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ABSTRACT

The presence of anti-thyroid antibodies (ATAs) is a biomarker for the development of thyroid
dysfunction induced by anti-programmed cell death-1 antibodies (PD-1-Abs). While patients with thyroid
dysfunction reportedly showed better overall survival (OS), it remains unknown if ATAs at baseline
can predict OS. Therefore, in this study, we examined the association of ATAs at baseline with OS in
non-small cell lung cancer (NSCLC) patients with different levels of programmed cell death-1 ligand 1
(PD-L1) positivity associated with PD-1-Ab treatment efficacy. A total of 81 NSCLC patients treated with
PD-1-Abs were evaluated for ATAs at baseline and prospectively for OS. Among the 81 patients, 49 and
32 patients had >50% (group A) and <50% (group B) PD-L1 positivity, respectively. Median OS did not
differ significantly between patients with (n = 13) and without (n = 36) ATAs at baseline in group A. In
contrast, median OS was significantly longer in patients with (n = 10) versus without (n = 22) ATAs at
baseline in group B (not reached vs 378 days, respectively; 95% CI, 182 to 574 days, p = 0.049). These
findings suggest that the presence of ATAs at baseline is a biomarker to predict better treatment efficacy
of PD-1-Abs in NSCLC patients with low PD-L1 positivity, while the difference in OS in those with high
PD-L1 positivity may be masked by increased tumor expression of PD-L1.
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ICIs: immune checkpoint inhibitors
irAEs: immune-related adverse events
NSCLC: non-small cell lung cancer

OS: overall survival

PD-L1: programmed cell death-1 ligand 1
PD-1: programmed cell death-1

This is an Open Access article distributed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International
License. To view the details of this license, please visit (http://creativecommons.org/licenses/by-nc-nd/4.0/).

INTRODUCTION

Immune checkpoint inhibitors (ICIs) are promising treatments for several malignancies,
including non-small cell lung cancer (NSCLC)." However, ICIs can cause adverse events, termed
immune-related adverse events (irAEs), in various organs including the endocrine glands,>® and
thyroid dysfunction is one of the most frequent endocrine irAEs in patients treated with anti-
programmed cell death-1 (PD-1) antibodies.*®

Several studies have reported the association of greater anti-tumor effects of ICI treatment with
the development of irAEs in cancer patients. For example, skin irAEs induced by nivolumab, an
anti-PD-1 antibody, are associated with longer overall survival (OS) in patients with malignant
melanoma’ and NSCLC.® In a previous study, we prospectively analyzed the association of OS
with the development of endocrine irAEs and showed that pituitary and thyroid irAEs were
associated with longer OS in NSCLC patients.® Other studies also reported better outcomes in
patients who developed thyroid irAEs compared with patients who did not.!%!!

While these findings are important for understanding ICI treatment outcomes, it is more criti-
cal to predict the therapeutic efficacy of ICIs before initiating treatment. However, only a few
clinical parameters, such as age,'? the presence of brain metastases,'>!* and Eastern Cooperative
Oncology Group performance status (ECOG PS)!*!* at baseline, are known to be associated with
OS in patients with NSCLC. While we previously reported that the presence of anti-thyroid
antibodies (ATAs) at baseline is a predictive biomarker for the development of thyroid dysfunction
induced by anti-PD-1 antibodies,'>"'® a prospective study showed that OS was not associated with
the presence of ATAs at baseline in patients with NSCLC treated with anti-PD-1 antibodies."
However, that study analyzed all patients regardless of background characteristics, which may
have affected the outcomes, including programmed cell death-1 ligand 1 (PD-L1) expression.'

In this study, we examined the association of ATAs at baseline with OS in NSCLC patients
treated with anti-PD-1 antibodies in terms of the levels of PD-L1 positivity.

METHODS

Patients

Patients with NSCLC who received treatment with nivolumab or pembrolizumab at Nagoya
University Hospital from November 2, 2015 to September 30, 2020 were included in the study.
Patients who were treated with a combination of pembrolizumab and chemotherapies and patients
with more than two malignancies were excluded. All patients were evaluated for ATAs at baseline
and prospectively for OS, until death or referral to another hospital. All patients were included
in our prospective study analyzing the clinical features of endocrine irAEs (UMIN000019024).

Nivolumab was administered to patients at a dose of either 3 mg/kg or 240 mg every 2 weeks
or 480 mg every 4 weeks. Pembrolizumab was administered to patients at a dose of 2 mg/kg
or 200 mg every 3 weeks or 400 mg every 6 weeks. Nivolumab or pembrolizumab treatment
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was continued until disease progression, death, unacceptable severe adverse events, or withdrawal
of consent occurred.

Written informed consent was obtained from all patients. This study was performed according
to the Declaration of Helsinki and was approved by the Ethical Committee of Nagoya University
Hospital.

Assessments

The following baseline factors were evaluated: age, sex, body mass index (BMI), drug use,
line of anti-PD-1 antibody treatment, smoking history, tumor histology, ECOG PS, presence
of brain, liver, or bone metastases, PD-L1 positivity, and serum ATA levels (anti-thyroglobulin
[Tg] antibodies [TgAbs] and anti-thyroid peroxidase [TPO] antibodies [TPOAbs]). TgAb and
TPOAD levels were measured using electrochemiluminescence immunoassays (Elecsys Anti-Tg
kit and Elecsys Anti-TPO kit, respectively; Roche Diagnostics, Mannheim, Germany). The normal
ranges of TgAb and TPOADb were defined as <28 IU/mL and <16 IU/mL, respectively. The
relationship between the above baseline factors and OS as a clinical outcome was examined.
OS was determined for participants in this study until death from any cause. PD-L1 positivity
was determined by testing PD-L1 expression in formalin-fixed tumor tissues using the PD-L1
THC 22C3 pharmDx assay (Agilent, Santa Clara, CA, USA). The rate of PD-L1 positivity was
determined visually by pathologists.

Statistical analyses

Continuous variables of patient characteristics (ie, age, BMI) were expressed as the means +
standard deviations. The differences between continuous variables were tested for significance
with the two-sample t-test or Wilcoxon’s rank sum test. Values of nominal variables (ie, sex,
drug use, line of anti-PD-1 antibody treatment, tumor histology, ECOG PS, the presence of brain,
liver or bone metastases, smoking history, and PD-L1 positivity at baseline) were compared using
the * test or Fisher’s exact test. OS was analyzed using the Kaplan-Meier method, expressed
as median and 95% confidence interval (CI) and compared using a log-rank test. The end date
for the survival analysis was set to September 30, 2021. All statistical tests were two-tailed, and
significance was set at a p-value of <0.05. All statistical analyses were performed with IBM
SPSS Statistics version 27 (IBM, Chicago, IL, USA).

Patient and public involvement
Patients and the public were not involved in the design, conduct, reporting, or dissemination
plans of this research.

RESULTS

Patient characteristics

A total of 143 patients with NSCLC were treated with nivolumab or pembrolizumab at Nagoya
University Hospital from November 2, 2015 to September 30, 2020. Among the 143 patients,
23 patients who were treated with a combination of pembrolizumab and chemotherapies and 1
patient who had more than two malignancies were excluded (Fig. 1). Thirty-eight patients whose
PD-L1 status was unknown were also excluded from the analysis (Fig. 1). A total of 81 patients
were included in this study (Fig. 1). Of the 81 patients enrolled in the study, 69 patients had
also been included in our previous studies.®!>17-202!
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Total number of patients treated with Niv or Pem

N =143

—_—

Excluded (n =62)

23 patients treated with chemotherapies
1 patient had more than 2 malignancies
38 patients with unknown PD-L1 positivity

PD-L1 positivity
250% <50%
[ N=49 | [ N=32 ]

Fig. 1 Flow diagram for registration of patients
Niv: nivolumab
Pem: pembrolizumab
PD-L1: programmed cell death-1 ligand 1

The presence of ATAs at baseline was not associated with prolonged OS in NSCLC patients
treated with anti-PD-1 antibodies who had >50% PD-LI positivity

Anti-PD-1 antibodies are generally used as first-line treatment in patients who have >50%
PD-L1 positivity due to better efficacy. Therefore, we examined the prevalence of >50% PD-L1
positivity and analyzed the association of OS with the presence of ATAs at baseline according
to PD-L1 positivity. Among the 81 patients, 49 and 32 patients had >50% and <50% PD-L1
positivity, respectively.

At baseline, among the 49 patients with >50% PD-L1 positivity, 13 were positive for TgAbs
and/or TPOADbs (ATA-positive group). The remaining 36 patients were negative for ATAs at
baseline (ATA-negative group) (Table 1). In the patients who had >50% PD-L1 positivity, there
was no significant difference in the median OS between the patients who tested positive vs the
patients who tested negative for ATAs at baseline (441 days [95% CI 252 to 630 days] vs 521
days [95% CI 106 to 936 days], p = 0.898; Fig. 2A). There were no significant differences in

A B
100f
g o 3
© © ATA-positive group
> >
$ 60 . . S 60
] « ATA-negative group 5
2] [ S 2] ":
T 40f T 40| i
] ATA-positive group )
3 3 20l "1 ATA-negative group
20 p: 0898 p= 0049 | e +
0 0
0 300 600 900 1200 1500 1800 0 300 600 900 1200 1500 1800
Time (days Time (days)
No. at risk (days) No. at risk
ATA-positive 13 8 5 4 3 2 0 ATA-positive 10 8 3 3 2 1 0
ATA-negative 36 23 11 8 1 1 0 ATA-negative 22 13 4 2 1 1 0

Fig. 2 Overall survival (OS) in patients with and without anti-thyroid antibodies (ATAs) at baseline
Solid and dashed lines indicate the OS of patients who did and did not have ATAs at baseline, respectively.
Fig. 2A: OS in patients with 250% PD-L1 positivity.

Fig. 2B: OS in patients with <50% PD-L1 positivity.
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age, BMI, drug use, tumor histology, ECOG PS, presence of brain, liver or bone metastases, or
smoking history between the ATA-positive and ATA-negative groups; however, the sex distribution
differed significantly between the two groups (Table 1).

Table 1 Characteristics of patients who had 250% programmed cell death-1 ligand-1 positivity

Characteristics Total ATA-negative ATA-positive p value
n =49 n = 36 n=13

Age (years) 69 = 10 70 £ 8 69 = 11 0.781
<70 22 16 6 1.000
>70 27 20 7

Sex
Female 13 6 7 0.024
Male 36 30 6

BMI (kg/m?) 21 £ 3 21 £ 3 21 + 4 0.451
<25 43 31 12 1.000
>25 6 5 1

Drugs
Nivolumab 2 1 1 0.464
Pembrolizumab 47 35 12

Tumor histology
SCC 12 8 4 0.708
Non-SCC 37 28 9

ECOG PS
<2 46 34 12 1.000
>?2 3 2 1

Brain metastases
Yes 5 5 0 0.306
No 44 31 13

Liver metastases
Yes 7 4 3 0.363
No 42 32 10

Bone metastases
Yes 14 12 2 0.297
No 35 24 11

Smoking history
Current/former 39 30 9 0.422
Never 10 6 4

Data are represented by the mean + SD or n.

ATA: anti-thyroid antibody

BMI: body mass index

SCC: squamous cell carcinoma

Non-SCC: non-squamous cell carcinoma

ECOG PS: Eastern Cooperative Oncology Group performance status
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Table 2 Characteristics of patients who had <50% programmed cell death-1 ligand-1 positivity

Characteristics Total ATA-negative ATA-positive p value
n =32 n=22 n =10

Age (years) 68 = 10 73 + 6 62 = 11 0.163
<70 14 10 4 1.000
>70 18 12 6

Sex
Female 7 5 2 1.000
Male 25 17 8

BMI (kg/m?) 22 +3 21 = 4 22 + 2 0.703
<25 26 18 8 1.000
>25 6 4 2

Drugs
Nivolumab 18 15 3 0.062
Pembrolizumab 14 7 7

Tumor histology
ScC 13 8 5 0.699
Non-SCC 19 14 5

ECOG PS
<2 30 20 10 1.000
>2 2 2 0

Brain metastases
Yes 6 4 2 1.000
No 26 18 8

Liver metastases
Yes 4 4 0 0.283
No 28 18 10

Bone metastases
Yes 8 8 0 0.035
No 24 14 10

Smoking history
Current/former 26 18 8 1.000
Never 6 4 2

PD-L1 positivity
<1% 8 8 0 0.035
1-49% 24 14 10

Data are represented by the mean + SD or n.

ATA: anti-thyroid antibody

BMI: body mass index

SCC: squamous cell carcinoma

Non-SCC: non-squamous cell carcinoma

ECOG PS: Eastern Cooperative Oncology Group performance status
PD-L1: programmed cell death-1 ligand 1
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The presence of ATAs at baseline was associated with prolonged OS in NSCLC patients treated
with anti-PD-1 antibodies who had <50% PD-LI positivity

Among the 32 patients with <50% PD-L1 positivity at baseline, 10 were positive for ATAs
(Table 2). The remaining 22 patients were negative for ATAs at baseline. In the patients who
had <50% PD-L1 positivity, the median OS was significantly longer for the patients who tested
positive for ATAs at baseline than for those who tested negative (not reached vs 378 days [95%
CI 182 to 574 days], p = 0.049; Fig. 2B). There were no significant differences in age, BMI,
drug use, tumor histology, ECOG PS, presence of brain or liver metastases, or smoking history
between the ATA-positive and ATA-negative groups; however, the presence of bone metastasis
and prevalence of PD-L1 positivity differed significantly between the two groups (Table 2).

The association of PD-LI positivity with OS

When the association of PD-L1 positivity with OS was analyzed in this cohort, median OS
did not differ significantly between patients who had >50% PD-L1 positivity (n = 49) and those
who had <50% PD-L1 positivity (n = 32) (499 days [95% CI 144 to 853 days] vs 493 days
[95% CI 248 to 738 days], p = 0.964).

DISCUSSION

This real-world prospective study revealed that positive ATAs at baseline are associated with
longer OS in NSCLC patients treated with anti-PD-1 antibodies only if the patients have <50%
PD-L1 positivity.

While ICI treatment showed anti-tumor effects in patients with advanced malignancies, includ-
ing NSCLC, these effects were observed only in a limited subset of patients.! Therefore, it is
important to identify patients who will show better responses before initiating ICI treatment.
Several studies have shown that the development of irAEs induced by ICIs is associated with
better outcomes.”?> As for endocrine irAEs, the development of thyroid dysfunction induced by
anti-PD-1 antibodies was associated with prolonged OS in NSCLC patients in prospective®!® and
retrospective studies.”*** However, the development of irAEs cannot be used as a biomarker to
predict treatment outcomes before the initiation of ICIs. Here, we showed that the presence of
ATAs at baseline was a biomarker for better OS in patients with <50% PD-L1 positivity who
received anti-PD-1 antibodies. In previous studies, we clarified that patients who tested positive
for ATAs at baseline developed thyroid dysfunction at a higher frequency than those who tested
negative.'”™'® Thus, to the best of our knowledge, we have demonstrated for the first time that a
serological biomarker for an irAE also has the potential to be a biomarker for OS.

Several studies have examined the association of ATAs with treatment outcomes. Toi et al
reported that the prevalence of ATAs at baseline was significantly higher in responder patients
with NSCLC (both complete response and partial response) than non-responder patients (stable
disease and progressive disease). In a retrospective study of 70 NSCLC patients treated with
nivolumab,” 9 of 21 responder patients (43%) vs 6 of 49 non-responder patients (12%) had
ATAs at baseline; OS was not examined in their study. Subsequently, the same group reported
that ATAs at baseline were not associated with OS or progression-free survival (PFS) in another
retrospective analysis of a larger number of NSCLC patients (n = 137), in which all patients were
analyzed regardless of treatment lines and PD-L1 positivity.!” Another study also found that ATA
status at baseline was not associated with OS or PFS in patients treated with anti-PD-1 antibodies;
the study included not only patients with NSCLC but also those with other malignancies (renal
cell carcinoma and melanoma).”® In this study, we analyzed the association of ATAs at baseline
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with OS in NSCLC patients treated with anti-PD-1 antibodies in terms of >50% or <50% PD-L1
positivity and showed that the presence of ATAs at baseline was significantly associated with
better OS in patients with <50% PD-L1 positivity.

In a phase 3 study comparing pembrolizumab with platinum-based chemotherapy as the first-
line treatment in NSCLC patients with >50% PD-L1 positivity, OS was significantly prolonged
in the pembrolizumab group.?’?® In addition, the hazard ratio for OS was the lowest in patients
with >50% PD-L1 positivity among the analyses of patients with >50%, >20% and >1% PD-L1
positivity, suggesting an association of higher tumor PD-L1 positivity with greater efficacy of
pembrolizumab. Based on these clinical findings, pembrolizumab is preferentially used as the
first-line treatment for NSCLC patients who have high PD-L1 positivity (250%). This may explain
why the association of OS with the presence of ATAs at baseline was different between patients
with 250% and those with <50% PD-L1 positivity in this study. Although median OS did not
differ between patients with >50% PD-L1 positivity and patients with < 50% PD-L1 positivity,
this real-world study included not only patients treated with pembrolizumab, but also patients
treated with nivolumab. Since a clinical trial of nivolumab showed that a higher cutoff value of
PD-L1 expression (=1, >5 and >10%) was associated with a stronger effect on OS prolongation®,
the cutoff value for PD-L1 positivity that determines therapeutic efficacy may vary among drugs.

Possible explanations for the association of ATAs with better OS in patients who have <50%
PD-L1 positivity are as follows: 1) common epitopes exist between thyroid autoantigens and
cancer antigens, 2) common human leukocyte antigen (HLA) types restrict the T-cell response
to both thyroid antigens and cancer antigens, and 3) the better response of anti-PD-1 antibodies
in NSCLC patients with > 50% PD-L1 positivity may be masked by increased tumor expression
of PD-L1. Thus, PD-L1 expression in tumor cells is upregulated by interferon-y produced by
infiltrated T cells,® and high PD-L1 positivity in tumors may reflect greater T-cell infiltration.
In this case, greater efficacy of anti-PD-1 antibodies would be expected. If higher expression
of tumor PD-L1 induces greater efficacy of anti-PD-1 antibodies, the difference in OS, if any,
between ATA-positive and ATA-negative groups could be subtle in patients with >50% PD-L1
positivity.

BMI, ECOG PS, age and genetic variations are reported to be possible markers for better
treatment outcomes with ICIs. BMI at baseline was reported as a possible marker affecting OS,
although there was no difference in BMI between ATA-positive and ATA-negative groups in this
study. In previous studies, the mean BMI was higher in patients who developed overt thyroid
dysfunction induced by blockade of PD-1 or PD-L1 than in those who did not (27.3 = 6.0 vs
24.9 + 4.5)" and obesity was also associated with better efficacy of PD-1/PD-L1 blockade in
cancer patients.*> This suggests that measuring BMI at baseline may be useful to predict not
only a risk of thyroid irAEs but also the anti-tumor efficacy of ICIs. ECOG PS and age were
also reported to be associated with better OS. Using multivariate analysis, several studies also
reported that ECOG PS <2 was significantly associated with better OS in NSCLC patients.'>'*
In contrast, other investigators reported that age >70'*!* or age <75' are significant factors
associated with better OS in NSCLC patients, indicating that the association of age with better
OS remains inconclusive. It was also reported that a polygenic risk score, determined based on
genetic variations associated with thyroid autoimmunity, was high in patients who developed
atezolizumab-induced thyroid dysfunction and that patients with a high polygenic risk score
were at a lower risk of death from breast cancer,® suggesting the usefulness of genetic analysis
at baseline. Taken together, it may be useful to consider the above parameters as well as ATA
status at baseline for the prediction of treatment efficacy in PD-1 blockade.

In the analysis of 49 patients who had >50% PD-L1 positivity, the sex distribution differed
significantly between the ATA-positive and ATA-negative groups. The sex distribution was
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reasonable, because females have thyroid autoimmunity more frequently than males.**3 In the
32 patients who had <50% PD-LI1 positivity, there was a significant difference in the prevalence
of patients with <1% PD-L1 positivity between the ATA-positive and ATA-negative groups. This
difference in background characteristics may have affected the OS results in this study. Since the
reported cutoff values of PD-L1 positivity to identify patients showing better outcomes differed
between pembrolizumab and nivolumab, future studies in a larger number of NSCLC patients
treated with each drug are needed to confirm the association of positive ATAs at baseline with
longer OS in patients with <50% PD-L1 positivity.

We found a significant difference in the frequency of bone metastasis between the ATA-positive
and ATA-negative groups among patients with <50% PD-L1 positivity. Patients with advanced
malignancies sometimes develop metastatic lesions and often have a poor prognosis. Regarding
bone metastasis, an association between bone metastasis and poor OS in NSCLC patients treated
with ICI monotherapy was found in some reports'>*** but not others.**' Therefore, it remains
inconclusive if the presence of bone metastasis had an effect on OS in this study.

This study had some limitations. First, the numbers of patients analyzed in this study were
relatively small. Second, the lower prevalence of <1% PD-L1 positivity in ATA-positive versus
ATA-negative groups may have affected OS in the analysis of patients who had <50% PD-L1
positivity. Third, this study included patients who had different treatment histories before or after
anti-PD-1 antibody treatment, which may have affected OS.

CONCLUSIONS

Our data showed the association of positive ATAs at baseline with longer OS in the patients
who had <50% PD-L1 positivity, but not in those with 250% PD-L1 positivity. These results
indicate that the presence of ATAs at baseline may predict the treatment outcomes in NSCLC
patients with <50% PD-L1 positivity receiving treatment with anti-PD-1 antibodies. Therefore,
the presence of ATAs at baseline is a clinically relevant biomarker for ICI treatment outcomes.
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