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Abstract

Objective: Breast cancer remains one of the most prevalent malignancies worldwide, with the hor-
mone receptor-positive (HR+)/human epidermal growth factor receptor 2-negative (HER2-) sub-
type generally associated with favorable outcomes. However, approximately 5%~10% of HR+/HER2-
patients develop metastases within 2.5 years, highlighting the need for improved risk stratification
and targeted interventions. This study aims to identify the genetic characteristics of this high-risk
subgroup and explore potential therapeutic targets. Methods: Using data from the METABRIC data-
base, patients were classified into distinct “high-risk” and “low-risk” categories based on clinical
outcomes. Multi-omics differential analysis was performed to systematically characterize the mo-
lecular landscape of high-risk patients. The robustness of the findings was externally validated us-
ing the TCGA breast cancer cohort. Results: Multi-omics analysis revealed distinct molecular fea-
tures in high-risk HR+/HER2- breast cancer patients. Pathway enrichment analysis demonstrated
significant impairments in key biological processes, particularly in DNA double-strand break repair
mechanisms. In external validation, higher homologous recombination deficiency (HRD) scores
were associated with poorer progression-free survival. Conclusion: These findings enhance the un-
derstanding of the genetic and molecular drivers of high-risk HR+/HER2- breast cancer and pro-
vide critical insights for developing targeted therapeutic strategies, contributing to advances in pre-
cision oncology.
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FLIRE O RCh AR P i DL RS P R [ 1] BRARTEVE 7 ROB K e 2 et T R B R R 2 —,
EAEFE, HARMRBEIERE LA, A R R ER SR GAR L, RIEMEZERHRIRE—
L FEMETER SZ AR (ER)FI 238 32 AR (PR)—— DL S AR B AR KR 152 4 2 (HER2)IRIL, #FLss 4r 9d
FhEEEAY, Horp, HR BHME/HER2 PEHR+HER2-)FLIREL & Fra W B =4y 2 =, RELARXEPER
AT RN A G AR ST I BBURR A, ARS8 B “ TS REF” B [2]-[5].

SR, HR+/HER2-FUMEE A2 LIt dE s —. AN, HEENNERFESEARESEE
1BYT N S RGN AP B R ZE 6] B T AR IEIRTT , A 15%IR 8 1E 5 FNE K, 5%~10%
EEAE 2.5 N RAEFER[T]-[10], FBIZ AL S 5 00 B R AR ATTE Z I AAE RS « X il R
PRSI T AT B IR E RS THREAE b B B, DAV s 6 P A 48 SRR R0 VR 97 SR .

TG AT D 0 T HRHER2-FLARE B B R R it . 25T PAMSO 5 R % 2 bt
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BIR, RIEHANIHC) S 770 B2 [AAAAE 37.8% A — 83, H 27.0%MH IHC & X ) Luminal A BY5E
b EAUA258 Luminal B Y, 10.2%J938°8 HER2 ‘&4 8[4] [11]. fERKIZH/K T |, Luminal A B8 %
L RS 2R AR, AR AE R TPS3 AR R AR (12% vs Luminal B B[] 29%), {H PIK3CA (45% vs 29%)
A MAP3KI1 (13% vs 5%) RASFNAREL [ 12]0 XL 53122 5 T80T G RS IS AR T OB (1Y) 57 o
P,

AR H AT E AR 4 2 T E (i 21 ZERFT 70 £ SGE T HRAHER2— B35 WIALYT vk, (HEATE
VAR B FL A AR W2 AR 28 1k i A T A SRR [ 13111810 563 1) 22 412 43 A i b S5 o M 2 3t 17 B ¢
NBIILAE. 2B R B MR ERE 2023 0 — D Sk 8 G LR s AR AL i o 4, 4%
HR+/HER2—FL W 73 A VU AR 4304, SRR 1 VR T7 SRS I8 7E 2 7 [19]. CDK4/6 #7711 FF A Fi
Il R B2 (1 MonarchE 1 NATALEE 56 FrR )ik — 5 5 i 7S AA R 0l & S N FE I 0 221k

SR, BRZ) HR+/HER2—FL IR AR 22 Tl 5 (an -3 B R R % 78 ) IR G 8a r FHLIAT 2 b o R,
OX ) v 5 3 A A R R R T A e 4y R AE SR A9 20 AT AR e 1 B [20] . 3X — iR s BRI T 4
YR YT SN IIRE 0, A3 70 f AR R Z B VR T I R . TR = T, AR METABRIC %4
VA5 HR+/HER2—FL IR A 22 U5 A O 1) 22 20 22K AE o 383 AT 0 22 S RV s 220 A, BRATT B 75 1] B 3R 3l
FE B R 43 T WL A S Y A YR YT S p SRR RS HE R 2= SR A 0 ) L

2. MR ERE*E
2.1. BERBESEES

LSRR, BAEIRAR S R LKA S (SNV/INDEL). # 38 F:(CNV). B8 /)R DNA
FH AL 308 (RRBS), i cBioPortal for Cancer Genomics A METABRIC %8 SR . 283 7™ 4% 1O 5 =
A L8, A 965 BIEAG e B IG R AN 2 45 TR HRA/HER2—FL IR FEAR N 7317 -

2.2, ZRFERDW

N T4 5E 5 HRA/HER2-FLIE TG AH O 1) B 73 7R, (A R & “MOVICS” (v0.99.17)fEFilf5 A
RAWE RIGFEFHZMBAT TR ZHEZER . THSTHE Rv422) T,
CancerSubtypes l(v1.24.0) 52 BE 32 Fr . A FURE AT 25 V) BURPE A o i 25 SR IT RN 22 7%, BAEA
FEREHE AT TT SRE B2 AL DL .

2.2.1. FESR

i1 H MOVICS H1¥) compMut R £ AT 2H 18] (1) SRASHAR o W R 7 R B Rl 22 S SR AR BRI, A
KT H (freq.cutoff) B E A freq.cutoff = 0.05, FHTRIEL S 1ERD S%IIFEA TR A TR . Fith i
PEFRZIEJS P <0.05 #f5E .

2.2.2. BREDH

P oM, A6 A na.omit RRELZ R TS A BRAE IR o 22 5 K08 A B i B s AL
1 limma J5i5@1L runDEA BREGEAT. ] runMarker BEUE € B35 Z R KA KK, BFEMHE N P <
0.05 AZIEJG P <0.05.

2.2.3. RMEEES

RRBS [ AL EHE K pAE 54T 08 . SR RAEAER impute £29 (1) impute.knn b8 50347 I Kb
= RPN 45E ChAMP B3 1 DMP 7515 limma #3647, B REEEN P<0.05 BRIFRE P<
0.05.
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2.2.4. MBS

FAVER compDrugsen bR £ T 5% 45 L FRINAN [5) M2 2L % 2540 (R0 . o 12 93 3 T AR 05 [ e ik
5259 [ N ARFR(IC50 5% EC50)2 [0 AR S, PPt 7 R A S 1 i 2 W s . S8 BN R« tissueType
WEN “breast” , REHEWMIKAESERLR . o0 BIEY KIFEGE, 24908085 J g TER T
B,

23. BEEKERTH(GSEA)

N T TG A R AL R RIE A B2 S BATHEAT T GSEA Zp#ir. 15— TP TilE
SCI 3 PRI B 75 R Py 2k PR 7 2 1) TOU B R 42 25 o SR IR TH R T ¥ e 1T R RE A DN 2B )~ T B A L
I AERAE . GSEA ilid R H1[¥) MOVICS N1 GSEA MBS,  fuvint 4 Jm ik R Rk ik k47 57 5 4>
B, ARSI PR B rh A E B R A2

2.4. EERETRSM(GSVABEHEAEEEEE 57 (ssGSEA)

STl GSEA K I m fa FLIE A 1 DNA #0512 50k 2 % & &, 3 — KA GSVA Al ssGSEA
Xof X S AT AR R

GSVA & —MIES4. T B T, PR KK 1 RIE B F 0 N PR AR 118 B K P & 460
4%, M RERS RGN LRAL & FR s 4L A HE M5 7 . ssGSEA & GSEA ¥ g, iH 54 R MEA
R E RS, RAEANMAK T8 B EGE RS AN A

A 53 H1 I\ cBioPortal 3RHL T 475 {5 HR+/HER2—FLMRHEFE A (1) FPKM ARtk J5 K1 318 56 B o AR 4 BEAE:
A2 4532 — 7 276 5 DNA 5512 B @ B AH G HE R 1 kAT 7 #r . f8THH R HH ) GSVA &,
M A GSVA F1 ssGSEA HEH A E E T4, kedf SHKE N “Gaussian” UGN IELSEFRIEEIE. 45
AL geplot2 1 ggpubr ELHEAT I AL, Hf8H Student’s t K30 VPAl 4 W] 2 .

2.5. FGMIIFIE R Cox ELBIXFEEYI S

N T VAR SHE Sy FREAERT B TR L B A, FRATREE T 2 AR R Cox Hfl R [ RL .y
HERIRIT SRR T, S WIS T AR N - AR TT IR E B . AU E I AR R s 4F
W AT YIRS PHIEMREAS SR . TPS3 SRR (Mutation vs. Wild-type) L& MMEJ J&@ #4775
(LA &), Wit 15 XK L (Hazard Ratio, HR) & H: 95% & 45 X 1A)(CI), i€ & B T E K AEAEHIRFS)
FRI ST S

2.6. £ TCGA BiEEE#{TIMERLEE

RIS AR I E M, FRATEI TCGA-BRCA ¥R /E NI IESE . 181 UCSC Xena 1~ & 3K HUIE IR K
ATEHHE, ik 484 ) ER+/HER2—5 . % &3] PFI (JCik A1) 5 DFS (FCHR A7 ) it v FE A e 1
(r=1), BALEE PFIAEATIE& .

[i] Y5 25 2 S f5 (Homologous Recombination Deficiency, HRD) 2 #& 41 i g 2% 3 ik v £ B ) 7] Y 25 2H i
PR BB DNA XUEEIIERE, AT 5 S0 R 20 i AN AR ARs e B R A iR ” AR B IIRAS . B2 R
J8 DNA B85 G812 R B M OB AR bn B4 . FRATIREN) HRD V4> 51 E BEAE SCHR([22], VTR /G PR
435 AT s . AR AE SRR A, FR-ATISIER T PRI 5 OS (B AH A IS AT 1 “ Rt 7 Wl
ABIE 43 B TPl RO 1 R .

IR TAEA R, FRATIARE 7 2 5E0%, DL PFL & Al 2.5 45 fidk4T — 43 (PFL_gt2.5y vs PFI_le2.5y),
iz F Wilcoxon BEANAS 6 . Welch’s t 646 &% Cohen’s d ZUM &, %458 {5 HRD $¥F0 IR Z R .
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3. &%
3.0, N EEENELFE

F1 i HRA/HER2—FL M3 18 BIE T 75 S 30 R 5 P AT S5 SR KA N e YT . 457 BB TE 2
SENE R, BB R N i 25, RN B i iGI7 )5 e AL A7 B (Overall Survival after Re-
currence, OS)Z1R 4 4F . ET#5 BEH RILZIRUEN S0 WAIETT, A FRAIBR 17X FEA, DA ORI FTBF
ENINIE)R G

T, BAHSL T A S fE(CST 4, 54 B NI TR RAEARFS) < 2.5 FHERE R
HEAFHAOS) < 4 4F, [FIN BIBRVILERTRE > 5 om B T A 22 DLHER: R T3 A HE, /B 4H(CS2
41, 134 B)NIFR & A RES > 5 4F HHRRIRK 1 8.

WAV GE T AREAT G, Hd, CS1 40 RFS F471H 20.41 N H BEMKT CS2 A AE 140.14
ANH: CS1 408 il 34.87 AN HIRBEEART CS2 A Al 142 N, CSI TG E 2. REEEFER.
P RN A3 e FARAMST 7 SR BT 2 S, (BRR PR AR (P < 0.001) 1) 2 7 BB it 2458 (R 1),

Table 1. Clinical characteristics and survival outcomes of patients with CS1 and CS2 signatures

5% 1.CS1 1 CS2 FE R ENIRRFHER £ FER/

4 4
R (szS=1 j) (J€S=21’3E4) P
FRE 0.529
<40 % 1 2
40~44 % 0 5
45~49 % 3 9
>50 ¥ 50 118
FHEMESHE <0.001
0 12 0
1~3 22 104
>4 20 30
M ER 0.403
<20 mm 12 22
>20 mm 'y} 112
HRZENR 0.291
L (R4F) 2 10
I (%) 24 70
111 (£) 27 52
ok 1 2
FARITA 0.860
RIAFA 16 38
FLEVIRAR 38 96
i 1.000
x 44 110
a 10 24
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JiieE 2 1.000
1 39170 2 3] 35 90

3 4 4 9

(IS 15 35

R

w7 RFS (H) 20.41 140.14

iz 0S (H) 34.87 142

3.2. ANTREZ BINBHAFER

NT NG FIZ MRS UG 257, BRATDGIERA . RN F AT T IREZE, &R ER:
BRI 3 Hr: BUSAS R CST 20 A8 21302 T (1) TPS53 RAGHINZ (K 2). BMAT &, TP53 &
RAFFHT(TMB) AN 20%. KIRIAE THE 1 PHQ2.24 x 103)FKIEG P 1E(5.38 x 1072), {FEsSEZT
CS1 Fl CS2 Z [H] TP53 FRAFAFAE LR EZE S5 -
ekl i AERSRUUKE b, REFFRIH B ENZRKIE, £ CS1 41, 157 ANEER R FiF
(P<0.05) (K 1(A)), 1 346 NEEFEE R 1(B)). CS1 HRT 10 A LA I FIC BT (68 3).
FFERIA 8. RMEERH BT 458 H 109 NERTE CS1 HIFE SR LA s (TSS) X 38 5l 35 5y H 2
W IEJG P<0.05). B 10 AN FHIEAIE R FI T (% 4). (EEERIARZ, 75 TSS X I A K 31 2 F% H %

EEA

Table 2. Chi-square test for the independence between molecular subtype and 7P53 mutation
2. FLBE TP53 REMIMMFHRE

BAR(TMB)

CS1

CS2

P1E

RIEJE P 1A

TP53

38 (20%)

19 (35.2%)

19 (14.2%)

0.00224

0.0538

Table 3. Top 10 upregulated genes in CS1 identified by transcriptomic differential analysis (left); Top 10 downregulated genes

in CS1 identified by transcriptomic differential analysis (right)

3. BREEZEFZHHEER CS1 FEH] 10 N EFEE )R T BAEEGE)

Fr5 B PH RIEJE P 1A S P1H KRIEJE P 1A
1 KIF20A 1.89 x 10710 3.85x10°° TRIM4 5.41 %1077 2.74 x 1074
2 BIRC5 1.59 x 107 1.45 %107 GASK1B 6.38 x 1077 2.89 x 1074
3 GTSEl 2.14 x 107 1.45 %107 CHRNBI1 1.39 x 1076 5.55x 107
4 LMNB2 3.87x107° 1.93 x 1073 ABAT 2.94 x 107 8.94 x 107
5 SAPCD2 473 x 107 1.93 x 1073 TMEM26 3.11x10°® 9.32x 107
6 PLK1 6.37 x 107° 2.16 x 1073 PNPLA4 411 =107 1.12x 1073
7 TROAP 8.74 x 107° 2.54 %1073 FAM241A 424 %1076 1.14 x 1073
8 PTTG1 1.00 x 1078 2.55 %1073 MAPT 4.66 x 1076 1.23 x 1073
9 CDC20 3.14 <1078 6.63 x 107 PIGV 5.15x 107 1.32 x 1073
10 BLM 3.25% 1078 6.63 x 107 SMARCA2 5.16 x 107 1.32 x 1073
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Table 4. Top 10 hypermethylated TSSs in CS1 identified by epigenomic differential analysis
4. RNEFBEZSILEERN CS1 FAHT 10 M REUERERLA(TSS)

Frs SEA] PH RIEJE P AR
1 ADCYAPI1 6.14 x 1078 8.10 x 107
2 LINCO00577 2.92 %1076 0.0126
3 SMIM17 3.61 x107° 0.0126
4 CYP7BI1 428 x 1076 0.0126
5 MEG3 4.79 x 107¢ 0.0126
6 MTNRIA 6.29 x 107° 0.0138
7 ACAN 7.55x107° 0.0142
8 SLC6A3 1.00 x 1073 0.0162
9 LOC283683 1.11 x 107 0.0162
10 PRDM12 1.29 x 1073 0.017

A B

Subtype matrix_1 Subtype matrix_:

Wcst

Mcs2 I

o= w

EYIEN

Figure 1. (A) Heatmap of upregulated biomarkers in CS1. (B) Heatmap of downregulated biomarkers in CS1
[ 1. (A) CS1 A EIFEIFREMMAE. (B) CS1 B FMEEMIREYRIHAE

3.3. CS1 HZ MBI PR R 2138

X P A K5 .28 ) 245 W) OB R 247 1 ) EL Lo AT SR s o 2 Rk G ) S A AE 2 2 22 7. CST 2
%f BMS345541 (—Fh IxB #EEH0H75)) A1 AS605240 (—Fh PI3K 4H1I771)) R0 H 358 A AU TE (A 2(A)) . Al
&, CS1 0%} Imatinib (— % S BRI 7710) Al DMOG (—Ff HIF-PH 141 751) P B AR (4] 2(B))
XEeSE R T ARYE 7 i e VAT RIS L2, JERRIE TR I AR B L EE, AERX — 5 G
TG A B 0 NFEREAT BRG HEva T 3R ]

3.4. GSEA 187 DNA {56 S B REZ A

ST RWASCR I = R, MEFHERT 2, AL D@ GSEA FHEEK)Z Ik
Ro GiRER, WA ZA KEGG BRI EE 254 3). RANTWERRIE S G EHE A, L
WK EAE BT DNA #5182 K& 3(A)), B#5 KEGG CELL CYCLE (4 i & 113l ) .
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KEGG DNA REPLICATION (DNA & #lif #%). KEGG_HOMOLOGOUS RECOMBINATION ([&] 5 # 21 &
S iE ). KEGG_MISMATCH_REPAIR (%M 12 & i@ # ). KEGG_SPLICEOSOME ( BY 4% {4 i % ) #l
KEGG_BASE_EXCISION_REPAIR (§E:VIBRE Z il H) 52 M1 . XA R R 1w fe g AT
NFRE G E . S DNA B EIE B VIR G . A, G2 98 RE I S B AR A0 A AH DG e i DU 7 v fes i 3 o
e 3(B)), : KEGG_COMPLEMENT AND COAGULATION CASCADES (KM ATt I 25 B8 i)
. X R G A P T BEAEAE G SR S FIAR I R

A
399
o S 375
S 3
N 3.6 %]
v <
Q @
g %]
< E 350
s -
°, <]
8 33 2
Q 5
B o 325
£ £
B 30 =
& 3
W 500
T r
N 5
& &
B
9.0
85 a
g E 0
= .
o E
G 80 5
=
3 2
S S
el
i} B 284
® 751 L
©
£ £
5 =
u i
7.0
26
T T T
N 9 N 5
& & & &

(A) BMS345541 1 AS605240 7£ CS1 (¥4 €0) CS2 (L)W 4 P ISR . IR Z497E CS1 IR ICso KT
CS2, #H] CS1 HfgUgrEn, HAEFS % EF . (B) Imatinib F1 DMOG 7E P4 W40 b AUt . PR 2540
CS1 Hff ICso ¥ T €S2, KW €S2 Hmudittsgin, HEAS it E.

Figure 2. Results of the drug sensitivity analysis

2. R IER

A B
EGG_CELL CYCLE _VALINE LEUCINE AND,ISOLEUCINE DEGRADATION
EGG_DNA_REPLICATION GG_DRUG_METABOLISM_CYTOCHROME_P:
|| KEGG_PROTEASOME _FATTY_ACID_METABOLISM
|| KEGG_PYRIMIDINE_METABOLISM _PROPANOATE_METABOLISM
|| KEGG_HOMOLOGOUS_RECOMBINATION “BUTANOATE_NMETABOLISM
| KEGG_PRIMARY_IMMUNODEFICIENCY _ALDOSTERONE_REGULATED_SODIUM_REABSORPTION
|| KEGG_AMINOACYL_TRNA_BIOSYNTHESIS _RENIN_ANGIOTENSIN_SYSTEM
|| KEGG_SPLICEOSOME ASCORBATE_AND_ALDARATE_METABOI
[—| KEGG_OOCYTE_MEIOSIS _COMPLEMENT_AND_COAGULATION CASCADES
Subtype || KEGG_MISMATCH_REPAIR Subtype _TAURINE_AND_HYPOTAURINE_METABOLISM
mcst || KEG ,SAsE EXCISION_REPAIR Wcst _PEROXISOME
Hos2 || KEGG_ONE_CARBON_POOL_BY_FOLATE Wos2 ! ISM_OF_XENOBIOTICS_BY_CYTOCHROME_P450
[l KEGG BLADDER CANC _SPHINGOLIPID. METAEO
matrix_3 = KEGG PROGESTERONE. MEDIATED_OOCYTE_MATURATION matrix 4 AY R S| _MUSCLE_CONTRACTION
atrix_3 ] KEG RADATION ! ARACHIDORIC. ACID “METABOLTSM
1 [ |KEG _VALINE LEUCINE _AND ISOLEUCINE DEGRADATION 1 X
05 | |KEGG_DRUG_METABOLISM _C 05 ,DNA “REPLICATION
o [KEG _FAW_AClD_M Borin o _PROTEASOME
[ | KEGG_PROPANOATE_METABOLISM _PYRIMIDINE METABOLISM
Ifns [ KEGG_BUTANOATE_WETABOLIS! l—u.s “HOMOLOGOUS_RECOMBINATION
-1 || KEGG_ALDOSTERONE_REGULATED_SODIUM | REABSORPTION -1 _PRIMARY _IMMUNODEFICIENCY
[ | KEGG_COMPLEMENT AND COAGULATION_CASCAD! “AMINOACYL TRNA_BIOSYNTHESIS
|| KEGG_RENIN_ANGIOTENSIN_SYSTEM _SPLICEOSOME
| KEGG_ASCORBATE AND ALDARATE VETAB: _OOCYTE_MEIOS!
[ |KEGG_! ISM_OF ‘XENOBIOTICS_BY_ OV TOCHROME _P450 _BASE_EXCISION REPAIR
[ |KEG! ,sPHlNGouP\D METABOLISM _MISMATCH_REPAIR
|| KEGG_PI _ONE_( CARE'ON F'OOL BY_FOLATE
[ |KEG ,VAscuLAR,SMOOTH MUSCLE_CONTRACTION " BLADDER CANCER
|| KEGG_ARACHIDORIC_ACID_METABOLTSM _PROGESTERONE_MEDIATED_OOCYTE_MATURATION
[T IKEGG_ECM_RECEPTOR_INTERACTION _RNA_DEGRADATION
29
88

(A) EEEAL (B) FIHEE. f—1T7X N —A KEGG B, & 5RENIEA(CSI, CS2). FitahErtrtbFE
LIPS (NES): AR REERER R, HORRNEERERK. MFEN. DNA &A1 [H JF 5 4 %58 B E AR W
1) B A ) AR

Figure 3. Results of GSEA enrichment analysis

3. EEEEE D H(GSEARLZR
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3.5. DNA Hifp & S B EEY GSVA 947

GSVA it — D404k T BA T DNA B 55 1A . 8 AN BL BRI 7E 1 /N T f 21 2 ) SR th e it
T EZ 7K 4). RBBP8 FRikfE mfadlH B EHIK, 1M EXOI. FENI. HMCES. JMJD6. POLQ« RADS51
A XRCC3 WE 2 FiA(E 4). U AFERE, GSVA (B 5(A))5 ssGSEA (B 5(B)¥g A —Pgit: =
g 1 IR IR A G R i E R (MMED) @ 5 (— Fl DNA WU i Z4(DSBYI&E R I AR ML E = fa B B
EE L IR, WZH TR 7E [FJE 4 (HR) AN E R JE A i 4 (NHED) (22 J4 1) DSB 12 &I/ %) J7 i R W82 3|

WEER.
3.6. TP53 3823 5 MMEJ 4 B9 37 7 /5 (36 4iF

Z K2 Cox [BVAERIHE—BIGAE T TPS53 28748 5 MMED 38 76 T VP4l P ST (1 6). FEGINAE
Wy WREERE . DR EAITEIRIRI S &5, TP53 2%4F(HR =2.12, P=0.013)f1 MMEJ #¥43(HR = 3.78,
P=0.013)152 3 BT 2 RFS. HAERNE, MMET PFo1EAE LA 8 BoR s R L, $2
INBE R S AE R E B (O BGS FERE R N, R R LA . ZgE BULE T = {F N HR+/HER2—-3L
PRI AN R TG A% 0 - SRSl R - A
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Figure 4. Comparison of gene set scores for DNA damage repair pathway factors between the CS1 (yellow) and CS2 (blue)
groups

4.CS1 (E®8)M CS2 (B’ )4H 2[5 DNA {18 8@ KEFERAEITHHIELE

DOI: 10.12677/acm.2026.1631100 2972 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1631100

Bk S

A Score B Good E3 Poor
0.5 NS
0.0
-0.5
Al HR MMEJ NHEJ Paper
GeneSets
B Score B Good EJ Poor
1.25
0.75 + +
0.50 NS o
0.25
All HR MMEJ NHEJ Paper

GeneSets

FLEER T SIS, X SRR R AR E. £ GSVA ST, Y JOFMIRERRFXE, Wi
7E ssGSEA 73 HT(B)H, Y Fli(PPor) R R & 0Py . TEATA 2L X MMEJ £ F 44, GSVA (A)F ssGSEA (B)7»
Wb R 2 AP AR R 2 5. Horb,  “Paper” AT SCHRHRIETY 276 A DNA Hi455 48 2 AH L R 4L R 25
ENE, HFITEREAR R Sk DNA &5 08 #is

Figure 5. Comparison of gene set scores between the CS1 (yellow) and CS2 (blue) groups
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Figure 6. Forest plot of multivariate Cox proportional hazards regression analysis for Relapse-Free Survival in HR+/HER2—
patients receiving endocrine therapy
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Figure 7. Distribution of HRD scores between PFI-based subgroups in the TCGA-BRCA cohort
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