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Background: Thyroid immune-related adverse events (IRAEs) have been reported in patients treated with programmed cell death
protein-1 (PD-1) and programmed cell death protein-ligand 1 (PD-L1) inhibitors. We investigated the incidence and clinical course
of PD-1/PD-L1 inhibitor-induced thyroid IRAEs, and identified predictable clinical risk factors of thyroid IRAESs, in particular, overt
hypothyroidism (OH).

Methods: We retrospectively reviewed the medical records of 325 cancer patients receiving PD-1/PD-L1 inhibitor in a tertiary refer-
ral center.

Results: A total of 50.5% (164/325) of patients experienced at least one abnormal thyroid function following PD-1/PD-L1 inhibitor.
Eighty-four patients (51.2%) of them recovered to normal thyroid function during follow-up. In overall population, 25 patients
(7.7%) required thyroid hormone replacement therapy due to PD-1/PD-L1 inhibitor-induced OH. Patients who progressed to OH
showed significantly higher baseline thyroid stimulating hormone level and longer duration of PD-1/PD-L1 inhibitor therapy than
those without thyroid dysfunction or OH (both £<0.001). Median time interval to the development of OH was 3 months after the
therapy. OH was significantly associated with positive anti-thyroid peroxidase antibody at baseline and anti-thyroglobulin antibody
during the therapy than those without thyroid dysfunction or OH (P=0.015 and P=0.005, respectively). We observed no patients
with OH who were able to stop levothyroxine replacement after the cessation of PD-1/PD-L1 inhibitor therapy.

Conclusion: PD-1/PD-L1 inhibitor-induced thyroid dysfunctions are considerably reversible; however, OH is irreversible requiring
levothyroxine replacement even after stopping the therapy. Positive thyroid autoantibodies may predict the progression to OH.
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INTRODUCTION

Immune checkpoint inhibitors (ICIs) are the current mainstays
of anti-cancer treatment by blocking immune checkpoints that
mediate inhibitory signals to decrease T-cell activity, thereby re-
storing the ability of T-cells to fight cancer cells [1,2]. ICIs are
divided into three classes: cytotoxic T-lymphocyte-associated
protein-4 (CTLA-4) inhibitors, programmed cell death protein-1

(PD-1) inhibitors, and programmed cell death protein-ligand 1
(PD-L1) inhibitors [3,4]. CTLA-4 inhibitors (ipilimumab) were
the first to be approved for cancer treatment followed by PD-1
inhibitors (nivolumab and pembrolizumab), and PD-L1 inhibi-
tors (atezolizumab, avelumab, and durvalumab).

Despite their anti-cancer efficacy, the stimulated immune re-
sponse by ICIs induces broad spectrum immune-related adverse
events (IRAEs) in the affected organs, including the skin, gas-
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trointestinal tract, liver, lung, brain, and endocrine organs [4,5].
The IRAEs are different from those induced by traditional che-
motherapeutic agents, and the underlying mechanisms of
IRAE: are still unclear [6-8].

Thyroid IRAEs are the most frequently reported endocrine
dysfunctions in clinical trials and real-world data [9,10]. While
the overall survival of cancer patients is prolonged by ICI thera-
py, the incidence and prevalence of thyroid IRAEs are remark-
ably increasing. The overall incidence of ICI therapy-induced
hypothyroidism is reported to be 6.6% (95% confidence inter-
val, 5.5% to 7.8%) [9]. Thyroid IRAEs are more frequently as-
sociated with PD-1/PD-L1 inhibitors than CTLA-4 inhibitors
suggesting greater impact of PD-1/PD-L1 inhibitors on the thy-
roid gland than that of CTLA-4 inhibitor [11]. Therefore, care-
ful evaluation and appropriate management of PD-1/PD-L1 in-
hibitor-related thyroid dysfunction is crucial in clinical practice.

In line with the above information, we aimed to figure out the
actual incidence and clinical course of thyroid IRAESs in patients
treated with PD-1/PD-L1 inhibitors in a real-world setting. Fur-
thermore, we examined the appropriate strategy for thyroid hor-
mone replacement during and after the cessation of PD-1/PD-
L1 inhibitor therapy in patients who experienced the therapy-in-
duced overt hypothyroidism (OH).

METHODS

Patient population

The initially retrieved 515 patients who were treated with PD-1/
PD-L1 inhibitors between January 2016 and August 2019 at
Chonnam National University Hwasun Hospital. Subsequently,
174 patients who did not undergo thyroid function tests prior to
PD-1/PD-L1 inhibitor therapy were excluded. Among the eligi-
ble 341 patients, the patients who showed OH at baseline thy-
roid function tests or took levothyroxine before PD-1/PD-L1 in-
hibitor therapy were excluded (n=14). In detail, three patients
had undergone total thyroidectomy owing to thyroid cancer and
one patient had thyroid metastasis. Five patients had previous
treatment-induced hypothyroidism (i.e., sorafenib, sunitinib, ax-
itinib, temsirolimus, and regorafenib), three patients had prior
history of radiotherapy on the neck, and two patients had hypo-
thyroidism arising from Hashimoto’s thyroiditis. We further ex-
cluded patients who were not followed-up after the 1st PD-1/
PD-L1 inhibitors (n=2). Consequently, a total of 325 patients
receiving PD-1/PD-L1 inhibitors with no overt thyroid dysfunc-
tion at baseline were included in the analysis (Fig. 1). The pa-
tients were divided into three groups according to thyroid func-
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tion status: the normal thyroid function group (i.e., those who
showed normal range of thyroid functions during the PD-1/PD-
L1 inhibitor therapy), the no-OH group (i.e., those who had at
least one episode of thyroid dysfunction, however, did not prog-
ress to OH), and the OH group. The no-OH group was subdi-
vided into two groups according to the recovery to normal thy-
roid function. Based on this, 161 patients were included in the
normal thyroid function group, while the no-OH group and the
OH group had 139 and 25 patients, respectively.

This study was approved by the Institutional Review Board
of Chonnam National University Hwasun Hospital (No.
CNUHH-2020-065), and was conducted in accordance with the
guidelines in the Declaration of Helsinki. The need for informed
consent was waived due to the retrospective nature of the study.

Evaluation of thyroid hormone function and thyroid
autoantibodies

Thyroid function tests, including thyroid stimulating hormone
(TSH) and free thyroxine (fT4), were performed at the time of
initiating PD-1/PD-L1 inhibitor therapy and during the follow-
up period in all patients. A median of four thyroid function tests
was performed on each patient during follow-up. The time in-
terval between the thyroid function tests was different depend-
ing on each patient. In general, thyroid functions were measured
every one to three cycles of PD-1/PD-L1 inhibitor therapy until
6 months after starting the therapy.

Serum TSH and T4 levels were measured by electrochemilu-
minescence method (Cobas e601 automatic immunoassay,
Roche Diagnostics, Basel, Switzerland). The laboratory refer-
ence ranges are 0.4 to 4.8 mIU/L for TSH and 0.8 to 1.71 ng/dL
for fT4.

Subclinical hypothyroidism was defined as elevated TSH lev-
el of 4.8 to 10 mIU/mL with normal fT4 level, and subclinical
hyperthyroidism was defined as reduced TSH level of <0.4
mlIU/mL with normal T4 level. Isolated hypothyroxinemia and
hyperthyroxinemia were defined as normal TSH level with low
fT4 (<0.8 ng/dL) and high fT4 (>1.71 ng/dL) level, respective-
ly. Overt hyperthyroidism was defined as decreased TSH level
of <0.4 mIU/mL with increased fT4 level of >1.71 ng/dL,
while OH was defined as increased TSH level >4.8 mIU/mL
with decreased fT4 level of <0.8 ng/dL and/or TSH =10 mIU/
L regardless of fT4 levels requiring levothyroxine replacement.

We collected the data on thyroid antibodies against thyroid
peroxidase (anti-TPO) and thyroglobulin (anti-Tg) that were
measured using electrochemiluminescence (Cobas e601 auto-
matic immunoassay). A TPO antibody titer >34 [U/mL and a
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tests between 2016 and 2019 (n=341)

PD-1/PD-L1 inhibitor-treated patients who underwent thyroid function

Patients with overt hypothyroidism or thyroid hormone replacement
prior to PD-1/PD-L1 inhibitor therapy (n=14)

- Previous sorafenib therapy (n=2)

- Previous sunitinib therapy (n=1)

- Previous axitinib and temsirolimus (n=1)

- Previous regorafenib therapy (n=1)

- Previous radiation therapy on the neck (n=3)

- Previous total thyroidectomy (n=3)

- Thyroid metastasis (n=1)

- Hypothyroidism with Hashimoto’s thyroiditis (n=2)

4% Lost to follow-up after the 1st PD-1/PD-L1 inhibitor therapy (n=2)

y

PD-1/PD-L1 inhibitor-treated patients analyzed for thyroid IRAEs (n=325)

v

v

Normal thyroid function
(n=161)

At least one abnormal thyroid
function (n=164)

v

No overt hypothyroidism
(n=139)

v

v

v

Progression to overt
hypothyroidism (n=25)

Recovery to normal
thyroid function (n=_84)

No thyroid recovery
(n=55)

Fig. 1. Flow diagram of investigated cohort of programmed cell death 1 (PD-1)/programmed cell death protein-ligand 1 (PD-L1) inhibitor-
treated cancer patients to evaluate the occurrence of thyroid immune-related adverse events (IRAEs).

Tg antibody titer >115 IU/mL were defined as elevated autoan-
tibody levels, respectively.

Evaluation of thyroid ultrasonographic features

Thyroid ultrasonography was performed to evaluate radiologic
changes in the thyroid gland, including echogenicity, blood
flow, and size during the PD-1/PD-L1 inhibitor therapy. The
volume (mL) of each thyroid lobe was calculated as 0.479X
depthXwidth X length (cm), and thyroid volume was the sum of
the volumes of both lobes [12].

Statistical analysis

Data are expressed as mean+standard deviation or median (in-
terquartile range) or number (%). Continuous variables were
analyzed using Student’s ¢ test. Categorical variables were ana-
lyzed using the chi-square test. Comparisons between three
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groups were performed using analysis of variance (ANOVA),
and Bonferroni correction was adopted as a post hoc analysis to
account for multiple testing issues. All statistical analyses were
performed using SPSS Statistics version 25 (IBM, Armonk, NY,
USA), and P value <0.05 was considered to be statistically sig-
nificant.

RESULTS

Patient characteristics

Table 1 shows the baseline characteristics of PD-1/PD-L1 in-
hibitor-treated patients analyzed for thyroid IRAEs. The mean
age of all patients at the time of initiating PD-1/PD-L1 inhibitor
treatment was 67.2 years and 71.1% of them were males. The
PD-1/PD-L1 inhibitor therapy was introduced to treat various
type of cancer, and lung cancer accounts for 56.6% of all can-
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Table 1. Baseline Characteristics of PD-1/PD-L1 Inhibitor-
Treated Patients Analyzed for Thyroid Immune-Related Adverse
Events (n=325)
Characteristic Value
Age at PD-1/PD-L1 inhibitor initiation, yr 67.2£10.6
Female sex 94 (28.9)
PD-1 inhibitor
Pembrolizumab 145 (44.6)
Nivolumab 117 (36.0)
PD-L1 inhibitor
Durvalumab 45 (13.8)
Atezolizumab 18 (5.5)
Type of cancer
Lung cancer 184 (56.6)
Melanoma 39 (12.0)
Renal cell carcinoma 23(7.1)
Biliary cancer 19(5.8)
Hepatocellular carcinoma 16 (1.9)
Bladder cancer 10(3.1)
Gastric cancer 10(3.1)
Colorectal cancer 8(2.5)
Oropharyngeal cancer 6(1.8)
Esophageal cancer 3(0.9)
Peritoneal carcinomatosis 2(0.6)
Thymic cancer 1(0.3)
Nasopharygneal cancer 1(0.3)
Pancreas cancer 1(0.3)
Multiple myeloma 1(0.3)
Canthal cancer 1(0.3)
Duration of follow-up, mo 5.0 (1.0-9.0)
Duration of PD-1/PD-L1 inhibitor therapy, mo 4.0 (1.0-9.0)
No. of doses of PD-1/PD-L1 inhibitor 6.0 (3.0-12.0)
Baseline thyroid function status
Normal 309 (95.1)
Subclinical hypothyroidism 13 (4.0)
Subclinical hyperthyroidism 3(0.9)
Values are expressed as mean = standard deviation, number (%), or me-
dian (interquartile range).
PD-1, programmed cell death protein-1; PD-L1, programmed cell death
protein-ligand 1.

cers. Among the patients, 80.6% (262/325) were treated with
PD-1 blockade: pembrolizumab in 145 patients and nivolumab
in 117 patients. Approximately 19.4% (63/325) received PD-L1
blockade therapy: durvalumab in 45 patients and atezolizumab
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in 18 patients. The median duration of follow-up was 5.0
months (interquartile range, 1.0 to 9.0). The median duration of
PD-1/PD-L1 inhibitor therapy was 4.0 months (interquartile
range, 1.0 to 9.0) with 6 doses (interquartile range, 3.0 to 12.0).
At the last follow-up, only 21 patients (6.5%) continued PD-1/
PD-L1 inhibitor therapy. The most common cause of discontin-
uation of PD-1/PD-L1 inhibitors was disease progression
(76.9%), followed by treatment-induced adverse events includ-
ing interstitial lung disease and bleeding (8.3%), financial diffi-
culty (4.0%), non-disease-related death such as hypoglycemic
shock and brain hemorrhage (2.5%), and lost to follow-up
(1.8%). A total of 95.1% (309/325) of patients showed normal
thyroid function at the baseline thyroid function tests prior to
PD-1/PD-L1 inhibitor therapy.

Characteristics of PD-1/PD-L1 inhibitor-related thyroid
dysfunctions
During the study period, at least one abnormalities in thyroid
function tests were observed in 50.5% (164/325) of patients.
Among them, 25 patients required thyroid hormone replace-
ment due to progression to OH. We compared the clinical char-
acteristics of patients according to the development of thyroid
dysfunctions (Table 2). OH was more frequently observed in fe-
male patients than those in the normal thyroid function group or
no-OH group (P=0.025). The occurrence of OH was not asso-
ciated with the type of PD-1/PD-L1 inhibitor (P=0.592). The
median duration of the PD-1/PD-L1 inhibitor therapy and num-
ber of PD-1/PD-L1 inhibitor doses were greater in the OH
group than in the other two groups (£<0.001). OH group
showed significantly elevated baseline TSH level compared to
the other two groups (P<0.001); however, the median TSH lev-
els of 2.74 mIU/L was within the normal range. Baseline fT4
level did not differ between the three groups (P=0.217). Thy-
roid antibodies were measured in 30.5% (99/325) of the patient
population before initiating PD-1/PD-L1 inhibitor therapy, and
anti-TPO antibodies were more prevalent in the OH group
(33.3% vs. 4.4% vs. 4.2%, P=0.015). There were no differences
in the prevalence of baseline anti-Tg antibodies between the
three groups (P=0.132). During the follow-up period, thyroid
antibodies were measured in 20.3% (66/325) of the patient pop-
ulation, and anti-Tg antibodies were more frequently observed
in the OH group during the PD-1/PD-L1 inhibitor therapy than
in the other two groups (50.0% vs. 11.1% vs. 12.8%, P=0.005).
Anti-TPO antibody positivity was not different between the
three groups during the follow-up period (P=0.208).

In the no-OH group (n=139), 84 patients (51.2%) naturally
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Table 2. Patient Characteristics According to the Development of Thyroid Immune-Related Adverse Events
Normal No overt Overt
Characteristic thyroid function hypothyroidism hypothyroidism P value P value®
(n=161) (n=139) (n=25)

Age, yr 68.61+9.9 66.0+£11.3 65.5+10.1 0.076
Female sex 41 (25.5) 40 (28.8) 13 (52.0) 0.025
PD-1/PD-L1 inhibitor 0.592

Pembrolizumab 76 (47.2) 58 (41.7) 11 (44.0)

Nivolumb 54 (33.5) 52(37.4) 11 (44.0)

Durvalumab 10(6.2) 6(4.3) 2(8.0)

Atezolizumab 21(13.0) 23 (16.5) 1(4.0)
Duration of PD-1/PD-L1 inhibitor therapy, mo 3.0(1.0-7.0) 5.0 (1.0-10.0) 11.0 (5.0-17.5) <0.001 ad
No. of doses of PD-1/PD-L1 inhibitor 5.0 (3.0-10.5) 7.0 (3.0-15.0) 16.0 (8.5-27.5) <0.001 ed
Baseline TSH level 1.70 (1.13-2.34) 2.04(1.29-3.32) 2.74 (1.83-4.73) <0.001 eA
Baseline free T4 level 1.24 (1.15-1.39) 1.21 (1.10-1.35) 1.17 (1.07-1.29) 0.217
Baseline anti-TPO positivity 2/45 (4.4) 2/48 (4.2) 2/6 (33.3) 0.015
Baseline anti-Tg positivity 1/45(2.2) 1/48 (2.1) 1/6 (16.7) 0.132
Follow-up anti-TPO positivity 2/9 (33.3) 7/39 (17.9) 7/18 (38.9) 0.208
Follow-up anti-Tg positivity 1/9 (11.1) 5/39 (12.8) 9/18 (50.0) 0.005
Values are expressed as mean=standard deviation, number (%), or median (interquartile range).
PD-1, programmed cell death protein-1; PD-L1, programmed cell death protein-ligand 1; TSH, thyroid stimulating hormone; T4, thyroxine; TPO, thy-
roid peroxidase; Tg, thyroglobulin.
“Post hoc analysis using Bonferroni correction; *P<0.05 between normal thyroid function and no overt hypothyroidism; °P<0.05 between normal thy-
roid function and overt hypothyroidism; ¢P<0.05 between no overt hypothyroidism and overt hypothyroidism.

recovered to normal thyroid function during follow-up with
continued PD-1/PD-L1 inhibitor treatment. Thyroid function
recovery was associated with longer duration and increased
doses of PD-1/PD-L1 inhibitor treatment (P<0.001 and
P=0.001, respectively). Although seven patients remained in
the thyrotoxicosis phase during the study period, all of them
were negative for TSH binding inhibitory immunoglobulin
(Supplemental Table S1). Steroid therapy was not applied to
any patients during the follow-up period. Beta blockers were
prescribed to two patients to control symptoms during the thy-
rotoxicosis phase.

Association between thyroid autoantibody positivity and
the development of PD-1/PD-L1 inhibitor-related thyroid
dysfunctions

We investigated the pattern of thyroid antibody status of 20 pa-
tients in whom thyroid antibodies were repeatedly measured be-
fore the initiation and during the PD-1/PD-L1 inhibitor therapy
(Table 3). Two patients presenting with a shift from positive to
negative anti-TPO antibody showed transient isolated hypothy-
roxinemia and subclinical hypothyroidism, respectively. We ob-
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served three patients who newly developed thyroid antibodies
during the therapy. Two patients whose anti-Tg antibodies con-
verted from negative to positive progressed to OH, and anti-Tg
antibodies remained positive during repeated measurements in
the OH phase. One patient presenting with a negative to positive
conversion of anti-TPO antibody showed transient subclinical
range of thyrotoxicosis followed by normal thyroid function.
Interestingly, anti-TPO antibody levels changed to negative
again in this patient when measured at the time of normal thy-
roid function status.

Characteristics of patients who developed overt
hypothyroidism after PD-1/PD-L1 inhibitor therapy
Among the 325 patients, OH was observed in 25 (7.7%) pa-
tients (Table 4). When we evaluated the temporal changes in
thyroid function during the follow-up period, 11 patients pre-
sented with subclinical and overt thyrotoxicosis prior to the de-
velopment of OH and six patients showed a shift to OH from
subclinical hypothyroidism. Eight patients rapidly developed
OH without the thyrotoxicosis phase or thyroid dysfunction in
the subclinical range. The median time interval between the ini-
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Table 3. Summary of Changes in Thyroid Antibody Status in 20 Patients Available for Autoantibody Measurements before Initiation and
during the PD-1/PD-L1 Inhibitor Therapy
Bascline Bascline - Followan Folov0 - Chpgein  Changein
Thyroid IRAE Age, y/ Cancer PD_ : (PD_LI antibody antibody antibody antibody TPO Tg
Sex inhibitor titer, titer, titer, titer, antl.b_on_iy antl_b_()(.ly
UmL  IUmL  IUmL  [UmL  POSVIY positviy
OH 68/M  Kidney Pembrolizumab 13.2 71.1 9.6 168.2 =) — ) ) —)
OH 45/F  Melanoma Nivolumab 219.0 86.6 191.1 385.2 H— ) -
No-OH 67/F  Biliary Pembrolizumab 66.6 14.6 244 0 H— ) -0
No-OH 64/F  Kidney Pembrolizumab 7.8 11.9 5.7 23.7 -0 -0
No-OH 67/M  Liver Nivolumab 184 0 25.7 0 -0 -0
No-OH 62/M  Lung Nivolumab 6.9 0 9.7 0 -0 -0
No-OH 59/M  Lung Nivolumab 52.6 93.6 13.0 12.0 H—-0-) -
No-OH 45/F  Lung Nivolumab 7.3 11.0 10.3 0 =0 -
No-OH 69/M  Lung Nivolumab 11.2 86.6 5.6 0 -0 -
No-OH 63/M  Lung Durvalumab 0 0 13.9 0 -0 -0
No-OH 78M  Lung Durvalumab 19.5 0 423 0 H—H) -0
No-OH 59/M  Lung Durvalumab 20.2 0 16.1 28.1 -0 -
No-OH 68/M  Lung Durvalumab 0 0 7.3 0 -0 -
No-OH 71/M  Lung Durvalumab 8.3 0 12.2 0 -0 -
No-OH 74/M  Lung Atezolizumab 32.1 0 12.5 104 -0 -
No-OH 57M  Lung Atezolizumab 14.0 0 27.7 0 -0 -
No-OH 55M  Lung Atezolizumab 13.5 0 12.4 0 -0 -
No-OH 69/F  Lung Atezolizumab 9.1 178.7 7.4 457.6 @) -0 +)—(+)
No-OH 37/M  Lung Atezolizumab 13.5 0 15.8 0 -0 -
Normal thyroid function ~ 79/F  Lung Pembrolizumab 15.5 0 15.7 11.8 -0 -
PD-1, programmed cell death protein-1; PD-L1, programmed cell death protein-ligand 1; IRAE, immune-related adverse event; TPO, thyroid peroxi-
dase; Tg, thyroglobulin; OH, overt hypothyroidism.

tiation of PD-1/PD-L1 inhibitor therapy and development of
OH was 3.0 months (interquartile range, 2.0 to 4.5) and the me-
dian replacement dose of levothyroxine was 100 pg/day. At the
last follow-up, nine patients (36.0%) continued with the PD-1/
PD-L1 inhibitor therapy with levothyroxine replacement.
While, PD-1/PD-L1 inhibitor therapy was stopped in 16 pa-
tients (64.0%), in 13 of whom the treatment modalities were
changed to those other than PD-1/PD-L1 inhibitor treatments.
Levothyroxine replacement was maintained in these 13 patients
for median 11.0 months (interquartile range, 4.0 to 25.5), and in
two of them the dose of levothyroxine was reduced at median 7
months after stopping PD-1/PD-L1 inhibitor therapy. All 13 pa-
tients continued levothyroxine replacement until death (six pa-
tients) or referral to hospice care (six patients) or lost to follow-
up (one patient).

418 www.e-enm.org

Association between thyroid ultrasonographic features

and PD-1/PD-L1 inhibitor-related thyroid dysfunctions

In the current study, thyroid ultrasonography was performed in
18 patients who progressed to OH during the PD-1/PD-L1 in-
hibitor therapy. Sonographic findings typically represented in-
flammatory change with diffuse heterogencous echogenicity
and slightly increased thyroid volume in the thyrotoxicosis
phase. Subsequently, there was rapid progression to thyroid
gland atrophy at the time of OH (Fig. 2). There was a patient
who underwent thyroid ultrasonography after PD-1/PD-L1 in-
hibitor therapy were stopped. He was a 57-year-old male with
small cell lung cancer receiving nivolumab who progressed to
OH during the therapy and was then started on levothyroxine
replacement. At 2 months after stopping nivolumab due to dis-
ease progression, he exhibited marked OH with TSH level of

Copyright © 2021 Korean Endocrine Society
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Table 4. Clinical Course of Patients Who Progressed to Overt Hypothyroidism after PD-1/PD-L1 Inhibitor Therapy (n=25)

Variable Value
Temporal changes in thyroid function during the follow-up
Normal—Thyrotoxicosis—Hypothyroidism 7(28.0)
Normal—Hypothyroidism 8(32.0)
Normal—Subclinical hyperthyroidism—Hypothyroidism 3(12.0)
Normal—Subclinical hypothyroidism— Hypothyroidism 3(12.0)
Subclinical hypothyroidism— Hypothyroidism 3(12.0)
Subclinical hypothyroidism— Thyrotoxicosis—Hypothyroidism 1(4.0)
Time to development of overt hypothyroidism, mo 3.0(2.0-4.5)
Levothyroxine replacement dose, pg/day 100 (88-125)
Duration of levothyroxine replacement, mo 11.0 (4.0-25.5)
Cancer treatment strategy at the last follow-up
Maintenance of PD-1/PD-L1 inhibitor 9(36.0)
Cessation of PD-1/PD-L1 inhibitor 16 (64.0)
Change to other treatment modalities 13 (81.3)
Best supportive care 3(18.8)

Values are expressed as number (%) or median (interquartile range).
PD-1, programmed cell death protein-1; PD-L1, programmed cell death protein-ligand 1.

Pretherapy At At At At At Reference
(A) 1 month 2 months 3 months® 15 months® 40 months* range
B) © (D)
TSH, mIU/L 0.625 0.011 21.87 83.48 1.01 0.202 0.4-4.8
Free T4, ng/dL 1.49 3.87 0.411 0.570 1.83 1.63 0.8-1.71
Anti-TPO, IU/mL 13.22 9.64 - - - 6.54 0-34
Anti-Tg, IU/mL 71.10 168.20 - - - 39.77 0-115
Thyroid volume, mL 25.9 343 - - 11.04 8.55

Fig. 2. Thyroid ultrasonographic findings in a 68-year-old male patient treated with programmed cell death 1 (PD-1) inhibitor pembroli-
zumab for renal cell carcinoma. He initiated to receive 125 pg/day of levothyroxine at 3 months after pembrolizumab. Thyroid ultrasono-
graphic images (A) before therapy, (B) at 1 month after therapy, (C) at 15 months after therapy, and (D) at 40 months after therapy. TSH,
thyroid stimulating hormone; T4, thyroxine; TPO, thyroid peroxidase; Tg, thyroglobulin. “On levothyroxine replacement.

147 mIU/L because he had not taken levothyroxine since stop-  severely atrophied thyroid gland after the cessation of nivolum-
ping nivolumab (Fig. 3). Thyroid ultrasonography showed the  ab, which was consequently linked to OH.

Copyright © 2021 Korean Endocrine Society www.e-enm.org 419
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Pre-therapy At At At At At 2 months after the last Reference
(A,B) 1 month 2 months 4 months* 6 months® injection of nivolumab range
(C,D)

TSH, mIU/L 1.54 0.088 0.225 69.96 10.22 147.0 04438
Free T4, ng/dL 1.26 2.38 1.38 0.345 1.06 0.42 0.8-1.71
Anti-TPO, IU/mL - 12.74 - - - - 0-34
Anti-Tg, [lU/mL - 318.10 - - - - 0-115
Thyroid volume, mL 18.3 - - - - 7.35

Fig. 3. Thyroid ultrasonographic features and clinical course of a 57-year-old male patient with lung cancer treated with programmed cell
death 1 (PD-1) inhibitor nivolumab. He started to receive levothyroxine replacement at 4 months after nivolumab. Severe thyroid gland at-
rophy was revealed on thyroid ultrasonography at 2 months after stopping nivolumab. Pre-therapy thyroid ultrasonographic images in (A)
transverse and (B) longitudinal view. Thyroid ultrasonographic images at 2 months after the last injection of nivolumab in (C) transverse and
(D) longitudinal view. TSH, thyroid stimulating hormone; T4, thyroxine; TPO, thyroid peroxidase; Tg, thyroglobulin. “On levothyroxine re-

placement.

DISCUSSION

The present study demonstrated that one or more thyroid dys-
functions were observed in approximately half of the patients
following PD-1/PD-L1 inhibitor therapy. However, 51.2% of
thyroid dysfunctions spontaneously returned to normal thyroid
status during the follow-up period. OH requiring levothyroxine
replacement was observed in 7.7% of the overall population,
which was similar to previously reported incidence of ICI-in-
duced hypothyroidism. The development of OH was associated
with longer duration of PD-1/PD-L1 inhibitor therapy. In addi-
tion, baseline anti-TPO antibody positivity and new develop-
ment of anti-Tg antibody positivity during the therapy were sig-
nificantly associated with the progression to OH. PD-1/PD-L1
inhibitor-related OH was an irreversible event after stopping the
therapy.

Among the various endocrine organs involved in IRAESs, thy-
roid gland is the most commonly affected one by PD-1/PD-L1
inhibitors. Thyroid IRAEs present themselves with thyroid dys-
function, including hypothyroidism and hyperthyroidism. The
majority of PD-1/PD-L1 inhibitor-induced thyrotoxicosis repre-
sent a phase of painless thyroiditis, and only a few cases of
PD-1/PD-L1 inhibitor-induced autoimmune hyperthyroidism,
such as Graves’ disease, were reported [13,14]. Some patients
show recovery to normal thyroid function, while others require
thyroid hormone replacement due to the occurrence of OH
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[15,16].

For a better understanding of thyroid IRAEs, the evaluation
of baseline thyroid function status and regular assessment of
TSH and fT4 levels are helpful. The baseline thyroid function
can be readily affected by patients’ general condition and previ-
ous cancer treatments. In the current study, 14 patients excluded
from the final analysis had preexisting hypothyroidism or took
levothyroxine related to prior radiation therapy and tyrosine ki-
nase inhibitors. Sixteen patients (4.9%) of the overall cohort
showed a subclinical range of serum TSH level at the baseline
thyroid function test, which spontaneously normalized during
follow-up. We observed a broad spectrum of thyroid dysfunc-
tions ranging from isolated hypothyroxinemia to OH during the
PD-1/PD-L1 inhibitor therapy. At least one abnormal thyroid
function was observed in 50.5% (164/325) of the overall pa-
tients; however, only 15.2% of them (25/164) progressed to OH
requiring thyroid hormone replacement. In the no-OH group,
the thyroid function naturally recovered to the normal state in
60.4% (84/139) of the patient population. These findings indi-
cate that a majority of patients maintain normal thyroid func-
tions or experience a mild degree of thyroid dysfunctions not
requiring thyroid hormone replacement during the PD-1/PD-L1
inhibitor therapy. The recovery group had a longer duration and
increased doses of PD-1/PD-L1 inhibitor treatment; however,
the median duration of the therapy in the no recovery group was
only 2 months (Supplemental Table S1). Since there was no dif-
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ference in the patient characteristics except PD-1/PD-L1 inhibi-
tor treatment itself between the two groups, it may be because
the observation period of no recovery group was too short to
confirm recovery. In our study, thyroid ultrasonography re-
vealed diffuse inflammatory change of thyroid gland with slight
increase in thyroid volume during the thyrotoxicosis phase after
therapy, followed by rapid shrinkage of the thyroid gland. Sub-
sequently, thyroid gland atrophy was associated with the devel-
opment of OH.

In the current study, thyroid IRAEs were predominantly re-
ported in female patients just like other autoimmune thyroid
diseases. Median duration of the PD-1/PD-L1 inhibitor therapy
was longer in patients with OH than in those without thyroid
dysfunctions or OH. The median interval from the initiation of
PD-1/PD-L1 inhibitor therapy to the development of OH was 3
months and 36% of the patient population with OH continued
PD-1/PD-L1 inhibitor therapy. This could be linked to the better
anti-tumor efficacy of PD-1/PD-L1 inhibitor therapy when thy-
roid IRAEs occur. Several previous studies have shown that
PD-1/PD-L1 inhibitor-induced thyroid IRAEs were associated
with prolonged overall survival or progression-free survival
[17-20]. However, we observed no significant difference in pro-
gression-free survival according to the presence or absence of
thyroid IRAEs in the overall population (P=0.529, data not
shown). Unfortunately, the direct correlation between thyroid
IRAESs and overall survival was not analyzed due to the diversi-
ty of cancer types in our study.

There have been several attempts to identify potential bio-
markers to predict thyroid IRAEs [21,22]. The serum Tg, thy-
roid antibodies, and cytokine levels, such as those of serum in-
terleukin 1B (IL-1p), IL-2, and granulocyte-macrophage colony
stimulating factor were suggested as promising candidates for
biomarkers [23]. Regarding thyroid antibodies, there are still
controversies over their potential as predictive indicators of thy-
roid IRAEs. Some studies showed significant association of
baseline thyroid antibody positivity and the risk of thyroid dys-
function; however, others showed no associations [24-27]. Ad-
ditionally, recent studies suggest that the positive conversion of
thyroid antibodies during PD-1/PD-L1 inhibitor therapy could
be a potential marker of thyroid IRAEs [23]. We observed three
patients presenting with a negative to positive conversion of an-
ti-TPO antibodies or anti-Tg antibodies during PD-1/PD-L1 in-
hibitor therapy. Two patients with newly detected anti-Tg anti-
bodies progressed to OH, and the antibodies were measured
during the overt thyrotoxicosis and hypothyroidism state, re-
spectively. One patient with newly detected anti-TPO antibod-
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ies did not progress to OH, and the autoantibodies were mea-
sured during the subclinical thyrotoxicosis phase. However, fol-
low-up thyroid autoantibodies tend to be tested more frequently
in patients with thyroid dysfunction after initiation of PD-1/PD-
L1 inhibitor treatment. Therefore, it is difficult to conclude that
the positive conversion of antibodies during the therapy predicts
the progression to OH.

For the proper management of thyroid IRAESs, the decision of
initiating deficient hormone replacement for OH is important.
Thyroid hormone replacement is recommended when TSH lev-
el is over 10 mIU/L [3,28]. Additional important aspect is to de-
cide whether thyroid hormone replacement is to be maintained
after stopping PD-1/PD-L1 inhibitor therapy. Current guidelines
recommend to maintain thyroid hormone replacement during
PD-1/PD-L1 inhibitor therapy and consider cessation of thyroid
hormone replacement by re-measurement of thyroid function
status after complete interruption of the therapy [3,29]. In the
present study, most patients (11/13, 84.6%) who stopped PD-1/
PD-L1 inhibitor therapy required same doses of levothyroxine,
while two patients required reduced doses of levothyroxine dur-
ing the follow-up period. All patients discontinued PD-1/PD-L1
inhibitor therapy due to disease progression and there were no
drug interruption or dose reduction of the therapy due to thyroid
IRAEs. We observed no patients with OH who were able to quit
thyroid hormone replacement after stopping PD-1/PD-L1 inhib-
itor therapy. Accordingly, PD-1/PD-L1 inhibitor-induced severe
degree of thyroid IRAESs are clinically irreversible.

Our study has several limitations to be addressed owing to its
retrospective nature. Thyroid function tests and measurements
of thyroid antibodies were not performed regularly. Moreover,
thyroid antibodies were not measured in all cohort patients be-
fore the initiation of PD-1/PD-L1 inhibitor therapy and/or dur-
ing the treatment. It could result in difficulty to precisely inter-
pret the time sequence and causal relationship between thyroid
dysfunction and antibody positivity. In addition, thyroid ultraso-
nography was performed only in a small number of patients.
Therefore, based on our findings, we were unable to draw de-
finitive conclusions regarding the predictive power of thyroid
antibodies and ultrasonographic findings for thyroid IRAEs.

Taken together, careful evaluation of thyroid function status
before starting the PD-1/PD-L1 inhibitor therapy and during the
therapy is crucial for the early detection of thyroid IRAEs. Thy-
roid autoantibody positivity may be helpful to predict the devel-
opment of OH requiring thyroid hormone replacement. PD-1/
PD-L1 inhibitor-induced OH is irreversible; therefore, meticu-

lous decision for cessation of thyroid hormone placement
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should be necessary. In this case, the identification of thyroid
shrinkage on ultrasonography could support the decision that
thyroid hormone replacement is required even after stopping the
therapy.
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