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Abstract

Objective: To investigate the effect of Fibroblast growth factor receptors (FGFRs) in multiple forms
of cancer. Method: Gene expression and clinical data of FGFRs (FGFR1, FGFR2, FGFR3, FGFR4) and
their association with tumor microenvironment (TME) in 33 cancer types were obtained from the
TCGA pan-cancer data. Moreover, clinical and response data of 1661 cancer patients who received
immunotherapy were downloaded from cBioPortal database. Result: The expression of FGFRs was
significantly different in different cancer types, and it was related to the overall survival of pa-
tients. In addition, FGFRs were significant correlated with immune infiltrate subtypes, the level of
stromal cell infiltration and tumor stem cells. The mutation of FGFRs was confirmed to be asso-
ciated with TMB. Moreover, patients with FGFRs mutations had a better overall survival (0S) to
immune checkpoint inhibitors (ICIs) treatment (FGFRs: P = 0.0096). We built a novel nomogram to
predict the prognosis of cancer patients with ICIs treatment. Conclusion: Our systematic prognos-
tic nomogram showed a great potential to predict the prognosis of ICIs treatment.
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1. 518

o PEERG AT AW 75 (Immune checkpoint inhibitors, 1CIs)7E i 25 10 AEGHE Y4, Sk B 2 s 16 97 4
B ERRME . R ICIs CAEZ B N JmiE v D S, AE U 30 23 (1 WG S s A 6 2 e ok e 8 A 18 1)
FIFNEIT IR KA BIAAE[L] [2]0 FHAEFTE B E N ek & fUfAa Mg, R BE S HImER)
SR R N3] FEFEMESET EE-1 (Programmed cell death 1 ligand 1) fiJ8 €48 4 47 (Tumor mutational
burden). R E 5% 40 il (Tumor-infiltrating immune cells). £5#c 455 (Mismatch repair) flfi LR ANFa &
P (Microsatellite Instability) <54 ¥ br SV 8L VT 2 W T UESE 5 GGy A G [4]. SRTT, BT 0 B ff A e i
S iR T R e R, IF ELBEE BT B IS R A A A SR B B, 1SS R R . DR, IR —FhRE
THI IR G eV T TG I R G AE bR E Z R EH B,

FRET 4 20 ff A K 5] T- 32 4 (Fibroblast growth factor receptors, FGFRs) 2 — it i 5 (i) A KR 7 52 4, 2 38
45 FGFR1. FGFR2. FGFR3 111 FGFR4, F.A il A I 2 MR i 45 K 3R i Ah S e Bk B A S5 K 42K [5] [6]
[7] [8]. FeF4kdmipA: KK 7 (FGFs)i@ it HZ K (FGFRs) 5 S S MAAE . KB b SR
9] [10] [11] [12]. FGFR 15 ‘5 i85 HAh J LA™ H 2L 40 M i@ B AH G, W1 PIBK/AKE. Whnt. hedgehog
Mg A& R AEEA[12] [13]. FGFR SASE B MR ik WL, 20105 7% [12]. 4RT, 3 H A AL, XF FGFRs
FIRAEAS [F] N8 o 1) R G PR TR I IR = .

N T IRZH O E AR SR VEAL BB () S BIRES , FRVPAS S ia T I BUR A, AT 17>k H TCGA
B iz SR A T FGFRs IURIATE L, FFHEFt FGFRs RiA 5 MBI K R, tAh, FRATA
cBioPortal 54 FE N4 1 1662 151452 52 f 2 Ko 25 st A 7RIV T T 1R I S he B85 (10 P 25 SR [14] . I, BT
cBioPortal 4 e (I AR A B, FRATTIF R T —ANHT1 2R G110 51 26 B SR Tl 22 52 G 95 Ao 25 s 490 750 P
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A F 2 1 T -
2. BRIFIFA
2.1 BIETHMLE

AWFF I TCGA Bdfi ik Tz s, A14% RNA-Seq #5341 . IR E R . 4% A FIHE T mRNA
(ras)Fl DNA H 54k (DNAss) [T PEVE 7. TCGA V2t 045 B, JE/ Nl < 33 Fhfigg sy,
Forr 15 bR R R TC BT 5 MG IE T A ZAREAS, [RGB AL AT T R 2E o b . SLSRAGHE
A 11,057 173 .

M cBioPortal %3 & T %k 1 1662 51452 1Cls 1677 1Bk HAERE 2B 28 (i AROR T 2c8itis « il — ARl
(NGS)® B (R HEAT T 0T [14]. XU 78 (I IRME SR M. MoR BB (Bt . FLIR
JE RN AN S L 285 B e TSR SR  RE 6 2R L IR/ N MR | B A ) 242K Y (PD-1/PD-L1.
CTLA-4, BXEIRIT) AAETE, TMB &5, A TIREEA FGFRs RAE S ICIs & A HHK R,
FATHERR T T A AS B (i S REAS . I IRAS BV E4E(E B T3¢ 1.

Table 1. Clinical data of cBioPortal for cancer genomics
= 1. cBioPortal IEEZEER

I R AREAE FGFRs 4341 FGFRs Bf4:4H
ISP 149 1422
HEFERE
A9 91 (61.1%) 685 (48.2%)
BT 58 (38.9%) 737 (51.8%)
NS
<50 16 (10.7%) 249 (17.5%)
>=50 133 (89.3%) 1173 (82.5%)
il
5 99 (66.4%) 889 (62.5%)
4 50 (33.6%) 533 (37.5%)
BIT TR
PD-1/PDL-1 5] 116 (77.9%) 1113 (78.3%)
CTLA4 #ffil5 11 (7.4%) 87 (6.1%)
BEEIRTT 22 (14.7%) 222 (15.6%)

2.2. FGFRs BV ¥ME R X4

AT T TCGA BB A s F IE H B 412 6] FGFRs (2 R RIAE M. R4 T FGFRs £ik 5
BE B AL HZ AR . @I ESTIMATE G204 F0 8] 54320 B /A [ i I8 b 453 F G 28 440 e A 1) Jofi
IR o Ak, BRATE ST 6 Pl G2 SV 7R ke ) B P g AR 85 v () e iR i, A G S TR 0 B
FGFRs 215 A8 A 45 ih o eI 2R A 2 [A) [ 9% R« K] Spearman #H <756 FGFRs 1A 5 %1F4>
ZIEHIR R
2.3. FIZ&ERNAE

£ cBioPorta ¥4 i th 43 b fiRs A IE B 41 2R 2 [F] FGFRs F9RARE I . ZEAHFEH, K Kaplan-Meier
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LM T T FGFRs RARM A, K log-rank & 566 2 2 2 5% . #R¥E Kaplan-Meier 4= 1%
ST AR B ES LK. R R B “rms” M@ HIL . tbah, BATEL C-index Ak IE i £k
PPl TS 5126 B R AE AR 1
2.4, G4

K R 3.6.1 #BAE. Perl %44 F1 GraphPad Prism 9.0 A4 #ET Gt it 245041 . R Wilcoxon #6556 /7% 7>
Hr FGFRs 7£ MR Al IE H 42 P g 3k 22 5 . Kaplan-Meier 234758 IS FE R BG4 AS 9] 28 18] 1 A2 47 22 5
P <0.05 & X NZEFEAE G Lo

3. &R
3.1. 2™ FGFRs WFRIEMFEXFR

FGFR1 7£ BLCA. BRCA. COAD. LUAD. LUSC. PRAD. READ. THCA. CESC. LIHC. SKCM.
UCEC IIEH A &k m T R4 (& 1). FGFR1 #£ CHOL A1 PCPG M4 4 ik T 1E
W4, FGFR2 #£ BRCA. COAD. KICH. KIRC. KIRP. LUAD. PRAD. READ. THCA. BLCA.
GBM. PCPG. UCEC. LICH WIEH AR RE & T MEHL . FGFR2 /£ SKCM FI CHOL fifygg2H 4
FikmTIEH 44, FGFR3 £ COAD. GMB. KICH. KIRC. KIRP. LUAD fIE# #H 4 &3k = T
023, FGFR3 7 BRCA. CESC. CHOL. ESCA. LIHC. LUSC. SKCM. STAD. THCA JiJgi 4 £irh
FKikmTIEH 4. FGFR4 7£ KICH. LUAD. LUSC. PCPG. THCA [\ IE# H A bRk m T MRA 4.
FGFR4 7 BRCA. CHOL. COAD. ESCA. HNSC. KIRP. LIHC. READ. STAD. UCEC JHyg £l 2irh

Rk TIER AN,
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Figure 1. The expression and prognosis value of FGFRs in pan-cancer
B 1. ;ZfEF FGFRs BIRIAFIFAG X &

JT FGFRs fEAN[AIEAE 44 B2 2 %34 (K 1(B)). FGFR1. FGFR2 7 /M8 35 N, FGFR3.
FGFR4 /b ¥4 X2 L. tbAh, T Spearman #OGTEA S, FGFR2 Al FGFR3 (r = 0.33, P < 0.005).
FGFR1 1 FGFR3 (r = —0.22, P < 0.005) (1) AH I 1 55t i1 » 22 BH AT ] g 3k =2 — e 3 ] p e 2 sl oh g (] 1(C))

T TRIRES FGFRs f ik sl iioeg A 4=, FRATFI A 33 Pl e AL I S R IR FE AR BT T FGFRs
Fik 5¥E 2 18155 & (K 1(D)).FGFR1 %A 5 LGG (P = 0.002).SARC (P = 0.015)#1 BLCA (P = 0.021)
FIA RS HHK . FGFRL (KK 1A 5 SARC A R il /5 #H55(P = 0.015) . th4h, FGFR2 {X# ik 5 CESC (P =
0.007)A1 HNSC (P = 0.004) A B /5 #5% . FGFR3 {k# ik 5 CESC HIA B TiJ5#H5%(P = 0.025). FGFR3
71k 5 LGG (P = 0.032)F1 UVM (P = 0.043) {14~ R 11 5 #H ¢ - FGFRA4 =314 5 LIHC (P = 0.034) f1 SKCM
(P = 0.029)I ARG, FGFR4 kKL 5 STAD & AR WM KP = 0.032), — KM=, FGFRs
FIR AL FEE WS A, (HRERITT 1A K] FGFRs i i A ik 28 284 1 5 (4] 1(E)).

3.2. FGFRs ByZRIA 5 PR EF SR R e A B EF AR X

ESTIMATE 53%, W] DUNR 48 5 [N R0k A5 2 Al o1 A% A (14 2 /53 3 $ (stromal - score) #1402 43 £ (immune
score), FTAUREFMGZEMBPMAFIE. EXTTAEF, FAEH ESTIMATE HiL#7 T FGFRs [13R
15 55 R A 55 Hp 2H 02 T 119 2 00 R R ol 4 R ) A T B 2 IR IR DG 1 . E BRCAL LUSC.
CESC fl SKCM ', FGFR1 5[5 1¥5r 2 53 IEAHE(P < 0.0001). FGFR1 5 UVM Al THYM [ 8] J5i iF
4y R FEFAHI(P <0.0001). AL, FGFR2 5 SARC. PRAD. THCA. LUSC. LUAD F1 SKCM FJal i
PE4 53 IE A 5% (P < 0.0001) . FGFR2 58] i ¥4 7E LGG F1 LIHC w2 % % A% H4h, FGFR3 5 PCPG
A1 BRCA 1] Fi 17 22 IEM %P < 0.0001). FGFR3 )i iF4r7E COAD. HNSC. STAD. PRAD.
KIRP. LUSC fil KIRC " & & # 7i415%(P < 0.0001). 7 KIRC. COAD. LIHC. STAD. THCA. SKCM.
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Figure 2. The role of FGFRs in tumor microenvironment and tumor stemness
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R, AV T FGFRs AR e Rl AR DG o ZEIMIR ORI T /SRR iR, B
Cl(#H#&E), C2(IFN-y %), C3 (RIE), C4 (WhEAHMIFEL), C5 (Fy& ki) C6 (TGF-BILH), 4
Sl %o 7 e RE A A T R RV E ) o BRAERT SR 28, C3 A1 C5 Sy WV 7 He 8 (0 A A2 30 B A T S A s 0
R, C4F1C6 BB HMAEMFIRZE. FGFRL /£ C6 HuE LA Rk iR . FGFRL W A R FE(EIE(E
IR BT (1) BB F TS0 % . FGFR2 1 FGFR3 [ 1A 5 C5 Hus WAYAH G . 1X K H FGFR2 fll FGFR3
A BEAE IR 4 TP R AE R AR . A, FGFRA 78 C1 4 WA b A 8 m 35 (18 2(C))

TER e e i R, iR A PR P RS AT Ok 25 A A R BT IR A T 4B MU RERRAE . H HI R T
J5 ik EEA FT mRNA £iA 1 RNA THE3E7 (RNAS) AT DNA 4L R0 DNA -1 (DNASS)
Pifl. (EARFRERE S, FGFRs 5 RNAs F1 DNAss &7 HAS AR B B9 A = PE (15 2(DYFIE] 2(E)). AR
RT) FGFRs fEAN A RNAs 1 DNAss 1o tHANF A i, FRATA I FGFR1 225 RNAs
DNAss #1#H5¢. FGFR4 £ %5 RNAs R 1EAHIC. Xuegh LRI, RNAs 1 DNAss A LLiH A [ g A
A AN [RVRFAE B 1 A 2 A [ 4 P 7«

3.3. cBioPortal #ESEEFELHZF M FGFRs 7%k

FGFR1. FGFR2. FGFR3 Hl FGFR4 [ Z M= 7378 1.4%. 3% 4%F1 1.9% (1] 3(A)). #TK,
FAHE S hE J5 (K 4H % cBioPortal BAF AN A IR FE AR AL %% T FGFRs 118 % i A R34 (& 3(B)) - FGFRs
1k 54252 ICls 167 [P AE B8 25 1 115 2 DI AH G (P = 0.0096) (14 3(C)). It4k, FGFRs HIFRAIREE
= TMB {E#15% (/& 3(D)). 7E cBioPortal fA%1H, FGFR1-4 287F 541 TMB {EA1%(P < 0.0001) (/&
3(E)).

3.4. FIERIaE

ST 1571 FlRRE A 1 R RARAE BTG R BRI @ A R . BV 2 IR B A B R st 5
ICIs ¥& 97 IR RE T 2 A0, 046 FGFR1 2848 (P = 0.0443). FGFR2 %¢45(P = 0.0094). FGFR4 %48 (P =
0.0462). E#4(P = 0.0051). Z4¥25% (P < 0.0001)#1 TMB (P < 0.0001) (K 3(F)). %AW, FGFR3 5T
JG XK. Rk, FGFR1 %48, FGFR2 2845, FGFR4 245, i > 50 & BLAIRIT = TMB KR &
HATREM ICIs W IT IR . B e, AR T XA R T REMINLEI(E 3(G)). %FIZLE I C-index
4 0.722 (95% C1 0.686~0.773) . IX K BN LR AL T4 32 ici PR S e i S8 28 /s 7 ThD LA T AE (R I R AR
B BEHERNZR BoRBATII PR A RGN RE . A il 2 Hp (0 62 2655 B iR 22 Ta D 10% (1
3(H). FETLLERFF, RATGHMMA LR, FGFRs RAZAIAEEN—FIHTH ICIs EWbrEX .
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Figure 3. Analysis of FGFRs by cBioPortal Cancer Genomics
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