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Background: Recent studies have suggested a correlation between immune-related thyroid dysfunction
(irTD) and the superior efficacy of anti-programmed cell death protein-1 (anti-PD-1) treatment in nonsmall cell lung cancer (NSCLC). Embryologically, the lung and thyroid are similar in origin, and thyroid
transcription factor-1 (TTF-1) expresses in both organs, including NSCLC. We explored our hypothesis
that TTF-1 expression in NSCLC might correlate with irTD incidence and anti-PD-1 treatment efficacy.
Methods: We identified 132 patients with NSCLC treated with anti-PD-1 antibody at our hospital between
December 2015 and June 2017. We evaluated TTF-1 expression in tumor by immunohistochemistry using
a mouse monoclonal antibody (clone 8G7G3/1, 1:100, Dako). IrTD was defined as two or more successive
abnormal levels of thyroid-stimulating hormone (TSH) during anti-PD-1 treatment. We retrospectively
assessed correlations between TTF-1 expression in tumor, irTD incidence, and anti-PD-1 treatment efficacy.
Results: Of 132 patients, 67 (51%) and 65 (49%) were positive and negative for TTF-1, respectively.
We observed irTD in 19 patients (6 positives and 13 negatives for TTF-1). The incidence of irTD was
9% and 20% in TTF-1-positive and TTF-1-negative NSCLCs, respectively (P=0.086). Particularly, in
non-squamous (NSQ) cell carcinomas, the irTD incidence was significantly higher in patients negative
for TTF-1 (30%) than in those positive for TTF-1 (9%; P=0.010), and TTF-1 expression was identified
as a significant risk factor for irTD on multivariate logistic regression analysis [odds ratio (OR), 0.18;
95% confidence interval (CI), 0.05–0.59; P=0.005]. Furthermore, longer median progression-free survival
(10.3 months) was observed in patients with TTF-1-negative NSCLC with irTD compared to those with
TTF-1-positive NSCLC with irTD, TTF-1-positive NSCLC without irTD, and TTF-1-negative NSCLC
without irTD (4.2, 1.4, and 2.4 months, respectively).
Conclusions: TTF-1 expression in NSCLC might correlate with irTD and anti-PD-1 treatment efficacy.
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Introduction

Data collection and assessment

Anti-programmed cell death protein-1 (anti-PD-1)
antibody, nivolumab or pembrolizumab, prolongs overall
survival (OS) in patients with advanced or recurrent nonsmall cell lung cancer (NSCLC) (1-4).
The interruption of PD-1 signaling by anti-PD-1
antibody reactivates T-cell–mediated antitumor immunity,
but alteration of the immune signaling pathway results
in various immune-related adverse events (irAEs). In
melanoma patients who received immunotherapy including
anti-PD-1 treatment, skin irAEs, especially vitiligo, have
correlated with clinical response or survival (5-9). This
association is thought to be caused by shared antigens
between melanoma cells and normal melanocytes (7,8).
Recent studies have suggested a correlation between
irAEs, including immune-related thyroid dysfunction
(irTD), and the superior efficacy of anti-PD-1 treatment in
NSCLC (10-14). Previously, certain cancer-testis antigens
that are expressed in NSCLC were reported to have amino
acid sequence homology with thyroid autoantigens, and
thyroid dysfunction occurred by cross-reaction (15-17).
These findings suggest that irTD is caused by shared
antigen between NSCLC and the thyroid, and may indicate
anti-NSCLC immunity in anti-PD-1 treatment.
The lung and thyroid differentiate from the endoderm
and embryologically they are similar in origin. Thyroid
transcription factor-1 (TTF-1), which is known to be a
member of the homeodomain-containing transcription
factor family and controls embryonic development and
morphogenesis of the thyroid and lung, expresses in both
organs, including NSCLC (18-22). In this context, we
hypothesized that TTF-1 expression in NSCLC, which
could be a shared antigen with the thyroid, might correlate
with irTD incidence and anti-PD-1 treatment efficacy.
To explore this hypothesis, we conducted a retrospective
analysis.

We reviewed subjects’ medical records. Clinical information,
including patient characteristics; laboratory, radiologic, and
pathologic findings; anticancer therapy history; and response
to treatment, were collected retrospectively. TTF-1 in biopsy
specimens was immunostained using a mouse monoclonal
antibody (clone 8G7G3/1, 1:100; Dako, Santa Clara, CA,
USA), as described previously (23). TTF-1 immunostaining
results were based on nuclear staining of neoplastic cells.
Tumors were considered negative expression if staining was
found in <5% of neoplastic cells and positive expression if
in ≥5% (24). In this analysis, TTF-1 expression of ≥5% was
classified as positive uniformly, regardless of the intensity
of staining. Thyroid function tests, including thyroidstimulating hormone (TSH), free thyroxine (fT4), and free
triiodothyronine (fT3), were measured before treatment and
monthly after the first administration of anti-PD-1 antibody.
We defined ≥2 successive abnormal TSH levels during antiPD-1 treatment as indicating irTD. All subjects underwent
computed tomography every 2–3 months with a few
exceptions. Tumors were assessed according to the Response
Evaluation Criteria in Solid Tumors version 1.1 (25).
Median follow-up was defined as the median length of time
between the first administration of anti-PD-1 antibody and
death or last survival. We defined progression-free survival
(PFS) as the length of time between the first administration
of anti-PD-1 antibody and death or disease progression, and
OS as the length of time between the first administration of
anti-PD-1 antibody and death. Patients were censored when
information on time to event was not available due to loss to
follow-up or non-occurrence of outcome event before the
end of follow-up. PFS, OS, objective response rate (ORR),
and disease control rate (DCR) to anti-PD-1 treatment were
determined using treating investigator tumor assessments.
We assessed retrospectively the irTD incidence and antiPD-1 treatment efficacy in patients positive or negative for
TTF-1. Follow-up ended on August 31, 2017.

Methods
Patient selection

Statistical analysis

Patients with advanced or recurrent NSCLC who received
anti-PD-1 antibody, nivolumab or pembrolizumab, at
the Cancer Institute Hospital of Japanese Foundation for
Cancer Research between December 2015 and June 2017
were identified, and those evaluated for TTF-1 expression
were analyzed.

We compared baseline differences in patient characteristics
between subgroups using Fisher’s exact test or Student’s
t-test. ORR, DCR, and irTD incidence were compared with
Fisher’s exact test. Among baseline patient characteristics,
the risk factors for irTD were explored using univariate
and subsequent multivariate logistic regression analysis.
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Factors with P<0.20 on univariate analyses were included for
multivariate logistic regression analysis. PFS and OS curves
were estimated using the Kaplan-Meier method and the
differences between subgroups were compared by the logrank test. All statistical tests were two-sided and P<0.05 was
considered statistically significant. Statistical analyzes were
performed using EZR on R commander version 1.36 (Saitama
Medical Center, Jichi Medical University, Saitama, Japan) (26).

risk factors on univariate logistic regression analysis, these
factors did not show statistically significant difference on
multivariate analysis (Table 3). In patients with NSQ cell
carcinomas, however, TTF-1 expression and treatment line
were candidate risk factors on univariate logistic regression
analysis, and TTF-1 expression was identified as a significant
factor on multivariate analysis [OR, 0.18; 95% confidence
interval (CI), 0.05–0.59; P=0.005] (Table 4).

Results

Correlation between TTF-1 expression, IrTD, and
anti-PD-1 treatment efficacy

Patient characteristics
A total of 139 patients with advanced or recurrent NSCLC
received anti-PD-1 treatment. Of 132 patients evaluated
for TTF-1 expression, 67 (51%) and 65 (49%) were
positive and negative for TTF-1, respectively (Figure S1).
Patient characteristics are shown in Table 1. The median
patient age was 66 years. Most patients were male, had
a performance status (PS) score of ≤1, were current or
former smokers, and had undergone ≤1 regimen of previous
systemic therapy. A total of 14 (11%) patients had the EGFR
sensitizing mutation or ALK translocation. Nivolumab
and pembrolizumab were given in 121 (92%) and 11 (8%)
patients, respectively. Never smoker, non-squamous (NSQ)
cell carcinomas, and driver oncogene-positive patients were
more frequent in the TTF-1-positive compared to the
TTF-1-negative NSCLC groups. At baseline, thyroid
dysfunction was observed in 13 patients.
Association between TTF-1 expression and IrTD incidence
Among 132 patients, irTD was observed in 19 (14%);
6 and 13 were TTF-1-positive and TTF-1-negative,
respectively. Of the 19 cases with irTD, there were 10
grade 1 and 9 grade 2. The irTD incidence in TTF1-positive and TTF-1-negative NSCLCs was 9% and
20%, respectively (P=0.086). Particularly, the irTD
incidence was significantly higher in the NSQ cell
carcinomas patients negative for TTF-1 (30%) than
those positive for TTF-1 (9%; P=0.010) (Table 2).
The incidence of irTD, regardless of grade, tended to be
higher in TTF-1-positive than in TTF-1-negative patients
(Tables S1,S2). On the other hand, the incidence of irAE
other than irTD was not different between the TTF-1positive and TTF-1-negative NSCLC groups (Table S3).
We evaluated the risk factors for irTD. In patients with
NSCLC, although TTF-1 expression and age were candidate
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One hundred five patients (80%) had progression events
and 54 (41%) had died at the time of analysis (median
follow-up, 7.6 months; range, 0.2–19.8 months).
Correlation between TTF-1 expression and irTD and tumor
response is shown in Table 5. In NSCLC, the ORR of patients
with/without irTD was 47% and 29% respectively (P=0.181).
The DCR was significantly higher in patients with irTD (79%)
than in those without irTD (39%; P=0.002). In the TTF-1positive NSCLC group, no significant differences in ORR and
DCR were observed between patients with and without irTD.
However, in the TTF-1-negative NSCLC group, DCR was
significantly higher in patients with irTD (85%) than in those
without irTD (48%; P=0.027). Furthermore, also in the NSQ
cell carcinomas group, the development of irTD was associated
with a good response (Table S4).
Kaplan-Meier analysis of PFS is shown in Figure 1.
Median PFS was significantly longer in NSCLC patients
with irTD than in those without irTD (8.8 months; 95% CI,
2.1–15.3 months vs. 1.8 months; 95% CI, 1.4–2.4 months;
P=0.012). In the TTF-1-positive NSCLC group, no
significant differences in PFS were observed between
patients with and without irTD. In the TTF-1-negative
NSCLC group, however, there was a significant difference
in median PFS between these two groups [10.3 months;
95% CI, 2.1–not reached (NR) months vs. 2.4 months; 95%
CI, 1.7–3.8 months; P=0.030].
Kaplan-Meier analysis of OS is shown in Figure 2. Median
OS was significantly longer in NSCLC patients with irTD
than in those without irTD (NR; 95% CI, 10.5–NR months
vs. 14.1 months; 95% CI, 9.4–NR months; P=0.011). In
the TTF-1-positive and TTF-1-negative NSCLC groups,
median OS tended to be longer in patients with irTD than
in those without irTD. This tendency was remarkable
in the TTF-1-negative NSCLC group (NR; 95% CI,
10.5–NR months vs. 14.1 months; 95% CI,
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Table 1 Patient characteristics
Characteristics

All patients (n=132)

TTF-1 positive (n=67)

TTF-1 negative (n=65)

P value

Median [range], year

66 [39–86]

64 [39–82]

67 [39–86]

0.168

≥75-year-old, No. [%]

21 [16]

9 [13]

12 [18]

0.482

Male

98 [74]

46 [69]

52 [80]

Female

34 [26]

21 [31]

13 [20]

≤1

109 [83]

54 [81]

55 [85]

≥2

23 [17]

13 [19]

10 [15]

Current or former

100 [76]

45 [67]

55 [85]

Never

32 [24]

22 [33]

10 [15]

Non-squamous cell carcinoma

99 [75]

66 [99]

33 [51]

Squamous cell carcinoma

33 [25]

1 [1]

32 [49]

EGFR sensitizing mutation

12 [9]

11 [16]

1 [2]

ALK translocation

2 [2]

2 [3]

0

Positive

35 [27]

16 [24]

19 [29]

Negative

14 [11]

8 [12]

6 [9]

Unknown

83 [63]

43 [64]

40 [62]

1st or 2nd line

82 [62]

37 [55]

45 [69]

3rd or subsequent line

50 [38]

30 [45]

20 [31]

Hyperthyroidism

1 [1]

0

1 [2]

Hypothyroidism

7 [5]

4 [6]

3 [5]

Subclinical hyperthyroidism

1 [1]

1 [1]

0

Subclinical hypothyroidism

4 [3]

4 [6]

0

121 [92]

63 [94]

58 [89]

11 [8]

4 [6]

Age

Sex, No. [%]

0.165

Performance status, No. [%]

0.648

Smoking status, No. [%]

0.025

Histology, No. [%]

<0.001

Driver oncogene status, No. [%]

0.001a

PD-L1 status, No. [%]

0.556b

Treatment line, No. [%]

0.109

Thyroid dysfunction at baseline, No. [%]

0.243c

Anti-PD-1 treatment, No. [%]
Nivolumab
Pembrolizumab
a

7 [11]

0.361

b

, difference between positive EGFR sensitizing mutation or ALK translocation and negative; , difference between positive PD-L1
and negative or unknown; c, differences between patients with and without thyroid dysfunction. TTF-1, thyroid transcription factor-1;
EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; PD-L1, programmed cell death protein ligand-1; anti-PD-1,
anti-programmed cell death protein-1.
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Table 2 Incidence of irTD with/without TTF-1 expression
Variables

NSQ cell carcinomas patients (n=99)

NSCLC patients (n=132)
TTF-1-positive (n=67)

TTF-1-negative (n=65)

With irTD

6

Without irTD
Incidence of irTD

P value

TTF-1-positive (n=66)

TTF-1-negative (n=33)

13

6

10

61

52

60

23

9%

20%

9%

30%

0.086

P value

0.010

irTD, immune-related thyroid dysfunction; TTF-1, thyroid transcription factor-1; NSCLC, non-small cell lung cancer; NSQ, non-squamous.

Table 3 Risk factors for irTD in patients with NSCLC
Factor

OR

95% CI

P value

Age, ≥75-year-old

0.26

0.03–2.05

0.200

Sex, male

0.71

0.25–2.05

0.532

Performance status, 2–4

0.51

0.11-2.40

0.399

Smoking, current or former smoker

0.88

0.29–2.66

0.820

Histology, squamous cell carcinoma

0.52

0.14–1.91

0.323

Driver oncogene (EGFR or ALK), positive

0.43

0.05–3.47

0.426

PD-L1 expression, positive

0.99

0.33–2.98

0.983

Treatment line, 3rd or subsequent line

1.58

0.59–4.21

0.359

Thyroid dysfunction at baseline, present

1.93

0.48–7.78

0.355

TTF-1 expression, positive

0.39

0.14–1.11

0.078

Age, ≥75-year-old

0.23

0.03–1.86

0.168

TTF-1 expression, positive

0.37

0.13–1.05

0.062

Univariate logistic regression analysis

Multivariate logistic regression analysis

irTD, immune-related thyroid dysfunction; NSCLC, non-small cell lung cancer; OR, odds ratio; CI, confidence interval; EGFR, epidermal
growth factor receptor; ALK, anaplastic lymphoma kinase; PD-L1, programmed cell death protein ligand-1; TTF-1, thyroid transcription
factor-1.

9.4–NR months; P=0.062).
We also investigated the relationship between irTD and
survival in patients with NSQ cell carcinomas (Figures S2,S3).
PFS and OS were significantly longer in NSQ cell
carcinomas patients with irTD than in those without irTD.
As in the population of NSCLC, PFS and OS tended to be
long particularly in TTF-1-negative NSQ cell carcinomas
patients with irTD.
Discussion
To our knowledge, this is the first report to refer to the

© Journal of Thoracic Disease. All rights reserved.

association between TTF-1 expression of NSCLC, irTD,
and anti-PD-1 treatment efficacy. Although the shared
antigen is important for the immune reaction, there are
few reports on the antigen related to irAE and anti-PD-1
treatment efficacy. Our analysis suggested that the incidence
of irTD might be high in patients with TTF-1-negative
NSCLC. Furthermore, in such patients, the development
of irTD was correlated strongly with superior response or
survival with anti-PD-1 treatment.
As a mechanism of irAEs, increasing T-cell activity
against shared antigens that are present in tumors and
healthy tissue is proposed (27,28). Although TTF-1 is
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Table 4 Risk factors for irTD in patients with NSQ cell carcinomas
Factor

OR

95% CI

P value

–

–

–

Sex, male

0.70

0.22–2.25

0.548

Performance status, 2–4

0.70

0.14–3.45

0.665

Smoking, current or former smoker

1.08

0.32–3.71

0.900

Driver oncogene (EGFR or ALK), positive

0.36

0.04–2.96

0.341

PD-L1 expression, positive

0.60

0.16–2.31

0.459

Treatment line, 3rd or subsequent line

2.16

0.73–6.37

0.164

Thyroid dysfunction at baseline, present

1.90

0.45–7.96

0.381

TTF-1 expression, positive

0.23

0.08–0.71

0.010

Treatment line, 3rd or subsequent line

3.13

0.95–10.3

0.061

TTF-1 expression, positive

0.18

0.05–0.59

0.005

Univariate logistic regression analysis
Age, ≥75-year-olda

Multivariate logistic regression analysis

a

, not evaluable because irTD was not observed in patients ≥75-year-old. irTD, immune-related thyroid dysfunction; NSQ, non-squamous; OR, odds ratio; CI, confidence interval; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase;
PD-L1, programmed cell death protein ligand-1; TTF-1, thyroid transcription factor-1.

Table 5 Response to anti-PD-1 treatment of NSCLC with/without irTD
All patients (n=132)
Variables

TTF-1-positive NSCLC (n=67)

With irTD Without irTD
P value
(n=19)
(n=113)

With irTD
(n=6)

Without irTD
(n=61)

TTF-1-negative NSCLC (n=65)
P value

With irTD
(n=13)

Without irTD
(n=52)

P value

Response, No. [%]
Complete response

0

2 [2]

0

2 [3]

0

0

Partial response

9 [47]

31 [27]

3 [50]

15 [25]

6 [46]

16 [31]

Stable disease

6 [32]

11 [10]

1 [17]

2 [3]

5 [38]

9 [17]

Progressive disease

4 [21]

69 [61]

2 [33]

42 [69]

2 [15]

27 [52]

Objective response rate

47%

29%

0.181

50%

28%

0.353

46%

31%

0.336

Disease control rate

79%

39%

0.002

67%

31%

0.171

85%

48%

0.027

anti-PD-1, anti-programmed cell death protein-1; NSCLC, non-small cell lung cancer; irTD, immune-related thyroid dysfunction; TTF-1,
thyroid transcription factor-1.

known as a protein commonly expressed in the lung
and thyroid, it is unknown whether TTF-1 expression
of NSCLC correlates with irTD development in antiPD-1 treatment. We assumed that irTD might develop
frequently in patients with TTF-1-positive NSCLC, but
surprisingly, the result was opposite to our hypothesis.
As a reason for the opposite correlation between TTF-1
expression and irTD development, sustained exposure
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of shared antigens may be considered. During chronic
infection or cancer, T-cell exhaustion, which is a state
of T-cell dysfunction defined by poor effector function
and sustained expression of various inhibitory receptors,
occurs (29). The duration and magnitude of antigenic
stimulation is known as a factor determining the
severity of T-cell exhaustion (30). TTF-1 is found also
in normal alveolar type Ⅱ cells and thyroid tissue. In
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With irTD
Median: 8.8 (95% CI, 2.1–15.3) months
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Log-rank test P=0.012
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7
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1
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With irTD
Median: 4.2 (95% CI, 1.4–NR) months
Without irTD Median: 1.4 (95% CI, 1.0–1.9) months
Log-rank test P=0.245
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4
4

1
2
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0
0

With irTD
Median: 10.3 (95% CI, 2.1–NR) months
Without irTD Median: 2.4 (95% CI, 1.7–3.8) months
Log-rank test P=0.030

Figure 1 Analysis of PFS for patients with/without irTD. (A) NSCLC (n=132); (B) TTF-1-positive NSCLC (n=67); (C) TTF-1-negative
NSCLC (n=65). irTD, immune-related thyroid dysfunction; NR, not reached; PFS, progression-free survival; NSCLC, non-small cell lung
cancer; TTF-1, thyroid transcription factor-1.
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Overall survival, %
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0
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5
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5

0
0

60
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With irTD
Median: NR (95% CI, 10.5–NR) months
Without irTD Median: 14.1 (95% CI, 9.4–NR) months
Log-rank test P=0.011

100
Overall survival, %

A

10
15
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20
5

7
3
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0

5

0
0

52
13

31
8

With irTD
Median: NR (95% CI, 7.3–NR) months
Without irTD Median: 12.6 (95% CI, 4.5–NR) months
Log-rank test P=0.114

10
15
Time, month
15
6

6
2

20
0
0

With irTD
Median: NR (95% CI, 10.5–NR) months
Without irTD Median: 14.1 (95% CI, 9.4–NR) months)
Log-rank test P=0.062

Figure 2 Analysis of OS for patients with/without irTD. (A) NSCLC (n=132); (B) TTF-1-positive NSCLC (n=67); (C) TTF-1-negative
NSCLC (n=65). irTD, immune-related thyroid dysfunction; NR, not reached; OS, overall survival; NSCLC, non-small cell lung cancer;
TTF-1, thyroid transcription factor-1.

TTF-1-positive NSCLC, the recognition of TTF-1 as a
cancer antigen may increase the magnitude of antigenic
stimulation. We speculate that an immune reaction
induced by anti-PD-1 treatment may be unlikely to occur
when the expression and exposure of shared antigen
are high because T-cell exhaustion occurs strongly.
Recently, the frequency of irTD has been suggested
to be higher in squamous cell carcinoma (SQ) than
NSQ cell carcinomas according to KEYNOTE-407 (31)
and KEYNOTE-189 (32) (phase 3 trials of combination
of pembrolizumab and chemotherapy for SQ-NSCLC
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and NSQ-NSCLC, respectively). Hypothyroidism
was observed in 7.9%, hyperthyroidism in 7.2%, and
thyroiditis in 1.1% in KEYNOTE-407, compared
with 6.7%, 4.0%, and 0.2% in the KEYNOTE-189,
respectively. The frequency of irTD tended to be high in
the KEYNOTE-407. These reports are consistent with
our findings.
Increasing levels of preexisting autoantibodies were
reported as another mechanism of irAEs (33). Recently, the
association between irTD and anti-thyroid antibodies, such
as anti-thyroglobulin antibodies or anti-thyroid peroxidase
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antibody detected before anti-PD-1 treatment, was
reported (10,34). However, these reports do not explain the
full mechanism of irTD because there are irTDs without
anti-thyroid antibodies. We have not examined for antithyroid antibodies, but the frequency of thyroid dysfunction
at baseline was not different between TTF-1-positive
and TTF-1-negative patients. Particularly in patients
with NSQ cell carcinomas, however, TTF-1 expression of
tumor was identified as a significant risk factor for irTD.
This suggested that the characteristics of the tumor itself
may affect the irTD incidence. Recently, a tumor-specific
irAE pattern has been reported (35), which supports our
suggestion.
Although TTF-1 has been expressed in various types of
lung cancer, it is reported frequently in NSQ-NSCLC (36).
In this analysis, histology and TTF-1 expression were
evaluated by biopsy specimens in most subjects. When
the tumor has a heterogeneity, evaluation of biopsy
specimens may be insufficient to assess whole tumor
characteristics. In addition, the histological subgroup
was defined by the pathologist at the initial diagnosis in
this analysis. In some cases, TTF-1 was not stained at
diagnosis and TTF-1 immunostaining was added later.
Therefore, we analyzed the population of NSCLCs and
NSQ cell carcinomas . Both analyses suggested similar
results that TTF-1 expression might be correlated with
irTD incidence, and PFS or OS tended to be long in
TTF-1-negative patients with irTD.
There are some limitations in this study. First, this is a
retrospective analysis of a small sample size from a single
institution and the background of subjects is not unified.
Because programmed cell death protein ligand-1 (PD-L1)
expression was evaluated in <40% of our patients, obtaining
the correlation between PD-L1 status and efficacy was
difficult. Our study included patients with EGFR sensitizing
mutation or ALK translocation and those with PS score of
≥2 for whom immunotherapy is controversial. The number
of previous chemotherapies of the participant varies, and
there are some differences in the timing of treatment
efficacy evaluation. These can make the data on efficacy
less robust. Second, we did not consider the timing of irTD
onset. Although irTD is an adverse event that occurs early
in treatment, there may be lead-time bias. Therefore, we
investigated the relationship between TTF-1 expression
and irTD in population with treatment duration within 3
months and of 3 months or more. In either population, the
frequency of irTD tended to be lower in TTF-1-positive
patients. These findings suggest that TTF-1 expression

© Journal of Thoracic Disease. All rights reserved.

is related to the occurrence of irTD regardless of the
treatment period (Tables S5,S6). Third, we assumed that the
correlation between TTF-1 expression and irTD incidence
was caused by shared antigens, but we did not confirm
the actual cross-reaction. However, we demonstrated that
TTF-1 is a representative shared antigen and a promising
candidate for understanding irTD and the effect of antiPD-1 treatment. We speculate that an immune reaction
induced by anti-PD-1 treatment to TTF-1 positive NSCLC
is suppressed to some degree because of T-cell exhaustion
as a result of immune tolerance to normal organs. Future
investigation of shared antigens including TTF-1 might
contribute to development in anti-PD-1 treatment, leading
to better patient selection.
In conclusion, our study suggested that TTF-1
expression in NSCLC might correlate with irTD and antiPD-1 treatment efficacy. Further studies are needed to
validate our findings.
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NSCLC receiving anti-PD-1
treatment (n=139)
No adequate specimen to
evaluate TTF-1 expression
(n=7)
TTF-1 expression was
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TTF-1-negative

(n=67)

(n=65)

Figure S1 Patient diagram. TTF-1 expression of tumors was assessed in patients with NSCLC who received anti-PD-1 treatment. NSCLC,
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Figure S2 Analysis of PFS for patients with/without irTD. (A) NSQ cell carcinomas (n=99); (B) TTF-1-positive NSQ cell carcinomas (n=66);
(C) TTF-1-negative NSQ cell carcinomas (n=33). irTD, immune-related thyroid dysfunction; NR, not reached; PFS, progression free
survival; NSQ, non-squamous; TTF-1, thyroid transcription factor-1.
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Figure S3 Analysis of OS for patients with/without irTD. (A) NSQ cell carcinomas (n=99); (B) TTF-1-positive NSQ cell carcinomas (n=66);
(C) TTF-1-negative NSQ cell carcinomas (n=33). irTD, immune-related thyroid dysfunction; NR, not reached; OS, overall survival; NSQ,
non-squamous; TTF-1, thyroid transcription factor-1.

Table S1 Incidence of grade 1 irTD with/without TTF-1 expression
Variables

NSQ cell carcinomas patients (n=99)

NSCLC patients (n=132)
TTF-1-positive (n=67) TTF-1-negative (n=65)

P value

TTF-1-positive (n=66)

TTF-1-negative (n=33)

With irTD

3

7

3

6

Without irTD

64

58

63

27

Incidence of irTD

4%

11%

5%

18%

0.203

P value

0.057

irTD, immune-related thyroid dysfunction; TTF-1, thyroid transcription factor-1; NSCLC, non-small cell lung cancer; NSQ, non-squamous.

Table S2 Incidence of grade 2 irTD with/without TTF-1 expression
Variables

NSQ cell carcinomas patients (n=99)

NSCLC patients (n=132)
TTF-1-positive (n=67) TTF-1-negative (n=65)

P value

TTF-1-positive (n=66)

TTF-1-negative (n=33)

With irTD

3

6

3

4

Without irTD

64

59

63

29

Incidence of irTD

4%

9%

5%

12%

0.321

P value

0.217

irTD, immune-related thyroid dysfunction; TTF-1, thyroid transcription factor-1; NSCLC, non-small cell lung cancer; NSQ, non-squamous.

Table S3 Incidence of irAE other than irTD with/without TTF-1 expression
NSQ cell carcinomas patients (n=99)

NSCLC patients (n=132)

Variables

TTF-1-positive (n=67)

TTF-1-negative (n=65)

With irAE

31

Without irAE
Incidence of irAE

P value

TTF-1-positive (n=66)

TTF-1-negative (n=33)

37

31

22

36

28

35

11

46%

57%

47%

67%

0.229

P value

0.087

irAE, immune-related adverse event; irTD, immune-related thyroid dysfunction; TTF-1, thyroid transcription factor-1; NSCLC, non-small
cell lung cancer; NSQ, non-squamous.
Table S4 Response to anti-PD-1 treatment of NSQ cell carcinomas with/without irTD
NSQ cell carcinomas
patients (n=99)

Variables

With irTD
(n=16)

TTF-1-negative NSQ

TTF-1-positive NSQ
patients (n=66)

Without irTD
P value
(n=83)

cell carcinomas
patients (n=33)

With irTD
(n=6)

Without irTD
(n=60)

P value

With irTD
Without
(n=10)
irTD (n=23)

P value

Response, No. [%]
Complete response

0

2 [2]

0

2 [3]

0

0

Partial response

8 [50]

23 [28]

3 [50]

15 [25]

5 [50]

8 [35]

Stable disease

4 [25]

6 [7]

1 [17]

2 [3]

3 [30]

4 [17]

Progressive disease

4 [25]

52 [63]

2 [33]

41 [68]

2 [20]

11 [48]

Objective response rate

50%

30%

0.151

50%

28%

0.357

50%

35%

0.461

Disease control rate

75%

37%

0.011

67%

32%

0.172

80%

52%

0.246

PD-1, programmed cell death protein-1; NSQ, non-squamous; irTD, immune-related thyroid dysfunction; TTF-1, thyroid transcription factor-1.

Table S5 Incidence of irTD with/without TTF-1 expression in population with treatment duration within 3 months
Variables

NSQ cell carcinomas patients (n=68)

NSCLC patients (n=88)
TTF-1-positive (n=49) TTF-1-negative (n=39)

P value

TTF-1-positive (n=48)

TTF-1-negative (n=20)

With irTD

2

5

2

4

Without irTD

47

34

46

16

Incidence of irTD

4%

13%

4%

20%

0.234

P value

0.057

irTD, immune-related thyroid dysfunction; TTF-1, thyroid transcription factor-1; NSCLC, non-small cell lung cancer; NSQ, non-squamous.
Table S6 Incidence of irTD with/without TTF-1 expression in population with treatment duration of 3 months or more
Variables

NSQ cell carcinomas patients (n=31)

NSCLC patients (n=44)
TTF-1-positive (n=18) TTF-1-negative (n=26)

P value

TTF-1-positive (n=18)

TTF-1-negative (n=13)

With irTD

4

8

4

6

Without irTD

14

18

14

7

22%

31%

22%

46%

Incidence of irTD

0.733

P value

0.247

irTD, immune-related thyroid dysfunction; TTF-1, thyroid transcription factor-1; NSCLC, non-small cell lung cancer; NSQ, non-squamous.

