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Effects of Whole-brain Radiotherapy Combined with Targeted Therapy on Improving
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Survival of HER2-positive Breast Cancer Patients with Brain Metastases

LI Zhensheng, KONG Deyou, DUAN Xuejuan, SHEN Xiaofei, SHEN Dongxing, ZHANG Jun
Department of Radiation Oncology, The Fourth Hospital of Hebei Medical University,
Shijiazhuang 050035, China

Abstract: Objective To investigate if the whole-brain radiation therapy (WBRT) and targeted therapy
(TTx) have the enhanced effect on improving overall survival (OS) and intracranial tumor control measured
indirectly by progression-free survival (PFS) in HER2-positive breast cancer brain metastases (BCBM)
patients. Methods We conducted a retrospective analysis of 39 female HER2-positive BCBM patients
admitted in 2013-2015 and followed up till December 1st, 2016. WBRT was defined as =20 Gy and all TTx
were initiated before WBRT. Kaplan-Meier curves and multivariate Cox regression models were used for
analyzing OS and PFS. Results Average age was 52 years old; 46% patients were with =4 BM lesions,
64% with ER/PR+, 74% with high Ki-67 expression(= 14%); 18(46%) patients received WBRT and 15(38%)
received TTx. One-year mortality was 47% and treatment failure (death or new/relapsed BM) rate was 58%.
Median survival time (MST) of OS and PFS were 13.3 and 10.1 months, respectively. Multivariate adjusted
HR (P) of WBRT were 0.170 (0.002) for OS and 0.107 for PFS(P<0.001). The number (median OS) of
patients who received WBRT & TTx, TTx alone, WBRT alone and neither were 8(15.1), 7(14.7), 10(17.6)
and 14(4.3), respectively. Their multivariate adjusted HR(P) for OS were 0.049(P<0.001), 0.243(0.077),
0.154 (0.007) and 1.000 (ref.), respectively. The analysis on PFS had similar results. Conclusion WBRT and
targeted therapy have the enhanced effect on improving OS and PFS of HER2-positive BCBM patients.
Key words: HER2; Breast cancer; Brain metastases; Targeted therapy; Whole-brain radiation therapy
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A (MST ) AKH95%CI; R Log rankfs 45

PPAG L] 25 5 o 22 B PR 3R Cox LU 491 U 4SS A2 s 16
( P<0.25) JF454 SCIRE > 1 E 2 I R o Hr b8
o P<O.0SHZEFAGIH AR

2 #R
2.1 BEARABETTRE

M55 R AR M 51.549.4 (52, 27~65) %,
PR GG B <34EH69.2% . MBIt =41H%
46.2% . SIFMiIMEET1.8% . J5E b ER/PR [H
P£64.1% . Ki-67mKiE (=14% ) 74.4%, UL3R1,

Rl ARABEELFE (V=39)
Tablel Baseline characteristics of study population (N=39)

WBRT & targeted therapies

Category and Both Targeted WBRT Neither Overall
Variable (n=8) (n=7) (n=10) (n=14) n(%)
n(%) n(%) n%) n(%)

BM
Age (years) <45 2(250) 1(143) 4(400) 2(143) ns 9(231)

46-55 4(500) 1(143) 3(300) 5357)  13(333)
>55 2(250) 5(714) 3(300) 7(500)  17(436)
ECOG 0/1 3(375) 5(714) 4(400) 7(500) ns 19(48.7)
CVD 1(125) 2(286) 2(200) 4(286) ns 9(231)

BC history<3 years 5(62.5) 5(714) 8(80.0) 9(643) ns 27(692)
BM lesions=4  4(500) 2(286) 5(500) 7(500) ns 18(462)
Meningeal met.  0(0.0) 1(143) 1(100) 1(101) ns 3(7.7)
Extracerebral met. 7(87.5) 5(714) 4(40.0) 12(85.7) 007 28(718)

Chemotherapy  5(62.5) 4(57.1) 2(200) 3(214) 0.1 14(359)
Endocrine therapy 2(250) 1(14.3) 5(500) 5(357) ns 13(333)
BM Surgery 1(125) 1(14.3) 1(100) 2(143) ns 5(128)
BC

ER/PR+ 5(62.5) 2(286) 9(900) 9(64.3) 0.0925(64.1)

Ki-67=14% 8(100) 6(85.7) 7(70.0) &(57.1) 0.1429(744)

IDC 8(100) 7(100) 8(80.0) 13(929) ns 36(923)
BCS 1(12.5) 1(143) 2(200) 2(143) ns 6(154)
Mastectomy 7(87.5) 6(85.7) 8(80.0) 12(85.7) ns 33(84.6)

ALND 7(87.5) 6(85.7) 9(90.0) 28(85.7) ns 34(87.2)
Notes: WBRT: whole-brain radiation therapy; ns: not significant

(P>0.20); BM: brain metastases; CVD: cardiovascular disease; BC:

breast cancer; met.: metastasis; ER: estrogen receptor; PR: progesterone
receptor; IDC: invasive ductal carcinoma; BCS: breast conserving

surgery; ALND: axillary lymph node dissection

fTWBRTH 46.2% (18] ) , WBRTH| &
20~45 Gy/2~4.5 J&, FAKF|HE1.8~2.2 Gy; WBRT
FH =40 Gy# 577.8% (14/18 ) , 4flfTWBRTI#]
s B SR AN 10~15 Gy, #a 254)0
FH&38.5% (1561 ) , BR2pn FHBIAE e A, Hbx
P ZBRBRHT (6 mg/kg, B3JH—KOTE) ;
JIT A 0] 250 1 O, X FEBCBMIZ W 2 i H A2k
N6 ] R 25 WA WBRTH, FF 455 )
2% 7 TS ] Y9 7EWBRTRGO~10 ), 45 o i [l 41 7E
WBRT/E3~12H . BB AFAR (&5 auisk)
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A: OS by WBRT; B: PFS by WBRT; C: OS by targeted therapy; D: PFS by targeted therapy
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Figurel Kaplan-Meier OS and intracranial PFS curves of study population stratified by whle-brain radiation

therapy(WBRT) or targeted therapy (TargetTx)
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Figure2 Kaplan-Meier OS and intracranial PFS curves of
study population cross-stratified by whole-brain radiation
therapy (W) and targeted therapy (T)

2 WBRTHIEEEETT E R CoxiR B EF 5347 (N=39)
Table2 Survival analyses of WBRT and targeted therapy
at three levels of Cox models (N=39)

Cox model level OS PFS

& variable HR 95%CI P HR 95%CI P
Univariate

WBRT 0.722 0344-1517 ns 0491 0.240-1.002 0.051

Targeted therapy 0.582 0.269-1257 0.168 0.732 0.362-1481 ns
Two variables

WBRT 0.741 0351-1.565 ns 0498 0.243-1.020 0.059

Targeted therapy 0.591 0.273-1.278 0.181 0.766 0.379-1.548 ns
Multivariate

WBRT 0.170 0.055-0.524 0.002 0.107 0.037-0.312 <0.001

Targeted therapy 0.285 0.111-0.733 0.009 0471 0.186-1.195 0.113

Notes: OS: overall survival; PFS: intracranial progression-free survival;

HR: hazard ratio; CI: confidence interval; WBRT: whole-brain radiation
therapy; ns: not significant (P>0.200); Covariates in multivariate model
include age, ECOG, Ki67=14% (yes vs. not), brain metastasis (BM)
lesion number=4 (yes vs. not), meningeal metastasis, BM treatments

(surgery, chemotherapy, endocrine therapy)

HLaiWBRTE 2 = OSFIPFS |22 Bt Giit ¢ &
S, OSHIHR{HST M 40.049 ( P<0.001 ) F110.154
(P=0.007) ; PFSIIHRIESY5140.051 ( P<0.001 )
F10.117 (P=0.002) ; BAai 4[] 25 Byt RE 42 55

OS, HESWM ARG T2 E X (HR=0.243,
P=0.077) , W3, fE#EAELAIH, W2
N AN REBICWBRT ;5 HAMG P A A, i
] 245 9 v FH 20 W BRT JR RE 9% [ AIK & PEHER 2 BH PE
BCBM & SR A £ AR YT R, HAH 2 51
W % 84.6%F188.3%; WBRTHK M [ 2541t ,
{53 5°95.1%H194.9% ., 15 B4 WBRTH] A %if i1
2H, WBRTHEA#E ) 2542 OSFIPFSI HRIE /3 5N
0.316 ( P=0.065) F10.434 (P=0.167) , $/R#l[i2G
Y1 FHXTWBRTHE 5 LR AF A GV E . B B Alife ]
2 2H IR 2, WBRTER G [ 259 41 OSFHIPFS
HIHR{E #0.201 ( P=0.065) £10.095 ( P=0.003) ,
FRWBRT W REHE R #3607 AR AT AL

&3 WBRTH S #ELATTHICoxiRE BT (N=39)
Table3 Survival analyses of WBRT combined with
targeted therapy at two levels of Cox models (N=39)

Cox model level (ON] PES

& variable HR 95%CI P HR 95%CI P
Univariate
Both 0469 0.171-1282 0140 0384 0.142-1.039 0.059

Targeted therapy 0447 0.141-1415 0.171  0.752 0294-1923 ns

WBRT 0611 0239-1.564 ns 0490 0.194-1240 0.132

Neither 1.000 ref. 1000 ref.
Multivariate

Both 0.049 0.010-0.2360.0002  0.051 0.011-0.228 <0.001

Targeted therapy 0.243 0.050-1.166 0.077 0537 0.21-2379 ns

WBRT 0.154 0040-0.600 0.007  0.117 0.031-0439 0.002
Neither 1.000 ref. 1000 ref.
3 g

AR RM, TR A BA R TT 5N 4 G
¥7, WBRTHIFE 05T ¥ B4 " HER2[H#4:BCBM
HBRFHOSHIPFS™ . A 738 i %o r At PR A 187 7
CoxZHZEMHT, Wnilm 2 ANGER A WBRT, {H
XFWBRTH B HER2FHE BCBM i (O SA5 14 25 1E
FH; TRIFE, WBRTHLRESS D8 ¥ ) 259 A A7 73K
BIRABETE R B EE AT, HAEAR D, 458
T AR I I IESE, 75 B U A AN [ 254
FEHER2 [HM:BCBM & & CNSHC ] Iy 1 9 FEIS A 5%
A, (RS AR REMIE — 48 25

B i) 24 % HER 2 B4 BCBM it A 5 kA 77
b S R R AR S s Y, FIER/PRAZIAA
[}, BCBMAFFHER23 K 5 5 & Mg A o — 3K
PR BRAE A o L ) 290 %) 22 B SR
B3 THER2PHM:ZLARE AR A0, (B b e il
T 50% 1) B A Mg 2B % 52 &k FCNS, [HR KT
Sk LA 3 2o ot i o e 1 AR B o T G i RS R
PR R 2 (AT RS R 1) 25 4 i 3
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J, P<0.001) . Jacot 5" “[al 443 #r 39451 1iz FH i
FZERPAPIATAE 25 T-DMIUHER2[HIEBCBM R
BoRPAIPFS R6.1H o filfAEs e —Fh R i A K X
F1 (HER1) FIHER2XUHE 4 i 2 2 8 5t 100 1) 741
Oy FR/NHEAENRYE, B S ad i i R
XAz ok AR ) 25 903A 77 BFYHER FH4: BCBM AR
&, BN PR JE RE L E 6% CNS I K
1 FH 5 85 A 5 A 18%~38% CNS S [ %5 X512
HIAHER2FHTEBCBM A E AT 1 i566% 5 v K HIT
RokasEl ™ X BT A A LA RS R B A R s
B H RTHER2FHMEBCBM 1 k3797 ik 2 —1,
YapZEiiF 5% 1 ok B 643 1 [E 1) 2805 HER 2 fH
BCBME# , KILPraE et & i 22k ey
M ER, W& T IR m 259697 & (26
H vs. 61, HR=0.37, 95%CI: 0.19~0.72) "1, E4k
B[k Je W FD AL FH T EGFRIEE K 28 A48 PHAE
NSCLCHN# #7677, {HLUX-Breast 1 fILUX-Breast
3 ARG A FAYE , B LIS AS BE A 5 384 i By 3 8
JERE 75 44 HER2 FHIE BCBMA S & 4h 25 4b 221 H
A Z S (FEHER2 . erbB44F ) AN AJ i i
AR PRGNSR (e . R ) Ft
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N, SHAMRIFAAHE, A 25y (2 ek
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