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Abstract

Context: Pembrolizumab is a Programmed Death 1 (PD-1) inhibitor
used to treat advanced malignant melanoma and metastatic non-small
cell lung cancer. It causes various endocrinological side effects including
immune mediated thyroiditis. Thyroiditis caused by Pembrolizumab can
mimic other immune mediated thyroiditis like Hashimoto thyroiditis
and Grave’s disease.

Case Report: A 61 year old male who was receiving treatment
with pembrolizumab for malignant melanoma was evaluated for
abnormal Thyroid Function Tests (TFTs). His TFTs were normal before
chemotherapy, however, TFTs done one month after fourth cycle of
chemotherapy revealed suppressed TSH. Follow up of TFTs two months
after fourth cycle of chemotherapy and there after revealed persistent
elevated TSH concerning for hypothyroidism. Other potential causes
of abnormal thyroid function were ruled out by history and negative
antibody tests. He was started on levothyroxine for hypothyroidism.

Conclusion: Pembrolizumab, similar to other PD-1 inhibitors causes
various endocrinological side effects via immune mediated mechanism.
Thyroiditis is more common with pembrolizumab than ipulimumab.
Diagnosis requires high index of suspicious and frequent monitoring
of TFT while on treatment is based on symptoms and thyroid function
tests. Hospitalization and treatment with steroids is indicated in severe
cases.

Keywords: Autoimmune thyroiditis;
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Pembrolizumab; Thyroid

Introduction

Pembrolizumab is a Programmed Death 1 (PD-1) inhibitor
used to treat advanced malignant melanoma and metastatic non-
small cell lung cancer. It was recently approved by United States
Food and Drug Administration (FDA) for treatment of unresectable
and advanced stage malignant melanoma [1]. The most common
side effects of Pembrolizumab noted in various trials are fatigue,
pruritus and nausea [2,3]. Pembrolizumab like other PD-1
inhibitors also causes various endocrinological side effects such
as hypophysitis, thyroidits and adrenalitis via immune mediated
mechanism. The incidence of thyroiditis is more common with
pembrolizumab than ipulimumab [4]. We report a case of a 61 year
old male who underwent chemotherapy with pembrolizumab for
metastatic malignant melanoma and was referred to endocrinology
for abnormal thyroid function test. Further work up revealed drug
induced hypothyroidism. In this report we aim to highlight the
importance of early recognition of hypothyroidism secondary to
Pembrolizumab and present a brief review of literature.

Case Presentation

A 61 year old male with history significant for malignant
melanoma stage III A of right lower extremity metastatic to
inguinal, axillary and pelvic nodes was referred to the thyroid

clinic because of abnormal thyroid function test. He was receiving
treatment with pembrolizumab for metastatic melanoma. He had
already completed four cycles of chemotherapy. He denied any
signs or symptoms of hyperthyroidism. He did not have history
of recent upper respiratory tract infection, use of iodine tablets,
recent surgery, recent imaging using iodine contrast dye, radiation
to neck, or use of any herbal or food supplements. He did not have
family history of thyroid problems.

Regarding his vital signs, his temperature was 98° F, pulse was
74 /minute, respiratory rate was 14/minute and blood pressure
was 149/83 mmHg. Physical exam didn’t reveal any thyroid mass
or tenderness. Rest of the physical exam was within normal limits.

Investigations

Review of his labs done prior to clinic visit showed normal
completeblood count, basicmetabolic profile andliver function tests.
Baseline thyroid function tests (TFTs) before the chemotherapy
showed Thyroid Stimulating Hormone (TSH) of 1.295 ulU/ml
(normal 0.3-5 ulU/ml), free T4 of 0.79 (normal 0.58-1.64 ng/dl)
and free T3 of 3.37 pg/ml (normal 2.2-4.1 pg/ml). His TFTs done
after one month of fourth-cycle of chemotherapy revealed TSH of
0.022 ulU/ml, free T4 of 4.23 ng/dl and free T3 of 10.22 pg/ml .
Because of the abnormal TFT he was referred to our thyroid clinic.
Thyroid uptake scan with imaging showed diffusely decreased
uptake with no cold or hot nodule suggestive of thyroiditis.

TFTs done after two month of fourth-cycle of chemotherapy
revealed TSH of 10.7, fT4 of 0.42 and fT3 of 2.75. Thyrotropin
receptor antibody (TRab) of the stimulating type (Thyroid
Stimulating Immunoglobulin-TSI), Anti Thyroid Peroxidase (Anti
TPO) antibody and Anti thyroglobulin (Anti TG) antibody were
negative. The result of his thyroid function tests is summarized in
the following graph (Figure 1).

Differential Diagnosis

The thyroid function tests of our patient were normal prior
to treatment. His TFTs done after one month of fourth-cycle of
chemotherapy showed suppressed TSH. That in the setting of
decreased thyroid uptake was consistent with thyroiditis. Analysis
of TFTs two months after the fourth-cycle of chemotherapy and
thereafter revealed hypothyroidism.

Graves’ disease is the leading cause of hyperthyroidism that
presents with thyrotoxic signs (such as tremors, hyperactive
deep tendon reflexes, tremor & etc.) and symptoms (such as
weight loss, palpitations, anxiety, loss of sleep etc.), together with
evidence of ophthalmopathy or dermopathy. Patients presenting
with thyrotoxic signs and symptoms, and elevated TFTs usually
do not improve without medications in few weeks. Our patient
did not have clinical stigmata of Graves’ disease or anti TSH
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Figure 1: Chart showing trend of thyroid function test (TFT) in our
patience.

receptor stimulating antibodies. Lack of tenderness over thyroid
area, and no recent viral infection ruled out subacute thyroiditis.
Hashimoto thyroiditis was ruled out by negative anti TPO antibody
and negative family history of hashimoto thyroiditis. After
ruling out all the above causes, we were left with drug-induced
thyroiditis leading to hypothyroidism, patient wasn’t taking other
drugs known for causing hypothyroidism such as Amiodarone,
Interferon alfa, Lithium etc. Hence more plausible explanation
could be immune mediated thyroiditis leading to hypothyroidism
secondary to Pembrolizumab. The patient was contacted one week
after the clinic visit. He did not have any symptoms suggestive of
hypothyroidism or hyperthyroidism. He denied any neck pain or
swelling. He was started on oral levothyroxine 50 mcg. However,
he complained of palpitations after the first dose and his dose was
reduced to 25 mcg daily.

Outcome and Follow-Up

Thyroid function tests done three months after fourth cycle of
chemotherapy revealed TSH of 46.44, free T4 of 0.21 and free T3
of 2.34. He had complaints of feeling tired and sleepy, other than
that he did not have any symptoms of hypothyroidism. Physical
examination revealed normal vital signs and normal physical exam
findings. Levothyroxine was increased to 50 mcg daily with repeat
TFT in six weeks.

Discussion

Pembrolizumab is an anti-Programmed Death 1 (PD-1)
monoclonal antibody. The PD-1 receptor is a negative regulator of
T-cell effector mechanisms that limits immune responses against
cancer [5]. Pembrolizumab was approved by United States Federal
Drug Administration (FDA) in September 2014 for treatment of
unresectable or advanced Stage III and IV malignant melanoma
[1]. After the Phase II trial (conducted from 2012 to 2013), the
authors decided that the data was sufficient to support accelerated
approval of pembrolizumab by FDA for treatment of advanced and
unresectable malignant melanoma [6]. Hence pembrolizumab
received priority drug review and accelerated approval by FDA for
treatment of advanced and unresectable malignant melanoma [1].
It has demonstrated remarkable activity in patients with advanced
melanoma regardless of whether they were previously treated
with ipulimumab or not [5]. Phase one trial of pemrbolizumab
in ipalimumab refractory malignant melanoma was published in
2014 [2]. It included 173 patients. The most common side effects
of pembrolizumab noted in the trial were fatigue, pruritus and
rash [2]. None of the patients enrolled in phase one trial developed

thyroid related side effects either in 2 mg/kg pembrolizumab group
or 10 mg/kg pembrolizumab group. Phase Il trial of pembrolizumab
in ipulimumab refractory or in BRAF V600 treatment with BRAF
or MEK inhibitor or both involving 540 patients was eventually
published in 2015 [3]. The most common adverse effects noted in
this trial were fatigue, pruritus and nausea. Hypothyroidism was
noted in nine patients (5%) in the group which received 2 mg/kg
of pembrolizumab and 13 patients (7%) who received 10 mg/kg
of pembrolizumab [3]. No additional details about the hypothyroid
side effect could be found. The patient in our case was receiving
2 mg/kg pembrolizumab every three weeks. Inmune mediated
dysfunction of endocrine organs (thyroid, pituitary, adrenal) is
a common side of PD-1 inhibitors [4]. Hypophysitis is common
with ipulimumab whereas thyroiditis is more common with
pembrolizumab/nivolumab [4].

Pembrolizumab is also used to treat advanced non-small cell
lung cancer and mesothelioma. In phase III trial of pembrolizumab
in advanced non-small cell lung cancer, hypothyroidism was
reported in 8% of cases and hyperthyroidism was reported in 2-4
% of cases [7].

Drug induced thyroiditis secondary to Pembrolizumab can
manifestin various ways. It can manifest as primary hypothyroidism
due to destructive thyroiditis or by hyperthyroidism associated
with Graves’ disease. Occasionally as in our case it can manifest
as transient hyperthyroidism followed by longstanding
hypothyroidism. Most of the times the symptoms of thyroiditis
are non-specific such as fatigue hence high degree of suspicion
is required for timely diagnosis. Since the symptoms are similar,
sometimes we might need to distinguish primary hypothyroidism
from secondary hypothyroidism (usually in case of hypophysitis).
This can be done by correct interpretation of TFTs (high TSH and
low free T4 indicates primary hypothyroidism whereas low TSH
and low free T4 is suggestive of hypophysitis). It has been advised
to check baseline TSH prior to chemotherapy and routinely at each
dose of PD1 inhibitors even in absence of symptoms [4].

No antibody has been discovered till now to diagnose immune-
mediated thyroiditis secondary to pembrolizumab. Treatment
depends upon the presence or absence of symptoms and the
severity [7]. In asymptomatic patients, no treatment is indicated
and only monitoring of TFTs is advised. Intervention is indicated for
symptomatic cases. For mild symptoms, treatment is levothyroxine
for hypothyroidism and beta blockers for hyperthyroidism. For
severe symptoms, hospitalization and treatment with steroids can
be considered. Regular monitoring of TFTs is indicated in all cases
following treatment.

In 10-15 % of patients with chronic autoimmune thyroidits
such as hashimoto thyroiditis anti-TPO antibiodies can be negative.
Hence it is quite plausible that in our patient the hypothyroidism
developed as a consequence of hashimoto thyroidits. We believe
that the temporal relationship with pembrolizumab therapy and
the rapidity of TFT abnormality suggest drug induced thyroidits
from pembrolizumab

Learning Points
[.  Pembrolizumab can cause immune-mediated thyroiditis.

II. Mild cases of symptomatic thyroiditis can be treated
symptomatically =~ whereas severe cases require
hospitalization and treatment with immunosuppressants.

III. Patients undergoing treatment with pembrolizumab
should be monitored for immune mediated side effects like
thyroiditis, hypophysitis, adrenalitis.
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