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Abstract
Pembrolizumab-induced adrenal insufficiency (AI) is recognized as a rare immune-related 
adverse event (irAE) that can be fatal if diagnosis is delayed. Clinical features of AI in patients 
with advanced non-small cell lung cancer (NSCLC) who received pembrolizumab as the first-
line treatment were observed. Five out of 49 patients with untreated advanced NSCLC devel-
oped AI between April 2017 and February 2021. Of the 5 patients, 4 developed AI with a grade 
>3 and were hospitalized. The median time of the onset of AI from the start of first-line treat-
ment was 4.63 months. All the patients improved after corticosteroid replacement therapy. 
The efficacy of treatment was complete response in 1 patient and partial response in 4 pa-
tients. Median progression-free survival was 37.7 months, and overall survival had not been 
reached. This case series revealed the efficacy of immunotherapy in AI as an irAE.
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Introduction

Anti-programmed cell death protein-1 (PD-1) antibody is an immune checkpoint inhibitor 
(ICI) and is one of the main drug treatments for advanced non-small cell lung cancer 
(NSCLC). Pembrolizumab and nivolumab are examples of anti-PD-1 antibodies. ICIs are 
known to cause immune-related adverse events (irAEs), especially in the skin, lungs, and 
endocrine and digestive systems. Endocrine irAEs include hypothyroidism, hyperthyroidism, 
hypophysitis, and adrenal insufficiency (AI) [1]. The incidence of pembrolizumab-induced 
AI is 0.98%, the symptoms are nonspecific, and the severity rate is high [2]. Herein, we 
report the cases of 5 patients who developed AI after receiving pembrolizumab as the first-
line treatment. We also describe the association between the efficacy of immunotherapy 
and the clinical features of AI.

Case Presentation

All patient-related data were retrospectively collected from the electronic medical 
records of Shinshu University Hospital, in accordance with the principles of the Declaration 
of Helsinki. The best objective response to first-line treatment was evaluated using the 
Response Evaluation Criteria in Solid Tumors (version 1.1) [3]. Progression-free survival 
(PFS) was defined as the start of first-line treatment to the date of progressive disease or to 
the date of death, while overall survival (OS) was measured from the start of first-line 
treatment to the date of the last follow-up. IrAE was graded according to Common Termi-
nology Criteria for Adverse Events, version 5.0.

A total of 49 patients with NSCLC who received pembrolizumab as the first-line treatment 
between April 2017 and February 2021 were included in our case series. The cutoff date for 
follow-up was June 30, 2021. Forty-one patients were male and 8 were female, with a median 
age of 72 years (range: 40–87 years). Twenty-three patients received pembrolizumab mono-
therapy as first-line treatment, 16 received carboplatin plus pemetrexed plus pembroli-
zumab, 7 received carboplatin plus nab-paclitaxel plus pembrolizumab, and 3 received carbo-
platin plus paclitaxel plus pembrolizumab. We defined AI as a cortisol level <4 μg/dL in the 
morning or ≥4 μg/dL and <18 μg/dL in the morning, responsive to corticosteroid replacement 
therapy. A total of 5 patients developed AI, and the patient characteristics and efficacy of first-
line treatment are shown in Table 1. Of the 5, 3 were male, while 2 were female, with a median 
age of 63 years (range: 49–79 years). All the patients had good performance status (PS). Two 
patients received pembrolizumab monotherapy, while 3 received combination therapy, in 
which pembrolizumab and cytotoxic agents were combined. Table 2 shows the summary of 
the clinical course in the 5 patients with AI. All the patients were diagnosed with AI after 
admittance of any symptom. The major complaints were nonspecific symptoms such as 
anorexia, malaise, fever, diarrhea, and difficulty in movement. In case 4, where the patient 
developed AI of grade 4, weight loss of 10 kg or more was observed relative to the time of 
diagnosis. No significant weight loss was observed in the other 4 patients. Eosinophilia (>500 
eosinophils/µL) was observed in 1 patient (Case 3). At the onset of AI, 4 out of the 5 patients 
had poor PS (≥3) and required hospitalization. The median time of the onset of AI was 4.63 
months (range: 2.13–16.13 months). All patients received corticosteroid replacement 
therapy, and their symptoms improved. Three of the 5 patients discontinued pembrolizumab, 
but after improvement of AI, 2 of these patients resumed pembrolizumab. In evaluating for 
survival, the median follow-up was 17.5 months (range: 10.7–48.0 months). The median PFS 
was 37.7 months, while the OS was not reached. Regarding the best objective response, 1 
patient had complete response, and 4 patients had partial response.
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Discussion/Conclusion

This case series describes the clinical features of pembrolizumab-induced AI in patients 
with untreated advanced NSCLC. According to World Health Organization’s VigiBase, 58% of 
patients who develop AI were males. The median age of patients with AI was 66 years, and 
median time of the onset of AI was 120 days from the start of treatment [4]. In 1 retrospective 
study, 6 of the 10 patients who developed AI were male. The median age of patients with AI 
was 66 years, and median time of the onset of AI was 5.6 months [5]. The Japanese adverse 
drug event report database demonstrated the median time of the onset of nivolumab- and 
pembrolizumab-induced AI to be 156 and 118 days, respectively [6]. Patient characteristics 
of AI in our case series were similar to those in these previous studies. But compared with 
earlier reports, 10.2% of all patients in this case series were diagnosed with AI more frequently. 
However, this was considered to be a coincidence because of the small sample size and single-
center nature of this study [7].

Symptoms of AI such as irAEs are nonspecific and difficult to diagnose, with nearly half 
being severe at the time of diagnosis. In our case series, 4 of the 5 patients had severe AI as 
an irAE and were hospitalized, but corticosteroid replacement therapy improved PS in all 
patients. A previous study showed that high-dose glucocorticoids for the treatment of ipil-
imumab-induced hypophysitis in patients with melanoma were associated with poor 
survival [8]. However, in our case series, immunotherapy was effective in patients who 
developed AI and resulted in prolonged survival. In case 4, pembrolizumab was still discon-
tinued after improvement of grade 4 AI, but had maintained CR for about 6 months [9]. In 
cases 1, 2, 3, and 4, immunotherapy was continued with corticosteroid replacement therapy, 
and the efficacy of pembrolizumab was good. Twenty milligrams of intravenous hydrocor-

Table 1. Clinical characteristics before the initiation of first-line treatment in patients who later developed 
adrenal insufficiency

Category N

Patients 5
Median age (range), years 63 (49–79)
Gender, male/female 3/2
ECOG performance status, 0/1 2/3
Smoking history, current plus former/never 4/1
Histologic subtype, adeno/squamous/not otherwise specified 3/1/1
Clinical stage (TNM eighth), IVA/IVB/others 5/0/0
Driver mutation, positive/negative 0/5
PD-L1 TPS, ≥50/1–49/<1, % 3/2/0
First-line treatment
Pembrolizumab monotherapy 2
Carboplatin plus pemetrexed plus pembrolizumab 1
Carboplatin plus nab-paclitaxel plus pembrolizumab 2
Best overall response, complete response/partial response 1/4
Median progression-free survival (95% CI), months 37.7 (na–na)
Median overall survival (95% CI), months na (na–na)

ECOG, Eastern Cooperative Oncology Group; TNM, Tumor Nodes Metastasis; PD-L1, programmed cell 
death ligand-1; TPS, Tumor Proportion Score; CI, confidence interval.
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tisone, which is equivalent to 5 mg of oral prednisolone, was administered daily to 4 out of 
5 patients. The dose of the bioactive hydrocortisone was insufficient to interfere with the 
effect of ICI. Ida et al. [5] reported that the median OS in pretreated NSCLC patients while 
continuing ICIs after the development of AI was 15.4 months, and survival was favorable. 
Further studies are needed to evaluate the association between steroid dose and the efficacy 
of ICIs.

Prognostic biomarkers, such as the lung immune prognostic index and neutrophil-to-
lymphocyte ratio, are well-known factors used to measure the efficacy of ICIs [10, 11]. In 
recent years, several studies have reported that the development of irAE was associated 
with good prognosis in NSCLC patients who received ICIs [12, 13]. In a multivariate 
analysis of NSCLC patients who were treated with nivolumab, Haratani et al. [12] demon-
strated that the development of irAEs was positively associated with survival outcome, 
with hazard ratios of 0.525 for PFS and 0.282 for OS. In another retrospective study in 
our institute, the median PFS and OS were 6.8 and 37.8 months, respectively, in the 
pretreated NSCLC patients with irAEs and 1.9 and 8.1 months, respectively, in those 
without irAEs. The median PFS and OS in those with irAEs were significantly longer than 
those without irAEs (PFS: p < 0.001 and OS: p < 0.001) [13]. In the present case series, 5 
patients were alive at the data cutoff date, and 3 out of 5 patients had other irAEs. A 
previous report states that among patients who developed irAEs, the incidence of devel-
oping multiple irAEs was significantly higher in the ICI-responder group than in the ICI-
nonresponder group (41.7% vs. 0.0%, p = 0.009) [13]. The good prognosis in our cases 
might have been due to the absence of distant metastasis other than lung metastasis. 
Moreover, it was also suggested that the development of AI may be a favorable prognostic 
factor associated with survival. Further examination and analysis of cases are needed to 
verify this finding.

In conclusion, we presented the clinical characteristics of pembrolizumab-induced AI in 
patients with untreated advanced NSCLC. For patients with AI, corticosteroid replacement 
therapy would be useful in continuing treatment without diminishing the efficacy of ICIs. This 
case series suggested that the development of AI as an irAE may be associated with the efficacy 
of immunotherapy.
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