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ABSTRACT —— Objective. We analyzed the efficacy of carboplatin + pemetrexed + pembrolizumab for advanced
non-squamous non-small cell lung cancer by the thyroid transcription factor-1 (TTF-1) and tumor proportion
score (TPS) expression. Methods. Twenty-seven patients who started this treatment at our institution from Janu-
ary 2019 to December 2021 were analyzed retrospectively. Results. In the T'TF-1-positive group, the progression-
free survival (PFS) was significantly prolonged in TPS-positive cases (TPS-negative/TPS-positive: 84 months/
24.5 months, hazard ratio 0.17 [95% confidence interval {CI}: 0.03-0.92]; p=0.02). The analysis was divided into two
groups: both TTF-1- and TPS-positive and others (TTF-1-positive and TPS-negative, TTF-1-negative and TPS-
positive and both negative). The median PFES for others/both-positive was 6.4 months/24.5 months (hazard ratio
0.39[95% CI: 0.12-1.25]; p=0.09), and the PFS tended to be longer in the both-positive group than in the others. Con-
clusion. This regimen achieves the best response in patients positive for both TTF-1 and TPS, so others should
consider using alternative regimens.

(LC. 2023;63:15-21)
KEY WORDS —— Non-small cell lung cancer, Immune checkpoint inhibitor, TTF-1, PD-L1, Pemetrexed

Corresponding author: Hidekazu Suzuki.
Received July 27, 2022; accepted September 1, 2022.

By — B, ETIERE LB IR NG RE 2 35 %

HNVEKRTSF L +RA M LFEF+RATOAY A TD
A%z TTF-1 (thyroid transcription factor-1) & TPS
(tumor proportion score) FEBUIRPIIC X D fEMT L 72, F
k. 20194 1 H 25 2021 4 12 H £ TITARGHE & B IR
L7z 27 Bl 2 % BT L7z, &R, TTF-1 BBikst
TIX TPS K61/ bm 46 - 84 » H/245 » H & TPS B
PEBI O PFS I A EICIERE L TWw/ O — R 017
[95% 15 ## IX R : 0.03~0.92] ; p=0.02). TTF-1 & TPS

O JFREERE L, Z o (TTF-1 B/ TPS B, TTF-
1 Bt/ TPS Btk Wiy B (2 TfT L7z & 25,
PFS Wik, & ot/ B hht - 64 ~ H/245 » |
(NHF— FH 039 [ : 012~1.25] ; p=0.09) TH bV, i
JibE R C PES IXIER T AN CTH - 72, 5k, ANGHE
#1 TTF-1, TPS Wi J5 B PE#EC O BRI R R b RAFC
HY, MIRFLI A COFHEZEZER LT VW2 S L
N7z,

F5 A — NG, e = v 2 R4 v MEHE

KBS & oS > 7 — WSS B, 2B IR 5 SHi R
SR BE R I FE R B 5 Bl 22

i SCE AR ST
ZAFH 12022 4R 7 H 27 H, BRIRH 12022429 H 1 H.

Japanese Journal of Lung Cancer—Vol 63, No 1, Feb 20, 2023—www.haigan.gr.jp 15



TTF-1 in ICI Plus Chemotherapy—Okabe et al

#, TTF-1, PD-L1, XX ML FEF

FCBHIC

ARFRIZ BT 2 Mhifs DL TH BT 2019 127 5 Nz #
ZTBY, AR CHEKE LTHE LA TH D LARKITE
% TdhA . PS (Performance Status) EUfFO KT A /3—
T 725 W e /i R e VR oo B B AN RE R /N T 98 < ik
TRIEHE AR S T 5. 2

KEYNOTE-189 #5312 3\ TF R AL RN A FE I &
NIZZATFGF L/ AINKTFTF o +XX L FEF+
NRALTAY) AT HZFD—>2TH 5%, TPS(tumor pro-
portion score) FEVEGITIXBGMER] & G HBER R AT
THIEPHALNTNWS., —FREILI XA THHENS
~N X b L F+t ik, TTF-1 (thyroid transcription factor-
1) BRI CIIRRIMET 5 Z &M SN Tn5. 47
ZDEINCTITFF+RAPMLFELF+RLTHY XY
TINEHEATIE R LR IR G IS L CHRITH S
5, Ml % @ TTF-1 & TPS ZEBLRILIC X 0 GEHRN R AR
o TV DI HEMEDSD 5.

GENTHE—JEFIC BT T I FF+ A ML F R+
NRAT ) AR TR Z %A  E BT L, TTE-1 Bl

Table 1. Patients’ Background Characteristics

Total n=27

63 (48-75)
21/6 (77.83%/22.2%)

Age: median (range), years
Sex: male/female; N (%)
Smoking history; N (%)

Current and former 24 (88.9%)

Never 3(11.1%)
ECOG PS; N (%)

0 3 (11.1%)

1 24 (88.9%)
Stage; N (%)

m 2 (7.4%)

v 23 (85.2%)

Postoperative recurrence 2 (7.4%)
Liver metastases; N (%) 7 (25.9%)
Brain metastases; N (%) 10 (37.0%)
Pleural effusion; N (%) 10 (37.0%)
PD-L1 TPS

<1% 12 (44.4%)

1-49% 8 (29.6%)

>50% 7 (25.9%)

TTF-1-positive/TTF-1-negative; N (%) 18/9 (66.7%/33.3%)

ECOG PS, Eastern Cooperative Oncology Group Perfor-
mance Status; PD-L1, programmed death ligand-1; TPS, tu-
mor proportion score; TTF-1, thyroid transcription factor-1
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A: PFS: All patients

B: OS: All patients
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Figure 1. A: The progression-free survival (PFS) of all patients treated with carboplatin + peme-

trexed + pembrolizumab. B: The overall survival (OS) of all patients treated with carboplatin + peme-

trexed + pembrolizumab.
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Figure 2. A: The PFS of patients divided by the thyroid transcription factor-1 (TTF-1) status. B: The
PFS of patients divided by the tumor proportion score (TPS) status.

63 5% (HPH : 48~757%) TdH - 72. TPS K& #1Z 12
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A: Pleural effusion +/-

B: Liver meta +/-
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Figure 3. A: The PFS of patients with pleural effusion. B: The PFS of patients with liver metastasis.

A: TPS +/- in TTF-1 negative

B: TPS +/- in TTF-1 positive
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Figure 4. A: The PFS of patients divided by TPS status in TTF-1-negative patients. B: The PFS of
patients divided by TPS status in TTF-1-positive patients.

/BBl - 64 # /245 » H ON% — NI 052 [95%
fEHEIX I © 0.19~145] ; p=0.20) TH - 7= (Figure 2B).

WERKOERTOILETIX, /%L 115+ A/
9.1 » H T PFS 221 h o 72 O — R 1.62 [95%
fSIEIXH : 051~5.10] : p=04) (Figure 3A), FiEE DA
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R OFMTOETIX, Y /72 L @ KEFE/91 » H
LV AEEATIR O N o7 O — FH 048 [95%

18

fEHEIX R : 0.13~1.72] ; p=0.3).

EIRDZEDFIE 51.9%, TTEF-1 sl & sl 2
ZN556%, 444%, TPSEPEpBl & BEHEplcZhEh
60.0%, 41.7% T&H - 7=.

3-1. TTF-1 &M, &R R T OB

TTF-1 B PE#EZ 33 W T TPS K& 65/15 2 61 : 64 »
H/63 5 T PFS OHEAE R d o7z ONF— K 1.17
[95% 13 #EIX M : 0.23~5.80] ; p=0.9) (Figure 4A). — 7},
TTF-1 BEVERE T oOME CTlx TPS BEER/ B :pl - 84 4
H/245 7 H & LT PFS I3 A RICIEE L TWwz (O
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B — N 1017 [95% 15 #H X [ : 0.03~0.92] ; p=0.02)
(Figure 4B). ZNENDOZREFFIZTDO W T Table 2 II/R
3 X 912, TTF-1 BtkA> TPS BBl sk b = < 63.6%
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Figure 5. A: The PFS of patients divided by TTF-1 status in TPS-negative patients. B: The PFS of
patients divided by TTF-1 status in TPS-positive patients.
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A: PFS: TPS&TTF-1 + vs. others

B: OS: TPS&TTF-1 + vs. others
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Figure 6. A: The PFS of patients positive for both TTF-1 and TPS and others (TTF-1-positive and
TPS-negative, TTF-1-negative and TPS-positive, both negative). B: The OS of patients positive for both

TTEF-1 and TPS and others.

PEBITIENA PLF L FRN— 2 EZDMT OS 12313 %
WS, TTF-1 MBI TIERA FLFERFR=—Z2DL I A
Y TPFS B LUV OS 5 b A - 72, 72 Sun S13IER
S bR S/ NG 0 285 N DB IC DO W TF I ¥
VIR GRS (TS) 3 & O TTF-1 ZEBLZ 2 W T o s ik
LB IRNT L 727 22 TRA ML F L FOREF
RT-& LTI TS B % 7213w TTF-1 388 A3k L <
PFS BIFRF &> TWbB Z &2 W L7z, 72 Naka-
hama 53 6EF = v 7 B4 > FHESRHEANEHEIC BT
HIET T, TTF-1 BESFHRREGET L RoTnb I L
EFWMELTCVSE LRI MLIFEFDOARL S T HRIE
Frv 7R Y PHEHEIZBWTD TTEF-1 BGEFH#
RIFNT-2 LCHE LTS 5.

TTF-1 5B L TR DO FE AT 2587 72 % 1]
etk b IEM SN T 5. Park SIZIEDFE D5 2
FEIE N AR UMEET U 72,12 MR I 2 © 56425 % I
FEZ 27 5 SHR, TTRINMIE R & 25 Il &S X E o
JEREE R L TTF-1 1313 & A EDREFIN B WV TR 2R
L, BlCOFAMEICHIEH L Tz, — 5 IR IR 58
WA & 564§ 2 B (MO, R AR R e, F 7
IR ST S LR o TERE % 7R L TTF-1 Bt o el
1E50% 22 %I &k, Wbk r B L7z BEiE,
TEH R AR LR RIS, A rAE LR kA% & 7= L
B EZ N L TRAETHIEEZRBLTNS. T4bb,
Z ORI ER LA DBRE T, TTF-1 Bk o> Lkl
AMEAEMBLICES S, TTF-1 O3EMATELT 5 2 L8
SN TV D, SUERIEW 33 % BUG T - E A b

20

2 b D3RG & FA T 2 H%)F T TTEF-1 BRI _ X

FLFE FPRHPH LIS W EPEESNS.

TTF-1 Z® b OWNiREOFHRBIFRT-TH D T LA
A TFY)ATIHEHEIN TS B L2rLsleyE
KT TdHh % EGFR G AR T- A% D F 72 TTF-1 Bk
DL VUL Z L SR EZ#HL L TWwa. TPSIC
TTF-1ZMAAITALT BT ETHREF = v 7 RA ¥
MHERFHO G FHEO FUREENS LA 5 & Lz
164 SN Twb, F 72k Koyama 5 it TTF-1 783 &
Seu s B H IR IR PR A I 5 & o B 2 W) L 72, V7 IR
Bz /NI 2 35 v T TTF-1 K51 < HUIR IR k% B
B EDFIEHEDTH D OO, FEAEHFITO PFS LR L T
WhHZ LG L. TTF-1 3 EREF v 7R A~
b BH SR O AR IS A SR & IERmE 25 v, Mk
T B FHHG IR O LD 7= D I HE 5 T4
D &2 HEMED D 5.

ARIFFEIZ VL O DOBRAD D 5. H— I H G, 4
BToOBITBRNEIETH D, BERIUOWTNS T
AN LT 5D D 5. 5512 TTF-1 AWIFIZRY
L TR, FI A N—ZBRIZOWTIT B THRE S
TV, EIBISHAR ASE  72 0 BRI 72 712123
L CIEHIICETWAWENBIT NS, SHBRBIE L
Y7 LT =)V FIETOIE 7> ZDOMEI NS
5.

&

¢

HEAT I T LB I IR RS $~ 2 A VR T T F >

Japanese Journal of Lung Cancer—Vol 63, No 1, Feb 20, 2023—www.haigan.gr.jp



TTF-1 in ICI Plus Chemotherapy—Okabe et al

+RX ML FEF+RATHOY X3 T7UE, TTF-1 & TPS

)7 B P BN E AL e 8,

—Ji DB B N IE TS

BEtEodaid, RBL YA CoMHZEBLTH Bun)e

b LNz,
RGNS 23 H ORI - 2 L
REFERENCES
1. BSAWFZEIRELE ], #dk. ASA OFKFEF 2021, https://ga

Japanese Journal of Lung Cancer—Vol 63, No 1, Feb 20, 2023—www.haigan.gr.jp

njoho.jp/public/qa_links/report/statistics/pdf/cancer_s
tatistics_2021.pdf

HAlifE 2723, Wide. M4 87 4 > — B E g
Rz B - e B B S & € 2021 4FEBR. https://www.haigan.
gr.jp/guideline/2021/

Gandhi L, Garassino MC. Pembrolizumab plus Chemo-
therapy in Lung Cancer. New Engl ] Med. 2018;379:e18.
Fiala O, Pesek M, Skrickova J, Kolek V, Salajka F,
Tomiskova M, et al. Thyroid transcription factor 1 ex-
pression is associated with outcome of patients with non-
squamous non-small cell lung cancer treated with
pemetrexed-based chemotherapy. Tumour Biol. 2017;39:
1010428317691186.

Frost N, Zhamurashvili T, von Laffert M, Klauschen F,
Ruwwe-Glosenkamp C, Raspe M, et al. Pemetrexed-
Based Chemotherapy Is Inferior to Pemetrexed-Free
Regimens in Thyroid Transcription Factor 1 (TTF-1)-
Negative, EGFR/ALK-Negative Lung Adenocarcinoma:
A Propensity Score Matched Pairs Analysis. Clin Lung
Cancer. 2020;21:¢607-¢621.

Gronberg BH, Lund-Iversen M, Strom EH, Brustugun
OT, Scott H. Associations between TS, TTF-1, FR-o,
FPGS, and overall survival in patients with advanced
non-small-cell lung cancer receiving pemetrexed plus
carboplatin or gemcitabine plus carboplatin as first-line
chemotherapy. J Thorac Oncol. 2013;8:1255-1264.

Sun JM, Han J, Ahn JS, Park K, Ahn M]J. Significance of
thymidylate synthase and thyroid transcription factor 1
expression in patients with nonsquamous non-small cell
lung cancer treated with pemetrexed-based chemother-
apy. J Thorac Oncol. 2011;6:1392-1399.

Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH,
Sargent D, Ford R, et al. New response evaluation crite-

10.

11.

12.

13.

14.

15.

16.

17.

ria in solid tumours: revised RECIST guideline (version
1.1). Eur J Cancer. 2009;45:228-247.

Team RC. The R Project for Statistical Computing [In-
ternet]. version 3. Vol. 2020. 2020. https://www.r-project.
org/

Gadgeel S, Rodriguez-Abreu D, Speranza G, Esteban E,
Felip E, Domine M, et al. Updated Analysis From
KEYNOTE-189: Pembrolizumab or Placebo Plus Pe-
metrexed and Platinum for Previously Untreated Metas-
tatic Nonsquamous Non-Small-Cell Lung Cancer. J Clin
Oncol. 2020;38:1505-1517.

Nakahama K, Kaneda H, Osawa M, Izumi M, Yoshimoto
N, Sugimoto A, et al. Association of thyroid transcription
factor-1 with the efficacy of immune-checkpoint inhibi-
tors in patients with advanced lung adenocarcinoma.
Thorac Cancer. 2022;13:2309-2317.

Park WY, Kim MH, Shin DH, Lee JH, Choi KU, Kim JY,
et al. Ciliated adenocarcinomas of the lung: a tumor of
non-terminal respiratory unit origin. Mod Pathol. 2012;25:
1265-1274.

Kim JH, Kim HS, Kim B]J, Han B, Choi DR, Kwon JH.
Prognostic Impact of TTF-1 Expression in Non-
Squamous Non-Small-Cell Lung Cancer: A Meta-
Analysis. J Cancer. 2018;9:4279-4286.

Shanzhi W, Yiping H, Ling H, Jianming Z, Qiang L. The
relationship between TTF-1 expression and EGFR mu-
tations in lung adenocarcinomas. PLoS One. 2014;9:¢95479.
Sun PL, Seol H, Lee H]J, Yoo SB, Kim H, Xu X, et al. High
incidence of EGFR mutations in Korean men smokers
with no intratumoral heterogeneity of lung adenocarci-
nomas: correlation with histologic subtypes, EGFR/
TTF-1 expressions, and clinical features. J Thorac Oncol.
2012;7:323-330.

Galland L, Le Page AL, Lecuelle ], Bibeau F, Oulkhouir
Y, Derangeére V, et al. Prognostic value of Thyroid Tran-
scription Factor-1 expression in lung adenocarcinoma in
patients treated with anti PD-1/PD-L1. Oncoimmunology.
2021;10:1957603.

Koyama J, Horiike A, Yoshizawa T, Dotsu Y, Ariyasu R,
Saiki M, et al. Correlation between thyroid transcription
factor-1 expression, immune-related thyroid dysfunction,
and efficacy of anti-programmed cell death protein-1
treatment in non-small cell lung cancer. J Thorac Dis.
2019;11:1919-1928.

21



