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ABSTRACT
Immune checkpoint inhibitors (ICIs) significantly increase survival in some malignant tumors, but they also lead to a 

variety of immune-related adverse events that affect multiple organs, including the liver, lung and endocrine system. 

Isolated adrenocorticotropic hormone deficiency (IAD), a rare pituitary disorder, may manifest with non-specific 

symptoms. Clinicians may not be aware of this unusual side effect. We hereby describe a 70-year-old male patient who 

had lung sarcoma and was treated with camrelizumab. He developed immune-related pneumonia and hepatitis, 

subsequent late-onset IAD with severe hyponatremia. His symptoms alleviated after glucocorticoid therapy. So 

regularly monitoring endocrine functions should be beneficial for cancer patients treated by camrelizumab. 

Clinicians should consider IAD induced by ICIs when hyponatremia occurs in these patients. Timely hydrocortisone 

replacement therapy can avoid serious, life-threatening adrenal crisis.
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INTRODUCTION
As a new type of antitumor medications, immune checkpoint 
inhibitors (ICIs) significantly improve the prognosis of some 
malignant tumors. However, with their wide applications, many 
immune-related adverse events (irAEs) related to the ICIs are 
being realized. irAEs can occur in multiple tissues or organs, 
including lung, liver and gastrointestinal tract [1,2]. ICIs also 
cause endocrine dysfunctions [3]. The common endocrine 
related adverse events are thyroid dysfunctions and hypophysitis, 
while isolated adrenocorticotropic hormone (ACTH) deficiency 
(IAD) is rare [3]. IAD has occult symptoms, easy to be 
misdiagnosed and neglected. Carelizumab (trade name: Erica) is a 
new type ICI in China [4]. It was officially approved to market in 
May 2019. The drug has been used to treat many types of 
malignant tumors. We hereby report a patient with lung cancer 
who developed severe hyponatremia due to IAD  associated  with

camrelizumab. Meanwhile, we review the characteristics of IAD 
in order to provide some references for clinical work.

CASE PRESENTATION
The patient was a 70-year-old male and found to have a 
pulmonary nodule during his healthy check-up in June 2019. 
Through computerized tomography (CT) guided biopsy and 
histopathology, the patient was diagnosed with lung sarcoma 
and experienced lung local microwave ablation. He had no 
special family or psycho-social history. The patient had received 
camrelizumab monotherapy (200 mg every 2 weeks) since July 
2019. Nine months later, he started to frequently complain of 
fever, obvious fatigue, anorexia, nausea and vomiting. He was 
admitted to our hospital in April 2020. Blood biochemical 
examination showed hyponatremia (Na 131 mmol/L (137-147 
mmol/L)), liver function damage (ALT 139.9 U/L (9-50 U/L),
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Cortisol
circadian
rhythm

8 AM 4 PM 12 PM

Cortisol
(normal range:
172-497)
(nmol/L)

32.65 30.85 28.16

ACTH (normal
range: 5-60) 
(pg/ml)

9.55 9.78 7.44

TSH (normal
range: 0.27-4.2)
(μIU/mL)

10.05 - -

Free T3 
(normal range:
3.1-6.8)
(pmol/L)

6.26 - -

Free T4 
(normal range:
12-22) (pmol/L)

17.63 - -

TPOAb
(normal range:
0-34) (IU/mL)

8.98 - -

TgAb (normal
range 0-115): 
(IU/mL)

990.3 - -

FSH (normal
range: 1.5-12.4)
(IU/L)

10.83 - -

LH (normal 
range: 1.7-8.6)
(IU/L)

8.26 - -

Prolactin
(normal range:
4.04-15.2)
(ng/ml)

29.72 - -

Testosterone
(normal range:
2.8-8.0) (ng/ml)

5.52 - -

GH (normal 
range: 0.06-5.0)
(ng/ml)

1.05 - -

IGF-1 (normal
range: 60-350)
(μg/ml)

82.1 - -

Plasma renin
(normal range:
4.4-46.1)
(uIU/ml)

8.6 - -
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AST 135.1 U/L (15-40 U/L), GGT780.6 U/L (10-60 U/L), 
TBIL 73.2 μmol/L (5-24 μmol/L)], increased leucocytes and 
neutrophils (WBC 26.14 × 109/L (3.5-9.5 × 109/L), N 20.13 × 
109/L (1.8-6.3 × 109/L)). At that time, plasma ACTH, cortisol 
level and thyroid function were normal. Chest CT showed 
multifocal flocculent and cord-like high-density shadows in both 
lungs and bilateral pleural effusion (Figure 1).

We diagnosed the patient with immune-related pneumonia and 
hepatitis associated with camrelizumab and then discontinued 
the drug. Methylprednisolone (120 mg QD) was administered to 
the patient intravenously immediately. Ten days post-infusion, 
his general condition was rapidly improved. The lesions in the 
lungs and the pleural effusion almost went away (Figure 1). One 
month of glucocorticoids therapy later, the hepatic enzyme levels 
returned to normal range. The patient was discharged from the 
hospital and gradually terminated glucocorticoids.

Since November 2020, the patient often developed slight fever, 
anorexia, nausea and vomiting. He was admitted to our hospital 
again because these symptoms worsened in February 2021. He 
had been losing weight (over 10 pounds in two months). 
Laboratory examinations revealed severe hyponatremia (Na 116 
mmol/L), but his plasma glucose, liver and renal functions 
remained normal. Blood routine showed red blood cell 3.54 × 

2/L], and hemoglobin 104 g/L [(130-175) 
g/L]. The hormonal assessment showed that plasma ACTH and 
cortisol levels at each time point were markedly lower than the 
normal limits (Table 1).
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Figure 1: Chest CT scan before and after therapy with 
glucocorticoids. (A1, A2) Chest CT reveals that multifocal 
flocculent and cord-like high-density shadows in both lungs 
and bilateral pleural effusion before therapy with 
glucocorticoids. (B1, B2) Chest CT reveals that inflammatory 
lesions and pleural effusion were almost completely absorbed 
after therapy with glucocorticoids.

Aldosterone
(normal range:
3.0-35.3) (ng/L)

17.46 - -

Table 1: Hormone assessment showing decreased ACTH and 
cortisol, elevated TSH and TgAb, elevated prolactin.

1012 /L [(4.3-5.8) × 101



which occurred within a few months of initiating ICIs therapy 
[13-15]. In this case, it was seven months after discontinuation 
of camrelizumab that the patient developed IAD. Therefore, 
cancer patients treated with ICIs require regular follow-up tests 
of serum sodium and endocrine functions not only during the 
treatment but also after drug withdrawal in order to discover 
IAD in time. Once IAD occurs, glucocorticoid therapy is 
essential. The patient’s symptoms soon alleviated after 
hydrocortisone replacement therapy.

CONCLUSION
Regularly monitoring serum sodium and endocrine functions is 
important for cancer patients treated with the ICIs. Early 
diagnosis of IAD and prompt glucocorticoid therapy can avoid 
life-threatening adrenal crisis and other serious reactions also. 
Clinicians should consider IAD induced by ICIs when 
hyponatremia occurs in this patient. Timely hydrocortisone 
replacement therapy can avoid serious, life-threatening adrenal 
crisis.
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Plasma renin activity (PRA) and aldosterone concentration 
(PAC) were normal. The levels of other anterior pituitary 
hormones were almost within normal limits (Table 1). Magnetic 
resonance imaging (MRI) of the pituitary gland showed no 
abnormalities. Ultrasonography of the thyroid gland and CT of 
the adrenal glands all revealed normal. Based on these results, 
he was diagnosed with IAD accompanied by hyponatremia. His 
symptoms and hyponatremia were dramatically improved after 
replacement with hydrocortisone 20 mg QD. The patient was 
regularly followed up after discharge. He has been well up to 
now, with normal serum sodium levels. Written informed 
consent was obtained from the patient for publication.

RESULTS AND DISCUSSION
Camrelizumab, as a new type ICI, is increasingly used in clinical 
anti-tumor therapy. With its wide application, people gradually 
realize its irAEs. Here we report a rare case that camrelizumab 
induced immune-related pneumonia and hepatitis, subsequent 
IAD. It is the first report about IAD caused by camrelizumab. 
During the treatment of ICIs, the most prevalent endocrine 
irAEs is thyroid dysfunctions, followed by hypophysitis [3,5]. 
Thyroid dysfunctions are mainly characterized by asymptomatic 
thyroiditis. The patient in the case presented subclinical 
hypothyroidism with the abnormal high levels of TSH and 
TgAb. It seemed reasonable to diagnose him with immune-
related thyroiditis caused by ICI. Hypophysitis often occurs in 
men over 60 years old [6]. The clinical symptoms of hypophysitis 
are usually atypical, such as headache and fatigue [7]. It is often 
accompanied by multiple hormone deficiency, including TSH, 
gonadotropin and ACTH [3,8]. But IAD induced by ICIs is very 
rare, characterized by secondary adrenal insufficiency with low or 
absent cortisol production but the normal secretion of pituitary 
hormones other than ACTH. Unlike autoimmune hypophysitis, 
where a mild to moderate diffuse pituitary enlargement seen in 
all patients and these morphological alterations can even precede 
the clinical diagnosis in half of the cases, the pituitary 
morphology on MRI in IAD induced by ICIs is usually normal 
[9]. It is possible that the involvement of a single anterior 
pituitary cell type, in this case corticotroph, is insufficient to 
develop anatomical alterations that can be seen in imaging tests 
[10]. In addition, although adrenal insufficiency is not associated 
with mineralocorticoid deficiency, hyponatremia often occurs in 
IAD as a result of reduced glomerular filtration rate, increased 
antidiuretic hormone secret and concomitant hypothyroidism 
[11]. Patients with IAD usually present with non-specific 
manifestation. Delaying diagnoses and treatment can lead to 
severe, life-threatening adrenal crisis. Therefore, clinical 
awareness is essential. Once cancer patients treated with ICIs 
develop obvious asthenia along with hyponatremia, the diagnosis 
of IAD should be considered [9,12]. In this case, 1.5 years after 
the patient was treated with camrelizumab, he developed severe 
hyponatremia. His hormonal profiles demonstrated 
hypocortisolemia, low ACTH levels,normal function of other 
pituitary axes and normal plasma aldosterone levels. These 
results support the diagnosis of IAD.

Previous studies have described IAD associated with 
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Endocrinol Metab Syndr, Vol.11 Iss.3 No:1000360

https://www.tandfonline.com/doi/abs/10.1080/15569527.2022.2034842
https://www.tandfonline.com/doi/abs/10.1080/15569527.2022.2034842
https://www.tandfonline.com/doi/abs/10.1080/15569527.2022.2034842


2. Rajha E, Chaftari P, Kamal M, Maamari J, Chaftari C, Yeung SC.
Gastrointestinal adverse events associated with immune checkpoint
inhibitor therapy. Gastroenterol Rep. 2020;8(1):25-30.

3. Chang LS, Barroso-Sousa R, Tolaney SM, Hodi FS, Kaiser UB,
Min L. Endocrine toxicity of cancer immunotherapy targeting
immune checkpoints. Endocr Rev. 2019;40(1):17-65.

4. Markham A, Keam SJ. Camrelizumab: first global approval. Drugs.
2019;79(12):1355-61.

5. Guaraldi F, La Selva R, Samà MT, D’Angelo V, Gori D, Fava P, et
al. Characterization and implications of thyroid dysfunction induced
by immune checkpoint inhibitors in real-life clinical practice: a long-
term prospective study from a referral institution. J Endocrinol
Invest. 2018;41(5):549-56.

6. Min L, Hodi FS, Giobbie-Hurder A, Ott PA, Luke JJ, Donahue H,
et al. Systemic High-Dose Corticosteroid Treatment Does Not
Improve the Outcome of Ipilimumab-Related Hypophysitis: A
Retrospective Cohort StudyOnset and Outcome of Ipilimumab-
Related Hypophysitis. Clin Cancer Res. 2015;21(4):749-55.

7. Nguyen H, Shah K, Waguespack SG, Hu MI, Habra MA,
Cabanillas ME, et al. Immune checkpoint inhibitor related
hypophysitis: diagnostic criteria and recovery patterns. Endocr Relat
Cancer. 2021;28(7):419-31.

8. Barroso‐Sousa R, Ott PA, Hodi FS, Kaiser UB, Tolaney SM, Min
L. Endocrine dysfunction induced by immune checkpoint inhibitors:
practical recommendations for diagnosis and clinical management.
Cancer. 2018;124(6):1111-21.

9. Faje AT, Sullivan R, Lawrence D, Tritos NA, Fadden R, Klibanski
A, Nachtigall L. Ipilimumab-induced hypophysitis: a detailed
longitudinal analysis in a large cohort of patients with metastatic
melanoma. J Clin Endocrinol Metab. 2014;99(11):4078-85.

10. Iglesias P, Sánchez JC, Díez JJ. Isolated ACTH deficiency induced by
cancer immunotherapy: a systematic review. Pituitary. 2021;24(4):
630-43.

11. Andrioli M, Giraldi FP, Cavagnini F. Isolated corticotrophin
deficiency. Pituitary. 2006;9(4):289-95.

12. Komatsu T, Ohara N, Hirota N, Yoneoka Y, Tani T, Terajima K, et
al. Isolated Adrenocorticotropic Hormone Deficiency Presenting with
Severe Hyponatremia and Rhabdomyolysis: A Case Report and
Literature Review. Am J Case Rep. 2019;20(2):1857-1863.

13. Ohara N, Ohashi K, Fujisaki T, Oda C, Ikeda Y, Yoneoka Y, et al.
Isolated adrenocorticotropin deficiency due to nivolumab-induced
hypophysitis in a patient with advanced lung adenocarcinoma: a case
report and literature review. Intern Med. 2018;57(4):527-535.

14. Kanie K, Iguchi G, Bando H, Fujita Y, Odake Y, Yoshida K, et al.
Two cases of atezolizumab-induced hypophysitis. J Endocr Soc.
2018;2(1):91-95.

15. Ariyasu R, Horiike A, Yoshizawa T, Dotsu Y, Koyama J, Saiki M, et
al. Adrenal insufficiency related to anti-programmed death-1 therapy.
Anticancer Res. 2017;37(8):4229-32.

Huang W, et al.

Endocrinol Metab Syndr, Vol.11 Iss.3 No:1000360 4

https://academic.oup.com/gastro/article/8/1/25/5679826
https://academic.oup.com/gastro/article/8/1/25/5679826
https://academic.oup.com/edrv/article/40/1/17/5088035?login=false
https://academic.oup.com/edrv/article/40/1/17/5088035?login=false
https://link.springer.com/article/10.1007/s40265-019-01167-0
https://link.springer.com/article/10.1007/s40618-017-0772-1
https://link.springer.com/article/10.1007/s40618-017-0772-1
https://link.springer.com/article/10.1007/s40618-017-0772-1
https://aacrjournals.org/clincancerres/article/21/4/749/176012/Systemic-High-Dose-Corticosteroid-Treatment-Does
https://aacrjournals.org/clincancerres/article/21/4/749/176012/Systemic-High-Dose-Corticosteroid-Treatment-Does
https://aacrjournals.org/clincancerres/article/21/4/749/176012/Systemic-High-Dose-Corticosteroid-Treatment-Does
https://aacrjournals.org/clincancerres/article/21/4/749/176012/Systemic-High-Dose-Corticosteroid-Treatment-Does
https://erc.bioscientifica.com/view/journals/erc/28/7/ERC-20-0513.xml
https://erc.bioscientifica.com/view/journals/erc/28/7/ERC-20-0513.xml
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.1002/cncr.31200
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.1002/cncr.31200
https://academic.oup.com/jcem/article/99/11/4078/2836487?login=false
https://academic.oup.com/jcem/article/99/11/4078/2836487?login=false
https://academic.oup.com/jcem/article/99/11/4078/2836487?login=false
https://link.springer.com/article/10.1007/s11102-021-01141-8
https://link.springer.com/article/10.1007/s11102-021-01141-8
https://link.springer.com/article/10.1007/s11102-006-0408-5
https://link.springer.com/article/10.1007/s11102-006-0408-5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6931390/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6931390/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6931390/
https://www.jstage.jst.go.jp/article/internalmedicine/advpub/0/advpub_9074-17/_article/-char/ja/
https://www.jstage.jst.go.jp/article/internalmedicine/advpub/0/advpub_9074-17/_article/-char/ja/
https://www.jstage.jst.go.jp/article/internalmedicine/advpub/0/advpub_9074-17/_article/-char/ja/
https://academic.oup.com/jes/article/2/1/91/4736233?login=false
https://ar.iiarjournals.org/content/37/8/4229.short

	Contents
	Isolated Adrenocorticotropic Hormone Deficiency Caused by Camrelizumab in a Patient with Lung Sarcoma: A Case Report and Literature Review
	ABSTRACT
	INTRODUCTION
	CASE PRESENTATION
	RESULTS AND DISCUSSION
	CONCLUSION
	DECLARATIONS
	Ethical approval and consent to participate
	Consent for publication
	Availability of data and materials
	Conflict of interests
	Funding
	Authors’ contributions

	ACKNOWLEDGEMENTS
	REFERENCES




