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Patients With Antithyroid Antibodies Are
Prone To Develop Destructive Thyroiditis
by Nivolumab: A Prospective Study
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Context: Immune checkpoint inhibitors, including anti—programmed cell death-1 (PD-1) antibodies,
have become promising treatments for a variety of advanced malignancies. However, these medicines
can cause immune-related adverse events (irAEs), including endocrinopathies.

Objective: This study examined the incidence of endocrine irAEs induced by nivolumab.

Patients and Main Outcome Measured: Sixty-six patients treated with nivolumab at Nagoya
University Hospital were prospectively evaluated for pituitary hormones, thyroid function, antithyroid
antibodies (Abs), and glucose levels every 6 weeks after the initiation of nivolumab for 24 weeks.

Results: Four out of 66 patients developed destructive thyroiditis, and three patients developed hypo-
thyroidism requiring levothyroxine replacement. The prevalence of positive anti-thyroglobulin Abs (TgAbs)
and/or anti—thyroid peroxidase Abs (TPOADbs) at baseline was significantly higher in the group that developed
destructive thyroiditis (3/4) compared with the group that did not develop thyroiditis (3/62; P=0.002). There
were no significant differences in other clinical variables between the groups. There were no endocrine irAEs
other than destructive thyroiditis during the 24 weeks. The prevalence of TgAbs and/or TPOAbs at baseline
was not associated with the development of other irAEs, including pneumonitis, colitis, or skin reactions.

Conclusions: Our real-world data showed that destructive thyroiditis was an endocrine irAE that was
frequently induced by nivolumab and was significantly associated with positive TgAbs and/or TPOAbs
before treatment. Our findings indicate that evaluating these Abs before treatment may help identify
patients with a high risk of thyroidal irAEs and may have important clinical benefit.
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Immune checkpoint inhibitors have recently risen to prominence as promising treatments for
advanced malignancies. Among them, anti—programmed cell death-1 (PD-1) antibodies (Abs)
enhance immune responses against several malignancies through inhibition of PD-1 sig-
naling, which inhibits T-cell activation [1, 2]. Nivolumab, an anti—PD-1 monoclonal Ab, is an
effective treatment of unresectable metastatic melanoma (MM) [3], non—small cell lung
cancer (NSCLC) [4], renal cell carcinoma (RCC) [5], head and neck cancer [6], Hodgkin
Ilymphoma (HL) [7], and gastric cancer [8]. On the other hand, immune checkpoint inhibitors,
including nivolumab, have been reported to cause adverse events, termed “immune-related
adverse events” (irAEs). irAEs are considered a consequence of enhanced autoimmunity.
Lung, skin, intestinal tract, liver, and endocrine glands have been reported to be affected by
irAEs induced by nivolumab [9].

Nivolumab has caused several endocrine irAEs, including thyroid dysfunction [10], pi-
tuitary dysfunction [3, 11], primary adrenal insufficiency [3, 11, 12], and type 1 diabetes
mellitus [13]. Consistent with the fact that the thyroid gland is vulnerable to autoimmune
attack [14], thyroid dysfunction has been reported to be one of the most frequent irAEs
induced by nivolumab [15-17]. In a phase 3 clinical trial, hypothyroidism was observed in
8.6% (27/313) of patients with MM who were treated with nivolumab [10]. Osorio et al. [18]
observed thyroid dysfunction in 21% (10/48) of patients with NSCLC in a phase 1 clinical trial
of pembrolizumab, another anti—PD-1 Ab. In a prospective analysis of thyroid function in
patients with MM treated with pembrolizumab, thyrotoxicosis and hypothyroidism occurred
in 12.1% and 15.2%, respectively [19]. However, except for phase 3 clinical trials, there have
been no studies prospectively analyzing the precise incidence and clinical features of en-
docrine irAEs induced by nivolumab.

The aim of this study was to clarify the clinical characteristics of endocrine irAEs induced
by nivolumab.

1. Subjects and Methods

A. Patients

To identify the clinically relevant features of endocrine irAEs, we conducted a prospective study
analyzing irAEs in patients treated with immune-checkpoint inhibitors, including nivolumab,
since 2 November 2015. All patients with MM, NSCLC, RCC, or HL. who started nivolumab
treatment between 2 November 2015 and 17 May 2017 at Nagoya University Hospital were
included in this study and were observed for 24 weeks. Written informed consent was obtained
from all patients. This study was approved by the Ethical Committee of the Nagoya University
Hospital. Nivolumab was administered to patients at 3 mg/kg every 2 weeks, with the exception of
patients with MM, who were treated with 2 mg/kg every 3 weeks or with 3 mg/kg every 2 weeks.
Nivolumab treatment was continued until progression of the disease, death, or unacceptable
severe adverse events occurred or if patients withdrew consent for treatment.

B. Assessments

To examine endocrine irAEs, adrenocorticotropic hormone (ACTH), cortisol, luteinizing
hormone (LH), follicle-stimulating hormone (FSH), growth hormone, insulin-like growth
factor-1, prolactin, free triiodothyronine (FT3), free thyroxine (FT4), thyroid-stimulating
hormone (TSH), thyroglobulin (Tg), anti-Tg Abs (TgAbs), anti-thyroid peroxidase Abs
(TPOADbs), TSH receptor Abs (TRADs), and blood glucose levels were prospectively assessed at
baseline and every 6 weeks after the first administration of nivolumab for 24 weeks. Serum
levels of FT3, FT4, and TSH were measured using electrochemiluminescent immunoassays
(Architect-FT3 II kit, Architect FT4 kit, and Architect TSH; Abbott Diagnostics, Santa Clara,
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CA). The normal ranges of FT3, FT4, and TSH were 1.71 to 3.71 pg/mL, 0.70 to 1.48 ng/dL,, and
0.35 to 4.94 pIU/mL, respectively. TPOAb, TgAb, and TRAb levels were measured using
electrochemiluminescent immunoassays (Elecsys Anti-TPO kit, Elecsys Anti-Tg kit, and
Elecsys Anti-TSHR kit, respectively; Roche Diagnostics, Mannheim, Germany). The normal
ranges of TPOADbs, TgAbs, and TRAbs were <16 IU/mL, <28 IU/mL, and <2.0 IU/mL, re-
spectively. Serum levels of ACTH, cortisol, growth hormone, LH, FSH, and prolactin were
measured using electrochemiluminescent immunoassays (Elecsys ACTH kit, Elecsys cortisol
kit and Elecsys hGH kit, respectively; Roche Diagnostics; Architect LH kit, Architect FSH kit,
and Architect PRL kit, respectively; Abbott Diagnostics). Serum levels of insulin-like growth
factor-1 were measured using an immunoradiometric assay (Fujirebio, Tokyo, Japan).
Destructive thyroiditis, defined based on criteria provided by the Japan Thyroid Associ-
ation, was indicated by (1) a suppressed TSH level with an elevated level of FT3 and/or FT4
and (2) no TRADbs. In one case, destructive thyroiditis was also confirmed by the low level of
thyroid uptake of **™Tc pertechnetate in scintigraphy. Ultrasonography for the thyroid
glands was performed in patients who had positive TgAbs and/or TPOAbs at baseline and who
had developed thyroid dysfunction after the initiation of nivolumab. Thyroid function tests
and ultrasonography for thyroid glands were performed when needed clinically. All irAEs,
including thyroid dysfunction, were monitored and graded using CTCAE 4.0 criteria.

C. Statistical Analysis

Continuous variables of patient characteristics (i.e., age and follow-up period) are expressed
as means *= standard deviation. The differences of continuous variables were tested for
significance with the two-sample ¢ test. Values of nominal variables (i.e., malignancy, sex,
history of prior treatment with immune checkpoint inhibitors, abnormality of thyroid
function at baseline, positive antithyroid Abs at baseline, and incidence of other irAEs) were
compared using Fishers exact test. Cumulative incidence of destructive thyroiditis was
analyzed using the Kaplan-Meier method and compared using the log-lank test. All statistical
tests were two-sided, and significance was defined as a P value of <0.05. All statistical
analyses were performed with IBM SPSS Statistics 24 (IBM, Armonk, NY).

2. Results
A. Patient Characteristics and Observed irAEs

A total of 66 patients with either MM, NSCLC, RCC, or HL who started nivolumab therapy
between 2 November 2015 and 17 May 2017 at Nagoya University Hospital were enrolled in
this study. After the initiation of nivolumab, four patients (6.1%) developed destructive
thyroiditis, although neither pituitary dysfunction, adrenal insufficiency, nor type 1 di-
abetes mellitus was observed during the 24 weeks. The prevalence of TgAbs and/or TPOAbs
before nivolumab treatment was significantly higher in patients who developed destructive
thyroiditis compared with patients who did not develop destructive thyroiditis (Table 1).
There were no significant differences in the other clinical variables we examined (type of
malignancy, sex, age, history of treatment with immune checkpoint inhibitors before this
study, and abnormality of thyroid function at baseline). At baseline, TgAbs and/or TPOAbs
were positive in six patients (Ab-positive group); neither was positive in the remaining 60
patients (Ab-negative group). During the 24 weeks after initiation of nivolumab therapy, the
cumulative incidence was significantly higher in the Ab-positive group (3/6) compared with
the Ab-negative group (1/60) (log lank P < 0.001) (Fig. 1). There were no significant dif-
ferences in the incidence of other irAEs, including interstitial pneumonitis, rash or skin
reactions, colitis or constipation, or muscle weakness, between the groups (Table 2). Al-
though nivolumab was changed to ipilimumab due to progression of the disease in four
patients with MM, there were no newly developed irAEs during the 24-week observation
period. Five patients had been treated with ipilimumab before nivolumab. Two of these
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Table 1. Patient Characteristics

Destructive Thyroiditis

Total (n =66) Negative (n =62) Positive (n=4) P Value

Tumor type, n

MM 19 17 2 0.759

NSCLC 39 37 2

RCC 7 7

HL 1 1
Sex, male/female 42/24 39/23 3/1 1.000
Age, y (range) 65 + 11 (42-85) 66 * 11 (42-85) 58 = 9 (51-70) 0.202
Follow-up period, wk 20 = 7 20 = 7 24 = 0.5 0.260
History of prior immunotherapy, n 5 4 1 0.276
Abnormal thyroid function at baseline, n 7 7 0 1.000
Positive antithyroid Ab at baseline, n 6 3 3 0.002

patients developed hypophysitis during ipilimumab treatment, and one patient who had
positive TPOADs before ipilimumab treatment developed thyrotoxicosis during nivolumab
treatment (Table 1).

B. Clinical Features of Destructive Thyroiditis Induced by Nivolumab

Time course changes in thyroid function and titers of TgAbs and TPOADs in four patients
who developed destructive thyroiditis are shown in Fig. 2. Thyrotoxicosis occurred from 9
to 60 days (median, 35 days) after the first nivolumab administration (Table 3). Ultra-
sonography in the thyroid gland before nivolumab treatment revealed mild enlargement
with low echogenicity, consistent with features of Hashimoto thyroiditis in three patients
(cases 021, 038, and 041) (Table 3). In two patients who developed thyrotoxicosis, changes
in ultrasonography were detected, which consisted of a marked enlargement of the thyroid
gland with a progression of diffuse low echogenicity (case 021) or a progression of focal low
echogenicity (case 038). Three of the four patients (cases 021, 034, 038) developed
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Figure 1. Cumulative incidence of destructive thyroiditis in patients treated with
nivolumab. Of the 66 patients included, six patients had positive TgAbs and/or TPOAbs at
baseline (Ab-positive group), and 60 patients were negative for both (Ab-negative group). The
cumulative incidence of destructive thyroiditis was significantly higher in the Ab-positive
group than in the Ab-negative group (P < 0.001).
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Table 2. Characteristics of irAEs Other Than Thyroiditis

Abs-Negative Abs-Positive
Total (n = 66) (n = 60) (n=6) P Value
Total number of irAEs 14 12 G1:3 2 Gl1:1 0.337
G2:4 G2:1
G3:5
Interstitial pneumonitis 4 4 G3:4 0 1.000
Rash, skin reactions 5 3 G1:1 2 G1:1 0.061
G2:2 G2:1
Colitis, constipation 4 4 G1:2 0 1.000
G2:2
Muscle weakness 1 1 G3:1 0 1.000

Abbreviations: G, grade of irAEs based on CTCAE 4.0 criteria.

hypothyroidism (Fig. 2A—-2C) that required levothyroxine replacement (75 or 100 pg)
during the observation period. The duration from the onset of thyrotoxicosis to the start of
levothyroxine replacement was 45 to 79 days (median, 70 days) (Fig. 2A). In the remaining
patient who showed no changes in the thyroid ultrasonography (case 041), thyrotoxicosis
was followed by normalization of thyroid function.

In the Ab-positive group, two patients with TPOAbs showed positive changes in TgAbs;
one patient developed destructive thyroiditis (case 038) (Table 3; Fig. 2D), and the other did
not. In the Ab-negative group, TPOAb or TgAb became positive during the treatment in five
patients (three for TgAb and two for TPOAD, respectively), including one patient who
developed destructive thyroiditis (case 034) (Table 3). The titers were still high at 24 weeks
in three patients (cases 018, 034, 056), whereas the increases were transient in two patients
(cases 040, 043) (Table 4). Thyroid ultrasonography revealed findings characteristic of
Hashimoto thyroiditis in three of the four patients examined (cases 034, 040, 043) (Tables 3
and 4).
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Figure 2. Time course changes of thyroid function in patients who developed thyrotoxicosis.
Each line represents time course changes of TSH (A), FT3 (B), FT4 (C), TgAbs (D), or TPOAbs
(E) in patients who developed thyrotoxicosis. Gray areas indicate the normal range of each
value. Black circle, black triangle, and black square with solid lines indicate case 021, 041, and
038, respectively (Ab-positive group). Dashed lines indicate case 034 (Ab-negative group).
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Table 3. Clinical Characteristics of Patients Developing Destructive Thyroiditis

TPOAb IU/ TgAb (IU/

mlL) mL) Ultrasonography Findings
Case Tumor Type Ow Peak 0w Peak G Onset®(d) Before Nivolumab At Diagnosis
021 NSCLC 454 1134° 33.7° 790.4° 3 9 Mild enlargement, low Marked enlargement,
echogenicity progression of low
echogenicity
034 NSCLC 11.1 124 10 648.4° 1 43 N/A Mild enlargement
038 MM 478.1° 947° 228 266.7° 2 27 Mild enlargement, low Progression of focal
echogenicity low echogenicity
041 MM 8.5 9.5 359° 116.3° 1 60 Mild enlargement, low Not changed
echogenicity

Abbreviations: G, grade of irAEs based on CTCAE 4.0 criteria; N/A, not available.
“Days to the onset of destructive thyroiditis from the first administration of nivolumab.
Titer above the upper normal range.

Based onthe CTCAE 4.0 criteria, cases 034 and 041 had grade 1 thyrotoxicosis, case 038
had grade 2 thyrotoxicosis, and case 021 had grade 3 thyrotoxicosis (Table 3). The latter
two cases had relatively high titers of TPOAbs at baseline (Fig. 2E), suggesting that the
severity of thyroidal irAEs might be correlated with the titers of pre-existing antithy-
roid Abs.

Although nivolumab was readministered in all patients who developed destructive thy-
roiditis after temporal suspension in case 021 with grade 3 and case 038 with grade 2, thyroid
function was not exacerbated following the administration of nivolumab.

C. A Case With Grade 3 Thyroidal irAE

Case 021 was a 5l-year-old woman diagnosed with lung adenocarcinoma with stage
c¢T2aNOMO at the age of 49. The lung tumor relapsed 1 year after surgical resection. The
patient was then treated with a first-line chemotherapy (carboplatin, pemetrexed, and
bevacizumab), which was discontinued due to progression of the disease. As a second-line
therapy, nivolumab at 3 mg/kg every 2 weeks was initiated. The serum levels of TSH, FT3,
and FT4 were 1.01 pIU/mL, 2.76 pg/mL, and 1.08 ng/dL, respectively, and antithyroid Abs
were positive (TgAbs, 33.7 IU/mL; TPOAbs, 454 IU/mL) prior to nivolumab treatment.
Ultrasonography revealed slightly diffuse swelling of the thyroid (Fig. 3A). Nine days after
the first administration of nivolumab, the patient complained of anxiety and a feeling of
pressure on the anterior neck. The serum levels of TSH, FT3, and FT4 were 0.05 pIU/mL,
8.21 pg/mL, and 2.37 ng/dL, respectively. Ultrasonography revealed marked enlargement of
both thyroid lobes with low echogenicity (Fig. 3B). The uptake of *™Tc pertechnetate was

Table 4. Time Course Changes of TgAb and TPOAD Titers and Ultrasonography Findings in Patients
Who Developed Positive Antithyroid Abs but Not Thyroid Dysfunction

Week
Findings of Ultrasonography After Developing
Antibodies Case 0 6 12 18 24 Ab
TgAb, IU/mL 043 13.2 63.4° N/A 10.7 7.4 Diffuse enlargement, diffuse low echogenicity
056 10 22,5 353.8% 387% 433“ N/A
TPOAb, IU/mL. 018 12.7 21.8¢ 16.9% 19.5% 16.7¢ Normal
040 13.5 14.8 123 17.6* 13.0 Mild atrophy, diffuse low echogenicity

Abbreviations: N/A, not available.
“Titer above the upper normal range.
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ultrasonography revealed slightly diffuse swelling of the thyroid gland with low echogenicity
before nivolumab treatment, which was compatible with Hashimoto thyroiditis (A), the marked
enlargement of the both thyroid lobes at the onset of destructive thyroiditis (B), and the
progression of internal hypo-echoic changes and the decrease in size of both thyroid lobes 2
months after diagnosis (C). Arrowhead indicates a small nodule suggesting adenomatous goiter.

low. Based on these results, the patient was diagnosed with destructive thyroiditis and
hospitalized. Serum levels of FT3 and FT4 increased to 22.3 pg/mL and 4.02 ng/dL, re-
spectively. The patient complained of palpitation and anxiety, and propranolol (30 mg/d)
was administered for 7 days. Thereafter, thyroid hormone levels started to decrease, fol-
lowed by hypothyroidism, which required levothyroxine replacement (100 pg/d). After
transient interruption, nivolumab was restarted. Two months after the onset of destructive
thyroiditis, ultrasonography revealed a progression of low echogenicity and decreased size
of the thyroid gland (Fig. 3C).

3. Discussion

This study prospectively examined endocrine irAEs associated with nivolumab treatment in a
real-world clinical practice and demonstrated that destructive thyroiditis was the most
frequent endocrine irAE induced by nivolumab. Furthermore, we clearly showed that pa-
tients with TgAbs and/or TPOAbs were prone to develop destructive thyroiditis after initi-
ation of nivolumab treatment.

Verma et al. [20] reported a patient with NSCLC with elevated TgAbs at the time of di-
agnosis who developed thyrotoxicosis after nivolumab treatment. Tanaka et al. [21] reported
three cases with MM who developed thyroid dysfunction induced by nivolumab, one of whom
had positive TPOAbs and TgAbs before nivolumab treatment. Yamauchi et al. [22] also
reported five cases with thyroid dysfunction induced by nivolumab, three of whom had
positive TPOAbs and TgAbs at baseline. Among patients undergoing pembrolizumab
treatment, several cases have been reported to have positive TgAbs or TPOAbs after the
development of thyroid dysfunction, some of whom also had them at baseline [18, 19].
However, no studies examined TgAbs and/or TPOAbs in all subjects before the initiation of
treatment. In this study, we prospectively examined endocrine irAEs induced by nivolumab
and verified the higher incidence of destructive thyroiditis in the Ab-positive group compared
with the Ab-negative group (560% vs 1.7%), suggesting a clinical benefit in evaluating TgAbs
and TPOAbs before nivolumab treatment.

It has been reported that thyroidal irAEs induced by nivolumab occurred with high
frequency and low severity [10]. Although cases 034 and 041 (grade 1) showed no
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subjective symptoms and case 38 (grade 2) showed only general fatigue, case 021 (grade 3)
showed severe thyrotoxicosis symptoms that required monitoring of general conditions,
including heart rate and mental status, under hospitalization. Furthermore, three of the
four patients, including two patients who exhibited changes in ultrasonography at the
onset (cases 021 and 038), progressed to hypothyroidism after thyrotoxicosis and needed
replacement of levothyroxine. The other patient who showed no changes in ultrasonog-
raphy (case 041) did not develop hypothyroidism after destructive thyroiditis. It is
therefore important to closely follow each patient’s general conditions, perform thyroid
ultrasonography, and measure thyroid function in patients treated with nivolumab who
develop thyrotoxicosis.

It has been reported that readministration of immune checkpoint inhibitors, including
nivolumab, can worsen irAEs such as pneumonitis. For example, 25% of patients with
nivolumab-induced pneumonitis exhibited recurrence after nivolumab readministration
[23]. In contrast, all four patients with destructive thyroiditis in this study were read-
ministered nivolumab, but further exacerbation of thyrotoxicosis was not observed. It is
important to confirm our findings in future studies with a larger cohort and longer periods of
observation.

It has been reported that a patient treated with nivolumab developed destructive thy-
roiditis followed by isolated ACTH deficiency [22] and that another patient treated with
ipilimumab developed type 1 diabetes followed by pan-hypopituitarism [24]. In addition, the
incidence of endocrine irAEs was suggested to be increased by the simultaneous adminis-
tration of nivolumab and ipilimumab [10]. Consistent with these previous studies, one patient
in our Ab-positive group who developed destructive thyroiditis had a history of isolated ACTH
deficiency during prior ipilimumab treatment. This finding suggests that patients who de-
velop autoimmunity against a self-antigen after immune checkpoint blockade are susceptible
to develop immune responses against heterologous antigens and that the use of two types of
immune checkpoint inhibitors increases the risk of endocrine irAEs. Further study is required
to support this hypothesis.

Patients with Hashimoto thyroiditis have been reported to have both thyroid peroxidase
and thyroglobulin recognized by CD8 T cells [25]. The progression of low echogenicity in
ultrasonography in this study is consistent with the possible infiltration of inflammatory cells
such as lymphocytes into the thyroid glands. Although the precise immunological mechanism
remains unclear, drastic changes in the Ab titers and ultrasonography findings in this study
suggest that the immune responses to thyroglobulin and/or thyroid peroxidase may be in-
volved in the pathogenesis of destructive thyroiditis induced by nivolumab. This hypothesis is
further supported by the findings that titers of TPOAbs and/or TgAbs increased not only in
patients who developed thyrotoxicosis but also in some patients who did not. It is an objective
for future studies to clarify if the magnitude of changes in the titers is associated with the
development of thyrotoxicosis and hypothyroidism.

There are some limitations in this study. First, the follow-up period was only 24 weeks,
and therefore we cannot exclude the possibility that the patients who had positive anti-
thyroid Abs but not thyroid dysfunction during the observation period will develop de-
structive thyroiditis or hypothyroidism in the future. Indeed, a previous study suggested
that long-term observations are necessary to clarify the role of autoimmune mechanisms
underlying hypothyroidism development in patients treated with sunitinib [26]. However, it
has been reported that most nivolumab-induced adverse events occurred within the first
16 weeks of treatment [9] and that irAEs in the thyroid mostly developed within the first
3 months [27]. This was also true in this study; the longest duration from the initiation of
nivolumab to the onset of thyrotoxicosis was 60 days (9 weeks). Therefore, the degree of
underestimation of destructive thyroiditis is quite low. Second, the sample size in this study
was small (n = 66), and other endocrine irAEs reported to date, such as pituitary dysfunction
[28], adrenal insufficiency [29], and type 1 diabetes mellitus [13], were not observed in this
study. Nevertheless, our study clearly showed that destructive thyroiditis was induced in a
substantial number of patients and that the existence of TgAbs and/or TPOADbs at baseline
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was significantly correlated with the development of destructive thyroiditis, suggesting
clinical benefit in the examination of thyroid Abs when considering nivolumub treatment as
well as monitoring thyroid Ab and thyroid function during the treatment.

It is unclear from this study whether irAEs are associated with better clinical responses of
nivolumab. A previous study reported that cutaneous irAEs were associated with improved
outcomes in patients with MM treated with nivolumab [30]. Whether this is also the case with
thyroidal irAEs awaits further examination.

In summary, destructive thyroiditis was a frequently observed endocrine irAE induced by
nivolumab treatment and was significantly associated with the existence of TgAbs and/or
TPOADbs prior to treatment.
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