Park et al. BMC Cancer (2019) 19:574
https://doi.org/10.1186/512885-019-5792-0

BMC Cancer

RESEARCH ARTICLE Open Access

Thyroid transcription factor-1 as a
prognostic indicator for stage IV lung

Check for
updates

adenocarcinoma with and without EGFR-

sensitizing mutations

Ji Young Park'?, Seung Hun Jang"*'®, Hwan Il Kim', Joo-Hee Kim'~, Sunghoon Park'~, Yong Il Hwang'?,
Ki-Suck Jung'?, Jinwon Seo®, Chang Youl Lee®*, Yousang Ko* and Yong-Bum Park®*

Abstract

patients.

2006 and March 2016.

after first-line cytotoxic chemotherapy.

with and without EGFR-sensitizing mutations.

Background: Thyroid transcription factor (TTF)-1 expression is a diagnostic marker and a good prognostic indicator for
lung adenocarcinoma. However, its good prognostic ability might be due to epidermal growth factor receptor (EGFR)-
sensitizing mutations as shown by the positive correlation between TTF-1 expression and EGFR mutations. We explored
the prognostic impact of TTF-1 expression according to EGFR-sensitizing mutation status in lung adenocarcinoma

Methods: We conducted a retrospective cohort study of patients with stage IV lung adenocarcinoma. Data were
extracted from the lung cancer registry of Hallym University Medical Centers (three hospitals) in Korea between March

Results: Overall, 173 patients were included. EGFR-sensitizing mutations were detected in 84 (51.4%) patients. TTF-1
expression was positive in 139 (80.3%) patients; it was significantly correlated with EGFR-sensitizing mutations (p < 0.001).
TTF-1-positive lung adenocarcinoma patients had longer overall survival (OS) than those who were TTF-1 negative (19.3
vs. 58 months, p < 0.001). In a Cox regression analysis, TTF-1 positivity, Stage IV M1a, good performance status, and
EGFR-sensitizing mutations were independently associated with prolonged OS. In the subgroup of wild-type EGFR
adenocarcinoma patients, TTF-1 positivity was also a good prognostic indicator for OS and progression-free survival (PFS)

Conclusions: TTF-1 expression was a good prognostic indicator for OS and PFS in stage IV lung adenocarcinoma patients

Keywords: TTF-1 expression, Stage IV lung adenocarcinoma, EGFR-sensitizing mutations

Background

Despite several advances in cancer diagnosis and treat-
ment, the prognosis of advanced lung cancer remains
poor. In previous studies, patient-related factors such as
performance, age, and female sex were identified as inde-
pendent prognostic indicators of lung cancer stage [1]. Al-
though there are many studies on prognostic biomarkers,
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most of them did not adjust for previous prognostic fac-
tors. Similar to epidermal growth factor receptor (EGFR)
mutations, some specific driving mutations for target
treatment are not only predictive factors for outcomes but
also play a prognostic role [2]. Targeted therapy is a stand-
ard treatment modality in lung adenocarcinoma even in
elderly patients or those with a poor performance status
[3]. As such, more objective independent prognostic bio-
markers are needed in clinical practice and in studies on
lung cancer; this is particularly true for lung adenocarcin-
oma because of its increasing incidence worldwide [4].
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Thyroid transcription factor (TTF)-1 is a tissue-specific
transcription factor that has a homeodomain protein fold
and regulates the expression of select genes in the thyroid
and lung for embryonic development and differentiation
[5]. The importance of TTF-1 extends into adulthood as it
plays a critical role in maintaining the normal function of
terminal respiratory unit cells by controlling surfactant pro-
teins [6]. TTE-1 is a lineage marker and has been used as a
diagnostic marker for lung adenocarcinoma and small cell
carcinoma [7]. A subsequent study showed that TTF-1
overexpression was a favorable prognostic marker among
patients with lung adenocarcinoma [8]. Anagnostou et al.
showed that TTF-1 expression positively impacted the sur-
vival of stage I lung adenocarcinoma patients [9]. Although
several studies also demonstrated similar results in ad-
vanced stage lung adenocarcinoma, there were some limita-
tions such as small sample sizes or an uncontrolled driving
mutation status. Chung et al. showed that TTF-1 was an in-
dependent prognostic factor among patients treated with
EGER tyrosine kinase inhibitors (TKI). However, they did
not control for treatment lines, and EGFR-TKI treatment
was not based on the EGFR mutation status [10]. The prog-
nostic significance of TTF-1 among patients with wild-type
EGFR adenocarcinoma has not been studied adequately.
Moreover, research on the prognosis of patients with TTEF-
1-negative, EGFR-positive adenocarcinoma is also limited.
The good prognostic capability of TTF-1 expression might
be due to EGFR-sensitizing mutations as demonstrated by
the positive correlation between TTF-1 expression and
EGFR mutations [10, 11]. The purpose of this study was to
explore the prognostic impact of TTF-1 expression based
on the EGFR-sensitizing mutation status in lung adenocar-
cinoma patients.

Methods

Study population and design

We retrospectively examined a cohort of consecutive pa-
tients with lung adenocarcinoma from the registry of Hal-
lym Medical Centers (three teaching hospitals) in Korea,
between March 2006 and March 2016. Patients were in-
cluded in this study if they 1) had stage IV (7th edition of
the TNM Classification) lung adenocarcinoma at the time
of initial diagnosis with both TTF-1 immunohistochemistry
(IHC) and EGFR mutation results available, 2) had an East-
ern Cooperative Oncology Group (ECOG) performance
status score of 0-2, and 3) were receiving systemic anti-
cancer treatment (cytotoxic chemotherapy or targeted
treatment). All included patient tissues were subjected to
IHC staining to detect TTF-1 expression, and clamping
polymerase chain reaction (PCR) was used to detect EGFR
gene mutations. Patients who had a poor performance sta-
tus, discontinued anti-cancer treatment (chemotherapy or
target treatment) due to non-medical problems, had more
than one type of primary cancer, received surgery as
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primary treatment, were pathologically diagnosed with ade-
nosquamous cell carcinoma, or had ALK fluorescence in
situ hybridization positivity were excluded. Clinical and
genetic data, pathological data, and follow-up information
were retrieved from the cohort database. The Response
Evaluation Criteria in Solid Tumors were used to assess
tumor response and disease progression [12]. Progression-
free survival (PFS) was defined as the period from the first
day of cancer treatment to the date of disease progression
or the date of death due to any cause. Overall survival (OS)
was calculated as the time from the first day of cancer treat-
ment to death due to any cause or to the last follow-up on
July 20, 2017.

TTF-1 IHC and EGFR mutation detection

The tissue specimens were obtained using different diag-
nostic modalities such as percutaneous needle biopsies,
bronchoscopic biopsies, transbronchial needle aspirations,
and surgery. TTF-1 expression was assessed as part of the
routine diagnostic evaluation. The formalin-fixed paraffin-
embedded (FFPE) tumor tissue blocks were divided into 4-
pum-thick sections used for IHC. After dewaxing and
rehydration, the tissue slide was incubated with monoclonal
anti-TTF-1 (8G7G3/1, Dako, Carpinteria, CA, USA; Dilu-
tion 1:100). If any positive nuclear staining (not only cyto-
plasmic staining) was identified, it was recorded as TTF-1
positive staining. Genomic DNA was extracted from the
FFPE tissue blocks using the High Pure PCR Template
Preparation Kit (Roche Diagnostics). The PNAClamp™
EGFR Mutation Detection Kit (Panagene, Daejeon, Korea),
which uses peptide nucleic acid mediated real-time PCR
clamping technology, was used to detect EGFR mutations
[13]. Amplification was performed using the CFX96 real-
time system (BioRad, Hercules, CA, USA).

Data analysis

Statistical analyses of categorical variables were performed
using chi-squared or Fisher’s exact tests. Continuous vari-
ables were analyzed using Student’s t-tests or Mann—
Whitney U-tests. The Kaplan-Meier method was used to
estimate overall survival, progression-free survival. A Cox
proportional hazards model was used to estimate the
effect of TTF-1 expression on survival, adjusting for base-
line characteristics. A p-value < 0.05 was considered statis-
tically significant. All analyses were performed using SPSS
for Windows ver. 18.0 (SPSS, Chicago, IL, USA).

Results

Baseline characteristics

Of the 697 patients with lung adenocarcinoma, 224 pa-
tients were in stage IV and had results on both TTF-1
IHC and EGFR mutations. Five patients with ALK re-
arrangement were excluded. An additional 46 patients
were excluded due to poor performance status or the
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discontinuation of anti-cancer treatment as a result of
non-medical problems. Therefore, in total 173 patients
were included in the analysis. The clinical features of the
study patients are summarized in Table 1. The mean age
was 65.9+11.7years, and 68 (39.3%) were women.
Ninety-eight (56.6%) patients were current or former
smokers. All patients had histologically confirmed stage
IV (Mla: 30.1%; Ml1b: 69.9%) adenocarcinoma. EGFR-
sensitizing mutations were detected in 84 (51.4%) patients.
TTE-1 expression was positive in 139 (79.8%) patients.
TTE-1 positivity was more frequent in patients who were
female, had good performance scores, had never smoked,
and had an EGFR-sensitizing mutation (Table 1). Of these
factors, TTF-1 expression was the most strongly corre-
lated with an EGFR-sensitizing mutation (p < 0.001).

EGFR mutation patterns

The EGFR mutation patterns are shown in Table 2.
Among the 84 patients with EGFR mutations, 44
(52.4%) and 33 (39.3%) had exon 19 and 21 (L858R) de-
letions, respectively. One patient initially had triple
EGFR mutations that included a deletion in exon 19,
G719X, and de novo T790 M. There were no patients
with duplication or insertion in exon 20. Twenty-seven
patients underwent re-biopsies for disease progression
after EGFR-TKI treatments. Among them, 15 (55.6%)
patients had acquired T790 M mutations. All biopsy
specimens from these patients with acquired T790 M
mutations were TTF-1 positive.

Table 1 Clinical characteristics of the study population (n=173)

Page 3 of 8

TTF-1 expression and OS

Patients with TTF-1-positive lung adenocarcinoma had lon-
ger OS than those with TTF-1-negative malignancy (19.3
vs. 5.8 months, p <0.001) (Fig. 1). Table 3 shows the Cox
proportional hazards model for OS. The crude hazard ratio
(HR) of the TTF-1 positive group compared to the negative
group was 0.395 (95% [confidence interval] CI, 0.254—
0.615, p < 0.001). Additionally, the ECOG score (p = 0.001),
EGFR-sensitizing mutations (p = 0.022), and Stage IV Mla
(p =0.005) were significantly associated with survival. Five
patients had EGFR mutation-positive and TTF-1-negative
adenocarcinoma. The mean PFS for EGFR-TKI was short
(2.9 months) among these patients and OS was also signifi-
cantly lower than in the patients positive for TTF-1 and
EGFR mutations (6.4 vs. 23.3 months, p < 0.001).

Cytotoxic chemotherapy response

The tumor response for cytotoxic chemotherapy as the
first-line treatment could be evaluated in 86 patients
(TTE-1 positive, 59 cases; TTF-1 negative, 27 cases; EGFR
mutation, 2 cases) (Fig. 2). No patient achieved complete
remission (CR), while 37, 34, and 15 achieved partial re-
mission (PR), stable diseases (SD), and progressive disease
(PD), respectively. The objective response rate (CR + PR)
and disease control rate (CR + PR+ SD) did not signifi-
cantly differ between the TTF-1-positive and negative
groups (Table 4). However, the PFS for initial cytotoxic
treatment was longer in patients with TTFE-1-positive lung
cancer than in those with TTF-1-negative lung cancer
(PFS: 4.9 months vs. 3.0 months, p = 0.004). Among the 59

TTF-1 positive (n=139) TTF-1 negative (n=34) Total (n=173) P value
Age (mean £ SD), years 658+114 664+128 659+11.7 0.787
< 70 75 (81.5) 17 (18.5) 92 (53.2) 0.679
=or>70 64 (79.0) 17 (21.0) 81 (46.8)
Female, no. (%) 62 (91.2) 6 (8.8) 68 (39.3) 0.004
Smoking status, no. (%) 0.001
Never smoker 69 (92.0) 6 (8.0) 75 (434)
Current or former smoker 70 (71.4) 28 (28.6) 98 (56.6)
Stage, no. (%) 0.745
M1a 41 (78.8) 1212 52 (30.1)
M1b 98 (81.0) 23 (19.0) 121 (69.9)
ECOG status, no. (%) 0.009
0 67 (89.3) 8 (10.7) 75 (434)
1-2 72 (73.5) 26 (26.5) 98 (56.6)
EGFR sensitizing mutation, no. (%) <0.001
Wild-type 60 (674) 29 (32.6) 89 (514)
Mutation 79 (94.0) 5(6.0) 84 (48.6)

Abbreviations: SD standard deviation, TTF-1 thyroid transcription factor 1, ECOG Eastern Cooperative Oncology Group, EGFR epidermal growth factor receptor
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Table 2 Mutation patterns in 84 patients with mutant EGFR stratified based on TTF-1 status
EGFR mutations TTF-1 positive TTF-1 negative Total P value
(n=79) (n=5) (n=284)
n (%) n (%) n (%)
Exon 18 G719X 8 (10.1) 1(20.0) 9 (10.7) 0441
Exon 19 deletion 43 (544) 1(20.0) 44 (524) 0.187
Exon 21 L858R 30 (38.0) 3 (60.0) 33 (393) 0377
de novo T790 M 1(1.3) 0 (0) 10.2° 1.000
Acquired T790 M 15/27 (55.6) 0(0) 15/27 (55.6) NA

Abbreviations: EGFR epidermal growth factor receptor, TTF-1 thyroid transcription factor 1
“One patient initially had triple EGFR mutations, which included deletion in exon 19, G719X, and de novo T790 M

patients with TTF-1-positive malignancy, 38 received
pemetrexed-based treatments, while 21 received chemo-
therapy without pemetrexed (Additional file 1: Table S1).
The disease control rate was higher in the pemetrexed
group than that in the non-pemetrexed group (97.7% vs.
71.4%, p = 0.019). However, there were no differences in OS
and PFS between the two groups (p > 0.05). Among the 27
patients with TTF-1-negative lung cancer, there were no
significant differences in the OS, PFS, and chemotherapy
response rates between the patients treated with and with-
out pemetrexed (p > 0.05, Additional file 1: Table S2).

TTF-1 expression among patients with EGFR-wild type
lung adenocarcinoma

In the subgroup of patients with wild-type EGFR adeno-
carcinoma, the median OS of patients with TTF-1 posi-
tive expression was significantly longer compared to
those with TTF-1 negative expression (13.6 months vs.
5.8 months, p = 0.005). Multivariate analysis showed that
TTE-1 positivity was the strongest prognostic factor for
OS (HR 0.51; 95% CI: 0.31-0.83; p = 0.006), and for PFS
among patients who received first-line cytotoxic chemo-
therapy (HR 0.49; 95% CI, 0.29-0.81; p = 0.006) (Add-
itional file 1: Table S3).

Discussion

In this study, we demonstrated that TTF-1 expression
was a good prognostic indicator for OS and PFS in pa-
tients with stage IV lung adenocarcinoma regardless of

the presence or absence of EGFR mutations. We also
confirmed that TTF-1 positivity was strongly correlated
with EGFR mutations. However, it is also of note that
EGFR mutation positivity and TTF-1 expression negativ-
ity did not guarantee a good response of EGFR-TKIL
TTE-1 is a homeodomain nuclear transcription pro-
tein of the NKX2 gene family. By binding to specific
gene sequences, TTF-1 modulates the transcriptional ac-
tivation of target genes [5]. TTE-1 is expressed in type II
pneumocytes and Clara cells and it regulates the surfac-
tant and Clara cell secretory protein gene expression to
maintain normal lung functions [14]. However, the role
of TTF-1 in lung cancer pathogenesis and biology is un-
certain. Some data suggest that TTF-1 might promote
carcinogenesis by enhancing cell proliferation, namely at
least adenocarcinoma [15-17]. The NKX2-1 locus,
which encodes TTEF-1, is frequently amplified in the lung
cancer genome [18]. TTF-1 could be important for the
survival of a subset of patients with lung adenocarcin-
omas expressing TTF-1 based on the lineage-specific de-
pendency model [19]. TTF-1 knockdown via RNA
interference in these adenocarcinoma cell lines substan-
tially induced tumor growth inhibition and apoptosis
[17, 19]. In contrast, the results of both previous studies
and the present study indicate that TTF-1 was associ-
ated with prolonged survival in patients with lung
adenocarcinoma. There is quite a bit of evidence sug-
gesting that TTF-1 plays paradoxical tumor-suppressive
roles. Myosin-binding protein H (MYBPH) is one of the
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Table 3 Cox proportional hazards model of overall survival for the 173 patients with lung adenocarcinoma

Predictor variable vs. reference variable Univariate analysis Multivariate analysis

P value HR (95% Cl) P value Adjusted HR (95% Cl)
Age (< 70) vs. 2 70 0.147 0.783 (0.562-1.090) 0557 0.897 (0.625-1.288)
Female vs. male 0.001 0.562 (0.398-0.793) 0410 0.763 (0.400-1.454)
Never smoker vs. ever smoker 0.001 0.563 (0.400-0.792) 0.794 0917 (0478-1.759)
Stage IV, M1a vs. M1b 0.103 0.738 (0.513-1.063) 0.005 0.586 (0.405-0.849)
ECOG 0 vs. 1-2 <0.001 0461 (0.325-0.654) 0.001 0.522 (0.356-0.764)
EGFR sensitizing mutation vs. wild type <0.001 0.497 (0.355-0.696) 0.022 0.640 (0.438-0.937)
TTF-1 positive vs. negative <0.001 0.319 (0.212-0.480) <0.001 0.395 (0.254-0.615)

Abbreviations: HR Hazard ratio, C/ confidence intervals, ECOG Eastern Cooperative Oncology Group, EGFR epidermal growth factor receptor, TTF-1 thyroid

transcription factor 1

transcriptional targets of TTF-1. MYBPH inhibits acto-
myosin organization, which in turn reduces single cell
motility and increases collective cell migration. MYBPH
activation eventually results in inhibition of cancer inva-
sion and metastasis [20]. Winslow et al. showed that
TTEF-1 downregulation in adenocarcinoma was related
to a loss of differentiation and increased metastatic po-
tential [21]. In their mouse model, NKX2-1-negativity
was pathognomonic of high-grade, poorly differentiated
tumors. NKX2-1 knockdown allowed the formation of
more liver nodules after intrasplenic injection and more
lung nodules after intravenous transplantation. In lung
adenocarcinoma, TTF-1 plays not only an oncogenic
role, but also a suppressive role for progression to an in-
vasive condition while maintaining a minimum degree
of differentiation paradoxically.

EGFR sensitive mutations have been associated with
similar clinical characteristics to TTF-1 positive expres-
sion in patients with lung adenocarcinoma, particularly
among women and non-smokers. Our data showed a

significant correlation between TTF-1 and EGFR muta-
tions, which is consistent with previous findings. Sheffield
et al. demonstrated that TTF-1 expression and EGFR mu-
tations were strongly correlated (p < 0.001) [22]. Shanzhi
et al. also showed that TTF-1 expression in patients with
lung adenocarcinoma was correlated with EGFR muta-
tions [11]. They also demonstrated that the EGFR exon 21
mutation was more significantly correlated with TTE-1
overexpression than the exon 19 mutation. However, our
data did not show a significant difference in the correl-
ation of TTF-1 overexpression with specific mutations.
From the molecular aspect, Yamaguchi et al. showed that
TTE-1 transcriptional activation enhanced and sustained
the pro-survival EGFR downstream pathway by inducing
receptor tyrosine kinases such as orphan receptor 1
(ROR1) and activating c-Src [23]. They also noted that
ROR1 knockdown induced growth inhibition not only of
the EGER sensitive mutation cell line, but also of the first-
generation EGFR-TKI resistance T790 M mutation cell
line. Recently, Clarke et al. showed that EGFR knockdown
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Table 4 Response analysis among patients who received cytotoxic chemotherapy as first-line treatment stratified by TTF-1 status

TTF-1 positive TTF-1 negative Total P value
(n=59) (h=27) (n=286)
EGFR sensitizing mutation (%) 2 (34) 00 2(23) 1.000
Response, no. (%)
Objective response rate (CR + PR) 27 (45.8) 10 (37.0) 37 (43.0) 0.448
Disease control rate (CR+ PR+ SD) 51 (86.4) 20 (74.1) 71 (82.6) 0.161
PFS (months), median (95% Cl) 49 (3.9-5.8) 30 (28-32) 44 (3.7-5.2) 0.004

Abbreviations: EGFR epidermal growth factor receptor, CR complete remission, PR partial remission, SD stable diseases, PFS progression free survival, C/

confidence interval

led to NKX2-1 upregulation, suggesting a negative feed-
back loop [16]. In our study, all patients with the acquired
T790 M mutation after EGFR-TKI treatment were TTE-1
positive. This could be interpreted that the secondary ac-
quired driving EGFR mutant still needs the TTF-1 path-
way signal. Collectively, these findings suggest that beyond
the simple clinical correlation, TTF-1 might play an im-
portant role in EGFR-driven lung adenocarcinoma onco-
genesis and it might be a biomarker of EGFR oncogenic
addiction among patients with EGFR mutation-positive
lung adenocarcinoma.

TTE-1 expression might be important among patients
with an EGFR-sensitizing mutation. In our study, five pa-
tients had EGFR mutation-positive and TTF-1-negative
adenocarcinoma (Additional file 1: Table S4). Interestingly,
these patients were not responsive to EGFR-TKI and their
survival prognosis was significantly reduced. They showed
rapid progression upon EGFR-TKI treatment. Loss of the
anti-metastatic effect of TTF-1 might explain these poor
outcomes. Another explanation is that the EGFR mutation
may not be an oncogenic driver but a bystander mutation
or there might be intra-tumoral heterogeneity in the
EGFR mutation status. TTF-1 positivity could be a surro-
gate for EGFR mutations in driving oncogenicity in lung
cancer patients. This might explain why TTF-1 positivity
has a more significant prognostic impact than the EGFR
mutation status among patients with advanced lung
adenocarcinoma in the EGFR-TKI era [24]. Compared
with previously documented factors such as good per-
formance status, EGFR mutations, age, sex, smoking
status, and distant metastasis, TTF-1 positivity has the
most significant prognostic impact in advanced lung
adenocarcinoma.

Pemetrexed combination treatment showed better effi-
cacy in patients with non-squamous cell carcinoma than
squamous cell carcinoma [25]. However, the mechanisms
for such phenomenon are not well documented, and there
is no validated predictive marker for pemetrexed treatment
outcomes other than the histologic type. One retrospective
study demonstrated that TTF-1 expression was a good
marker for higher response rates and prolonged PFS and
OS in patients with non-squamous, non-small-cell lung
cancer [26]. However, these results should be interpreted

with caution because they included patients who under-
went first-line EGFR-TKI treatment and only examined
EGFR mutations in approximately 50% of the studied pa-
tients. Moreover, the chemotherapy regimens were not
controlled among the patients. The first-line pemetrexed-
based chemotherapy was administered to only 21% of pa-
tients. Our results did not indicate that TTF-1 was a
predictive marker for treatment outcomes following first-
line pemetrexed-based therapy among patients with
EGFR-negative adenocarcinoma. Recently, Schilsky et al.
also showed TTEF-1 expression was not predictive of the
clinical benefit from pemetrexed-based treatment in pa-
tients with adenocarcinoma [24]. Further well-designed
prospective studies to evaluate whether TTF-1 is a good
response marker for specific chemotherapy regimens
should be conducted.

Conclusions

Our present study indicated that TTF-1 expression was a
good prognostic indicator for OS and PFS in patients with
stage IV lung adenocarcinoma regardless of the presence
or absence of EGFR mutations. Moreover, even in EGFR
mutation-positive cases, the EGFR mutation might not be
the driving oncogene if TTF-1 expression is negative.
EGFR-TKI should be used with caution in these patients.
These results should be validated further in well-designed
prospective studies, particularly molecular studies.

Additional file

Additional file 1: Table S1. Response analysis among 59 patients with
TTF-1 positive expression who received cytotoxic chemotherapy as first-line
treatment with or without pemetrexed. Table S2. Response analysis

among 27 patients with TTF-1 negative expression who received cytotoxic
chemotherapy as first-line treatment with or without pemetrexed. Table S3.
Cox proportional hazard model of overall survival for 89 patients with lung
adenocarcinoma harboring wild-type EGFR. Table S4. Case summary of five
patients with lung adenocarcinoma harboring mutant-type EGFR and no TTF-

1 expression. (DOCX 25 kb)
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Oncology Group; EGFR: Epidermal growth factor receptor; OS: Overall survival;
PFS: Progression free survival; PR: Partial remission; SD: Stable diseases; TTF-

1: Thyroid transcription factor 1


https://doi.org/10.1186/s12885-019-5792-0

Park et al. BMC Cancer (2019) 19:574

Acknowledgments
None.

Authors’ contributions

Conception and design: SHJ, JYP, KSJ. Acquisition of data: SHJ, YIH, JHK HIK, SP,
CYL, YK, YBP, JS. Analysis and interpretation of data: SHJ, JYP, JS, HIK. Writing,
review, and/or revision of the manuscript: SHJ, JYP, YBP, SP, JS. Study supervision:
SHJ, KSJ. All authors read and approved the final manuscript.

Funding
This study was not supported by any grant.

Availability of data and materials
The dataset used and analysed during the present study is available from the
corresponding author upon reasonable request.

Ethics approval and consent to participate

This study was conducted in accordance with the amended Declaration of
Helsinki. The Institutional Review Board of Hallym University Sacred Heart
Hospital approved the study protocol and informed consent was waived
due to the retrospective nature of the study (HALLYM 2018-07-010-001).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Pulmonary, Allergy and Critical Care Medicine, Hallym
University Sacred Heart Hospital, Anyang, Republic of Korea. “Lung Research
Institute of Hallym University College of Medicine, Chuncheon, South Korea.
*Pathology, Hallym University Sacred Heart Hospital, Anyang, Republic of
Korea. “Department of Pulmonary, Allergy and Critical Care Medicine,
Chuncheon Sacred Heart Hospital, Hallym University, Chuncheon, Republic of
Korea. *Department of Pulmonary, Allergy and Critical Care Medicine,
Kangdong Sacred Heart Hospital, Hallym University, Seoul, Republic of Korea.

Received: 3 November 2018 Accepted: 4 June 2019
Published online: 13 June 2019

References

1. Paesmans M. Prognostic and predictive factors for lung cancer. Breathe.
2012,9(2):112-21. https//doi.org/10.1183/20734735.006911.

2. Zhao D, Chen X, Qin N, Su D, Zhou L, Zhang Q, et al. The prognostic role of
EGFR-TKIs for patients with advanced non-small cell lung cancer. Sci Rep.
2017;7:40374. https://doi.org/10.1038/srep40374 PMID: 28079142.

3. Pallis AG, Gridelli C, Wedding U, Faivre-Finn C, Veronesi G, Jaklitsch M, et al.
Management of elderly patients with NSCLC; updated expert's opinion
paper: EORTC elderly task force, lung Cancer group and International
Society for Geriatric Oncology. Ann Oncol. 2014;25(7):1270-83. https.//doi.
0rg/10.1093/annonc/mdu022 PMID: 24638905.

4. Lortet-Tieulent J, Soerjomataram |, Ferlay J, Rutherford M, Weiderpass E, Bray
F. International trends in lung cancer incidence by histological subtype:
adenocarcinoma stabilizing in men but still increasing in women. Lung
Cancer. 2014;84(1):13-22. https://doi.org/10.1016/j.lungcan.2014.01.009
PMID: 24524818.

5. Boggaram V. Thyroid transcription factor-1 (TTF-1/Nkx2.1/TITF1) gene
regulation in the lung. Clin Sci. 2009;116(1):27-35. https;//doi.org/10.1042/
€520080068 PMID: 19037882.

6. Bruno MD, Bohinski RJ, Huelsman KM, Whitsett JA, Korfhagen TR. Lung cell-
specific expression of the murine surfactant protein a (SP-A) gene is
mediated by interactions between the SP-A promoter and thyroid
transcription factor-1. J Biol Chem. 1995;270(12):6531-6 Epub 1995/03/24.
PMID: 7896788.

7. Stenhouse G, Fyfe N, King G, Chapman A, Kerr KM. Thyroid transcription
factor 1 in pulmonary adenocarcinoma. J Clin Pathol. 2004;57(4):383-7.
https.//doi.org/10.1136/jcp.2003.007138 PMID: 15047742.

8. Berghmans T, Paesmans M, Mascaux C, Martin B, Meert AP, Haller A, et al.
Thyroid transcription factor 1--a new prognostic factor in lung cancer: a

20.

21.

22.

23.

24.

25.

Page 7 of 8

meta-analysis. Ann Oncol. 2006;17(11):1673-6. https://doi.org/10.1093/
annonc/mdI287 Epub 2006/09/19. PMID: 16980598.

Anagnostou VK, Syrigos KN, Bepler G, Homer RJ, Rimm DL. Thyroid
transcription factor 1 is an independent prognostic factor for patients with
stage | lung adenocarcinoma. J Clin Oncol. 2009,27(2):271-8. https://doi.org/
10.1200/jc0.2008.17.0043 Epub 2008/12/10. PMID: 19064983.

Chung KP, Huang YT, Chang YL, Yu CJ, Yang CH, Chang YC, et al. Clinical
significance of thyroid transcription factor-1 in advanced lung
adenocarcinoma under epidermal growth factor receptor tyrosine kinase
inhibitor treatment. Chest. 2012;141(2):420-8. https://doi.org/10.1378/chest.
10-3149 Epub 2011/07/30PMID: 21799026.

Shanzhi W, Yiping H, Ling H, Jianming Z, Qiang L. The relationship between
TTF-1 expression and EGFR mutations in lung adenocarcinomas. PLoS One.
2014;9(4):295479. https://doi.org/10.1371/journal.pone.0095479 Epub 2014/
04/20. PMID: 24743427.

Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al.
New response evaluation criteria in solid tumours: revised RECIST guideline
(version 1.1). Eur J Cancer. 2009;45(2):228-47 PMID: 19097774.

Kim HJ, Lee KY, Kim YC, Kim KS, Lee SY, Jang TW, et al. Detection and
comparison of peptide nucleic acid-mediated real-time polymerase chain
reaction clamping and direct gene sequencing for epidermal growth factor
receptor mutations in patients with non-small cell lung cancer. Lung
Cancer. 2012;75(3):321-5. https//doi.org/10.1016/j.lungcan.2011.08.005 Epub
2011/09/21. PMID: 21930325.

Kolla V, Gonzales LW, Gonzales J, Wang P, Angampalli S, Feinstein SI, et al.
Thyroid transcription factor in differentiating type Il cells: regulation, isoforms,
and target genes. Am J Respir Cell Mol Biol. 2007;36(2):213-25. https//doi.org/
10.1165/rcmb.2006-02070C Epub 2006/09/09. PMID: 16960125,

Kendall J, Liu Q, Bakleh A, Krasnitz A, Nguyen KC, Lakshmi B, et al.
Oncogenic cooperation and coamplification of developmental transcription
factor genes in lung cancer. Proc Natl Acad Sci USA. 2007;104(42):16663-8.
https://doi.org/10.1073/pnas.0708286104 Epub 2007/10/11. PMID: 17925434,
Clarke N, Biscocho J, Kwei KA, Davidson JM, Sridhar S, Gong X, et al.
Integrative genomics implicates EGFR as a downstream mediator in NKX2-1
amplified non-small cell lung Cancer. PLoS One. 2015;10(11):0142061.
https://doi.org/10.1371/journal.pone.0142061 PMID: 26556242.

Kwei KA, Kim YH, Girard L, Kao J, Pacyna-Gengelbach M, Salari K; et al.
Genomic profiling identifies TITF1 as a lineage-specific oncogene amplified
in lung cancer. Oncogene. 2008;27(25):3635-40. https://doi.org/10.1038/s].
onc.1211012 Epub 2008/01/24. PMID: 18212743.

Weir BA, Woo MS, Getz G, Perner S, Ding L, Beroukhim R, et al.
Characterizing the cancer genome in lung adenocarcinoma. Nature. 2007;
450(7171):893-8. https://doi.org/10.1038/nature06358 Epub 2007/11/06.
PMID: 17982442.

Tanaka H, Yanagisawa K, Shinjo K, Taguchi A, Maeno K, Tomida S, et al.
Lineage-specific dependency of lung adenocarcinomas on the lung
development regulator TTF-1. Cancer Res. 2007;67(13):6007-11. https.//doi.
0rg/10.1158/0008-5472.can-06-4774.

Hosono Y, Yamaguchi T, Mizutani E, Yanagisawa K, Arima C, Tomida S, et al.
MYBPH, a transcriptional target of TTF-1, inhibits ROCK1, and reduces cell
motility and metastasis. EMBO J. 2012;31(2):481-93. https://doi.org/10.1038/
emb0j.2011.416 Epub 2011/11/17. PMID: 22085929.

Winslow MM, Dayton TL, Verhaak RGW, Kim-Kiselak C, Snyder EL, Feldser
DM, et al. Suppression of lung adenocarcinoma progression by Nkx2-1.
Nature. 2011;473(7345):101-4. https.//doi.org/10.1038/nature09881 PMID:
21471965.

Sheffield BS, Bosdet IE, Ali RH, Young SS, McNeil BK, Wong C, et al.
Relationship of thyroid transcription factor 1 to EGFR status in non-small-cell
lung cancer. Curr Oncol. 2014;21(6):305-8. https://doi.org/10.3747/c0.21.2148
Epub 2014/12/10PMID: 25489257.

Yamaguchi T, Yanagisawa K, Sugiyama R, Hosono Y, Shimada Y, Arima C, et
al. NKX2-1/TITF1/TTF-1-induced ROR1 is required to sustain EGFR survival
signaling in lung adenocarcinoma. Cancer Cell. 21(3):348-61. https://doi.org/
10.1016/j.ccr.2012.02.008.

Schilsky JB, Ni A, Ahn L, Datta S, Travis WD, Kris MG, et al. Prognostic impact
of TTF-1 expression in patients with stage IV lung adenocarcinomas. Lung
Cancer. 2017;108:205-11. https://doi.org/10.1016/jlungcan.2017.03.015 Epub
2017/06/20. PMID: 28625636.

Scagliotti GV, Parikh P, von Pawel J, Biesma B, Vansteenkiste J, Manegold C,
et al. Phase Il study comparing cisplatin plus gemcitabine with cisplatin
plus pemetrexed in chemotherapy-naive patients with advanced-stage non-


https://doi.org/10.1183/20734735.006911
https://doi.org/10.1038/srep40374
https://doi.org/10.1093/annonc/mdu022
https://doi.org/10.1093/annonc/mdu022
https://doi.org/10.1016/j.lungcan.2014.01.009
https://doi.org/10.1042/cs20080068
https://doi.org/10.1042/cs20080068
https://doi.org/10.1136/jcp.2003.007138
https://doi.org/10.1093/annonc/mdl287
https://doi.org/10.1093/annonc/mdl287
https://doi.org/10.1200/jco.2008.17.0043
https://doi.org/10.1200/jco.2008.17.0043
https://doi.org/10.1378/chest.10-3149
https://doi.org/10.1378/chest.10-3149
https://doi.org/10.1371/journal.pone.0095479
https://doi.org/10.1016/j.lungcan.2011.08.005
https://doi.org/10.1165/rcmb.2006-0207OC
https://doi.org/10.1165/rcmb.2006-0207OC
https://doi.org/10.1073/pnas.0708286104
https://doi.org/10.1371/journal.pone.0142061
https://doi.org/10.1038/sj.onc.1211012
https://doi.org/10.1038/sj.onc.1211012
https://doi.org/10.1038/nature06358
https://doi.org/10.1158/0008-5472.can-06-4774
https://doi.org/10.1158/0008-5472.can-06-4774
https://doi.org/10.1038/emboj.2011.416
https://doi.org/10.1038/emboj.2011.416
https://doi.org/10.1038/nature09881
https://doi.org/10.3747/co.21.2148
https://doi.org/10.1016/j.ccr.2012.02.008
https://doi.org/10.1016/j.ccr.2012.02.008
https://doi.org/10.1016/j.lungcan.2017.03.015

Park et al. BMC Cancer (2019) 19:574 Page 8 of 8

small-cell lung cancer. J Clin Oncol. 2008;26(21):3543-51. https://doi.org/10.
1200/jc0.2007.15.0375 Epub 2008/05/29. PMID: 18506025.

26. Sun JM, Han J, Ahn JS, Park K, Ahn MJ. Significance of thymidylate synthase
and thyroid transcription factor 1 expression in patients with nonsquamous
non-small cell lung cancer treated with pemetrexed-based chemotherapy. J
Thorac Oncol. 2011,6(8):1392-9. https://doi.org/10.1097/JTO.
0b013e3182208ea8 Epub 2011/07/01. PMID: 21716147.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions k BMC



https://doi.org/10.1200/jco.2007.15.0375
https://doi.org/10.1200/jco.2007.15.0375
https://doi.org/10.1097/JTO.0b013e3182208ea8
https://doi.org/10.1097/JTO.0b013e3182208ea8

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population and design
	TTF-1 IHC and EGFR mutation detection
	Data analysis

	Results
	Baseline characteristics
	EGFR mutation patterns
	TTF-1 expression and OS
	Cytotoxic chemotherapy response
	TTF-1 expression among patients with EGFR-wild type lung adenocarcinoma

	Discussion
	Conclusions
	Additional file
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

