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Abstract

Context: Immune checkpoint inhibitors (ICIs) have gained a revolutionary role in man-
agement of many advanced malignancies. However, immune-related endocrine events
(irEEs), have been associated with their use. irEEs have nonspecific clinical presentations
and variable timelines, making their early diagnosis challenging.

Objective: To identify risk factors, timelines, and prognosis associated with irEEs
development.

Design and Setting: Retrospective observational study within the Cleveland Clinic center.
Patients: Metastatic cancer adult patients who received ICls were included.

Methods: 570 charts were reviewed to obtain information on demographics, ICls used,
endocrine toxicities, cancer response to treatment with ICI, and overall survival.

Main Outcome Measures: Incidence of irEEs, time to irEEs development and overall sur-
vival of patients who develop irEEs.

Results: The final cohort included 551 patients. The median time for the diagnosis of
irEEs was 9 weeks. Melanoma was associated with the highest risk for irEEs (31.3%).
Ipilimumab appeared to have the highest percentage of irEEs (29.4%), including the
highest risk of pituitary insufficiency (11.7%), the most severe (Grade 4 in 60%) and ir-
reversible (100%) forms of irEEs. Forty-five percent of patients with irEEs had adequate
cancer response to ICl compared to 28.3% of patients without irEEs (P=0.002). Patients
with irEEs had significantly better survival compared to patients without irEEs (P < 0.001).
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Conclusions: In the adult population with metastatic cancer receiving treatment with
ICl, irEEs development may predict tumor response to immunotherapy and a favorable
prognosis. Ipilimumab use, combination ICI therapy, and melanoma are associated with

a higher incidence of irEEs.

Key Words: immune-checkpoint inhibitors, immune-related adverse events, endocrine toxicities, cancer

The treatment paradigm for many advanced malignancies
has changed with the advent of immune checkpoint inhibi-
tors (ICls). Over the last 10 years, ICIs have rapidly gained
an important role in treating various types of solid cancers.
This now includes small cell and nonsmall cell lung cancers
(NSCLCs), triple-negative breast cancer, gastric carcinoma,
urothelial cancers, ovarian cancer, cervical cancer, renal cell
carcinoma, hepatocellular carcinoma, skin squamous cell
carcinoma, Merkel cell carcinoma, head and neck squa-
mous cell carcinomas, and malignant melanoma. In add-
ition, ICIs were approved for use in some hematologic
malignancies including Hodgkin’s lymphoma and primary
mediastinal B-cell lymphoma. As more ICI agents and new
immune targets (checkpoints such as B- and T-lymphocyte
attenuator; costimulatory molecules such as CD137) are
being identified, the potential for immunotherapy in cancer
treatment is thriving [1,2].

Immune checkpoint proteins on immune cells are in-
volved in immune-inhibitory pathways, which play a vital
role in immune system balance [3]. ICIs enhance antitumor
immunity by blocking negative regulators (checkpoints) of
T cell function involved in both immune and tumor cells
[4]. These agents target programmed death-1 receptor
(PD-1; nivolumab, pembrolizumab, cemiplimab), pro-
grammed death-ligand 1 (PD-L1; atezolizumab, avelumab,
durvalumab), and cytotoxic T-lymphocyte-associated pro-
tein 4 (CTLA-4; ipilimumab, tremelimumab).

Despite their promising therapeutic effects, various se-
vere immune-related adverse events (irAEs) have been re-
ported and questioned the safety of ICIs [4]. irAEs may
affect almost any organ system and have broad clinical
presentations. The most common toxicities due to ICIs
include dermatological, endocrine, respiratory, gastro-
intestinal, and rheumatological adverse effects [5,6].
Endocrinopathies are frequently encountered during treat-
ment with ICIs [7-10]. Immune-related endocrine events
(irEEs) have heterogenous clinical manifestations such as
hypothyroidism, thyroiditis, hypophysitis, adrenal insuffi-
ciency, diabetes mellitus, and hypopituitarism [7,9,11-13].
irEEs may be irreversible and life-threatening if not diag-
nosed and treated early [7-9]. irEEs presentation may be
subclinical or nonspecific, making their early diagnosis
challenging [8,14]. The study aimed to identify risk factors

associated with the development of irEEs, timelines for
irEEs and to evaluate the prognosis of patients who de-
velop irEEs. This included evaluating the reversibility and
severity of irEEs, cancer response to treatment with ICls,
and overall survival of patients who develop irEEs.

Materials and Methods

This is a retrospective observational study from several
sites within the Cleveland Clinic health system. After insti-
tutional review board approval, a chart review was done
for patients diagnosed with malignancy who received ICIs
within a 3-year period from August 31, 2014 to August
31, 2017. Inclusion criteria included male and female
adult patients (aged > 18 years old), with a confirmed
diagnosis of cancer, who received treatment with ICIs
for cancer management. ICIs included in the study were
anti-PD-1 (nivolumab and pembrolizumab), anti-PD-L1
(atezolizumab, durvalumab, avelumab) and anti-CTLA-4
(ipilimumab).
Exclusion criteria were

e Thyroid dysfunction with history of IV contrast expos-
ure within 3 months prior to diagnosis of thyroid dys-
function.

e Thyroid dysfunction in patients treated with tyrosine
kinase inhibitors such as sunitinib, sorafenib, imatinib;
amiodarone; and lithium.

e Patients who had acute illness at the time of checking
thyroid function labs.

e DPatients with suppressed thyroid-stimulating hormone
(TSH) levels who received steroids within 48 h prior to
thyroid function testing.

e Patients with primary adrenal insufficiency who had ad-
renal metastasis.

e Patients with any pituitary hormone deficiencies with
hypothalamic or pituitary metastasis.

e DPatients with isolated secondary adrenal insufficiency
on long-term systemic steroids or extensive topical or
inhaled steroids.

e Patients with isolated hypogonadotropic hypogonadism
who is on chronic opioids.

e If the endocrinopathy cannot be clearly attributed to ICI
use for any other possible reason.
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Patients who had baseline endocrinopathies of clear
etiology were still included, but, of course, their
endocrinopathies were not attributed to ICIs. Since the
number of patients who had preexisting endocrinopathies
was too small in our cohort, we did not specifically study
the association between having a baseline endocrinopathy
and developing a different type of ICI-related endocrine
toxicity.

The Cleveland Clinic pharmacy database provided the
authors with a full list of all adult patients who were
treated with ICIs within a 3-year period from August 31,
2014 to August 31, 2017. Charts were reviewed on the
fully integrated EPIC electronic medical records to screen
patients’ eligibility based on the previously discussed
inclusion criteria. A total of 570 eligible patients were
identified, and their charts were reviewed for previously
described exclusion criteria and for many other variables
including demographics and baseline characteristics,
type of cancer treated, immunotherapy regimens, dates
of ICIs initiation, information about cancer response to
ICIs, the reason for stopping ICIs if stopped, develop-
ment of irEEs, type of irEEs, date of irEEs development,
severity grade of irEEs, type of treatment required for
irEEs, reversibility of irEEs as indicated by the duration
of treatment required for irEEs, date of last follow-up,
and date of death if the patient died.

The authors designed a data collection sheet by util-
izing a secure Red Cap research software to include all of
the previously described variables. Authors had secure ac-
cess to the Red Cap data collection sheet. All relevant data
obtained from the electronic medical records was entered
into the Red Cap data collection sheets, where each patient
has a separate sheet.

Baseline characteristics, type of metastatic cancer treated,
the response of cancer to treatment with ICIs, and overall
survival were compared between patients who developed
irEEs vs those who did not develop irEEs. Development
and incidence of irEEs, the timeline of irEEs development,
type of irEEs, development of symptoms with irEEs, se-
verity of irEEs, and reversibility of irEEs were compared
by ICI regimen.

How Patient’s Symptoms Were Assessed

Based on chart review, by the time of starting ICI treat-
ment, patients were routinely educated about possible side
effects and about the symptoms to watch for during treat-
ment with an ICIL. They were also instructed to self-report
any new symptoms or side effects. Based on documenta-
tion, visits with the treating oncologists have also docu-
mented the review of systems, including the endocrine
system. As this is an observational retrospective study,

pertinent positive and negative endocrine symptoms docu-
mented varied based on the treating clinician. Patients who
reported symptoms were tested case by case for relevant
endocrine toxicity based on their symptoms.

How Patients Were Tested for Endocrine Toxicity

Based on chart review, we observed that almost all patients
regardless of symptoms were screened with a TSH level
every 4 to 6 weeks. Unfortunately, not all patients had a
free thyroxine (T4) check. All patients had a basic meta-
bolic panel at baseline and about 4 to 6 weeks later to as-
sess for hyponatremia and hyperkalemia. Patients in whom
symptoms or electrolytes suggested possible adrenal insuf-
ficiency were screened with AM serum cortisol and subse-
quently with an adrenocorticotropin (ACTH) stimulation
test when indicated. No routine testing or brain imaging
were done to assess for hypophysitis. Patients who were
diagnosed with 1 or more of the pituitary hormone defi-
ciencies or patients who reported symptoms such as new
onset headaches or visual symptoms were further evalu-
ated for hypophysitis. All patients, regardless of symptoms,
were routinely tested with basic metabolic panel (including
serum glucose). No routine testing with hemoglobin Alc
was done.

Definitions

e Primary hypothyroidism was defined as free T4 level
below the lower limit of normal accompanied by TSH
level above the upper limit of normal as reported by
Cleveland Clinic laboratory.

e Secondary hypothyroidism was defined as low free T4
level accompanied by low or inappropriately normal
TSH level. Patients in this group may include isolated
secondary hypothyroidism or secondary hypothyroid-
ism combined with other pituitary hormone deficiencies
and/or hypophysitis.

e Primary hyperthyroidism was defined as elevated free
T4 or 3,3’,5-triiodo-L-thyronine (T3) levels accompan-
ied by TSH level below the lower limit of normal plus
evidence of high uptake thyrotoxicosis, positive anti-
bodies (eg, thyroid-stimulating immunoglobulin anti-
bodies) or persistence of thyrotoxicosis for more than
3 months.

e Secondary hyperthyroidism was defined as free T4 or T3
level above the upper limit of normal accompanied by
elevated or inappropriately normal TSH level.

e Thyroiditis was defined as a thyrotoxicosis phase fol-
lowed by a spontaneous hypothyroidism phase or thyro-
toxicosis accompanied by evidence of low uptake of
thyrotoxicosis plus/minus elevated thyroglobulin levels.
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Since this was a retrospective study and most patients
were not managed by endocrinologists, unfortunately
no thyroid uptake tests, thyroid imaging, thyroid anti-
bodies, or thyroglobulin levels were checked.

® Primary adrenal insufficiency was defined as 8 Am serum
cortisol less than 3 mcg/dL or serum cortisol that fails to
increase above 18 mcg/dL at 30 or 60 min intervals after
ACTH stimulation test using 250 mcg of subcutaneous
cosyntropin injection associated with elevated serum
ACTH level.

e Secondary adrenal insufficiency was defined as 8 Am
serum cortisol less than 3 mcg/dL or serum cortisol that
fails to increase above 18 mcg/dL at 30 or 60 min inter-
vals after ACTH stimulation test using 250 mcg of sub-
cutaneous cosyntropin injection associated with low or
inappropriately normal serum ACTH level. Patients in
this group may include isolated secondary adrenal in-
sufficiency or secondary adrenal insufficiency combined
with other pituitary deficiencies and/or hypophysitis.

e Hypophysitis was defined by evidence of pituitary in-
flammation based on imaging studies and oncologist
documentation.

e Number of total endocrine events was defined as more
than 1 endocrine hormone deficiency that was related
to the same event, which was counted as 1 endocrine
event. For example, a patient with secondary hypothy-
roidism who also had hypophysitis at the same time was
included in both corresponding groups, but the related
events were counted as a 1 single endocrine event. On
the other hand, 2 independent endocrine events (eg,
thyroiditis and hypophysitis) it was counted as 2 endo-
crine events.

iRECIST guidelines are used by oncologists to define
disease progression, partial response, complete response,
and stable disease. This includes the following:

¢ Immune-related complete response defined as complete
resolution of all measurable and nonmeasurable lesions,
with no new lesions, on 2 occasions at least 4 weeks
apart.

e Immune-related partial response defined as a decrease
in the total tumor burden of 50% or more compared
with baseline, on 2 occasions at least 4 weeks apart. This
category allows for the inclusion of progression of some
lesions or the appearance of new lesions as long as the
total tumor burden meets the response criterion.

® Immune-related progressive disease was defined as an
increase in the total tumor burden of 25% or more rela-
tive to the minimum recorded tumor burden. This must
be confirmed by a second, consecutive assessment no
fewer than 4 weeks after the initial documentation of an

increase in tumor.

e Immune-related stable disease was defined as not meet-
ing the criteria for either a partial or complete response
or for progressive disease.

As this is a retrospective study, we relied on the treating
oncologist’s opinion and documentation to define dis-
ease progression, partial response, complete response, and
stable disease. To simplify our documentation and analysis,
we classified patients based on their response into 2 main
categories: (1) patients who had disease progression, re-
ferred to as “patients with no response to treatment” and
(2) patients who did not meet criteria for disease progres-
sion (including patients who had a partial response, com-
plete response, or stable disease), referred to as “patients
with favorable response.” Some patients did not have suf-
ficient documentation on their response status, and we re-
ferred to this group as “patients with unknown response.”

irEEs was defined as new evidence of endocrine dysfunc-
tion after starting ICIs with no alternative explanation or
as clearly documented by oncologists or endocrinologist to
be caused by ICIs.

The severity of endocrine toxicity was defined by the
grading system of specific endocrine toxicities as defined
by the National Cancer Institute’s Common Terminology
Criteria for Adverse Events (version 5; CTCAE) [15].
Although CTCAE grading of endocrinopathies has limita-
tions, we used it because in real life endocrinopathies re-
lated to ICIs are mostly managed by oncologists who used
this grading at the time of this study.

e Grade 1: asymptomatic or mild symptoms; clinical or
diagnostic observations only; intervention not indicated

e Grade 2: moderate; minimal, local or noninvasive inter-
vention indicated; limiting age-appropriate instrumental
activities of daily living

e Grade 3: severe or medically significant but not imme-
diately life-threatening; hospitalization or prolongation
of existing hospitalization indicated; limiting self-care
activities of daily living

e Grade 4: life-threatening consequences; urgent interven-
tion indicated

e Grade 5: death

Statistical Methods

Categorical variables were described using frequencies and
percentages. Comparisons involving ordered data used
Kruskal-Wallis tests, while nonordered comparisons used
Pearson’s chi-square or Fisher’s exact tests. Normally dis-
tributed continuous variables were described using means
and SDs, and comparisons were evaluated using #-tests.
Continuous variables with nonnormal distributions were
described using medians and quartiles, and comparisons
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were evaluated using Kruskal-Wallis tests. Ad hoc compari-
sons were performed when analyses comparing more than
2 groups were significant. Analyses were performed using
SAS® Software (version 9.4; Cary, NC, USA). Statistical
significance was set at P < 0.05.

Overall survival was calculated from the date of
starting ICIs until the date of last follow-up in alive pa-
tients and until the date of death in patients who died.
Overall survival was analyzed using the Kaplan-Meier

curve.

Results
Patient Characteristics

Out of 570 eligible patients, in 19 patients, the etiology of
irEEs was unclear; hence, they were excluded from the study
based on previously discussed exclusion criteria. The final
cohort included for analysis were 551 patients. The median
age was 67.4 years. The majority of patients were white
(n =493, 90%) and male (n =359, 65.2%), and the most
common underlying malignancy was NSCLC (n =246,
44.6%), followed by melanoma (n = 96, 17.4%), renal cell
carcinoma (n =68, 12.3%), and bladder cancer (n =47,
8.5%). Multiple other tumor types were also included in
the study. Out of the 551 patients, 276 patients received
nivolumab monotherapy; 117 patients, pembrolizumab
monotherapy; 54 patients, atezolizumab monotherapy;
and 17 patients, ipilimumab monotherapy. Sixty-three pa-
tients were on 2 or more agents with ipilimumab, and 24
patients were on 2 or more agents without ipilimumab. The
baseline characteristics are outlined in Table 1.

The Pattern of Endocrine Toxicities Due to ICls

We documented endocrine-related adverse effects due to
ICIs in 98 (17.7%) patients. The overall median timeline for
the development of irEEs regardless of regimen was about
9 weeks (range 1.0-63.0). The median timeline for irEEs
observed with nivolumab was 10 weeks, with atezolizumab
was 10 weeks, pembrolizumab was 8 weeks, ipilimumab
was 15.5 weeks, 2+ agents including ipilimumab was 9
weeks, and finally for 2+ agents not including ipilimumab
was 23.5 weeks. Figures 1 to 3 depict a plot of the timeline
for endocrine toxicity events by ICIs regimen. Table 2 sum-
marizes the median timelines for endocrine toxicity devel-
opment based on the ICI regimen.

Out of all irEEs, 56 (57.1%) patients were symptom-
atic, and 42 (42.9%) were asymptomatic. Most symptoms
were nonspecific including fatigue, nausea, vomiting, and
weight changes, which are also common symptoms among
many cancer patients. However, most symptomatic patients

reported some improvement in these symptoms after
treating their endocrinopathy. Of note, the percentage of
symptoms development may vary based on the subtype of
endocrine toxicity as shown in Table 3. Among all cancer
types, melanoma was associated with the highest risk of
irEEs; In our cohort, 30 out of 96 melanoma patients
had irEEs (31.3%), whereas only 68 out of 455 patients
with other, nonmelanoma cancer types had irEEs (14.9%;
P <0.001). In addition, patients with irEEs were mostly
treated for NSCLC (n = 34, 34.7%; P = 0.029) followed by
melanoma (30.6%; P < 0.001) as shown in Table 1.

Among patients with endocrine toxicities, most of them
had Grade 1 (n =33, 33.7%) and Grade 2 (n = 33, 33.7%)
toxicity; Grade 3 toxicity were documented in 21 (21.4%)
patients. Eleven patients (11.2%) had life-threatening
(Grade 4) toxicities; interestingly, Grade 4 toxicity was most
commonly observed in patients who received ipilimumab
monotherapy or combination regimen (Table 4). irEEs were
fairly well tolerated by most of the patients in this study;
only 9 patients were documented to have stopped ICIs
due to endocrine toxicity. The most common reasons for
stopping ICIs were disease progression (n =212, 54.4%),
followed by nonendocrine toxicity (n =77, 19.7%), com-
pletion of treatment (n =37, 9.5%), and transitioning to
hospice (n =31, 7.9%). Table 5 summarizes the reasons for
stopping ICls based on the type of ICIs.

In this study, the thyroid gland was the most com-
monly involved endocrine organ, which manifested as pri-
mary hypothyroidism (n =45, 45.9%), thyroiditis (n =29,
29.6%), secondary hypothyroidism (n = 11, 11.2%), thyro-
toxicosis of undetermined mechanism (n = 6, 5.1%) (The 6
patients with thyrotoxicosis of undetermined mechanism
did not have definitive evidence of primary hyperthyroidism
or biochemical results to support a diagnosis of thyroiditis
or subsequent development of hypothyroidism. Because de-
structive thyroiditis is the most common etiology of thyro-
toxicosis after ICI therapy, we presume that these 6 patients
were most likely in the early thyrotoxic phase of thyroiditis
at the time the biochemical test results documented in their
electronic medical records). Nivolumab (n =25, 60.9%),
and pembrolizumab (n =8, 38%), were most commonly
associated with primary hypothyroidism as monotherapy.

Primary hypothyroidism was the most common irEEs
with the overall incidence of 8.2% (45.9% of all endocrine
toxicities; P < 0.031) and was associated with all ICIs ex-
cept for ipilimumab monotherapy.

Secondary adrenal insufficiency was found in 14% of all
irEEs (P < 0.001). It was associated with all ICIs therapy
except ipilimumab and atezolizumab groups.

About 9% of all irEEs had hypophysitis (P < 0.001).
It was frequently observed in patients on ipilimumab
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Table 1. Endocrine toxicity and baseline characteristics

Overall (N =551)

No endocrine toxicity Endocrine toxicity (N = 98)

(N =453)
Factor N Statistics N Statistics N Statistics P-value
Age 551 67.4+13.3 453 67.8+13.5 98 65.7+12.0 0.16°
Gender 551 453 98 0.37¢
Male 359 (65.2) 299 (66.0) 60 (61.2)
Female 192 (34.8) 154 (34.0) 38 (38.8)
BMI 551 26.5 = 6.1 453 26459 98 274 +6.9 0.15°
Race 547 450 97 0.086°
White 493 (90.1) 402 (89.3) 91 (93.8)
Black 31 (5.7) 30 (6.7) 1(1.03)
Other 23 (4.2) 18 (4.0) 5(5.2)
Cancer type treated
Breast 551 8 (1.5) 453 6(1.3) 98 2 (2.0) 0.644
Prostate 551 0(0.00) 453 0(0.00) 98 0(0.00) N/A
Bladder 551 47 (8.5) 453 37(8.2) 98 10 (10.2) 0.51¢
Renal cell carcinoma 551 68 (12.3) 453 54 (11.9) 98 14 (14.3) 0.52¢
Colon 551 2 (0.36) 453 2 (0.44) 98 0 (0.00) 0.994
Pancreatic 551 0(0.00) 453 0(0.00) 98 0(0.00) N/A
Esophageal 551 2 (0.36) 453 2 (0.44) 98 0 (0.00) 0.994
Gastric 551 0(0.00) 453 0(0.00) 98 0(0.00) N/A
Brain 551 4(0.73) 453 4(0.88) 98 0 (0.00) 0.994
Melanoma 551 96 (17.4) 453 66 (14.6) 98 30 (30.6) <0.001°
Small cell lung cancer 551 18 (3.3) 453 17 (3.8) 98 1(1.02) 0.22¢
Nonsmall cell lung cancer 551 246 (44.6) 453 212 (46.8) 98 34 (34.7) 0.029¢
Sarcoma 551 0(0.00) 453 0(0.00) 98 0(0.00) N/A
Thyroid cancer 551 0(0.00) 453 0(0.00) 98 0(0.00) N/A
Testicular 551 1(0.18) 453 1(0.22) 98 0 (0.00) 0.994
Others (detail) 551 27 (4.9) 453 24 (5.3) 98 3(3.1) 0.454
Lymphoma 551 18 (3.3) 453 16 (3.5) 98 2 (2.0) 0.754
Leukemia 551 1(0.18) 453 0 (0.00) 98 1(1.02) 0.18¢
Ovarian 551 9 (1.6) 453 8 (1.8) 98 1(1.02) 0.994
Oropharyngeal carcinoma 551 10 (1.8) 453 9(2.0) 98 1(1.02) 0.994

Statistics presented as mean = SD or N (%).

Abbreviations: BMI, body mass index; N/A, not applicable.
“t-test.

PSatterthwaite #-test.

‘Pearson’s chi-square test.

IFisher’s exact test.

monotherapy and those who were on a combination ICI
regimen including ipilimumab.

Other rare but significant irEEs in this study include
central hypogonadism (n =35, 5%; P =0.016), new onset
insulin-dependent diabetes mellitus (n =2, 2%; P = 0.99),
hypoprolactinemia (n = 2,2%; P = 0.12), growth hormone
deficiency (n =2, 2%; P =0.22), and central diabetes in-
sipidus (n =1, 1%; P = 0.38).

Overall, ipilimumab was associated with the highest
incidence for irEEs whether as ipilimumab monotherapy
(29.4%) or ipilimumab combination therapy (30.2%).
A complete description of various endocrine toxicities
based on the type of ICls is summarized in Table 6.

Cancer Response to ICls and Endocrine Toxicity

Patients who developed irEEs demonstrated better tumor
response to ICIs as compared to those who did not develop
endocrine toxicity. Forty-one out of the 91 patients with
endocrine toxicity (45%) vs 102 out of the 361 patients
without endocrine toxicity (28%) demonstrated a favor-
able response of the primary tumor to ICIs (P = 0.002).

Overall Survival and irEEs

Notably, our cohort with endocrine toxicity demonstrated
a significantly better overall survival as compared to the co-
hort without endocrine toxicity [hazard ratio (HR) 1.86,
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Figure 1. Cumulative incidence of endocrine toxicity (all regimens).
Table 2. Timeline of endocrine toxicity by regimen
Immune checkpoint inhibitors regimen N (observed) N 25th percentile Median 75th percentile
(weeks)
Nivolumab 276 39 6.0 10.0 20
Atezolizumab 54 8 5.5 10.0 12
Pembrolizumab 117 21 3.0 8.0 20
Ipilimumab only 17 4 13.0 15.5 30
2+ agents, including ipilimumab 63 19 5.0 9.0 34
2+ agents, not including ipilimumab 24 4 11.0 23.5 44

95% CI (1.39, 2.49); P <0.001] (Fig. 4). In addition, those
treated with nivolumab (P <0.001) and those treated with
2 + agents including ipilimumab (P =0.037) had significantly
better survival if they had endocrine toxicity. Table 7 shows
the multivariable model of endocrine toxicity and survival
adjusting for age, gender, race, body mass index (BMI), and
cancer type (restricted to prevalent cancer types that differed).
After adjustment for these factors, those without endocrinology
remain at higher risk for mortality [HR 1.77, 95% CI (1.31,
2.38); P<0.001]. In addition, subgroup analysis was done
after including response to immunotherapy in the multivariable
model. Patients with undocumented response to treatment were
excluded from analysis in Table 7; thus, including this variable
drops the sample size by 20%. Regardless, the association be-
tween endocrine toxicity and survival remains significant [HR
1.57,95% CI (1.15, 2.15); P = 0.004].

Reversibility of Endocrine Toxicity After Stopping
Immunotherapy

Among patients who had to stop their immunotherapy
regimen for any cause and had developed immune-related

endocrine toxicity that required treatment, 82% of patients
required long-term treatment for their endocrine disorder.
Table 8 summarizes this finding.

Discussion

Immune checkpoint inhibitors have demonstrated prom-
ising outcomes and have revolutionized cancer treatment.
ICIs are associated with a broad spectrum of adverse
effects and are clinically different from traditional
chemotherapies in cancer patients [7]. Stimulation of T
cell response plays a vital role in the autoimmune pro-
cesses. Increased tendency for autoimmunity can result
from ICI therapy as it promotes T-cell response to tumor
cell antigen [16]. The exact mechanism of irAEs is yet
to be elucidated; however, recently published data sug-
gests autoantibody production with ICIs may correlate
with irAEs [17]. irAEs are frequently encountered com-
plications after ICI use [18]. The overall incidence of
irEEs is approximately 10% based on systemic review
and meta-analysis of randomized clinical trials [12,18].
The spectrum of irEEs includes thyroid dysfunction,
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Table 3. Percentage of patients who reported symptoms with different endocrine toxicity subtypes

Endocrine toxicity subtype Overall number Symptomatic patients, n (%)
Primary hypothyroidism 45 25 (55)
Thyroiditis 29 17 (58.6)

Primary adrenal insufficiency 1 1 (100)
Hypophysitis 9 7(77.7)
Secondary hypothyroidism 11 9 (81.8)
Secondary adrenal insufficiency 14 13 (92.8)

Central hypogonadism 5 5(100)

New onset insulin-dependent DM 2 1(50)

Abbreviation: DM, diabetes mellitus
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Table 4. Severity of endocrine toxicity by regimen

Factor Overall  Nivolumab  Atezolizumab Pembrolizumab Ipilimumab 2+ agents, 2+ agents, P-value
(N=98) (n=41) (n=28) (n=21) only (n=135) including not including
ipilimumab  ipilimumab (n=4)
(n=19)
Severity of 0.041¢
endocrine
toxicity
Mild (Grade 33 (33.7) 18 (43.9) 3(37.5) 5(23.8) 0 (0.00) 6(31.6) 1(25.0)
1)
Moderate 33 (33.7) 15 (36.5) 2 (25.0) 8 (38.1) 1(20.0) 5(26.3) 2 (50.0)
(Grade 2)
Severe (Grade 21 (21.4) 6 (14.6) 2 (25.0) 6 (28.6) 1(20.0) 5(26.3) 1(25.0)
3)
Life- 11 (11.2) 2 (4.9) 1(12.5) 2(9.5) 3 (60.0) 3(15.8) 0 (0.00)
threatening
(Grade 4)
Statistics are presented as n (%).
“Kruskal-Wallis test.
Table 5. Reasons for stopping ICl agent by regimen
Factor Overall Nivolumab Atezolizumab Pembrolizumab Ipilimumab 2+ agents, including 2+ agents, not including
(N=551) (n=276) (n=>54) (n=117) only (n=17) ipilimumab (n = 63) ipilimumab (n = 24)
Agent stopped, 390 (70.8) 187 (67.8) 35 (64.8) 81 (69.2) 13 (76.5) 51 (81.0) 23(95.8)
yes
Reason for
stopping
agent
Endocrine 9(2.3) 2 (1.06) 0 (0.00) 0 (0.00) 4(30.8) 3(5.9) 0 (0.00)
toxicity
Nonendocrine 77 (19.7) 29 (15.4) 5(14.3) 14 (17.1) 3(23.1) 20 (39.2) 6(28.6)
toxicity
Completion 37(9.5) 18 (9.6) 0 (0.00) 9 (11.0) 3(23.1) 4(7.8) 3(14.3)
of treatment
Other 24 (6.2) 13 (6.9) 4(11.4) 4(4.9) 0 (0.00) 3(5.9) 0 (0.00)
Disease 212 (54.4) 114 (60.6) 22 (62.9 42 (51.2) 3(23.1) 19 (37.3) 12 (57.1)
progression/
treatment
failure
Hospice 31(7.9) 12 (6.4) 4(11.4) 13 (15.9) 0 (0.00) 2(3.9) 0 (0.00)

hypopituitarism caused by hypophysitis, primary ad-

renal insufficiency, and insulin-dependent diabetes
mellites [9,11-13]. If not promptly recognized, irEEs can
be life-threatening, which may raise a concern about the
safety of ICI use. However, data about the outcome of
patients who develop IrEEs are limited. In addition, no
well-established risk factors exist to predict irEEs devel-

opment [4,12].

Role of Symptoms in Diagnosing irEEs

We found that 42.9% of patients with irEEs were asymp-
tomatic. Even patients who were symptomatic, most

symptoms were nonspecific including fatigue, nausea,
vomiting, and weight changes, which are also very common
symptoms among most cancer patients. This highlights the
importance of routine screening for early diagnosis and
treatment of endocrine toxicity after ICI therapy.

Table 3 shows percentage of symptomatic patients in
each endocrine toxicity subgroup.

Effects of Combination Therapy vs Monotherapy
on IREEs

Researchers had reported a higher incidence of thyroid dis-
orders when combination therapy was used [10,16,19]. In
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Table 6. Endocrine toxicity subtypes by regimen

Factor Overall  Nivolumab  Atezolizumab Pembrolizumab  Ipilimumab 2+ agents, 2+ agents, P-value
(N =98) (N=41) (N=8) (N=21) only including not including
(N=35) Ipilimumab  Ipilimumab
(N=19) (N=4)
Endocrine toxicity 98 (17.8) 41 (14.8) 8 (14.8) 21 (17.9) 5(29.4) 19 (30.2) 4(16.7) 0.058"
Primary 45 (45.9) 25 (60.9) 3(37.5) 8 (38.1) 0 (0.00) 6 (31.6) 3 (75.0) 0.031°
hypothyroidism
Thyrotoxicosis, 6(5.1) 2 (4.9) 1(12.5) 1(4.8) 1(20.0) 0 (0.00) 1(25.0) 0.20°
undetermined
mechanism
Primary adrenal 1(1.02) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1(5.3) 0 (0.00) 0.38"
insufficiency
Hypophysitis 9(9.2) 0 (0.00) 0 (0.00) (4.8) 2 (40.0) 6 (31.6) 0(0.00)  <0.001”
New onset DM/ 2(2.0 1(2.4) 0 (0.00) (4.8 0 (0.00) 0 (0.00) 0 (0.00) 0.99
hyperglycemia
Other 1(1.02)  0(0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1(5.3) 0 (0.00) 0.38
Secondary adrenal 14 (14.3) 2 (4.9) 0 (0.00) 3(14.3) 3 (60.0) 6 (31.6) 0 (0.00) 0.005°
insufficiency
Secondary 11(112)  1(24) 0 (0.00) 2(9.5) 3 (60.0) 5(26.3) 0 (0.00) 0.003
hypothyroidism
Thyroiditis (first 29 (29.6) 11 (26.8) 4 (50.0) 9 (42.8) 1(20.0) 4 (21.0) 0 (0.00) 0.15°
hyperthyroid
and then
hypothyroid)
Central 5(5.1) 0 (0.00) 0 (0.00) 1(4.8) 2 (40.0) 2 (10.5) 0 (0.00) 0.016
hypogonadism
Hypoprolactinemia 2 (2.0) 0 (0.00) 0 (0.00) 1(4.8) 1(20.0) 0 (0.00) 0 (0.00) 0.12°
GH deficiency . 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 2 (10.5) 0 (0.00) 0.22
Central DI 1(1.02)  0(0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1(5.3) 0 (0.00) 0.38

Abbreviations: DI, diabetes insipidus; DM, diabetes mellitus; GH, growth hormone.

“Pearson’s chi-square test.
PFisher’s exact test.

our study, we also observed that combination therapy was
associated with a higher risk of thyroid disorders (up to
16.6%) as compared to monotherapy as low as (5.8%).

Effects of Anti-CTLA-4 vs Other ICIs on IREEs

Hypophysitis is the inflammation of the pituitary gland,
which often leads to irreversible hypopituitarism and
can potentially lead to an adrenal crisis if left untreated
[8,12,20]. Previous data suggest that the incidence of
hypophysitis is much higher in patients receiving treatment
with anti-CTLA agents as compared to patients treated
with other groups of ICIs [8]. Our study also showed a
higher risk of hypophysitis with ipilimumab use, whether
as a monotherapy (11.7%) or in combination with other
agents (9.5%), as compared to other ICI regimens without
ipilimumab (as low as 0.8% with pembrolizumab mono-
therapy; P < 0.001). Ipilimumab use was also associated
with the most severe (Grade 4 in 60%) and irreversible
(100 %) forms of irEEs compared to other ICIs.

Effects of Primary CancerType on the
Development of IREEs

In 1 study of patients treated for metastatic melanoma with
nivolumab plus ipilimumab, treatment-related AEs were
reported in 96.8% of patients and were Grades 3 and 4
in 58.5% of patients [21]. Patients treated for melanoma
were significantly more likely to develop endocrine toxicity
(31.3%) compared to those treated for any other cancer
type (14.9%; P <0.001). This association may be partly
explained by the fact that patients with melanoma were
more likely to receive combination ICI regimens, including
ipilimumab.

Timeline and Incidence of Endocrine Toxicity

The onset of endocrine toxicity has been extremely vari-
able in the literature, ranging from 3 weeks after starting
treatment up to 10 months following therapy [19]. Our
study shows that different regimens of ICIs have different
timelines for different types of endocrine toxicity. Table 2
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Figure 4. Kaplan-Meier plot of survival based on endocrine toxicity.

Table 7. Multivariable model for endocrine toxicity and overall survival

Variable

Cox multivariable hazard ratio (95% CI)

Cox multivariable Wald P-value (n = 547)

Endocrine toxicity

No 1.77 (1.31, 2.38) <0.001
Yes —
Gender
Male — .
Female 1.09 (0.87,1.35) 0.46
Race
White — .
Black 0.70 (0.43, 1.11) 0.13
Other 1.21 (0.74, 1.98) 0.45
Cancer type treated
Melanoma
Unchecked — .
Checked 0.52 (0.37,0.72) <0.001
Nonsmall cell lung cancer
Unchecked — .
Checked 1.11 (0.89, 1.39) 0.35
Age 1.007 (0.999, 1.015) 0.085
BMI 0.975 (0.957, 0.993) 0.006

Abbreviation: BMI, body mass index

demonstrate time to endocrine toxicity development by
regimen. In this study, the median timeline for irEEs, in
general, was around 9 weeks. Figures 1 to 3 depict the cu-
mulative incidence of irEEs by regimen.

Prognosis of Patients Who Develop IREEs

Our findings suggest that most of the immune-related endo-
crine toxicities, around 82%, remain irreversible and require
long-term treatment even after stopping ICI therapy (Table 8).

Previous data have linked endocrine and other irAEs to
better patient outcomes [19,22]. In 1 retrospective study,
out of 154 patients with metastatic melanoma treated with
ipilimumab, 17 patients developed hypophysitis. Tahir
et al observed that hypophysitis was associated with better
survival [17]. Another study included a total of 73 patients
with NSCLC, melanoma, and Hodgkin lymphoma treated
with nivolumab. Seventeen patients developed thyroiditis.
Their results suggest that patients with NSCLC and
nivolumab-induced thyroiditis might have better survival
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Table 8. Duration of treatment required for endocrine
toxicity in patients who had to stop ICI

Total (N =56)
Duration of treatment n (%)
Limited short course 1(1.8)
Limited long course 9 (16.1
Life long 46 (82.1)

[22]. Another recently published retrospective study that
evaluated 186 patients with advanced melanoma treated
with single anti-PD-1 agent demonstrated better overall
survival among patients who developed irAEs (endo-
crine or nonendocrine toxicities in general) [23]. Also, 1
study that evaluated 576 melanoma patients treated with
nivolumab suggested irAEs were associated with a higher
objective response rate but had no progression-free survival
benefit [24]. Based on the previous studies, it is unclear if
this association is specific to certain types of irAEs, specific
cancer type, specific ICI agents, or specific race. However,
other studies had conflicting results demonstrating no as-
sociation between overall survival and development of
irAEs. For example, a retrospective study evaluated 298
metastatic melanoma patients managed with ipilimumab.
The study concluded that overall survival was not affected
by the occurrence of irAEs [25]. Our study supports the
presence of significant association between better survival
and development of irEEs. Furthermore, in our study, even
after adjusting for age, gender, race, BMI, and cancer type,
those with irEEs show better overall survival. This may
suggest that this association is probably not specific to a
certain cancer type or certain ICI agent. Patients who de-
veloped any endocrine toxicity were more likely to respond
to immunotherapy (45% favorable response) compared to
those who did not develop endocrine toxicity (28 % favor-
able response; P < 0.001). This better cancer response also
translated to better overall survival. Figure 4, a Kaplan-
Meier graph, demonstrates that those with endocrine tox-
icity tend to have significantly better survival compared to
those without endocrine toxicity (P < 0.001). We hypothe-
size that the development of IrEEs is an indicator of ad-
equate activation of the immune response, not only strong
enough to damage self-tissue and cause autoimmune ad-
verse effects but also strong enough to reach the threshold
needed to kill cancer cells and induce partial or complete
remission or maintain stable disease.

Thyroid Hormone and Cancer Biology

The association of improved survival in patients with
solid tumors has been previously reported and extensively

reviewed. An initial report from a Harvard study showed
significant response with improvement in renal cell and
melanoma patients who were treated with immunotherapy
interleukin-2 and lymphokine-activated killer cells therapy
[26]. A Phase 2 study to induce medical hypothyroidism
in recurrent high-grade cerebral glioma showed significant
prolongation of survival in patients whose free F4 levels
were reduced by >40% from baseline [27].

The discovery of alfavbeta3 integrin expression of a
thyroid hormone receptors on cell membranes of malig-
nant cells and associated vascular endothelium has led to
the elucidation of divergence between T4 and T3 actions
on malignant cells [28,29]. F4, acting nongenomically,
blocks mitogenesis of tumor cells and vascular endothe-
lium. F4 was shown to be 10 to 100 times more potent than
liothyronine at inducing mitogenesis [30]. The alfavbeta3
integrin comprises 2 thyroid hormone binding sites, S1 and
S2, which activate the pathways responsible for the acti-
vation of multiple pro-oncogenic genes [31]. T3 binds to
S1, and T4 binds to S2, however, with less affinity as com-
pared to T3. Blocking of this receptor (alfavbeta3) by the
analog tetraiodothyroacetic acid almost entirely bocks this
effect and induces apoptosis and tumor regression [32].T3,
on the other hand, acting via S1 and S2 receptors, blocks
metabolic functions. This divergence of action between T4
and T3 has been exploited and utilized in the treatment of
advanced cancer patients who had been taking exogenous
levothyroxine and switched to liothyronine supplementa-
tion. Significant gross tumor regression was subsequently
observed as well as prolongation of survival beyond ex-
pectation [28].

Spontaneous or medically induced hypothyroidism may
beneficially alter the clinical behavior of several cancers
including breast cancer [33], glioblastoma [27], head-and-
neck tumors|[34],and renal cell carcinoma [26,35].Induction
of the clinical state of euthyroid hypothyroxinemia—in
which euthyroidism is maintained by administered T3 in
the absence of host levothyroxine—has also been shown
to slow the course of end-stage carcinomas of various ori-
gins [28]. Levothyroxine in physiological concentrations
in vitro has been shown to cause the proliferation of a
wide variety of human cancer cells [30,36], whereas T3 in
physiological concentrations does not appear to promote
cancer cell proliferation in vitro [37]. Reports that T3 may
stimulate tumor cell proliferation in vitro have relied upon
high concentrations of the hormone [38,39]. Clinically,
circulating T3 may be quite low in cancer patients sub-
ject to the nonthyroidal illness syndrome [28]. A possible
confounding factor in tumor response in hypothyroid in-
dividuals supplemented with levothyroxine is that PD-1/
PD-L1 may be upregulated by T4, and so replacement with
this hormone in patients undergoing immunotherapy may
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negate the otherwise beneficial antioncogenic effects of
T4 depletion [40]. It is important to note that a diagnosis
of hypothyroidism, which is a clinical diagnosis, does not
equate to pure hypothyroxinemia, which experimentally is
an optimal thyroid function status to obtain tumor regres-
sion as free T4 is the ligand for the thyroid hormone re-
ceptor on the cell membrane expressed alfavbeta3 integrin
[29].

Where Do Our Findings Stand Among Previous
Studies?

Our results highlight the importance of routine screening
for irEEs and suggest possible risk factors and expected
timelines for endocrine toxicities by regimen that may
guide more efficient future testing protocols for high-risk
patients. In addition, different studies showed conflicting
results for the association between survival and irAEs
[23-25]. Although some studies have suggested better
outcomes in patients who develop irAEs, it is unclear if
this association is specific to certain types of irAEs, spe-
cific cancer type, or specific ICI agents. Our study not
only supports this association but also suggests that even
after adjusting for age, gender, race, BMI, and cancer type,
those without endocrine toxicity remain at higher risk for
mortality. Recently published data frequently has empha-
sized the serious nature of endocrine toxicity [5-7,21].
Furthermore, current guidelines recommend holding ICIs
in moderate to severe cases of endocrine toxicity [5]. On
the other hand, we emphasize that endocrine toxicity de-
velopment is associated with favorable outcomes. Our
findings also suggest that most endocrine toxicities that
require treatment are irreversible even after stopping ICI
therapy. These findings may indicate that holding ICIs
for nonlife-threatening, treatable, moderate to severe
endocrine toxicity may not be useful to reverse endocrine
toxicity and is probably harmful from a cancer manage-
ment standpoint as shown in recently published studies
[41]. An exception would be life-threatening endocrine
toxicities that cannot be managed by hormone replace-
ment alone (eg, hypophysitis with intracranial mass
effect). In summary, our findings suggest that the risks of
holding ICI for nonlife-threatening, treatable endocrine
toxicity may outweigh the benefits. However, this needs
further prospective evaluation and long-term follow-up.

Our study is limited by its retrospective design. In
addition, most of our patients are of the white race, so
our observations may not necessarily be generalizable to
other races. Also, CTCAE was used by treating oncolo-
gists for grading endocrinopathies. This may occasion-
ally overestimate the severity of some toxicities. Because
our study was retrospective, we were unable to assess

the severity of endocrine toxicity in a different way. In
addition, where we have a significant overall number of
endocrine toxicities, we have limited number of endocrine
toxicity cases per individual treatment group and per in-
dividual specific endocrine toxicity subtype. This makes
it difficult to judge if the association of specific ICI agents
with specific subtype of endocrine toxicity is real. For ex-
ample, the association of nivolumab and pembrolizumab
with hypothyroidism may be because these drugs were
used more commonly. Also, a proportion of our primary
hypothyroidism cohort may have had actually destructive
thyroiditis with an undocumented or missed thyrotoxic
phase. Finally, longer duration follow-up is needed for a
better understanding of the long-term outcomes of pa-
tients with endocrine toxicities.

Conclusions

In white adults with metastatic cancer receiving treatment
with ICIs, irEEs development may predict better cancer
response to immunotherapy and better overall survival.
Stopping IClIs will not reverse endocrine toxicity most of
the time. Thus, the development of nonlife-threatening
irEEs may be a reason to continue treatment with ICIs,
if tolerated, rather than discontinue. Many patients with
irEEs are either asymptomatic or have nonspecific symp-
toms, indicating the importance of routine surveillance to
diagnose and treat irEEs early on. The pattern of endocrine
toxicity is highly variable based on regimen. The overall
median time for irEEs development is around 9 weeks from
the start date. Ipilimumab use, combination ICI therapy,
and melanoma as the cancer type are associated with a
higher incidence of irEEs. Further prospective studies are
needed to confirm our findings regarding the impact on
overall survival.
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