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Abstract
Thyroid pathologies are the most common forms of endocrinopathy under anticancer immunotherapy. Frequency ranges from 3% to 22% for
hypothyroidism and 1% to 11% for thyrotoxicosis. Risk is higher with anti-PD-1 than anti-CTLA-4 treatment and higher again with associated
treatment. Pathophysiology mainly consists in silent inflammatory thyroiditis, which accounts for the usual presentation of transient thyrotoxicosis
followed by hypothyroidism. Therapeutic strategy usually consists in monitoring with or without symptomatic treatment in case of thyrotoxicosis,
and levothyroxine replacement therapy in case of symptomatic hypothyroidism or TSH > 10 mIU/L. Screening for dysthyroidism should be
systematic ahead of treatment and before each immunotherapy injection for the first 6 months, then at a lower rhythm. It comprises clinical
assessment and TSH assay. Onset of thyroid dysfunction should not interrupt immunotherapy, being mainly transient, easy to treat and mild.
Teamwork between oncologists and endocrinologists improves screening and management, so as better to accompany the patient during treatment.
© 2018 Elsevier Masson SAS. All rights reserved.
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1. Recommendations
R1: Diagnosis of dysthyroidism under immunotherapy is
based on plasma TSH assay, as clinical signs are poorly specific.
R2: The most frequent etiological diagnosis in dysthyroidism
under immunotherapy is silent inflammatory thyroiditis.
R2a. In case of thyrotoxicosis, anti-TSH-receptor antibody
assay, thyroid scintigraphy and Doppler ultrasound can be performed in case of diagnostic doubt between iatrogenic thyroiditis
and other hyperthyroid diagnoses, notably in case of severe
thyrotoxicosis.
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R2b. In case of hypothyroidism with < 10 mIU/L TSH elevation, anti-TPO antibody assay can clarify indications for
levothyroxine replacement therapy but, therapeutically, is less
contributive when TSH ≥ 10 mIU/L.
R3: Thyrotoxicosis severity is assessed by clinical impact
and free T4 elevation. Hypothyroidism severity is assessed by
clinical impact and TSH elevation.
R4: Onset of thyroid dysfunction does not contraindicate
continuation of immunotherapy. In case of severe thyrotoxicosis or hypothyroidism, immunotherapy may be interrupted
but should never be definitively contraindicated. In case of
severe orbitopathy, immunotherapy should be interrupted, with
resumption assessed on a case-by-case basis.
R5: Treatment strategy for thyroid dysfunction under anticancer immunotherapy should be discussed between the
endocrinologist and the immunotherapy prescriber.
R5a: In asymptomatic thyrotoxicosis, clinical and biological
monitoring may be implemented. In symptomatic thyrotoxicosis, ␤-blocker therapy is recommended if not contraindicated.
Antithyroid drugs may be considered in Graves’ disease.
R5b: Treatment for immunotherapy-induced hypothyroidism
is based on levothyroxine, and:
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• should be applied if TSH > 10mIU/L;
• should be considered in case of TSH 5–10 mIU/L on 2 assays
associated with either clinical symptomatology or presence
of anti-TPO antibodies.
Levothyroxine therapy may begin at 1–1.6 g/kg/day, but
should be adapted according to age, comorbidities and survival
expectancy. Such adaptation is as in other forms of hypothyroidism.
R6: Before the first anticancer immunotherapy injection, systematic screening for pre-existing thyroid dysfunction by TSH
assay is recommended. Systematic pre-treatment screening for
antithyroid autoimmunity by anti-TPO or anti-TSH-receptor
antibody assay is not recommended.
R7: During anticancer immunotherapy, TSH should be monitored to screen for dysthyroidism, before each course for the
first 3-6 months then every 2 months for the next 6 months or
in case of suggestive symptoms. After 12 months’ immunotherapy, screening may be performed in case of clinical symptoms
of thyroid dysfunction.
R8: In hypothyroidism, normal thyroid function may recover,
but is unpredictable. Thyroid replacement therapy should be
continued throughout the immunotherapy. During levothyroxine therapy, monitoring is based on TSH assay, performed every
3 months. On termination of immunotherapy, levothyroxine can
be progressively withdrawn under monitoring of clinical status
and TSH.
R9: Pre-existing treated thyroid pathology or dysfunction does not contraindicate immunotherapy. Onset of thyroid
dysfunction secondary to one immunotherapy molecule (antiCTLA-4, anti-PD-1 or anti-PD-L1) does not contraindicate
introducing another.
2. Epidemiology
Thyroid pathologies are the most frequent endocrine sideeffects under anticancer immunotherapy. Although reports are
numerous, epidemiological data are vitiated by heterogeneity
in screening procedures, follow-up time, expression of results,
molecules used in monotherapy or association and type of tumor.
Data from large-scale oncologic clinical trials are discrepant and
often underestimate thyroid side-effects, as their primary objective is to assess the efficacy of the immunotherapy and screening
for thyroid dysfunction, which is often poorly symptomatic, is
not systematic. Hypothyroidism rates vary between 3% and 22%
and thyrotoxicosis rates between 1% and 11% [1–10]. Frequency
is greater in more recent reports, testifying to improvement in
screening [1,2,11–13]. In a recent meta-analysis of 38 randomized trials, mainly prior to 2016, risk of dysthyroidism was
greater under anti-PD-1 than anti-CTLA-4, whatever the type
of tumor. Risk was dose-dependent for anti-CTLA-4 (especially above a threshold of 10 mg/kg), unlike for anti-PD-1 [14].
Some specific studies subsequently provided more precise and
standardized analysis of thyroid side-effects of immunotherapy
[15–19]: overall incidence of thyrotoxicosis ranged from 3% to

16% and hypothyroidism from 6% to 13%, notably according
to therapeutic class and sequence and whether subclinical forms
were counted. All studies agreed that risk of dysthyroidism
was greater in combined anti-PD-1 and anti-CTLA-4 therapy
[2,3,5,6,20,21], and incidence could be as high as 50% (22%
thyrotoxicosis and 28% hypothyroidism) if subclinical forms
were included [18,19].
3. Pathophysiology
The pathophysiology of thyroid dysfunction under anticancer
immunotherapy is not completely known, but mainly involves
silent inflammatory thyroiditis, which in turn involves T-cell
cytotoxicity. Thyroiditis is diagnosed in the phase of thyrotoxicosis, which is often transient, or of subclinical or clinical
hypothyroidism, which are 2 stages of the same nosologic entity.
Characteristics are closer to those of postpartum silent thyroiditis than of autoimmune thyroiditis unrelated to pregnancy, in
which pathophysiology involves antithyroid antibody cytotoxicity. Natural killer (NK) cells have been implicated, as they
increase in number in thyroiditis under anti-PD-1; low expression of CTLA-4 by circulating lymphocytes might explain the
lower rate of dysthyroidism under anti-CTLA-4 treatment. Other
mechanisms are also possible, perhaps involving PD-1 and PDL1 in thyroid tissue, as thyroid dysfunction is not systematically
of autoimmune origin [15,16,19].
4. Diagnosis
4.1. Positive diagnosis
Clinical symptoms of thyroid dysfunction under anticancer
immunotherapy are poorly specific. Signs of hypothyroidism
(fatigue, weight gain, bradycardia, slow transit) or thyrotoxicosis (fatigue, nervousness, weight loss, palpitations) may be
confused with those of the cancer. Diagnosis is based on TSH
assay compared with pre-treatment value to rule out pre-existing
dysthyroidism. TSH elevation confirms diagnosis of hypothyroidism and low values confirm thyrotoxicosis. However, results
are to be taken with caution in this context of cancer; it is important to ensure that there is no iodine saturation related to contrast
medium injection, and no glucocorticoid treatment liable to
impact the hypothalamic-pituitary-thyroid axis, and to rule out
TSH concentration reduction by a non-thyroid condition such as
low T3/T4 syndrome. Along with these precautions in interpreting results, it should be borne in mind that anti-CTLA-4 and, to a
lesser degree, anti-PD-1 molecules can induce hypophysitis and
thyrotropin deficiency, which may lower TSH levels (associated
with low or lowered free T4 concentration).

R1: Diagnosis of dysthyroidism under
immunotherapy is based on plasma TSH assay,
as clinical signs are poorly speciﬁc.
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5. Etiologic diagnosis
Dysthyroidism under immunotherapy mainly implicates
“silent inflammatory” thyroiditis, typically comprising a thyrotoxicosis phase followed by hypothyroidism [15,16,19,23].
Presentation can also be less typical: spontaneously resolving thyrotoxicosis and recovery of euthyroidism, or primary
hypothyroidism; however, these atypic forms may simply be
truncated, with a very transient thyrotoxicosis phase that gets
overlooked, or a hypothyroidism phase that goes undetected.
Onset of Graves’ disease without associated orbitopathy
was reported in 2 cases [24,25]. Conversely, a few cases of
orbitopathy without thyroid involvement were reported under
ipilimumab and nivolumab [26–29].
Thus, in case of thyrotoxicosis, Graves’ disease has to be
ruled out by screening for anti-TSH-receptor antibodies. Thyroid scintigraphy is relatively non-contributive to etiological
diagnosis, as interpretation can be biased by iodine overload,
notably of iatrogenic origin; it should be performed only in
case of diagnostic uncertainty. While 18FDG-PET can help
diagnose “inflammatory” thyroiditis, by showing thyroid hypermetabolism, it is not recommended as a routine examination.
Thyroid Doppler ultrasound has not been assessed; in case of
doubt, it may help diagnose inflammatory thyroiditis, by showing hypovascularization of the thyroid parenchyma.
In case of hypothyroidism, findings of antithyroid antibodies
at diagnosis are variable [15,16,18,19,22]. Anti-TPO antibodies should be assayed to diagnose lymphocytic thyroiditis,
although positive findings do not affect treatment strategy in clinical hypothyroidism; in subclinical hypothyroidism (TSH < 10
mIU/L), positive findings may indicate levothyroxine replacement therapy.
R2: The most frequent etiological diagnosis in dysthyroidism
under immunotherapy is silent inflammatory thyroiditis.
R2a. In case of thyrotoxicosis, anti-TSH-receptor antibody
assay, thyroid scintigraphy and Doppler ultrasound can be performed in case of diagnostic doubt between iatrogenic thyroiditis
and other hyperthyroid diagnoses, notably in case of severe
thyrotoxicosis.
R2b. In case of hypothyroidism with < 10 mIU/L TSH elevation, anti-TPO antibody assay can clarify indications for
levothyroxine replacement therapy but, therapeutically, is less
contributive when TSH 10 mIU/L.
6. Severity of hypothyroidism and of thyrotoxicosis
Immunotherapy side-effect severity is usually assessed on the
Common Terminology Criteria for Adverse Events (CTCAE),
intended to grade adverse effects occurring during trials and to
guide therapy by deciding whether to continue, adapt or terminate a given treatment. Dysthyroidism is generally moderate or
asymptomatic, graded 1 or 2 on clinical trials, with fewer than
1% of severe cases, graded 3 or 4 [1–10,14]. However, there
have been reports of acute episodes of dysthyroidism ranging
from severe thyrotoxicosis up to thyroid storm, and 1 case of
myxedema coma aggravating the patient’s already precarious
health status [15,30–32].

3

CTCAE grading is mainly used in therapeutic trials, and
seems poorly adapted for management of immunotherapyinduced dysthyroidism. Severity should be graded according to
clinical symptoms and to free T4 concentration in thyrotoxicosis
or TSH concentration in hypothyroidism: a hormonal parameter needs to supplement the CTCAE’s clinical criteria, even
if thresholds are difficult to set. Treatment strategy should be
guided by this clinical/hormonal association, which is not the
same as the CTCAE itself.
Pre-treatment dysthyroidism or onset under immunotherapy, regardless of severity, do not contraindicate introduction
or continuation of immunotherapy. In case of severe thyrotoxicosis, immunotherapy may in some cases be postponed, and
may be interrupted or definitively terminated in case of severe
orbitopathy.

R3: Thyrotoxicosis severity is assessed by clinical impact and free T4 elevation. Hypothyroidism
severity is assessed by clinical impact and TSH
elevation.

R4: Onset of thyroid dysfunction does not contraindicate continuation of immunotherapy. In
case of severe thyrotoxicosis or hypothyroidism,
immunotherapy may be interrupted but should
never be deﬁnitively contraindicated. In case of
severe orbitopathy, immunotherapy should be
interrupted, with resumption assessed on a caseby-case basis.

7. Treatment of thyroid dysfunction
7.1. Thyrotoxicosis
Treatment depends on clinical severity and etiologic diagnosis, and should be determined conjointly by the endocrinologist
and the oncologist or organ specialist.
The Summary of Product Characteristics (SPC) for the various immunotherapy molecules advise corticosteroid treatment
for acute thyroid inflammation, but this strategy needs to be
reconsidered in the light of recent findings [33–36]. There is no
evidence that steroid use limits thyrotoxicosis or shortens the
thyrotoxicosis phase. Thyrotoxicosis is usually transient, consisting in release of thyroid hormones that have already been
produced. Simple monitoring can suffice in subclinical forms.
In symptomatic thyrotoxicosis, beta-blockers should be initiated if not contraindicated [37–40]. Corticotherapy should be
considered in clinically severe thyrotoxicosis.
Antithyroid drugs are reserved for very rare cases of Graves’
disease. Orbitopathy is managed as in Graves’ orbitopathy, following the EUGOGO group guidelines [41].
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7.2. Hypothyroidism
Hypothyroidism is usually of secondary onset after the thyrotoxicosis phase of “silent inflammatory thyroiditis”. There
are no specific guidelines on iatrogenic hypothyroidism under
immunotherapy; thus, indications for replacement therapy in
subclinical hypothyroidism are based on general recommendations regarding hypothyroidism [42]. However, the decision to
implement replacement therapy should take account of general
health status, comorbidity and especially cardiovascular comorbidity, and the severity of the hypothyroidism.
Thyroid hormone replacement is appropriate in clinical
hypothyroidism associating TSH elevation on 2 assays and low
fT4, or TSH > 10 mIU/L. Implementation follows the usual
modalities, taking account of age and comorbidities.
In subclinical hypothyroidism, replacement therapy may be
considered in case of TSH concentration 5–10 mIU/L on 2
assays, associated with clinical symptomatology or antithyroid
antibodies suggesting risk of aggravation.
It should be noted that onset of hypothyroidism under antiPD-1 has sometimes been reported to be associated with better
overall or progression-free survival [16,43,44], although this
may amount to a marker of efficacy rather than an effect of
dysthyroidism [45,46]; exposure bias cannot be ruled out, as
responders were treated longer than non-responders, leaving
them more time to develop hypothyroidism.

TSH assay; fT4 assay may be contributive, given the risk of
hypophysitis under certain immunotherapies (especially when
using anti-CTLA-4).
The predictive value of pre-treatment findings of antithyroid
antibodies for onset of dysthyroidism is controversial. Osorio,
assessing patients receiving pembrolizumab, found antithyroid
antibodies in 80% of those showing hypothyroidism (with antibodies appearing during the thyrotoxicosis phase in 60% of
cases) versus only 8% of those without [16]; however, these
findings were not subsequently confirmed [15,18,19]. Thus,
although thyroid autoimmunity seems to be associated with
the development of thyroid dysfunction, the predictive value of
antithyroid antibodies remains to be proven.

R6: Before the ﬁrst anticancer immunotherapy
injection, systematic screening for pre-existing
thyroid dysfunction by TSH assay is recommended. Systematic pre-treatment screening
for antithyroid autoimmunity by anti-TPO or
anti-TSH-receptor antibody assay is not recommended.

8.2. Follow-up

Levothyroxine therapy may begin at 1–1.6 g/kg/day, but
should be adapted according to age, comorbidities and survival
expectancy. Such adaptation is as in other forms of hypothyroidism.

In oncologic efficacy trials, endocrine toxicity is reported
globally, without distinguishing time to onset between different
thyroid dysfunctions [1–3,13,14]. SPC recommendations setting out screening strategy for endocrine side-effects are mainly
based on these efficacy studies, in which definitions of tolerance
are imprecise [33–36]; they have never been updated, and specify neither monitoring frequency nor the assays to be performed.
Given the small number of clinical trials, there is no consensus
on rates and modalities of monitoring; recommendations range
from no systematic screening to monitoring every 1 to 8 weeks
for the first 3 months of treatment [37,38,40,47–52].
Recommendations for monitoring frequency can be based
on 6 descriptive studies [15–18,22,23]. Onset of thyrotoxicosis can be early, in the 3rd week (2nd course), especially in a
context of thyroiditis with secondary hypothyroidism [15–18].
Onset of hypothyroidism is later, at 6-10 weeks, especially when
secondary to thyrotoxicosis [15–18,22,23]. In combined treatments, onset seems to be earlier, at a median 3 weeks [23]. Time
to onset of thyroid dysfunction under ipilimumab monotherapy
is not known.
These data may guide frequency of monitoring, but a TSH
control should also be systematic in case of onset of suggestive
clinical signs.

8. Screening and monitoring in thyroid dysfunction

8.3. Progression of thyroid dysfunction

8.1. Pre-treatment assessment

Thyrotoxicosis is almost always transient, apart from the
extremely rare cases of Graves’ disease. Outcome of hypothyroidism after termination of immunotherapy is unknown.
Clinical follow-up studies usually reported need for hormonal

R5: Treatment strategy for thyroid dysfunction under anticancer immunotherapy should be
discussed between the endocrinologist and the
immunotherapy prescriber.
R5a: In asymptomatic thyrotoxicosis, clinical
and biological monitoring may be implemented.
In symptomatic thyrotoxicosis, ␤-blocker therapy
is recommended if not contraindicated. Antithyroid drugs may be considered in Graves’ disease.
R5b: Treatment for immunotherapy-induced
hypothyroidism is based on levothyroxine, and:
• should be applied if TSH > 10mIU/L;
• should be considered in case of TSH 5–10 mIU/L
on 2 assays associated with either clinical symptomatology or presence of anti-TPO antibodies.

Pre-treatment assessment of thyroid function is necessary
to rule out pre-existing dysthyroidism. It should be based on
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R7: During anticancer immunotherapy, TSH
should be monitored to screen for dysthyroidism,
before each course for the ﬁrst 3–6 months then
every 2 months for the next 6 months or in
case of suggestive symptoms. After 12 months’
immunotherapy, screening may be performed in
case of clinical symptoms of thyroid dysfunction.

replacement in case of thyrotoxicosis followed by hypothyroidism, but did not specify whether withdrawal was attempted
[15,18–19]. In a recent study, 4 out of 7 patients showed
spontaneous normalization of thyroid function after an episode
of thyrotoxicosis without hypothyroidism phase, while the
other 3 patients developed true secondary hypothyroidism [19].
A retrospective study, in which thyroid hormone assessment
was not systematic or regular, reported spontaneous resolution of subclinical hypothyroidism in 6 out of 21 patients
[17]. It is thus preferable to continue replacement therapy
throughout immunotherapy. Once the equilibrium dose has
been determined, dose adaptation is based on 3-monthly TSH
assay. Progressive withdrawal from replacement therapy may be
attempted at termination of immunotherapy.

R8: In hypothyroidism, normal thyroid function may recover, but is unpredictable. Thyroid replacement therapy should be continued
throughout the immunotherapy. During levothyroxine therapy, monitoring is based on TSH assay,
performed every 3 months. On termination of
immunotherapy, levothyroxine can be progressively withdrawn under monitoring of clinical
status and TSH.

8.4. Predictive factors for onset of thyroid dysfunction
under anticancer immunotherapy
Predictive factors for onset of thyroid dysfunction under
immunotherapy are poorly known. Morganstein et al. suggested
that pre-treatment plasma TSH level might predict onset of
hypothyroidism even when within the normal range [18]. A significant association between antithyroid antibodies and risk of
dysthyroidism was reported in some studies but not others, and
is a matter of debate [15,16,18,19,22]. As stated above, while
thyroid autoimmunity seems to be associated with the development of thyroid dysfunction, it is not clear that the presence
of antibodies prior to immunotherapy is in itself a risk factor.
Risk seems unrelated to age; an extra risk for female gender is
controversial (18,19).
Combined or sequential association of ipilimumab and antiPD-1 increases risk of thyroid dysfunction [2,3,5,6,20,21],
especially if the interval between the two is less than 4 weeks

5

[15]. Thyroid dysfunction is dose-dependent for anti-CTLA-4,
unlike anti-PD-1 and anti-PDL-1.
Silent inflammatory thyroiditis may occur in euthyroid
patients but it can also worsen an existing hypothyroidism,
increasing thyroxine requirements [19]. Conversely, a few cases
of thyrotoxicosis necessitating interruption of thyroxine therapy
were reported in hypothyroid patients [17]. Mechanisms may
include:
• real aggravation of hypothyroidism due to thyroid follicle
lesions;
• increased levothyroxine requirements due to impaired absorption, perhaps related to concomitant digestive disorder;
• increased levothyroxine requirements due to accelerated
thyroid hormone metabolism. Such pre-treatment thyroid disorder does not contraindicate immunotherapy, but requires
monitoring during treatment.

R9: Pre-existing treated thyroid pathology or
dysfunction does not contraindicate immunotherapy. Onset of thyroid dysfunction secondary
to one immunotherapy molecule (anti-CTLA-4,
anti-PD-1 or anti-PD-L1) does not contraindicate
introducing another.
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