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Abstract

Background: Monoclonal antibodies blocking the programmed cell death-1 (PD-1) 

or its ligand (PD-L1) are a group of immune checkpoints inhibitors (ICIs) with proven 

antitumor efficacy. However, their use is complicated by immune-related adverse events 

(irAEs), including endocrine adverse events (eAEs).

Purpose: We review the incidence, time to onset and resolution rate of dysthyroidism 

induced by PD-1/PD-L1 Ab, and the clinical, biological and radiological findings. We aim 

to discuss the potential mechanisms of PD-1/PD-L1 Ab-induced dysthyroidism, and to 

propose a management algorithm.

Methods: We performed a literature search of available clinical trials regarding  

PD-1/PD-L1 Ab in the PubMed database. We selected all English language clinical trials 

that included at least 100 patients. We also present selected case series or reports, 

retrospective studies and reviews related to this issue.

Findings: In patients treated with PD-1 Ab, hypothyroidism occurred in 2–10.1% and 

hyperthyroidism occurred in 0.9–7.8%. When thyroiditis was reported separately, it 

occurred in 0.34–2.6%. Higher rates were reported when PD-1 Ab were associated 

with other ICI or chemotherapy. The median time to onset of hyperthyroidism and 

hypothyroidism after PD-1 Ab initiation was 23–45 days and 2–3.5 months, respectively. 

Regarding PD-L1 Ab, hypothyroidism occurred in 0–10% and hyperthyroidism in 0.5–2% 

of treated patients. The average time to onset of dysthyroidism after PD-L1 Ab was 

variable and ranged from 1 day after treatment initiation to 31 months.

Conclusion: Dysthyroidism occurs in up to 10% of patients treated with PD-1/PD-L1 

Ab. Hypothyroidism and reversible destructive thyroiditis are the most frequent 

endocrine adverse events (eAE) in PD-1/PD-L1 treated patients. Immune and non-

immune mechanisms are potentially involved, independently of the presence of thyroid 

antibodies.

Introduction

A paradigm shift in the landscape of cancer treatment 
is in progress. Immune checkpoint inhibitors (ICIs) 
have emerged as new arms in the panoply of antitumor 
therapy. Nowadays, the interest in ICIs, such as 
programmed cell death-1 antibodies (PD-1 Ab) and its 

ligand programmed cell death ligand 1 antibodies (PD-L1 
Ab), has undoubtedly been proven in the management 
of several advanced cancers, namely melanoma, non-
small cell lung cancers (NSCLC), urothelial cancers, 
head and neck cancers, among others. While their 
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antitumor action has become an undebatable issue, the 
emergent immune related adverse effects (irAEs) have 
become a real challenge in the daily practice not only of 
oncologists, but also of several other primary care givers 
and specialists. Other than endocrinologists, primary 
care doctors and other specialists, such as pneumologists, 
gastroenterologists, dermatologists, hematologists and 
neurologists, are concerned by these irAEs. This review 
addresses the endocrine- and thyroid-related adverse 
events induced by PD1/PD-L1 Ab. The antitumor effect of  
PD-1/PD-L1 Ab is not within the scope of this article.

Programmed cell death-1 (PD-1) and 
programmed cell death ligand 1 and  
2 (PD-L1/2) pathways

The PD-1/PD-L1,2 pathway is one of the immune check 
points (IC), which is a key regulator in the peripheral 
tolerance. It is exploited by tumor cells to evade the 
immune response; therefore, it represents a target in 
the novel era of antitumor immune therapy. In 1992, a 
team of researchers identified the PD-1 gene as a novel 
member of the immunoglobulin gene superfamily and 
explained its role via the PD-protein in the classical type 
of programmed cell death (1). In 1996, the same team 
found that the protein (PD-1 or CD279) produced by this 
gene is a trans-membranous heavily glycosylated receptor 
of 50–55 kDa, which contains an immune receptor 
tyrosine-based inhibitory motif in its cytoplasmic tail. 
PD-1 was found to be present particularly on the surface 
of stimulated T cells (in the thymus, lymph nodes and 
spleen), B cells (spleen) and myeloid cells (2). In 1998, 
Nishimura et al. found that PD-1 is involved in the negative 
regulation of particular aspects of B cell proliferation 
and differentiation (3). The same team, based on the 
development of a characteristic lupus-like proliferative 
arthritis and glomerulonephritis with predominant IgG3 
deposition in PD-1-deficient (PD-1−/−) mice, suggested 
that PD-1 is involved in the maintenance of peripheral 
self-tolerance acting as a negative regulator of immune 
responses (4). In 2000, Freeman et  al. described the 
involvement of a B7 superfamily member (programmed 
cell death ligand 1/PD-L1 also called B7-H1) to achieve the 
negative immune regulation of PD-1. PD-L1 is expressed 
by antigen presenting cells (APC) including stimulated 
peripheral monocytes, activated dendritic cells, as well 
as in non-lymphoid tissues such as the heart and lungs 
(5). Another study showed expression of PD-L1 in the 
pancreas, brain, spleen and syncytiotrophoblasts in the 
placenta (6). The equilibrium between this inhibitory 

signal (PD-1/PD-L1) and a co-stimulatory signal (CD-28 
with B7) was suggested to determine, along with other 
co-signals, the threshold level between immune tolerance 
and triggering an immune reaction (5). A second PD-1 
ligand (PD-L2 also called B7-DC) was identified by 
Latchman et al. in 2001 (7). Unlike PD-L1, the expression 
of PD-L2 is more restricted in humans, with differences in 
its distribution compared to mice, while the expression 
of PD-L1 has more similarities between mice and 
humans (6, 7). The role of PD-L2 is to this day, still not 
fully understood and its potential role as an antitumor 
target has been less investigated compared to PD-L1 (8). 
What is known, however, is that it does not behave in 
the same manner as PD-L1 despite competing with the 
same affinity to bind PD-1. Blocking PD-1 prevents the 
binding of both PD-L1 and PD-L2 and enhances T-cell 
activity and proliferation (9). A recent report has found 
that overexpression of PD-L2 is associated with poorer 
prognosis in hepatocellular carcinoma (10) and salivary 
gland tumors (11). PD-L1 is highly expressed by certain 
tumor cells in the tumor microenvironment and infiltrative 
cells, and its expression confers immune resistance to 
tumors with a poor outcome in certain epithelial cancers. 
Therefore, blocking the inhibitory interaction between 
PD-1 and its ligand PD-L1 provides an antitumor effect 
(12, 13). The PD-1/PD-L1 pathway regulates this response 
in the effector phase peripherally within tissues and 
tumors (14). PD-1 antibodies interrupt PD-1 interaction 
with its ligands PD-L1 and PD-L2, whereas anti-PD-L1 
Ab blocks the interaction of PD-L1 with both PD-1 and 
B7-1 (CD80), which is a member of the B7 family on the 
APC and has a downregulatory role on the T-cell response 
(15). These interesting findings led to the development 
and clinical evaluation of specific monoclonal antibodies 
against either PD-1 or PD-L1. Figure 1 illustrates immune 
checkpoint pathways and their inhibitors.

PD-1/PD-L1 antibodies approval 
and indications

PD-1 antibodies

One of the first studies evaluating safety, pharmacokinetic 
and clinical activity of nivolumab (or MDX-1106), an 
anti-PD-1 antibody, showed evidence of antitumor 
activity by blocking the PD-1 check point in 39 patients 
with different solid tumors such as advanced metastatic 
melanoma, colorectal cancer (CRC), renal cell carcinoma 
(RCC), NSCLC and castration-resistant prostate cancer (13). 
The role of this human IgG4 monoclonal antibody mAb 
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has been largely proved as an immune checkpoint inhibitor 
(16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30). 
In the light of these results, nivolumab was approved by 
the FDA in 2014 for unresectable or metastatic melanoma 
and disease progression after treatment with ipilimumab 
or a BRAF inhibitor. This approval was extended in April 
2015 to metastatic squamous NSCLC with progression on 
or after platinum-based chemotherapy. It is now approved 
for other cancers such as Hodgkin’s lymphoma and head 
and neck cancer previously treated locally advanced or 
metastatic urothelial carcinoma, and in some metastatic 
CRC that have progressed following usual treatment.

Pembrolizumab is another PD-1 antibody for which 
the safety and the maximal tolerated dose were assessed 
in a phase I study including 30 patients with advanced 
solid tumors, showing a durable antitumor activity with 
a good tolerance (31). Following this observation, several 
studies have shown the antitumor beneficial effects of 
pembrolizumab in advanced melanoma (32, 33, 34, 35), 
advanced non-small cell lung cancer (36, 37, 38, 39), 
recurrent or metastatic squamous cell carcinoma of the 
head and neck (40), advanced Merkel cell carcinoma (41) 
and PD-L1-positive advanced gastric cancer (42), and as 
a second-line therapy for advanced urothelial carcinoma 
(43, 44) and CRC with mismatch-repair deficiency (45). 
By May 2017, pembrolizumab was approved by the FDA 
for use in almost all previously cited tumors.

PD-L1 antibodies

Atezolizumab is an engineered high-affinity human 
monoclonal IgG1 anti-PD-L1 antibody. Its safety and 
antitumor potential were demonstrated in a study 
of 171 patients with solid tumors including NSCLC, 
RCC, melanoma, CRC and gastric cancer (46) and in a 
population of metastatic RCC (47). Another phase I 
expansion study has shown the success of this anti-
PD-L1 in the treatment of metastatic urothelial bladder 
cancer (UBC) highly expressing PD-L1. This is especially 
of interest as atezolizumab has a favorable renal toxicity 
profile and most of the patients with this type of 
cancer are elderly and often have renal failure (48). In 
March 2016, the POPLAR study, an open-label, phase 
2 randomized controlled trial which randomized 144 
patients with NSCLC whose disease progressed during or 
following platinum-containing chemotherapy, showed a 
better overall survival in the atezolizumab-treated group 
compared to the docetaxel-treated group (12.6  months 
and 9.7  months respectively), with a clear association 
between the percentage of PD-L1 expression on infiltration 
immune cells in the microenvironment of the tumor and 
the extent of positive response (49). In the same period, 
another single-arm, multicenter, phase 2 trial has shown 
in patients with inoperable locally advanced or metastatic 
urothelial carcinoma whose disease had progressed 
after previous platinum-based chemotherapy, a better 
objective response rate (15%) under PD-L1 antibody 
compared with a historical control overall response rate 
(10%). Once again, this response was correlated with 
the expression status of PD-L1 on infiltrating immune 
cells in the tumor microenvironment (50). In a single-
arm, multicenter, phase 2 trial, atezolizumab has shown 
encouraging response rates, survival and tolerability as 
a first-line treatment in cisplatin-ineligible patients with 
locally advanced and metastatic urothelial carcinoma 
(51). Few other studies have also illustrated the beneficial 
antitumor effect in PD-L1 selected advanced NSCLC (52, 
53, 54). There are also several ongoing studies whose 
aim is to demonstrate positive effects in extensive-
stage SCLC (55), and following adjuvant cisplatin-based 
chemotherapy in patients with resected stage IB-IIIA 
NSCLC compared with best supportive care (56). In May 
2017, the FDA approved atezolizumab for the treatment of 
patients with progressive advanced urothelial carcinoma  
after platinum-containing chemotherapy (57) and in 
August 17 approved it for treatment of patients with 
metastatic NSCLC whose disease progressed during or 
following platinum-containing chemotherapy (58).

Figure 1
Immune checkpoint pathways and their inhibitors. APC, antigen 
presenting cell; CD28, cluster of differentiation 28; CTLA-4, cytotoxic 
T-lymphocyte antigen-4; MHC, major histocompatibility complex; PD-1, 
programmed cell death; PD-L1, programmed death ligand-1; PD-L2, 
programmed death ligand-2; TC, tumor cell; TCR, T-cell receptor.
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The antitumor activity of avelumab, a human IgG1 
lambda monoclonal antibody anti-PD-L1, was shown 
in 2015 (59). This anti-PD-L1 was approved by the FDA 
in March 2017 for patients with Merkel cell carcinoma 
(MCC) following the result of a multicenter, single group, 
open-label phase 2 trial. This study enrolled 88 patients 
from 35 centers with stage IV chemotherapy-refractory, 
histologically confirmed MCC (aged ≥18  years), and 
showed an objective response in 28 (31.8%) of 88 patients, 
including 8 complete and 20 partial responses, regardless 
of the PD-L1 tumor expression (60). A more recent study 
published in 2017 has shown a beneficial antitumor effect 
with an acceptable safety profile of avelumab in patients 
with progressive or platinum-resistant metastatic or 
recurrent NSCLC (61).

Durvalumab (MEDI4736) is a human IgG1 anti-
PD-L1 Ab whose safety and antitumor activity have 
been evaluated in a phase 1b trial in association with 
tremelimumab, an anti-cytotoxic T-lymphocyte-
associated antigen 4 (CTLA-4) mAb. This trial included 
patients with advanced NSCLC, and the tolerance profile 
of this association was acceptable, with antitumor activity 
regardless of PD-L1 status (62). This finding has been also 
found in an early stage of the ARCTIC study in the group of 
patients treated with durvalumab alone (63). The ongoing 
ARCTIC study is a phase III randomized, open-label 
multicenter study comparing durvalumab with or without 
tremelimumab to the standard of care chemotherapy for 
previously treated patients with advanced NSCLC (64). 
On May 2017, the FDA approved durvalumab for the 
treatment of patients with locally advanced or metastatic 
urothelial carcinoma whose disease has progressed on 
or after platinum-containing chemotherapy or within 
12  months of neoadjuvant or adjuvant treatment with 

platinum-containing chemotherapy. This approval was 
based on the result of single-arm trial of 182 patients 
with locally advanced or metastatic urothelial carcinoma 
with disease progression after prior platinum-containing 
chemotherapy. The global objective response rate (ORR) 
was 17.8%, with a higher ORR (27.6%) in highly expressing 
compared with 5.1% in negative or low expressing PD-L1 
tumors (65). Table 1 summarizes the currently available 
anti-PD-1 and anti-PD-L1.

Incidence of dysthyroidism induced by  
PD-1/PD-L1 antibodies

We performed a literature search of clinical prospective 
trials using PD-1/PD-L1 Ab, including 100 patients or 
more published by August 2017 in English. We then 
compiled the reported thyroid-related eAE in these trials 
(shown in Tables 3 and 4). The standard reporting system 
of immune adverse effects used by these studies is the 
Common Terminology Criteria for Adverse Events V4.0 
(CTCAE) (66). Regarding thyroid adverse effects, the 
CTCAE classifies hyperthyroidism or hypothyroidism 
in five grades, elucidated in Table  2. Some studies have 
reported thyroiditis separately of hyperthyroidism and 
classified it in 5 grades by severity of the adverse event.

Based on data extracted from Table 3, hypothyroidism 
induced by pembrolizumab occurred in 4–10.1% of 
patients when used alone and 15% when pembrolizumab 
was associated with chemotherapy (Cx). Hyperthyroidism 
(hyperT) induced by pembrolizumab alone has been 
reported in 1.7–7.8% of patients and when pembrolizumab 
was associated with Cx, hyperT occurred in 8% of treated 
patients. When thyroiditis was reported separately of hyperT, 
it occurred in 1–2.6% of pembrolizumab-treated patients.

Table 1  Current anti-PD1 and anti-PD-L1 antitumor therapy.

Antibody Other names Brand name Type Brand

PD-1 antibodies
  Nivolumab BMS-936558, MDX-1106, 

ONO-4538
Opdivo Fully human IgG4 mAb against PD-1 Bristol-Myers Squibb

  Pembrolizumab MK-3475 lambrolizumab Keytruda Humanized IgG4-kappa mAb 
against PD-1

Merck

PD-L1 Ab
  Atezolizumab MPDL3280A

RG7446
RO5541267

Tecentriq Fully humanized, engineered 
monoclonal antibody of IgG1 
isotype anti PDL-L1

Roche

  Avelumab MSB0010718C Bavencio Human IgG1 lambda monoclonal 
antibody against PD-L1

EMD Serono
Pfizer

  Durvalumab 
 

MEDI4736 
 

Imfinzi 
 

Engineered human IgG1 
monoclonal antibody against 
PD-L1

AstraZeneca 
 

mAb, monoclonal antibody; PD-1, programmed cell death-1; PD-L1, programmed death ligand-1; PD-L2, programmed death ligand-2.
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When nivolumab is used alone, it leads to eAEs in 
3–13.4% of treated patients, but this percentage increases 
to 32.6% when it is associated with ipilimumab, a CTLA-4 
mAb. Hypothyroidism was found in 2–8.6% of patients 
treated with nivolumab alone and again in 15% of patients 
in association with ipilimumab. Hyperthyroidism has been 
reported in 0.9–4.2% of patients treated with nivolumab 
alone, and in 9.9% of patients treated concomitantly with 
nivolumab and ipilimumab. Finally, when thyroiditis was 
reported separately from hyperthyroidism it occurred 
in 0.34–1% of patients treated with nivolumab. In one 
study, no dysthyroidism was reported under treatment 
with nivolumab in 420 patients with advanced RCC, 
previously treated with antiangiogenic therapy (26). In 
a retrospective analysis of 64 patients with advanced 
NSCLC who had been treated by nivolumab in one center 
in Japan, the incidence of hypothyroidism was 7.8% (67).

PD-L1-related adverse events are summarized in 
Table 4. The main type of dysthyroidism in patients treated 
with atezolizumab is hypothyroidism which is reported to 
occur between 0 and 8% of cases. There is no reported 
hyperthyroidism in the existing studies or thyroiditis. 
Surprisingly, no dysthyroidism was reported in one of 
the largest studies of atezolizumab in NSCLC, nor any 
other endocrine adverse effects (54). Avelumab treatment 
was complicated in 6% of patients by hypothyroidism in 
188 patients with previously platinum-treated advanced 
NSCLC. There was no reported hyperT or thyroiditis 
(61). In a phase II study of avelumab in 88 patients with 
chemotherapy-refractory metastatic MCC (not included 
in Table 4 as the number of patients was less than 100), 
hypothyroidism occurred in 3% while hyperT in 2% of 
patients.

Finally, 5.2% patients with urothelial carcinoma 
(UTC) treated solely with durvalumab developed 
hyperthyroidism, with the same percentage of patients 
presenting with hypothyroidism (65). When combined 

with tremelimumab (CTLA-4 antibody) in patients with 
advanced NSCLC, durvalumab was complicated in 10% of 
patients by hypothyroidism, while no patients presented 
with hyperT (62). In a small safety phase 1/2 study of  
61 patients with advanced UBC treated with durvalumab 
10 mg/kg every 2 weeks, no dysthyroidism or any other 
endocrine adverse effects were reported (72).

It is worth noting that the clear majority of PD-1 
and PD-L1 induced dysthyroidism was of grade I or II, 
whereas grades III and IV were very rare and no grade V 
was reported in all the trials in this review.

Time to onset and resolution of 
dysthyroidisms after initiation of PD-1/PD-L1 
blocking therapy

Table  5 summarizes the time to onset, and when it is 
available, the rate and time to resolution of hyperT and 
hypothyroidism induced by PD-1 and PD-L1 Ab based 
on available data on the FDA drug information site in 
September 2017. These numbers are based on the major 
safety trials conducted by the manufacturers. As shown in 
Table 5, in nivolumab-treated patients, the median time 
to onset of hyperT and hypothyroidism after nivolumab 
initiation was 23–45 days and 2–3 months, respectively. 
In pembrolizumab-treated patients, the median time to 
onset of hyperT was 1.4 month and for hypothyroidism 
3.5 months. Regarding anti-PD-L1 Ab, the median time to 
onset of hyperT in patients treated with atezolizumab was 
3.2 months in UTC and 4.9 months in NSCLC patients, 
while the median time to onset of hypothyroidism was 
5.4 months in UTC and 4.8 months in NSCLC. In patients 
on treatment with avelumab, median time to onset of 
thyroid-related iAEs was 2.8 months. Finally, the median 
time to onset of hypothyroidism and hyperT in patients 
treated with durvalumab was 42 and 43 days, respectively. 

Table 2  Common terminology criteria for adverse events V4.0 (CTCAE) for thyroid adverse events.

 
Adverse event

Grade

1 2 3 4 5

Hypothyroidism Asymptomatic; clinical 
or diagnostic 
observations only; 
intervention not 
indicated

Symptomatic; thyroid 
replacement 
indicated; limiting 
instrumental ADL

Severe symptoms; 
limiting self-care 
ADL; hospitalization 
indicated

Life-threatening 
consequences; urgent 
intervention indicated

Death

Hyperthyroidism 
 
 
 

Asymptomatic; clinical 
or diagnostic 
observations only; 
intervention not 
indicated

Symptomatic; thyroid 
suppression therapy 
indicated; limiting 
instrumental ADL 

Severe symptoms; 
limiting self-care 
ADL; hospitalization 
indicated 

Life-threatening 
consequences; urgent 
intervention indicated 
 

Death 
 
 
 

ADL, activities of daily living.
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In fact, the range of time to the occurrence of a thyroid-
related iAE was very large and varied from 1  day after 
treatment initiation to 31 months, with certain iAE arising 
even after cessation of treatment (73).

In a recent retrospective study of 93 patients with 
advanced cancer treated by pembrolizumab, 13 (14%) 
patients presented thyroid irAEs, from whom 7 patients 
developed thyroiditis with recovery in four patients, while 
the three other patients progressed to hypothyroidism. 
New onset hypothyroidism was diagnosed in 3 patients 
and levothyroxine dose doubling was necessary in 3 
patients with known hypothyroidism. The median time 
to onset of thyroid irAEs was 6 weeks after initiation of 
pembrolizumab, and when recovery to a euthyroid state 
occurred, the median time was 6.5 weeks after presentation 
of irAEs (74).

The incidence and characteristics of thyroid 
disorders were evaluated prospectively in 99 patients 
with advanced melanoma who were treated with 
pembrolizumab. 18 thyroid irAEs were reported in 17 
patients. Thyrotoxicosis occurred in 12 patients from 
whom 9 evolved to hypothyroidism. On the other hand, 
isolated hypothyroidism was reported in 6 patients. 10 of 

15 patients with hypothyroidism were initiated on thyroid 
hormone replacement (THR) (75). The median time to 
onset of hypothyroidism after starting pembrolizumab 
was 5.7 weeks (range, 3–40), for thyrotoxicosis progressing 
to hypothyroidism it was 3.1 weeks (range, 3–21 week), 
and for isolated thyrotoxicosis it was 8.6  weeks (range, 
6–11.1) (75).

Clinical manifestations

Because of the abundance of irAEs and the focus on 
antitumor effects, the signs and symptoms related to 
thyroid disorders during PD-1/PD-L1 Ab trials have 
not been specifically reported. In addition, there is an 
overlap in symptoms due to advanced cancer and its 
complications on the one hand, and symptoms of thyroid 
disorders on the other hand. One of the major adverse 
events of PD-1/PD-L1 Ab is fatigue which represents an 
important symptom of dysthyroidism. Weight change 
is a nonspecific symptom in the setting of advanced 
cancer. Tachycardia may be provoked by other causes like 
dehydration or fever as well as perspiration that might 
be a consequence of the tumor itself or an infectious 

Table 5  Median time to onset and when available rate and time to recovery of thyroid irAEs induced by PD-1 and PD-L1 Ab.

 
PD-1 antibody

 
Type of irAE

Median time to onset of 
dysthyroidism

 
Rate of recovery

Median time to 
resolution

Nivolumab Hyperthyroidism 23–45 day (range from 1 day to 
14.2 month)

Almost all evolve to eu- or 
hypothyroidism (may require 
management with methimazole 
and corticosteroids)

Nivolumab Hypothyroidism 2–3 month (range  
1 day–16.6 month)

Frequently stay in hypothyroidism 
with long-term THR

Pembrolizumab Hyperthyroidism 1.4 month (range: 1 day to 
~22 month)

Three-fourths of affected patients 2.1 months (range: 
3 day to over 
15 month)

Pembrolizumab Hypothyroidism 3.5 month (range: 1 day to 
19 month)

One-fifth of affected patients (range 2 day to 
over 27 month)

Atezolizumab Hyperthyroidism 3.2 month in UTC (range: 
1.4–5.8 month)

4.9 months in NSCLC (range: 
21 days to 31 months)

Atezolizumab Hypothyroidism 5.4 months in UTC (range: 
21 day to 11.3 month)

4.8 months in NSCLC (range 
15 day to 31 month)

Avelumab Immune medicated 
thyroid disorders

2.8 month (range: 2 week to 
13 month)

7% Not estimable 
(range: 6 day to 
over 26 month)

Durvalumab Hypothyroidism or 
thyroiditis leading to 
hypothyroidism

42 day (range: 15–239 day)

Durvalumab 
 

Hyperthyroidism or 
thyroiditis leading to 
hyperthyroidism

43 day (range: 14–71 day) 
 

 
 

 
 

NSCLC, non-small cell lung carcinoma; THR, thyroid hormone replacement; UTC, urothelial carcinoma.
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complication. Hair loss or nails problems are also 
nonspecific in this case, and finally the psychological state 
of patients is largely determined by the cancer course. 
These clinical difficulties render the diagnosis challenging 
and this should drive clinicians to have a low-suspicion 
threshold when looking for irAEs. Thyroid irAEs are 
commonly asymptomatic and nonspecific (76, 77). In the 
case of hyperthyroidism and thyroiditis, patients might 
present cervical or throat tenderness or pain, tachycardia, 
palpitations, sweating and insomnia. Other symptoms 
also reported are myalgia, fever and abrupt worsening 
of quality of life (73, 76). In a recently published case 
report, a 53-year-old woman treated with nivolumab 
for metastatic squamous cell carcinoma of the lung was 
admitted to the hospital because of a myxedema crisis, 
but frequency of TFT control beforehand was not reported 
in this case report (78).

Laboratory findings

Due to the non-negligible frequency of thyroid irAEs in 
patients treated with PD-1 and PD-L1 Ab, and the paucity of 
specific symptoms, manufacturers and health authorities 
recommend to assess thyroid function at baseline and 
before every treatment (57, 58, 79, 80). TSH is first assessed 
and if TSH is <0.5× lower limit of normal or >2× upper 
limit of normal, free T4 (fT4) is then measured in the same 
blood sample. Overt hyperT is diagnosed when TSH is low 
or suppressed and fT4 is higher than the normal range, 
and subclinical hyperthyroidism is diagnosed in the case 
of significantly low TSH with a normal fT4. On the other 
hand, hypothyroidism is defined by a significantly high 
TSH with fT4 lower than the normal range, whereas fT4 in 
subclinical hypothyroidism remains in the normal range. 
In hyperT, measurement of TSH receptor antibodies (TRAb) 
is useful to exclude Graves’ disease (81), but the utility 
of thyroperoxidase (TPO) antibodies is debatable in the 
setting of hypothyroidism induced by ICI (67, 74, 75). Of 
note, drug interactions such as high-dose corticosteroid, 
heparin and biotin, should be taken to consideration as 
they may affect the measurement of TSH and fT4 (82). 
Finally, a low TSH with low fT4 indicates hypophysitis 
induced by these antibodies (16, 33, 34, 35, 37, 62). If this 
arises, the anterior pituitary axis should be fully assessed.

Radiological findings

In general, when hyperT is suspected based on biological 
results, thyroid ultrasound (US) is useful to identify 

nodule(s) and to assess thyroid vascularization. In 
addition, thyroid scintigraphy permits the quantification 
of radioactive iodine uptake (RAIU) (82). In the case of 
hypothyroidism, thyroid US is restricted to cases with a 
clinical suspicion of thyroid nodules, and radioactive 
iodine uptake is not indicated (83). Currently, there is no 
specific recommendation regarding performing of thyroid 
US or scintigraphy in the setting of dysthyroidisms 
induced by PD-1 and PD-L1 Ab.

F-18 FDG PET/CT shows an increased uptake in 
patients with Hashimoto thyroiditis (84) and to a lesser 
degree in Graves’ disease (85). The incidental thyroid 
findings when using F-18 FDG PET/CT for cancer initial 
assessment and follow-up have been mentioned in some 
studies (74, 75). In one of them, 13 out of 93 patients who 
were treated with pembrolizumab for advanced metastatic 
melanoma or NSCLC presented thyroid disorders, from 
which 7 with thyroiditis. While only 2 patients had FDG 
uptake at baseline, 7 new patients showed an increasing 
thyroid FDG uptake after initiation of pembrolizumab 
with a median time to onset of uptake of 12 weeks (74). 
This finding is in line with results obtained from an earlier 
study and indicates that PD-1/PD-L1 Ab induce thyroid 
inflammation (75). Nevertheless, the essential role of F-18 
FDG PET/CT remains in the assessment of the oncological 
situation.

Mechanism and predictive factors of  
thyroid-related iAE induced by  
PD-1/PD-L1 antibodies

The mechanism of PD-1/PD-L1 Ab-induced dysthyroidism 
is not fully understood, and related studies are sparse. It was 
hypothesized that the presence of anti-thyroid antibodies 
such as TPO and thyroglobulin (Tg) antibodies is a 
positive predictive factor for developing hypothyroidism 
in 5 patients who developed hypothyroidism in a 
Japanese cohort of 64 patients with advanced NSCLC 
treated with nivolumab (67). Likewise, Osorio et  al., in 
a prospective study of 51 patients with NSCLC treated 
with pembrolizumab, showed that thyroid dysfunction 
was closely associated with thyroid antibodies with 
80% of thyroiditis patients (8 out of 10) having thyroid 
antibodies, suggesting a modulating effect of PD-1 
antibodies on humoral immunity (86). Nevertheless, in a 
case series of 10 patients who had developed ICI-induced  
(either CTLA-4 Ab of PD-L1 Ab) hypothyroidism 
after thyroiditis, TPO Ab and thyroid-stimulating 
immunoglobulin were not consistently present and 
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the authors concluded that the pathogenesis of  
ICI-induced dysthyroidism involves both immune and 
non-immune mechanisms (87). In line with this finding, 
thyroid antibodies were not always found in three other 
studies, suggesting a bystander role of these antibodies 
(74, 75, 88). To better understand the mechanism 
of thyroid destruction by PD-1 antibodies, Delivanis 
et  al., performed a peripheral blood flow cytometry in 
patients who developed thyroiditis under treatment with 
pembrolizumab, and compared them with patients with 
autoimmune thyroiditis. They showed an increasing 
circulating number of CD56+ CD16+ natural killer (NK) 
cells and high HLA-DR surface expression in CD14+ 
CD16+ monocytes that mediate the inflammation in 
patients treated with anti-PD-1 therapy. This suggests 
the implication of pathways mediated by T cells, NK 
cells and/or monocytes, with two potential mechanisms 
of thyroiditis. First, monocyte’s HLA-DR upregulation 
leading to their activation, and secondly, PD-1 dependent 
T-cell mediated destruction of the thyroid. It is noteworthy 
that only 31% of patients (4 out of 13) with thyroiditis 
had thyroid antibodies (74). In another recent study, 
the presence of mRNA and protein expression of PD-L1 
and PD-L2 was found in normal thyroid tissue by reverse 
transcription polymerase chain reaction and Western 
blotting, and the authors hypothesized that anti-PD-1 
decreases the immune tolerance of T cells to normal 
thyroid tissue and leads to development of thyroiditis 
(77). A recent study compared the presenting patterns and 
the dynamic evolution of thyroid disorders in 46 patients 
treated with either anti-PD-1 alone or in combination 
with anti-CTLA-4. In this study, the most common initial 
thyroid irAE was thyrotoxicosis, occurring in 93% and 56% 
of patients on combination therapy and monotherapy, 
respectively. Later, 76% and 90% of the patients with 
thyrotoxicosis in the combination and monotherapy 
groups, respectively, developed hypothyroidism. 
The median time of shift from thyrotoxicosis to 
hypothyroidism was 42 days in the two groups (89). Even 
though T cells are the main target of immune checkpoints 
blockade, Das et al draw attention to a role played by B 
lymphocytes. They showed that patients with advanced 
melanoma treated by a combined checkpoint blockade 
(CCB) who developed high-grade irAEs compared to 
those who did not, had a decreased total peripheral B 
lymphocyte count with increased plasmablasts and a 
subset of B lymphocytes called CD21lo PD1+ memory cells 
(90, 91). These changes occur as early as the first three 
weeks after treatment initiation. They also showed that a 
30% decrease in total B lymphocyte count with a 2-fold 

increase in CD21lo PD1+ B cell is associated with a higher 
likelihood of developing high-grade irAEs as compared 
to patients without B cell changes (91, 92). Another 
mechanism explaining the irAEs may be derived from the 
robust broadening of T-cell receptor (TCR) repertoire that 
was noted within 2 weeks after initiation of ipilimumab 
in patients who developed irAEs compared to those who 
did not, with a better antitumor response with increased 
TCR repertoire, but this remains to be demonstrated with 
PD-1/PD-L1 antibodies (93). In addition, it is suggested 
that some epitopes might be shared between the tumor 
and healthy tissues, leading to the irAE in theses tissues. 
The frequent incidence of vitiligo in patients with 
melanoma who are treated by immune checkpoint 
blockade may support this theory (94). This was also 
postulated in one of two cases of fulminant myocarditis 
following a CCB (95). Another mechanism that might 
underlie the irAEs is the ‘flexibility and plasticity’ of T 
cells, which briefly means that T cells can switch from an 
exhausted to activated state, and could also be converted 
from one subtype to another and thus change their target 
tissue (93). Finally, the role of cytokines was evoked in 
a study that found elevated levels of interleukin-17 
(IL-17) in patients with ipilimumab-induced colitis; 
whether IL-17 or other cytokine elevation is involved in 
dysthyroidism induced by immune checkpoint blockade 
is not known (96). In the current state of knowledge, 
we postulate that dysthyroidism in the setting of  
PD-1/PD-L1 Ab treatment is the result of auto-reactivation 
of T-cells which become intolerant to thyroid tissue with 
subsequent thyroid inflammation and destruction with a 
potential modulating impact on humoral autoimmunity 
and a possible epitope resemblance between tumor and 
thyroid tissue. However, further studies should be carried 
out to better understand the role of thyroid antibodies, 
determine the predisposing factors and elucidate the 
reasons why certain complications occur in a group of 
patients, but not in others. In the light of this hypothesis, 
PD-1 and PD-L1 may constitute a therapeutic option in 
thyroid cancer.

Management

Most eAEs could be managed by the treating oncologist, 
and an endocrinology consultation is mainly reserved 
for complicated cases. While subclinical hypothyroidism 
can be followed up biologically and does not require 
treatment, hypothyroidism induced by PD-1/PD-L1 Ab, 
although usually low grade (grade 1–2) and does not need 
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antitumor immunotherapy cessation (Table 2), should be 
managed by oral THR. Generally, the recommended daily 
dose of levothyroxine in overt hypothyroidism is around 
1.2–1.6 microgram per kilogram of body weight (83). 
However, some authors suggest starting with a dose of 
50 µg per day (73). In case of grade 3–4 hypothyroidism, 
which is rare, transient antitumor treatment withdrawal 
is recommended and intravenous steroids (such as 
methylprednisolone) could be considered, followed by 
oral steroids (such as prednisone) with a dose tapering 
upon improvement to grade 1, all along with an adequate 
THR (66, 97). A concurrent adrenal insufficiency should 
be excluded before starting THR because of the risk of 
adrenal crisis in the case of masked adrenal insufficiency 
associated with hypothyroidism.

In patients presenting with grade 1 hyperT, 
symptomatic treatment with beta-blockers could be 
considered with frequent surveillance of TFTs, but in grade 
2 and more hyperT, it is worth considering a temporary 
discontinuation of, as well as intravenous followed by oral 
corticosteroids, along with symptomatic treatment. In 
case of thyroid hyperactivity as opposed to condition that 
lead to thyroid tissue destruction, anti-thyroid hormones 

are indicated, though it is not always easy to distinguish 
between these two presentations (66, 97). Corticosteroid 
doses are then tapered upon improvement to grade 1 
hyperthyroidism. Subsequent TFTs monitoring is essential 
because the course of hyperT is not predictable and it could 
persist, resolve or convert into hypothyroidism. Figure 2 
presents a proposed algorithm for the management of 
PD1/PD-L1 Ab-induced dysthyroidisms.

Conclusion

Considering the emergent immune therapy and its wide 
use in the management of several types of cancer, various 
patterns of adverse effects have appeared which differ in 
comparison to those of traditional chemotherapy. PD-1 
and PD-L1 Ab have demonstrated a positive antitumor 
effect in several cancers and are amply employed in the 
treatment of some advanced cancers such as melanoma, 
NSCLC, and head and neck and urothelial cancers, among 
others. Along with a broad irAEs affecting several organs 
and systems, eAES are a frequent issue and should be 
known not only by oncologists, but also by primary care 
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before every cycle

High

fT4
assessment

Low
(Overt

hypothyroidism)

THR
US if thyroid nodule
or goiter clinically 

Normal
(Subclinical

hypothyroidism)

Continue biological
follow up
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Figure 2
Management of dysthyroidism induced by PD-1/PD-L1 antibodies. ATD, anti-thyroid drugs; BB, beta-blocker; CS, corticosteroid; fT4, free thyroxine; TRAb, 
TSH receptor antibodies; TRH, thyroid hormone replacement; TSH, thyroid-stimulating hormone; US, ultrasound. *If persistence of hyperthyroidism with 
suspicion of autoimmune underlying cause.
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doctors and namely endocrinologists who will inevitably 
be confronted with these eAEs. Dysthyroidism is a 
frequent eAEs and routine TFTs assessment before such 
treatment has become the standard of care. While low-
grade dysthyroidism can be managed without cessation 
of antitumor immune therapy, high-grade dysthyroidisms 
may require transient antitumor immune therapy 
interruption and a standardized management with a close 
collaboration between oncologists and endocrinologists. 
Finally, as the thyroid gland is frequently affected by 
PD-1/PD-L1 Ab, some iodine refractory thyroid cancers 
could potentially be managed with these antibodies.
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