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Abstract

Objective: To compare the clinical efficacy and safety of surgery combined with stereotactic radio-
surgery (SRS) versus SRS alone in the treatment of brain metastases, and to provide evidence-based
basis for the selection of clinical treatment regimens. Methods: A retrospective analysis was con-
ducted on 86 patients with brain metastases treated in our hospital from January 2022 to December
2025, who were divided into the combination group (43 cases) and the SRS alone group (43 cases)
according to different treatment regimens. The combination group was treated with surgical resec-
tion combined with postoperative SRS, and the SRS alone group was treated with SRS only. The
treatment response rate, local tumor control rate, progression-free survival (PFS), overall survival
(0S), incidence of adverse reactions during treatment, and changes in National Institutes of Health
Stroke Scale (NIHSS) score after treatment were compared between the two groups. Results: The
treatment response rate of the combination group was 86.05%, which was higher than 65.12% of
the SRS alone group, with a statistically significant difference (P < 0.05). The local tumor control
rates of the combination group at 6 months and 12 months after treatment (93.02%, 83.72%) were
significantly higher than those of the SRS alone group (76.74%, 62.79%), with statistically signifi-
cant differences (P < 0.05). The median progression-free survival (10.5 months) and median overall
survival (18.2 months) of the combination group were significantly longer than those of the SRS
alone group (6.8 months, 12.3 months), with statistically significant differences (P < 0.05). There
was no significant difference in the incidence of adverse reactions (radiogenic brain edema, head-
ache, nausea and vomiting, neurological function injury) between the two groups during treatment
(P > 0.05). Compared with the SRS alone group, the NIHSS scores of the combination group at 3
months and 6 months after treatment were significantly decreased, with statistically significant dif-
ferences (P < 0.05). Conclusion: Surgery combined with SRS has better efficacy than SRS alone in the
treatment of brain metastases, which can significantly improve the treatment response rate and
local tumor control rate, prolong the survival time of patients, without increasing the incidence of
adverse reactions, and can better improve the neurological function of patients, which is worthy of
clinical promotion and application.
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H AT, Wi I6IT LR BT N E, Beif)T F B FARVIBR . SLARE MU G (SRS)FF (2]
Horpr, SRS SR ENKEAE. BT/ b FIE R AR BRI S, RO R IR ) 5 207 77 2,
JTZ R TR FARVIBRIN AT B BRI AL . BRI G2 R e LA 8, R i PRA T I e A2 R
IERC-SREE

HP R 367777 AR R PR YE: SRS XHARREOR. RN WY b, SR iBVEA L, 1%
RRHEAMW, RME AR AT ARUIGRAE RS RN L, ReRERFIR S m. Fit,
FARIEA SRS MR GBI OEHN TR, B H TS T PIRGTT 7 177 R0 LEAAFAE 43, sz
A A IEIE (A (3] ACBIE TERBUA B IS A e R 98 /8, X EE T RIC A SRS 5840 SRS Ml ARTT 2%
Loz &ett, NIRRRHES % .

2. AREH®
2.1. —RER

(] P 23 BT e AR 2022 4F 1 H &2 2025 4F 12 AR 1) 86 Bl e 0s B3, #4097 R NG
(43 BRI (43 B]). INFRAE: 2355 CT. MRI SO FRIERHAS, A WIHA 5 A IR 52, IhoReom
b <34 mKEAE <5cm; KPS P4 >60 48, Tt >3 4N BT RIE, BF KR
TSRS . HERbRE: MR >3 AERKER >5 em; AP EIFAOE. BEAEG TR BURT S
A AR IR O™ B R, TR TRYT BV .

WAL R e BB LR PO R E DL 1, AHIAAERS . M. R MRS IR R . IR i K AR
KPS Vo JEAIEIEHE DL FAMER AR LSRR LR TR LA, Z RIS 5 (P > 0.05), BA AL
P,

Table 1. Comparison of complete baseline data between the two groups of patients

1. MEBETTEREL IR

i H BRA#Hm=43) B4 n=43) /2 PE
MG/, ) 23/20 22/21 0.047 0.829
RS, Xts) 58.6+7.2 59.1+75 0.313 0.755
JR R Jihgg R AL (141

Jiti e 20 18 0.211 0.646

T 10 12 0.239 0.625
THAE s 8 7 0.079 0.778

FoAth 5 6 0.105 0.746
8 s ek (191

14 32 30 0.215 0.643

2~3 A 11 13 0.215 0.643

JitRg 35 B K B ff(em, X s) 3.1+0.8 3.0£09 0.544 0.588

FH5 KPS W53 (4y, X Es) 702 +5.3 70.5+5.1 0.271 0.787
JE R A i A7 152, (f51)

FEA Y 25 23 0.200 0.655

e ety 18 20 0.200 0.655
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FRANEE R G L (1))

ToHiaM %% 12 10 0.254 0.614
JRIBR M B 45 5% 22 24 0.200 0.655
WAL B 9 9 0.000 1.000

2.2. BT A%

2.2.1. BahiE

K 5t 4 Elekta {15 7] 54847 SR 20 SRS 16T, ARBTIMEALARE 7] 52847 3.0 T Skl MRI 3 523 =43
FOZIE 1mm), DL T1 587 51 9 BRI HE2) B R E X (GTV), T RIEX(PTV)TE GTV H:fili & [m]355]
P jE 2~3 mm. b7 IR E DL 50%E I ELL vHHE, i 100% PTV, $EX A7 7N 18 Gy (JEF
12~24 Gy), ¥EXIEHARE(CD N 0.89 +0.06, FhEEFEE(GD) A 2.92+0.35, HAFE S THIX KA, F
] L35 0 2 2 52 HR 551 P A s I 2L 52 R Y R N o AR AR /N IR ) . <2 om B
K 20~24 Gy, 2~3 cm #F IR 18 Gy 8/ 3 KA 27 Gy, 3~4cm H/r 5 AR 30Gy [4]. RITIRS
FHKS EIANE . B ESTRE SCFATT -

2.2.2. R

KHFRBEEARG SRS ¥EIT: © FARIGIT: A FARLH [E—HmE SN RHEIT TR, M
ST+ R N ERSTFARNE, AAPLERY 8 B I AR & B R X MR ™, Rrlfe
SEREYIGRIR, Tk SRR EATROE F AR, RGEIZIE AL MR PEASVIBRFERE, A4 43 il
b, Mg AT 38 Hl(&VIRREE 88.37%), IRAEVIFR 5 BI(IREVIBRZE 11.63%), JoTFARMH ™ 5 I AE
F I FARBABEC . A S5 5T ERAG A, FRA T ol PUBge. WK, PUBIRNEXDERTT; @ SRS
HIT: ANJE 2~4 FEEWRERE. VIDEERIFFEIT, g, BXAEEN. FgESH8sER
HafiZl, BEXESE S TFARRIK. RIXIALZSLFAR R PR R B kL

PR BV IT G 4% G — 7 R e WRA T, B U I (RDAR 95 155 45 T RPRE SCREVR YT, IR R R s
PIRBLES F FFR SRS A MTB0T Bk T 24N RUR YT -

2.3. MR

BT 3 N H, 4% RECIST 1.1 SEARRST O PR HE AL I IHIT 20, 0 NE RS MH(CR) H5 Sf
(PR). ZFFaE(SD) R HERE(PD), JHITH R =(CR+PR)EHIEL x 100%; TiHI7)E 6 MH K 124
H 3 500052 FibRg S i 2, TR T SO ek R S B < 100%. B BE U AR S B P B R AL
akt, R DR SRR S R i S SO IR IE: O RSN 454G kM MRI 58751 EE AL
AR (PWI) W EHRIEE 5. (MRS) & 18F-FDG PET-CT K r, #9ikt 2t . AL ELE A & .
ARIBE A 2T = A, e R s S 2 WA e TR VEARAE: @ IRIRBNASBEY . X8 DL
AL, B2 AN HEE LM MRI, ELERU 6 NH, BT, PRI INE, e
ke s A B A N eAR T . RIGARREIRIE R, R ATBURTEIRIE: @) XTIk En#, &2 %
BFE2 G AT LR E 1135 A A s B2 T

2.4. BEIFAE

KHIT2E A, B ET, BITE IS AMAEH 1R 412 M3 AMH 1R, 1A
JatE 6 A 1k, BEVIBUERSTE DY 2025 5 12 A, e & RS ED 6 ARV, TR T Bl .
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25. Gt FERE

s A BEAE B SPSS 22.0 i it BT e B, 2 IR AT AT R BTRI DA S + FeER(x +5) 23, A
[A] USSR AL AR A ¢ fries THEBDRER B A 0 R0, AR ZE R AR RIS, 2 s 4
17453112 H Kaplan-Meier £2: il 12k, JF47 Log-rank £4%, LA P <0.05 H5E % BA G iH 5 2 3o

3. 58
3.1. MABERTEMELR

T 3 MG, 1% RECIST 1.1 SEAAJE T ROTA bl i 4L 1 R T R AT VP4, A E b
N SERGME(CR)TR IR It 4 K oIS HFEE 4 LA L B0 SR (PR)FE IR S KR BR T i
BELACF G/ > 30%; AR E (SD)FR YR i K ARG /INRIE B 30% B8 KAV 20%; i it e (PD) & it
TR RAEH R >20%, B IUHT R AL . 45 RN, BCE AT A BEN 86.05%, Hr g 18
Bl EB G 20 B, AN 2 BIEE RIS HERE SaiALIG T A RN 65.12%, BAESTE A 10 1. s
fie 18 4, 8 Bl H MIMPIRA . AgtitEoth, BEdliar AR EE T Raidl, HRERFER
AR (P <0.05), AAMHEEENLE 2,

Table 2. Comparison of treatment response rate between the two groups of patients

2. MEBRERTANELR

265 B4 CR () PR (%) SD (#1) PD (#) BITH (%)
i SEEl 43 18 20 3 2 86.05
Halig] 43 10 18 7 8 65.12

1E - - - - - 4.467

P18 - - - - - 0.035

3.2. FREREMBERIITHIZEEE S

BEVIZ VI IE 6 N A K 12 AN H, BEA A it Ry p il BTt s, AR ER BA R
B X (P<0.05), EMAEIRENE 3,

Table 3. Comparison of local tumor control rate between the two groups of patients

3. MEBEMEERIEH R
wE P BITE 6 MNAXHE  WwITENARKE  WITE RMAXHE  HITE 2 AARE

k()] (%) k() (%)
PG 43 40 93.02 36 83.72
paigl 43 33 76.74 27 62.79
P! - - 4.423 - 5.132
P{E - - 0.035 - 0.023

3.3. MEAREEFRELE

A A T R A A7 N 10.5 S (95% CI: 8.7~12.3 AN H), Hob 6 N A E#EHRAG R A 93.02%,
12 AN B TC i e R A7 260 83.72%;  HAafidl vh v Toidt e A= A7 19 6.8 S H(95% CIL: 5.2~8.4 1 H), H 64
H IR AEAEEN 76.74%, 12 A H TG EEAERN 62.79%, BiA 4 PFS 2% B K (Log-rank > =8.962, P
=0.003). BEEUHALEATEIN 182 N H(95% CI: 15.6~20.8 N H), 12 DMAEIERN 76.74%, 4]
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HAE S AETEI N 12.3 N (95% CI: 10.1~14.5 N H), 12 DM HAETERN 58.14%, BEAYH OS B2 H K (Log-
rank y*=9.637, P =0.002).

34. FABEARENAERLLE

PR BB IRITHRA R RPBCL 1~2 FohE, KK B, bk, EIRmESnbiEiayT 518 5w 2%
filt, TG 3 HMUL EFEEA R RN, TRIRITAHRIE T . G R R RN A2 23.26%, HAHN
20.93%, MALEARRPMIRAERIE, ZREGTHEE (P >0.05). HT CTCAES.0 AnfERA R KN4
P TEAEARE VR L 4.

Table 4. Comparison of incidence and grading of treatment-related adverse reactions between the two groups of patients (case)

® 4. MABEBTHITRENEERRSRIIEL)

PN ve il % BA%Hn=43) FAZEZH (n = 43)
JCSF 1A i 7K e 1% 2 2
2% 1 0
>3 2% 0 0
BN 1 % 2 2
2% 1 1
>3 4 0 0
WGP 14 1 1
2% 1 1
>3 2 0 0
P DRI 1% 1 1
2% 1 1
>3 2% 0 0
it - 10 9
R R RLR A (%) - 23.26 20.93
P~ 1E - 0.089
P A - 0.766

3.5. FZEEE NIHSS WS H B

IBITHT, P2 NIHSS P2 ettt 257 (P>0.05); 167)5 3 A 6 A, P2l NIHSS ¥ 3450
AR, HIE AW R(P <0.05), FAKHEEILE 5.

Table 5. Comparison of NIHSS scores at different time points between the two groups of patients (X =5, score)

5= 5. MBBETERTE = NIHSS IFSLEE (X 5, 9)

Ha % WHITH wITE 34N BITiE 6 A
BG4 43 8.7+23 42415 28+1.1
Hafize 43 89+22 57+1.7 43+13

t1H - 0.387 4.236 5.021

P1{E - 0.700 0.000 0.000
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4. g

% RS IR VR IT R LR P IR B e . SRR A ThRERU . KA R, WIT AR
T RS 22 4 . SRS EALREHE. B/, MRS HEIRTT F B, AR KRR, AL RN B 2 1)
WIS RCA IR TR AT PUR MR Rl . FRICMR 5, (HERAlFRE R KK & . FAREES SRS MEZRER
JT AT SR AN FI R L — IR BRI PR, SCERP IR, 45 A AW TS R R E W AME ST, HmAR I E
FARIAELL LT

H—, Rt FRGR. FAR T EBBER AR L, PR BT R Sy, RO ZIZ% iR
Xof A AL B o5 7 3, X — e Ao BRal SRS M LASZELIN; AR 5 4 B SRS A UE 7 55 F AR K14
M LN BB INR B K, SR AE R MR 4i i, TERL “ 200 A0 + ROWER RIS M EERA, A
HRUE b B AR R R A s X B A T R A LR IT B 2R 6 AN H B 12 A H g Jey 3 il % 45
BT A AL ORI [5]. AT Bl SRS S KRR IR S 2k 5B AN R 5 9R0 280 2 PR ) ikt
AR T AR A AT SRR SR W E B AR, 15 Lippitz 25517 2014 SEHE ) “ FARMIE + SRS #h%”
PIVERINLHI e 3G . AL RYE 2021 4 (MR J) « Big) KA —IghA 12 B RCT #H7e. 3%
2108 B EE RS IR B 2SR T R g — 3 ZERE TR, FARBCA ARG SRS JA77 Al #5298
BEN 1 FDEE KK PG 42%, BT #H4i SRS 197 (HR = 0.58, 95% CI: 0.47~0.71, P < 0.001),
HE— B T ARHE TR T S

H=, MAThRENGE R % . IR B (b 22 D R Biuas 32 BRI 5o I 4143 e 4% SR
MUBRPE RIS, B4l SRS 07T Ja MR IR AR08, (AT BN SRR 5, MAThRek K mFARBITA]
L AR B IR e, DUR G AR AN S TR AR A D REERICAEAR, A2 AR A DR R B A T A& A
ARIGHB SRS J K e 2w IoRg gt g, o Jis B RS R — M & i, DL A 22 D Re i 2 RICR.
XERPFABAMRITE 3 NH 6 A H NIHSS W43 8 E KT a1 45 R oe 4 — 8 [4]. X—4&5i
[FIRE 75 320 [E 9 4 2 TG RAFE 78 AR, AHCHF LR, FARBKS SRS 16T 5 B H M & DhREk ik br %
Al SRS VRITHETE 30% L b, HBE AR TR B SGE AR

H=, et Rir. BeAmr AR e FARIA LN T SRS VGIT AT, {H SRS A & H A e 1
FEE S BRI BTG T 0k o] B TE 5 Tk ZEL 3 S 0 /0 R e A, T PP 4 ) T i 4 2 P 52 T
[ B 28 T . AR R P S OB IR, K IE R T F ARG, 98> T F AR I RE K A [6]
AR ER, WHEERITHRAAR RN RERESRIT 2R, DI ARRMNIAN 12 %, &
XSPRERYT G35 56 A AR, 0 3 e LA B AN R RN IR YT M ORBET ], IESETFRER S SRS HRIT I %
AV Al SRS A1, R REAM 2 RAF, 5 P4 TR 74 R — 2

HPU, WGAE R AR aT iR R 2 R /Ny RO . SRR S R e
A RE R B TT SR, WRREIH MR A EBOR . EAL RO R B e R R S BT R R
W@ IR TR + RJG SRS” HAE I ik SE I A DI S B Th RE X g, AHAS T4l SRS ¥4
57, HIEKEHEREERE7], 5 ChEMRE SIS T e —— R R i T HEE R A T3]

UEAh, REFFCRA RS SRS AT, i kE SIr e IARTT SRS T EL, & A IGR
F . AR FLRIR, AHT SRS A7 AT FEARA o s 40 M Mo XU 4 /NFARDIBRIE L, R iR
T FEEW, XA R, AT D R IE R AL LR A2 BRI s (ER AT SRS JC IR ZIZ2 R R 1) o
PLRONE,  ANIE FHTF B R TP e s s JXURS: () SURE B A SR FH AR S SRS #EaX, I it st
FARYCHMERR (5 AL WAL TR, FEE T RAARAR L A B P R R R R S 3, SR AT SRS
TERCE AR, PR T AR S SRR Oy R R IE HEAT A A B
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AR FRLGRE R, WRELIRT AR MR RE SR AL PFS Kz OS # & &L T a.ai4l,
BITE AT REE RCR E B2, HMAR T 2e M2, 5ENSZ TR 48—, Rk
T FARECA SRS T AL R IR LS . In R SE B b R 45 & H /MR LR HEIE BRIy T 77 58 al
SRS & TR AN KAE < 2 em). JEWIE SO0 TEVEm 2 TR BEE L TR B FARER
% SRS R A TR A4S =2 emy FEWR HALRL. KPS 148 > 60 J3 S ARV AT 32 F- AR 1 &
i NTEI I MNERE . A B R TR R, AR EERE e S RGGYT, DAL
GRS IN

ASHEFEN ARG BIBWERT 7T, ARl Ay e B i fey,  FARRILAE: BTSRRI & AL 1
NGARROUATT 32 F AR KPS PR AR E (8, Mgl nl ge & 1 SHAROU 2 . Joikim
ZTFARIEE, REMHRELTRCS 2R, B R LS R BE™ A — e S [R] [a]
PERE T, 897 5 RS ARREAL 2 BC, W PR T VR T DR S i St T BE XA U 285 ARG Al — € 5 -
UEAh, ABFFREAREN, BEVTREA R, RWSEEHER 5 FRIEAS)R a2 ke, Ry =R
ST R KBRS AY . AN[E RPA 43 200 B FIETT 7 2297 SR RE ) o

BT AW TG R IAIREE AR, AR AT AHRETUTUm: —2IFEZ . K
FEA ATIETERIBENLN BRIRRCT), R hiliRA R, Bbm s, NP AREE SRS /T2
oA Bl S N P A (3t B ey S R I BR AR A s — XS BURHT SRS 5 R JA SRS MMM & 1R T R X7
ME sk, WARBEXKREENAR: =2REMEHTRASEART. RERTEES RS
BT R A LS T 5, D eaR e A B MR 4 R

5. &g

G 1, FARIBA S MU AT I R 177 RO T WSS I T R THIAST 2
o KB A AT R, A AT, R R,

e EeR

ABFRFTA BRI G A ORI F) RBFEN, SRS RS (F S -
SUDA20221206H03).
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