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The study findings provide evidence that could facilitate the prediction of ICl-inducedirH based on clinical course

conCIUSiOn and characteristics.

Background/Aims: Immune checkpoint inhibitors (ICls) can induce immune-related adverse events, including endocrine
dysfunctions, which can have serious consequences on patient health and quality of life. The clinical course and characteris-
tics of immune-related hypophysitis (irH) are not well established. This study aimed to analyze the clinical course and charac
teristics of irH.

Methods: This single-center, retrospective study analyzed data from electronic medical records of Asan Medical Center,
spanning January 2017 through June 2021. It included adult patients with solid tumors who underwent thyroid and adrenal
function tests, along with gonadotropin and/or growth hormone evaluations, following the initiation of ICI treatment within
the same period. The study explored the clinical characteristics of ICl-treated patients with and without irH, the incidence of
irH, the time to irH onset, and the associated hormonal changes.
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Results: Twenty-one patients were included in this analysis. Clinical characteristics did not differ significantly between the
irH (n = 13) and non-irH (n = 8) groups. Deficiency rates in the irH group were 23.1% for thyroid-stimulating hormone (n = 3),
76.9% for adrenocorticotropic hormone (n = 10), 61.5% for gonadotropin (n = 8), and 15.4% for growth hormone (n = 2).
The overall incidence was 0.9 per person-year, with 6-month and 1-year cumulative incidences of 38.8% and 57.1%, respec-
tively. The median time from ICl initiation to irH diagnosis was 7.7 months. Time to levothyroxine replacement was shorter in
the irH group.

Conclusions: The findings provide evidence that could facilitate the prediction of ICl-induced irH based on clinical course

and characteristics.

Keywords: Immune checkpoint inhibitors; Adverse drug events; Hypophysitis; Malignant neoplasms

INTRODUCTION

Immune checkpoint inhibitors (ICls) constitute a revolu-
tionary, highly effective cancer treatment that has precip-
itated a paradigm shift in oncological treatment. ICls tar-
get cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4),
programmed cell death protein 1 (PD-1), and programmed
cell death-ligand 1 (PD-L1) by preventing ligand-receptor
binding, thereby disrupting tumor cell signaling, which facil-
itates T-cell recognition and the subsequent destruction of
cancer cells [1]. ICI use has been growing exponentially, and
in 2019, approximately 40% of cancer patients in the Unit-
ed States were treated with ICls [2]. ICl-induced endocrine
adverse events have diverse manifestations, including hypo-
thyroidism, adrenal insufficiency, hypogonadism, hypoph-
ysitis, and diabetes, which can have severe consequences
for patients’ health and quality of life, including the need for
lifelong hormone replacement therapy [3,4].

Hypophysitis caused by ICls is known as immune-related
hypophysitis (irH) [5,6]. IrH usually develops within the first
2 to 3 months following ICI treatment initiation although its
occurrence even after 19 months has been reported [6,7].
Symptoms of irH can vary but usually include headache, fa-
tigue, nausea, vomiting, and symptoms of hormone defi-
ciencies [7,8]. The precise incidence of irH is not well estab-
lished, but is approximately 11% to 14% [9]. The prevalence
of irH is reported to be between 6.4% and 11.7% in asso-
ciation with combined ipilimumab and nivolumab therapy,
compared with between 3.2% and 17.4% with ipilimumab
as asingle agent[7,8,10-14]. In contrast, irH associated with
anti-PD-1 and anti-PD-L1 inhibitors has rarely been reported
(< 0.1-3%) [14,15]. Furthermore, few studies have investi-
gated the incidence of irHs in South Korea. Few studies have
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investigated, in detail, the primary hormonal axis affected in
irH patients, the duration of immunochemotherapy before
irH onset, its incidence, and the pattern of hormonal chang-
es throughout ICI treatment.

This study aimed to analyze the clinical characteristics of
patients with solid metastatic cancers undergoing immu-
nochemotherapy who exhibited endocrine dysfunction.
We compared and analyzed the clinical characteristics of
patients with and without irH, focusing on those treated
with ICls and monitored via pituitary hormone axis testing.
Additionally, we examined the incidence of irH, the duration
of ICI treatment until the onset of irH, and the pattern of
hormonal changes during the course of ICl treatment.

MATERIALS AND METHODS

Data source and study sample
This single-center retrospective study analyzed electronic
records data from patients managed at Asan Medical Cen-
ter between January 1, 2017, and June 30, 2021. All adult
patients (aged > 20 yr) with solid cancer and endocrine
immune-related adverse events (irAEs) who started immu-
notherapy were screened for inclusion in the analysis. The
types of ICI used at our hospital included an anti-CTLA-4
inhibitor (ipilimumab), anti-PD-1 inhibitors (nivolumab and
pembrolizumab), and anti-PD-L1 inhibitors (atezolizumab,
avelumab, and durvalumab). Patients diagnosed with any
solid cancer (for example—Ilung cancer, esophageal/gastric
cancer, liver cancer, biliary tract cancer, or kidney cancer)
but not hematological malignancies were eligible.

Patients included in the final analysis were those with
available data on thyroid and adrenal function tests, as well
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as on gonadotropin or growth hormone function, following
the commencement of ICI therapy. We excluded patients
who did not undergo any hormone tests after the initia-
tion of chemotherapy, those who received only one dose
of immunotherapy, and patients with underlying pituitary
disease. Finally, 21 patients were included in the analysis
(Fig. 1). Patients who used a tyrosine kinase inhibitor were
excluded only from the thyroid function analysis. Moreover,
patients who received glucocorticoid treatment for other
reasons—such as immune-related hepatitis, drug-induced
pneumonitis, or post-radiotherapy brain edema-before
starting ICl therapy were excluded from the adrenal function
analysis. We excluded patients whose gonadal dysfunction
occurred more than 18 months after beginning ICl therapy,
as well as those among whom central hypogonadism could
not be determined due to menopause.

This study was conducted in accordance with the Decla-
ration of Helsinki and approved by the Institutional Review
Board (IRB) of Asan Medical Center (IRB No. 2021-0965).
The requirement for informed consent was waived by the
IRB because de-identified data were used in the analyses.
This study followed the Strengthening the Reporting of

KJIM™

Observational Studies in Epidemiology (STROBE) reporting
guidelines for cohort studies.

Clinical and laboratory measurements

Patient data were collected through a review of electronic
medical records. Body mass index was calculated as weight
in kilograms divided by height in square meters. Blood pres-
sure was measured using an automatic manometer with a
cuff placed around the patient’s right upper arm after rest-
ing for 5 minutes. Blood samples were drawn into vacuum
tubes from antecubital veins and analyzed in Asan Medical
Center’s accredited central laboratory. Laboratory serum
measurements included fasting plasma glucose, total cho-
lesterol, and C-reactive protein (CRP) levels. Blood samples
for the measurement of fasting plasma glucose and total
cholesterol levels were collected after overnight fasting (af-
ter 8 h of fasting for plasma glucose and after 12 h of fast-
ing for total cholesterol). Fasting plasma glucose and CRP
were measured using enzymatic colorimetric and immuno-
turbidimetric methods, respectively, on a Toshiba 200FR au-
toanalyzer (Toshiba Medical System Co. Ltd., Tokyo, Japan)
[16]. Fasting total cholesterol was measured using enzymat-

2,104 patients who underwent at least one pituitary hormone test among adult solid cancer patients who

started immunotherapy between January 1, 2017, and June 30, 2021.

Excluding 1,658 patients
|- Who have not received a pituitary hormone test from within 3 months

|

446 patients

:

before starting chemotherapy to after starting chemotherapy
- Who received ICI treatment only once

26 patients who have underwent both thyroid function tests and adrenal function tests and have at least

one of a gonadotropin function test and a growth hormone function test

Excluding 5 patients with a history of underlying pituitary lesions

l

21 patients included in the final analysis

:

One or more of central hypothyroidism, central adrenal insufficiency, central

- (pituitary adenoma, prolactinoma, Rathke's cleft cyst, sellar metastasis)

hypogonadism, or GH deficiency (Except for isolated growth hormone deficiency)

Yes $

Hypophysitis group (n = 13)

¢ No

Nonhypophysitis group (n = 8)

Figure 1. Patient selection flowchart. ICl, immune checkpoint inhibitor; GH, growth hormone.
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ic colorimetric methods on a Toshiba 200FR Neo analyzer
[16]. The reference range for each hormone test is listed in
Supplementary Table 1.

Diabetes mellitus was defined according to the following
criteria: (1) at least one claim per year for the prescription
of antidiabetic medication; (2) fasting glucose level > 126
mg/dL; or (3) HbA1c (glycated hemoglobin) > 6.5%. Hyper-
tension was defined as the presence of at least one claim
per year for the prescription of antihypertensive medication
or a systolic/diastolic blood pressure measurement > 140/90
mmHg. Hypercholesterolemia was defined as a total cho-
lesterol level > 240 mg/dL or treatment with lipid-lowering
medication [17].

Definition of irH and non-hypophysitis
endocrine irAEs

The definition of hypopituitarism was adapted from the
Endocrine Society Clinical Practice Guidelines and the de-
scription in the relevant position statement published by the
Korean Endocrine Society [8]. Based on biochemical evalu-
ation of the hypothalamic-pituitary axis, hypopituitarism is
defined as the presence of one or more of the following
hormonal deficiencies: central hypothyroidism, central ad-
renal insufficiency, central hypogonadism, or growth hor-
mone deficiency [8,18]. Although there is some variation
in the details between studies, hypophysitis is generally
defined as the presence of at least one of the following:
evidence of hypopituitarism as assessed by biochemical test-
ing, clinical symptoms (fatigue, headache, anorexia, nausea,
or vomiting), hyponatremia that may be seen in hypophysi-
tis, or pituitary imaging findings suggestive of hypophysitis
[7,19-21]. Owing to the retrospective nature of this study,
clinical manifestations and imaging findings were nonspe-
cific and unclear as diagnostic criteria. Therefore, irH was
defined as a deficiency of one or more hormones following
ICl treatment [22]. Patients were classified into the irH group
if they exhibited any of the following conditions: central hy-
pothyroidism, central adrenal insufficiency, central hypogo-
nadism, or growth hormone deficiency.

Central hypothyroidism is diagnosed when thyroid-stim-
ulating hormone (TSH) levels are low, normal, or slightly el-
evated (TSH < 10 mU/L) and free thyroxine (fT4) levels are
below the laboratory reference range [18,23]. Primary hy-
pothyroidism was defined as TSH > 10 mU/L or TSH above
the upper limit of normal and T4 below the lower limit of
normal [22]. Distinctions were made between immune-re-
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lated hypothyroidism, thyroiditis, and central hypothyroid-
ism. Immune-related hypothyroidism was characterized by
a TSH level > 10 mU/L immediately after ICI administration.
Immune-related thyroiditis was indicated by initial hyper-
thyroidism after ICI administration, followed sequentially by
hypothyroidism.

Central adrenal insufficiency was defined as a morning
cortisol level < 3 pg/dL between 8:00 and 9:00 AM or a
peak cortisol level < 18 pg/dL (< 500 nmol/L, on radioimmu-
noassays) at 60 minutes on a corticotropin stimulation test
when the adrenocorticotropic hormone (ACTH) level did
not exceed the normal range [18]. The distinction between
central hypothyroidism and sick thyroid syndrome, along
with the distinction between central adrenal insufficiency
and adrenal insufficiency caused by other factors (opioids
or megestrol acetate), was determined by the existence of
coexisting pituitary hormone deficiencies, such as central
hypogonadism and growth hormone deficiency [7]. Growth
hormone deficiency was defined as an age-specific serum
insulin-like growth factor 1 level lower than the lower limit
of normal [24,25].

Central hypogonadism was defined as low levels of sex
hormones (testosterone in men and estradiol in women) and
low (or inappropriately normal) gonadotropin (follicle-stim-
ulating hormone [FSH] and luteinizing hormone [LH]) levels
in the absence of androgen deprivation therapy or hormone
replacement therapy. In postmenopausal women, the ab-
sence of elevated serum FSH and LH levels indicates gonad-
otropin dysfunction [18].

Non-hypophysitis endocrine irAEs were defined in pa-
tients who did not meet the criteria for irH but exhibited
endocrine abnormalities [10].

Outcome variables

Thirteen patients in the irH group were analyzed in terms of
the type of cancer diagnosed, type of ICI therapy, dosage,
treatment intervals, cycles, symptoms, affected hormonal
axes, and associated non-hypophysitis endocrine irAEs, and
magnetic resonance imaging (MRI) findings. Among all par-
ticipants who were included in the analysis, baseline char-
acteristics were analyzed by stratifying participants into an
irH group and a non-irH group. For each group, age, sex,
body mass index, fasting glucose, total cholesterol, CRP,
and underlying diseases (diabetes mellitus, hypertension, or
hyperlipidemia) were investigated. Additionally, the type of
cancer diagnosed in patients with irH, the type of ICl used,
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and the dosing cycle of ICI were investigated.

Within the irH group, the proportions of each type of
hormonal deficiency were analyzed across the affected
hormonal axes. Furthermore, the cumulative incidence and
time to onset of irH were investigated. Twenty-one partic-
ipants underwent hormone level quantification at baseline
prior to ICI treatment initiation, at the onset of endocrine
irAEs (including irH), or at the end of follow-up. Notable
trends in TSH and T4 levels were observed from the start of
ICl therapy to irH onset, with comparisons between the irH
and non-irH groups.

Statistical analysis

Descriptive statistics were used to analyze the patients’ base-
line characteristics, cancer types, ICl use, and the frequency
of hormonal axis deficiencies. The analysis encompassed
all patients from the initiation of chemotherapy, spanning
from January 1, 2017, to June 30, 2021. We compared the
clinical characteristics of patients treated with ICl, with and
without irH. For baseline characteristics, continuous vari-
ables are presented as median (interquartile range), and cat-
egorical variables are presented as frequency (proportion).
Demographic and biochemical characteristics according to
irH status were compared using the Mann-Whitney U test
for continuous variables and Fisher's exact test for categor-
ical variables.

Cumulative bar graphs and Venn diagrams were used to
depict the proportions of affected hormonal axes in patients
with irH. The Kaplan-Meier method was used to analyze the
cumulative incidence and time to onset of irH. We evaluated
the trend changes in TSH and T4 levels in relation to time as
a line graph by setting the start date of ICl administration for
each patient as zero and the duration from this time point to
the date of irH onset in each patient on the time axis.

Statistical analyses were performed using SPSS Statistics
for Windows, version 28.0 (IBM Corp., Armonk, NY, USA)
and R, version 4.3.1 Foundation for Statistical Computing,
Vienna, Austria. A p value < 0.05 was considered significant.

RESULTS

Baseline characteristics of patients in the irH
and non-irH groups

A total of 2,104 adult patients with solid tumors who re-
ceived immunochemotherapy during the study period un-
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derwent at least one pituitary hormone test. After applying
the exclusion criteria and removing those without the neces-
sary hormone test results, 21 patients were included in the
final analysis. Of the 2,104 patients screened, 896 received
nivolumab (an anti-PD-1 inhibitor) alone, 733 received pem-
brolizumab, 416 received atezolizumab (anti-PD-L1 inhib-
itor), 18 received ipilimumab (anti-CTLA4 inhibitor) alone,
46 received nivolumab plus ipilimumab combination ther-
apy, 44 received durvalumab (anti-PD-L1 inhibitor), and 1
received pembrolizumab and ipilimumab combination ther-
apy. Twenty patients received multiple ICl agents sequen-
tially: 10 with atezolizumab, one with ipilimumab, 12 with
nivolumab, three with nivolumab plus ipilimumab, and 15
pembrolizumab.

Of the 21 patients included in the analysis, 13 had hor-
mone test results suggesting the possibility of irH, and eight
did not show any evidence of hypophysitis. Thus, irH was
diagnosed in 13 of the 21 patients (61.9%) in our study.
Table 1 lists the characteristics of all patients with irH. In the
irH group, 11 patients exhibited at least one manifestation
of hypophysitis, such as anorexia, nausea, vomiting, fatigue,
dizziness, weight loss, headache, or general weakness. Two
patients exhibited hyponatremia, which is a potential indi-
cator of hypophysitis. On MRI, two patients had abnormal
pituitary gland findings (Supplementary Fig. 1).

The median ages in the irH and non-irH groups were 59.0
and 57.0 years, respectively. The irH group included nine
males (69.2%), while the non-irH group included five males
(62.5%). Of the irH patients, 12 (92.3%) were treated with
anti-PD-1 inhibitors: nivolumab in seven patients (53.8%)
and pembrolizumab in five patients (38.5%). One patient
(7.7%) received nivolumab and ipilimumab combination
therapy, and none received atezolizumab. In the non-irH
group, seven patients (87.5%) used anti-PD-1 inhibitors
(n =4, 50% for nivolumab and n = 3, 37.5% for pembroli-
zumab). None of the patients used a combination therapy
of nivolumab and ipilimumab, and only one patient (12.5%)
used atezolizumab.

Hormonal deficiencies in irH patients: analysis
of affected axes, cumulative incidence, and
diagnostic timing

Table 2 lists the laboratory hormone test values at the initi-
ation of ICl therapy and at the time of irH diagnosis for all
subjects, assessing deficiencies across each hormonal axis
based on the reference ranges.
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Table 3 shows the proportion of patients who were de-
ficient in each hormone type. Among the 13 patients with
irH, three had central hypothyroidism, whereas five had pri-
mary hypothyroidism. ACTH levels and morning cortisol or
peak cortisol levels at 60 minutes on a corticotropin stim-
ulation test were measured in all irH patients to evaluate
the function of the ACTH axis. Among these, 10 (76.9%)
had central adrenal insufficiency. No patients with primary
adrenal insufficiency were identified. Eight patients (61.5%)

Table 3. Proportions of hormonal deficiencies by axis (TSH,
ACTH, gonadotropin, and GH) among patients with hy-
pophysitis (irH group)

Affected hormonal axis Value
TSH (thyroid)
Central hypothyroidism 3(23)
Primary hypothyroidism 5(38)
None 5(38)
Total 13 (100)
ACTH (adrenal)
Central adrenal insufficiency 10 (76.9)
None 3(23.1)
Total 13 (100)
FSH/LH (gonadotropin)
Central hypogonadism 8 (61.5)
None 5(38.5)
Total 13 (100)
GH
GH deficiency 2(15.4)
None 10 (76.9)
Missing 1(7.7)
Total 13 (100)
Single or combined hormonal deficiency
TSH only (central hypothyroidism) 1(7.7)
ACTH only 4(30.8)
Gonadotropin only 2 (15.4)
ACTH and gonadotropin 4(30.8)
TSH, ACTH, gonadotropin, and GH 2 (15.4)
(panhypopituitarism)
Total 13 (100)

Values are presented as number (%).

TSH, thyroid-stimulating hormone; ACTH, adrenocorticotropic
hormone; irH, immune-related hypophysitis; FSH, follicle-stim-
ulating hormone; LH, luteinizing hormone; GH, growth hor-
mone.

808 www.kjim.org

The Korean Journal of Internal Medicine Vol. 39, No. 5, September 2024

had central hypogonadism, and two (15.4%) had growth
hormone deficiency. Panhypopituitarism was observed in
two patients (15.4%).

During a follow-up period of 15.2 person-years, 13 pa-
tients developed irH. The overall incidence of irH was ap-
proximately 0.9 per person-year. Kaplan-Meier analysis in-
dicated that the cumulative incidence of irH was 38.8% at
6 months and 57.1% at 1 year. The median time from the
first ICI dose to the diagnosis of irH was 7.7 months (Fig. 2).

TSH axis trends from immunotherapy start to
hypothyroidism onset

Trends in TSH and T4 values from ICl initiation to hypo-
thyroidism onset were reviewed in participants whose TSH
and T4 levels were measured. One patient in the non-irH
group had overt hypothyroidism associated with sunitinib
administration before ICl treatment initiation and a history
of levothyroxine treatment; therefore, his thyroid function
test results were excluded from the analysis.

Hormonal abnormalities appeared earlier in the irH group
than in the non-irH group. In the irH group, eight of the 13
patients received levothyroxine replacement. For these eight
patients, the median duration for levothyroxine replacement
initiation after ICI commencement was 2.7 months. Specif-
ically, the median time to begin levothyroxine replacement

1.00 H
Y 0.75
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o
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-+ All
0+ ' Median time: 7.7 months
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Figure 2. Kaplan—Meier plot depicting the cumulative incidence
of immune-related hypophysitis over time, with a median onset
of 7.7 months after the initiation of immune checkpoint inhibitor
therapy.
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for central hypothyroidism was 3.8 months among these
patients. Of the seven patients in the non-irH group, two re-
ceived levothyroxine replacement for primary hypothyroid-
ism, and the median time until replacement initiation was
7.1 months (Fig. 3). The cumulative incidence of levothyrox-
ine replacement events was higher in the irH group than in
the non-irH group, but the difference was not statistically
significant (o = 0.01) (Supplementary Fig. 2).

DISCUSSION

This study examined the clinical characteristics, incidence,
and duration of hypophysitis, as well as changes in hormone
axes according to the time of ICl administration in patients
with solid cancers who were treated with ICls. Diagnostic
criteria for irH classification vary across studies. The clinical

KJIM™

manifestations of hypophysitis are nonspecific and are diffi-
cult to distinguish from cancer symptoms. Therefore, in this
study, irH was defined based on the most objective standard
laboratory hormone values. In this study, most irH patients
received anti-PD-1 inhibitors. This study presents valuable
data on the clinical characteristics, cancer-related character-
istics, and clinical course of patients treated with ICls, partic-
ularly anti-PD-1 inhibitors.

The estimated prevalence of irH is 9.1%, which contrasts
with the occurrence of idiopathic autoimmune hypophysitis
at a rate of one in 9 million individuals [4,26]. The reported
incidence of irH ranges from 0.4% to 17.2% [10,27-29],
with variations likely arising from study design differenc-
es. Most reported irH is caused by anti-CTLA-4 antibodies,
with anti-PD-1 antibody-induced irH being less common
(< 1.0%)[27,30,31]. In one study, the cumulative incidence
of irH at 52 weeks for patients receiving anti-PD-1/PD-L1
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Figure 3. Changes in TSH and free T4 levels and timing of levothyroxine replacement according to the immune checkpoint inhibitor ad-
ministration period (irH group [A] vs. non-irH group [B]). TSH, thyroid-stimulating hormone; T4, thyroxine; irH, immune-related hypophysi-

tis; non-irH, non-immune-related hypophysitis.
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inhibitor plus anti-CTLA-4 inhibitor therapy was 16%, com-
pared with 8% for anti-PD-1/PD-L1 monotherapy and 7%
for anti-CTLA-4 inhibitor therapy [32]. The prevalence and
cumulative incidence of irH in this study were higher than
those in other studies because relatively few patients un-
derwent the entire panel of pituitary hormone tests after
ICl administration. In most cases, only thyroid or adrenal
function tests were performed, and these patients were not
included in the study because there were insufficient data to
diagnose or exclude irH.

It is known that irH usually develops within 6 months of
ICI therapy [30]. In the present study, the median time to irH
onset was 7.7 months. Patients treated with anti-CTLA-4
inhibitors typically have a median time to onset of 8 to 12
weeks, whereas those treated with anti-PD-1/PD-L1 inhibi-
tors have a median time to onset of 24 to 26 weeks after
treatment initiation [9]. The timing of irH onset in this study
aligned with the latter, likely attributable to the prevalent
use of anti-PD-1/PD-L1 inhibitors.

The mechanisms of hypophysitis development are
thought to vary based on whether they are induced by
anti-CTLA-4 or anti-PD-1/PD-L1 inhibitors. Anti-CTLA-4 in-
hibitor—induced hypophysitis causes lymphocytic inflamma-
tion and complement deposition in the pituitary gland, and
circulating pituitary autoantibodies and CTLA-4 expression
in anterior pituitary cells have been detected. This suggests
that type Il hypersensitivity is related to off-target effects of
anti-CTLA-4 antibodies in the pituitary gland [5]. In contrast,
in anti-PD-1 antibody—associated hypophysitis, the pituitary
gland shows evidence of type IV hypersensitivity mediated
by cytotoxic T lymphocytes. Recently, it has been reported
that anti-corticotroph antibodies that recognize proopiome-
lanocortin (POMC) are detected in 10% of hypophysitis cas-
es associated with anti-PD-1/anti-PD-L1 antibodies [33]. In
the tumors of these patients, ectopic expression of POMC
in the form of a paraneoplastic syndrome induces autoim-
munity, suggesting that ICls enhance the autoimmune re-
sponse to corticotropes [9]. This supports the finding that
most irH patients in this study had ACTH insufficiency.

ACTH and TSH insufficiencies are the predominant pitu-
itary hormone abnormalities associated with irH [10,29].
The incidences of ACTH deficiency, TSH deficiency, and cen-
tral hypogonadism are 6.1%, 7.6%, and 7.5%, respective-
ly, while the incidence of GH deficiency remains indetermi-
nate [4,30]. In this study, deficiencies were most frequently
observed in the ACTH axis, followed by the gonadal, TSH,

810  www.kjim.org

The Korean Journal of Internal Medicine Vol. 39, No. 5, September 2024

and growth hormone axes. This finding is consistent with
evidence in the existing literature that central adrenal in-
sufficiency accounts for 83% of irH [34]. Nonetheless, the
actual prevalence of TSH deficiency may be lower than that
indicated by the results of this study. This is because only
patients who underwent three or more types of pituitary
hormone testing to detect secondary hypothyroidism were
included in the irH group, and most patients receiving im-
munotherapy underwent only thyroid function tests.

Comparisons between the irH and non-irH groups re-
vealed that patients in the irH group experienced more rap-
id hormonal changes in the TSH axis and started levothy-
roxine treatment sooner. Notably, even among irH patients
without TSH deficiency, those with primary hypothyroidism
initiated hormonal changes and levothyroxine treatment
earlier than their non-irH counterparts. Typically, ICl-related
TSH deficiency occurs at a median of 8 to 12 weeks after
ICl initiation [8,15,35]. This study revealed that TSH defi-
ciency with irH appears earlier than isolated hypothyroidism
(regardless of whether TSH deficiency is immune related)
without irH. In the non-irH group, hypothyroidism may have
been isolated from immune-related hypothyroidism or from
underlying Hashimoto’s thyroiditis. As the pathophysiology
that explains these phenomena is unknown, further com-
plementary studies are needed.

This study had several limitations. First, owing to the
study’s retrospective design, data collection on symptom
assessment was limited in terms of detail and accuracy by
chart review alone. Additionally, MRI findings were not used
to diagnose irH in this study because pituitary hypertrophy,
a typical finding of hypophysitis, was not evident in the irH
group. This likely occurs because pituitary hypertrophy on
MRI, a common indicator of irH, is more frequently associ-
ated with anti-CTLA-4 inhibitor use, whereas the majority
of irH patients in this study were treated with anti-PD-1 in-
hibitors [28,36]. Moreover, cocktail tests were not routine-
ly performed in patients receiving immunotherapy. Lastly,
many patients from the total population of cancer patients
treated with ICls were not included in this study, as they did
not undergo regular pituitary hormone testing after start-
ing ICl therapy. Given the relatively small sample size, it was
challenging to determine statistical significance by compar-
ing irH cases and non-cases. There was potential for selec-
tion bias, as hormonal evaluations were conducted on only
a subset of patients treated with ICls, either for screening
endocrine irAEs or based on clinical indications. Prospective
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studies requiring periodic hormone tests after ICl therapy
initiation are essential for a comprehensive assessment of
irH prevalence.

In conclusion, the results of this study provide additional
evidence consistent with existing studies on the clinical char-
acteristics and course of irH according to ICl type, frequency
of occurrence, and time to onset. It is important to note that
the exact incidence of endocrine adverse events can vary by
several factors, including the type and dose of ICI used, the
patient’s underlying medical conditions, and the presence of
other risk factors. Additionally, the incidence of these events
may change as more patients receive ICls and more data be-
come available. Nevertheless, endocrine adverse events are
a significant concern for patients receiving ICls and must be
monitored and managed carefully. Future studies should in-
clude prospective routine hormone testing both before and
after ICl administration, expansion to multiple centers, and
the prospective collection of data for analysis.

KEY MESSAGE

1. Most patients with irH in this study were treated
with anti-PD-1 inhibitors, with ACTH deficiency
being the most common hormonal insufficiency
observed.

2. The timeline of irH development in the irH group
was similar to that previously reported for the
onset of irH in association with anti-PD-1/PD-L1 in-
hibitors, and hypothyroidism manifested earlier in
the irH group than in the non-irH group.

3. This study’s findings provide evidence that can be
used to predict the clinical course and outcomes
of patients with irH based on the type of ICl, fre-
quency of occurrence, and time to irH onset.
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