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Background: Thyroid transcription factor-1 (TTF-1) expression in advanced non-squamous non-small 
cell lung cancer (NSCLC) has been associated with the efficacy of pemetrexed plus platinum chemotherapy. 
However, the relation between TTF-1 expression and efficacy of the combination of programmed cell death 
1 (PD-1)/programmed cell death ligand 1 (PD-L1) inhibitors plus pemetrexed and platinum chemotherapy, 
a standard first-line treatment regimen for advanced non-squamous NSCLC, has remained unclear.
Methods: We retrospectively evaluated TTF-1 expression in tumor tissue of patients with advanced or 
recurrent non-squamous NSCLC treated with PD-1/PD-L1 inhibitors plus pemetrexed and platinum 
chemotherapy in the first-line setting. Clinical characteristics and pathological data for each patient were 
assessed, and progression-free survival (PFS) was evaluated. Bias due to patient background was minimized 
by application of inverse probability of treatment weighting (IPTW) analysis.
Results: A total of 122 patients, 75 (61.5%) of whom were positive for TTF-1 immunostaining in 
tumor specimens, was included in this multicenter study. At the time of analysis, 89 (73.0%) patients 
had experienced progression events and 44 (36.1%) had died [median follow-up 14.6 months (range,  
0.53–29.5 months)]. PFS was longer for TTF-1-positive patients than for TTF-1-negative patients [median, 
12.2 vs. 6.0 months; hazard ratio (HR) =0.63 (95% CI: 0.37–1.06); log-rank P=0.028]. IPTW-adjusted PFS 
was significantly longer for TTF-1-positive than for TTF-1–negative patients [HR =0.62 (95% CI: 0.46–
0.83); log-rank P=0.024].
Conclusions: TTF-1 expression in advanced non-squamous NSCLC can serve as a basis for prediction 
of PFS in patients treated with PD-1/PD-L1 inhibitors plus pemetrexed and platinum chemotherapy in the 
first-line setting.
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Introduction

Immune checkpoint inhibitors (ICIs) that target the 
programmed cell death 1 (PD-1)/programmed cell death 
ligand 1 (PD-L1) axis have shown unprecedented clinical 
activity for the treatment of individuals with advanced 
non-small cell lung cancer (NSCLC) and have become a 
standard therapy for such patients (1-5). The combination 
of PD-1/PD-L1 inhibitors plus pemetrexed and platinum 
chemotherapy is a current standard first-line treatment for 
patients with advanced non-squamous NSCLC without 
genetic alterations of EGFR or ALK. However, not all 
patients experience a favorable response to this combination 
therapy. Biomarkers that are able to predict the efficacy of 
such treatment are therefore needed for optimal patient 
selection.

Thyroid transcription factor 1 (TTF-1), also known as 
Nkx2-1, is a 38-kDa transcription factor that is essential 
for morphogenesis and differentiation of the thyroid, lung, 
and ventral forebrain (6). Adenocarcinoma of the lung is 
categorized as terminal respiratory unit (TRU) type and 
non-TRU type, and TTF-1 is the most sensitive and specific 
marker for TRU-type adenocarcinoma (7). In addition to 
showing TTF-1 positivity, TRU-type carcinomas are well 
differentiated and are derived from type II pneumocytes 
and Club cells, whereas TTF-1-negative non-TRU-type 
carcinomas originate from centrally located dysplastic 
mucous columnar cells (8). TTF-1 has been shown to 
control tumor differentiation and to limit metastatic 
potential in lung adenocarcinoma, with its up-regulation 
having been found to correlate with favorable survival and 
its down-regulation to be linked to loss of differentiation, 
enhanced tumor seeding ability, and increased metastatic 
proclivity (9,10).

TTF-1 expression in advanced NSCLC tumors has 
also been associated with the efficacy of pemetrexed plus 
platinum chemotherapy (11-15). However, the relation 
between TTF-1 expression and the efficacy of combination 
treatment with PD-1/PD-L1 inhibitors plus pemetrexed 
and platinum chemotherapy, a standard first-line treatment 
regimen for advanced non-squamous NSCLC, has 
been unknown. We therefore investigated the potential 
association between TTF-1 expression and the efficacy of 
such combination therapy in patients with advanced non-

squamous NSCLC. We present the following article in 
accordance with the STROBE reporting checklist (available 
at https://tlcr.amegroups.com/article/view/10.21037/tlcr-
22-393/rc).

Methods

Patients

In this multicenter retrospective study, we analyzed 122 
patients (75 TTF-1-positive and 47 TTF-1-negative 
individuals) with advanced (stage III or IV according to the 
8th edition of the TNM classification) or recurrent non-
squamous NSCLC who had started combination treatment 
with PD-1/PD-L1 inhibitors plus pemetrexed and platinum 
chemotherapy in the first-line setting between January 2019 
and November 2020. This study was conducted at four 
hospitals in Japan: Kyushu University Hospital, Kurume 
University Hospital, Japan Community Health Care 
Organization-Kyushu Hospital, and Kitakyushu Municipal 
Medical Center. Patients who had previously been treated 
with EGFR or ALK tyrosine kinase inhibitors were 
excluded. Progression of disease had to be confirmed on the 
basis of assessment by investigators according to Response 
Evaluation Criteria in Solid Tumors version 1.1. Clinical 
characteristics and pathological data for each patient were 
extracted by retrospective chart inspection. Progression-
free survival (PFS) and overall survival (OS) of patients 
on first-line treatment were also reviewed. This study was 
performed in accordance with the Declaration of Helsinki 
(as revised in 2013). The study was approved by the ethics 
committee of Kyushu University Hospital (No. 2021-78; 
approval date, 31 May 2021), Kurume University Hospital 
(No. 21037; 16 July 2021), Japan Community Health Care 
Organization-Kyushu Hospital (No. 746; 8 June 2021), and 
Kitakyushu Municipal Medical Center (No. 202106002; 8 
June 2021). Individual consent for this retrospective analysis 
was waived.

Tumor TTF-1 analysis

All  spec imens  with  the  except ion of  those  f rom 
bone metastases were fixed in 10% neutral buffered 
formalin. TTF-1 was detected in biopsy specimens by 
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immunostaining at each institute. Antigen was retrieved 
by using immunosaver (Nissin EM, Tokyo, Japan) and 
tissue-nonspecific binding sites were blocked using normal 
goat serum. The sections were incubated with a mouse 
monoclonal antibody (clone 8G7G3/1 at a dilution of 
1:50–1:200 from Agilent Technologies [Santa Clara, 
CA, USA; Agilent Cat# M3575, RRID: AB_2877699] or 
ready-to-use from Biocare Medical [Concord, CA, USA; 
Biocare Medical Cat# CM 087 A, RRID: AB_10583041]), 
and then treated with Histofine MAX-PO (M) (Nichirei 
Bioscience Inc., Tokyo, Japan). Staining was detected 
using diaminobenzidine chromogen, and all sections were 
counterstained with hematoxylin. TTF-1 immunostaining 
results were based on nuclear staining of neoplastic cells 
and were reported as positive or negative by an experienced 
pathologist (Figure S1).

Statistical analysis

The relation between expression of TTF-1 and patient 
characteristics was examined with Fisher’s exact test. 
Survival curves were estimated with the Kaplan-Meier 
method, and Cox proportional hazards regression analysis 
was applied to estimate the hazard ratio (HR) and its 
95% confidence interval (CI). Survival outcomes were 
also compared between patient groups with the log-rank 
test. To minimize bias arising from patient background, 
we applied inverse probability of treatment weighting 
(IPTW) analysis (16). Balance before and after IPTW 
analysis was assessed with the standardized mean difference 
(SMD) between groups. An absolute SMD of <0.1 suggests 
adequate variable balance. The relation between patient 
characteristics and survival outcome was also evaluated with 
a multivariate Cox proportional hazards model, with the 
results being expressed as HR and its 95% CI. All reported 
p values are two-sided, and those of <0.05 were considered 
statistically significant. All statistical analysis was performed 
with Statistical Analysis System 9.4 software (SAS Institute, 
Cary, NC, USA; RRID:SCR_008567).

Results

Patient characteristics 

A total of 122 non-squamous NSCLC patients treated with 
PD-1/PD-L1 inhibitors in combination with pemetrexed 
and platinum chemotherapy was included in the study. 
Seventy-five (61.5%) of these patients were positive for 

TTF-1 expression, and the baseline characteristics of the 
study patients according to TTF-1 expression status are 
shown in Table 1. The frequency of adenocarcinoma was 
higher among the TTF-1-positive patients compared with 
those negative for TTF-1 (98.7% vs. 76.6%, P<0.001). 
Histology other than adenocarcinoma is provided in 
Table S1. Other clinical characteristics were well balanced 
between the two groups.

Treatment regimens

Cancer drugs administered as first-line therapy for the study 
patients are shown in Table 2. The frequency of carboplatin-
based regimens did not differ significantly between TTF-
1-positive and TTF-1-negative groups (76.0% vs. 76.6%, 
respectively). With regard to PD-1/PD-L1 inhibitors, both 
pembrolizumab (66.7% vs. 66.0%) and atezolizumab (33.3% 
vs. 34.0%) were administered at a similar frequency in 
patients positive or negative for TTF-1 expression. Use of 
angiogenesis inhibitors was also well balanced between the 
two groups, with the frequency of bevacizumab treatment 
being similar in the TTF-1-positive and TTF-1-negative 
groups (17.3% vs. 17.0%, respectively). Treatment regimens 
for the first-line therapy are shown in Table S2.

Association between TTF-1 positivity and efficacy of the 
combination of PD-1/PD-L1 inhibitors plus pemetrexed 
and platinum chemotherapy

At the time of analysis, 89 (73.0%) patients had experienced 
a progression event (median follow-up of 14.6 months, with 
a range of 0.53–29.5 months). Kaplan-Meier curves for 
PFS of the study patients are shown in Figure 1A. TTF-1-
positive patients had a longer PFS compared with TTF-1-
negative patients (median, 12.2 vs. 6.0 months; HR =0.63; 
95% CI: of 0.37–1.06; log-rank test P=0.028). For IPTW 
analysis, predicted probabilities from the propensity score 
model were used to calculate weight. Baseline covariates 
included in the propensity score calculation were age, sex, 
smoking history, PD-L1 tumor proportion score (TPS), 
and treatment with a bevacizumab-containing regimen. The 
distribution of patient characteristics according to TTF-
1 expression status is shown for both the unweighted and 
weighted samples in Table S3. The differences in patient 
characteristics between the TTF-1 expression groups 
tended to be attenuated in the weighted samples compared 
with the unweighted samples. The IPTW-adjusted Kaplan-
Meier curves for PFS are shown in Figure 1B, with PFS 
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being significantly longer in TTF-1-positive than in TTF-
1-negative patients (HR =0.62; 95% CI: 0.46–0.83; log-rank 
test P=0.024).

We also analyzed PFS specifically for patients with an 
adenocarcinoma histology (Figure S2). This analysis also 
revealed that TTF-1-positive patients had a longer PFS 

Table 1 Association analysis for TTF-1 positivity and clinicopathologic characteristics

Characteristic All patients (n=122) TTF-1 positive (n=75) TTF-1 negative (n=47) P value

Age (years) 0.78a

Median 67.0 67.0 70.0

Range 36–82 37–82 36–80

Sex 1.00

Female 34 (27.9) 21 (28.0) 13 (27.7)

Male 88 (72.1) 54 (72.0) 34 (72.3)

ECOG PS 0.19b

0 42 (34.4) 25 (33.3) 17 (36.2)

1 76 (62.3) 46 (61.3) 30 (63.8)

2 4 (3.3) 4 (5.3) 0

Smoking history 0.48

Never-smoker 22 (18.0) 12 (16.0) 10 (21.3)

Smoker 100 (82.0) 63 (84.0) 37 (78.7)

Histology <0.001

Adenocarcinoma 110 (90.2) 74 (98.7) 36 (76.6)

Other 12 (9.8) 1 (1.3) 11 (23.4)

PD-L1 TPS 0.67c

<1% 43 (35.2) 23 (30.7) 20 (42.6)

1–49% 34 (27.9) 23 (30.7) 11 (23.4)

≥50% 32 (26.2) 21 (28.0) 11 (23.4)

Stage 1.00d

III 6 (4.9) 4 (5.3) 2 (4.3)

IV 100 (82.0) 61 (81.3) 39 (83.0)

Recurrent 16 (13.1) 10 (13.3) 6 (12.8)

Metastatic site at primary diagnosis

Pleura 45 (36.9) 30 (40.0) 15 (31.9) 0.44

Bone 40 (32.8) 25 (33.3) 15 (31.9) 1.00

Brain 28 (23.0) 20 (26.7) 8 (17.0) 0.27

Adrenal gland 20 (16.4) 11 (14.7) 9 (19.1) 0.62

Liver 9 (7.4) 6 (8.0) 3 (6.4) 1.00

With the exception of age, all data are number (percent). All P values were calculated with Fisher’s exact test. a, <75 vs. ≥75; b, 0 or 1 vs. 2; c, 
<50% vs. ≥50%; d, III or IV vs. recurrent. ECOG PS, Eastern Cooperative Oncology Group performance status; TTF-1, thyroid transcription factor 
1; PD-L1, programmed cell death ligand 1. 
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compared with TTF-1-negative patients (median, 10.8 vs. 
5.7 months; HR =0.68; 95% CI: 0.37–1.26; log-rank test 
P=0.019).

Finally, multivariate analysis of clinicopathologic factors 
for PFS is shown in Table 3. With adjustment for TTF-1 
expression status, age, sex, smoking history, PD-L1 TPS, and 
treatment with a bevacizumab-containing regimen, TTF-
1 negativity remained a significant unfavorable prognostic 
indicator for PFS (HR =1.62; 95% CI: 1.02–2.57; P=0.04).

Discussion

As far as we are aware, our study is the first to show that 
TTF-1-positive patients with non-squamous NSCLC 
have a better PFS than do TTF-1-negative patients during 
treatment with PD-1/PD-L1 inhibitors plus pemetrexed 
and platinum chemotherapy. Whereas pemetrexed and 
platinum chemotherapy was previously indicated to be 
less effective in TTF-1-negative patients (11-15), it has 
remained unknown whether the addition of PD-1/PD-L1 
inhibitors to this regimen might overcome this inferiority in 
outcome for such patients. Our results now show that TTF-
1 negativity was still associated with a shorter PFS even 
after the addition of PD-1/PD-L1 inhibitors to pemetrexed 
and platinum chemotherapy. 

A higher proportion of TTF1-negative cases than of 
TTF-1-positive cases was histologically classified as other 
than adenocarcinoma. Given that this difference might have 
influenced our results, we performed an additional analysis 
of PFS for only patients with adenocarcinoma. Even this 
analysis limited to adenocarcinoma, however, revealed that 
TTF-1 negativity was associated with a shorter PFS.

Table 2 Cancer drugs administered as first-line therapy

Drug TTF-1 positive (n=75) TTF-1 negative (n=47) P value

Platinum agent 1.00

Carboplatin 57 (76.0) 36 (76.6)

Cisplatin 18 (24.0) 11 (23.4)

Immune checkpoint inhibitor 1.00

Pembrolizumab 50 (66.7) 31 (66.0)

Atezolizumab 25 (33.3) 16 (34.0)

Angiogenesis inhibitor 1.00

Bevacizumab 13 (17.3) 8 (17.0)

None 62 (82.7) 39 (83.0)

Data are number (percent). All P values were calculated with Fisher’s exact test. TTF-1, thyroid transcription factor 1.

Figure 1 Kaplan-Meier plots for PFS (A) and IPTW-adjusted PFS 
(B) according to TTF-1 expression status for the study population. 
PFS, progression-free survival; IPTW, inverse probability of 
treatment weighting; TTF-1, thyroid transcription factor 1; HR, 
hazard ratio; CI, confidence interval.
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We conducted IPTW analysis to minimize possible 
confounding factors and thereby to obtain unbiased 
estimates of treatment effects. Such an approach has 
been found to be effective for balancing covariates across 
patient groups, and has often shown superior performance 
compared with propensity score matching, in particular 
with small sample sizes (17), because it allows all cases 
to be considered in the final analysis. In the present 
study, IPTW analysis revealed a significant association 
between TTF-1 expression and PFS in the study patients. 
Moreover, multivariate analysis with Cox proportional 
hazards regression showed that TTF-1 expression was 
an independent factor influencing PFS. These statistical 
approaches thus confirm that TTF-1 expression in non-
squamous NSCLC was associated with the efficacy of 
combination treatment with PD-1/PD-L1 inhibitors plus 

pemetrexed and platinum chemotherapy.
Our results are consistent with recent basic research 

findings that TTF-1 influences the immune status of 
tumors, with a study of lung adenocarcinoma showing that 
TTF-1 is able to activate PD-L1 expression in vitro (18).  
On the other hand, loss of TTF-1 was thus shown to 
increase the production of transforming growth factor–β in 
lung cancer, which attenuates the tumor response to PD-
L1 blockade by promoting T cell exclusion (19). Moreover, 
TTF-1 negativity in lung cancer was found to increase 
the recruitment of tumor-associated neutrophils (20),  
which contribute to cancer progression by establishing immune 
exclusion and are related to a poor outcome in patients treated 
with PD-1/PD-L1 inhibitors (21,22). These data suggest 
that TTF-1 negativity reduces the effectiveness of PD-1/PD-
L1 inhibitors by influencing the tumor microenvironment 
through cytokine production and neutrophil recruitment. 

We also assessed OS in the present study, with 44 
(36.1%) patients having died at the time of analysis. 
Kaplan-Meier curves and IPTW-adjusted Kaplan-Meier 
curves of OS for the study patients are shown in Figure S3.  
Whereas there was no significant difference in OS between 
the TTF-1-positive and TTF-1-negative groups before 
IPTW adjustment (median of not reached vs. 23.3 months, 
respectively; HR =0.64; 95% CI: 0.33–1.26; log-rank test 
P=0.054), the IPTW-adjusted curves showed that TTF-
1-positive patients had a significantly longer OS than did 
TTF-1-negative patients (HR =0.55; 95% CI: 0.36–0.84; 
log-rank test P=0.047). However, the number of censored 
patients was high in the OS analysis as a result of the 
relatively short observation period, suggesting that the 
observed relation of TTF-1 positivity to OS should be 
viewed with caution. 

A recent study also suggested that TTF-1 expression is 
related to PFS and OS in non-squamous NSCLC patients 
treated with ICIs. However, this study differs from ours 
in that it included patients who received different ICIs in 
different lines of treatment and in that it pooled patients 
treated with immunotherapy alone together with those 
treated with a combination of ICIs plus chemotherapy (23).

Our study has several  l imitations.  First ,  i t  was 
retrospective in nature, although this limitation is 
mitigated by the multicenter design of the study and its 
adoption of an analytic approach to minimize the risk of 
confounding factors. Second, although we found that TTF-
1 is a promising candidate for further study with regard 
to understanding the effects of PD-1/PD-L1 inhibitors 
plus chemotherapy, we are not able to suggest a better 

Table 3 Multivariate analysis of clinicopathologic factors for PFS

Factor HR 95% CI P value

TTF-1

Positive Reference

Negative 1.62 1.02–2.57 0.04

Age

<75 years Reference

≥75 years 1.89 0.90–3.96 0.09

PD-L1 TPS

≥50% Reference

<50% 1.38 0.82–2.32 0.22

Smoking

Never-smoker Reference

Smoker 1.49 0.78–2.84 0.23

Angiogenesis inhibitor added

Bevacizumab Reference

None 1.41 0.77–2.61 0.27

Sex

Female Reference

Male 1.11 0.63–1.96 0.71

All P values were calculated with a proportional hazards 
regression model. PFS, progression-free survival; HR, hazard 
ration; CI, confidence interval; TTF-1, thyroid transcription 
factor 1; PD-L1, programmed cell death ligand 1; TPS, tumor 
proportion score. 
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regimen than PD-1/PD-L1 inhibitors plus pemetrexed 
and platinum chemotherapy for TTF-1–negative patients. 
Given that our study did not compare regimens, our 
results might reflect only the prognostic effect of TTF-1. 
However, it remains possible that PD-1/PD-L1 inhibitors 
combined with platinum plus paclitaxel or nab-paclitaxel 
chemotherapy might be a better option for TTF-1-negative 
patients, on the basis of the suggestion that pemetrexed plus 
platinum chemotherapy is inferior to platinum regimens 
not containing pemetrexed in such patients (13). We are 
planning a prospective study of PD-1/PD-L1 inhibitors 
in combination with carboplatin plus nab-paclitaxel for 
patients with TTF-1-negative non-squamous NSCLC 
(jRCTs071220008). Third, the number of patients included 
in the study was relatively small and the observation period 
was relatively short, both of which limit evaluation of the 
impact of TTF-1 expression on OS in particular. 

Conclusions

In summary, we have evaluated TTF-1 expression in 
advanced non-squamous NSCLC and found that TTF-
1 positivity is associated with a better PFS for patients 
receiving PD-1/PD-L1 inhibitors plus pemetrexed and 
platinum chemotherapy in the first-line setting. This result 
suggests that TTF-1 expression can serve to predict PFS in 
patients with advanced non-squamous NSCLC who receive 
such first-line treatment.
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