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Abstract

Immune-checkpoint inhibitors (ICI) are monoclonal antibodies which target molecules to enhance antitumor response. Several
adverse events have been described and the major ICI-related endocrinopathies are thyroid dysfunction and hypophysitis.
Its occurrence has been associated with improved outcomes, but it is still to be proven. We performed a retrospective study
of patients treated with ICI between 2014 and 2019 at an oncologic center to characterize thyroid function test abnormali-
ties (TFTA) and to evaluate clinical outcomes. We excluded patients without regular monitoring of thyroid function, with
previous thyroid or pituitary disease, previous head/neck radiotherapy and who performed only one ICI cycle. We included
161 of 205 patients treated with pembrolizumab, nivolumab or ipilimumab for several neoplasms, with a median duration of
18.9 weeks (9.1-42.6) of ICI treatment and 49.4 weeks (26.5-75.8) of follow-up. New-onset TFTA was diagnosed in 18%
of patients (n=29), in median at 10.6 weeks (6.1-31.1) of ICI therapy. On the whole, 8.7% had primary hypothyroidism,
4.3% central hypothyroidism, 2.5% biphasic thyroiditis and 2.5% thyrotoxicosis. Patients who experienced primary or cen-
tral thyroid dysfunction had a significantly improved overall response rate (58.6% vs 34.2%, p=0.015) and overall survival
(3.27 vs 1.76 years, p=0.030), compared to the control group. The risk of mortality was two times higher for control group
(adjusted HR =2.43, 95% CI 1.13-5.23, p=0.023). This study recognizes that primary and central thyroid dysfunction can
be a predictive clinical biomarker of a better response to ICI across several neoplasms.
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PD-1 Programmed cell death protein 1
TFTA Thyroid function tests abnormalities
Tg Thyroglobulin

TPO Thyroid peroxidase

TRAbs Thyrotropin receptor antibodies
TSH Thyroid-stimulating hormone
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Introduction

PRECIS

Adverse events caused by immune-checkpoint inhibitors
(ICI) have been associated with increased survival. This is
the first study showing that thyroid dysfunction can be a
predictive biomarker of a better response to ICI across sev-
eral neoplasms.

Despite the known role of the immune system in cancer
treatment for several decades, the discovery and develop-
ment of immune checkpoint inhibitors (ICI) in recent years
have been the landmark of the success of cancer immuno-
therapy [1]. ICI are monoclonal antibodies (Abs) which tar-
get molecules (immune checkpoint receptors) and inhibit
T-cell activation, enhancing endogenous antitumor response
of a broad spectrum of cancers [1-3]. Several ICI have been
approved in the last few years: cytotoxic T-lymphocyte-
associated protein 4 (CTLA-4) inhibitors as ipilimumab,
programmed cell death protein 1 (PD-1) inhibitors as pem-
brolizumab and nivolumab, and programmed cell death
ligand 1 (PD-L1) inhibitors as atezolizumab, avelumab and
durvalumab. To date, anti-PD-1 and anti-PD-L1 Abs are
approved by Food and Drug Administration (FDA) for treat-
ment of melanoma, non-small-cell lung cancer (NSCLC),
renal cell carcinoma, urothelial carcinoma, head and neck
squamous cell carcinoma, classical Hodgkin’s lymphoma,
primary mediastinal large B-cell lymphoma, microsatellite
instability-high (MSI-H) tumours, esophageal and gastric
cancer and others [4]. Ipilimumab is approved for mela-
noma (as monotherapy and combined with nivolumab) and
for renal cell carcinoma in combination with nivolumab [4].

Although ICI therapy is usually well tolerated, it can
induce immune-related adverse events (irAEs), which
vary from mild to fatal [5-7]. As immunotherapy has
been increasingly used, irAEs are becoming more com-
mon. The most prevalent toxicities are dermatological
(25.6-44.0%) and gastrointestinal (30.0-40.0%) [8-12].
Endocrine irAEs are reported in 12.0-30.0% of patients
[5, 7, 13, 14] and they are usually mild to moderate [14,
15]. The most common endocrine irAE are thyroid dys-
function and hypophysitis, especially in patients treated
with anti-PD1 and anti-CTLA-4 agents, respectively [3,
14, 16]. A wide range of incidence rates of primary thy-
roid dysfunction has been published, probably given the
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variable assessment methods, ranging from 9.0 to 39.1%
in retrospective studies [6, 7, 12, 17-20] and from 3.2 to
18.9% in prospective studies [13, 14, 21]. Primary thyroid
dysfunction specifically due to anti-PD1 agents has been
reported to occur in 14.3-39.1% of patients in retrospec-
tive studies [6, 7, 17, 20] and 7.1-9.0% in prospective
studies [13, 14]. Hypophysitis occurs in 11.0-18.0% of
patients treated with ipilimumab [22-25]. Primary adrenal
insufficiency and autoimmune type 1 diabetes mellitus are
rare endocrine irAE [25, 26].

Considering the variable and unpredictable response
rates of ICI, some effort has been made to determine
which patients would most likely benefit from immuno-
therapy [27]. The occurrence of an irAE has been associ-
ated with improvement of prognosis. To date, two studies
have reported increased survival in patients who devel-
oped endocrine irAEs [15, 22]. This concept needs to be
validated by further studies since the association between
occurrence of irAEs and better outcomes is still to be
proven.

Materials and methods
Patients

We performed a retrospective analysis of adult patients
treated with ICI between March 2014 and September 2019
at a tertiary oncologic center: Portuguese Institute of Oncol-
ogy of Porto, Portugal. Treatment with anti-PD-1 (pembroli-
zumab and nivolumab) and anti-CTLA-4 (ipilimumab) Abs
was initiated until April 30, 2019.

Exclusion criteria were absence of regular monitoring of
thyroid function since the initiation of ICI, only one ICI
cycle, known thyroid or pituitary disease or surgery, history
of head/neck radiation therapy or treatment with levothyrox-
ine, antithyroid drugs or amiodarone.

Two groups of patients were considered: patients with
thyroid function test abnormalities (TFTA) and patients with
no TFTA abnormalities (considered as the control group, due
to the similar baseline sample characteristics between the
two groups). The TFTA group included patients with one of
the following abnormalities: primary hypothyroidism, thy-
rotoxicosis, biphasic thyroiditis and central hypothyroidism.

Previous and current clinical data were examined inde-
pendently by two Endocrinologists and the imaging exams
were revised by two Nuclear Medicine Physicians. The clini-
cal severity of TFTA was graded using the Common Termi-
nology Criteria for Adverse Events (CTCAE) version 5.0.
Delayed immune-related event (DIRE) was considered when
an irAE manifested later than 90 days after discontinuation
of immunotherapy.
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Objectives

The aim of this study was to assess the incidence of TFTA
in patients treated with ICI with no previous thyroid or pitui-
tary disease. We analyzed the time of onset, clinical course
and severity of TFTA and evaluated the impact of TFTA in
these patients’ survival.

Endocrine assessments

Data on thyroid stimulating hormone (TSH) and free thy-
roxine (fT4) levels were retrieved from laboratory records
at baseline and during ICI therapy (every treatment visit
or commonly at most every four weeks). Data on free trii-
odothyronine (fT3) levels and the absence or presence of
anti-thyroid peroxidase (anti-TPO) Abs, anti-thyroglobulin
(anti-Tg) Abs and thyrotropin receptor Abs (TRAbs) were
collected when available. All measurements were performed
in the same laboratory. Measurement of TSH, fT4, fT3 and
thyroid Abs (anti-Tg, anti-TPO and TR Abs) were performed
using electrochemiluminescent bridging immunoassay
(ECLIA) (Cobas 8000 €801, Hitachi).

Considering the laboratory cut-offs, primary hypothy-
roidism was defined as isolated increased TSH levels (> 4.2
mUI/L) with normal (subclinical form) or decreased (overt
form) free fraction of thyroid hormones (normal range: fT4
0.93-1.7 ng/dL, fT3 2.0—4.4 pg/mL). Thyrotoxicosis was
defined as TSH < 0.10 mUI/L with normal (subclinical form)
or increased (overt form) fT4 and/or fT3. Cases of a transient
thyrotoxicosis followed by hypothyroidism were defined as
biphasic thyroiditis and they were not included in the events
of primary hypothyroidism or thyrotoxicosis. Central hypo-
thyroidism was defined as decreased free thyroid fractions
with decreased or inappropriate normal TSH levels. Con-
comitant endocrine irAEs were also collected. Central hypo-
cortisolism was defined as decreased cortisol levels with
decreased or inappropriate normal ACTH levels in patients
with no history of glucocorticoid therapy. Diagnoses were
based on integrated clinical and biochemical data.

Statistical analysis

Continuous variables were expressed as median and inter-
quartile range (IQR: quartile 1—quartile 3) and categorical
variables as frequencies and percentages. Mann—Whitney
U test was performed for non-parametric continuous vari-
ables to compare two groups. We used the Kruskal-Wallis
one-way test to compare more than two groups, and Fisher’s
or Chi-square test was used to study differences between
categorical variables.

Follow-up period was defined as the time between the
date of first ICI cycle and September 30, 2019 or date of
death. The event for overall survival was defined as death

by all causes. Patients alive at the end of the study were
classified as censored. Survival analysis was performed
using the Kaplan—Meier method. Log-rank test was used to
identify significant survival curves disparities. Cox propor-
tional hazards regression modelling was used to evaluate
associations between the occurrence of TFTA and the out-
come of all-cause death. It was adjusted for the following
clinical covariates: sex (male vs female), age (<40 vs 40-65
vs 65-85 years old), primary neoplasm (melanoma vs lung
cancer vs head and neck cancer vs classical Hodgkin’s lym-
phoma vs urothelial cancer), stage of disease (III vs IV) and
ICI agent (pembrolizumab vs nivolumab vs ipilimumab).
All analyses were performed using IBM-SPSS version
25 and, for all, a level of significance a«=0.05 was noted.

Results
Patient characteristics

We studied the records of 205 patients, from which 161
were included (Fig. 1). The median age was 65.0 years old
(IQR 57.5-72.0) at the first cycle of ICI and 67.1% were
male. Most patients had melanoma (51.6%, n=_83) and lung
cancer (42.9%, n=69). Other cancer sites included clas-
sical Hodgkin’s lymphoma (n = 3), urothelial carcinoma
(n=3) and head and neck cancer (n=3). The majority of
patients (95.0%, n=153) were on monotherapy, while eight
patients had sequential scheme with anti-PD-1/CTLA-4
agents: four with pembrolizumab and ipilimumab and four
with nivolumab and ipilimumab. On the whole, 86 patients
were treated with pembrolizumab, 59 with nivolumab and
25 with ipilimumab. The doses administered were accord-
ing to current oncology protocols and indication to con-
tinue treatment was evaluated based on imaging response
and adverse events. Median total duration of ICI treatment
was 18.9 weeks (9.1-42.6) and total follow-up time was
49.4 weeks (26.5-75.8).

Thyroid function test abnormalities

New-onset TFTA was diagnosed in 18.0% (n=29) of
patients on ICI therapy, at median age of 65.0 years old
(53.5-73.5) and 55.2% were male. TFTA occurred after a
median of 10.6 weeks (6.1-31.1) from onset of treatment
and it occurred most frequently after the fourth cycle.
Detailed characterization of patients who developed
TFTA is noted in Supplementary Table 1. Almost half of
patients (n = 14) had primary hypothyroidism (ten with overt
and four with subclinical hypothyroidism) and most of them
were asymptomatic at presentation. Four patients spontane-
ously recovered with no need for therapy and eight started
treatment with levothyroxine. Central hypothyroidism due to
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Subjects analysed
N=205

Known thyroid disease (n=17):
- No current medication (n=5)
- Ongoing treatment with levothyroxine, antithyroid drugs or amiodarone (n=12)

No thyroid function monitoring on a regular basis (n=10)
Known pituitary disease (n=2)
One ICl cycle (n=13)

Previous head/neck radiotherapy (n=2)

Patients excluded
n=44

Patients included

N=161
Patients who developed TFTA Patients who did not develop TFTA
(TFTA group) (control group)
n=29 n=132

Fig. 1 Flowchart of patients analysed and selected and showing the division of patients into two groups

hypophysitis occurred in seven patients and four were symp-
tomatic. Due to grade 3 of clinical severity of this event,
ICI treatment was discontinued in patient 17. Three patients
[15-17] had concomitant central hypocortisolism. The most
severe event needed high-dose pulse intravenous steroids for
one week followed by switch to oral hydrocortisone (patient
17). The other two (patients 15 and 16) began immediately
treatment with oral hydrocortisone, before replacement with
levothyroxine. No patient has recovered from hypopituita-
rism at the end of the follow-up period. Patient 15, who
presented with both central hypothyroidism and hypocorti-
solism, is considered a DIRE.

Thyrotoxicosis and biphasic thyroiditis occurred in the
same proportion (13.8%, n=4, each). In most patients, anti-
TPO and anti-Tg positivity was confirmed and none had
positive levels of TRAbs. From patients with thyrotoxicosis,
one spontaneously resolved (patient 22) and only one patient
was symptomatic (patient 25). Two patients began treatment
with beta-blocker (BB) and methimazole. Regarding four
cases of biphasic thyroiditis, in which thyrotoxicosis was fol-
lowed by permanent hypothyroidism, all patients remained
asymptomatic but needed to be treated with levothyroxine.

TFTA events were most frequently classified as grade
2 according to the CTCAE and the most severe was 3 in a
patient treated with ipilimumab. In two patients (5 and 19),
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diagnosed with primary and central hypothyroidism, their
clinical presentation and TFTA severity are unknown and
treatment with levothyroxine was not started due to death
from progressive disease shortly after their hospitalization.

Regarding patients with primary thyroid dysfunction,
five performed neck ultrasound and pattern of thyroiditis
was observed in two cases of biphasic thyroiditis and one
case of thyrotoxicosis (patients 23, 28 and 29). ®*Fluoro-
deoxyglucose positron emission tomography/computed
tomography ('®*FDG-PET/CT) scan, performed for treat-
ment response evaluation, showed bilateral elevated thy-
roid gland uptake in one of three patients with primary
hypothyroidism (patient 1, 11 weeks after diagnosis). Dif-
ferently, the two patients without increased thyroid uptake
(11 and 14) performed '*FDG-PET/CT more than 1 year
after the diagnosis. The only patient with thyrotoxicosis
who underwent *FDG-PET/CT (patient 23) did not show
any uptake in the thyroid 9 weeks after the diagnosis. Con-
cerning central hypothyroidism, five patients performed
pituitary magnetic resonance imaging (MRI) and three
patients underwent '8FDG-PET/CT (including those who
did not perform MRI). No patient presented mild or mod-
erate diffuse pituitary enlargement in MRI or new focally
elevated uptake in the pituitary gland in '"®FDG-PET/CT.
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Characterization of TFTA events is shown in Table 1.
All patients who developed TFTA were on monotherapy.
The majority of these (79.0%, n=23) occurred in patients
treated with anti-PD-1 agents, in which pembrolizumab was
responsible for 13 and nivolumab for 11 events. Ipilimumab
only induced central hypothyroidism (all with concomitant
hypocortisolism) and primary hypothyroidism, since thyro-
toxicosis and biphasic thyroiditis were caused only by anti-
PD1 agents. There were no differences regarding incidence
of TFTA events between the three ICI agents (pembroli-
zumab 15.3% vs nivolumab 18.6% vs ipilimumab 20.0%).
Comparing anti-PD-1 with anti-CTLA-4 agents, there were
also no differences regarding incidence of all TFTA (16.5%
vs 20.0%, p=0.668) and incidence of primary thyroid dys-
function (13.8% vs 8.0%, p=0.426). Patients treated with
ipilimumab had a higher incidence of central hypothyroid-
ism than the ones treated with anti-PD-1 agents (12.0% vs
2.8%, p=0.034).

Outcomes

The demographic characteristics of TFTA and control groups
are reported in Table 2. There were no differences regard-
ing the baseline clinical characteristics (patients’ age and
gender, ICI, primary cancer and its stage) between the two
groups. However, patients that experienced TFTA underwent
a significant higher number of ICI cycles (p=0.017) and
had a significantly higher response rate (58.6% vs 34.2%,
p=0.015), compared to the control group.

Table 1 Characterization of TFTA events

During the follow-up period, 77 deaths occurred. Mean
overall survival after the initiation of ICI treatment was
2.42 years. A significantly longer mean overall survival was
found to be higher in TFTA group, compared to the con-
trol (3.26 years vs 1.76 years, p=0.030)—Kaplan—Meier
analysis is displayed on Fig. 2. Age, sex, primary neoplasm
and cancer staging at ICI initiation were not associated with
overall survival. Control group had a risk of death approxi-
mately two times higher, compared to TFTA group [adjusted
hazard ratio (HR)=2.43, 95% confidence interval (CI)
1.13-5.23, p=0.023]. This analysis also showed that treat-
ment with nivolumab was associated with a 64% decrease
of risk of death, compared to pembrolizumab (adjusted
HR=0.36,95% CI 0.15-0.85, p=0.019). Cox proportional
hazards regression modelling details are listed on Table 3.

Discussion
Thyroid function test abnormalities

Our study included 161 patients treated with anti-PD1 or
anti-CTLA-4 agents for several neoplasms, in which new
onset TFTA occurred in 18% of the cases. There are few
studies on endocrine irAEs with similar design study, as
the majority focuses on a specific ICI agent or class [6, 7,
15, 17] or on a specific primary neoplasm [13, 14, 19, 20].
Patel et al. reported an incidence of new onset TFTA of 35%,
concerning patients treated with pembrolizumab, nivolumab
or ipilimumab for several malignancies [18]. Despite this

TFTA ICI agent Cases, n (%) Time of onset, w Median age, y Male, % TFTA severity ICI cessation
Primary hypoT All 14/161 (8.7) 15.3 (10.0-31.6) 72.0 (64.3-75.3) 58.8 1-2 No
Pembro 7/86 (7.0) 15.9 (10.6-35.9) 72.0 (71.0-76.0) 714 1-2
Nivo 5/59 (8.5) 10.6 (7.2-23.7) 41.5 (29.0-68.0) 60.0 1-2
Ipi 2/25 (8.0) 20.5 (8.0-%) 71.0 (65.0-%) 100.0 1-2
Central hypoT All 7/161 (4.3) 16.7 (8.9-46.0) 58.0 (47.0-77.0) 28.5 2-3 Yes (1)
Pembro 1/86 (1.2) (46.0) (54.0) 0.0 2 No
Nivo 3/59 (5.1) 9.4 (5.9-9 62.0 (35.0-%) 333 2 No
Ipi 3/25 (12.0) 16.7 (8.9-%) 58.0 (47.0-%) 333 2-3 1
Thyrotoxic All 4/161 (2.5) 6.1 (2.5-7.8) 53.0 (42.5-60.5) 50.0 1-2 No
Pembro 2/86 (2.3) 3.7 (1.3-9 58.0 (53.0-%) 50.0 1-2
Nivo 2/59 (3.4) 7.2 (6.0 46.0 (39.0-% 50.0 1-2
Ipi 0(0.0) - - - - -
Biphasic thyroiditis All 4/161 (2.5) 7.9 (5.9-64.6) 62.5 (50.8-72) 50.0 2 No
Pembro 3/86 (3.5) 6.0 (5.9-9 66.0 (59.0-%) 66.6 2
Nivo 1/59 (1.7) (82.9) (48.0) 0.0 2
Ipi 0(0.0) - - - - -

HypoT hypothyroidism, Ipi ipilimumab, Nivo nivolumab, Pembro pembrolizumab, Thyrotoxic thyrotoxicosis, w weeks, y years

Not reached
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Table 2 Main demographic and

o . Patient characteristics TFTA group Control group p value
clinical information of TFTA
and control groups N 29 132 _
Male, n (%) 16 (55.2) 92 (69.7) 0.132
Age at cancer diagnosis, years 62.5 (51.5-71) 62.0 (54.0-69.0) 0.676
Age at first ICI cycle, years 65.0 (53.5-73.5) 65.0 (58.0-71.8) 0.879
Primary neoplasm, n (%)
Melanoma 16 (55.2) 67 (50.8) 0.669
NSCLC 10 (34.5) 59 (44.7) 0.316
Head and neck cancer 0(0.0) 3.3) 1.000
Hodgkin’s lymphoma 2(6.9) 1(0.8) 0.084
Urothelial cancer 1(3.4) 2(1.5) 0.451
Disease stage, n (%)
11 19 (67.9) 72 (62.6) 0.592
v 9(32.1) 43 (37.4) 0.592
ICTI agent, n (%)
Pembrolizumab 13 (44.8) 72 (54.5) 0.345
Nivolumab 11(37.9) 48 (36.3) 0.872
Ipilimumab 5(17.2) 20 (15.1) 0.778
Number of ICI cycles, n 11 (6.5-26) 7 (4-15) 0.017
Duration of ICI treatment, weeks 33.0 (12.5-72.1) 18.0 (9.0-42.2) 0.026
Follow-up period, weeks 58.4 (38.8-130.8) 46.6 (24.2-70.5) 0.008
Responders to ICI treatment, n (%) 17 (58.6) 41 (34.2) 0.015
Flg. 2 Kaplan—Meier analysis 0vera" 3urv|va|
1.0
08
©
2
C
3 06
w
[
=
R
S
3 o4
£
3
O
02
—Icontrol group p = 0.030
- " 'TFTA group (Log Rank)
00
00 1.00 200 3.00 400 5.00 6.00

Follow-up period, years

disparity of TFTA incidence, its incidence rate could be  therapy and absence of other exclusion criteria besides his-
overestimated due to different baseline sample character-  tory of total thyroidectomy. In fact, 64.5% patients on com-
istics, namely inclusion of patients under combined ICI ~ bined nivolumab and ipilimumab therapy developed TFTA.
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Table 3 Cox proportional hazards regression modelling details

HR 95% CI p value

TFTA occurrence (TFTA vs 2.43 1.13 5.23 0.023

control group)
Sex (male vs female) 1.44 0.77 2.67 0.246
Age at first cycle, years old

<40 0.874

[40-65] 1.52 0.16 9.65 0.687

[65-85] 1.37 0.18 10.39 0.761
Primary neoplasm

Melanoma 0.853

Lung cancer 3.28 0.40 26.64 0.267

Head and neck cancer 2.71 0.36 20.67 0.335

Hodgkin’s lymphoma 2.47 0.15 41.14 0.528

Urothelial cancer 0.00 0.00 - 0.980
Disease stage (III vs IV) 1.10 0.61 1.97 0.763
ICI agent

Pembrolizumab 0.018

Nivolumab 0.36 0.15 0.85 0.019

Ipilimumab 0.70 0.30 1.61 0.397

Although both sequential and combination ICI therapy were
reported as independent risk factors for hypophysitis and
thyroid dysfunction compared to monotherapy (HR =2.27,
95% CI 1.09-4.70, p=0.028) [13], our study included just
eight patients (2.5%) who performed sequential scheme
with anti-PD-1/CTLA-4 agents and none on combined ICI
therapy. On the other hand, Scott et al., on a recent prospec-
tive study, analyzed patients treated with pembrolizumab,
nivolumab or ipilimumab for melanoma and reported similar
incidence rates of endocrine irAEs compared to our study:
global irAEs incidence of 18%, thyroid dysfunction inci-
dence of 14% and hypophysitis incidence of 6% [14].

However, our study shows an incidence of anti-PD-
1-induced primary thyroid dysfunction of 13.8%, which is
lower than most recent retrospective studies [6, 7, 17, 20],
approaching the incidences reported on prospective stud-
ies [13, 14]. Central hypothyroidism occurred in 12.0% of
patients treated with ipilimumab, which is a significantly
higher incidence than those treated with anti-PD-1 Abs, and
in accordance with other studies [22-25].

The most prevalent TFTA was primary hypothyroidism
(8.7%), followed by central hypothyroidism (4.3%). Patel
et al. reported incidences of 18.4%, 13.5% and 5% for pri-
mary hypothyroidism, thyrotoxicosis and central hypothy-
roidism, respectively [18]. If we consider our cases of bipha-
sic thyroiditis as primary hypothyroidism and thyrotoxicosis
events separately, the incidence of each type of TFTA is
similar between both studies.

Thyroid dysfunction in cancer patients is difficult
to diagnose if we only consider the clinical picture, as

symptoms can be confused with the underlying disease or
its treatment. Most of hypothyroid patients were regarded
as asymptomatic. The time of onset of primary hypothy-
roidism is variable, usually occurring in 21-39 weeks
after ICI initiation, but may develop even later [20]. Our
cases of primary hypothyroidism manifested between
3 and 44.9 weeks of treatment with ICI. We report four
cases with spontaneous recovery of thyroid function, in
which three were subclinical, despite it being reported
as uncommon [25]. Although this study is retrospective,
these cases were detected because of the strict inclusion
criteria with monitoring of thyroid function on a regular
basis. This highlights the importance of routine screening
of thyroid function during ICI treatment in order to per-
form an early diagnosis of overt cases and proceed to its
correct management.

Regarding thyrotoxicosis, its clinical picture is usually
mild and transient [25]. Given the pathogenic mechanism of
ICI-induced thyrotoxicosis, treatment with antithyroid drugs
does not appear to be adequate, unless GD is the proven
etiology [25]. However, it was decided to start treatment
with methimazole in two cases due to the maintenance of
the symptoms and the chronicity of thyrotoxicosis, and curi-
ously it allowed a clinical and analytical improvement. The
four cases of biphasic thyroiditis culminated in permanent
hypothyroidism, which is frequent in this condition [26].
Thyrotoxicosis and biphasic thyroiditis are more common
with the anti-PD1/PD-L1 agents than with anti-CTLA-4 Abs
[26, 28]. All our cases were caused only by anti-PD1 agents.

Endocrine irAEs are considered a late adverse event, as
the median time of onset is about 11 weeks [28]. In our
study, TFTA events manifested after a median of 10.6 weeks
from ICI treatment initiation and most of them within
18 weeks of treatment. The average time of onset specifi-
cally of primary thyroid dysfunction events is not completely
reported in the studies, often being only described individu-
ally. Scott et al. reported a similar median time of onset of
primary thyroid dysfunction and hypophysitis [14].

Grades 1 and 2 of severity were similarly distributed
between the three ICI. The most severe TFTA event was a
grade 3 hypophysitis (patient 17), admitted due to hypona-
tremia and mental confusion 8.9 weeks after the first cycle of
ipilimumab for treatment of melanoma. Hypocortisolism and
hypothyroidism were diagnosed and hormonal replacement
was promptly given. In literature, ipilimumab-induced hypo-
physitis is the most frequent grade 3 or 4 endocrine irAE
[5]. Primary thyroid dysfunction did not preclude the con-
tinuation of immunotherapy, while one case of ipilimumab-
induced hypophysitis with central hypothyroidism led to
its cessation. Contrary to non-endocrine irAEs that require
discontinuation of ICI and usually resolve with immuno-
suppressive therapy [29], endocrine irAEs frequently do
not require ICI cessation, if managed appropriately [16].

@ Springer



306

Cancer Immunology, Immunotherapy (2021) 70:299-309

All cases of central hypothyroidism were irreversible and
required long term management.

Early screening for thyroid dysfunction should assess
TSH and fT4 at each treatment visit for at least the first
five cycles and thereafter every three months [30, 31]. The
authors consider that thyroid axis should be checked dur-
ing and even after ICI treatment, since TFTA can develop
several months to years after ICI initiation. Screening for
hypophysis during CTLA-4 or PD-1/PDL-1 inhibitors is not
consensual. Monitoring of morning cortisol levels seems
to be appropriate if performed every month for the first six
months, every three months for the next six months and then
annually [32].

Outcomes

This study highlights the significant improved response
rate and the longer overall survival of patients who expe-
rienced TFTA secondary to ICI treatment across several
neoplasms. In recent years, correlation between ICI toxicity
and clinical outcomes has been suggested. Das S. and John-
son D. B. reviewed several studies investigating the impact
of systemic irAEs in prognosis [27]. The studies included
patients treated with a specific ICI for a particular neoplasm.
The vast majority identified endocrine events as one of the
most common irAEs and showed improved response rate,
overall survival and/or progression-free survival in patients
who developed irAEs [27]. A systematic meta-analysis by
Gomes-Lima et al. reviewed 12 randomized controlled trials
comprising a total of 7060 patients with head and neck can-
cer and lung cancer, of whom 3815 were treated with ICIL.
Both survival rate and progression-free survival of the treat-
ment arm were enhanced (HR =0.75, 95% CI 0.70-0.80 and
HR=0.77, 95% CI 0.72-0.81, respectively) and a positive
correlation between endocrine irAEs and OS was reported
(p=0.019) [33]. Regarding specifically primary thyroid dys-
function, Peir¢ et al. found it to be associated with improved
overall survival among 55 patients with NSCLC treated with
nivolumab (HR =0.4, 95% CI 0.17-0.94, p=0.035) [15].
Kim et al. included 58 patients and showed longer over-
all survival (adjusted HR=0.11, 95% CI 0.01-0.92) and
increased progression-free survival (adjusted HR =0.38,
95% CI 0.17-0.85) in the thyroid dysfunction group and
its severity was associated with durable control rate [34].
Osorio et al. showed that the occurrence of primary thy-
roid dysfunction in 10 patients with NSCLC treated with
pembrolizumab was associated with longer overall survival
(unadjusted HR =0.29, 95% CI 0.09-0.94, p=0.029) and
revealed a numerically but not significantly longer pro-
gression-free survival [6]. Concerning hypophysitis, Faje
et al. included 154 patients with melanoma treated with
ipilimumab and showed a borderline significant increased
median survival in patients diagnosed with hypophysitis

@ Springer

(p=0.05) [22]. Several other studies have tried to confirm
the hypothesis of improved survival related to the occur-
rence of an irAE, but failed to reach statistically significant
results [17, 19], as these studies imply more numerous sam-
ples and higher follow-up periods.

Mechanisms involved in endocrine irAEs have not been
fully established [27, 30]. Primary thyroid dysfunction most
commonly manifests as a painless thyroiditis that develops
within weeks to months after ICI initiation. The presenta-
tion may be thyrotoxicosis, which spontaneously resolves
to euthyroidism (isolated thyrotoxicosis) or evolves into
hypothyroidism (biphasic thyroiditis), or overt or subclini-
cal hypothyroidism, which may be transient or permanent.
Acute inflammation followed by destruction of the thyroid
gland has been advocated as the typical underlying autoim-
mune process [30]. Although it has been speculated that
PD-1 molecules may regulate not only T lymphocytes (cell
mediated immunity) but also B lymphocytes (humoral
immune response), evidence suggests that anti-PD-1-in-
duced thyroiditis is essentially a T cell-mediated process
with endogenous predominance of CD8+ and CD4-CD8— T
lymphocytes in the thyroid gland [35, 36]. Intra-thyroid
immune cells produce cytokines, which play a role in the
pathogenesis of autoimmune thyroid disease [37]. Alter-
native mechanisms have been advocated for other irAEs.
Pre-existing organ specific antigen expression has been
described in ipilimumab-induced hypophysitis, considering
the evidence of endogenous CTLA-4 expression on the pitui-
tary gland, predominantly in lactotrophic and thyrotrophic
cells, which increases the risk of toxicity [27].

To the authors’ knowledge, this is the first study on this
subject that includes patients treated with several ICI types
and with several primary neoplasms that demonstrates a
higher response rate and an increased overall survival in
patients who developed primary or central thyroid dysfunc-
tion, adjusted for important covariates. A strength of this
study was the inclusion of a reasonable number of patients
(greater than similar studies), who have been rigorously
selected given the importance of exclusion of conditions that
might increase the risk of developing a TFTA. In fact, selec-
tion criteria have often been undervalued in similar studies.
Another important aspect is the multivariate and adjusted
analysis of overall survival which has taken into account the
eventual contribution of other factors, allowing to achieve
reliable data.

One limitation of this study is its retrospective nature,
which did not enable the collection of all desirable data
and strict follow-up of the patients. Even so, missing
data were irrelevant except for previous antithyroid Abs
analysis and therefore it was not possible to correctly
assess the incidence of pre-existing or new onset thy-
roiditis. Nevertheless, authors made an effort to reduce
biases through restrictive criteria. In the seven cases of
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hypophysitis, metastases were not seen in the pituitary
MRI performed by five patients, nor in the brain CT scan
of the two remaining patients who performed '*PET/CT.
Supposedly, no patient had metastatic disease of the hypo-
thalamic-pituitary area, but it was not absolutely excluded
in two patients due to the low sensitivity of this CT scan.

Some other biases have been suggested about the results
of other studies, but their true significance is debatable,
namely time on therapy, severity of adverse events, site of
primary neoplasm and management of cancer. Although
patients who developed TFTA underwent a higher num-
ber of ICI cycles, the early onset of TFTA in our study
(10.6 weeks in median) reveals the early efficacy of ICI
and excludes the possibility that TFTA occurrence was
time-dependent and due to accumulative effect of ICI. In
fact, irAEs occurrence has been associated with a better
efficacy and response to ICI therapy [27, 38—41]. Further-
more, it has been advocated that time on ICI does not
interfere with the outcomes [42]. In the future, the correla-
tion between time on ICI and patients’ survival, adjusted to
TFTA occurrence, should be analyzed in order to further
confirm our hypothesis. In this case, it would be interest-
ing to evaluate the relationship between the severity of
TFTA and the efficacy of ICI in larger sample sizes. In
our study, it is not statistically feasible due to a limited
number of deaths if we segregate TFTA group by severity
grade. Despite the supposition that a more severe event
may reflect increased T-cell activity, most studies have
not shown any association between irAEs severity and ICI
efficacy [27]. Concerning the primary neoplasm, we did
not find a direct impact in the survival results. Regarding
cancer management, we did not collect data on previous
medical and surgical treatments.

In conclusion, the development of primary or central
thyroid dysfunction is associated with improved clinical
outcomes, namely response rate and survival. This study
supports the assumption that irAEs are intimately associ-
ated with antitumor effect, recognizing thyroid dysfunc-
tion as a clinical biomarker for ICI response across several
neoplasms.
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