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(FPAARMAEZEFEXRFR—MBER TLLETIM, KRG B% 710032)

W OE E=580: RATRIACHAIAIEIRET R T2 —, RILFARREMREEFNILEINE, K
Kb Bl R R A0 BECIR ASRIN A 15 R B . BRCA1/2 JE R 2 5 3L IR % VI AR OG0 B AL I, BRCAL/2
BE DR 2 A8 X AR FLAR S5 FL A BB R R AR & g EL R A R, B, ASBIFSE 43 AT BRCA1/2 SR 2848
SRR R E RN R , I EEAH TR Y, FO AR LR 5 2L R TR R R A
FE(LRFS) &, g ZL s iR DR FL T ARS8 I JIE 9 16 8 4 AL AT 52 A 448
Foik s [ 53 7 2014 4F 6 H—2016 4 6 H - Hb [N R fff il 22 25 22 22 5 R~ 5 — B s e 0 A 7 O 2L T
AR 1 189 151 FL B s A6 I PRGSO HU B [ I PR BRURRAIE N J8. 3% BRCAL/2 BRI 288 (1 22 57, g o
IR 2 K 2 R 5 Cox 25 H 5] 18] U 45 750 43 A BRCA1/2 36 PR 28 738 K JHG 22 i R g 38 1R) 2% %ok 2L M BB 3 IR LR I
JRIFB AL K (R, I B 2R R T R Y LRFS %, it — 3RS AL (Ceindex) . Z iR TAEFRAE
(ROC) Mgk Kk PR (AUC) XJRERYGEAT N ERSGIE , 380 o A v ol 2R P Al A 2 () E A P, o ot i
RPN L 53 (DCA) PPANASE R fy il R 35 4 A AN
553 . BRCA1/2 JE[H 58748 21 FR 28 78 21 B AR W8 RN 43 13 B AT 22 S A e ik 8 30 (3 P<0.05) . AR
Cox %5 M8 M1 ST A3 BT 25 R 8%, BRCAL/2 8745 . Mg or g . Wi K/ o N M Koy F 4 R R AR AL AR
Joi FLIR IR R AT LRFS A2 I R (3 P<0.1) o 2 K Z Cox 55 L] [H TR 43 B 25 2R 7, BRCAL1/2 Bk
K278 o g KN o N A B o343 R AR FLR G ZUMRE (8 5 R i R iy 2 R (P<0.05) . #%
IXHE P ZE AN AT EE ST LRFS R (1 51 26 [ FUMASE Y . BEHY ) Ceindex A 0.86, PIFBEGIIE C-index 24 0.81, ROC
M3 At e o, BERIE 3. 54F LRFS RBUMAY AUC /30 0.89 . 0.85; 4% v 1 £kt 7= 51 £k 1] 1
LRFS # 552K LRFS #4505 5 DCA 4387 b 7= A5 Y 1 1 R 3K 45 B I AN (95 5
£51%: BRCA1/2 FE[H 5278 AR ZLAR G ZLI I B (R B A2 L ARG, JE T BRCA1/2 J [H] 58 745 41 £ [R5 10 g
i Ay ot T P LR S LR FRE O LRFS 3, I LA FR 8 TR Oy X0 s B (AT 8 i Rk 2 R B
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Impact of BRCA1/2 mutation on local recurrence of breast cancer

patients following breast conserving surgery and construction of

related prognostic model

ZHANG Mingkun, WANG Zhe, YANG Liu, HOU Lan, ZHANG Juliang

(Department of Thyroid, Breast and Vascular Surgery, Xijing Hospital, the Fourth Military Medical University, Xi'an 710032, China)

Abstract

Key words

Background and Aims: Breast conserving surgery has become one of the standard surgical methods for
breast cancer. Breast conserving surgery can preserve the mammary contour of patients and greatly
improve the postoperative psychological state and quality of life. BRCA1/2 gene is a susceptibility gene
closely related to breast cancer. The impact of BRCA1/2 gene mutation on local recurrence of breast
cancer patients after breast conserving surgery is still controversial. This study was conducted to
investigate the association of BRCA1/2 mutation with local recurrence of breast cancer patients
undergoing breast conserving surgery, and construct a related prognostic model to predict the local
recurrence free survival (LRFS) rate of breast cancer patients following breast conserving surgery, so as
to provide guidance on indications for breast cancer patients to receive breast conserving surgery.
Methods: The clinical data of 189 breast cancer patients undergoing breast conserving surgery in Fourth
Military Medical University Affiliated Xijing Hospital from June 2014 to June 2016 were retrospectively
analyzed. The differences in BRCA1/2 mutation among patients with different clinicopathologic features
were compared. The effects of BRCA1/2 mutation and other clinicopathologic factors on local
recurrence were analyzed by univariate and multivariate Cox proportional regression models, and a
nomogram was constructed to predict the LRFS rate. The model was internally verified by concordance
index (C-index), receiver operating characteristic (ROC) curve, and area under curve (AUC). The
accuracy of the model was assessed by calibration curves and the clinical benefits and application value
of the model were evaluated by clinical decision curve analysis (DCA).

Results: There were significant differences in age and molecular subtype between the patients with and
without BRCA1/2 gene mutation (both P<0.05). The results of univariate Cox equal proportional
regression model showed that BRCA1/2 mutation, tumor grade, tumor size, N stage and molecular
subtype were relevant risk factors for LRFS of breast patients receiving breast conserving surgery (all P<
0.1). The results of multivariate Cox equal proportional regression model showed that BRCA1/2
mutation, tumor size, N stage and molecular subtype were independent risk factors for LRFS of breast
patients after breast conserving surgery (all P<0.05). Based on the above variables, the nomogram
models were constructed. The C-index of the model was 0.86, and the C-index for internal validation
was 0.81. The ROC curve analysis results showed that the AUC of 3- and 5-year LRFS of the model
were 0.89 and 0.85, respectively. The calibration curve analysis showed that predicted LRFS of the
model had a good consistency with the actual observed values. The DCA showed that the model had high
clinical benefit and application value.

Conclusion: BRCA1/2 mutation is associated with local recurrence in breast cancer patients undergoing
breast conserving surgery. The nomogram model based on BRCA1/2 gene mutation can accurately
predict the LRFS rate of breast cancer patients after breast conserving surgery, and provide an effective
scientific basis for the selection of surgical methods for breast cancer patients.

Breast Neoplasms; Genes, BRCA1; Genes, BRCA2; Mastectomy, Segmental; Neoplasm Recurrence, Local
CLC number: R737.9
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] P 8 RE F 55 LA (TARC) & A 19 42 BR IR AE
Goit B Won, 2020 4E 2 ERZ0 1 930 J5 3T 1 g E
95 191 F1 1 000 J7 9 AE SE T2 19, L b R B 2 1Y
BRI E (226 7)) M. RELFRBEE IR
BEMFLE AN, Kk B E RS A EDIR
A A 0 LB Rk FLR I 1 bR TR T U2
— . van Maaren 55 PMJF 57 R W, 2R 7L F R R
S TROT B0 LR SR B 10 4F AR AF T 10 4F JC Ig
W AEFEYR FHEZAG2UIRIT RS,
1988—1998 4, & [ M & 7L K M 18.7% J+ =
64.5%" . BAEFKRE , (LA 55% 1 B B & 3L 5 AE
40% UL I, 41 50% 1 = B Ak 7L %R ) 20%, f1
16.3% (1 B Bi AR LR A F) 10%, 1 BARAFLR SIS
B< BE B #E Ho XN #47 GDP Hl = B 4F F R i &2 1E A
M HET, IR ERFL AT Y 3 R R R
LRI AR A R, HORILARE RIBE LR,
W AR FLIR YT 09 38 B UEFE AR T, TR E
TEAR LA 7 O T R A A G, T LA B R e TR
B A — S 3k 7 b X (R FL 2 56 B = 8 ) T ol P4
AN L X R AN, Nk, A AR LR SRR
BB R R K e A R FR O T AH QI IR T
BAL, X P& ARIAR, BWHRFERGETHIRIT
HHEIEZE L.

it A5 P 2L IR 9 o7 T A 2L R 9 99 1) 1 59%~10%"")
TEB AL EFL IR P, BRCA1/2 2878 S e iy UL i B0
ZEAE I LLH Yk B Dy 2S£, BRCA1/2 &
H5I MR E UM XK SRR, 70 % E,
BRCAT 28 4% fiff 2L i 9 KU 3 fin 65% , BRCA2 %8 4%
il 7L B KURS: 384 459 . H R, KR Z e E A
., BRCA1/2 5878 3 A 52 ) 3L g f8 38 1) B ZE A7
{H BRCA1/2 2278 Xf T4 LA Ji5 [ ) 2L i o o8 52 % 1)
52 A 4, NCCN 48 BV o L 0K BRCAT/2
2R AL B Jg AR FL T AR A X 2R BAIE . A BIF 5T [] B
S0 T 189 45 32 AR FL TR FL R 98 8 3 (1 BRCA1/2
587 R A SR I DR 8 B R 28 5 )R 3 B & 1R A e 1k
I 3 5] 2k PRI ARE A0 O TN R 3 Y T JR B A2 & A A
(local recurrence free survival, LRFS) %, NHEEHM
FAR Ty Ak 8 RA RS YT e BEAR 4 .

1 ARSI

1.1 #RgE
4 2014 42 6 H—2016 4F 6 A v B A R E
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25 BT R — B B2 B R 19 189 151 FL R 9
H, O ARRIE: (1) 55 B2 UM 10 Lotk B A
Q) T2 ARAFA, HEZIRMET R RGBT ;
B) EZ RN SIRYT, BT, N WA
J7, WMNRIT A (4) A SR Y I R I B 1 5E
B ARG T HRASS5ENMERE, JF&
P ZE B W A b, RE LS . KY20212051-
c-1,
1.2 FHik
1.2.1 BRCA1/2#4&n (1) FEARES#I: EDTA
PUBERE R B E SN F KM 2 mL, (-20+5) C4
PR AR PR AE o R R ) ST e i YR A TR A
R ) & X 4 I RE AR E AT DNA BB, PR AR RN
100 WL, FEASH B >5 ng/wl, B >450 ng, (2) 3
JE g A . R R ]S4 L3S BRCAT 3 A il BRCA2
B TR 2 A5 G I 38 591 B 1A A1 5 T G T R A D i AR
A< DNA H BRCA1/2 1y € 22 15 &0 o K i ¥ [l 40 4%
BRCA1 2 X #1 BRCA2 #& A 19 4= 4 5 X (BRCAT &
AN 5§ 2. 3. 5~24, BRCA2 K:[H 4 & 1 2~27)
KANEF-N&FEEX . UTRIX (JERIEFEX) I
Jit B T DX 5 A Ul B 28 L (3) ) B
B« Afi H Hlumina MiSeq Dx I & AL 4700 7, I
Fods R N 28 12 3 BN e a0 B o b RO
(ADXBRCA f8) #474387 .
1.2.2 Mz BEVIH X RISV ME TR YT, bl
Vilk ] Ry 47~71 A A, P AL RE U5 61 4> H o B
Vi ik 2 2021 4F 6 H o MViN % . PR A 0
Bk, MERWEN, EFR . BT EERIC
SRAET I [A] S BB A
1.3 Srit=4biE

K H R #A (4.03) HEAT G012 50 7 9 2 4l
IR IEL R X K6 36 F Fisher 45 0 46 36 L 488 A [6) 11
PRI B AE T BRCAIR2 RAZ 25, Xt Tk
HE4T Mann-Whitney Uk FIK 55, % 22 % B AT K
%, K H Kaplan-Meier 3 1% LRFS *% | Log-rank %
K 56 TE M 4% 748 B (09 R [R) 7 2 A= A7 22 . il ad A
2 M Z P Z Cox 55 LU RS 01 )45 750 43 7 5% el £ L
ARG FLI I BE R E ks sr fa s R, it
C-index , ¢ #E fHh 26 A1l IR Y 56 1 28 23 A1 (decision
curve analysis, DCA) 5 F 5 B 54 ] 544 . P<0.05
hEFRA G FE X
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2 &% =7 HEEFLREFLUIRE B A LRFS R sZm K E (P<

2.1 BRCA1/2 EFE R FLIRE £ & 8 IG K s B
FHIE
189 17l H % WA 16 1] BRCA1/2 0% 58 748 BH
H:AF BRCA1 %878 14 5], BRCA2 5748 23], R 2848 2
WV B4Rl 54 2, AR AL SF- B AR IS g 44 %
P LA 22 S A geit 2 i X (P=0.026) . S8 20 I
KRB 7 For BT R ZE R A S E XL
(P<0.001) (1),
2.2 BRCA12RER HtERIRIARFEIRE
BEBIE LN
16 189 1] H v, X BRCA1/2 575 K HoAth H %
HEAT Cox B Z rHr, 45 IR : BRCA12 RAE
JSEE 3 G . MR R/ - N K gy oy B A 5 AR
&1 BRCA12REMAREBZFNIGKFESFER (%) ]

Table 1 Clinicopathologic features of BRCA1/2 mutant and
non-mutant patients [ (%)]

RRAL

23

S P
(n=16) (n=173) XZ
ZeA
e 6(37.50) 75(43.35)
0.205 0.794
&g/l 10(62.50) 98(56.65)
Jiebged 53 4%
I 1(6.25) 19(10.98)
Il 12(75.00) 103(59.54) = 0.622
I 3(18.75) 51(29.48)
AT
s 11(68.75) 112(64.74)
0.104 0.748
w 5(31.25) 61(35.26)
M /N (em)
<1 0(0.00) 4(2.32)
>1~2 14(87.50) 151(87.28) — 0.782
>2 2(12.50) 18(10.40)
N4
NO 10(62.50) 96(55.49)
N1 5(31.25) 57(32.95)
— 1.000
N2 1(6.25) 14(8.09)
N3 0(0.00) 6(3.47)
S F o
HR*/HER-2" 2(12.50) 75(43.35)
HR*/HER-2* 0(0.00) 33(19.08)
— <0.001
HR/HER-2* 1(6.25) 28(16.18)
HR/HER-2~ 13(81.25) 37(21.39)

0.1) . K 5K F Cox [ml )3 7 % 1 5 4~ 48 5 94 A £
R Cox [MIHBLRY, 2210 5 138 A [ H AIC 43 BT )5 45
R IR: BRCA12ZEAE . Mg R/ NA- e+
o3 B AE 4 A8 o R FLR 5 LR A LREFS 21
Morfap R (P<0.05) (#2). 3T Kaplan-Meier
il Log-rank £ %6 77 %%, | I Cox JRURS: #5278 2 i) 1) 4%
FEARERN AL (E1),
23 RARFIIREEE LRFS 3| & EEEH

13

I T Cox 55 L ) XU (81 U9 455 70 43 #r B9 45 R
(F2), t R AR 5 7L B & LRFS 1Y 51 4%
LTI ASE TR (&1 3) o 4 5 £ 8T o 4% AN A8 o T 45 43
B AR T 5 43 AT B0 DR LR S5 FL R AR A 3 AR A
54 Y LRFS %
EMARIREIABEEELRFSENEFZMNS A
EL iy

Table 2 Univariate and multivariate analysis of factors for

x2

LREFS in breast cancer patients undergoing breast
conserving surgery

© WA )3 of [ FF I F A EPTA

LGS ZHE 5T
SES
HR(95% CI) P HR(95% CI) P
Jihged o34
I 1 — —
I 1.25(0.47~2.65) 0.084 — —
111 1.78(0.93~4.18) — —
JiiEE KN (em)
<1 1 — 1 —
>1~2 1.14(0.91~3.25) 0.013 1.09(0.73~3.44) 0.022
>2 2.87(1.22~4.67) —  2.76(1.07~4.28) —
N 434
NO 1 1
N1 1.23(0.67~2.60) 1.14(0.43~3.87)
0.037 0.041
N2 1.95(1.14~3.92) 1.72(1.08~4.51)
N3 4.87(2.31~7.29) 4.36(1.94~6.72)
BRCA1/2 3K 5878
® 1 1
<0.001 <0.001
2 2.64(1.20~4.25) 2.27(1.06~3.91)
T
HR*/HER-2" 1 1
HR*HER-2* 1.17(0.57~3.03) 1.01(0.65~2.76)
<0.001 0.001
HR/HER-2* 1.96(0.83~4.17) 1.70(0.51~4.13)
HR/HER-2" 3.25(1.36~4.79) 3.11(1.74~5.65)
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FRE /N (em)
+ <1

+>1~-2

+>2
P=0.004 5

+ NO

#+ N1

+ N2

=+ N3

P<0.000 1
L_

ST
-+ HR'/HER-2~
“+ HR*/HER-2*
“+ HR/HER-2"
“+ HR/HER-2"
P<0.000 1

1 (HEEREE LRFS EYMMEFR LD

Figure 1 Survival curve analysis of influences of the main variables on the LRFS of patients

TE BEH(n) HR (95% CI) P
JiEE R/ (em)
<1 4 —
>1~2 165 1.09 (0.73~3.44) 0.022
>2 20 2.76 (1.07~4.28)
N340
NO 106 —
N1 62 1.14 (0.43~3.87) 0.041
N2 15 1.72(1.08~4.51)
N3 6 —=— 436 (1.94~6.72)
BRCA1/2 3K 587
7w 173 227(1.06~3.91) 0001
= 16 —
I For R
HR*/HER-2" 77 —
HR*/HER-2* 33 1.01 (0.65~2.76) 0.001
HR/HER-2* 29 1.70 (0.51~4.13)
HR/HER-2" 50 m— 3.11(1.74~5.65)
02234567

Hazard Ratio (HR)
2 LRFSEEREENHKE
Figure 2 Forest map of high-risk factors of LRFS

2.4 Bz E R R IeiE
) #3455 U (1) C-index 4 0.86, 242 bootstrap ¥ [ Bl
HEE 1 000 YR N BB I C-index A 0.81, b 7 15 781 HL

© MR # EHBIFREIF

R R

N1 N3
NO N2

N4

AR Nem)

>2
i

BRCA1/2587% 5

HR/HER-2" HR/HER-2"
HR*/HER-2" HR/HER-2*

iSR!

(EHEIIN

0 20 40 60 80 100 120 140 160 180

34ELRFS % 09 os

54ELRFS % P ——

3 LRFS HI&ETMEE
Figure 3 Nomogram prediction model of LRFS

AW X B XA FLAR G 2L B 3 AR &
5 4F ) LRFS SR 10 ¥E 47 ROC #2870 M, B £ m
1 (area under curve, AUC) 43351k : 0.89 F10.85,
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BRI BB e L (1514) 0 AIPAE IR RIE i 2k a5 PA I A B O W R, B AR
SRR RS, R, SRR FE R BTN B R B AER T (155) .
3AEM 5 4F LRFS R hfe i th £k, 45 R BoR i A7 1y

4 A3, 54 LRFS RHROC & DT
Figure 4 ROC curve analysis of the model on 3- and 5-year LRFS

B5 AR 3, SE LRFS RRRME ML
Figure 5 Calibration curves of the model on 3-year and 5-year LRFS

2.5 FIZETNEB G PRIR R #2217 P, MBLOIBIR AR 0L, CIR R 3 AR IR R
T B 2 PR B 1 3 4F o S AF B LRES RO 5 5 4F f 10 LRES 5, A5 5 (3 I R 4 3K 45 29 5

220 DCA M2k, Hh R ORI AR N BoREBRIGRRER T (K6).

BAYE . BR4E 9 0, K ERHE SRR B A HEA Y N

6 RIAREIIFESRERIEMSE LRFS EH DCA Hi%:

Figure 6 DCA curve of 3- and 5-year LRFS in breast cancer patients undergoing breast conserving surgery
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3 i it

K ZHCHRY IR T H, BRCA1/2 3 (K 78 7L iR
P B R 28 738 R 2l 0.85%~3.0%, T A5 BF 5%
BRCA1/2 578 Ky 8.47% , 1X Al it 5 3% [H L I i &
HOF BRI AR G o FEIRM, FLRE R
B AR IS /N, BRCAT/2 36 (K 0 28 A8 S i, T kil
SN S o, b [ M FLIRE 0 RO R 0 AT IR
H55~59 %, AR H, B B3 0 B4R
52 %, IR T E Ah SOk i E 19 65~74 1T, [
W, TEASHESE T, BRCA1/2 9878 5 3 (1 4 4R 18
44 %, B /NTF BRCAL/2 K 578 1) /4 1 54 %
iX 5 Zhang SFF R ARST G . AR LI, FLIRE
AN [R] B 4343 70 vh BRCA1/2 J55 R By 98 725 2 4 W]
WS, Hp, ZBIMEFLIRE T BRCA2 A H 5
ik 26%, Wi T H A A AL, X5 Al KA b
9o B e FLR b0 S 56 A SR U4 SR ALY, AT
€ H R B ] PN AT B LR R AR AR = B L MR s R
H BRCA1/2 K& A iy 8 48 & 43 il a] 35 23% H1 20%
BRCA1/2 B K 58 748 5 3L i 1 & A= R Je 4% UM ¢
BRCA1/2 5 11 40 i 43 54 520 i v 0l G e A &5 44 1 Ik
PR 910 %) 5 B vk R 0 M P VR L DA 0 87 b 98 1Y)
K AP, BRCAL/2 2 W FL 3 40 i 5 3 HR 18 &2
AL B B BT, 4 BRCAL/2 B 2e if, DNA #1455
Sl kAR RSB, W dE F R R B e 2
(nonhomologous end joining, NHEJ) 1 {3 [F] J& K ¥
B o% B X
MHE]) P21,

PRI FARC AN ELZ TR Z—,
anfe] 7E B R FL R, Bl R Y A T 0T A A [ B
W BB OR JE 0Y R A  RR FLIR R IR T I E R
Pk, an SR BE e AR [T 2L R R AL
FARIG MR KA, B X T AR Iy 200 18£8 42 {1t
B MRS . 52k BE 2 B3R S AR R Y A
KRB, AT IR A 0K 1k 7000 45 i B 1] 6 A8 35
) Az A7 18 B 3 2 T A Sy — b T 2 0 AR AR
SAEGWMN kA, MR R, SRR,
JER G T )T N T A 8
SR T 2L R R i 98 4 22 P R RE B RS SR .
ARG, R T 5 R R I 42 32 AR L
FARMIMERERGWRIBE KE, I
C-index . ROC 14k . il 2 DL & DCA #h £k 73 #r
e VEAG BRI B X o0 B A ER M . SR B, W

(microhomology-mediated ~ endjoining ,
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(1) 51) 2 1A R0 5L AT 3 Sl B A TN BB T, REWE A
A5 b A T I R TR

Vallard 2558 1. 7R, BRCA1/2 748 1) /B 3
TwREZRATFARERILFEV TR, RilE
KRR R BA W W22 7 o {H Davey S50
LR W], BRCA1/2 575 1) L i 18 H e 2 R L TR
5 GV FARME, REE KRG T 454 %
(95% CI=2.77~7.42, P<0.001). ZRAFFTLEE 5 Davey
LGP BT S5 SRARAT, ARWESE B8 BRCAL/2 8748 )
P AR 5 2L R 8 R R B8 A2 B kST AE R R R
RS, ARG DR, WK/ NI &S F
Ry VRN SR S - U L VA e
SR o RO, N EGE, BE R R L
DRI A vy 5 = B L M A ) Sy 9 A e IR A Y B
T AL R AR A FLM O, X 5 BRAE R AT A R
FHAFE

gr LIk, ARAESTE 4 189 145 2 R FL T
AR 2L IR R R I PR B %6 R S BRCA1/2 275 1
&, BfSr T BRCAL/2 2878 | Mg K/ . N 43 HF
o3 B DR LR S5 LR A R R R S fE
B DRI 2E, O sk BB DR R 0 A T g A 4] kIR T A A
AE 0% B b TN B 3 9 3 L S AF LRFS %, R ilfe K Y
MEAZ T SR AR A AR . B AW AT A AR — 2
SRR, BT AR AR D, FEHBRCAL2
S5 BHME I RE At A /b, 3k BB R 2 5 ) I R
RN 22 1 T 1 S T A < R N ) s el
BT () #0 J2 2014—2016 4F () /B &, I [ 380 A,
— U B 5 A LS B R R AR, B2
HEATRA B AT B BB 9T R O 58 KR OB 4
=V R = R L K1 R el S S s A N el
[N N NS R 1 ) Bl Sl ol TR0 o
Xof A AT HE— 20 0 O AL R SR TIE

R B R PIAEFARELEA SR
5% ik
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