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[WE] BBy e 0% 700 w6 it iR 8 (lung adenocarcinoma, LUAD) H 4 90,35 A6 2% 55 FH. BT (immune
checkpoint blockade, ICB)IGY7YT a5 TG ARtk N FHERL, Faik  MBRAEAF SR s i oo o S 4R i 12 e 1)
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WAL, Wt B A A7 (overall survival, OS) I BB AOTIE o M 18 B3 (R 2 A 8045 % (Gene Expression Omnibus,
GEO) "F B9 %54 (GSE 135222) N #% 25 #iI3E/Ni A fili& (non-small cell lung cancer, NSCLC )% s 41 e 445 FAR
KA AERAE, B HAE RS . Rl R Cox M43, T e 9 S5 LUAD 3% RAT OS i
ERESER ML, Forh CCR1, CXCR6 Hil CXCLY m#R ik E 3 U W EA TR OS, HT5x 3 MafbE 73k
A B S XUBG AR TR, A= A 3 A 235 SR 2 IH JXURS: 20505 BB 28 i PFS Al OS L fUAH G, BIEGXURS: (risk score < —1.33) AHG:
1 LUAD 5 7E ICB G732 TE 2 o RS 20 2 PFS y 19.7 A H % L i XU 4 (risk score > —1.33)
2.9 H [95% A 151X i) (confidence interval, CI) & 0.12~0.51, P < 0.001]. {37 OS 5 JXURS: £H o 35 3 6F L e XU £
6.0 ™ H (95%CI 0.08~0.38, P < 0.001) ., GEO FHHELLIE T % 45H, 147 PFS fIRRUK: (risk score < —1.85) % =i X
%; (risk score >—1.85)~ 2.7 A XFEL 1.2 4 H (95%C1 0.12~0.93, P=0.009) , #5i& CCR1, CXCR6 F1 CXCL9 1
FIRFR U] LUAD fo i it R iy KU 3LAI%, 5 88038 R AT PFS i OS #H2C, FTRE i1 LUAD 3519 ICB %
BB 3R BRI 7 17 .
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Abstract: Objective Constructing a chemokine model to predict immune checkpoint blockade (ICB) efficacy and

prognosis in advanced lung adenocarcinoma (LUAD). Methods A total of 42 advanced LUAD patients (training cohort)
who underwent ICB were retrospectively collected from the data of the previous study. We obtained transcriptome
sequencing data from tumor tissues before ICB treatment. Screening for chemokines that significantly affect the efficacy
of ICB treatment and the survival prognosis of patients with advanced LUAD by bioinformatics methods, and the efficacy
was evaluated by progression-free disease (PFS), and the prognosis was evaluated by overall survival (OS).
Transcriptome sequencing and survival-related data of 25 cases of non-small cell lung cancer (NSCLC) were downloaded
from the Gene Expression Omnibus (GEO) database dataset (GSE 135222) and identified as a validation cohort.
Results Through univariate Cox regression analysis, nine chemokines significantly associated with favorable OS in
advanced LUAD patients were screened, among which patients with high expression of CCR1, CXCR6, and CXCL9 had
significantly longer OS. A risk model based on the expression of these three chemokines could be constructed. Survival
analysis results show that risk score was negatively correlated with patients’ PFS and OS, which means advanced LUAD
patients with low risk (risk score < —1.33) could benefit more from ICB treatment. The median PFS in the low-risk group
was 19.7 months, whereas in the high-risk group (risk score > —1.33) was 2.9 months [95% confidence interval (CI)
0.12~0.51, P < 0.001], and the median OS in the high-risk group was 6.0 months, while it was not reached in the low-risk
group (95%CI 0.08~0.38, P < 0.001). The results from the GEO dataset confirmed the association between the risk score
and PFS. Patients were classified as low-risk based on the risk score (risk score < —1.85) were associated with a longer
median PFS of 2.7 months, whereas the high-risk group (risk score > —1.85) had a shorter median PFS of 1.2 months
(95%C1 0.12~0.93, P = 0.009). Conclusions The high expression of CCR1, CXCR6, and CXCL9 indicates that patients
with advanced LUAD have a low risk of disease progression, which is associated with favorable PFS and OS, and may
provide a novel perspective for the adjuvant setting of ICB therapy for advanced LUAD patients.
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Jitfi %98 (lung adenocarcinoma, LUAD),
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A6 A F L A& 10( C-X-C motif chemokine ligand 10,
CXCL10) WIZSFERN CD8' T 41 51 2 € Z 5% i
CC H /b1

2r 45 FH Wt (immune checkpoint blockade, ICB) J& J7
Ik R, WS TN LUAD B,
SR, AT3SRAFAE—LL LUAD S5 ok N iginyy h
AT E R P, SR A RO R
J??Jﬁ‘{ﬁ!'].?U&ﬁﬁ%fiﬁ@%%ﬁ%%féﬁﬁﬁﬁﬁ
Srz 2l WA P HOR BYHED, RNA 73 i 4R
T MRE i34 45 (tumor microenvironment, TME ) H142
Z= 1) IV 9RE 55 O 02 240 B AR R ECAE A T % 2
it B ICB RN A ) TR,
s IR R W, S 40 ) TME (121 52
F A F A R - S AR AR BAE FH R IE 5, CC
FLF RN CXC B fb R 26 15 7T B 1ok 98 1 4= i)
P G5 A R SR 52 e ol JRE ™ N, AR R
ORI MRS R B b, FARR O i e i
gE Py E A TME H CXC 367 a0 N F B ik
8( C-X-C motif chemokine ligand 8, CXCLS8) f) B jiX
B M T CXC B Ak R BE AR 9(C-X-C
motif chemokine ligand 9, CXCL9) fil CXC % [+ it4

fic {& 3( C-C motif chemokine ligand 3, CCL3) [A] £
AT S T ke AR R A 3T g E ™
SR, Facciabene 55 A & 8L CC 57 i 1k H -+ Bt
A& 28( C-C motif chemokine ligand 3, CCL28) 7£ b
U R AR SRR IR, I B 5 R ) A K B A
K, X TREY CCL28 5 HAZARSS &0 I8 35 14 T 40
it 5545 2 g &R o7 A7 DG

25 LTk, #fbH - N 32 AR A BLAE
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Al RESEIA B 1Y ICB YR RICR, I B H 5
l?o BRLE, B Eafb R - Fafb R 52 M5 38 A
SHHEER, AT RER A IESE ICB AT AL A A FE R g
FIAT, 32 W i ) LUAD 3% ICB J7 &I U 8
A PRI -2 000 S A 5 R anfe] e AN B . PRIk, AR
WF 5% [l B 43 B T 4% 2 ICB R T 1Y 42 11 i
LUAD #il GEO #i %+ (GSE 135222 ) $idiE 25 il
NSCLC B 55 21 I i 208k A AR A7 AH G Eidie,
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1.1 WRITHR

[l it IS B 42 1452 ICB 3697 HA RNA I
75 B B 3, A RN 2R, B B R 2k
FEAE AN R 1/ o A4l 0y BB 3 4 18 Bl
45~74 %, AR N 61 %, T 37 $11(88.1%),
L 5 BI(11.9%) . AW A 29 $1(69.0%),
AW AH G 3 13 11(31.0% ) o 25350 R A VR 40
{EFEARZS V4 (Eastern Cooperative Oncology Group
performance status score, EGOC PS score) 0~1 43
37 11(88.1%), 2~3 43 & 5491(11.9%) . 1
Fii % B 5 9 191 (21.4%) , TG I % 4% & 33 441
(78.6%) . —ZRIAITHEHE 16 B1(38.1%), dE—LKIA
IR 26 1(61.9%) . Zo3d By iR YT I il oy L2 fifk

R 1 42 GIREE LUAD BEELYS T

Tab.1 Clinical and pathological characteristics of
42 advanced LUAD patients

Characteristics n =42
Age, median (range) 61(45~74)
Sex, n (%)

Male 37 (88.1%)

Female 5(11.9%)
Smoking history, n (%)

Never 13 (31.0%)

Ever 29 (69.0%)
ECOG PS score, n (%)

0~1 37 (88.1%)

2~3 5(11.9%)
Stage, n (%)

mB 2 (4.8%)

VA 21 (50.0%)

VB 19 (45.2%)
Line of immune checkpoint blockade, n (%)

Ist 16 (38.1%)

2nd 17 (40.5%)

3rd 6 (14.3%)

4th and beyond 3(7.1%)
With brain metastases, n (%)

No 33 (78.6%)

Yes 9 (21.4%)
Treatment response, 7 (%)

PR 12 (28.6%)

SD 17 (40.5%)

PD 13 (30.9%)

(partial response, PR) B & # 12 14 (28.6%) , Hepita
7€ (stable disease, SD) & 17 #1](40.5% ), ¥ it e
(progression disease, PD) f:#% 13 f41(30.9%) .

M GEO % #i /% (https://www.ncbi.nlm.nih.gov/)
(Y %E 4R (GSE 135222 ) T #k 25 5] NSCLC [B#H 1
RNA 5808 LA R A=A AR SR, R HAE Sy 3k
BAFI . fB 3 AR I YU Bl 44~73 %, R AR IR
62 % o FAEEE 2011 (80.0%), & PEHEH 54
(20.0%) -
1.2 St

K IBM SPSS Statistics 27.0( version 27.0) K
BT REHERMZH R Cox MIH 7. RIEFH
(version 4.3.1) % 37 fe O FUM AL B o i) ] X-tile
(version 3.6.1) #3515 risk score B 78 Wi B -
i#l 1 GraphPad Prism( version 8.4.2) iz F{ Kaplan-
Meier A7 M4 T AE A7 53 B, blAss s XU 2 541K
JRUR 20 HR 35 (1) OS 1 PFS; LA e 32 iR TAERFEHE
2§ (receiver operating characteristic curve, ROC) 43 #t
5 2k T X (area under curve, AUC) . XU 43
Bt O A TR A R e R A0S S Rk i fe
RZ A,

2 & B

2.1 EIITNEH LUAD £ ICB fT ¥ FMEH

XU A BY

SAETE 56 1~ CC &7 Ml CXC £ )7 1y #afh A
i, B L ER Cox MIH TR E] 9 S5 A R
4 OS AHCH L 7 (P < 0.1), Horh 7 M fk
FHABEGIEE (P <005, E 1A FiR).
DA A BEal, i — 20 43 B fl 57 fe A A0 PN ASE 8, 4
Kl 1B FR, #afk H 52 4k 1(C-C motif chemokine
receptor 1, CCR1), # 1k H F Z K 6(C-X-C motif
chemokine receptor 6, CXCR6), CXCL9 25 M Tl
MRS OS M E AR, R 3 AN 14
AZHZE Cox MIHZT, RIS A0 K 152 1R
FEL, K CXCRO X834 OS i () DTk i K (P <
0.05) . 2 HZE Cox [HIH7H7 Fr i 25, 115
25 58I XU 23 50 XU 73 £=—0.11x(CCR1 &
ik &) —0.14x( CXCR6 % ik it ) —0.01x( CXCL9 %
i), WA 1C Fros, #EW 3 S8 T4 4515 2
F18y DR 55 0 EL A Xof I ) LUAD #8047 XU 43
RV R, BIRE AR DX 43 Sy e AU A AT XU
PN
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Univariate Cox regression IC profile

Variables HR (95% CI) P values HR 154 .

CXCR6 0.83 (0.74, 0.93) 0.002 S 150 + *
| 2 P4
: 150 ¢

CCRS 0.80 (0.69, 0.93) 0.004 ) 5 148 |
| [
| o

CCL5 0.96 (0.94, 0.99) 0.019 ’ % 146 1

. .94, 0. . : 44 [#°

CXCL9 0.98 (0.96, 1.00) 0.022 . 0 20 40 60 80 100 120
Best models

CCL4 0.99 (098 100) 0.033 ﬁl Multivariate Cox regression
: C BCCR1 mCXCL9 mCXCR6

CCR4 0.77 (0.59, 0.99) 0.045 ¢

CCR1 0.76 (0.58, 1.00) 0.046 == g
| g

CXCR3 0.60 (0.35, 1.04) 0.068 — = g

CXCL10 0.99 (0.98, 1.00) 0.098

0 0.5 1.0 1.5

1 ZEFEE LUAD 2% ICB ST S HURH R KRS
Fig.1 Establishing a risk model for predicting ICB efficacy and prognosis in advanced LUAD patients
H: AL 9 AR LUAD B A 7R b N - B. @ i 190 LUAD S ICB VA7 40 S BUS i BUALTY, 435 CCR1, CXCR6,

CXCLY; C. ZHZ Cox MIHAMHTHE 3 MR F 152 R 4.

Note: A. 9 chemokines that affect survival in advanced LUAD patients; B. The optimal prediction model for ICB efficacy and prognosis of advanced

LUAD patients were established, which were CCR1, CXCR6, and CXCL9 respectively; C. Multivariate Cox regression analysis was used to calculate

the influence coefficients of the three chemokines.

22 ETREEBEEFSH

HR AR5 58 19 XU 3 BIOR[A], mTaE ) X-Tile 4K
P F 3R e RS L RIS 4 . S 19 il iR
HIR A4, 23 il & 0 = A4l . 28 A
Kaplan-Meier AEfF5r T FIZ R % Cox [IHZHT, %
B XU 43 %5 PFS AT OS & M 56, B 5 v KUK
21 ) R R B, IR RUBS 41 £ 5 1 PRS BB T K K
IR ZH %F L e XU 4 R 62 PFS 2R 19.7 S A X
2.9 H [95% W] {5 [X [A] ( confidence interval, CI) A
0.12~0.51, P < 0.001](an &l 2A ZEE iR ) o [FlkEHE,
e AU B 5 1) OS L, AIRXUB: 4L 437 OS R ik E|
X He i KU 2H 6.0 1~ H (95%CT 0.08~0.38, P < 0.001)
(tnE 24 KR ) . ROC #h4e 43 #7 (40 &l 2B it
) KBRS A TR EL AT R A P T 25 BB ( AUC s =
0.88, 95%CI 0.78~0.99, P < 0.001; AUCys = 0.84,
95%CI 0.68~0.99, P < 0.001), X F %R fE i 45
I T e B LUAD 357 ICB IR YT T R4 1)7
BTG o B E 3 AL 741G 7 i XU
BERL AR AT LU S 0 e S LUAD f8 55 1) ICB J7
RORTUS, FATHEAT T HREZEMZ K ZE Cox 11543

Bro B B AOPETN L AREIE L W L PS TEA . IR
S SRR | IR YT R BCRURS 43 BN A Cox
[l RS IE A5 A Ao AT, 45 SR TRk I
SR RS 20 BUE 3 LUAD H3% PES 1 OS Byt
SR PN R 2R (I 2 fR) .

i TRk T 223k 6 ICB J7 S0R 19 1Y T 52
P, Fef TE—E 0558 T CCR1, CXCR6 il CXCL9
5 PFS 1 OS X5 H¥s CCR1, CXCR6, CXCL9
(Y238 T AR IR AR AT A, K85 LUAD 85 53311
Gy AL R R IR LSRR 4 . 7 CCR1 /R
ForFr, &3 CCRI1 FKikit 5 PFS Fil OS IEAHC,
B3] LUAD £ % () CCRI &= £ iAHE, #1437 PFS
H 95 A B EE TARERILEH 2.8 1 (95%Cl
0.21~0.86, P = 0.013), H{ii OS & K1k B AR5
XA ZRIE B N 9.5 4~ H (95%CI 0.14~0.70, P =
0.006). 4% CXCR6 #7140 HHT, 455 KM CXCR6
T FEIAEGE T LUAD S8 i R IR SRR,
fii PFS ik 3] 19.7 4~ H X AR Rk 4 2.7 1 H
(95%C10.10~0.41, P < 0.001), H{ii OS AKikF%}
Rk R 5.6 1 H (95%CI 0.08~0.41, P < 0.001) .
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A HR=0.25 (95% C10.12~0.51) HR=0.17 (95% C1 0.08~0.38)
1.00 F P<0.001 1.00 F P<0.001
19.7 (low) vs. 2.9 (high) months Not reached (low) vs. 6.0 (high) months
0.75 |+ Low risk 0.75 1 ]
. (risk score<—1.33) . Low risk
£ 0.50 1 8 0.50 (risk score<—1.33)
0251 L\-|_\_‘ High risk 025 ¢ ligh risk
ol (risk $core>—1.33) ok (riskiscore>—1.33)
0 o6 12 18 24 30 36 0 6 12 18 24 30 36
Survival time (months) Survival time (months)
No.at risk: No.at risk:
o 19 14 8 6 4 2 0 o 9 19 12 9 6 2 0
23 5 0 0 0 0 0 23 12 7 5 2 0 0
B ROC curve C
1.0 +
'_,_I—‘— Variables  HR (95% CI) P values HR=1
8t 0.32 (0.14, 0.70) 0.006 —— i
08 CCRI1
0.43 (0.21, 0.86) 0.013 —_——
£06 ¢ 0.19
S .19 (0.08, 0.41) <0.001 ——
= CXCR6
& 0.20 (0.10, 0.41) <0.001 _—
204 r
AUC,=0.84, P<0.001 CXCLY 0.26 (0.11, 0.64) <0.001 P
0.2 (95% CI: 0.68~0.99) 0.21 (0.09, 0.52) <0.001 r— 1
AUC,:¢=0.88, P<0.001 ; . :
oLV = (95% CI: 0.78~0.99) H#—0S H*-PFS 0 0.5 1.0

0 0.25 0.50 0.75 1.00
1-Specificity

B2 ETREERREGFSH
Fig.2 Survival analysis based on risk model
TE: AL W39 LUAD 835 XU 43 R AR A7 43 0T, A2l PFS, £ &2 OS; B. T5N AR B %S W 2] LUAD £85 1CB 7 %5CR HUIS W0 (1) 48 % 43T 5
C. CCR1, CXCR6, CXCL9 Hu Rk i Rt LUAD Hi 1CB IR RA R o
Note: A. Risk stratified survival analysis on PFS (left panel) and OS (right panel) of patients with advanced LUAD; B. Probabilistic analysis of the
prediction model for advanced LUAD patients’ efficacy and prognosis; C. The high expression of CCR1, CXCR6 and CXCL9 alone can improve the

clinical benefit of advanced LUAD patients with ICB.

TE CXCLY [WAEAF BT P oAR 3 T 2R s Ve,
i LUAD & % & % 5 CXCL9, & ICBiRJT A
PFS il OS ¥ &g Z fE K, Th {37 PFS 2 9.5 4~ XF [k
KRB E 2.4 1 H (95%C1 0.09~0.52, P < 0.001),
HL OS = R IAXT AR A B E hy 25.0 > A Xt LE
43 PH(95%CI 0.11~0.64, P < 0.001), i, 25
SR 3 AL R Tl ST R AR AR Y A g T
K130 LUAD 3% PFS fil OS & (P <0.05),
A5 TS B AR AL A U 45 SR — 2, il 2C R,
23 REHREERIE A ERNIEIE

Sk FE — 2 56 E X AR Y g I AL R, FRATT AN
GEO %4 e vh i 4 48 (GSE 135222 ) T #4552
ICB JGY7 H) 25 f5] NSCLC 3 . i 52k BA3I
AR 31387 5K, 43 0 A7 A 1 IR 0 8K
B J5 A X-Tile 35 BUR AR, A I XU
150, mAS R 10 B, AEE TR g SRR I

RIS, 2 1) £ 2 L e XU 2 28 2 BH (e g A ICB ¥R
7 TIOR8, ARXUBS 2 Rz PES Xt B g X
S 2k 274 H X 1.2 H (95%CT 0.12~0.93,
P =0.009) (4N 3A iR ) . ek, CCR1, CXCRS,
CXCL9 Mhar =ik, #4538 NSCLC H & 1) PFS
WERIE(P<0.05) (UK 3B FiR) .

310 it

WS 2 S e AU AE TME Hh )35 S Jea i 75
JE B E BN R, A TR 75T 00 AN il S e 4
MR ERS R i B O E L EHY, R
SR A0 33 41 [v 98 2 28 1 S % R N SR8 1 S 46
AR S o Y L N, (LT S AR s AL A
FTEI R Y T2 20 L i A SRR B TR IR 7, X
2 YT ICB AT RIS L A e

X}F CCRI1, Liu ¢ N & BHAE LUAD 835 I
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Tab.2 Univariate and multivariate Cox regression analysis in advanced LUAD patients
PFS (0N
Variables Univariate COX Multivariate COX Univariate COX Multivariate COX
HR (95%CI) Pvalue HR(95%CI) P value HR (95%CI) P value HR (95%CI) P value

Risk score

Low risk Reference

High risk 5.05(2.19, 11.67) <0.001 5.60 (2.24, 13.95) <0.001 7.41(2.48,22.12) <0.001 9.54 (2.82,32.25) <0.001
Sex

Female Reference

Male 0.98(0.34,2.82) 0971 2.73(0.62,12.01) 0.185 0.53(0.15,1.87) 0.323  0.87(0.14,5.32) 0.877
Age

<60 years Reference

= 60 years 0.45(0.23,0.91) 0.026 0.51(0.21,1.26) 0.147 0.52(0.23,1.14) 0.101  0.65(0.24,1.72) 0.382
Smoking history

Never Reference

Ever/current 097 (0.46,2.05) 0.931 1.45(0.58,3.64) 0.424 0.68(0.29,1.58) 0.369  1.32(0.44,3.95) 0.625
ECOG PS score

<1 Reference

>1 2.34(0.80, 6.81) 0.119 5.16(1.29,20.59) 0.02 6.30(1.92,20.69) 0.002 10.72 (2.24,51.23) 0.003
Clinical stages

m Reference

v 0.31(0.70,1.37) 0.122 0.65(0.13,3.34) 0.605 0.56(0.13,2.43) 0.443 1.67(0.27,10.45) 0.583
With brain metastasis

No Reference

Yes 0.63 (0.26, 1.55) 0.316 0.60(0.21,1.71) 0.342  0.73 (0.25,2.16) 0.574  0.33 (0.08,1.28) 0.108
Lines of therapy

First-line Reference

Non-first-line  1.01 (0.50,2.04) 0.981 1.41(0.57,3.49) 0.461 0.95(0.42,2.11) 0.891  1.05(0.38,2.93) 0.929

TE: B R FZ IR Cox A 7%, KU P43 P< 0.0STEWNZRBAZ i HA it 28 o HR: XUR: Lo

Note: Univariate and multivariate Cox regression shown that P values <0.05 in risk score were statistically significant in the training cohort. HR:

hazard ratio.

JEA AU RIBH CC H 7 iy H Ak bR 52 4 =,
HHFR AR CD8' T 4 iz s 2l 4L 2 1A G,
5 BE DG RS R B EHIER, Xiong FEWFFE A B
EXTRORFEHAR T LI CCR1 5 CD8' T
SR E IEAHOE, I EL CCRI AR B E s
RS, 28 E4ER, CCRI ] AE I i 52 M G e R 25
Z 5 kR . miFEARWEIEH, [FFE & B CCRI
T ik BUA SE K- W3 LUAD (%) PES #1 OS B3 /7,
PR LR AT CCR1 AT BB i 15 S S e A M ok A
TME LATH 5 e 20 ke 52 i 5 1 LS
HKIE T CXCRO, WA 56 Hif OC T i Jis 1 A
i CXCR6 & FEAIZ13E 042 CD8' T 41 i
BB, BT T 45 A 7R 414, fii i
Y& AR BRI 5340, 78 B i it ot 45

Al % B CXCR6 ALAESR N Y CDS' T 4] I =
Ik, XKML EA B BRSSP, AT LU R
FEFESET-3Z 1K 1(programmed cell death protein 1,
PD-1) (1 BELWT A FH, 2F 117 48 2% S5 5 ) g i e ™
XL LS B, T 4 M 32 8 e 2 23 ] e A7 3
CXCR6 5 HRBCAAH EAE AR T . BT AN
SEAL, MNP B2 2Rk CXCR6 1) CD8' T 4tk
R 2 MR, B A E ALY TME, 11T o3 A8
FHHATG .

TE— T (5T, Hoch 55 A & BRAE T 0%
P CXCLY Fah Mg &, v e b JLF
WA AL 3R I8, UERH T R 4 41518 CXCL9
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