
11:2H Karhapää et al. Immune checkpoint inhibitors 
and endocrine AEs

e210562

RESEARCH

Immune checkpoint inhibitors, endocrine 
adverse events, and outcomes of melanoma
Hanna Karhapää 1,2, Siru Mäkelä1,2, Hanna Laurén1,3, Marjut Jaakkola1,3, Camilla Schalin-Jäntti1,4 and 
Micaela Hernberg1,2

1Medical Faculty, University of Helsinki, Helsinki, Finland
2Department of Oncology, Comprehensive Cancer Centre, Helsinki University Hospital, Helsinki, Finland
3Department of Radiology, HUS Medical Imaging Centre, University of Helsinki and Helsinki University Hospital, Helsinki, Finland
4Endocrinology, Abdominal Centre, University of Helsinki and HUS, Helsinki, Finland

Correspondence should be addressed to H Karhapää: hanna.karhapaa@hus.fi

Abstract

Objective: Immune checkpoint inhibitors (ICI) can cause endocrine adverse events. 
However, endocrine AEs could be related to better treatment outcomes. Our aim was to 
investigate whether this holds true in a real-world setting of metastatic melanoma 
patients.
Design: A retrospective single-institution study.
Methods: We included 140 consecutive metastatic melanoma patients treated with ICI 
between January 2012 and May 2019. We assessed the endocrine toxicity and the best 
possible treatment outcomes from electronic patient records, including laboratory 
parameters and radiological images.
Results: Of the treated patients, 21 patients (15%) were treated with ipilimumab, 46 (33%) 
with nivolumab, 67 (48%) with pembrolizumab, and 6 (4%) with combination therapy 
(ipilimumab + nivolumab). Endocrine AEs appeared in 29% (41/140) patients. Three 
patients had two different endocrine AEs. Thyroid disorders were the most common: 
26% (36/140), followed by hypophysitis: 4% (5/140). Three subjects (2%, 3/140) were 
diagnosed with autoimmune diabetes. Three patients had to terminate treatment 
due to endocrine toxicity. Radiological manifestations of endocrine AEs were found 
in 16 patients (39%, 16/41). Endocrine toxicity was associated with significantly better 
treatment outcomes. Median progression-free survival (8.1 months, range 5.1–11.1 
months vs 2.7 months, range 2.4–3.0 months, P < 0.001), and median overall survival 
(47.5 months, range 15.5–79.5 months vs 23.7 months, range 15.3–32.1 months, 
P = 0.035) were longer for patients experiencing endocrine AEs.
Conclusions: The higher number of endocrine AEs suggest that regular laboratory 
monitoring aids in AE detection. Endocrine AEs in metastatic melanoma may correlate with 
better treatment outcomes.

Introduction

Treatment outcomes of metastatic melanoma significantly 
improved after the introduction of immune checkpoint 
inhibitors (ICIs). By binding to their ligands, they prevent 
inhibitory signals, enhance the proliferation of T-cells, 

and activate T-cells to attack cancer cells. ICIs used to treat 
metastatic melanoma include anticytotoxic T-lymphocyte-
associated protein-4 (CTLA-4) MAB, ipilimumab (1) 
and antiprogrammed cell death protein 1 (PD-1) MAbs, 
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nivolumab and pembrolizumab (2, 3). In addition, a 
more effective, but toxic, combination treatment with 
nivolumab and ipilimumab is also used (4).

Oncologists, familiar with chemotherapy-induced 
toxicities, encountered new adverse events (AE) induced 
by immunotherapy. ICIs can generate autoimmune-like 
reactions towards one or multiple organs, including the 
gastrointestinal tract, skin, and endocrine glands (5). These 
AEs are classified as immune-related AEs (irAEs) and their 
seriousness varies from transient laboratory findings to 
life-threatening conditions requiring immediate diagnosis 
and treatment (6, 7).

Endocrine AEs are the third most common AEs of ICIs 
including thyroiditis, hypophysitis, and autoimmune 
diabetes (8). The frequency of endocrine AEs varies with 
different ICIs; hypophysitis is characteristic of ipilimumab, 
while thyroiditis is more common with nivolumab and 
pembrolizumab (9). Ipilimumab causes thyroiditis in 
0–7.4% of the treated patients, while PD-1 inhibitors 
induce them in 0–19.2% of treated patients, respectively. 
The incidence of ipilimumab-induced hypophysitis 
varies between 0 and 17.4% and is dose-dependent. 
In contrast, the incidence of hypophysitis with PD-1 
inhibitors has been reported to be 0.9–1.2%. Furthermore, 
combination therapy with ipilimumab and nivolumab 
causes endocrinopathies more frequently than with 
monotherapies; even up to 50% of patients treated with 
combination therapy experience endocrine AEs (10).

Numerous algorithms exist for the assessment and 
management of endocrine AEs (7, 9, 10). With the increasing 
use of ICIs even in the adjuvant setting, endocrine AEs will 
emerge as a challenge for treating physicians (11). Still, 
despite the possible difficulties in diagnosing and managing 
endocrinopathies, there are signs that endocrine AEs may 
be connected to better treatment responses translating 
into improved overall survival (OS) (12, 13). At the same 
time, endocrine AEs may be permanent and require 
lifelong medication (8). These findings encouraged us to 
analyse our real-world (RW) data of metastatic melanoma 
patients treated with ICIs. Our aim was to evaluate whether 
better treatment outcomes with endocrinopathies could 
be reproduced in a RW patient population.

Materials and methods

Ethical approval

Approval for this study was received from the independent 
Institutional Review Board (IRB) and Ethics Committee 

(EC) of Helsinki University Hospital. Due to the 
retrospective nature of this study, informed consent 
was waived. All methods were performed in accordance 
with the institutional guidelines and regulations. Data 
were anonymized for statistical analyses and handled 
in a manner that meets the EU General Data Protection 
Regulation 2016/679 (GDPR) on data protection.

Patients

The study data consist of medical reports as well as 
laboratory and imaging results. We included a total of 
140 consecutive metastatic melanoma patients treated 
at the Comprehensive Cancer Centre of Helsinki 
University Hospital between January 2012 and May 
2019 with immunotherapy. The ICI treatment was 
either anti-PD-1 (nivolumab or pembrolizumab) or anti-
CTLA-4 monotherapy (ipilimumab), or a combination of 
ipilimumab and nivolumab.

The criteria for starting ICI treatment included 
unresectable stage III or IV metastatic melanoma, Eastern 
Cooperative Oncology Group (ECOG) performance 
status 0 or 1, no active autoimmune disease or unstable 
other serious illness, as well as no active brain metastases. 
Each treatment plan was approved by a multidisciplinary 
meeting before treatment initiation.

We collected the following data from the patient 
records: patient age at treatment initiation, sex, and 
ECOG performance status. Furthermore, we listed the 
characteristics of metastatic disease, including possible 
brain metastases and the American Joint Committee on 
Cancer stage at treatment initiation (version 8) (14). We 
also reviewed previous treatments given for metastatic 
melanoma. We recorded the duration of immunotherapy 
and scaled the best possible treatment outcome according 
to the Response Evaluation Criteria in Solid Tumours 
(RECIST) criteria (15). We thoroughly investigated all AEs 
caused by immunotherapy. We recorded the duration and 
severity of AEs using Common Terminology Criteria for 
Adverse Events version 5.0 (16).

Before treatment initiation, a standard spectrum of 
laboratory tests was taken including whole blood cell 
count (WBC), sodium, potassium, calcium, creatinine, 
glomerular filtration rate, aspartate and alanine 
aminotransferases (ALT), bilirubin, alkaline phosphatase 
(ALP), lactate dehydrogenase (LDH), C-reactive protein 
(CRP), thromboplastin time, creatine kinase, albumin, 
albumin-corrected calcium, amylase, fasting glucose, 
and troponin-I. Thyroid function was measured with 
thyroid-stimulating hormone (TSH), free thyroxine 
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(fT4), free triiodothyronine (fT3), and thyroid antibodies: 
TSH receptor antibodies (TSHRAb), thyroid peroxidase 
antibodies (TPOAb), and antithyroglobulin antibodies. 
Before treatment initiation, we also monitored other 
hormones including testosterone, oestradiol, cortisol, 
prolactin, luteinizing hormone (LH), follicle-stimulating 
hormone (FSH), and adrenocorticotrophic hormone 
(ACTH). All laboratory tests were analysed at the central 
laboratory of Helsinki University Hospital with in-house 
methods. A whole-body CT and a brain MRI or a brain CT 
were performed prior to treatment initiation as well.

Before each treatment cycle, we measured WBC, 
CRP, sodium, potassium, calcium, creatinine, ALT, ALP, 
bilirubin, LDH, albumin corrected calcium, amylase, 
TnI, fasting glucose, TSH, fT4, and cortisol. If symptoms 
indicating endocrinopathies or other AEs occurred, 
additional laboratory tests were taken, and symptom-
oriented imaging was performed.

Ipilimumab monotherapy was given at a dose of  
3 mg/kg every 3 weeks for a maximum of four cycles. 
Nivolumab was administered at a dose of 3 mg/kg 
q2w to 36 patients (26%), at a flat dose of 240 mg q2w  
(3 patients, 2%), or at a flat dose of 480 mg (7 patients, 
5%) q4w. Pembrolizumab was administered at a dose of  
2 mg/kg q3w (48 patients, 34%) or at a flat dose of  
200 mg q3w (19 patients, 14%), respectively. Four doses 
of combination therapy were given at a dose of 1 mg/kg 
nivolumab in combination with 3 mg/kg ipilimumab q3w 
followed by nivolumab 3 mg/kg q2w.

The treatment response was evaluated with a whole-
body CT and a brain CT or a brain MRI. The scans were 
conducted every 12 weeks, or earlier, if signs of progression 
or AEs occurred. The patients received ICI treatment 
until progression or severe toxicity. The treatment was 
terminated if treatment response remained stable in two 
subsequent CTs taken 8 weeks apart. In addition, a pilot 
study of a limited duration anti-PD-1 therapy for patients 
with melanoma was conducted at Helsinki University 
Hospital between November 2015 and March 2017 (17). 
These 38 study patients were all included in our data.

We categorized endocrine AEs as thyroid dysfunction, 
hypophysitis, and autoimmune diabetes (18). Thyroid 
dysfunction included primary hypothyroidism, 
thyrotoxicosis, and transient thyrotoxicosis followed 
by hypothyroidism (thyroiditis). Hypothyroidism was 
defined as an increased TSH concentration above the 
upper normal limit and a fT4 concentration under the 
lower normal limit and thyrotoxicosis as a suppressed TSH 
concentration and a fT4 concentration above the upper 
normal limit. Thyroiditis, that is transient thyrotoxicosis 

followed by hypothyroidism, was encountered in many 
ICI-treated patients and was defined as a transition from 
suppressed TSH levels to increased levels, accompanied 
by corresponding changes of fT4 levels. Hypophysitis was 
defined as deficiencies in anterior pituitary hormones, that 
is ACTH, TSH, and gonadotropins, and their corresponding 
end-organ hormone concentrations. Autoimmune 
diabetes was characterized as a new onset of type 1 diabetes 
following the use of ICIs.

Two of our designated radiologists (HL or MJ) assessed 
the radiological images of patients with endocrine 
AEs and evaluated the treatment response by RECIST 
criteria. We categorized radiological changes as slight, 
moderate, or severe. We evaluated the change in the size 
of the thyroid and pancreas as compared in the CT and or  
MRI scans.

Finally, we reviewed the measures used to treat 
endocrine AEs including medication, hospitalization, and 
possible treatment cessation.

Statistical analysis

All statistical analyses were performed with SPSS Statistics® 
version 27. Descriptive statistics were presented as 
counts (n) and proportions (%). Follow-up was the time 
between treatment initiation and the last follow-up day 
or death. Progression-free survival (PFS) and OS were 
calculated using the Kaplan–Meier method and the log-
rank test. PFS after ICI treatment was calculated from the 
treatment initiation date to disease progression, death, 
or the last follow-up, whichever occurred first. OS was 
calculated from the treatment initiation to death or the 
last follow-up. Student’s t-test was used to compare two 
groups for parametric continuous variables and the Mann–
Whitney U test for non-parametric continuous variables. 
For comparisons of more than two groups, we used the 
Kruskal–Wallis test. All tests were two-sided and P < 0.05 
was considered significant. The date of data cut-off was  
20 May 2021.

Results

Altogether 140 patients with metastatic melanoma were 
treated with ipilimumab, anti-PD-1 treatment, or the 
combination of ipilimumab + nivolumab between January 
2012 and May 2019 at Helsinki University Hospital. The 
median follow-up time was 23.5 months (range 0.6–
95.8 months). Out of 140 patients, 21 were treated with 
ipilimumab, 46 with nivolumab, 67 with pembrolizumab, 
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and 6 with ipilimumab–nivolumab combination therapy. 
Further patient characteristics are listed in Table 1.

Before the first treatment, 4 patients (3%) had positive 
TSH receptor antibodies (TRAbs), 17 patients (12%) had 
a borderline level of TSHRAbs, and 7 patients (5%) had 
elevated TPOAbs. Prior to ICI treatment, 19 patients (14%) 
had primary hypothyroidism and were on levothyroxine 
treatment. None of the patients with a previous diagnosis 
of hypothyroidism encountered ICI-related thyroid 
endocrinopathy. Furthermore, two of our patients with 
ICI-related autoimmune diabetes had a specific HLA class II 
allele DQB1*03, which is associated with an increased risk 
of type 1 diabetes (19).

Out of the treated patients, 111 (79%) had AEs. The 
patients tended to have multiple AEs, as there were 
319 AEs in total. Endocrine AEs counted for 14% of all 
AEs (44/319). Three patients had two endocrine AEs.  

There were seven grade 3–4 endocrine AEs, but no deaths 
related to endocrinopathies. In comparison, there were 
44 grade 3–4 other AEs, and in two patients, death was 
possibly related to ICI treatment in addition to unclear 
infection. Both patients suffered from acute kidney failure 
after ICI treatment.

Thyroiditis was the most common endocrine AE (26%, 
36/140), followed by five cases of hypophysitis (4%, 5/140). 
The endocrine AEs required medication in 50% of the cases 
(22/44). Three patients had to discontinue treatment due 
to endocrine AE (7%, 3/44). In comparison, other irAEs 
in general caused treatment cessation in 25 out of 111 
patients (23%). All AEs, endocrine AEs, and medication to 
endocrine AEs are summarized in Table 2.

The median time to the first occurrence of an endocrine 
AE was 6.4 weeks (range 0–41.3 weeks), whereas the median 
time to the first occurrence of other AEs was shorter; 

Table 1 Background characteristics of all patients and the patient subgroups treated with different immune checkpoint 
inhibitors (ICI): nivolumab (nivo), pembrolizumab (pembro), ipilimumab (ipi), and nivolumab + ipilimumab (nivo+ipi). Data are 
presented as median (range) or as n (%). Some patients had many lines of chemotherapy.

Variable All patients Nivo Pembro Ipi Nivo + ipi

n 140 46 67 21 6
 Male 75 (54%) 21 (46%) 40 (60%) 11 (52%) 3 (50%)
 Female 65 (46%) 25 (54%) 27 (40%) 10 (48%) 3 (50%)
Age (years) 65 (29–84) 66 (32–84) 65 (31–80) 58 (29–76) 50 (37–69)
ECOG PS
 0 80 (57%) 25 (54%) 46 (69%) 8 (38%) 1 (17%)
 1 60 (43%) 21 (46%) 21 (31%) 13 (62%) 5 (83%)
LDH
 ≤ULN 71 (51%) 23 (50%) 36 (54%) 7 (33%) 4 (67%)
 >ULN 69 (49%) 23 (50%) 31 (46%) 14 (67%) 2 (33%)
BRAFV600 54 (39%) 16 (35%) 2 (3%) 4 (19%) 2 (33%)
NRAS 27 (19%) 8 (17%) 19 (28%) 0 (0%) 0 (0%)
Disease stage
 Stage III 3 (2%) 0 (0%) 3 (4%) 0 (0%) 0 (0%)
 Stage IV M1a (0) 10 (7%) 4 (9%) 5 (8%) 1 (5%) 0 (0%)
 Stage IV M1a (1) 17 (12%) 3 (7%) 8 (12%) 6 (29%) 0 (0%)
 Stage IV M1b (0) 7 (5%) 1 (2%) 4 (6%) 1 (5%) 1 (17%)
 Stage IV M1b (1) 22 (16%) 8 (17%) 11 (16%) 3 (14%) 0 (0%)
 Stage IV M1c (0) 42 (30%) 15 (33%) 21 (31%) 4 (19%) 2 (33%) 
 Stage IV M1c(1) 24 (17%) 11 (24%) 8 (12%) 5 (24%) 0 (0%)
 Stage IV M1d (0) 10 (7%) 3 (7%) 5 (8%) 1 (5%) 1 (17%)
 Stage IV M1d (1) 5 (4%) 1 (2%) 2 (3%) 0 (0%) 2 (33%)
Brain metastases 15 (11%) 4 (9%) 7 (10%) 1 (5%) 3 (50%)
Lines of treatment
 None 113 (81%) 41 (89%) 58 (87%) 10 (48%) 4 (67%)
 One 17 (12%) 4 (9%) 8 (12%) 3 (14%) 2 (33%)
 Two or more 10 (7%) 1 (2%) 1 (1%) 8 (38%) 0 (0%)
Prev. treatments
 BRAFi ± MEKi 10 (7%) 2 (4%) 2 (3%) 4 (19%) 2 (33%)
 Chemotherapy 27 (19%) 3 (7%) 7 (10%) 7 (33%) 0 (0%)
Prior hypothyr. 19 (14%) 2 (4%) 14 (21%) 3 (14%) 0 (0%)

BRAFi, BRAF inhibitor; BRAFV600, BRAFV600 mutation-positive melanoma; ECOG PS, Eastern cooperative oncology group performance status; LDH, lactate 
dehydrogenase; MEKi, MEK inhibitor; NRAS, NRAS mutation-positive melanoma; Prev. treatments, previous treatments; Prior hypothyr., prior 
hypothyreosis; ULN, upper limit of normal. 
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2.7 weeks (range 0–106.9 weeks). The first endocrine AE 
appeared earlier with anti-PD-1 treatment (median time 
6.4 weeks; range 0–41.3 weeks) than with ipilimumab 
(median time 13.4 weeks; range 6.1–17.4 weeks) or with 
combination treatment (median time 8.7 weeks; range 
2.7–8.7 weeks). On average, the first endocrine AE occurred 
after the third infusion (range 1–12) and the second after 
the seventh infusion (range 6–9). The mean duration of 
the first endocrine AE was 8.7 weeks (range 0–170) and 29.8 
weeks (range 0.6–170.0) for the first other AE, respectively.

The hormone levels of patients with endocrine AEs 
were closely monitored and they varied widely between 
the patients. No specific pattern could be found. In 
general, most hormonal changes were transient. However, 
fluctuations were typical and resolved after 64–304 days.

CT scans were systematically performed to evaluate 
response. The most prominent radiological findings 
were usually detectable only after the endocrinological 
disorder had been identified based on laboratory tests. 

Radiological changes of the pituitary gland could not be 
reliably assessed in patients with hypocortisolism due 
to the varying imaging modalities (MRI, CT). However, 
CT manifestations of the thyroid and/or pancreas were 
found in 14 patients with thyroiditis and in 2 patients 
with diabetes. As our radiologist (HL) reviewed the scans 
retrospectively, a reduction in thyroid size could be 
detected in the treatment response CT scans in half of the 
patients developing hypothyroidism. In addition, 8 of the 
14 patients with thyrotoxicosis had visual changes of the 
thyroid: three patients had a slight decline in thyroid size,  
whereas 5 patients had a more distinct decline in thyroid 
size. The pancreas decreased slightly in size in two of the 
patients developing autoimmune diabetes (Fig. 1). The 
radiological manifestations of endocrine AEs did come 
with a delay and were more obvious retrospectively, and 
were not related to better treatment responses.

The overall response rate (RR) was 39%. Complete 
response (CR) was achieved by 27 patients (19%) and 

Table 2 Treatment-related adverse events (AEs) of all patients and the patient subgroups treated with different immune 
checkpoint inhibitors (ICI): nivolumab (nivo), pembrolizumab (pembro), ipilimumab (ipi), and nivolumab + ipilimumab (nivo+ipi). 
Data are presented as n (%). Three patients had two endocrine AEs and multiple patients had more than one other AEs.

Variable All patients Nivo Pembro Ipi Nivo + ipi

Any AE in total 319 100 148 50 21
 Any AE/patient 111 (79%) 35 (76%) 53 (79%) 18 (86%) 5 (83%)
 Grade 3–4 44 (31%) 11 (24%) 16 (24%) 12 (57%) 5 (83%)
 Led to cessation 25 (23%) 7 (15%) 13 (19%) 4 (19%) 1 (17%)
End. AE in total 44 (31%) 11 (24%) 27 (40%) 3 (14%) 3 (50%)
 End. AE/patient 41 (29%) 10 (22%) 25 (37%) 3 (14%) 3 (50%)
 Grade 3–4 7 (16%) 2 (4%) 5 (7%)  0 (0%) 0 (0%)
 Led to cessation 3 (7%) 0 (0%) 3 (5%) 0 (0%) 0 (0%)
 Required med. 22 (50%) 6 (13%) 14 (21%) 1 (5%) 1 (17%)
 Levothyroxine 11 (25%) 4 (9%) 6 (9%) 1 (5%) 0 (0%)
 Carbimazole 2 (5%) 0 (0%) 2 (3%) 0 (0%) 0 (0%)
 Prednisone 9 (21%) 1 (2%) 7 (11%) 0 (0%) 1 (17%)
 Hydrocortisone 5 (11%) 1 (2%) 4 (6%) 0 (0%) 0 (0%)
 Methylpredn. 2 (5%) 1 (2%) 0 (0%) 0 (0%) 1 (17%)
 Insulin 3 (7%) 1 (2%) 2 (3%) 0 (0%) 0 (0%)
 Thyroid AE 36 (82%) 9 (20%) 22 (33%) 2 (10%) 3 (50%)
  Grade 3–4 3 (7%) 1 (2%) 2 (3%) 0 (0%) 0 (0%)
 Hypothyroidism 8 (22%) 2 (4%) 4 (6%) 1 (5%) 1 (17%)
  Grade 3–4 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
 Thyrotoxicosis 14 (39%) 2 (4%) 9 (13%) 1 (5%) 2 (33%)
  Grade 3–4 1 (3%) 0 (0%) 1 (2%) 0 (0%) 0 (0%)
 Thyrotoxicosis 14 (39%) 5 (11%) 9 (13%) 0 (0%) 0 (0%)
 f. by hypot.
  Grade 3–4 2 (6%) 1 (2%) 1 (2%) 0 (0%) 0 (0%)
 Hypophysitis 5 (11%)a 1 (2%) 3 (5%) 1 (5%) 0 (0%)
  Grade 3–4 1 (2%) 0 (0%) 1 (2%) 0 (0%) 0 (0%)
 Autoimmune d. 3 (7%) 1 (2%) 2 (3%) 0 (0%) 0 (0%) 
  Grade 3–4 3 (7%) 1 (2%) 2 (3%) 0 (0%) 0 (0%)

aTwo males/three females; hypopitituitarism due to impaired ACTH/cortisol (n  = 3), gonadotropin/testosterone (n  = 1), TSH/T4 (n  = 1) secretion.
AE, adverse event; autoimmune d., autoimmune diabetes; end. AE, endocrine AE; required med., required medication; thyrotoxicosis f. by hypot., 
thyrotoxicosis followed by hypothyroidism. 
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28 (20%) patients had partial response (PR) as the best 
response. The best treatment response was stable disease 
(SD) in 20 patients (14%), whereas 65 (46%) had progressive 
disease (PD). RR of nivolumab was 46% (11 CR, 10 PR), 
and 45 % with pembrolizumab (15 CR, 15 PR). The limited 
duration anti-PD-1 treatment RR was slightly lower 
than with unlimited anti-PD-1 treatment (42%, 5 CR,  
11 PR). Compared to anti-PD-1 treatments, the RR rate 
with ipilimumab was lower, 14% (1 CR, 2 PR) as well as 
with combination treatment (RR 14%, no CR, 1 PR). The 
treatment responses with the limited duration of anti-PD-1 
treatment consisted of 5 CR, 11 PR, 6 SD, and 16 PD. The 
median duration of unlimited anti-PD-1 treatment was 2.4 
months (range 0–72.3 months) and 3.0 months (range 0–6.0 
months) for the limited anti-PD-1 treatment, respectively.

At data cut-off on 20 May 2021, 23 patients (16%) 
were still responding and 55 patients (39%) were alive. In 
addition, 11 patients (8%) were still on treatment at data 
cut-off. Toxicity led to treatment termination in 28 patients 
(20%). For 64 patients (46%), treatment was terminated 
due to progression. According to the present treatment 
protocol, the treatment was stopped due to stabilized 
response for 9 (6%) patients. Within the local pilot study 
with limited anti-PD-1 treatment duration, the treatment 
was stopped for 27 patients at 6 months (19%) (17).  

One patient (1%) switched from pembrolizumab q3w to 
nivolumab q4w due to better patient compliance.

We found that RR was better in patients experiencing 
endocrine AEs (Fig. 2). The overall RR for patients with 
endocrine AEs was 56% compared to 32% for patients 
without endocrine AEs.

For all patients, median PFS was 3.1 months (range 
0.4–73.0 months) and median OS was 23.5 months (range 
0.56–95.8 months). Both PFS and OS were longer in 
patients with endocrine AEs than without (Fig. 3). Median 
OS for patients with endocrine AEs was 47.5 months (range  
15.5–79.5 months) and 23.7 months (range 15.3–32.6 
months) for patients without endocrine AEs. Furthermore, 
median PFS for patients with endocrine AEs was 8.1 
months (range 5.1–11.1 months) and 2.7 months without 
endocrine AEs (range 2.4–3.0 months).

There was no significant difference between groups 
with or without endocrine AEs regarding age, sex, baseline 
LDH or CRP, baseline level of eosinophils or lymphocytes 
or their change after the first infusion, baseline thyroid 
antibodies whether abnormal or normal, or ECOG 
performance status tested with Student’s t-test, the Mann–
Whitney U test, or the Kruskal–Wallis test.

We conducted a landmark analysis at 1, 2, 3, and 4 
months and the effect was minimal on the difference 

Figure 1
The reduction of pancreas in two of the patients 
developing autoimmune diabetes. The second 
patient had such extensive metastases in the 
pancreas that the reduction of the pancreas was 
hard to capture in a picture.
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between PFS and OS with patients experiencing endocrine 
AEs vs patients without them.

Discussion

Our results suggest that endocrine AEs are related to longer 
median PFS and OS. There were no deaths due to endocrine 
AEs. Generally, ICI-related endocrine AEs were quite 
manageable and rarely caused treatment termination.

Our centre has a policy of a close and consistent 
laboratory monitoring of patients receiving ICI. This 
enables us to detect endocrine AEs at an early point, prevent 
them from escalating, and timely initiate substitution 
treatment. Frequent laboratory monitoring thus allows for 
more accurate diagnosis of AEs.

The main limitation of our study is related to the 
retrospective collection of data, which can cause missing 
information and uncertainty. This data reflects a single 
tertiary centre experience. However, all melanoma cases of 
the Southern part of Finland with a catchment area of 2.2 
million inhabitants are referred to our centre for treatment. 
Furthermore, 38 patients were treated within a pilot study 
with a limited anti-PD-1 treatment duration (17), which 
could have reduced the incidence of endocrine AEs due to 
shorter exposure time.

In a systematic literature review evaluating the 
toxicity and clinical outcome of IO-therapy, 36 studies 

with different cancer types were included (20). Out of 22 
studies comprising 4413 melanoma patients, 21 found a 
positive correlation between irAEs and treatment outcome 
supporting our findings. The authors also speculated if 
a certain immunogenic phenotype could explain this 
finding. There were similar findings with non-small 
cell lung cancer (NSCLC) patients faring better with  
endocrine AEs.

In addition, a large systematic meta-analysis comprising 
8452 patients evaluated the association between irAEs of 
anti-PD-1 therapy and clinical outcomes in patients with 
NSCLC (21). A significant correlation between improved 
OS with patients experiencing irAEs was again found, and 
a subgroup of patients with endocrine irAEs had a reduced 
risk of death, supporting our findings. Although the 
patients in these two studies represent different tumour 
types with different demographic features and risk factors, 
the finding seems valid, since anti-PD-1-therapy is widely 
used in both patient groups, and a similar correlation 
between irAEs and OS was observed in both studies.

In contrast to other published data, we report a greater 
number of endocrine AEs, presumably due to our frequent 
laboratory monitoring and recognizing and categorizing 
all abnormal hormonal laboratory results as endocrine 
AEs (22, 23, 24, 25). In two prospective trials with 177 (22) 
and 339 (23) metastatic melanoma patients, respectively, 
the incidence and kinetics of endocrinopathy by 
immunotherapy drugs were lower than in our study. 

Figure 2
Treatment responses in patients with and without 
endocrine adverse events. CR: complete 
response; PR: partial response; SD: stable disease; 
PD: progressive disease.
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In another study with 99 advanced melanoma patients 
treated with pembrolizumab, the incidence of thyroid 
irAEs was slightly higher (17.1% vs 14% and 3%), but 
still a bit lower than in our study (25.7%) (24). However, 
in a prospective trial with 52 advanced melanoma 
patients, treated with four doses of ipilimumab followed 
by nivolumab or pembrolizumab at disease progression, 
the incidence of thyroid dysfunction was 13.5% with 
ipilimumab, and 24.1% with PD-1 inhibitors, more in 
line with our findings (25). Also, another retrospective 

analysis comprising 1246 patients treated with ICI and a 
median follow-up of 11.3 months found that a number 
of patients (42%) developed an ICI-associated thyroid  
irAE (26).

Of note, clinical trials with a high number of ICIs and 
metastatic melanoma present endocrine AEs varyingly. 
For instance, the classification of thyroid disorders is 
heterogeneous and has been reported as decreased or 
increased TSH, or as hypothyroidism, thyrotoxicosis, 
and thyroiditis. Sometimes studies even report both the 

Figure 3
Kaplan–Meier curves of (A) overall survival and (B) 
progression-free survival in patients with- and 
without endocrine adverse events (AE).
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abnormal hormonal findings as well as the diagnosed 
conditions as separate AEs in one patient (27). In contrast, 
we classified all thyroid laboratory abnormalities as thyroid 
endocrine AEs.

In contrast to our findings, a greater number of 
abnormal imaging results as manifestations of endocrine 
AEs have been reported. Radiological abnormalities in 
the pituitary gland of metastatic melanoma patients with 
hypophysitis treated with ipilimumab have been found in 
as much as 77% (26). Furthermore, a case series of follow-up 
scans showed that up to 90% of the radiological changes 
caused by ipilimumab may resolve (28). In contrast to our 
findings, a significant association between radiological 
abnormalities and treatment responses was seen in a 
retrospective study of metastatic melanoma patients 
undergoing anti-CTLA-4 therapy (29).

We did not detect a connection between endocrine 
AEs or thyroid AEs in subjects characterized by increased 
thyroid autoantibodies prior to ICI treatment. According 
to our study, hypothyroidism is often transient, and 
therefore, substitution therapy with levothyroxine should 
be withheld until necessary. We also found that transient 
thyrotoxicosis is much more common than persistent 
hyperthyroidism. Similar observations were recently 
reported among patients with ICI-induced thyroid  
AEs (30).

Endocrine AEs do not usually present with prior or 
even early radiological manifestations, but in some cases, 
radiological findings mainly in the development of type 
I diabetes are prominent and support the diagnosis. The 
oncologist should therefore consult both the radiologist 
and the endocrinologist, and preferentially establish 
multidisciplinary teams to ensure adequate diagnosis and 
treatment of possibly endocrine AEs.

Increased toxicity has been found to correlate to 
improved treatment outcomes in other cancers as well. 
It is well known that skin toxicities of cetuximab and 
panitumumab in metastatic colorectal cancer correlate 
with a better prognosis (31) supporting the observation 
that also endocrine irAEs could correlate with a better 
response to ICI treatment. Patients with endocrine irAEs 
faring better on ICI treatment may be due to a competent 
immune status translating into a generalized ICI-induced 
immune activation. Earlier, it has been shown that the 
improved outcome can be maintained despite the use of 
corticosteroids to treat irAEs (32).

ICI treatment itself and possible endocrine AEs may 
cause significant impairments to health-related quality 
of life (33). Nowadays, however, endocrine irAEs can be 
well managed with the help of various algorithms and 

through multidisciplinary teamwork. Since the prognosis 
of melanoma patients has improved significantly and 
patients live longer, future research should take the quality 
of life of melanoma patients with irreversible endocrine 
AEs into consideration. Furthermore, it would be essential 
to find valid predictive biomarkers identifying the risk for 
endocrine AEs (34). The long-term effects on fertility of 
young patients and hypophysitis are unknown, and need 
to be studied.

The increasing use of ICI in the adjuvant setting 
may through development of endocrine irAEs cause 
lifelong consequences and medication. ICI treatments 
are expensive and especially the care of treatment-related 
type I diabetes increases costs, raising the question of cost-
effectiveness (35). In addition, longer treatment times and 
increasing use of combination treatments may result in a 
greater possibility of endocrine AEs (9).

Solely, the diagnosis of metastatic melanoma creates a 
burden to a patient, let alone having to deal with lifelong 
treatment-related sequelae. On one hand, endocrine AEs 
can result in permanent hormone deficiencies requiring 
lifelong substitution therapies, but on the other hand, 
endocrine AEs seem to be related to longer PFS and 
OS. Based on our results, a systematic laboratory and 
patient follow-up are highly recommendable during ICI 
treatment as well as a close multidisciplinary teamwork 
with oncologists, endocrinologists, and radiologists 
in order to secure timely diagnosis and treatment of  
irAEs (36).
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