
Introduction 

Gastric cancer is the fifth most common malignancy and the third 
leading cause of cancer-related mortality worldwide, even though 
rapid advances in treatment options have improved its prognosis 
[1]. Remarkable progress in tumor biology has led to the develop-
ment of new therapeutics that target critical aspects of oncogenic 
pathways or the immune system. However, the prognosis of pa-
tients treated with standard treatment for advanced gastric cancer 
remains poor [2]. Programmed cell death protein 1 (PD-1) is a 
cell surface receptor that plays a significant role in downregulating 
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the immune system and promoting self-tolerance by suppressing 
T-cell activity. Antibodies that block the interaction between PD-1 
and programmed death-ligand 1 (PD-L1) allow the immune sys-
tem to attack cancer cells. Anti-PD-1 and anti-PD-L1 antibodies 
have revolutionized the treatment of melanoma and non-small cell 
lung cancer (NSCLC) and are being evaluated in a broad range of 
other cancers, including gastric cancer. 

Tislelizumab (百泽安, Baize’an; BeiGene Ltd., Beijing, China) is 
a humanized monoclonal antibody (mAb) with high affinity and 
specificity for PD-1 that was engineered to minimize binding to 
Fc-γ receptor I (FcγRI) on macrophages to greatly reduce anti-
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body-dependent phagocytosis, a potential mechanism of T-cell 
clearance and resistance to anti-PD-1 therapy [3]. 

The use of immune checkpoint inhibitors (ICIs) in cancer ther-
apy is complicated by numerous mechanism-based toxicities, 
termed immune-related adverse events (irAEs), affecting dermato-
logical, gastrointestinal, hepatic, endocrine, and other systems. Ad-
renal insufficiency is an irAE and may manifest as nonspecific 
symptoms. Delay in diagnosis and inadequate care can lead to seri-
ous complications. Although it is necessary to elucidate the de-
tailed clinical features of this adverse event (AE) for early detec-
tion, the clinical features of anti-PD-1 therapy-induced adrenal in-
sufficiency remain poorly described. 

Two cases of adrenal insufficiency are described in this study 
that developed during chemotherapy plus anti-PD-1 mAb (tisleli-
zumab) therapy in patients with advanced gastric cancer in the 
clinical trial setting. 

Cases 

Ethical statements: This study was approved by the Institu-
tional Review Board (IRB) of Kyungpook National Universi-
ty Chilgok Hospital (IRB No: 2019-05-021). Informed con-
sent was obtained from the patients. 

1. Case 1 
A 58-year-old male was diagnosed with clinical T4N3M1, stage IV 
Her-2 negative gastric adenocarcinoma, with portal vein tumor 
thrombosis. He underwent palliative chemotherapy with capecit-
abine (1,000 mg/m2 twice daily, D1–D14), oxaliplatin (130 mg/
m2, D1), and tislelizumab (200 mg/m2, D1) at 3-week intervals. 
He received palonosetron (0.25 mg) and dexamethasone (10 
mg), intravenously, before the infusion of oxaliplatin for the pre-
vention of emesis. The initial treatment was well tolerated, and fol-
low-up scans showed a partial response. He developed severe fa-
tigue, and his serum sodium level was 109 mmol/L (range, 135–
145 mmol/L) after six cycles of treatment. Further investigations 
revealed the following: random urinary sodium, 64 mmol/L; free 
T3, 0.39 pg/mL (range, 2.00–4.40 pg/mL); free T4, 0.15 ng/dL 
(range, 0.89–1.8 ng/ dL); and thyroid-stimulating hormone 
(TSH) 136.50 mIU/L (range, 0.3–4.0 mIU/L). The levels of anti-
thyroglobulin antibody and antithyroid peroxidase were 70.60 U/
mL (range, 0–60 U/mL) and 55.02 U/mL (range, 0–60 U/mL), 
respectively. Thyroid ultrasonography showed atrophic changes in 
both lobes of the thyroid gland. The random serum adrenocorti-
cotropic hormone (ACTH) level was 20.23 pg/mL (range, 0–60 
pg/mL), and a rapid ACTH test was conducted. Before the admin-

istration of 250 µg of synthetic ACTH (cosyntropin), serum corti-
sol was <0.5 µg/dL (range, 3.09–22.4 µg/dL). Postadministration 
values were 2.27 and 3.56 µg/dL, at 30 and 60 minutes, respectively. 
Magnetic resonance imaging (MRI) of the brain showed no abnor-
malities in the pituitary gland (Table 1). The patient was diagnosed 
with hypothyroidism and adrenal insufficiency. The patient re-
ceived levothyroxine (0.15 mg) per day and 10 mg of hydrocorti-
sone twice daily. His serum sodium level improved to 138 mmol/
L after 1 week of treatment, and the patient reported improvement 
in fatigue. Follow-up investigations were conducted after 6 weeks 
of treatment and revealed the following: free T3, 3.03 pg/mL; free 
T4, 1.41 ng/dL; TSH, 13.10 mIU/L; and random serum cortisol, 
14.77 µg/dL. Currently, the patient shows a near-complete re-
sponse to treatment with capecitabine and tislelizumab. Hypothy-
roidism and adrenal insufficiency are well controlled with levothy-
roxine (0.15 mg) per day and hydrocortisone twice daily (10 mg 
on awakening and 5 mg in the early evening). 

2. Case 2 
A 59-year-old man was diagnosed with clinical T3N2M1, stage IV 
Her-2 negative gastric adenocarcinoma, with multiple metastases 
to the left paraaortic lymph node and liver. He underwent six cy-
cles of palliative chemotherapy with capecitabine (1,000 mg/m2 
twice daily, D1–D14), oxaliplatin (130 mg/m2, D1), and tisleli-
zumab (200 mg/m2, D1) and seven cycles of capecitabine and tis-
lelizumab from December 2019 to September 2020, resulting in a 
partial response. He received palonosetron (0.25 mg) and dexa-
methasone (10 mg), intravenously, before the infusion of oxalipla-
tin for the prevention of emesis. 

He developed severe weakness and mild dizziness after 13 cycles 
of treatment. Further investigations revealed the following: serum 
sodium, 123 mmol/L; free T3, 4.44 pg/mL; free T4, 1.05 ng/dL; 
and TSH 8.28 mIU/L. Additional tests for antithyroid antibodies 
and thyroid ultrasonography were not performed. Random serum 
cortisol was found to be 0.79 µg/dL and serum ACTH was 51.90 
pg/mL (Table 1). The patient was diagnosed with subclinical hy-
pothyroidism and adrenal insufficiency. The patient was adminis-
tered levothyroxine (0.05 mg per day) and hydrocortisone (10 
mg) twice daily. His serum sodium level improved to 137 mmol/L 
after 1 week of treatment, and he reported improved condition and 
restarted treatment with capecitabine and tislelizumab. Follow-up 
investigations were conducted after 6 weeks of treatment and re-
vealed the following: serum sodium, 135 mmol/L; free T3, 4.62 
pg/mL; free T4, 1.46 ng/dL; TSH, 3.67 mIU/L; and random se-
rum cortisol 9.15 µg/dL. His disease progressed after 16 cycles of 
treatment. Currently, the patient receives second-line treatment 
with ramucirumab and paclitaxel. Hypothyroidism and adrenal in-
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Table 1. Summary of patient characteristics and clinical symptom, laboratory result, and imaging

Case Age (yr) 
/sex Diagnosis

Time of  
symptom  

onset
Presenting symptom Laboratory result Imaging result

1 58/M AGC with portal vein  
tumor thrombosis

Cycle 6 Severe fatigue Pretreatment free T3: 3.29 pg/mL

Pretreatment free T4: 1.43 ng/dL

Pretreatment TSH: 0.67 mIU/L

Serum sodium: 109 mmol/L

Random urinary sodium: 64 mmol/L

Free T3: 0.39 pg/mL

Free T4: 0.15 ng/dL

TSH: 136.50 mIU/L

Antithyroglobulin antibody: 70.60 U/mL

Antithyroid peroxidase: 55.02 U/mL

Rapid ACTH testa)  

Thyroid ultrasonography: atrophic 
changes in both lobes of the thy-
roid gland

Brain MRI: no abnormality in the pi-
tuitary gland

2 59/M AGC with multiple 
metastases to left 
paraaortic lymph 
node and liver

Cycle 13 Severe weakness and 
mild dizziness

Pretreatment free T3: 3.25 pg/mL
Pretreatment free T4: 1.12 ng/dL
Pretreatment TSH: 5.81 mIU/L
Serum sodium: 123 mmol/L
Free T3: 4.44 pg/mL
Free T4: 1.05 ng/dL
TSH: 8.28 mIU/L
Random serum cortisol: 0.79 µg/dL
Random serum ACTH: 51.90 pg/mL

M, male; AGC, advanced gastric cancer; TSH, thyroid-stimulating hormone; ACTH, adrenocorticotropic hormone; MRI, magnetic resonance imaging.
a)Serum cortisol is <0.5, 2.27, 3.56 µg/dL at 0, 30, 60 minutes, respectively; serum ACTH is 20.23 pg/mL at 0 minute.

sufficiency are well controlled with levothyroxine (0.05 mg) per 
day and hydrocortisone twice daily (10 mg on awakening and in 
the early evening). 

Discussion 

ICIs are now considered the standard of care for melanoma, NS-
CLC, and renal cancer. An increasing number of agents are avail-
able, and the list of indications is growing, including gastric cancer. 
Tislelizumab is a humanized IgG4 anti-PD-1 mAb that has been 
developed for the treatment of hematological malignancies and ad-
vanced solid tumors [4]. The low affinity of tislelizumab for FcγRI 
may result in improved anticancer efficacy. ICIs have been shown 
to cause a unique set of toxicities, irAEs, which are different from 
those previously reported for cytotoxic agents. ICIs may affect pe-
ripheral tolerance to autoantigens, resulting in autoantibody forma-
tion, which could be associated with irAEs in various organs.  
Endocrine AEs are the most common irAEs. The majority of 
irAEs are mild to moderate and self-limiting, but a few of them, in-
cluding adrenal insufficiency, can lead to potentially life-threaten-
ing events [5]. 

ICI-related adrenal insufficiency is a rare disease, and a systemat-

ic review reported that the incidence of adrenal insufficiency of any 
grade was 0.7%, and the incidence of grade 3 or higher was only 
0.2% [6]. However, recognition is important because it may be se-
vere or life-threatening. There is no clearly defined time frame for 
the development of adrenal insufficiency. It can develop in the first 
month of treatment, but some cases have been reported several 
years after treatment. In this study, adrenal insufficiency developed 
after six and 13 cycles of treatment in cases 1 and 2, respectively. 
The presentation of adrenal insufficiency may vary from asymp-
tomatic laboratory abnormalities to serious medical conditions 
[7]. Symptoms are also vague and nonspecific; fatigue, dizziness, 
and anorexia are frequent symptoms, and refractory hypotension 
and altered state of consciousness may present in severe cases. Hy-
ponatremia and hyperkalemia are frequently reported. Hyponatre-
mia is mediated by increased release of antidiuretic hormone 
(ADH), which results in water retention and a dilutional decrease 
in serum sodium levels [8]. The increased secretion of ADH is 
caused by cortisol deficiency; hence, cortisol deficiency results in 
the increased hypothalamic secretion of corticotropin-releasing 
hormone, an ADH secretagogue [9]. Increased ADH secretion is 
also attributed in part to the reduction in systemic blood pressure 
and cardiac output. In addition, cortisol directly suppresses ADH 
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secretion [10]. Differential diagnoses may include central (im-
mune-mediated hypophysitis with secondary adrenal insufficien-
cy, hypophyseal metastasis) and peripheral (adrenal metastasis, ad-
renal hemorrhage) potential causes, while infections, drugs, and in-
filtrative diseases should also be considered. Laboratory tests and 
imaging studies, including morning cortisol, ACTH, ACTH-stim-
ulation test, adrenal gland computed tomography, and hypophysis 
MRI, may be helpful for differential diagnosis. Management 
should include holding ICIs until a patient is stabilized, hydrocorti-
sone, and fluid resuscitation based on clinical severity. ICIs with 
appropriate hormone replacement can be continued. 

Some studies have suggested an association between irAEs and 
clinical benefits, but it has not yet been identified [11,12]. Hussaini 
et al. [13] reported a positive association between the develop-
ment of irAEs and objective response rate (ORR), progres-
sion-free survival, and overall survival (OS). They also reported 
that grade 3 or 4 irAEs were associated with better ORR but worse 
OS. In our case studies, both patients showed a partial response. 
One patient achieved a near-complete response, and the response 
has been sustained for over 11 months. Further studies are re-
quired to investigate the association between irAEs and the effica-
cy of ICIs and to improve the control of irAEs and the clinical prac-
tice of ICIs. 

This study presented two cases of adrenal insufficiency that de-
veloped during tislelizumab therapy in patients with advanced gas-
tric cancer. The guidelines of the American Society of Clinical On-
cology recommend testing for TSH and free T4 every 4 to 6 weeks 
as part of routine clinical monitoring or for case detection in symp-
tomatic patients, but regular monitoring for adrenal insufficiency is 
not recommended [14]. Therefore, increased awareness of ICI-re-
lated adrenal insufficiency is crucial for early detection and prompt 
management in patients treated with ICIs. 
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