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Background: Programmed cell death protein-1 (PD-1) blockade therapies have demonstrated durable responses and pro-
longed survival in a variety of malignancies. Treatment is generally well tolerated although immune-related adverse events
(irAEs) can occur. Autoimmune thyroid dysfunction is among the most common irAE, but an assessment of the clinical, mechan-
istic, and immunologic features has not been previously described.

Patient and methods: Patients with advanced non-small-cell lung cancer (NSCLC) treated with pembrolizumab at Memorial
Sloan Kettering Cancer Center (n¼ 51) as part of KEYNOTE-001 (NCT01295827) were included. Thyroid function test and anti-
thyroid antibodies were assessed prospectively at each study visit, beginning before the first treatment. Frequency of develop-
ment of thyroid dysfunction, association with anti-thyroid antibodies, clinical course, and relationship with progression-free sur-
vival and overall survival to treatment with pembrolizumab was evaluated.

Results: Of 51 patients treated, 3 were hypothyroid and 48 were not at baseline. Ten of 48 [21%, 95% confidence interval (CI)
10% to 35%] patients developed thyroid dysfunction requiring thyroid replacement. Anti-thyroid antibodies were present in 8
of 10 patients who developed thyroid dysfunction, compared with 3 of 38 who did not (80% versus 8%, P< 0.0001). Thyroid dys-
function occurred early (median, 42 days) in the pembrolizumab course, and a majority (6 of 10 patients) experienced brief, tran-
sient hyperthyroidism preceding the onset of hypothyroidism; no persistent hyperthyroidism occurred. Both hyperthyroidism
and hypothyroidism were largely asymptomatic. Overall survival with pembrolizumab was significantly longer in subjects who
developed thyroid dysfunction (hazard ratio, 0.29; 95% CI 0.09–0.94; P¼ 0.04).

Conclusions: Thyroid dysfunction during pembrolizumab treatment of NSCLC is common and is characterized by early-onset,
frequently preceded by transient hyperthyroidism, closely associated with anti-thyroid antibodies, and may be associated with
improved outcomes. The presence of antibody-mediated toxicity in T-cell-directed therapy suggests an under-recognized im-
pact of PD-1 biology in modulating humoral immunity.
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Introduction

Therapies targeting the programmed cell death protein-1 (PD-1)

pathway have profoundly improved outcomes for patients with a

variety of malignancies [1, 2]. PD-1 is an inhibitory co-receptor

primarily expressed on the surface of activated T cells which,

upon binding to PD-L1 or PD-L2 ligands, modulates T-cell

effector function, including proliferation [3], cytokine produc-

tion [4], and survival [5]. Interruption of PD-1/PD-L1 signaling

by monoclonal antibodies can re-invigorate T-cell-mediated

anti-tumor immunity, producing durable anti-cancer responses

in a subset of patients.

Despite the broad enhancement in the host immune response,

PD-1/PD-L1 blockade therapy is usually well tolerated.
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Side-effects associated with PD-1/PD-L1 blockade have been

characterized by a distinct range of toxic effects, termed immune-

related adverse events (irAE). Thyroid dysfunction is one of the

most common irAEs, with incidence up to 10% in patients

treated with PD-1/PD-L1 blockade [2]. Given this frequency, it is

critical to examine the clinical manifestations and management

of PD-1/PD-L1 blockade-mediated thyroid dysfunction.

The underlying etiology of thyroid dysfunction associated with

PD-1/PD-L1 blockade remains uncertain. Thyroid conditions

such as Graves’ disease or Hashimoto’s thyroiditis are often asso-

ciated with anti-thyroid antibodies. It is uncertain whether PD-1/

PD-L1 blockade—typically conceived as enhancing T-cell activ-

ity—similarly produces thyroid dysfunction as a result of a B-

cell-mediated response [6–8]. In this context, we hypothesized

that a systematic assessment of immune-related thyroid dysfunc-

tion may provide important insight not only into the mechan-

isms that can drive irAEs but also into the fundamental biological

impact of PD-1/PD-L1 blockade. To explore this hypothesis, we

examined the clinical course of thyroid abnormalities, their asso-

ciation with thyroid antibodies, and their relationship with clin-

ical outcomes in a cohort of patients with advanced non-small-

cell lung cancer (NSCLC) treated with pembrolizumab.

Methods

Patients

Patients with stage IV NSCLC treated with pembrolizumab at Memorial
Sloan Kettering Cancer Center (n¼ 51) as part of KEYNOTE-001
(NCT01295827) were included. All patients received at least one dose of
pembrolizumab as previously described [2]. Treatment was given until
progression of the disease [determined by immune-related response cri-
teria (irRC) assessed every 9 weeks], unacceptable toxicity, or withdrawal
of consent. All patients were followed up for survival until death, loss-to-
follow-up, or withdrawal of consent.

Assessments

Thyroid function tests (TFTs), including thyroid-stimulating hormone
(TSH), free T4, and T3, were measured at each study visit (every 2 or 3
weeks), beginning before the first treatment. Anti-thyroid antibodies
(anti-microsomal and anti-thyroglobulin) were measured at pre-dose of
cycle 1 and cycle 2 and then at every other cycle following cycle 2 (details
in supplementary material, available at Annals of Oncology online).

At baseline, patients were divided into two groups: (i) hypothyroid for
those lacking native thyroid function and/or receiving thyroid hormone-
replacement therapy or (ii) non-hypothyroid for those with native thyroid
function and no thyroid hormone replacement therapy. Those patients
who were hypothyroid at baseline (n¼ 3) were considered separately. In
non-hypothyroid patients (n¼ 48), thyroid outcomes during treatment
with pembrolizumab were characterized as either (i) no thyroid dysfunc-
tion: normal TSH levels throughout or transient alterations in TSH
(fewer than two consecutive laboratories) not requiring treatment or (ii)
thyroid dysfunction: at least two consecutive abnormal TSH levels, ultim-
ately requiring treatment. The clinical severity of those with thyroid dys-
function was graded using CTCAE 4.0 criteria (details in supplementary
material and supplementary table S1, available at Annals of Oncology
online).

Progression-free survival (PFS) and overall survival (OS) to treatment
with pembrolizumab were determined using investigator-determined
irRC. Those without progression or death were censored as of the last on-
study imaging assessment before the datalock on 7 March 2016.

Statistical analyses

Baseline hypothyroid subjects were excluded from primary analyses
(n¼ 3). Among non-hypothyroid patients, incidence of thyroid dysfunc-
tion and anti-thyroid antibodies was described, along with exact 95%
confidence intervals.

Median levels of TSH and anti-thyroid antibodies levels were charac-
terized over time. Associations between the development of thyroid dys-
function, anti-thyroid antibodies, other (non-thyroid) irAEs, and clinical
features in response to pembrolizumab were examined using Fisher’s
exact test. PFS and OS among the two main groups were depicted using
Kaplan–Meier method and compared using univariate Cox proportional
hazards model with score tests. All statistical tests were two sided and
P< 0.05 was set as the level of significance. Statistical analyses were car-
ried out using R (version 3.1.1; R Development Core Team).

Systematic review and meta-analysis

A systematic review was carried out of published studies of PD-1, PD-L1,
and/or CTLA-4 blockade therapy in patients with advanced
melanoma, NSCLC, renal cell carcinoma (RCC), as of 1 May 2016 (sup-
plementary material, available at Annals of Oncology online). Trials in
combination with cytotoxic chemotherapy were excluded. Sample size
and reported incidence of hypothyroidism, hyperthyroidism, and/or thy-
roiditis were collected from each trial and summed as separate events
within groups of individual diseases treated with PD-1/PD-L1 blockade,
CTLA-4 blockade, PD-1/PD-L1 plus CTLA-4 blockade, respectively.
Meta-analysis to describe the incidence of hypothyroidism was con-
ducted using logistic regression. Heterogeneity among studies was tested
by the DerSimonian–Laird method. If there was significant evidence of
heterogeneity, a random intercept was added to the model. Comparisons
of incidence of hypothyroidism in melanoma patients treated with PD-1
blockade versus CTLA-4 blockade versus PD-1/PD-L1 plus CTLA-4
blockade, as well as incidence in PD-1-treated melanoma versus NSCLC
versus RCC, were conducted by including the treatment as a covariate in
the regression model. R package meta and metafor were used for the
analyses.

Results

Characteristics of thyroid dysfunction in patients
treated with pembrolizumab

Fifty-one patients with advanced NSCLC treated with pembroli-

zumab were analyzed: three were hypothyroid at baseline (two

had primary hypothyroidism and one had surgically resected thy-

roid) and were considered separately. Of non-hypothyroid pa-

tients, 10 of 48 (21%, 95% CI 10% to 35%) developed thyroid

dysfunction and ultimately required thyroid hormone replace-

ment (Figure 1). The severity of hypothyroidism was initially

grade 1 in 5 (50%) and grade 2 in 4 (40%) of the 10 subjects; one

patient presented grade 3 symptoms (supplementary Table S2,

available at Annals of Oncology online). In the five patients with

asymptomatic, initially grade 1 hypothyroidism, the median TSH

level at the time of initiation of treatment was 42.13 mIU/L (range

5.8–128.92, one patient with levels <10 mIU/L). In symptomatic

(i.e. initially grade 2–3) hypothyroidism the median TSH was

88.15 mIU/L (range 34.77–118.01). Long-term thyroid hormone

replacement was delivered to all patients with thyroid dysfunc-

tion; no evident recovery of thyroid function was observed al-

though discontinuation of hormone replacement was not

attempted.
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Six of 10 patients who developed thyroid dysfunction experi-

enced a preceding period of asymptomatic transient hyperthy-

roidism (Figure 1). No patients required b-blocker,

corticosteroids, or methimazole therapy. No patients with TFT

abnormalities required delay or discontinuation of pembrolizu-

mab due to clinical impact of the thyroid disorders.

TSH kinetics and association of thyroid dysfunction
with anti-thyroid antibodies

In patients who did not develop thyroid dysfunction, TSH levels

remained in the normal range or fluctuated briefly and mildly

outside the normal range but returned back to normal (Figure

2A). In patients who developed thyroid dysfunction (Figure 2B),

six of 10 initially presented with transient hyperthyroidism (deep

decrease in TSH and increased T3 and free T4), occurring shortly

after initiation of pembrolizumab. The median onset of transient

hyperthyroidism was 32 days (range 21–59 days) with a median

duration of 27 days (range 21–60 days). The onset of hypothy-

roidism presented later (median time of onset 98 days, range 20–

231 days).

Eleven of forty-eight (23%, 95% CI 12% to 37%) patients had

positive anti-thyroglobulin and/or anti-microsomal antibodies, 4

of whom were present at baseline and 7 developed during pem-

brolizumab treatment. Anti-thyroid antibodies were present in 8

of 10 patients who developed thyroid dysfunction, compared

with 3 of 38 who did not (80% versus 8%, P< 0.0001) (Figure 2C

and supplementary Figure S1, available at Annals of Oncology on-

line). Six of the seven patients in whom anti-thyroid antibodies

developed, antibody onset coincided with onset of transient

hyperthyroidism and preceded hypothyroidism (supplementary

Figure S2, available at Annals of Oncology online).

There was no difference in the incidence of other (non-thy-

roid) irAE in subjects who developed thyroid dysfunction

compared with those who did not (supplementary Figure S3 and

Table S3, available at Annals of Oncology online).

Association of immune-related thyroid dysfunction
and clinical outcomes

There were no evident differences in the baseline clinical charac-

teristics of patients with or without thyroid dysfunction (supple-

mentary Table S4, available at Annals of Oncology online). In

patients who developed thyroid dysfunction, the median OS on

pembrolizumab was significantly longer than those without thy-

roid dysfunction (median 40 versus 14 months, HR 0.29; 95% CI

0.09–0.94, P¼ 0.029, Figure 3A). PFS was numerically but not

statistically significantly longer (median 8 versus 2 months, HR

0.58; 95% CI 0.27–1.21, P¼ 0.14, Figure 3B).

Systematic review and meta-analysis of incidence
of thyroid dysfunction in subjects treated with
checkpoint inhibitors

Thirty-five published trials of checkpoint inhibitors were identi-

fied in melanoma (n¼ 2969 with PD-1/PD-L1; n¼ 1877 with

CTLA-4; n¼ 460 with PD-1 plus CTLA-4 blockade), NSCLC

(n¼ 1712 with PD-1/PD-L1; n¼ 99 with PD-1/PD-L1 plus

CTLA-4 blockade) and RCC (n¼ 201 with PD-1 blockade).

There was no reported incidence of thyroid dysfunction in trials

in monotherapy with PD-L1 inhibitors (supplementary Table S5,

available at Annals of Oncology online). Among patients with mel-

anoma, the rate of hypothyroidism was 3.6% with CTLA-4 block-

ade compared with 7.5% with PD-1 blockade (P¼ 0.012) and up

to 14.6% in those treated with combination therapy (P¼ 0.034

compared with PD-1 monotherapy) (Figure 4). Rates of hypo-

thyroidism in patients treated with PD-1 monotherapy were con-

sistent across diseases (7.5% in melanoma, 7.1% in NSCLC, and

6.5% in RCC, P¼ 0.79).

Number of subjects analyzed
N=51

Hypothyroid
n=3

Non-Hypothyroid
N=48

Euthyroid (n=43)
Hyperthyroid (n=2)

Subclinical hypothyroid (n=3)

No
thyroid dysfunction

n=38 (79%)

(2 with transient
hyperthyroidism/thyroiditis)

Thyroid dysfunction
requiring treatment

n=10 (21%)

(6 with transient
hyperthyroidism/thyroiditis)

Figure 1 Consort diagram: subjects treated with pembrolizumab. At baseline, patients were classified according to their thyroid status as
hypothyroid and non-hypothyroid. Patients were started on pembrolizumab and thyroid abnormalities were followed up while they re-
mained on treatment.
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Discussion

This is the first study to describe the clinical and immunologic

features of thyroid dysfunction in patients treated with PD-1

blockade. In this cohort, 21% of patients with NSCLC treated

with pembrolizumab developed thyroid dysfunction, which was

strongly associated with anti-thyroid antibodies. Nearly all cases

occurred early in the course of PD-1 therapy, with relatively uni-

form timing and pattern of onset. Many patients who ultimately

developed hypothyroidism were preceded by a transient and

asymptomatic period of hyperthyroidism. Hypothyroidism pre-

sented with no or mild symptoms and did not preclude the con-

tinuation of immunotherapy. Of note, two patients with pre-

existing hypothyroidism required no adjustment in thyroid

replacement while one required an increased dose. Overall, this ex-

perience generally supports the safe use of PD-1 blockade in patients

with prior, ongoing, or new autoimmune thyroid conditions.

The incidence of thyroid dysfunction in this series is higher

than in reports of larger anti-PD-1/PD-L1 clinical trials, where

rates range from 2% to 10% (supplementary Table S5, available

at Annals of Oncology online). Routine surveillance of thyroid

function studies at each study visit increases identification of

these disorders, as symptoms of thyroid dysfunction are often

absent or vague. We note that there is possible under-reporting

of thyroid dysfunction in larger clinical trials as CTCAE grad-

ing depends on TSH changes, clinical symptoms, and/or the

need for treatment rather than using TSH levels alone. We sug-

gest that given the subtle clinical presentation of thyroid

200

A Change in TSH in subjects with no thyroid
dysfunction (n=38)

Change in TSH in subjects with thyroid
dysfunction (n=10)

150
100

50

10

5.5

T
S

H
 (

m
lU

/L
)

1

0.4

0.1

0.05

0.02

0 200
Days since therapy onset

400 600 800

Individual TSH
Smooth median TSH
Normal reference

200

B

150
100

50

10

5.5

T
S

H
 (

m
lU

/L
)

1

0.4

0.1

0.05

0.02

0 200100
Days since therapy onset

300 400 500

Individual TSH
Smooth median TSH
Normal reference
Range of thyroiditis onset (median=31.5 days)
Range of hypothyroid onset (median=98 days)

40
C

35

30

25

N
um

be
r 

of
 p

at
ie

nt
s

20

15

10

Subjects with no thyroid
dysfunction (n=38)

Subjects with thyroid
dysfunction (n=10)

Positive thyroid Ab

Presence of thyroid antibodies (Ab)
in non-hypothyroid subjects (n=48)

***

Negative thyroid Ab

5

0

8 (80%)

3 (7.8%)

Figure 2 Comparison of thyroid-stimulating hormone (TSH) kinetics in non-hypothyroid subjects treated with pembrolizumab and associ-
ation with thyroid antibodies. TSH levels were measured over time in subjects treated with pembrolizumab, bold line represents the median
TSH level among (A) subjects who did not develop thyroid dysfunction and (B) subjects who developed thyroid dysfunction. Grey lines repre-
sent each of the subjects. Dashed lines represent normal TSH ranges (0.4–5.5 mIU/L). Median time (hash) and range (horizontal line) of onset
of transient hyperthyroidism/thyroiditis (blue) and hypothyroidism (red) were also described. (C) Incidence of anti-thyroid antibodies was esti-
mated in non-hypothyroid at baseline treated with pembrolizumab. A patient was considered to have positive antibodies if either anti-thyro-
globulin or anti-microsomal antibodies were present at any point during the treatment. ***P< 0.0001 two-tailed Fisher’s exact test.

Original article Annals of Oncology

586 | Osorio et al. Volume 28 | Issue 3 | 2017



function, routine TSH levels should be obtained before and

during anti-PD-1 treatment, especially during the initial

months of treatment. Additionally, as there are not specific

guidelines about management of hypothyroidism in asymp-

tomatic patients treated with PD-1 inhibitors, we propose

using clinical guidelines based on other clinical scenarios in

which patients with subclinical hypothyroidism and TSH lev-

els�10 mIU/L should receive thyroid-replacement therapy [9,

10].

The relatively uniform pattern of thyroid dysfunction during

PD-1 blockade treatment—early-onset with initial period of

transient hyperthyroidism followed by thyroid failure—is con-

sistent with a mechanism of acute inflammation and destruc-

tion of the thyroid gland. We found that anti-thyroid antibodies

are highly, and temporally, associated with nearly all cases of

thyroid dysfunction. This is perhaps surprising given that PD-1

blockade is typically considered a T-cell-directed therapy. This

finding highlights two provocative speculations that we believe

may provide important insight to immunobiology of PD-1 and

auto-immunity in general.

The first is that PD-1 (and PD-1 inhibitors) may, beyond the

well-known impact on T-cell function, also importantly regu-

late the humoral immune response. PD-1 is highly expressed on

activated B cells [11]. Also modulation of B cells via both T-cell-

independent [12] and T-cell-dependent mechanisms [13, 14]

have been described. Although some immune-related toxicity in

PD-1 pre-clinical models may be antibody mediated [15, 16],

this association appears to be under-studied in human trials. In

addition, our meta-analysis highlights that occurrence of thy-

roid dysfunction may be more common with PD-1 blockade

compared with CTLA-4 blockade. Recognition of the impact of

PD-1 blockade, specifically, on humoral immunity could have

important implications for understanding the etiology of irAEs

and optimizing more precise management strategies. More
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importantly, it raises the question of whether some component

of anti-tumor efficacy related to PD-1 blockade may similarly be

antibody mediated.

The second is development of anti-thyroid antibodies shortly

after initiation of pembrolizumab suggests that PD-1 inhibitors

may be modulating auto-immune equilibrium and unmasking

latent auto-immunity. Although the incidence of auto-immune

thyroiditis is reported to be 4% in the general population, up to

11% of healthy subjects can present thyroid autoantibodies [17],

suggesting that there are people characterized by sub-detectable

levels of auto-immunity that, in absence of PD-1 blockade or

other immune perturbations, remains quiescent [18]. Similar ef-

fects have been observed in patients treated with IFN-a for mel-

anoma [19]. Although a breakdown of self-tolerance is suspected

to lead to thyroid autoimmunity [20], the mechanisms of how

PD-1 blockade may reveal such auto-immunity remain unclear.

Finally, it is notable that there is a correlation between the pres-

ence of thyroid dysfunction and increased survival with pembro-

lizumab. Although trends between irAEs and outcomes have

been previously described in melanoma patients [21, 22], this is

the first report in patients with NSCLC. We note that the early

onset of thyroid dysfunction in this series suggests that this asso-

ciation is not simply related to patients who remain on therapy

longer being at greater risk to toxicity. Whether there is a specific

mechanistic link between anti-thyroid immunity and anti-tumor

immunity is unknown and larger patient sample sizes are needed

to validate this association.

In conclusion, thyroid dysfunction is common, occurs early, and

is clinically mild in patients with NSCLC treated with PD-1 block-

ade. Importantly, this toxicity appears to be antibody mediated. We

believe these data provide important clues toward a previously

under-recognized role of PD-1 in modulating humoral immunity,

which could be relevant, both for considering the mechanism of

PD-1-mediated toxicity and anti-tumor efficacy. Given the rapid

kinetics of anti-thyroid antibodies and toxicity, we propose these

findings are suggestive of latent underlying auto-immunity, which

may be more common than previously known and modifiable by

PD-1 signaling. Although mechanistic studies are clearly needed to

define the role of PD-1 in cancer and auto-immunity, our report

suggests the immunologic consequences of pembrolizumab and

other anti-PD-1 therapies extend far beyond their current concep-

tualization as T-cell checkpoint blockade therapy.
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