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Abstract
Background and Aim: Immune checkpoint inhibitors have significantly improved the
clinical outcomes of many cancer types, but they induce a range of immune-related
adverse events (irAEs). Although adrenal insufficiency (AI) is a rare irAE, it can lead
to serious consequences. This study aimed to determine the clinical features of
patients with advanced non-small-cell lung cancer (NSCLC) who developed AI fol-
lowing pembrolizumab treatment.
Methods: We retrospectively reviewed and analyzed the clinical data of all patients
with NSCLC treated with pembrolizumab at Juntendo University Hospital from
February 2017 to December 2020. The diagnosis of AI was established based on the
Endocrine Emergency Guidance for the acute management of endocrine complica-
tions of checkpoint inhibitor therapy in the UK and the clinical practice guidelines of
the Japan Endocrine Society.
Result: AI was clinically suspected in 59 out of 186 patients treated with pembrolizu-
mab, and 10 (5.4%) cases were confirmed. The symptoms included hyponatremia
(n = 9), fatigue (n = 8), and loss of appetite (n = 6). All patients had low adrenocorti-
cotropic hormone (ACTH) levels, and five patients were diagnosed with isolated
ACTH deficiency. All patients completely recovered with corticosteroid replacement.
The median time to onset of AI was 8.0 (range 3.8–15.2) months. The median
progression-free survival in these patients was 22.4 (95% confidence interval 11.2–not
reached) months.
Conclusion: The incidence of AI among patients treated with pembrolizumab is more
frequent than previously reported. In addition, secondary AI, especially isolated
ACTH deficiency, is a major form of AI induced by pembrolizumab.
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INTRODUCTION

Immune checkpoint inhibitors (ICIs) have substantially
improved the prognosis of patients with multiple solid
malignancies, including non-small-cell lung cancer
(NSCLC). ICIs target programmed cell death-1 (PD-1)/
programmed cell death ligand-1 (PD-L1) and cytotoxic

T-lymphocyte-associated protein 4 (CTLA-4), which nega-
tively regulate T-cell activity and aid tumor cells in evading
immune surveillance.1 Despite significant clinical benefits,
ICIs have been associated with distinctive side effects called
immune-related adverse events (irAEs). Any organ system
could be involved, and the probability of irAE incidence
ranges from 54% to 76%.2 A recent meta-analysis has
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indicated that the occurrence of irAEs, particularly endo-
crine, dermatological, and gastrointestinal irAEs, may be a
predictor of ICI efficacy,1,3 and some of the irAEs might be
associated with better prognosis.4,5

Adrenal insufficiency (AI) is characterized by deficient
production or action of glucocorticoids.6 This failure can
result from loss of function of the adrenal glands or
impaired hypothalamic/pituitary regulation of adrenal corti-
sol synthesis.7 The clinical presentation of AI varies,
depending on the extent of loss of adrenal function and the
degree of stress,7 thus establishing the diagnosis of AI is
often difficult. AI can be life-threatening unless treatment is
immediately initiated.6 In general, the frequency of AI
induced by PD-1 or PD-L1 inhibitors has been less common
than that induced by CTLA-4 inhibitors or a combination of
CTLA-4 and PD-1 inhibitors.8 However, few studies have
accurately diagnosed AI, which may lead to underestima-
tion of AI.

In this study, we investigated the frequency, clinical fea-
tures, and prognosis of patients with NSCLC who developed
AI following pembrolizumab treatment in a real-world
setting.

METHODS

Patients

We retrospectively reviewed the clinical data from the medi-
cal records of patients with NSCLC treated with pembroli-
zumab monotherapy or in combination with chemotherapy
at Juntendo University Hospital from February 2017 to
December 2020. Among them, we selected patients with sus-
pected AI based on symptoms and/or laboratory parameters,
such as serum cortisol level. This study was approved by the
institutional review board of Juntendo University Hospital
(approval number H18-0083) and was conducted in

accordance with the Declaration of Helsinki. The need for
consent to participate was waived due to the retrospective
nature of the study.

Evaluation of patient characteristics

We reviewed patients’ characteristics, including sex, age at
the time of pembrolizumab initiation, smoking history, his-
tology, driver mutation status, type and line of treatment,
imaging results (computed tomography and pituitary mag-
netic resonance imaging), and blood test results. Clinical
stage was assigned based on the results of chest radiography,
chest and abdominal computed tomography, computed
tomography or magnetic resonance imaging of the brain,
and bone scintigraphy or positron emission tomography.
Performance status (PS) was evaluated using the Eastern
Cooperative Oncology Group PS scale. Adverse events were
evaluated according to the Common Terminology Criteria
for Adverse Events version 4.0.

Evaluation of adrenal insufficiency

For AI assessment, we evaluated serum random cortisol levels
for screening, and the adrenocorticotropic hormone (ACTH)
(cosyntropin) stimulation test was performed to confirm the
diagnosis. Serum basal ACTH levels were also measured to dis-
tinguish between primary and secondary AIs. Corticotropin-
releasing hormone (CRH), luteinizing hormone-releasing hor-
mone (LHRH), and thyrotropin-releasing hormone (TRH)
provocation tests and brain-imaging tests were performed to
evaluate the pituitary gland (Figure 1).

Serum basal cortisol and plasma basal ACTH concentra-
tions were measured at 8 AM. The rapid ACTH stimulation
test assessed the serum cortisol level at baseline and 30 min
(60 min) after intravenous bolus 250 μg injection of

F I G U R E 1 Flow chart of diagnostic criteria of adrenal
insufficiency. ACTH, adrenocorticotropic hormone; AI, adrenal
insufficiency
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cosyntropin. ACTH/cortisol was evaluated at baseline and
30, 60, 90, and 120 min after intravenous bolus 100 μg injec-
tion of CRH. LH/follicle stimulating hormone (FSH) was
evaluated at baseline and 30, 60, 90, and 120 min after intra-
venous bolus 100 μg injection of LH/RH. Thyroid-
stimulating hormone (TSH) was evaluated at baseline and
30, 60, 90, and 120 min after intravenous bolus 500 μg injec-
tion of TRH.

According to the Endocrine Emergency Guidance of irAE
in the UK and Japan Endocrine Society, a serum basal cortisol
level at 8 AM above 18 μg/dl excludes AI. We defined AI as a
peak serum cortisol level <18 μg/dl in the ACTH stimulation
test. Patients with serum cortisol level below 4 μg/dl were also
considered to have AI regardless of whether the ACTH stim-
ulation test was performed. If the serum basal ACTH level
was below or within the reference range (7.2–63.3 pg/ml),
secondary AI was diagnosed. Hyponatremia was defined as a

serum sodium concentration lower than 135 mmol/L and
eosinophilia count less than 500/μl.

Statistical analysis

Fisher’s exact and Mann–Whitney U tests were used to evaluate
differences in categorical and continuous variables between the
two groups, respectively. Progression-free survival (PFS) was
defined as the period between the start of pembrolizumab and
progressive disease or death from any cause. Overall survival
(OS) was defined as the period from the time of initial diagno-
sis to death or the last follow-up. PFS was evaluated using the
Kaplan–Meier method. A p value of less than 0.05 was consid-
ered statistically significant. All analyses were performed using
the R version 4.1.1 (R Foundation for Statistical Computing,
Vienna, Austria) and jamovi 2.3.1 (The jamovi project).

F I G U R E 2 Selection criteria for study participants.
ACTH, adrenocorticotropic hormone; AI, adrenal
insufficiency; NSCLC, non-small-lung cancer

T A B L E 1 Baseline characteristics of the study population

Patients with adrenal insufficiency Patients without adrenal insufficiency
p valuen = 10 n = 176

Sex (M/F), n (%) 6 (60)/4 (40) 126 (71.6)/50 (28.4) 0.48

Age (range) 67.5 (52–80) 68.0 (40–78) 0.61

Smoking history (yes/no), n (%) 9 (90)/1 (10) 155 (88.1)/21 (11.9) 1.00

PD-L1 expression (≥50%/<50% or unknown), n (%) 3 (30)/7 (70) 101 (57.4)/75 (42.6) 0.11

Driver mutation, n (%) 4 (40) 16 (9.1) 0.01

Performance status (0–1/≥2), n (%) 9 (90)/1 (10) 154 (87.5)/22 (12.5) 1.00

Histology (SQ/non-SQ), n (%) 1 (10)/9 (90) 32 (18.2)/144 (81.8) 0.51

Stage (I or II/III or IV), n (%) 1 (10)/9 (90) 26 (14.8)/150 (85.2) 1.00

Monotherapy/combination therapy, n (%) 4 (40)/6 (60) 109 (62.0)/67 (38.0) 0.19

Treatment of line (first or second/≥third), n (%) 8 (80)/2 (20) 158 (89.8)/18 (10.2) 0.29

Steroid use before incidence of AI, n (%) 0 (0) –

Note: Comparisons performed by Fisher’s exact test and the Mann–Whitney U test as appropriate.
Abbreviations: SQ, squamous cell carcinoma; non-SQ, non-squamous cell carcinoma; AI, adrenal insufficiency.
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RESULTS

Patients characteristics

We selected 186 patients with NSCLC treated with pembro-
lizumab monotherapy or combination therapy with chemo-
therapy in our hospital. Among these patients, serum
cortisol level was measured in 59 patients as the physician
suspected AI. These patients were suspected of having AI
owing to their symptoms and/or laboratory findings, such as
fever, fatigue, loss of appetite, or hyponatremia. A total of
49 patients with cortisol level ≥18 μg/dl or with causes other
than AI were suspected of having AI. Based on the evalua-
tion of cortisol level and rapid ACTH stimulation test,
10 patients were diagnosed with AI (Figure 2).

Patient characteristics at the initiation of pembrolizumab
are summarized in Table 1. In the group of patients with AI,
the mean age was 69 years (range 52–82 years), and six male
and four female patients were included. The most common
histological type were adenocarcinoma (90%) and three
patients showed high PD-L1 expression (≥50%). Nine
patients showed a PS score of 0–1. Pembrolizumab was
administered as first-line treatment in five patients, second-
line treatment in three patients, and third-line treatment in
two patients. Four patients were treated with pembrolizu-
mab monotherapy, whereas six patients were treated with a
combination of pembrolizumab and chemotherapy. Most of
these characteristics were not statistically different from
those of patients without AI. Only the presence of driver
mutations differed between the two groups. None of the
patients regularly used steroids before AI diagnosis.

Clinical course

In patients with AI (Tables 2 and 3), the most common
symptoms were general fatigue and loss of appetite, which
more than half of the patients developed. One patient had no
symptoms. Laboratory findings revealed hyponatremia in
nine patients and eosinophilia in four patients. In the evalua-
tion of hormone levels, all patients showed relatively low
plasma ACTH despite cortisol level, leading to the diagnosis
of secondary AI. Six patients underwent dynamic tests of
pituitary hormones, resulting in isolated ACTH deficiency in
five patients and combined ACTH and gonadotropin defi-
ciency in one patient. Brain imaging was performed in eight
patients, and no pituitary abnormalities were detected.

The median time from the time of initiation of pembroli-
zumab to diagnosis of AI was 8.0 (range 3.8–15.2) months.
The median number of pembrolizumab cycles before AI was
7.5 (range 4–14) cycles. One patient developed AI 4.5 months
after pembrolizumab discontinuation. All patients had com-
plicated irAEs, for example skin toxicity and thyroid dysfunc-
tion in six and three patients, respectively.

All patients were treated with corticosteroid replace-
ment. Hydrocortisone 15–200 mg/day was initiated in nine
patients and prednisolone 20 mg/day in one patient. Subse-
quently, these medications were tapered and 5–30 mg/day
of hydrocortisone was maintained in every patient until the
cut-off date. All patients completely recovered after steroid
administration. After the AI was under control, five patients
restarted pembrolizumab or combination therapy with corti-
costeroid replacement therapy without recurrence of AI.

Survival evaluation

The median follow-up time and PFS in patients with AI
were 14.2 (range 6.9–39.1) and 22.4 months (95% confi-
dence interval [CI] 22.4–not reached) months, respectively
(Table 4). The median follow-up time and PFS in
patients treated with pembrolizumab monotherapy were

T A B L E 2 Clinical characteristics of patients with adrenal insufficiency

Total
n = 10

Clinical symptoms

General fatigue, n (%) 6 (60)

Loss of appetite, n (%) 6 (60)

Loss of body weight, n (%) 2 (20)

Central nervous systems, n (%) 3 (30)

Nausea, n (%) 1 (10)

Fever, n (%) 3 (30)

No symptoms, n (%) 1 (10)

Laboratory findings

Hyponatremia, n (%) 9 (90)

Hypoglycemia, n (%) 2 (20)

Eosinophilia, n (%) 4 (40)

Cycles (range) 7.5 (range 4–14)

Onset time (range), month 8.0 (3.8–15.2)

CTCAE grade (2/3/4), n (%) 1(10)/8(80)/1(10)

Serum ACTH

Low ACTH, n (%) 10 (100)

Pituitary deficiencies

Isolated ACTH deficiency, n (%) 5 (50)

ACTH and gonadotropic deficiency, n (%) 1 (10)

No hormonal dynamic test 4 (40)

Pituitary MRI

No abnormality, n (%) 8 (80)

No imaging, n (%) 2 (20)

Treatment

Corticosteroid replacement 10 (10)

Re-administration of pembrolizumab

Yes 5 (50)

No 5 (50)

Note: Definitions: hyponatremia <135 mEq/L; hypoglycemia <65 mg/dl; eosinophilia
>500/μL.
Abbreviations: ACTH, adrenocorticotropic hormone; CTCAE, common terminology
criteria for adverse event v5.0; MRI, magnetic resonance imaging.
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30.6 (range 14.1–39.1) and 16.8 (range 10.1–28.8) months,
respectively. With pembrolizumab combination therapy,
the median follow-up time and PFS were 10.2 (range 6.9–
20.2) and 9.9 (range 5.5–20.2) months, respectively. On the
other hand, the median PFS among patients without AI

was 5.8 months (95% CI 4.9–8.8), indicating statistically
shorter PFS compared with patients with AI (hazard ratio
0.41, 95% CI 0.17–1.00, p = 0.043). At the cut-off date,
eight patients were alive and two patients had been trans-
ferred to another hospital.

T A B L E 3 Detailed clinical profiles of patients with adrenal insufficiency

Patient no.

Clinical findings

Age Sex Treatment Line Cycles
Time to
event (months)

CTCAE
(grade) Symptoms Laboratory findings

1 70 F Pembrolizumab 2 7 4.7 3 Fatigue, nausea, headache Hyponatremia, hypoglycemia

2 70 M Pembrolizumab 1 8 10.0 3 No symptoms Hyponatremia

3 49 F CBDCA + PEM
+ pembrolizumab

2 14 15.4 4 Loss of appetite, fever,
arthralgia

Hyponatremia, eosinophilia

4 52 M CBDCA + PEM
+ pembrolizumab

1 7 11.2 3 Fatigue, loss of appetite,
weight loss

Eosinophilia

5 80 F CBDCA + PEM
+ pembrolizumab

1 8 7.3 3 Fatigue Hyponatremia

6 82 M Pembrolizumab 2 14 9.8 2 Fatigue, loss of appetite,
weight loss

Hyponatremia, eosinophilia

7 75 M CBDCA + nab-PTX
+ pembrolizumab

1 4 3.8 3 fatigue, fever, loss of appetite Hyponatremia, eosinophilia

8 60 M CBDCA + PEM
+ pembrolizumab

1 6 5.2 3 Loss of appetite, Disturbance
of consciousness

Hyponatremia

9 56 M Pembrolizumab 5 13 8.9 3 Fatigue Hyponatremia

10 67 F CBDCA + PEM
+ pembrolizumab

6 7 7.0 3 Loss of appetite, Convulsion Hyponatremia, hypoglycemia

Patient
no

Hormone level Pattern of AI

Cortisol
(μg/dl)

ACTH
(pg/ml)

Secondary
AI IAD

Multiple
hormone
deficiencies Brain imaging Other irAE

Hormone
replacement therapy
(maintenance dose)

Re-
administration
of
pembrolizumab

1 5 12 � – ACTH, Gn No abnormality Cholangitis, skin
toxicity

Dexamethasone
0.5 mg

�

2 2.4 10.1 � � – No abnormality Pneumonitis,
thyroid
dysfunction,
skin toxicity

Prednisolone 20 mg �

3 4.8 ≦3.0 � � – No abnormality Thyroid
dysfunction

Hydrocortisone
15 mg

–

4 0.6 <1.5 � � – No abnormality Pneumonitis Hydrocortisone
15 mg

�

5 0.6 4.2 � � – No abnormality – hydrocortisone 15 mg �

6 3.7 29 � Not tested Not tested Not tested Skin toxicity Hydrocortisone 5 mg �

7 1 <1.5 � Not tested Not tested No abnormality Skin toxicity Hydrocortisone
15 mg

–

8 1.5 <1.5 � Not tested Not tested No abnormality Thyroid
dysfunction,
colitis

Hydrocortisone
30 mg

–

9 1.9 9.7 � Not tested Not tested Not tested Skin toxicity Hydrocortisone
20 mg

–

10 1.4 1.5 � � – No abnormality Skin toxicity Hydrocortisone
15 mg

–

Abbreviations: ACTH, adrenocorticotropic hormone; AI, adrenal insufficiency; CBDCA, carboplatin; CDDP, cisplatin; CTCAE, Common Terminology Criteria for Adverse Events
version 4.0; F, female; Gn, gonadotropin; IAD, isolated adrenocorticotropic hormone deficiency; M, male; nab-PTX, nab-paclitaxel; PEM, pemetrexed.
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DISCUSSION

In this study, we presented the clinical features of AI
induced by PD-1/PD-L1 inhibitors and found that AI may
be more prevalent than that previously reported.

In our cases, most patients complained of fatigue and loss
of appetite, whereas none presented headache or vision disor-
der. No cases showed brain imaging abnormality. Additionally,
all patients presented with secondary AI, with isolated ACTH
deficiency being the most common. These features were similar
to those previously reported.9 In contrast, we found that AI
developed in 5.3% of patients treated with pembrolizumab,
which was more frequent than that in the previously reported
studies. Previous phase 3 trials of pembrolizumab monother-
apy or combination therapy with chemotherapy in NSCLC
demonstrated that the incidence rate of AI was 0.2–0.7%.10–12

Even if hypophysitis was considered, the incidence of hypophy-
sitis was reported to be significantly less common (0.1–
0.7%).10–12 Conversely, hypophysitis was observed in 8–13% of
patients taking CTLA-4 inhibitors and in 8.5–9.0% of patients
taking a combination of CTLA4 and PD-1 inhibitors.8 We
emphasize that AI induced by pembrolizumab is significantly
more frequent than estimated.

In general, AI tends to be underdiagnosed because
patients with AI often have nonspecific symptoms, such as
fatigue, loss of appetite, weight loss, nausea, and muscle and
joint pain.13 Laboratory findings of patients with AI are also
nonspecific, such as hyponatremia, hypoglycemia, or
eosinophilia,13 similar to the result of our study. These non-
specific clinical findings make it difficult to diagnose
AI. Furthermore, in the case of irAEs, it took several months
for AI to develop after ICI initiation,8 leading to underdiag-
nosis. In the present study, the longest period was over a
year after pembrolizumab initiation. One patient developed
AI 4.5 months after the last pembrolizumab administration,
which is similar to the result of a previous study.14 In our
study, the number of patients suspected of AI was also large
compared with that in a previous study,15 which enabled us
to identify patients with AI more accurately. Therefore, AI
should be suspected at any time during the use of ICIs and
even after ICI discontinuation. It is also important to per-
form hormone tests as needed for precise diagnosis, in con-
sultation with endocrinologists.

Racial differences may also be one of the reasons for the
high frequency of AI in this study. Many reports of isolated
ACTH deficiency induced by ICIs have been published from
Japan.16 Previous studies have shown that specific human
leukocyte antigen alleles are associated with pituitary
irAEs.17–19 Kobayashi et al. reported that the prevalence
rates of HLA-Cw12, HLA-DR15, HLA-DQ7, and HLA-
DPw9 were higher in patients with isolated ACTH defi-
ciency induced by ICI than in patients without pituitary
irAEs.17 Differences in HLA may contribute to differences
in the frequency of pituitary irAEs.

In patients with cancer, chronic stress activates the
hypothalamic–pituitary–adrenal axis, leading to increased
levels of blood glucocorticoids continuously.20 Therefore, we
should consider the possibility that it is not strictly accurate
for patients with cancer to use the diagnostic criteria of AI
same as that for the healthy population. In the Endocrine
Emergency Guidance of irAE in the UK, patients with ran-
dom serum cortisol level <16.3 μg/dl (450 nmol/L) should
be treated with corticosteroids for AI.21 If we had used ran-
dom serum cortisol level <16.3 μg/dl as the cut-off, it is pos-
sible that 37 more mild cases could have been included.
Although further studies are needed to determine the refer-
ence value of cortisol in patients with cancer, we should
assume that the frequency of adrenal sufficiency will be sig-
nificantly higher.

There is no consensus on the prognosis of patients with
AI, although endocrine irAEs can predict the efficacy of
ICIs.1 Our study shows that the PFS rates in patients with
AI treated with pembrolizumab monotherapy and combina-
tion therapy were 16.8 (range 10.1–28.8) and 9.9 (range 5.5–
20.2) months, respectively. These are favorable PFS rates
compared with those of previous phase 3 trials.11,22 In our
study, PFS was significantly longer in patients with AI than
in those without AI, although this was a small number of AI
cases. As OS is an immature data, we need further follow-up
studies. Further accumulation of case numbers is needed to
examine the correlation between the incidence of AI and
prognosis.

Although the precise mechanisms of pituitary irAE,
especially those induced by PD-1/PD-L1 inhibitors, have
not been fully elucidated, some potential mechanisms have
been reported, including the presence of antigens in both
tumors and healthy tissue, and increasing levels of preexist-
ing autoantibodies and inflammatory cytokines.8 Bando
et al. showed that ectopic ACTH expression in tumor cells
evoked autoimmunity to corticotrope cells, leading to
ACTH deficiency.23 Kobayashi et al. showed that patients
with antipituitary antibodies at baseline were prone to
develop ICI-induced isolated ACTH deficiency.17 In addi-
tion, positive conversion of anti-pituitary antibodies at the
onset of pituitary irAEs has also been observed.17 To deter-
mine the pathogenesis, histological evaluations of pituitary
glands in patients with PD-1/PD-L1 inhibitor-induced
hypophysitis are also required.

Our study has some limitations. Our results are limited
by a retrospective approach from a single institution. In

T A B L E 4 Progression-free survivals in patients with or without
adrenal insufficiency

Follow-up time,
months (median)

Progression-free
survival, months (95% CI)

All patients (n = 186) 12.5 (0.1–44.4) 6.8 (5.1–9.6)

Patients with adrenal
insufficiency
(n = 10)

14.2 (6.9–39.1) 22.4 (11.2-NR)

Patients without
adrenal insufficiency
(n = 176)

12.5 (0.1–44.4) 5.8 (4.9–8.8)

Abbreviations: CI, confidence interval; NR, not reached.
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addition, the sample size of patients with AI was small. Nev-
ertheless, the assessment of hormone evaluation based on
uniform diagnostic criteria is the strength of this study. Fur-
ther studies are needed to determine the pathological mech-
anism of AI induced by pembrolizumab.

In conclusion, we strongly suggest that AI is a signifi-
cantly more frequent irAE than previously reported. AI is a
treatable condition, thus precise diagnosis and prompt treat-
ment are required. In addition, secondary AI, especially iso-
lated ACTH deficiency, is a major form of AI induced by
pembrolizumab.
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