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Abstract: Objective To investigate the efficacy of cranial radiotherapy (RT) combined with immunotherapy in patients with non-
small cell lung cancer (NSCLC) and brain metastases, and to explore the prognostic impact of programmed death-ligand 1 (PD-L1)

expression levels. Methods NSCLC patients with brain metastases who received cranial radiotherapy combined with immunotherapy
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was retrospectively enrolled from Inner Mongolia People’s Hospital from January 2019 to December 2024. Patients were divided into
the concurrent group (interval between immunotherapy and radiotherapy < 2 weeks) and the sequential group (immunotherapy
initiated > 2 weeks after radiotherapy completion) according to the treatment sequence. Based on the tumor proportion score (TPS),
PD-L1 expression was divided into the positive group (= 1%) and the negative group (< 1%). The intracranial local control rate (iLC),
intracranial progression-free survival (iPFS), overall survival (OS), and incidence of neurotoxicity (radiation necrosis, immune-related
encephalitis) were compared among the four subgroups. Cox regression analysis was used to identify prognostic factors for survival,
and Logistic regression analysis was applied to analyze risk factors for neurotoxicity. Results A total of 46 patients were enrolled,
including 26 in the concurrent group and 20 in the sequential group; Twenty in the PD-L1 positive group and 26 in the PD-L1 negative
group. The median OS in the concurrent treatment group was significantly superior to that in the sequential group (28.20 months vs
24.95 months, P = 0.012). The OS of the PD-L1 positive + concurrent subgroup reached 34.70 months, but the incidence of
neurotoxicity in this subgroup was higher (55.6%). Conclusion Concurrent administration of radiotherapy and immunotherapy (<2
weeks) can improve iLC, iPFS, and OS in NSCLC patients with brain metastases. There is an interaction between the timing of
radiotherapy and immunotherapy and PD-L1 expression. Patients with positive PD-L1 may benefit more but face an increased risk of
neurotoxicity. This study provides exploratory evidence for clinically optimizing the strategy of immunoradiotherapy and balancing
efficacy and toxicity.

Key words: non-small cell lung cancer; brain metastases; immunotherapy; radiotherapy timing; PD-L1 expression; neurotoxicity

AE/NH BBt (NSCLC) 5 Jir & fii i 95 451 £
85%, se R EEEAH CIE T B £ R H1, NSCLC
BA WA B mm, K IR IN
e 29 10%[) NSCLC 3 fE M2 I B & i 4
¥, MIESIRHEREFRES, 5 20%~40%1) E#
2 RA MRS, A G A s ) (ICTs)
FEWRPR )2 N, NSCLC H (1) 4 iR T T R0
EPET:, AELLN BE R PRI A7AE S P P B 28 SR B 1)
TRYE, (E1AN R 82 (0N T RO R A
BT NI S5 306 )T A% O F B, mld
AT IR AT BRI B R % 175 5 e s SR I AR T
LML, 5 RREETT AP RN, TN NSCLC
I A% SR-E IR T 1A EL L SRR 560 ASHIE T E i [m] i
Bl RN OT 5 %% 1897 N 7 KR AT
BifA 1 (PD-L1) FRIA A FAE RT3 B 22 PR
SN, BRI PR AT RS 2 A MR TR
I7 7 AR B B E R K0
1 BERS5RFE
1.1 —RER

[ CEE 2019 4F 1 H—2024 4 12 ATEN
5 i HA XN R B Bt 32 32 7807 Bk & % V6 97 I
NSCLC 5 # B3, MRAREITI 20 N FED A il
T SRR T BENER <2 D MFTH GiuTs
T PEIRIT R NAIRG >2 D). GIAbRdE: (1) LA
P L 2EUE SN NSCLC (i e Jr HoAh 27 )
(2) G IRME (MRD B8RS E
5 (CT) Wiz, 748 nT IS MmN Lk, I7

BCPAS ARE A 28 R 22 I G A2 97 RPN it (RANO-
BM); (3) #32FEFF BT %244 1 (PD-1) /PD-L1 1]
BRI, B SR E [T (SRT) B4 AN
J¥ (WBRT); (4) PD-L1 Rk Bal i CEH
28-8 PR AASTIN, DU LU vE4r (TPS) =
1% AFETERMED: (5D IRRZRE VAT iC3% BV
B ses; (6) FH=18 %, FEEARIMMIEIEL
(ECOG) RREIREED 0~2 43 HEBRbniE: (1D

RIEH RT JTFEEL ICIs ST A2 <4 AN HA; (2) RAT
PD-L1 &l (3) EAFEIhREA S H S %t
B (ARG HEAIINRIE . BRBRITR) ZiHIT
A (D BB IR RN (5 FE TR TR,
AW A am 5 H IR XN R R B A BE A%
(/& FH %% 5 202603803L).

1.2 BITAR

120 TR EHTBUTRHE TS A A s k2
B KN EE R T PRSI MRAIR I T IR, At
FEZRM 3 MBYT 7%, BfEWR: OSRT 1H97:
HF5HR 33 4> s miitEE<3cm
B, R 27~60 Gy/3~15 KITH; @42t
1897 (WBRT): HITZRK¥EWH ORttE>3 1., #
AN AL EAR >3 om BUA PRS2 B3, R 10~
20 X 30~40 Gy 77 58, A B R EHR 2~3 Gy;
(®SRT-+WBRT: 3K FH 42 fiii 30~40 Gy [F]25 /syt 10~
20 X 40~50 Gy 77 RHLA SLiE . BT B % e
T RGEATEYT, 1697 AR I B T K

FIPREENHE T, HRia)T A e



* 1672 ¢ FAOEFSH 2026 F58

¥4k £ Drug Evaluation Research

Vol. 499 No. 5 May 2026

1.2.2 iy K PD-1 35 sk PD-L1 #ii
A, 4257 NPT I RIER T (BRI AR,
[E 2547 HI20160024) 2 mg-kg ' & 3 & 1k, &
BAIBREGT 7N BB AR 2 E IR A ],
Z5iET S20190045) 200mg & 3 & 11k, KBk
BT (O B AR A R AR, 2 i
$20190027) 200 mg & 2 i 1 X, fFidF)Hhi 51k
VIS G HIR AR, EZ#ET S20180016]
200 mg B 3 J 1%, BIBRIERARDT (B REHR,
25 ET S120200004) 1200 mg & 3 & 1k, FEARA]
JuEg (oL R e, [ 21 SJ20190038)
1500 mg & 2 & 1 K. FZ53A0R Y 52 J5e 36 1%
B B DiRe . FARIRIIRE . (O LR R Aol 220 L
BISER A, 2 AT ARG 2 Ve AR bR FFERIRYT
RIS 52 2 BORE R AE .
123 WNFaH % EHZ O T bREETS, [F
WARIT B SURTIUT S5 R BER T IR AR <2 JH;
¥ BB IT 0 SUNTBUT e R >2 R B iR
7, 0P R VR TT IR R B B AR R

1.3 FTRRZREMITEN

1.3.1 JPROF  ARHE SRR T RO ARAE 1.1 B
(RECIST 1.1) #AT8—J7 &0, 7 e 25
(CR). #7r82f# (PR JEMifRE (SD) Jysimidt
J& (PD). H, CR 4B HUw AL 5840 2k HIoHT
AR PR FB AT AT I A 1 AR SRR
LRGN =30%; SD FRELF A4/ NAIE PR Atk
R AIL PD Arif; PD FaBEp A AR SRR 4 1Y
K=20% (HAXHER N =5 mm) 2 HBHTHR M.
Fill N JRy 2 il 6 iLC) FRIGIT IS 3 6+ 9. 12 1A
INF it A B0 1k TE 3 e (CR+-PR+SD) H I Hwikt:
IR B LA N ok R A A7 GPFS) M
ki 8 7% 962 97 46 2 1 K P P g BT AT Ji R BB T
(IS TE]; SR (OS) A IR TF i 24T
] i R0 T Bl e fa — IR B U 4D IR (]

1.3.2 AR XA B E T IR K bE U
BN RTINS FIr S, B SO M4 5
PE, BLFG: (1) BURPESRSE: dlid Skl MRI[3 5% T1
IBUE + ARSI R (FLAIR) JR 51 1#112,
ROUHEIF L XA TEBRACAE K, HER: e it
(2) IEMRMI A : RINKIE RORBERE . W
RAESE, S5E IR IS MRI. i 5 7k 25
2, HERREG K IR (3) HAhmEEN: W
TR ARG (AERAERD . B SRS, AR

Lo BARYE A R FH AR A ARG AR 5.0 iR
(CTCAE5.0) ¥xifE, 43N 1~5 2%, BT =3 %
1.4 FEip

KRR 1125 8 K& i el v 55 07 A0 3
HHATREV, J7 R e VEBE VT 45 &Skl MRI 358
T1 JIBUE +FLAIR J7 51 -+ i HE 4R 7R SO AR &
(DWD) +HEIIRE (MRS) 158K, $E NIEIT
JERE3/NHEEY 1R, IR B UG A5
ZEPEIRIN Bl A IOk 5 MR, W0 O PR PEA5 IR
RN BFIEMI R AR S AR, A BE N 32
BEV AL B 2025 4 12 A 31 He.

1.5 SZUEFERMEAEGRE

KH SPSS 27.0 A AT Gt b . THEBRL
DI R R, IR LSRR 2t e el Fisher B )11
ik, K Kaplan-Meier y2:22 il AE 47 #h 45 311 5
£ iPFS (miPFS). OS, HA] 4K A log-rank 2.
I Cox LUAFI XS AR 734 OS FH A7 79/ A
%, KH Logistic [RIARAL 5341 #h 28 #EPE 14057 X
KR 2. DL P<0.05 NERH G FE L.

AT TN BN SI T, SLAAN 46 B
(A 26 . FEEZH 20 51D, LL OS A
ITH R FETAH R Z &K Cox [BH5LFR
SR (HR) =0.28[95% B F X A (CD:
0.15~0.521, &XUI 0=0.05, K Schoenfeld 2\ =\,
THEIBEEN 92.5%, TRRAHI T 2 Ik 7 [
JESE P A P A 36 5 R 3K
2 HFR
21 BEEZIFE

LGN 46 8L, Hrh B 33 f, 2otk 13
B, BAER 63 % (44~80 %), HHFE4] 26
%, TAAER 66 (50~80) % FEE4 20 f],
PLAEHE 60 (44~80) % . WiZH BB FELRHFIE (FFERE
PEA. WM SR . ECOG W75 i3S, PD-L1 &
k. R E. BoTEASE) L ER gt
2R (P>0.05), HAWLME R 1.

2.2 A[E) PD-L1 Y 4H BT FHR X7 8 A9 52 0
221 &4lyrRk ik 2025 4F 12 H 31 HEEVi4E
W, 46 B HEE 44 miPFS A 15.1 N H (95% CI:
12.23~15.81), #{iz OS (mOS) A 27.55 N H (95%
Cl: 23.74~28.25); 6J7 )5 3 M H iLC A 93.48%,
6 ™ H iLC 4 84.78%, 9 I~ H iLC 4 76.09%, 1 4F
iLC 4 63.04%; 1 4 iPFS %K 63.04%, 1 £ OS %



FE49EFESH 2026F5H %¥ry4ak . Drug Evaluation Research Vol. 49 No. 5 May 2026 « 1673«
#F 1 240 NSCLC [t B ERELLSHE
Table 1 Baseline characteristics of patients with NSCLC and brain metastases in two groups
TiH FEBAMBI(E %) BB /%) 7 P

P51 5 20 (76.9) 13 (65.0) 0.793  0.373
% 6(23.1) 7 (35.0)

A <65 % 12 (46.2) 14 (70.0) 2,612  0.106
=65 % 14 (53.8) 6 (30.0)

W% K & 16 (61.5) 12 (60.0) 0.011 0916
& 10 (38.5) 8 (40.0)

ECOG ¥4 0~1% 19 (73.1) 13 (65.0) 0.348  0.555
24y 7 (26.9) 7(35.0)

P B A Ji e 15 (57.7) 12 (60.0) 0.909  0.635
B o 9 (34.6) 5(25.0)
HoAth 2(7.7) 3(15.0)

PD-L1 #ik =1% 9 (34.6) 11 (55.0) 1911  0.167
>1%~<<50% CPHPELL LB 2(222) 6 (54.5)
=50% (PAPEZA LD 7 (77.8) 5(45.5)

Fi i B H <1% 17 (65.4) 9 (45.0)
<34 14 (53.8) 11 (55.0) 0.006  0.938
=34 12 (46.2) 9 (45.0)

T SRT 13 (50.0) 12 (60.0) 0.465  0.792
SRT+WBRT 3 (11.5) 2 (10.0)
WBRT 10 (38.5) 6 (30.0)

FRANERS & 10 (38.5) 11 (55.0) 1.246  0.264
5 16 (61.5) 9 (45.0)

FEDR RAR EGFRZEAS 6(23.1) 3 (15.0) 0.003  0.955
KRASZARF 1(3.8) 2(10.0)
ALK@A 1(3.8) 1(5.0)
SRAGE I BT A= 7Y 18 (69.2) 14 (70.0)

AT B ) = 15 (57.7) 12 (60.0) 0.025  0.875
5 11 (42.3) 8 (40.0)

B Lo i 1L 5 & 9 (34.6) 7 (35.0) 0.001  0.978
R 17 (65.4) 13 (65.0)

R RASTEL I LECR A — 70 ok (EGFR/KRAS/ALK FHPEAEAA vs RAGERETFARD, S RAWIRRHIEM, RATAM G
Binary y? test was used for the comparison of baseline equilibrium of gene mutations (positive EGFR/KRAS/ALK vs undetected or wild type). Number

distribution of each mutation subtype was shown only, and no statistical test was performed between groups.
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Fig. 1 Kaplan-Meier curves of iPFS in patients with

NSCLC and brain metastases in two groups
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and brain metastases in two groups
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Table 2

Efficacy analysis of four subgroups of patients with NSCLC and brain metastases

PD-L1=1%4 (n=20)

PD-L1<1%4l (n=26)

W2 25k ST

A 4 (95% CI) FRA (95% CI) PiH R4 (95% CI) FHRA (95% CI) Pl
miPFS/H  21.90 (19.61~23.61)  17.40 (14.53~18.67)  0.001  13.00 (10.52~14.39) 7.80 (4.59~9.01) 0.001
mOS/H 3470 (32.31~37.59)  29.60 (26.74~31.75)  0.001  25.90 (23.01~26.88)  15.30 (11.24~18.88)  0.001
1y-iLC/% 90.00 90.91 0.888 52.95 2222 0.360

WAHSMREARBN, S REREIERL;

1y-iLC ST & 12 /N N R R i 3.

Sample size in subgroup analysis is relatively small, and results are exploratory findings;1y-iLC refers to the 12-month intracranial local control rate after treatment.
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. n/f) (15 bE/%)
PRI [FZH (n=26) JF A (n=20) PH

57 14 (53.8) 11(55.0)  0.558
FORBR I RE 7 15 (57.7) 10(50.0)  0.489
22 7 (26.9) 5(25.0) 0.830
BARIR 8 (30.8) 7 (35.0) 0.751
JFF DI R 5(19.2) 5(25.0) 0.778
R4 I AE 3(11.5) 2 (10.0) 0.923
=3 o I 5 2(7.7) 0(0) 0.430
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Table 4 Stratified analysis of neurotoxicity in four subgroups
PD-L1=1%41 PD-L1<<1%F.41
U d it 25 20 Ee/%) e B AN B /%) DA E/%) 7 B Ao B %) Pl
(n=9) (n=11) (n=17) (n=9)
PuRiEZE: 4 5(55.6) 2(18.2) 0.081 4(23.5) 0(0) 0.114
Z3HA R 2(222) 0(0) 0.099 1(5.9 0(0) 0.458
FHAAT A R R 2 E 1 3(33.3) 2(18.2) 0.436 3(17.6) 0 (0) 0.180

2 BIRBUR SR SR I FRIT IR 3~6 N H L 1 fil%
AR R HILTIRIT R 2 N H . FFA U THERSE
IR RN PRAEAE s BT P 48 B34 1) 22 R Sk il
MRI Fifi Ui JCREAR Bl 5300k . 2R . PuifliE 2k
PRGNS IEIRIT I, kIR BE R, R
Pz s 2 Dy e it i, BV IR R SR BIR K&
BEPEMHT R BN .
AFBYTHEA AR AR T EEE R,
Horb SRT 4H 20.0% (5/25) WBRT £H 25.0% (4/16)-
SRT+WBRT 4. 20.0% (1/5). HAESBUTHIE S5
IR, PR MR RN F 1 R A R B T &

VARG %an /€8 T I b A A <2

2.4 FERHEFMHRIISEE RS

2.41 OS MSZEZWARIZ Xt 46 F &K OS 47
BRI Cox AT (£ 5), 455 EIR: PD-L1 £
E=1% FB R B EE <3 A,
ECOG 7 0~1 7r 5K OS BEMK (3 P<
0.05); F#e. Al BUTHE A, HEIA,
EGFR/KRAS/ALK Z5IX#hFE K 2R OS L
EHREE (33 P>0.05). FHEZESHH P<0.05 FIH
BIANZ R RS, 8RR FNIRIT (P=0.020)
A1 PD-L1 B (P=0.016) #& OS AL FUE K % .

#=5 OSHEBEEZKZEZE Cox BFASH

Table 5 Univariate and multivariate Cox regression analysis of OS

o LS Eidn EASERin
AN
HR (95% CI) P1H HR (95% CI) P18

WS <65 % vs=65 % 0.85 (0.33~2.21) 0.742 — —
Bk vs Lok 0.65 (0.24~1.75) 0.391 — —
W vs AN A 0.93 (0.35~2.45) 0.886 — —
FZBIRTT vs B3 0.63 (0.39~0.92) 0.047 0.28 (0.15~0.52) 0.020
PD-L1 BHPE vs BATE 0.52 (0.29~0.94) 0.031 0.48 (0.27~0.87) 0.016
WBRT vs SRT/SRS 1.38 (0.51~3.70) 0.524 — —
B =3 A vs<3 A 2.45 (1.42~4.23) 0.001 2.19 (0.93~3.90) 0.150
ECOG V143 =2 4 vs 0~1 4 2.89 (1.65~5.06) <0.001 1.99 (0.58~6.84) 0.273
&g vs JERRE 1.01 (0.39~2.66) 0.979 — -
IXENERIBH P vs BATE 0.77 (0.28~2.08) 0.601 — —

B/
5

242 WA EFMRAT

M PA] 2%

DL R A

FMENRAE, INBITE . PD-L1 £k, k%
BIHE . ECOG VR4 BUTHEARSGA m b7 H. A

% Logistic [MH3¥71. S5 ExR, Frg HE =LK
BN B R A ST R 2 (P>0.05) .
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