping
HLA alleles in HLA- A, HLA- B, HLA- C, HLA- DRB1, HLA- 
DQB1, and HLA- DPB1 were genotyped using a Luminex 
system with WAKFlow HLA typing kits (Wakunaga Phar-
maceutical, Hiroshima, Japan) at GenoDive Pharma 
(Kanagawa, Japan). HLA- Cw12, HLA- Cw14, HLA- DPw9, 
HLA- DPw13, and HLA- DPw14 are provisionally named 
antigens that are not serologically recognized by WHO 
Nomenclature Committee (http:// hla. alleles. org/ 
nomenclature/).

Statistical analysis
Continuous variables of patient characteristics are 
expressed as means±SDs. Differences among continuous 
variables were tested for significance with two- sample 
t- tests. Values of nominal variables were compared using 
Fisher’s exact tests. All statistical tests were two- sided, and 
significance was defined as a p value less than 0.05. All 
statistical analyses were performed with IBM SPSS Statis-
tics V.27.

RESULTS
Patient characteristics
The clinical features of 17 patients with ICI- induced IAD, 
5 patients with ICI- induced hypophysitis, and 40 control 
patients without pituitary irAEs are shown in table 1. IAD 
occurred in nine patients with MM, five patients with 
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non- small cell lung carcinoma, two patients with renal 
cell carcinoma (RCC), and one patient with head and 
neck cancer. Among 17 patients with IAD, 13 developed 
IAD during anti- PD-1 antibody therapy (nivolumab or 
pembrolizumab), 3 developed IAD during ipilimumab 
therapy, and 1 developed IAD during combination 
therapy with ipilimumab and nivolumab. Hypophysitis 
occurred in four patients with MM and one patient with 
RCC. Among the five patients with hypophysitis, three 
developed hypophysitis during ipilimumab therapy and 
two developed hypophysitis during combination therapy 
with ipilimumab and nivolumab. Two patients with 
hypophysitis and four control patients, but no patients 
with IAD, had a history of prior ICI usage. There were no 
differences in the prevalence of anti- thyroid antibodies 
(anti- thyroid peroxidase antibody or anti- thyroglobulin 
antibody) at baseline or the occurrence rates of thyroid 
irAEs and non- endocrine irAEs between patients with 
IAD and controls. There were also no differences in the 
above variables between patients with hypophysitis and 
controls.

Prevalence of serum APAs at baseline in patients with and 
without ICI-induced IAD
APAs were positive at baseline in 11 of 17 patients with 
IAD, but in only 1 of 40 control patients and in none 
of the patients with hypophysitis (table 2 and online 

supplemental table S2). Representative images of IIF anal-
yses in patients with IAD, hypophysitis, and no pituitary 
irAEs are shown in figure 1A–C. The prevalence of APAs 
at baseline was significantly higher in patients with IAD 
than in control patients (64.7% (11/17) in patients with 
IAD vs 2.5% (1/40) in controls, p<0.05, table 2). Positive 
APAs at baseline had high specificity (97.5%, 39/40) and 
positive predictive value (91.7%, 11/12) for the diagnosis 
of ICI- induced IAD.

APAs before the onset of hypophysitis
APAs were examined in sera collected from four patients 
before the onset of hypophysitis and from six patients 
with no pituitary irAEs 12 weeks after the initiation of 
ipilimumab as a control. APAs became positive 6–9 weeks 
after initiation of ipilimumab (2–3 weeks before onset) in 
patients with ICI- induced hypophysitis but not in controls 
(75% (3/4) vs 0% (0/6), p<0.05, table 3), suggesting 
that positive changes in APAs preceded the onset of 
hypophysitis.

APAs at the onset of pituitary irAEs
APAs were positive in 15 of 17 patents who developed 
IAD at the onset of pituitary irAEs: 11 who had positive 
APAs at baseline remained positive, while 4 became posi-
tive after the onset of treatment. In the four patients who 

Table 1 Patient characteristics

Control IAD Hypophysitis

Total number   40   17    5

Malignancy        

  MM   24   9    4

  NSCLC   10   5    0

  RCC   4   2    1

  HN   2   1    0

Drugs        

  Ipi   10   5    3

  Niv   21   9    2

  Pem   15   11    1

  Ipi+Niv   5   1    2

  Ate   0   1    0

History of prior ICIs   4   0    2

Positive TPOAb or TgAb at 
baseline

  13   3    1

Thyroid irAEs   6   1    4

Non- endocrine irAEs (≥G2)   14   6    4

ACTH, adrenocorticotropic hormone; Ate, atezolizumab; HN, head 
and neck cancer; IAD, isolated ACTH deficiency; ICIs, immune 
checkpoint inhibitors; Ipi, ipilimumab; irAE, immune- related 
adverse event; MM, malignant melanoma; Niv, nivolumab; NSCLC, 
non- small cell lung carcinoma; Pem, pembrolizumab; RCC, renal 
cell carcinoma; TgAb, anti- thyroglobulin antibody; TPOAb, anti- 
thyroid peroxidase antibody.

Table 2 Anti- pituitary antibodies by IIF on human pituitary 
substrate

Control
N=40

IAD
N=17

Hypophysitis
N=5

Pre APA (+) 1 11*   0

  Type of cell   

  ACTH 1/1 11/11   

  TSH 0/1 4/11   

  FSH 1/1 11/11   

  LH 0/1 1/11   

  GH 0/1 0/11   

  PRL 0/1 0/11   

Post APA (+) – 15   4

  Type of cell   

  ACTH 15/15   4/4

  TSH 13/15   4/4

  FSH 15/15   4/4

  LH 12/15   3/4

  GH 7/15   3/4

  PRL 1/15   2/4

*P<0.05 compared with the control.
ACTH, adrenocorticotropic hormone; Post APA, anti- pituitary 
antibodies at onset; Pre APA, anti- pituitary antibodies at baseline; 
FSH, follicle stimulating hormone; GH, growth hormone; IAD, 
isolated ACTH deficiency; IIF, indirect immunofluorescence; LH, 
luteinizing hormone; PRL, prolactin; TSH, thyroid stimulating 
hormone.
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showed a positive change in APAs at the onset of pitu-
itary irAEs, the causative drugs were anti- PD-1 antibodies 
(one nivolumab and three pembrolizumab) (table 2 and 
online supplemental table S3). APAs were also positive at 
the onset of pituitary irAEs in four of five patients who 
developed hypophysitis (table 2 and online supplemental 
table S3).

APAs at baseline mainly targeted ACTH-secreting and FSH-
secreting cells
To identify the pituitary cell types recognized by APAs, 
we performed double IIF using each patient’s serum 
and polyclonal antibodies against each anterior pitu-
itary hormone as the primary antibodies. Representative 
images of double IIF are shown in online supplemental 
figure S1. Among patients with IAD with positive APAs 
at baseline (n=11), APAs recognized ACTH- secreting and 
follicle stimulating hormone (FSH)- secreting cells in all 
patients, whereas in some patients, APAs also recognized 
thyroid stimulating hormone (TSH)- secreting (4/11) and 
luteinizing hormone (LH)- secreting cells (1/11) (table 2 
and online supplemental table S2). In the control patient 
who had APAs at baseline, APAs recognized ACTH- 
secreting and FSH- secreting cells (Pem049; table 2 and 
online supplemental table S2).

Recognition of APAs was broad at the onset of pituitary irAEs
Among the 15 patients with IAD with positive APAs at 
onset, the numbers of patients whose APAs recognized 
ACTH- secreting, TSH- secreting, FSH- secreting, LH- se-
creting, growth hormone (GH)- secreting, and prolactin 
(PRL)- secreting cells were 15, 13, 15, 12, 7, and 1, respec-
tively (table 2 and online supplemental table S3). Among 

the four patients with hypophysitis with positive APAs at 
onset, APAs recognized ACTH- secreting, TSH- secreting, 
and FSH- secreting cells in all patients (4/4), LH- se-
creting and GH- secreting cells in three patients, and 
PRL- secreting cells in two patients (table 2 and online 
supplemental table S3).

HLA alleles susceptible to pituitary irAEs
HLA alleles in patients with IAD or hypophysitis and 
control patients are shown in table 4 (HLA class I: 
HLA- A, HLA- B, HLA- C and class II: HLA- DRB1, HLA- 
DQB1, HLA- DPB1). There were significant differences 
between patients with IAD and control patients in the 
frequencies of HLA- Cw12 (7/17 (41.2%) vs 6/40 (15%), 
p<0.05, table 4), HLA- DR15 (10/17 (58.8%) vs 10/40 
(25%), p<0.05, table 4), HLA- DQ7 (8/17 (47.1%) vs 7/40 
(17.5%), p<0.05, table 4), and HLA- DPw9 (7/17 (41.2%) 
vs 5/40 (12.5%), p<0.05, table 4). The frequencies of 
HLA- Cw12 (4/5 (80%) vs 6/40 (15%), p<0.05, table 4) 
and HLA- DR15 (4/5 (80%) vs 10/40 (25%), p<0.05, 
table 4) were significantly higher in patients with hypoph-
ysitis than in controls.

DISCUSSION
In this study, we showed that APAs were present at base-
line in patients who developed ICI- induced IAD and that 
APAs became positive during ICI treatment in patients 
who developed hypophysitis. Our data also showed that 
susceptible HLA alleles overlapped but were not the same 
between patients with ICI- induced IAD and hypophysitis.

Anti- PD-1 antibodies, the main causative drugs of ICI- 
induced IAD (13 of 17) in this study, function mainly 
in the effector phase in which pre- existing autoreac-
tive T cells are activated.21 22 This may explain the high 
prevalence of positive APAs at baseline in patients who 
developed ICI- induced IAD. We previously reported that 
the incidence of thyroid irAEs was significantly higher 
in patients who had anti- thyroid antibodies prior to ICI 
treatment than in those who did not.15 16 23 Similarly, our 
findings indicated that patients who had positive APAs at 
baseline were prone to develop ICI- induced IAD. In addi-
tion, positive conversion of APAs at the onset of pituitary 
irAEs was also observed in four cases who developed IAD 
during anti- PD-1 antibody treatment, suggesting that the 
humoral or cellular immune system was activated by ICI 

Figure 1 Indirect immunofluorescence (IIF) analysis using human anterior pituitary gland tissue. Representative images of IIF 
staining of anti- pituitary antibodies (APAs) in a patient who developed pembrolizumab- induced isolated adrenocorticotropic 
hormone deficiency (Pem092; APA- positive) (A), a patient who developed ipilimumab- induced hypophysitis (Ipi005; APA- 
negative) (B), and a patient who did not develop pituitary irAEs (Niv070; APA- negative) (C). Scale bars: 50 μm. Pem, 
pembrolizumab; Ipi, ipilimumab; Niv, nivolumab.

Table 3 Development of anti- pituitary antibodies (APAs) in 
patients treated with ipilimumab (Ipi)

12 weeks after Ipi
N=6

Hypo
N=4 P value

Developed APAs
N (%)

0
(0)

3
(75)

p<0.05

12 weeks after Ipi, group in which APAs were evaluated in sera 
collected 12 weeks after the initiation of Ipi in patients who did 
not develop pituitary immune- related adverse events; Hypo, 
group in which APAs were evaluated in sera collected at 2–3 
weeks before the clinical onset of hypophysitis.
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treatment. While there is no report showing histological 
features of pituitary glands in patients with ICI- induced 
IAD, lymphocytic infiltration in the anterior pituitary 
gland has been reported in patients with idiopathic 
IAD.24–26 Therefore, cytotoxic T cells specific to ACTH 
secreting cells may also be involved in the pathogenesis 
of ICI- induced IAD.

Interestingly, APAs had become positive in three of four 
patients who developed hypophysitis during ipilimumab 
administration and in whom sera were collected 2–3 
weeks before the onset of hypophysitis. Because we could 
not detect APAs in sera collected from patients without 
pituitary irAEs at 12 weeks after the initiation of ipilim-
umab, our findings suggested that positive conversion of 
APAs occurred during ipilimumab treatment in patients 
with ipilimumab- induced hypophysitis. Anti- CTLA-4 anti-
bodies, including ipilimumab, function in the priming 
phase, in which T cells are activated to recognize new 
antigens22; thus, this class of ICIs may provoke de novo 
development of autoimmune reactions against pituitary 
antigens in some patients, resulting in a positive conver-
sion of APAs in patients with ICI- induced hypophysitis. 
Moreover, because T- cell infiltration has been observed 
as an irAE in involved organs, such as the skin, colon, 
and liver,27 cytotoxic T cells may contribute to the devel-
opment of pituitary dysfunction. In addition to T- cell 
infiltration, an autopsy study also reported B- cell infiltra-
tion in the pituitary gland from a patient who developed 
hypophysitis induced by tremelimumab (an anti- CTLA-4 
antibody).8 Taken together, it is likely that positive conver-
sion of APAs may reflect the new development of autoim-
munity in the pituitary glands.

Table 4 Comparison of HLA class Ⅰ and class Ⅱ allele 
frequencies

Control
N=40

IAD
N=17

Hypophysitis
N=5

HLA- A

  A2 13 (32.5%) 6 (35.3%) 1 (20%)

  A11 7 (17.5%) 2 (11.8%) 1 (20%)

  A24 26 (65%) 11 (64.7%) 5 (100%)

  A26 5 (12.5%) 3 (17.6%) 0 (0%)

  A31 12 (30%) 4 (23.5%) 0 (0%)

  A33 6 (15%) 2 (11.8%) 1 (20%)

HLA- B

  B7 3 (7.5%) 1 (5.9%) 0 (0%)

  B13 1 (2.5%) 1 (5.9%) 0 (0%)

  B35 10 (25%) 4 (23.5%) 1 (20%)

  B3902 1 (2.5%) 1 (5.9%) 0 (0%)

  B44 8 (20%) 2 (11.8%) 1 (20%)

  B48 1 (2.5%) 1 (5.9%) 1 (20%)

  B51 8 (20%) 6 (35.3%) 0 (0%)

  B52 7 (17.5%) 7 (41.2%) 3 (60%)

  B54 6 (15%) 3 (17.6%) 2 (40%)

  B55 2 (5%) 3 (17.6%) 1 (20%)

  B56 1 (2.5%) 1 (5.9%) 0 (0%)

  B60 4 (10%) 0 (0%) 1 (20%)

  B62 3 (7.5%) 4 (23.5%) 0 (0%)

HLA- C

  Cw1 11 (27.5%) 9 (52.9%) 2 (40%)

  Cw4 3 (7.5%) 1 (5.9%) 1 (20%)

  Cw7 11 (27.5%) 2 (11.8%) 0 (0%)

  Cw8 4 (10%) 1 (5.9%) 1 (20%)

  Cw9 11 (27.5%) 5 (29.4%) 1 (20%)

  Cw10 8 (20%) 1 (5.9%) 0 (0%)

  Cw12 6 (15%) 7* (41.2%) 4* (80%)

  Cw14 11 (27.5%) 6 (35.3%) 1 (20%)

HLA- DRB1

  DR4 16 (40%) 4 (23.5%) 2 (40%)

  DR8 12 (30%) 2 (11.8%) 1 (20%)

  DR9 8 (20%) 5 (29.4%) 0 (0%)

  DR11 3 (7.5%) 1 (5.9%) 0 (0%)

  DR12 5 (12.5%) 4 (23.5%) 0 (0%)

  DR13 8 (20%) 1 (5.9%) 1 (20%)

  DR14 4 (10%) 3 (17.6%) 1 (20%)

  DR1403 1 (2.5%) 3 (17.6%) 0 (0%)

  DR15 10 (25%) 10* (58.8%) 4* (80%)

HLA- DQB1

  DQ4 13 (32.5%) 5 (29.4%) 2 (40%)

  DQ5 10 (25%) 2 (11.8%) 1 (20%)

Continued

Control
N=40

IAD
N=17

Hypophysitis
N=5

  DQ6 24 (60%) 11 (64.7%) 4 (80%)

  DQ7 7 (17.5%) 8* (47.1%) 0 (0%)

  DQ8 9 (22.5%) 1 (5.9%) 1 (20%)

  DQ9 11 (27.5%) 6 (35.3%) 0 (0%)

HLA- DPB1

  DPw2 21 (52.5%) 8 (47.1%) 2 (40%)

  DPw3 3 (7.5%) 2 (11.8%) 1 (20%)

  DPw4 11 (27.5%) 1 (5.9%) 2 (40%)

  DPw5 29 (72.5%) 10 (58.8%) 2 (40%)

  DPw9 5 (12.5%) 7* (41.2%) 2 (40%)

  DPw13 0 (0%) 2 (11.8%) 0 (0%)

  DPw14 0 (0%) 2 (11.8%) 0 (0%)

  DPB1*2901 0 (0%) 1 (5.9%) 0 (0%)

*P<0.05 compared with the control group.
ACTH, adrenocorticotropic hormone; HLA, human leukocyte 
antigen; IAD, isolated ACTH deficiency.

Table 4 Continued
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Our data showed that ACTH- secreting cells were recog-
nized by APAs in all patients with positive APAs not only 
at baseline but also at the onset of ICI- induced IAD. 
However, pituitary cells secreting other hormones (eg, 
TSH, FSH, LH, GH, and/or PRL) were also recognized 
by APAs at the onset of ICI- induced IAD in some patients. 
Because the functions of pituitary hormones other than 
ACTH were not clinically impaired in ICI- induced IAD, 
our findings may suggest that cytotoxic T cells rather than 
humoral immunity disrupted the ACTH- secreting cells.

Several autoantigen candidates have been reported by 
analyses using APAs as probes in pituitary diseases28–31; 
therefore, it is important to identify pituitary autoanti-
gens targeted by APAs in patients with pituitary irAEs. 
These studies may lead to the establishment of a system to 
evaluate cytotoxic T- cell responses and an ELISA system 
to quantitatively measure APAs. Because it is not possible 
in current clinical practice to identify patients with a high 
risk of pituitary irAEs at baseline or after the initiation of 
ICI treatment, or alternatively when adrenal insufficiency 
is suspected, it is necessary to regularly measure ACTH 
and cortisol levels. Biomarkers for pituitary irAEs, once 
established, will allow identification of patients who had 
a high risk of pituitary irAEs before the onset of pituitary 
irAEs. While ACTH deficiency is life- threatening, we and 
other researchers have shown that the development of 
pituitary irAEs is associated with better overall survival if 
patients are treated appropriately with hormone substi-
tution therapy.4 32 Therefore, a biomarker of pituitary 
irAEs could not only contribute to prediction of pituitary 
dysfunction but also lead to improved management of 
patients with cancer and a better prognosis following ICI 
treatment.

In addition to the presence of APAs, the association 
of specific HLA alleles with pituitary irAEs also strongly 
suggested the involvement of autoimmunity in the patho-
genesis of pituitary irAEs. In this study, we found that 
susceptible HLA alleles overlapped but were not exactly 
the same between patients with ICI- induced IAD and 
hypophysitis. Among the susceptible HLA alleles eval-
uated in this study (HLA- Cw12, HLA- DR15, HLA- DQ7, 
and HLA- DPw9 for ICI- induced IAD and HLA- Cw12 and 
HLA- DR15 for ICI- induced hypophysitis), HLA- Cw12, 
HLA- DR15,14 and HLA- DPw913 were previously reported 
to be associated with pituitary irAEs. By analyzing the 
association of HLAs with the development of ICI- induced 
IAD and hypophysitis separately, we demonstrated that 
HLA- DQ7 was associated with the development of ICI- 
induced IAD, but not with hypophysitis. Notably, analyses 
from the previous two studies used a database of HLAs 
from a Japanese population as controls. Because some 
HLA alleles have been shown to be associated with the 
development of malignancies,33 the distribution of HLA 
frequencies may not be the same between ICI- treated 
patients with malignancies and healthy controls in the 
Japanese database. This study evaluated HLA frequen-
cies in patients with malignancies who were treated with 
ICIs.

Clinical characteristics of ICI- induced hypophysitis are 
similar to those of lymphocytic hypophysitis (autoim-
mune hypophysitis).34 However, associations of different 
HLA alleles (HLA- DQ8 and HLA- DR53) with lympho-
cytic hypophysitis have been reported,35 suggesting that 
the pathogenesis may also be different between lympho-
cytic hypophysitis and ICI- induced hypophysitis.

This study had some limitations. First, the sample size of 
patients with ICI- induced hypophysitis was small. However, 
there was minimal selection bias because all patients who 
developed pituitary irAEs during the observation period 
were enrolled in the study, while patients in the control 
group were selected so that the ratios of malignancy type 
and drug usage were similar to those of the patients with 
pituitary irAEs. Second, the method for measuring APAs 
in this study is only available in a few laboratories owing 
to the requirement for normal human pituitary glands as 
the substrate. Accordingly, it is important to identify the 
autoantigens related to ICI- induced pituitary dysfunction 
in order to establish an ELISA system that quantitatively 
assesses APAs, thereby allowing measurement of APAs in 
a larger patient cohort in future studies.

CONCLUSIONS
Pituitary irAEs are not only life- threatening but also 
associated with better overall survival.4 32 Therefore, it is 
important to identify patients who may develop pituitary 
irAEs before initiation of treatment with ICIs. Our data 
showed distinct and overlapped patterns of APAs and 
HLA alleles between patients with ICI- induced IAD and 
hypophysitis and demonstrated that positive APAs at base-
line and after treatment, together with susceptible HLA 
alleles, could be a predictive biomarker for ICI- induced 
IAD and hypophysitis, respectively.
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Supplementary Figure S1. Double IIF staining with anti-pituitary antibodies (APAs) 

and anterior pituitary hormone antibodies

APA-positive cells, which were stained with serum collected at baseline from a patient 

(Pem092) who developed pembrolizumab-induced IAD, were merged with those stained 

with anti-ACTH (A), anti-TSH (B), and anti-FSH antibodies (C), but not with anti-LH (D), 

anti-PRL (E), and anti-GH antibodies (F). 

Scale bars: 50 μm.
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Supplementary Table S1. List of primary and secondary antibodies used in this study 1 

List of primary antibodies 2 

 3 

List of secondary antibodies 4 

Host Reactivity Wavelength Catalog no. Company Dilution 

Goat 
Rabbit IgG (H+L), highly 

cross-adsorbed 
Alexa Fluor 568 A-11036 

Molecular 

Probes 
1：500 

Donkey 
Human IgG (H+L), AffiniPure 

F(ab')2 Fragment  
Alexa Fluor 488 709-546-149 Jackson 1：400 

Donkey Goat IgG (H+L) Alexa Fluor 568 A-11057 
Molecular 

Probes 
1：500 

  5 

Protein Mono/poly Host 
Catalog 

No. 
Company Dilution 

GH Polyclonal Goat AF1067 R & D Systems 1：200 

PRL Polyclonal Goat sc-7805 Santa Cruz Biotechnology 1：150 

ACTH Polyclonal Goat abx430970 Abbexa 1：50 

TSH Polyclonal Goat sc-7815 Santa Cruz Biotechnology 1：10 

FSH Polyclonal Goat sc-7797 Santa Cruz Biotechnology 1:200 

LH Polyclonal Rabbit  

Dr. Parlow’s Lab (National Hormone and 

Peptide Program (NHPP), Harbor-UCLA 

Medical Center) 

1：50 
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Supplementary Table S2. Pituitary cells recognized by anti-pituitary antibodies at baseline 6 

in each patient 7 

Case Malignancy Pit-irAE ACTH TSH FSH LH GH PRL 

Ipi008 MM IAD + - + - - - 

Ipi024 MM IAD + - + - - - 

Niv033 MM IAD + - + - - - 

Niv060 NSCLC IAD + - + - - - 

Niv096 MM IAD + - + - - - 

Niv115 HN IAD + - + - - - 

Pem021 NSCLC IAD + - + - - - 

Pem035 NSCLC IAD + + + - - - 

Pem047 NSCLC IAD + + + + - - 

Pem092 MM IAD + + + - - - 

IpN002 RCC IAD + + + - - - 

Pem049 NSCLC control + - + - - - 

Abbreviations: Pit-irAE, pituitary immune-related adverse events; MM, malignant melanoma; 8 

NSCLC, non-small cell lung carcinoma; HN, head and neck cancer; RCC, renal cell carcinoma; 9 

IAD, isolated ACTH deficiency  10 
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Supplementary Table S3. Pituitary cells recognized by anti-pituitary antibodies at onset in 11 

each patient  12 

Case Malignancy Pit-irAE ACTH TSH FSH LH GH PRL 

Ipi001 MM Hypo + + + + + + 

Ipi005 MM Hypo + + + - + - 

Ipi011 MM Hypo + + + + + - 

IpN027 MM Hypo + + + + - + 

Ipi008 MM IAD + - + + + - 

Ipi024 MM IAD + + + + + - 

Niv033 MM IAD + - + + + - 

Niv060 NSCLC IAD + + + + - - 

Niv096 MM IAD + + + + - - 

Niv115 HN IAD + + + + + - 

Niv209 RCC IAD + + + - - - 

Pem007 MM IAD + + + + + - 

Pem021 NSCLC IAD + + + + - - 

Pem035 NSCLC IAD + + + + - - 

Pem047 NSCLC IAD + + + + + - 

Pem092 MM IAD + + + - - - 

Pem098 MM IAD + + + - - - 

Pem110 MM IAD + + + + + + 

IpN002 RCC IAD + + + + - - 

Abbreviations: Pit-irAE, pituitary immune-related adverse events; MM, malignant melanoma; 13 

NSCLC, non-small cell lung carcinoma; HN, head and neck cancer; RCC, renal cell carcinoma; 14 

Hypo, hypophysitis; IAD, isolated ACTH deficiency 15 
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