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ABSTRACT Objective: To explore the FGFR fusion and its clinical significance in the lung squamous cell carcinoma and adenocar-
cinoma. Methods: The retrospective series of NSCLCs were investigated for FGFR fusion by reverse transcriptase polymerase chain reac-
tion (RT-PCR) followed by direct sequencing from January 2011 to December 2013. All patients were also analyzed for EGFR, KRAS,
HER2 and BRAF mutations. Results: 512 cases were enrolled to our study including 119 squamous cell carcinoma and 393 adenocarci-
noma.We found that 1.2% of the cases harbored FGFR fusion. Compared to the FGFR-negative group, patients with FGFR fusion were
more likely to be male(p=0.028) smokers(p=0.038), significantly associated with squamous cell carcinoma(p=0.029), more likely to have
large tumor (>3 cm) (p=0.029). Moreover, There were no significant differences in RFS or OS between patients with and without FGFR
fusions. Conclusion: FGFR fusions identified a distinct subset of NSCLC with a higher prevalence among smokers with squamous cell
carcinoma and relative larger tumor (>3 cm). This part of our study provided a clinical reference in targeted therapy screening with
non-small cell lung cancer and was helpful for anticipating the prognosis in Chinese NSCLC patients.
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HELEPENE 2011 4F 1 H 3] 2013 4F 12 A 78 b i 5538 K2
12 2 [ B e 0 A2 B B A 7 T AR TR 1 it 8 s R s B s S8 )
PRAGG B2 EORE , B4 R AR I R AR | e RN
PR AR ORREE S . AZAARHE N () BRI 12 O i o
AR5 (o)A AR HO AT 5 (ObR AR AT AL
Mo (@FRAREREE 75%LL E o
1.2 MRFZE
121 IRARBEEE AWM EAEY R, -20CHKAE R
TR o WHIRARE - P20 (HE) e f5 T s i H BT 75%
WY Fr o R TIANGEN 23 F] DNA/RNA SRS BGAG & , He it
B F4HL DNA & RNA; #:1l RNA ¥k Invitrogen M-MLV jifi
Bt &, 20 pg IR Z RNA 100545y cDNA,
1.2.2 %R PCR(reverse transcription PCR,RT-PCR), B # il
FF#0 FGFR B EERN  FATH IR0 SRIF 7 B 14
cDNA Syt i#4T RT-PCR JF-i% HAEINT . w0 G & Aa &
JE i) FGFR Rl 2R, A4 FGFR1 filvG L (FGFR1-TACCL
FGFR1-FGFR1 ERLIN2-FGFR1 ,BAG4-FGFR1),FGFR2 Fl &
Sk (FGFR2-BICC1 ,FGFR2-AFF3 [FGFR2-CASP7 .FGFR2-
CCDC6 ,FGFR2-KIAA1967 .FGFR2-OFD1 ,FGFR2-CIT
SLC45A3-FGFR2) #1 FGFR3 @l & #: (FGFR3-TACC3,
FGFR3-BAIAP2L1),
123 BERIFHEFRRTHN S 75087 FGFR Fl & 5 K2
EA " IREEE A " R, AT AL A REAR (R EEEAT TR DL
IR B FE P 2 A5 K, f93% EGFR  (exons 18-21) . HER2 (exons
18-21) KRAS (exons 2-3) .BRAF (exons 11-15), Jf: H #i£ FGFR
il e PR A DL 5 PR 9 722 F s R 3825 R TR R A 7 % G 4
BY, LEBEEAE M I A 2 5 &R o
12.4 BEys  RATT2EE U A SRR 25 280 0y s
TrBEV o ARJTFER 1AEFISE 2 4, B0 3 A H 2 A 1 ks #E
i BT B TR R AR L MO CT Sl CT FHRE S o
MARSGHE 3 4R IR, TR 6 A H 75 A, JEhil 52 A A TR
Ja 12 4F WRAEE ARG, WERAT KM MR J#$3E5 CT,
PET-CT E-BUS | £]- 4 52 U4 B ol 28 B 2 ) 55 ok — A0 D i 17
K"K
L3 FitZEaHh

i 44 Prism 5.0 (GraphPad Software Inc.) #i1 SPSS 22.0
(SPSS Inc.) A THHE B HLMGE 245041 43ISO 2R ] Lk
KR RRIT RS, SR H] Kaplan-Meier 247 AE A7 7047, LA
P<0.05 225 A GeitF i o

2 R

AWFTEIL AT AN bRER B 512 41, 55 302 ], &
210 {71 ; AN AR SR 284 3], W HASE 228 i) /N TS T 60 %
(i 243 i, T 60 % AR 269 {1 271 491, 11~
IVHI R 241 B ot Kb oAkl 308 i, Ao fefiiRg

204 {5 Jigsiz 393 {91, iR 119 il BAR/INTAE T 3 JHOKRAY IR
321 {9, BARRZ 3 JHOKAE 191 BIGE 1),

1 512 I AhiE = R0l AR B e PR IR S RHE
Table 1 The clinicopathologic characteristics of 512 cases of patients with

adenocarcinoma or squamous cell carcinoma

Clinicopathologic characteristics N (%)
Age
< 60 243(47.5)
>60 269(52.5)
Sex
Male 302(59.0)
Female 210(41.0)
Smoking status
Never smokers 284(55.5)
Current/former smokers 228(44.5)
Pathological type
Adenocarcinoma 393(76.8)
Squamous cell carcinoma 119(23.2)
Differentiation
Well to moderate 308(60.2)
Poor 204(39.8)
TNM stage
I 271(52.9)
-1V 241(47.1)

i3 RT-PCR B #2007 19 J5 3% A AR ARG I i A
CLAIAY 14 Fi FGFR filvaIE . WF5ttt 230 6 f) FGER fill &3k
, 2r 5142 2 7] BAG4-FGFRI1 .4 ffil FGFR3-TACC3, K&
FGFR1-TACCI1 .ERLIN2-FGFR1 FGFR1-FGFR1 FGFR2-AFF3
FGFR2-CASP7 . FGFR2-CCDC6 , FGFR2-KIAA1967 . FGFR2-
OFD1 ,FGFR2-CIT , SLC45A3-FGFR2 . FGFR2-BICC1 ,FGFR3-
BAIAP2L1 46l &30, FGFR fllA FEHAE 512 {5l il Fn i
R I R A AR N 1.2%(6/512),

Jifi 957 2 , FGFR fili& BE R 4Gt 3R 3.4%(4/119), 45 4
il FGFR fil & 5, @& IEXh 2 4] BAG4-FGFRI1 #i 2 4
FGFR3-TACC3,, Jilifit it , FGFR R4 3L PR (14 & 2R3 Sy 0.5%
(2/393), mGIEXH FGFR3-TACC3 (K&l 1), JfH. 2 filfi
FGFR3-TACC3 il & 3L P ZH ZUREAS B4 SR AL IR A

MHRFE FGFR 275 5 H AR S 3L N 28 A5 A7 JF b — 4 5¢
LRSI GEA G, AT AR 512 FIREARBEFT T EGFR |
KRAS HER2 .BRAF 45 WLAK 23 K 28 A8 A TR (Anf&l 2).
EGFR KRAS HER2 BRAF 7£ 512 A 14 o e Az 4 % 43 5]
1 46.9%(240/512) .6.1%(31/512) .2.0%(31/512) Fl 1.2%(5/512),
HHEL EGFR KRAS \HER2 3K %845, FGFR1/3 filv & 3 B FHE
Jihd e RARTE K , 2 KF 3 cm (FGFR Vs EGFR, P=0.004; FGFR
Vs KRAS,P=0.021; FGFR vs HER2, P=0.035); ifij 0, ¥ > & %1
A& FGFR fll &2 K 5 K0 () EGFR .(KRAS HER2 . BRAF &
R ARARILAE
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FGFR3-TACC3 variant 1 exonl7-exonll 758 950
AD(n=2

BAG4-FGFRI exonl-exon8 SCC(n=2)
| RS }I L] | »e |

%0
1 512 sk e Fn fmBRE P R B 2 5] BAG4-FGFR1 0 4 51
FGFR3-TACC3
Fig.l 2 cases of BAG4-FGFR1 fusion and 4 cases of FGFR3-TACC3
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fusion in 512 cases of patients with adenocarcinoma or squamous cell

carcinoma

AW, KA B FGFR Rila 2 HA LIR30 (DAF
FE AR K BL FGFR2 fill £ L [ 5 (2)FGFR il &5 HE [N 5 5 (9 1k

Unknown 40.8%(209/512)

FGFR1.2%(6/512)

\

BRAF 1.29%(6/512) \ KRAS 6.1%(31/512)
HER?2 2.0%(10/512)

2 512 Bifh ek Ah BRI A B E X T E

Fig.2 Gene alteration of 512 cases of patients with adenocarcinoma or

EGFR 48.8%(250/512)

squamous cell carcinoma

ol RS e o R R A K bR R/ ARG TS5 A 1 e
T AE IO AR o 534k (p=0.028) I AA (p=0.038) | Ji &1 fi
RAEKRT 3 em(p=0.029) i 8ifi 1 2 (p=0.029) B 45 ) i Kl Ak
FGFR fil 53 (3 2).

% 2 FhEETNAGARE FGFR ft& 2 E K5 EGFR.KRAS HER2 BRAF EERTHIXF
Table 2 Correlation of FGFR fusion with other gene alteration including EGFR KRAS, HER2 or BRAF mutations

FGFR

Clinicopa KRAS HER2 FGFR
Gene EGFR mutation BRAFmutation
-thologic . o mutation mutation o Gene fusion
fusion (positive) . » (positive) .
charac- . (positive) (positive) (positive))
(positive)
teris-tics
N(%) N(%) P N(%) P N(%o) P N(%) P N(%) P
Age
< 60 3(50.0)  114(47.5) 17(54.8) 7(70.0) 2(33.3) 241(47.6)
> 60 3(50.0)  126(52.5) 1.000 14(45.2) 1.000 3(30.0) 0.607 4(66.7) 1.000 265(52.4) 1.000
Sex
Male 5(83.3) 89(37.1) 25(80.6) 1(10.0) 4(66.7) 185(36.3)
Female 1(16.7)  151(62.9) 0.032 6(19.4) 1.000 9(90.0) 0.008 2(33.3) 0.559 321(63.4) 0.028
Smoking status
N 1(16.7)  191(79.6) 9(29.0) 9(90.0) 2(33.3) 308(60.9)
C/F 5(83.3) 49(20.4) 0.002 22(71.0) 1.000 1(10.0) 0.008 4(66.7) 1.000 198(39.1) 0.038
Pathological type
AD 2(33.3)  234(97.5) 28(90.3) 9(90.0) 6(100.0) 390(77.0)
SCC 4(66.7) 6(2.5) <0.001 3(9.7) 0.007 1(10.0) 0.036 0(0.0) 0.061 116(23.0) 0.029
Tumor size
< 3cm 1(16.7)  185(77.1) 22(71.0) 8(80.0) 3(50.0) 320(63.2)
>3 cm 5(83.3) 55(22.9) 0.004 9(29.0) 0.021 2(20.0) 0.035 3(50.0) 0.545 186(36.8) 0.029
Stage
I-I1 4(66.7)  167(69.6) 22(71.0) 6(60.0) 4(66.7) 345(68.2)
aI-1v 2(33.3) 73(30.4) 1.000 9(29.0) 1.000 4(40.0) 1.000 2(33.3) 1.000 161(31.8) 1.000
Differentia tion
Well
2(33.3)  185(77.1) 19(61.3) 7(70.0) 4(66.7) 336(66.4)
-moderate
Poor 4(66.7) 55(22.9) 0.031 12(38.7) 0.371 3(30.0) 0.302 2(33.3) 1.000 170(33.6) 0.187

A ST BT 302 B, R AR ] 29.8 H .
FGFR it 5 5 A B 8 5 9 0 5 e A=A I ) o 29.1 A4S i
FGFR it S ] BV R 1) JC A A S A If ) 28.3 A P

TCH B Se 12425 5 (P=0.603) ; FGFR Fl & JE K FHPE 2 4F A
TER N 82.8% , fii FGFR Fifi & 3k R B B 1 0 2 K A A7 )
A 79.6% Wi 2R TCH BG4 7E L (P=0.510),
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FGFR [ i £F 4 #f K W 7 3 /&, {045 FGFR1 FGFR2,
FGFR3 Fl FGFR4, [ifi#5 WK sl 5 K it S8 AR W58 RN R A, ke
L 05T 8 FGFR il & 35k B T BE 76 2 IR I iliad # v
IR Y, BHETE A B 14 Fh FGFR @& TE R,
FGFR3-TACC3 #ftififi %, HARIKSHVEH Rl &L T g
#414E BAG4-FGFR1 .FGFR1-TACC1 #1 FGFR2-BICC1!51_ {&
FHHLI R L A S , 4 FGFR 6 X 0 MR R0ms |
HCAEFHLEE, R F O R LTS R e ALY e, Bkl
A1 FGFR A4 51 A 1 /2 (pazopanib) L}z PD173074 %5
A HE AN RIS & M Be . FGER il 2 PR B s 5 BN
IEEREE AR 451, X 2 FRAT TR A /Nl R it 7 J| FGFR
A LRI R R B o SR, o T 2 B0 R At 0 ) 77
PG S W] B 0 40 A N A5 1 el 3, 2 o7 AT o 5 — B
(F) i, Iobes S AT A R IR D) — s 2 FR VB Bl 2 A T e IRz 41 o]
TSR , A R A B I, A SH Aoy 0 g 400 sl 5100
AR AT RERS [ B4 FH T T 25 I Sl IR VB 52 A 17 22 308 5kl 74
FF UL, X FGFR 5 RIS INFE PR @A L PR 16 DL R LR 3%
IR GEAR I 25 G I FEHS BB AT Bl FGER 22800 i 418 ) 410 1) 551 1)
W& S5l PR,

FATHE 512 BUE/INAN il g 36 & 0 6 5] FGFR il & 3k
L2905 PTG s MY 1.2%, U LA AN (AT
FRE AR /NN R g B BB R, T EL A9 JC e &S AN
FET 3 AR S R A PRI, ROV AR A ) S A
F AR BRI 43 A X 53 15T B9 ALK [ROS il
AEBEAEEMUZL P, RMNEHME AKX N 2 4
BAG3-FGFR1 F 4 f§ij FGFR3-TACC3, 1M H. FGFR Fili & %L 5 I
HAWIRSh R A A A A7, R, FGFR Fifi 4 25 D5 Al g i 57
T A B 08K 3h 35 R 5835 1) 35 (R oA 2 , 7 R e i 5 & S
"IRBh AR . X AREDIE T ESMAF ST FE NIH3T3 BLEF 4R 4N
RatlA JEF4E A0 . 200 A0 M K A 9k 56 b % B FGFR1-
TACCI1,FGFR2-BICC1,BAG4-FGFR1 [ }% FGFR3-TACC3" 3K
Bl " A S,

EAFE AR, 5 VIR 278 201 & T AR s i 2
ANF), FGFR & SR BE AR T MR AR I HL, Rk
K, RHEKRBEKRT 3 EKM 6T 75 B FGFR 3L A fil
A, X R Bl AR AT IERE T RIS A ERETRE H AT R
A RS 2 R AT IR R T . A FRATTE BRI
&I T 2 4] FGFR3-TACC3 il & 3L, i — 25 J BRI 78 4y
HriwsR , X 2 ] FGFR3-TACC3 Rl 5 3 5 sl K
ZHON SR AL, XS, AU B T RE 2 25 T
FGFR F [ 41l 77) , 3543 A7 SE ARSI 28 1% fii B et A8 2 mT etk
Ak FGFR S ) 56 700 936 B AR, Bk, FGFR 38 i) 3100 76 7501
ERCh RS F R e B, ORI TR i R
H# 2. E4h Hibi M 85l ia F AP & 8 75 Biitisaet
ASHAGI T FGFR 56 A B AR IR 254 5 FGFR1 5L A 4 1 4L
K4 FGFR1 JE[R 2848 FGFR2 JL [ 2845 [FGFR4 Jt [H 28 45 1)
J FGFR3 LA B, FEAERIMALE HrR i 225 i 25 1 4L
i Bt 417 11 55 S 34 @ A1 (nintedanib) (¥ it g S0 i /5 . A7 98 30

FGFR3 filt 5 FE IR 1.3%, JeikJe A Xt FGFR1 B[R4 4
JRURRAT B S Y R A AR o 2 SRR A Iz
Ak, R i e R R T BE A [ i PR A, I i — 20
ATHE 1] 25 ARG , (EARAS B S AR I 7 A ) P R e B
ST A SR SR FGFR SR O 4 107 A
it — S VA,

[l et 5 i = A #h % FGFR Rl & RE R BT, 28T T
FGFR1 A1 FGFR3, ifii BAG4-FGFR1 #1 FGFR3-TACC3 J&AH X
Z WG LA, FRATAIRF S ENIE 13X —sd o FeAT17E 500
ARG R R AR R AEAS cP EA RGN, A& I FGFR2 AHSCR
EHERL o DRI, TR At e AR R e R T 1 R g v, L B0 9K 5
fEFHRTRESE: FGFR1 il FGFR3 AR A £, 1MidE FGFR2 fl
BN o {H FGFR2 &N S v] REAE B A L BRI R
PRIR S i PR EE AR 22, Kim SY S8 i (RS0 55 & 2
FGFR 157 0] A %V T FGFR2 ¥ 34 (4 B4, 7k —2
iR 1 T FGFR2-ACSLS5 fili 5 & X AT R A FGFR 41 591 it 24 1)
Pl 2 —), Wang Y 550 (AT S0IA ) FGFR2 il 5 4k K AT
YA AR R I 2 BGI398 [V T A5, sk 2 il 745 22
O B R R E BB e P, M, Kunstlinger H 25 % )
FGFR2 TEK RN 7 A vh e 2% 2, FGFR il 51 4 PD173074
S5 AT RO AR FHI A IR A R T

ASBIFFEAE R IR HIASE it 858968 0 fis i i A A v % FGFR il
FEF A TR, BT 6 7] FGFR @il A £, (H 52 24480+
ARITEEFTIR, AW FEBAAE—E RIRAAE . FATRIBEFE 712
RO - A HEE SV (RT-PCR), AT LU i 5035 9%
CHBIFTA 14 F FGFR @l G B SEA TR I AGAE, (HIEk K
BB REIE . BeAh, BT FGFR3  TACC3 Wk DA ] ) i
A K BAG4 FGFRI [B] 1 i g o 1, FR AT J0 kBT TR B %)
FGFR3-TACC3 #l1 BAG-4FGFR1 #t 47 5¢ & JR A ¢ 22 FISH 45
. JTA , Granberg KJ 238 i Sy 20 21k~ () 2sis FZHZUE
FREI T RECE 2R TR Y FGFR il SR 3k, BF9E &
L, FGFR3 [/ #3155 FGFR Rl AR ML ARG, JFAH
FGFR3 (#5215 7] LIVl FGFR filve E D LSO RS Y 95
PP 2P, % FGEFR filE 56 R E— 2O ARSI AT 155 TR O A
BT TN o AT UK 7R S5 22 o8 b i — 2D AR R
FGFR il &5 HE D 5 S e 2l AR R G 2R o

R, B g R B9 FGFR Rl 3k R & A= 3 29
1.2%, Horh s FGFR AR 2000 3.4%, JE 2070 0.5%,
FGFR il 5 3 DR T IR AR R T 3 TR A W8 55 gl s
B DURCE AT I R B AR R o BAT DA ARRE 4 it
95 A B PR A AN FGEFR B[R Y7 Th AR 25
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