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Abstract
Objective: To investigate the real-world incidence and management protocols of
endocrine adverse events associated with immune checkpoint inhibitors (ICIs).
Methods: A retrospective analysis was performed on solid tumor patients who
received ICI therapy at our hospital from January 2019 to March 2022. En-
docrine adverse events occurring during treatment were observed and managed
according to standardized severity-graded protocols. Results: Of 204 enrolled
patients, 12 developed ICI-related endocrine adverse events. These included 9
cases (4.4%) of hypothyroidism (grade I: 1 case; grade II: 7 cases; grade III: 1
case) with a median onset of 7 weeks after the first ICI administration; 1 case
(0.5%) of hyperthyroidism (grade I) occurring 9 weeks after treatment initia-
tion; 1 case (0.5%) of type 1 diabetes mellitus (grade IV) occurring 6 weeks
after treatment; and 1 case (0.5%) of adrenal insufficiency (grade III) occur-
ring 7 weeks after treatment. All patients received prompt management per
the graded protocol, achieved symptom resolution or normalization, and were
able to continue ICI therapy. Conclusion: The risk of endocrine adverse events
during ICI therapy is relatively high, particularly thyroid dysfunction. Regular
endocrine monitoring is required during treatment, and prompt management
does not preclude subsequent ICI therapy.
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Abstract

Objective: To investigate the occurrence and management of endocrine adverse
events induced by immune checkpoint inhibitors (ICIs) in a real-world clinical
setting. Methods: We retrospectively analyzed solid tumor patients treated
with ICIs at our hospital from January 2019 to March 2022, observing endocrine
system adverse events during treatment and providing standardized manage-
ment according to severity grading. Results: Among 204 enrolled patients, 12
developed ICIs-related endocrine adverse events. Specifically, 9 patients (4.4%)
experienced hypothyroidism (1 case grade I, 7 cases grade II, 1 case grade III)
at a median onset of 7 weeks after the first immunotherapy dose. One patient
(0.5%) developed hyperthyroidism (grade I) at 9 weeks, one (0.5%) developed
type 1 diabetes (grade IV) at 6 weeks, and one (0.5%) developed adrenal insuffi-
ciency (grade III) at 7 weeks. All patients received timely management accord-
ing to standardized protocols, with symptoms improving or resolving, and all
continued subsequent ICIs treatment. Conclusion: Endocrine adverse events
represent a relatively common toxicity during ICIs therapy, particularly thy-
roid dysfunction, necessitating regular endocrine monitoring during treatment.
Prompt management does not preclude continuation of ICIs therapy.

Keywords: Immune checkpoint inhibitors; Programmed death receptor-1; Pro-
grammed death ligand-1; Immune-related adverse events

Introduction
Immune checkpoint inhibitors (ICIs) represent one of the most significant ad-
vances in malignant tumor treatment in recent years, fundamentally trans-
forming oncologic therapeutic strategies. ICIs primarily comprise three cat-
egories: cytotoxic T-lymphocyte antigen 4 (CTLA-4) monoclonal antibodies,
programmed death receptor-1 (PD-1) monoclonal antibodies, and programmed
death ligand-1 (PD-L1) monoclonal antibodies [1]. These agents work by block-
ing the interaction between tumor cells expressing immune checkpoints and
immune cells, thereby disrupting tumor-mediated immunosuppression [2]. ICIs
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have now received regulatory approval for numerous solid tumor indications
[3-7].

With expanding clinical use and longer follow-up periods, ICIs have been
observed to affect multiple organ systems, leading to immune-related adverse
events (irAEs) [8]. Unlike chemotherapy-induced toxicities, irAEs require
prompt recognition and management to prevent severe complications. En-
docrine irAEs are particularly common, primarily including thyroid dysfunction
(hypothyroidism, hyperthyroidism, thyroiditis), pituitary dysfunction (central
hypothyroidism, central adrenal insufficiency, hypogonadotropic hypogo-
nadism), while primary adrenal insufficiency, hypercalcemia, type 1 diabetes,
and hypoparathyroidism are relatively rare [9, 10].

Currently, only one CTLA-4 monoclonal antibody is available in China (ipil-
imumab from Bristol-Myers Squibb), while three PD-L1 inhibitors have been
approved (atezolizumab [Roche], durvalumab [AstraZeneca], and envafolimab
[Simcere]). Numerous PD-1 monoclonal antibodies are also available, includ-
ing pembrolizumab (Merck), nivolumab (Bristol-Myers Squibb), sintilimab (In-
novent), camrelizumab (Hengrui), toripalimab (Junshi), tislelizumab (BeiGene),
and penpulimab (CTTQ) . Despite the variety of agents and manufacturers, the
pathogenesis of endocrine-related irAEs is consistent, involving autoreactive T
cells, autoantibodies, and cytokines that collectively target endocrine glands
[11]. The rich blood supply of endocrine glands increases their susceptibility to
these mechanisms, making them frequent targets of irAEs [12].

Reported incidence rates of endocrine irAEs from randomized controlled tri-
als (RCTs) vary substantially, ranging from 1-20% [13-18], and some adverse
events can be challenging to diagnose despite their potentially severe conse-
quences. To characterize the real-world occurrence and management of ICIs-
related endocrine adverse events, we retrospectively analyzed patients receiving
ICIs therapy at our center over the past three years to provide clinical guidance.

Methods
1.1 Patient Data

This retrospective analysis was approved by our hospital’s ethics committee. We
identified 204 solid tumor patients treated with ICIs between January 2019 and
March 2022. Inclusion criteria were: (1) histologically or cytologically confirmed
malignancy; (2) complete medical records or availability for telephone/WeChat
follow-up; (3) no pre-existing endocrine disorders (including hyperthyroidism,
hypothyroidism, diabetes, hypophysitis) prior to immunotherapy; (4) normal
baseline laboratory values for complete blood count, liver and kidney function,
thyroid function (T3, T4, TSH), and blood glucose; (5) absence of paraneoplas-
tic syndrome before initial immunotherapy; and (6) completion of at least one
cycle of immunotherapy.

chinarxiv.org/items/chinaxiv-202212.00093 Machine Translation

https://chinarxiv.org/items/chinaxiv-202212.00093


ICIs were administered as monotherapy in 20 patients (9.8%), combined with
chemotherapy in 67 patients (32.8%), or combined with anti-angiogenic tar-
geted therapy in 117 patients (57.4%). Targeted agents were exclusively anti-
angiogenic drugs including anlotinib, lenvatinib, bevacizumab, and axitinib .

1.2 Diagnostic and Grading Criteria for ICIs-Related Endocrine Ad-
verse Events

ICIs-related endocrine adverse events include thyroid dysfunction (hypothy-
roidism, hyperthyroidism, thyroiditis), acute hypophysitis (resulting in hypopi-
tuitarism), primary adrenal insufficiency, type 1 diabetes, hypercalcemia, and
hypoparathyroidism [8, 9]. Adverse events were graded according to CTCAE
version 5.0 [19] and the 2021 CSCO Guidelines for Management of Immune
Checkpoint Inhibitor-Related Toxicities [20].

(1) Hyperthyroidism: Characterized by excessive thyroid hormone levels [21].
During ICIs therapy, diagnosis is established when patients develop unexplained
palpitations, sweating, increased appetite with weight loss, elevated serum FT4
or TT3, and normal or suppressed TSH. Baseline evaluations should include
TSH, FT4, TT3, and thyroid antibodies [20, 21].

(2) Hypothyroidism: Resulting from insufficient thyroid hormone production
[21]. Diagnosis is confirmed when patients present with unexplained fatigue,
weight gain, hair loss, cold intolerance, constipation, or depression, accompanied
by elevated TSH and reduced FT4. Baseline assessments should include TSH,
FT4, TT3, and thyroid antibodies [20, 21].

(3) Hypophysitis: Patients developing unexplained persistent headache or
visual disturbances during ICIs therapy require immediate evaluation for hy-
pophysitis [20]. Brain MRI typically shows pituitary enlargement, thickened
stalk, suprasellar convexity, or heterogeneous glandular enhancement. Baseline
endocrine workup should include ACTH, TSH, FT4, FT3, thyroid antibodies,
LH, FSH, testosterone, and prolactin [21].

(4) Type 1 Diabetes: Also known as autoimmune diabetes, mediated by
autoreactive T-cell destruction of pancreatic 𝛽-cells. Clinical manifestations
include polyuria, polydipsia, weight loss, nausea, vomiting, hyperglycemia, and
some patients present with diabetic ketoacidosis [21].

(5) Primary Adrenal Insufficiency: Results from inadequate cortisol pro-
duction by the adrenal cortex, sometimes with concurrent aldosterone deficiency,
and may be caused by Addison’s disease or other adrenal cortical abnormalities
[21].

(6) Hypoparathyroidism: A clinical syndrome caused by reduced parathy-
roid hormone (PTH) secretion and/or activity, characterized by recurrent mus-
cle cramps, tetany, positive Trousseau’s and Chvostek’s signs [21]. Laboratory
findings include hypocalcemia, hyperphosphatemia, and markedly low or inap-
propriately normal PTH levels [21].
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(7) Hyperparathyroidism: Excessive PTH production leading to hypercal-
cemia [21].

1.3 Statistical Analysis

Data were compiled using Excel spreadsheets. Follow-up continued until March
1, 2022, with laboratory and imaging assessments conducted during outpatient
visits or hospitalizations, achieving a 100% follow-up rate.

Results
2.1 Incidence of ICIs-Related Endocrine Adverse Events

Among 204 patients, 12 developed ICIs-related endocrine adverse events: 9 cases
(4.4%) of hypothyroidism (1 grade I, 7 grade II, 1 grade III) with a median onset
of 7 weeks after the first immunotherapy dose; 1 case (0.5%) of hyperthyroidism
(grade I) at 9 weeks; 1 case (0.5%) of type 1 diabetes (grade IV) at 6 weeks; and
1 case (0.5%) of adrenal insufficiency (grade III) at 7 weeks.

All 9 hypothyroidism cases were associated with PD-1 monoclonal antibodies:
3 combined with chemotherapy, 4 with targeted therapy, and 2 as monother-
apy. The hyperthyroidism case occurred with PD-1 monotherapy at 9 weeks.
The type 1 diabetes case developed with PD-1 combined with chemotherapy
at 6 weeks. The adrenal insufficiency case occurred with PD-1 combined with
targeted therapy at 7 weeks .

2.2 Clinical Manifestations and Management

The 9 hypothyroidism patients presented primarily with fatigue, decreased ap-
petite, nausea, and reduced activity. All showed symptom improvement after
thyroid hormone replacement therapy, with normalization of T3 and T4 levels,
allowing continuation of immunotherapy without interruption.

The single hyperthyroidism patient was asymptomatic and received no anti-
thyroid medication, continuing ICIs therapy without modification.

Patient 11 (ICIs-related diabetes): A 67-year-old female diagnosed with
extensive-stage small cell lung cancer with hepatic, vertebral, and brain metas-
tases in September 2021. She received EP regimen plus anlotinib and pen-
pulimab, achieving partial response after 2 cycles. At week 6 of immunotherapy,
she developed nausea, vomiting, weakness, and intermittent altered conscious-
ness. Laboratory evaluation revealed fasting glucose of 31.5 mmol/L, urinary
ketones 3+, HbA1c 6.3%, with negative anti-insulin antibodies (AIA), islet cell
antibodies (ICA), and glutamic acid decarboxylase antibodies (GAD). With
no prior diabetes history, multidisciplinary consultation confirmed ICIs-related
diabetic ketoacidosis. Under endocrinology guidance, insulin therapy and sup-
portive management led to symptom resolution. She continues on the original
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regimen with insulin support, maintaining stable disease without further severe
adverse events.

Patient 12 (ICIs-related adrenal insufficiency): A 62-year-old male diag-
nosed with advanced left lung squamous cell carcinoma (driver gene negative)
in July 2020. After chemoradiotherapy, he received durvalumab maintenance
therapy. At week 7 (after 3 cycles), he developed marked fatigue, lethargy,
weakness, and arrhythmia. Thyroid function was normal, but morning cortisol
was 0.866 �g/dl and afternoon cortisol 0.627 �g/dl (normal 7-9 �g/dl). Multidis-
ciplinary consultation diagnosed secondary adrenal insufficiency, attributed to
ICIs after excluding other causes. Prednisone and metoprolol achieved symptom
resolution, allowing continuation of ICIs therapy.

2.3 Management Algorithm for ICIs-Related Endocrine Adverse
Events

During ICIs therapy, any endocrine-related symptoms warrant careful evalua-
tion for potential ICIs-related toxicity. Initial manifestations are often nonspe-
cific, particularly for hypophysitis and adrenal insufficiency, which can be chal-
lenging to diagnose early. Multidisciplinary consultation with endocrinology
involvement is essential when indicated. The detailed assessment and manage-
ment algorithm is presented in [Figure 1: see original paper].

Discussion
Immune checkpoint inhibitors have become a cornerstone of cancer treatment.
Immune checkpoints are small molecules expressed on T-lymphocyte surfaces
that maintain immune homeostasis and self-tolerance while regulating immune
response duration and magnitude [22]. ICIs are inhibitory drugs targeting these
checkpoints; these monoclonal antibodies block immune checkpoints to activate
T-cell function and eliminate tumor cells [23]. However, this mechanism can
disrupt immune tolerance and increase autoantigen-mediated adverse reactions
[24], termed immune-related adverse events (irAEs). Besides skin and gastroin-
testinal systems, the endocrine system is among the most frequently affected.
Endocrine irAEs include hypophysitis, thyroid dysfunction, parathyroid dys-
function, type 1 diabetes, and primary adrenal insufficiency [25], which can be
life-threatening if not promptly recognized and treated. Understanding their
clinical manifestations, diagnosis, and management is therefore essential.

A large meta-analysis reported predicted incidences of 6.6% for ICIs-related hy-
pothyroidism and 2.9% for hyperthyroidism [25], with hypothyroidism being
significantly more common. Our single-center real-world analysis similarly iden-
tified thyroid dysfunction as the most frequent endocrine adverse event, occur-
ring in 10 patients (4.9% overall). Hypothyroidism predominated with 9 cases
(4.4%), while hyperthyroidism occurred in only 1 case (0.5%), consistent with
literature reports. Previous studies show that combined PD-1 plus ipilimumab
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therapy yields higher thyroid dysfunction rates (13.2%) than monotherapy [15,
25], while single-agent PD-1, PD-L1, and ipilimumab have similar rates of 3-
9% without significant differences [26-28]. In our cohort, thyroid dysfunction
occurred with PD-1 combined with chemotherapy (3 cases), targeted therapy
(4 cases), or as monotherapy (3 cases), though low event numbers precluded
statistical comparison. Most thyroid dysfunction cases were grade 1-2, and all
10 patients continued ICIs therapy after adequate thyroid hormone supplemen-
tation or adjustment, with none discontinuing treatment due to thyroid adverse
events.

We also observed rare endocrine toxicities: one case each of type 1 diabetes and
adrenal insufficiency (0.5% each). ICIs-related diabetes is uncommon, with lim-
ited large cohort studies and mostly case reports documenting incidence rates of
0.9-1.9% [29, 30]. Nearly all cases are associated with PD-1 inhibitors [31], with
only 2 reports linked to CTLA-4 blockade [32]. Median onset ranges from 13-
504 days, most frequently within the first 6 months [33]. Our patient developed
severe diabetic ketoacidosis (DKA) at week 6 (after 2 doses) of PD-1 inhibitor
therapy, aligning with reports that 76% of ICIs-related diabetes presents with
DKA [29, 34]. ICIs-related diabetes is typically permanent, as glucocorticoids
cannot reverse destroyed islet cells [35], and their use is not recommended [36].
Most patients require lifelong insulin replacement. Whether immunotherapy
can be safely resumed after stabilization remains controversial [37]. In our case,
multidisciplinary assessment concluded that insulin-supported resumption of im-
munotherapy posed low DKA risk while providing oncologic benefit. The patient
successfully restarted immunotherapy without further severe adverse events and
maintains stable disease.

ICIs-related adrenal insufficiency is a rare irAE with reported incidence of 0.8-
2% [38], resulting from drug-induced autoimmune adrenalitis. Due to low inci-
dence and limited follow-up, clear risk factors and epidemiological characteristics
remain undefined. Monotherapy may cause onset after several months, while
combination therapy may accelerate presentation [39]. Our patient developed
grade 3 adrenal insufficiency at week 7 after PD-1 inhibitor plus targeted ther-
apy, achieving normal cortisol levels with hormone replacement and continuing
ICIs therapy.

ICIs-related hypophysitis is a common endocrine toxicity of ipilimumab but rare
with PD-1/PD-L1 inhibitors. The aforementioned meta-analysis [25] of 6,472
ICIs-treated patients reported hypophysitis in 1.3% (85 cases), with 34 cases
grade 3 or higher. Stratified analysis showed the highest incidence with PD-
1 plus ipilimumab combination (6.4%), followed by ipilimumab monotherapy
(3.2%), and lowest with PD-1 inhibitors. This complication typically occurs
weeks to months after ICIs initiation [40]. Due to limited ipilimumab availabil-
ity, our cohort included no patients receiving this agent, and we observed no
hypophysitis cases with PD-1/PD-L1 inhibitors.

This study provides real-world, single-center data on endocrine adverse events
since ICIs market entry, characterizing their occurrence and management while
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summarizing treatment algorithms from literature to guide clinical practice.

Although ICIs-related endocrine toxicity is uncommon, limiting large cohort
studies—particularly for diabetes and adrenal insufficiency where evidence de-
rives primarily from case reports—the widespread use of ICIs in oncology ne-
cessitates active involvement of oncologists, endocrinologists, and clinical phar-
macists. As clinical experience and research data accumulate, management
protocols for endocrine adverse events will continue to evolve.
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