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Abstract

Rationale. Immune Checkpoint Inhibitors (ICIs) are approved for some advanced neoplasms, increasing
survival. ICIs block inhibitor receptors cytotoxic T lymphocyte antigen 4 (CTLA4) and programmed
death-1 (PD-1) and trigger T cell-mediated immunity against tumor. Their action is accompanied by
several immunity-related adverse events (IRAEs), also involving the endocrine system (pituitary, thyroid,
adrenals). We report two different cases of thyrotoxicosis following administration of the anti-PD-1
nivolumab.

Patients. Patient 1, M, 75 years-old, treated for non-small cell lung carcinoma (NSCLC) since September
2016, with euthyroid multinodular goiter. In January 2017 (12 weeks from baseline), he developed frank
hyperthyroidism, with positive TSH-receptor antibodies (TRADb) and thyroperoxidase antibodies (TPO-
Ab). A Tc99m thyroid scintiscan showed diffuse uptake and “cold” areas. After nivolumab withdrawal,
treatment with metimazole (MMI) 5 mg per day was started and euthyroidism was resumed, so to restart
the drug in May 2017. Patient 2, M, 80 years-old, treated for a left-eye choroid melanoma since January
2017, with euthyroid nodular goiter. In April 2017 (6 weeks from baseline), thyrotoxicosis was detected,
with positive thyroglobulin antibodies (Tg-Ab, 244 IU/ml, nv <4) and no scintiscan uptake, as in
destructive thyroiditis. Scalar-dose prednisone was initiated, and after 3 months TSH was >4.5 plU/ml
(subclinical hypothyroidism). Patient was treated with replacement doses of levothyroxine (LT-4), and
continued nivolumab infusions.

Conclusions. Two forms of thyrotoxicosis were reported: the first with thyroid hyperfunction and positive
TRAD, the latter as a destructive thyroiditis. In both cases (mean onset after 9 weeks), the moderate
severity and the appropriate management of endocrine IRAEs allowed treatment continuation.
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Introduction
Cancer is characterized by an immune escape that favors its progression (1). Novel monoclonal
autoantibodies (mAbs) known as ICIs boost the response against tumor antigens blocking T-cell

inhibitory receptors, CTLA4 (ipilimumab, tremelimumab), PD-1 (nivolumab, pembrolizumab)
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and its ligand PD-1L (atezolizumab, durvalumab). These receptors act as negative coregulators to
limit further T-cell activation and to prevent autoimmunity (2), with distinct roles: CTLA4
modulates the early MHC-mediated antigen presentation phase, while the PD-1/PDIL pathway
limits the following immune-inflammatory response to protect normal tissues (3). ICIs have been
approved for selected advanced stage neoplasms (malignant melanoma, renal cell carcinoma,
NSLC), with improved survival (4, 5) and a response rate ranging from 10-15% with ipilimumab
(6) to 32% with nivolumab (7). Conversely, their action is accompanied by several IRAEs, the
most common involving skin, gastrointestinal and endocrine system (8). Endocrine IRAEs
mainly include hypophysitis, thyroid dysfunction and, rarely, adrenal insufficiency and type 1
diabetes mellitus (T1DM, 3). The US National Cancer Institute has provided a grading scale,
according to the Common Terminology Criteria for Adverse Events (CTCAE, 9), ranging from
moderate (grade 1-2) to severe (3-4) up to death (5) (Table 1). These criteria can inform the
management of specific IRAEs, considering anticancer treatment withdrawal and/or
corticosteroid administration. Herein we report two cases of thyrotoxicosis after nivolumab

infusions (3 mg/kg every 2 weeks).

Case Report

Patient 1. M, 75 years-old, suffering from NSCLC diagnosed in September 2016, with
multinodular euthyroid goiter never treated with L-T4. Baseline hormonal profile showed FT3
3.19 pg/ml (nv 1.71-3.71), FT4 1.06 ng/dl (nv 0.7-1.48) and TSH 0.7 plU/ml (nv 0.3-4.2). In
January 2017, 12 weeks after nivolumab infusions started, the patient became overtly
hyperthyroid (FT3 3.81 pg/ml, FT4 1.68 ng/dl, TSH 0.04 pUI/ml) with slight positivity of TRAb
(1.6 TU/L, positive >1.5) and TPO-Ab (52 IU/L, nv 0-9). He underwent a 99mTc thyroid
scintiscan, that revealed increased uptake and “cold” areas, corresponding to the known nodules.
Considered the persistent hyperthyroidism and related symptoms (anxiousness, tremor ; mean HR
88 bpm - Grade 2-3), nivolumab withdrawal was followed by administration of MMI 5 mg per
day and low-dose propranolol (20 mg per day). A quick resolution of symptoms was observed,
and being a stable euthyroidism confirmed in May 2017 (TSH 1.61pIU/ml), the infusions
continued.

Patient 2. M, 80 years-old, treated with nivolumab for a left-eye choroid melanoma from the
beginning of 2017, with nodular euthyroid goiter. His baseline hormonal profile was FT3 3.44 pg/ml,
FT4 1.02 ng/dl, TSH 0.831 plU/ml. In April 2017, 6 weeks after the first infusion, biochemical
parameters revealed FT3 10.78 pg/ml, FT4 6.64 ng/dl, TSH 0.06 ulU/ml, negative TRAb and TPO-
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Ab, Tg-Ab 244 TU/ml (nv <4). The patient reported nervousness and sporadic palpitations (Grade 2).
Also, he developed high fever (40°C), in the absence of hypotension and/or respiratory failure and/or
evidence of coagulopathy (that is, not related to cytokine release syndrome). Thyroid scintiscan with

99mTc showed no uptake, as in destructive thyroiditis (Fig. 1).

Fig 1. In patient 2, images obtained from thyroid scintiscan showed absent thyroid uptake (A and B), as in subacute
thyroiditis. A detail is shown in C.
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Corticosteroid therapy was started (prednisone 50 mg per os, adequately tapered in about 6
weeks), with rapid resolution of symptoms. After 4 weeks, mild subclinical hypothyroidism was
detected (TSH 4.512 ulU/ml) and confirmed by a second determination. Consequently, the
patient underwent replacement therapy with LT-4, and nivolumab infusions were continued as

scheduled.

Discussion

The inhibition of immunity suppression mechanisms by ICIs leads to IRAEs, ranging from 15%
to 90%, with a risk of severe effects from 7 to 25% when ipilimumab dose was increased from 3
to 10 mg/kg (10); on the contrary, some experiences with anti-PD1 reported a frequency of grade
3-4 IRAEs <2% (11), with a comparable incidence of IRAEs both at 2 and 10 mg/kg for
pembrolizumab (12). So, it is conceivable that anti-PD-1 toxicity is not dose-dependent (or it only
follows shorter intervals of administration), and it is globally lower than anti-CTLA4. Endocrine
dysfunctions usually present 9 weeks after the first dose (range 5-36 weeks, 13). Anti PD-1 are
more commonly associated with thyroid disfunction, that ranges from grade 1-2 hypothyroidism
(4%) and hyperthyroidism (2-3%), to acute thyroiditis (1%). Hypophysitis accounts for 0.2-1% of
cases, type 1 diabetes mellitus for 0.1% (13, 14). Signs and symptoms are often aspecific with
headache, tiredness, changes in mood etc., but dehydration, hypotension or shock symptoms

should lead to suspect an adrenal crisis, a life-threatening condition requiring prompt
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administration of corticosteroids. Thyroid disorders mainly appear as Hashimoto’s thyroiditis,
with subclinical or overt hypothyroidism. Presence or increase of organ-specific autoantibodies
Tg-Ab and TPO-Ab have been reported during treatment. Hypothyroidism has a higher incidence
than under anti-CTLA4 (4-10% vs 2-4% with Ipilimumab at 3 mg/kg), and is rarely severe (15).
It is usually managed with LT-4 replacement doses (1-1.5 pg/kg), without the need of
interrupting ICIs.

Thyrotoxicosis is less common, and it may be caused by Graves’ disease (GD) related to TRAD,
even if transient destructive thyroiditis has been reported especially with nivolumab (16).
Therapeutic approach depends on the cause: GD requires thyreostatic treatment with MMI plus -
blockers to control heart rate and tremor, subacute thyroiditis can be managed with symptomatic
B-blockade and prednisone. In both situations anticancer treatment can usually be continued, even
when thyroid dysfunction is particularly severe (grade 3-4, or in prolonged grade 2 effects), but
administration of IV corticosteroids (mainly methylprednisolone) should be considered (11). In
our patients, thyrotoxicosis had a mean onset of 9 weeks, and patient 2, who suffered from
subacute thyroiditis with good response to oral corticosteroids, became hypothyroid 4 weeks
within the initiation of symptoms. This is in contrast with a recent case series by Yamauchi et al.
(17), in which 5 patients were diagnosed with nivolumab-related painless thyroiditis, and those who
interrupt anticancer therapy or were treated with IV methylprednisolone seemed “protected” from the
subsequent hypothyroidism. More data should be collected to verify this finding.
Besides, since our patients frequently underwent CT studies with contrast medium in the months
before, the possibility of iodine-induced thyrotoxicosis (the so-called jod-Basedow effect) had been
excluded by periodical hormonal investigations and thyroid scintigraphy, when indicated.
In conclusion, an adequate monitoring of hormonal profile and routine parameters, like glycemia and
electrolytes, is fundamental before starting anticancer treatment, during the infusions and even
beyond, since some adverse events can occur late. In our cases, the punctual follow-up of patients has
allowed clinicians to correctly manage endocrine IRAEs, leading to the completion of the scheduled
treatments, even with a temporary withdrawal. These concepts highlight the importance of team-work
between endocrinologists, oncologists and other specialists, to early detect, if possible, the occurrence

of IRAEs and to reduce their impact on patients’ health during anticancer therapy.
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Table 1. General classification of drug-related endocrine adverse events and, accordingly, symptoms grading as expressed by NCI in
Common Terminology Criteria for Adverse Events (CTCAE), comprehending those applicable to ICIs treatment (see reference 9).

disorder of the adrenal cortex a

s in Addison's disease or primary adrenal insufficiency.

Endocrine disorders
Grade
Adverse Event 1 2 3 4 5
Adrenal insufficiency Asymptomatic: clinical or Moderate symptoms: medical | Severe symptoms: Life-threatening Death
diagnostic observations only. | intervention indicated hospitalizaton ind cated consequences. urgent
intervention not indicated intervention indicated
Definition: A disorder that occurs when the adrenal cortex does not proeduce enough of the hormone cortisol and in some cases, the hormone aldosterone. It may be dueto a

Cushingoid

Definition: A disorder characten

Mild symptoms; intervention
not indicated

Moderate symptoms; medical
intervention indicated

zed by signs and symptoms that resemble Cushing's disease or

diabetes, and osteoporosis, usually due to exogenous corficosteroids.

Severe symptoms, medical
intervention or hospitalization
indicated

syndrome: buffalo hump obesity, striations, adiposity, hypertension,

Delayed puberty

Definition: A disorder characten

No breast development by
age 13 yrs for females; testes
volume of <3 cc or no Tanner
Stage 2 development by age
145 yrs for males

zed by unusually late sexual maturity

No breast development by
age 14 yrs for females; no
increase in testes volume or
no Tanner Stage 2 by age 18
yrs for males; hormone
replacement indicated

Growth accelerated

Definition: A disorder characten

== +2 5D (standard deviation)
above mid parental height or
target height

zed by greater growth than expectad for age.

Hyperparathyroidism

Mild symptoms: intervention

not indicated

Moderate symptoms; medical
intervention indicated

calcium in the blood)

Definition: A disorder characterized by an increase in production of parathyroid hormone by the

parathyroid glands. This resulis in hypercalcemia (abnormally high levels of

diagnostic observations only:
intervention not indicated

replacement indicated; imiting
instrumental ADL

Definition: A disorder characterized by a decrease in production of thyroid hormone by the thyroi

care ADL: hospitalization
indicated

id gland.

conseguences: urgent
intervention indicated

Hyperthyroidism Asymptomatic; clinical or Symptomatic; thyroid Severe symptoms: limiting self [ Life-threatening Death
diagnostic observations only: | suppression therapy care ADL: hospitalizaton consequences: urgent
intervention not indicated indicated; imiting instrumental | indicated intervention indicated
ADL
Definition: A disorder characterized by excessive levels of thyroid hormene in the body. Common causes include an overactive thyroid gland or thyroid hormone overdose.
Hypoparathyroidism Asymptomatic; clinical or Moderate symptoms; medical | Severe symptoms; medical Life-threatening Death
diagnostic observations only. | intervention indicated intervention or hospitalization |conseguences; urgent
intervention not indicated indicated intervention indicated
Definition: A disorder characterized by a decrease in production of parathyroid hormone by the parathyroid glands.
Hypothyroidism Asymptomatic: clinical or Symptomatic; thyroid Severe symptoms; limiting self | Life-threatening Death

Precocious puberty

before age © for boys.

Physical signs of puberty with
no biochemical markers for
females <5 years and males

<@ years

Physical signs and
biochemical markers of
puberty for females <8 years

and males <@ years

Definition: A disorder characterized by unusually early development of secondary sexual features; the onset of sexual maturation begins usually before age 8 for girls and

Virilization

Mild symptoms; intervention
not indicated

Moderate symptoms; medical
intervention indicated

Definition: A disorder characterized by inappropriate masculinization occurring in a female or prepubertal male.

Endocrine disorders - Other,
specify

Asymptomatic or mild
symptoms; clinical or
diagnostic observations only:

intervention not indicated

Moderate: minimal, local or
noninvasive intervention
indicated; imiting age-

appropriate instrumental ADL

Severe or medically significant
but not immediately life-
threatening: hospitalization or
prolongation of existing
hospitalization indicated;
disabling; hmiting self care
ADL

Life-threatening
consequences; urgent
intervention indicated

Death

*of note, there are no reports about cases of virilization/precocious puberty with ICIs, neither about their
use in paediatric populations
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