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Effects of homologous recombination repair gene mutations on the immunotherapy
efficacy and the prognosis of advanced non-small cell lung cancer patients

WANG Wengian®, LI Jieyao', CHEN Feifan’, YANG Shuangning’, LIU Xiaoyu', WANG Liping’, ZHANG Yi’ (a. Department of
Oncology; b. Biotherapy Center, the First Affiliated Hospital of Zhengzhou University, Zhengzhou 450052, Henan, China)

[Abstract] Objective: To explore the effects of homologous recombination repair (HRR) gene mutations on the immunotherapy
efficacy and the prognosis of advanced non-small cell lung cancer (NSCLC) patients. Methods: Clinical data of 124 patients with
advanced NSCLC who received PD-1 inhibitor treatment between March 2018 and April 2023 at the First Affiliated Hospital of
Zhengzhou University were collected. The patients were divided into the mutant group (n=57 cases) and the wild group (n=67 cases)
according to the presence or absence of HRR gene mutations. The differences in clinical characteristics and immunotherapy efficacy
between the two groups were analyzed by Chi-square test or Fisher's exact test. Kaplan-Meier method was used to compare the
progression-free survival (PFS) of the two groups, and univariate and multivariate Cox regression were employed to analyze the factors
affecting PFS. Results: The proportions of squamous cell carcinoma and tumor mutation burden (TMB) >10 mut/Mb were significantly
higher in the HRR gene mutant group than in the wild group (54.4% vs 32.8%, 61.4% vs 29.9%, all P<0.05). The objective response
rate (ORR) was 17.5% and 10.4% (P=0.252), and the disease control rate (DCR) was 86.0% and 73.1% (P=0.080) for patients in the
HRR gene mutant group and the wild group, respectively. There was a significant difference in PFS of the HRR gene mutant group and
the wild group (6.8 months vs 3.9 months, P<0.001). Multivariate analysis showed that HRR gene mutations (HR=0.550, 95%CI
[0.352, 0.860], P=0.009) and the number of immunotherapy lines (HR=0.468, 95%CI[0.312, 0.702], P<0.001) were significantly
correlated with PFS. Conclusion: The immunotherapy efficacy of the HRR gene mutant group is better than that of the wild group.
HRR gene mutations are an independent protective factor for immunotherapy prognosis of patients with advanced NSCLC.
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I A& A BT iR SE T I LA AR
JIi g %) 2 B BESRAY /N4 it (non-small cell
lung cancer, NSCLC) £ (% Jiifi # & £ 1) 85%", K 2 %
NSCLC & iz S T M h . ot &
J #1559 immune checkpoint inhibitor, ICD [ 3 F ¥
3% 7 NSCLC & s , (R 2 A 3L B
FAIRTT T RURAEY, B8 B i0 97 3K 2l 1 N B
BN RARIG PR ICT 25 1 JC 5k . B 4 =y 388 & 26 DR U
J7 AR AE I PR RN 25 PR R AR 5 G 89 97 97 2K )
MW EEH 2R T XE. RAFEEABER
(homologous recombination repair, HRR) /& X% DNA
B R M EEIRRLZ — W TR A M B 4 4 Fr
M A A B R . BEFLSTR I HRR FE AR
7% BA) e 96 AT A S I 3 0 A S % R M FE — DU
A FIRE I T, HRR J PR 90 A% 2H i A 28 2 BB
A R AR RO TE 0 R R AR B A (tumor
mutation burden, TMB) Fl 5 i 1) G VR 797 " - SR
i , HRR 2[R 9845 /E NSCLC H [ RfF FL 8 A il . A
AFF 5 38 sk [ A 4 43 A 2 52 PD-1 40 5503A 97 (1) 124 491
HEINSCLC (&4 I PR BERL , B AE PR HRR 5 A
AN} A B VR TTIT R TR RS

1 MR5EE

1.1 W R FH

WCHE 2018 4 3 F 522023 4E 4 H [RI7E £ M K245
— Bt BB USCIA 11 124 51 R 3 NSCLC £ 2 111 PR %%
b AL A5 LR RFAE CIHE T3l A7 10 S IROHH B0 55D 93 15
IR LA B IR 0 W SR LR L Y VR R AR 25 g
BITERGRIT BB ERIT T 0%, HRBIgA
PR« (1) 2220 i 27 B 2H 21 22995 3L 12 NSCLC; (2)
R 48 [ R g B¢ B (UICC) 43 WbR v , 12 W A 7] T
AR IVIH RS 5 (3D S [ A5 g BB 2H (ECOG)
PEO N 0~2 4 5 ()RR SEARTRE T PPN B e 1.1 fRAS
(RECIST 1.1) & /D AF7E 1A ] P& 055 4 B 2 AT 56
BB R ERR, OBBMERE PR FEZE
b2 A I PD-1 40/ VG TT « BIHERR AR : (D
AFAER J7 Az K IR 7 324 18] A8 P bk B Vi 1) it %
Bz Al IR 1 S DR B BE DR R AL 5 (2) & I A firb 8 B
b AT AR A F o) 4 JUE 25 T B8 B A5 5 (3D Bl U B RLAS 58
B ARG TL T S ORI R F 5 — M g R B e
PR il (IR BRS84S 2023-K Y-1328-002) .
1.2 AR Fe A7 A

H:F Nlumina =78 & P77 6 00 8585 2k
Y ALBAT R , 78 15 425 PR AR G N . B AT, E
P AT HRR G B A G 2L R 1 e — B At . A

W FL 25 A BEAE I 721 40 1 1) HRR 25 [ 6L 7 ATM.
ATR. BARDI. BLM. BRCAl. BRCA2. BRIPI.
CDK12.CHEK2.FANCA .FANCC.FANCE.FANCF.
FANCG. FANCI. FANCL. FANCM. NBN. PALB2.
RADS51D fTRADSAL 3621 AN . MR J DA 4G 0 4%
BB AR E D — S HRR K R4S ) B I RAR
Y, AAFAE HRR R 548 (1) S NP A 4
1.3 73 2R

PAE 52 b7 i e R i & (it
LT A S Bk R R A O
NFERZR, /A 2 A 56 38 A QS8 A A DLVPAL
JT R, ARG RECIST 1.1 BFR#EEAT T ROF . ORR
=(CR+PR)/ = 15| #1x100% , DCR=(CR+PR+SD) / A
B%>x100%. PFS & XN H 1 K% PD-1 il 7]
J7 46 2] H I PD BT B [H]
1.4 %itsam

K H SPSS 26.0 #4147 G vt 2% 43 1, GraphPad
Prism 9.0 X AFAE B . K A R 75 £ 56 51 Fisher " s ¥5 ff
A6 6 6 43 AR B HEAT 48 1T 43 M » Bonferroni 1 X % 4
AR & AT PN LL L, Kaplan-Meier A 3E4T AE A7 1 26
221, Log-Rank & 38 #F 47 2E 47 2 7 L, Cox Eu A9l
PG BB AT B 2 AR 2 BT . BA P<0.05 5%
P<0.01 FRZERAGIFE L.

2 &4 R

21 HRRARR T 5% 428 NSCLC &4 4915 R
PEIR R

AHE TGN N 124 ] B 3 NSCLC & %, o p
HRR &K AR 57 1], By A4 67 1] . 4 70 2K
A TMB )50 A 22 e L S A Gk L. 584
ZHFH EE , HRR %5 (K AR 20 A %95 (54.4% vs 32.8%)
FLIR 2, TR (35.1% vs 59.7%) 5 EL i/ (P<0.05) ;
A 4 TMB=10 mut/Mb Y &5 tb 8 # £ T 84
4 (61.4% vs 29.9% , P<0.001) . F 4 NSCLC & #
PG R R AEE A i) 2 R LR B SR ih = =2
X(ED,
22 HRRARR T 524 NSCLC &4 £7& 6
I3 97 AT
221 HHTHK

HRR #£ R 2245 4 57 5| NSCLC £ 1, PR A 104
(17.5%) ,SD 5 39 41(68.4%) , PD f5 8 5] (14.0%) , ORR
N 17.5%,DCR K 86.0%; Ty A= 4 67 171 i # H , PR A 7 51
(10.4%) ,SDF 42 141](62.7%) ,PD 5 18 1 (26.9%) , ORR
7910.4%,DCR A 73.1%. M2 EZ A ORR.DCR %
S G L ('=1.311.3.060, 3 P>0.05) .
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%1 HRREREZTLHS5EF4 A NSCLC BE WIGRIFELL B (%))

I ARARFAIE RBIE (=124 RAH (n=57) A H (n=67) Ve P

PERI 3.382 0.066
% 100(80.6) 50(87.7) 50(74.6)
s 24(19.4) 7(12.3) 17(25.4)

EW % 0.031 0.861
<60 49(39.5) 23(40.4) 26(38.8)
>60 75(60.5) 34(59.6) 41(61.2)

WA s 2211 0.137
H 65(52.4) 34(59.6) 31(46.3)
p 59(47.6) 23(40.4) 36(53.7)

ECOG VF43/47 0.771 0.380
0~1 82(66.1) 40(70.2) 42(62.7)
2 42(33.9) 17(29.8) 25(37.3)

A 7.528 0.023"
Jh e 60(48.4) 20(35.1) 40(59.7)
B o 53(42.7) 31(54.4) 22(32.8)
HoAt 11(8.9) 6(10.5) 5(7.5)

Ki-67 1.829 0.176
<30 31(25.0) 11€19.3) 20029.9)
>30 93(75.0) 46(80.7) 47(70.1)

k! 0.070 0.792
i 42(33.9) 20(35.1) 22(32.8)
\Y 82(66.1) 37(64.9) 45(67.2)

B 0.237 0.627
H 28(22.6) 14(24.6) 14(20.9)
p 96(77.4) 43(75.4) 53(79.1)

i 7% 1.870 0.171
H 19(15.3) 6(10.5) 13(19.4)
T 105(84.7) 51(89.5) 54(80.6)

JH4E%% 0.177°
H 9(7.3) 2(3.5) 7(10.4)
b 115(92.7) 55(96.5) 60(89.6)

PD-LI1 1.923 0.382
<50% 69(55.6) 30(52.6) 39(58.2)
>50% 12€9.7) 4(7.0) 8(11.9)
KHN 43(34.7) 23(40.4) 20(29.9)

TMB (mut/Mb) 12423 <0.001
<10 69(55.6) 22(38.6) 47(70.1)
>10 55(44.4) 35(61.4) 20(29.9)

G IRTT 4 EL 0.418°
—4k 79(63.7) 40(70.2) 39(58.2)
—4 40(32.3) 15(26.3) 25(37.3)
=k 5(4.0) 2(3.5) 3(4.5)

TP TT T7 1 0.380"
o2l 7(5.6) 5(8.8) 2(3.0)
a7 74(59.7) 30(52.6) 44(65.7)
BeEPLIE 259 13(10.5) 7(12.3) 6(9.0)
WG IT KBTI 259 30(24.2) 15(26.3) 15(22.4)

a: Jt— 25 N H Bonferroni 4T 22 58 L, R 2 75 e 5 8898 11 70 A7 22 57 15 35 (P=0.007) ; b: Fisher's A B 56 o
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A:124BINSCLC 3 Bl W4 ; C - 89 W4 ; D : TMB<10 mut/Mb W2 ; E: TMB>10 mut/Mb V. 21
1 HRREFZT4H 5874 43 NSCLC £ E () Kaplan-Meier 4 7 B Z5 L3

222 WHATK

HRR J& [K 5845 21 5 87 42 4 NSCLC & 3% [l 1) PFS
AAE il 22t E T B gt R L (=13.500,
P<0.001; B 1AD o % T 7 2H 5835 7 I PR s 328 70
TMB 7KV 1) 73 AT AFAE 22 57, 13E— D AR 48 s B 2R 2 K
TMB 7K~V B AT 020 A= A7 50 i 45 R o, To i 78 e
(*=4.026 , P=0.045 ; < 1B) & 42 fif 3 ( =11.710,
P=0.001; & 1C) W4, RAH B i B A 4 iR ¥ A
H H K PFS. 7E TMB<10 mut/Mb V. 419, % 25 []
) PFS 2 5 LA R Ge it 5 5 L ('=1.524,P=0.217; 4]
1D) ; £ TMB=10 mut/Mb 3V 20+ , 5 41 8] () PFS % 5+
FLi B Geit 22 L (r*=13.356,P<0.001; K 1E) .
2.3 NSCLC ## s %70 B & 547

HALIRI 2R Cox [R5 43 #r 45 R 27 , 5 6 HRR 2 [A

RAZ TMB I 5% 1697 26 50& NSCLC &2 PFS (15
MR 25 (R 2) . S E IR Tl AR RFEARE RN,
4 P<0.15 A2 SN 2 KR Cox [B1H 5341, ¢ — 2
RE W PFS WA 2 . i 4 R R, A JC HRR %
58 A% [HR=0.550, 95%CI(0.352, 0.860) , P=0.009].
%o FZ VR JT 2% B [HR=0.468 , 95%CI ( 0.312,0.702),
P<0.001]/& NSCLC 3 PFS ST §2mi R 5 (£ 3),

3 W i

ICI F 1 PR B2 F i 39 NSCLC 424t 7 3 iy
TBITHERE, LR XT T IR B EE R B £ [ NSCLC &3 .
SR, PD-L 1. TMB %2 41 i 74 51 55 A= Wb 54
[ G897 BTN B AN 23 BEAR, RS HE R 1 ICT
TETT 3R a0 8 BT AR e PR A AR e 1D ) R

T2 124 IR EANSCLC £& PFS FUE [E 2 Cox VAN

AP B HR 95%CI P
HRR £:[K 54 CH vs T0) -0.719 0.487 0.329,0.722 <0.001
PR CB M vs M) -0.144 0.866 0.540,1.388 0.550
FERE (<60 % vs 260 %) 0.393 1.481 0.999,2.196 0.051
9 B2 (s vs i) 0.225 1.253 0.851,1.844 0.253
W 2 TG vs D 0.211 1.235 0.843,1.809 0.278
ECOG #-43(0-1 vs 2) -0.097 0.908 0.613,1.345 0.630
B vs ) -0.095 0.909 0.569,1.452 0.691
i i % (G vs 6D -0.373 0.688 0.419,1.131 0.141
ME# G vs f) -0.457 0.633 0.306,1.311 0.219
APHACTL vs IV) -0.051 0.950 0.644,1.401 0.795
Ki-67(<30% vs =30%) 0.186 1.204 0.771,1.879 0.414
PD-L1(<50% vs >50%) 0.488 1.629 0.826,3.212 0.159
TMB (<10 mut/Mb vs =10 mut/Mb) 0.427 1.532 1.046,2.244 0.028
G PEIRTT A (— 2 ve ZZR VL DD -0.803 0.448 0.300,0.668 <0.001
G 1B TT 7 I CRZ vs D -0.091 0.913 0.424,1.968 0.816
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3 124 IREEANSCLC 2% PFS 1Y% & 2 Cox [EVA R4

EALIPSE S B HR 95%CI P
HRR £:[F R4 CH vs T -0.597 0.550 0.352,0.860 0.009
4 (<60 % vs 260 %) 0.329 1.389 0.937,2.059 0.102
4% (Tt vs A -0.349 0.706 0.422,1.181 0.185
TMB (<10 mut/Mb vs >10 mut/Mb) 0.208 1.232 0.797,1.903 0.348
TPERTT ERE(— 2k vs ZZR UL D -0.759 0.468 0.312,0.702 <0.001

HRR JE [K] 671 57 40 2k G o e ] 17 36 ] 25 41 DALE
55 DNA WUiE B¢, DA 2L A B = i OR ", HRR
JE R R 2 SRR DNA FIFL 2 1 14 hn 2 A e e
PE, I AFAE T 2 R g 2 Bt P I
FHAE R I, HRR J PR 58 745 (14 &5 i e £ 3 52 T HR 38
) 4 25 20 PRI % SE K 1 OS5 I3 HY HRR #5 (R 5848
AT LAAE R 78 (19 S 2 3R 7 T AR E 4, 1X 5 YOU
O T R M A R AR E — 8. 2R, JEIERT
A HRR JE K 548 1) iy #8506 TCT s , = B 1 L e
HT F B I R 00 45 SRR B, HRR B R 5
ICI VBT N To R0

N T R 9T HRR % R 2848 5 1 I NSCLC 55
PEIT R N, AN AL SN 124451 3R B 5 R B 1
B HI NSCLC & %, HoA HRR K 8 A8 21 57 451 L B A
26715, HRR F[K 58484 5 B Az 41 3 105 2R A
Oy AT A 5 AR T B A A, SR A e
2 R R b, £ B Giit s (3 P<0.05) .
PD-L15 TMB & H Fillfi /R ICT FH 24 1) = E S 4545,
TEATFLH, PD-L1 (W 3RIK 1 4L 18] (1) 70 A7 22 57 LR
BTG e WP EoR, FIH siRNA R HRR J@
% v LR 98 &) JE S [A] 2 (breast cancer susceptibility
gene 2, BRCA2) 1] UL | i Js@ 41 i # PD-L1 15815 -
SR, — TG T /I  fii 8 PRI AT 7502 5 A HF 9 1 285
— 3, By ok K B B PD-L1 13874 5 HRR % A
AR A S L (5 T ASHIE 5T R BT NI — BB 40
B ARAT PD-L AT, Fir 75 280 1) 45 ik 75 B 5 2 4 21
PRAEAT IR . LTS F TCGA $UHE Xt 32 il fi
JHEAT 2 20 W fa R EL, HRR £ R 848 5 TMB 2
IEARSE, X 5 BEAE 08 2518 — 80 s, AR 1)
g RIFFE 2R, HRR £ H R AF4H H TMB=10 mut/Mb
1 b B 2 F B AR 4 (P<0.001) , X HE 78 HRR
HE PR 578 (1 NSCLC F8 35 A X HL A B 58 1Y) Ha 928 J5i 1
— TUER F NSCLC 3 4 B 5% ¥R 97 (R AF 98 25 SR i
7, HRR 3 [K] 76 3 B0 B 22 i 4 b i B2 3 48, JR Y
HRR % K] 58 48 T 7 25 56 47 1008 4 B e 8 97 8. 2R
117, HRR & R 58748 £ 2 e 15 M 4 Bh S s Ve o7 b K
Wk AR AE EIRB T IR BRI . AR AL R K
I, HRR 745 2 NSCLC £ # ) ORR 5 DCR ¥ & F

BPAEAH L (H 22 R LB B G i (3 P>0.05) 5 4E
oM a5 R Bow , RRAR B3 () PFS B340 T 2R 4
B (P<0.001) o 75 g 31 P4 2H 8 2 AE g B IR
TMB 7K1 73 A A4 , AHE 58 AR HE NSCLC Ji 2
KA Je TMB 3T T WA 00T 450 BoR, fE g
JiE (P=0.001) 5 %35 (P=0.045) 1V 41 7 , HRR 3 A 5
AAREL R EAEMAEAIRE . £ TMB<10 mut/
Mb V40 H , AR 20 B8 35 1H) PRS WS AR+ B 2B 4HH 2 5
TGH %73 L (P=0.217) , iX ] §8 52 B AW 78 1%
HIRAR B RN R, R ORIE T KPR A =
HEAT VP I6ALE ; /£ TMB=10 mut/Mb V21 , 874541 1)
PFS ¢ B A 41 2 2 S K (P<0.001) . &2, IR EEHF 5T
S5 WA CFE T HRR R AR TR 3 5 47 1R S e iR
JTIT R, I B3 7R HRR 2 K 9848 m] 3t — 20 %) TMB
I NSCLC B #H AT 70 |2 , i i Hh B AR I S e ¥8 97
K ai NBf . BRCA2 115 J & A7 & H (partner and
localizer of BRCA2, PALB2) #& HRR i F2 {1t 4t 14
. ZHANG 5P 7t &KL, NSCLC % PALB2
B R AR 5 G %y 9T L& o AR G , 5 AR A
SR A — BT RE SN B E B2 1R TT I AL
RNEA 5, SR B8 IT R W5 % 5%2
G PRV IT ) B, T A AT A R I 90% (1) FR A TE —
Ao = dnyr A T ICL.

KGR Cox [ H A T R B, AL
HRR £ [K RAZ \TMB K S 167 4B M I NSCLC
BERIERIT PG mE R . ZHEE Cox A5
Br 4 B R HRR 5 R R AR 15 — 28 4 9% 76 97 2 1 1A
NSCLC 3 F i J7 ML AR 97 R 25 o IX AR AIE 3K
HRR 3 K] 58 48 5 1 I NSCLC 3 %55 167 il J5 &
TEAF G I RIS, ARk — 2D 4 7n A AR 8 TMB i 4
PEIRITIT A R PR o R TE 2 I R AIF 75729 1)
BhE SZFF T 52019 438 [H [F 37 25598 E M 4% (National
Comprehensive Cancer Network, NCCN) 45 F§ O\ & 4%
TMB %125 NSCLC %32 ¥4 97 J7 R TR 5 - 40,
TMB ) T3 4 18 F KEYNOTE-189%" 32 KEYNOTE-
021556 HH 5 3 1 %t . PARIKH 25515 70 & B,
DNA #5173 1& 52 5 R 5878 J2 52 M TMB 7K ~F- 1) 5% 8 Rl
L MAHE 729 TMB JfE AR A IINSCLC B3 1)
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ML FZ IR PR 25, AT RE IE 2 52 I HRR ik PR R A% 52
MR . FEBEAE I8 IT EZI K E ICI &M
NSCLC Ja £&i697 Hh“ Wi giim 7, AR o — 2k . 2%
BITHC R E"S, FERBE T, o 5 IS 50%
H130% M I NSCLC B3 K H — 4 . 4 kin
J7 , FHrp— 2 g ¥R YT A I PFS B K (P<0.001) .

Zx EPTiR , AW 5T 45 3R W HRR B[R R AR 40
T AR A B B T IR % YR YT 9T A% HRR JE R R
A Jg— R AL VAT R HINSCLC B35 2 167 T 1)
MR R R . ABARW A A E— A 2 : (D ABFA
ST TR O/ INFEARIIF I, AH OGS VB A R TR 14 L R
AHFEHE— BRI ;s () BT B 1A OS RIEF], A
WF AT OS HEAT 204 5 (3) EARASHE 7t 78 HRR 3 [A]
575 5 TMB B 1A % , (5 HRR FE K 548§ G VAT 7
7RO AR AR Koo H BT EZHAT7E X N 2H
H AT K IABE S, HETRITE R 2 Hho 6 J RS AT 5 3
— PR 7T HRR J: [ R 485t NSCLC £ S 5 VR TT T X
(s B AE FIAL , B EE B A R AT 3 BRI R
TBIT RIS IR SE B L.

(& % X #f]
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