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Abstract

Objective: Endocrine immune-related adverse events (endocrinopathies) are increasingly prevalent with the use 

of immune checkpoint inhibitors for the treatment of metastatic melanoma and other malignancies. There are no 

evidence-based guidelines for the screening or management of such patients. To describe the spectrum, incidence, 

kinetics and management of endocrinopathies with immune checkpoint inhibitors.

Design: A prospective study conducted at Melanoma Institute Australia between April 2014 and October 2015.

Methods: A total of 177 patients were treated with (a) ipilimumab (n = 15), (b) anti-PD-1 (nivolumab, pembrolizumab) 

(n = 103) or (c) combination ipilimumab and anti-PD-1 (n = 59) and were screened and managed for the subsequent 

endocrinopathies. The main outcome measures were the incidence and kinetics of endocrinopathy by immunotherapy 

drug class.

Results: Thirty-one patients (18%) developed an endocrine immune-related adverse event (thyroid dysfunction: 14%, 

hypophysitis: 6% and autoimmune diabetes: 0.6%). Combination immunotherapy was more likely to result in a single 

or multiple endocrinopathy compared to anti-PD-1 monotherapy (27% vs 9% and 7% vs 0% respectively, P < 0.01). 

Endocrinopathies occurred after a median of 8 weeks from treatment commencement (range: 12–225 days), with 

combination immunotherapy resulting in significantly earlier onset compared to ipilimumab (median: 30 vs 76 days, 

P = 0.046). The majority of endocrinopathies were identified in asymptomatic patients with hormonal screening. There 

were no baseline predictors for endocrinopathy.

Conclusions: Combination immunotherapy has a greater risk of development of endocrinopathy compared to 

anti-PD-1 monotherapy. Regular biochemical profiling of patients, particularly within the first twelve weeks, results in 

early detection of endocrinopathy to minimise morbidity.

Introduction

Drugs that reactivate the immune system have transformed 
the therapeutic landscape in oncology. Antibodies that 
block the PD-1/PD-L1 (nivolumab, pembrolizumab, 
atezolizumab, durvalumab) and CTLA-4 (ipilimumab) 

checkpoints remove inhibition of T cells and unleash T 
cell-mediated anti-tumour responses, resulting in durable 
responses and long-term survival in cancer patients  
(1, 2, 3, 4, 5). Anti-PD-1/PD-L1 therapies are now approved 
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for many cancers including melanoma, non-small-
cell lung cancer, renal cell carcinoma, bladder cancer, 
head and neck squamous cell carcinoma and Hodgkin’s 
lymphoma, while ipilimumab is approved in melanoma, 
as monotherapy and in combination with nivolumab.

While immune checkpoint inhibitors have impressive 
activity, they cause a vast range of immune-related 
adverse events (irAEs), and the endocrine system is 
often involved. The most frequent ipilimumab-induced 
endocrinopathy is hypophysitis, occurring in as many 
as 17% of patients in retrospective series (2, 6, 7, 8), 
while thyroiditis (3%), hypothyroidism (6%) and adrenal 
insufficiency (1%) also rarely occur (8). Anti-PD-1/PD-L1 
antibodies have less overall toxicity than ipilimumab, and 
they also have a different endocrinopathy profile, with 
less hypophysitis (1–6%), but more frequent thyroiditis 
(6.1%) and hypothyroidism (9%) (5, 9). Toxicity with the 
combination of ipilimumab and anti-PD-1 occurs more 
frequently than either administered as monotherapy, 
with thyroid dysfunction reported to occur in up to 
25% of subjects and hypophysitis in up to 11.7% in 
randomised controlled trial data (3, 10, 11). As yet, there 
is limited data available and little is known about the 
kinetics of endocrinopathies associated with combination 
immunotherapy.

Immune-related endocrinopathies are common 
and usually mild, but require vigilance and prompt 
management to prevent significant morbidity. To date, 
there are no predictors for who will develop endocrine 
toxicity. In addition, there are no evidenced-based 
guidelines as to how patients should be monitored during 
therapy or how endocrinopathies should be best managed. 
The aim of this study was to characterise the spectrum, 
incidence, kinetics and management of endocrinopathies 
with immune checkpoint inhibitors.

Subjects and methods

Patients

All patients with metastatic melanoma treated with 
immunotherapy between April 2014 and October 2015 at 
Melanoma Institute Australia were included for analysis. 
Patients were followed to 31st December 2015. Treatments 
included anti-CTLA-4 (ipilimumab) or anti-PD-1 
antibodies (nivolumab or pembrolizumab), either as 
monotherapy or in combination (3 mg/kg ipilimumab 
with 1 mg/kg nivolumab or 1 mg/kg ipilimumab 
with 2 mg/kg pembrolizumab). Patients who received 
sequential ipilimumab and then anti-PD-1 therapy (or 

vice versa) were excluded from analysis due to the varying 
intervals between lines of treatment, and the potential for 
prior endocrinopathies from 1st-line therapy to influence 
later toxicity, including the use of steroids to manage 
endocrinopathies (or other toxicities) at commencement 
of second-line therapy. All patients with clinical or 
biochemical endocrine abnormalities were referred to a 
single endocrinologist. Baseline clinicopathologic data, 
treatment and outcome data were examined.

Endocrine assessments

All patients underwent hormone assessment profiling 
prior to commencement of immunotherapy and prior to 
each subsequent cycle, three weekly for pembrolizumab, 
ipilimumab and combination therapy, and second 
weekly for nivolumab, for at least the first twelve weeks 
of treatment. Assessment included measurement of 
thyrotropin-stimulating hormone (TSH), thyroxine 
(T4) and cortisol. If any abnormality was detected, a 
complete pituitary profile (cortisol, ACTH, TSH, T4, 
T3, IGF-1, GH, FSH, LH, testosterone, oestradiol and 
prolactin) and thyroid autoantibodies (anti-thyroglobulin 
(Tg), anti-thyroid peroxidase (TPO) and thyroid-
stimulating hormone receptor antibody (TRAB)) were 
assessed. Hypophysitis was defined as secondary adrenal 
insufficiency (low serum cortisol in absence of exogenous 
steroid ± symptoms and consistent MRI pituitary findings), 
secondary hypothyroidism or secondary hypogonadism. 
Data regarding the incidence, kinetics of onset and offset 
and treatment of endocrinopathies were determined. The 
study was undertaken with institutional Human Ethics 
Review Committee approval.

Statistical analysis

IBM SPSS Statistics (version 22) and Graph Pad Prism 
(version 6.0) were used for data analyses, including 
descriptive statistics, independent T-tests, Kruskal–Wallis 
tests, ANOVA or chi-squared. Post hoc analysis occurred 
with adjustment for multiple comparisons via Bonferroni 
or Dunnett’s test. Statistical significance was taken at 
P < 0.05.

Results

Baseline characteristics

One hundred and seventy-seven patients were examined 
(Table 1). The median age at treatment commencement 
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was 67.8 years, and 65% were male. Most patients received 
anti-PD-1 therapy (n = 103), 59 received combination 
ipilimumab and anti-PD-1 therapy (five: ipilimumab and 
nivolumab, 54: ipilimumab and pembrolizumab) and 
fifteen received ipilimumab monotherapy.

Incidence and spectrum of endocrinopathies

Endocrinopathies developed in 31 (18%) patients; 40% 
with ipilimumab, 9% with anti-PD-1 therapy and 27% 
with combination therapy (Table  1). Individuals treated 
with anti-PD-1 monotherapy were less likely to develop 
an endocrinopathy than ipilimumab or combination 
groups (P < 0.01, respectively). Anti-PD-1 monotherapy 
was also less likely to result in multiple endocrinopathies 
than combination treatment (P < 0.01). Overall, thyroid 
dysfunction occurred in 14%, hypophysitis in 6% and 
autoimmune diabetes in 0.6%. Thyroid dysfunction 
developed in 13% patients with ipilimumab, 9% 
patients with anti-PD-1 and 22% of patients treated with 
combination therapy (P = 0.06). Hypophysitis developed 
in 33% patients with ipilimumab, 22% of patients with 
combination therapy and no patients with anti-PD-1 
monotherapy (P < 0.001). One patient (0.5%) developed 
type 1 diabetes, and multiple endocrinopathies occurred 
in 5 (3%) patients. Sex and age were not associated with the 
development of endocrinopathy (P > 0.05, respectively).

Kinetics of endocrinopathies

There was a significant difference in the time from drug 
commencement to development of any endocrinopathy by 
drug group, combination therapy (median 30 ± 113 days), 
ipilimumab (76 ± 156  days) and anti-PD-1 therapies 
(67 ± 190 days) (P = 0.02) (Fig. 1A). Combination therapy 
resulted in significantly faster onset to endocrinopathy 
compared to ipilimumab (P = 0.046).

There was a difference in the time to development 
of thyroid dysfunction by treatment, with combination 
therapy (median: 30 ± 113  days) developing faster than 
anti-PD-1 therapy (median: 65 ± 190 days) or ipilimumab 
(median: 123 ± 122 days) (P = 0.043) (Fig. 1B). However, no 
difference was observed between the drug groups in the 
post hoc analysis. There was no difference in the median 
time from drug commencement to onset of hypophysitis in 
patients treated with ipilimumab (median: 83 ± 129 days) 
or combination (median: 71 ± 146  days) (P = 0.54) 
(Fig.  1C). Of the 9 patients whose thyroid dysfunction 
resolved, there was no difference in the median time to 

Table 1 Characteristics of patients who developed an endocrine immune-related adverse event during the study period. Values 

are presented as n (%) or median (interquartile range). P value comparison across immunotherapy groups.

Ipilimumab Anti-PD-1 monotherapy Combination Total P value

Patients, n 15 103 59 177 –
Median age (years) 70.0 (9.2) 68.3 (26.3) 64.5 (15.9)a,b 67.8 (19.5) 0.02
Males, n (%) 13 (87) 60 (58) 42 (71) 115 (65) 0.046
Endocrinopathy, n (%) 6 (40) 9 (9)c,d 16 (27) 31 (18) 0.001
Hypophysitis, n (%) 5 (33) 0e,f 6 (10) 11 (6) <0.001
Thyroid dysfunction, n (%) 2 (13) 9 (9) 13 (22) 22 (14) 0.06
Autoimmune diabetes, n (%) 0 0 1 (2) 1 (0.6) 0.4
Multiple endocrinopathies, n (%) 1 (7) 0g 4 (7) 5 (3) 0.03

Post hoc analysis: aipilimumab vs combination P = 0.007, banti-PD-1 vs combination P = 0.02, canti-PD-1 vs ipilimumab P = 0.0007, danti-PD-1 vs combination 
P = 0.0018, eanti-PD-1 vs ipilimumab P < 0.0001, fanti-PD-1 vs combination P = 0.001, ganti-PD-1 vs combination P = 0.0075.

Figure 1

(A) Time from drug commencement to development of any 

endocrinopathy. (B) Time from drug commencement to onset 

of thyroid dysfunction. (C) Time from drug commencement to 

onset of hypophysitis. (D) Time to resolution of 

hyperthyroidism or subclinical hyperthyroidism to 

euthyroidism. The values are for those patients’ whose thyroid 

dysfunction resolved. Values are range and the line marks the 

median. *P < 0.05, **P < 0.005. Combination, ipilimumab and 

anti-PD-1.
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resolution in those treated with anti-PD-1 (33 ± 77 days) or 
combination therapy (91 ± 108 days) (P = 0.17) (Fig. 1D).

Thyroid dysfunction

Presentation, treatment, resolution

Thyroid dysfunction occurred in 24 patients and was 
diagnosed on routine screening while asymptomatic 
in the vast majority (n = 19, 79%). All the patients 
diagnosed symptomatically were hyperthyroid. Most 
patients (n = 21, 88%) were frankly or subclinically 
hyperthyroid at diagnosis, which then evolved to 
hypothyroidism (n = 9, 38%), euthyroidism (n = 9, 
38%) or remained subclinically hyperthyroid (n = 2, 
8%) or frankly hyperthyroid (n = 1, 4%) over the study 
period. The median time taken for hyperthyroidism or 

subclinical hyperthyroidism to evolve to hypothyroidism 
was 37 ± 50 days. Of note, the follow-up time in the one 
individual whose hyperthyroidism persisted was only 
12  days. Three (13%) of patients were hypothyroid 
or had subclinical hypothyroidism at diagnosis. The 
biochemical presentation of thyroid dysfunction 
significantly differed by immunotherapy group (Fig. 2). 
Seven (29%) individuals treated with anti-PD-1 and ten 
(42%) with combination immunotherapy presented with 
hyperthyroidism, whereas no patients in the ipilimumab 
arm presented with frank hyperthyroidism. Seven (29%) 
patients with thyroid dysfunction had the following 
positive thyroid autoantibodies: anti-TPO and anti-Tg 
(n = 2, 8%), anti-TPO (n = 2, 8%), anti-Tg (n = 2, 8%), 
anti-TPO and TRAB (n = 1, 4%). There was no difference 
in the resolution of thyroid dysfunction by thyroid 
autoantibody status (P = 0.06).

Patients who developed hyperthyroidism were only 
commenced on anti-thyroid drugs (ATDs) or beta blockade 
if they were symptomatic and if free T4 exceeded 30 pmol/L. 
Of the 21 patients with hyperthyroidism, four (19%) 
required treatment with ATDs and beta blockade, five (24%) 
required beta blockade alone and twelve (57%) required 
no treatment. There was no difference in the requirement 
for ATDs by immunotherapy (P = 0.6). The use of ATDs 
did not affect the pattern or median time to resolution of 
hyperthyroidism (50 ± 21 days with ATDs and 40 ± 122 days 
without, P > 0.05). A total of 12 patients (7%) developed 
hypothyroidism and required thyroxine replacement, 
including nine (38%) of those who initially presented 
with hyperthyroidism. All patients who presented with 
hypothyroidism or subclinical hypothyroidism required 
ongoing treatment with thyroxine.

Hypophysitis

Presentation, treatment, resolution

Eleven patients were diagnosed with hypophysitis, five 
(45%) while asymptomatic and by routine biochemical 
screening. Amongst patients treated with combination 
immunotherapy, five (83%) presented symptomatically. At 
the time of symptomatic presentation, three patients initially 
had a normal hormonal screen that subsequently became 
abnormal, despite administering high-dose steroids in one of 
these individuals. Patients who presented symptomatically 
reported a combination of fatigue, headache, myalgia, 
nausea or visual changes. One patient presented with adrenal 
crisis (hypotension, nausea, vomiting, hyponatraemia). 
Those treated with combination therapy were more likely 

Figure 2

Biochemical presentation of thyroid dysfunction by 

immunotherapy group. 7 (29%) and 10 (42%) in the anti-PD-1 

and combination group presented with hyperthyroidism, 1 

(4%) and 3 (13%) in the ipilimumab and combination group 

presented with subclinical hyperthyroidism, 1 (4%) patient 

from the ipilimumab group presented with hypothyroidism 

and 2 (8%) anti-PD-1 patients presented with subclinical 

hypothyroidism (P = 0.004). Percentage of patients who 

developed thyroid dysfunction.
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to have a symptomatic presentation (n = 5, 83%) than those 
treated with ipilimumab (n = 1, 20%) (P = 0.036). Seven (64%) 
patients had adrenal (A), gonad (G) and thyroid (T) axes 
involved, while A/T, A/G, A only and G only occurred in 
one patient each. There was no significant difference in the 
hormonal axes affected in the ipilimumab or combination 
groups, nor in the time to onset between affected axes. Ten 
patients underwent MRI brain a median of 4.5 ± 63  days 
following a diagnosis of hypophysitis, three patients had 
consistent radiological findings (bulky pituitary, thickening 
and abnormal enhancement of infundibulum, normal 
posterior bright spot) and one patient had partial empty sella. 
No cases of secondary adrenal insufficiency or secondary 
hypothyroidism normalised, but secondary hypogonadism 
resolved without treatment in three (27%) patients. Patients 
were treated with physiologic doses of steroid replacement 
(5–7.5 mg prednisone), unless supraphysiological doses 
were otherwise needed for stress dosing or for other 
immune-related adverse events as occurred in two patients. 
Testosterone supplementation was administered topically 
or via intra-muscular injection. Thyroid replacement was 
performed as per standard practice.

Autoimmune diabetes

A 58-year-old male treated with combination ipilimumab 
and pembrolizumab developed autoimmune diabetes. 
Twelve days after commencement of immunotherapy 
subclinical hyperthyroidism was diagnosed on routine 
screening, with negative thyroid autoantibodies, and this 
was monitored. Pituitary profile was unremarkable. He 
later presented with diabetic ketoacidosis sixty-two days 
after immunotherapy commencement. On admission, 
blood gas pH was 7.29 (7.35–7.45), bicarbonate 
21 mmol/L (25–31) and glucose 36.7 mmol/L (3.5–7.8). 
Anti-glutamate decarboxylase antibody <5 IU/mL (<10), 
anti-IA2 antibody <10 (<10), islet-cell antibody-negative 
and insulin antibodies <0.4 kU/L (<0.4) were negative. 
In addition, coeliac serology was negative. Glycated 
haemoglobin (HbA1c) at presentation was 6.8%. The 
patient required treatment with intravenous fluids 
and insulin and has subsequently been stabilised with 
subcutaneous insulin.

Relationship between endocrinopathies and other 
toxicities and outcome

Sixteen (52%) patients who developed an endocrinopathy 
had a RECIST response to treatment, while 11 (32%) had 

stable disease and five (16%) had progressive disease. 
Eight (25%) patients with an endocrinopathy had 
previously been treated with head or neck radiotherapy. 
One patient who developed antibody-negative thyroiditis 
had a background of pre-existing Graves’ disease. Twenty 
(65%) patients who developed an endocrinopathy also 
developed another immune-related adverse event of 
varying grades including colitis, pneumonitis, hepatitis 
and dermatitis.

Discussion

Immune checkpoint inhibitors are increasingly used in 
the clinic, and hence, endocrinopathies are becoming 
more prevalent in the community, posing a challenge to 
oncologists, endocrinologists and general practitioners 
alike. Combination immunotherapy with ipilimumab 
and nivolumab is now standard care for a large proportion 
of patients with melanoma. To the authors’ knowledge, 
this is the first study to examine the spectrum, incidence, 
kinetics and management of endocrinopathies with 
immune checkpoint inhibitors in detail, particularly 
those on combination therapy. Results of this study 
suggest that up to one quarter of patients treated with 
combination immunotherapy develop endocrinopathies 
and that they occur more frequently and earlier than with 
anti-PD-1 monotherapy, usually with 5 weeks of treatment 
commencement. Routine biochemical screening (prior 
to each infusion in the first twelve weeks) detects most 
endocrinopathies before they become symptomatic, 
resulting in earlier treatment and less morbidity.

Most endocrinopathies occurred within 8  weeks 
of immunotherapy commencement, earlier with 
combination immunotherapy than anti-PD-1 therapy. 
Previous reports have described the time to onset of any 
endocrinopathies, between 9 and 12 weeks post initiation 
of anti-CTLA-4 (12, 13) and following 4–18  weeks after 
anti-PD-1 therapy (14, 15), with a recent retrospective 
pooled analysis of 576 patients on nivolumab trials 
reporting a median 10.4 weeks to endocrinopathy onset 
(15). The time course to development of endocrinopathies 
with combination immunotherapy has not been 
detailed previously. This has implications for the clinical 
management and duration of screening for these patients. 
Individuals treated with combination immunotherapy 
may require more frequent endocrine profiling than 
those treated with anti-PD-1 monotherapy. Combination 
therapy was associated with a greater incidence of single 
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and multiple endocrinopathies than anti-PD-1 therapy, 
consistent with previous research (15). Combination 
immunotherapy resulted in a full spectrum of endocrine 
side effects, including the rare but reported autoimmune 
diabetes, which is thought to be associated with PD-1 
blockade (16). Anti-PD-L1 agents were not assessed in 
this study; however, they may have behaved differently 
to anti-PD-1 therapies (17). Anti-PD-L1 is associated with 
the development of autoimmune diabetes; however, the 
spectrum of endocrinopathies with these therapies require 
further study (18). In contrast to our study, other groups 
have reported ipilimumab monotherapy to result in a 
lower rate of endocrine immune adverse events relative to 
combination dual-therapy (3, 10). The lack of difference 
observed in the incidence of endocrine immune-related 
adverse events between ipilimumab and combination 
groups is likely due to the small numbers receiving 
ipilimumab therapy.

The vast majority of patients in this study were 
diagnosed with thyroid dysfunction on routine screening; 
however, a minority of hyperthyroid individuals were 
diagnosed symptomatically and required anti-thyroid 
therapy. Biochemical presentation of thyroid dysfunction 
differed by immunotherapy, with all individuals treated 
with combination immunotherapy presenting with frank 
or subclinical hyperthyroidism. There was no difference 
in the resolution of thyroid dysfunction or need for 
treatment by immunotherapy group, and the use of ATDs 
did not alter subsequent development of hypothyroidism. 
Approximately one-third of patients with thyroid 
dysfunction had positive thyroid autoantibodies at 
diagnosis, consistent with a recent study assessing thyroid 
immune-related adverse events with pembrolizumab 
(15). Anti-thyroid peroxidase antibodies are detected 
in 8.6% of the Australian population (19), suggesting 
an association for increased risk of the development of 
thyroid dysfunction with immunotherapy in the presence 
of thyroid antibodies. Baseline thyroid autoantibodies 
were not available in our cohort and should be examined 
in future studies.

Most patients (55%) with hypophysitis presented with 
symptoms, particularly in those treated with combination 
immunotherapy. In keeping with other studies, most 
patients had non-specific symptoms including nausea, 
fatigue or headache with only one classical presentation 
of adrenal crisis (20). Our study reported higher rates 
of asymptomatic diagnoses (45%) than described 
previously (8, 21, 22), which may be due to the universal 
regular profiling of our study cohort, resulting in earlier 

detection of early-onset hypophysitis. This highlights the 
importance of routine screening over the 12 weeks when 
hypophysitis is most likely to develop. Of the subset of 
patients who underwent radiological imaging at the 
time of diagnosis of hypophysitis, 30% had radiological 
signs in keeping with hypophysitis (8, 21, 23, 24). 
Previous groups have highlighted the rapid resolution of 
radiographic changes; however, pituitary imaging may 
help to exclude differential diagnoses such as metastases 
or pituitary adenoma (25, 26). The hormonal deficiencies 
described are similar to that seen elsewhere, with the most 
common deficiencies being adrenal insufficiency and 
hypothyroidism (8, 27). Two patients were administered 
stress doses of glucocorticoids in this study; however, no 
cases of secondary adrenal insufficiency or secondary 
hypothyroidism recovered. The role of high-dose steroids 
has been discussed elsewhere, and it does not appear to 
alter the natural history or progression of hypophysitis (23, 
28). None of the patients in the study required cessation of 
immunotherapy due to endocrinopathy. Previous authors 
have proposed that the development of an endocrinopathy 
should not prompt withholding immunotherapy as the 
therapeutic advantages of these drugs counterbalance any 
such side effects (22). Other studies have reported minimal 
recovery of the corticotrophic axes, while thyroid and 
hypogonadal dysfunction may recover (6, 23). Recovery 
of thyroid or gonadal dysfunction may be as a result of 
sick hypogonadism or sick euthyroidism (6). As a result, 
some authors propose delay of commencement of sex 
hormones.

The strengths of this study include the consecutive 
cohort of patients, longitudinal biochemical profiling 
of patients throughout therapy, referral for all patients 
with abnormalities to a specialist endocrinologist, 
and the exclusion of patients that sequenced 
between immunotherapies, which may bias toxicity 
development. Limitations include the small number 
of patients treated with ipilimumab monotherapy; 
however, this treatment is no longer a standard of care 
in melanoma, at least in the first-line setting. Patients 
did not undergo baseline autoantibody profiling, 
which may have detected pre-existing occult endocrine 
disease, particularly thyroid disease. It is the authors' 
recommendation that routine endocrine profiling should 
occur prior to each administration of immunotherapy 
for the first 12 weeks of treatment. Subsequent screening 
with TSH measurements should occur less frequently 
(6–12 weekly) and other profiling should be guided by 
symptoms.
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This study is the first detailed description of the 
endocrine immune-related adverse events associated with 
anti-PD-1 antibody therapy, alone and in combination 
with ipilimumab. Endocrinopathies are common and 
often occur early, especially in those on combination 
therapy, can often be detected biochemically before overt 
symptoms develop and require specific therapy. Further 
research is required to determine those at risk of endocrine 
toxicity, and immunotherapy-induced endocrinopathies 
may offer insights into the pathogenesis of idiopathic 
endocrine autoimmunity.
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