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Abstract: Objective To investigate whether anti-programmed death-1 (PD-1) monoclonal antibody can enhance the efficacy and

safety of argon-helium cryoablation combined with targeted therapy in patients with unresectable hepatocellular carcinoma (uHCC)
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aged 60 years or older. Methods
aged 60 years or older who were treated at The Fifth Medical Center of Chinese PLA General Hospital from January 2013 to September

A retrospective analysis was performed for the clinical data of 124 patients with advanced uHCC

2024. After propensity score matching, 57 patients received cryoablation combined with targeted therapy (double combination group) ,
while 57 received cryoablation combined with targeted therapy and anti-PD-1 monoclonal antibody (triple combination group). The
indicators for efficacy assessment included objective response rate (ORR) , disease control rate (DCR) , progression-free survival
(PFS) , overall survival (0OS) , and the incidence rate of adverse events. The Mann-Whitney U test was used for comparison of
continuous data between two groups, and the chi-square test or the Fisher’ s exact test was used for comparison of categorical data
between two groups. The Kaplan-Meier method was used to plot survival curves, and the Log-rank test was used for comparison between
groups. A Cox proportional-hazards regression model analysis was used to investigate the influencing factors for survival prognosis.
Results
9.083, P=0.003), while there was no significant difference in DCR between the two groups (87.7% vs 77.2%, X2:1.516 , P=0.218),

The triple combination group had a significantly higher ORR than the double combination group (59.6% vs 29.8%, x'=

and compared with the double combination group, the triple combination group had significantly longer median PFS (9.1 months vs 4.8
months, ,\/2=7.813 , P=0.005) and median OS (26.1 months vs 13.6 months, X2=14.199, P<0.001). The multivariate Cox
proportional-hazards regression model analysis showed that triple combination treatment was an independent influencing factor for
PFS (hazard ratio [ HR]=0.52, 95% confidence interval [ CI]: 0.35—0.78, P=0.001) and OS (HR=0.32, 95%CI: 0.20—0.51,
P<0.001). There was no significant difference in the incidence rate of adverse events between the two groups (P>0.05).

Conclusion Triple combination treatment with argon-helium cryoablation, targeted therapy, and anti-PD-1 monoclonal antibody

can significantly improve survival benefits in uHCC patients aged 60 years or older, with a controllable safety profile.
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Table 1 Clinical features before and after PSM
PSM Hij PSM &7

st TS =14 i3 =k

' ) sy P s CED sy Pl s
AR (%) ] 0.525 0.152 0.832 0.080

60 ~ 70 %/ 46(68.7) 43(75.4) 41(71.9) 43(75.4)

>70 % 21(31.3) 14(24.6) 16(28.1) 14(24.6)
FH1(%)] 52(77.6) 44(77.2) >0.05 0.010 43(75.4) 44(77.2) >0.05 0.041
BMI(kg/m?) 24.0(222~264) 234(21.7~256) 0342 0.156 23.6(21.5~26.6) 23.4(21.7~25.6) 0.575 0.098
BEIRIG 51 (%) ] 8(11.9) 7(12.3) >0.05 0.010 7(12.3) 7(12.3) >0.05 <0.001
IR [ 49 (% ) ] 0.025 0.479 >0.05 0.086

SEFEMEIF R 55(82.1) 55(96.5) 54(94.7) 55(96.5)

FHoAth 12(17.9) 2(3.5) 3(5.3) 2(3.5)
TBil(mol/1.) 174(119~245) 150(11.9~209) 0492 0.187 17.4(11.5~21.7) 15.0(11.9~20.9) 0.624 0.161
ALT(U/L) 35.0(19.5~ 131.5)  39.0(22.0~111.0) 0.731 0.049 36.0(20.0 ~ 118.0) 39.0(22.0 ~111.0) 0.894 0.075
AST(U/L) 45.0(29.5~112.0) 37.0(28.0~67.0) 0.217 0.104 46.0(29.0 ~116.0) 37.0(28.0~67.0) 0.232 0.137
PLT( x 10°/L) 120.0(86.5 ~ 144.0) 114.0(79.0 ~ 140.0) 0.521 0.107 119.0(83.0 ~ 140.0) 114.0(79.0 ~ 140.0) 0.861 0.014
AFP>400 ng/mL[ 5] (%) ] 23(34.3) 16(28.1) 0.580 0.135 21(36.8) 16(28.1) 0.424 0.188
Child-Pugh 734% [ $1(%) ] >0.05 0.053 >0.05 0.059

AZ 61(91.0) 51(89.5) 52(91.2) 51(89.5)

B4 6(9.0) 6(10.5) 5(8.8) 6(10.5)
ECOG PS4 (%) ] 0.599 0.128 0.453 0.176

05 36(53.7) 27(47.4) 32(56.1) 27(47.4)

14y 31(46.3) 30(52.6) 25(43.9) 30(52.6)
BCLC CHi[#1(%) ] 46(68.7) 39(68.4) >0.05 0.005 39(68.4) 39(68.4) >0.05 <0.001
Jihged 22 % [ 4511 (%) ] 49(73.1) 43(75.4) 0.931 0.053 45(78.9) 43(75.4) 0.823 0.084
Jiee e K ELA% (em) 44(2.8~7.6) 47(3.0~7.6) 0.888 0.029  4.2(28~74) 47(3.0~7.6)  0.764 0.080
fForER [51(%) ] 17(25.4) 15(26.3) >0.05 0.022 13(22.8) 15(26.3) 0.828 0.082
MAERALLBI(%) ] 37(55.2) 32(56.1) >0.05 0.018 31(54.4) 32(56.1) >0.05 0.035
BEAEJR IR (%) ] 18(26.9) 19(33.3) 0.557 0.141 17(29.8) 19(33.3) 0.840 0.076

T - PSM, {5 [ B 43D L s BMI, AR TS 45 TBiL, LT3R5 ALT, R AL RS Bl ; AST, R R RRZ FL R ; PLT, i/ M4 AFP, H IR
2 1 ; Child-Pugh 434% , 8 )R- F7 T /3 2% s ECOG PS, 3[R A5 g M LR iRl s BCLC, B 2E 2 TR AR AT o



SHiE, % SRNAFHRBESENGYNEFERTZME 1 BHRIEFTER>60 5 RAIYIR

FrEfaE B ENRR R RS

633

U I8 10.8(4.8 ~ 14.9) A o FAMFFE h g A
B uHCC, 7E R UV R IH RA YT RL ie
TH RSO ITAS v, 88 A B SR A1 il (52 2 il
g L2 208 ) . Mot mRECIST P4k 45 5 o, =1
1Y ORR {2 35 1 T 1641 (59.6% vs 29.8%, x*=9.083,
P=0.003) ; Fi41 DCR A W, kb 35 25 52 (87.7% vs 77.2%, X' =
1.516,P=0.218)(#2)., RECIST 1.1 P45 IR B, =
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A o6 0S R 2614 H s ZBRLH i PFS 4.8 M,

fLOSH13.6 10 H . —HRABFHPFSFOSH R EK T
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P=0.001) IS 52 M 3R (£ 5.6) o BLAh, #2906
J7 B (HR=0.92, P<0.001) | Ji5 &2 Js & 17 97 (HR=0.59,
P=0.029) flJ5 £ R G256 YT (HR=0.46, P=0.002) ¥}
0S B -3 P & 5 1 F IR B (2400 ng/mL (HR=2.35, P<
0.001) . Child-Pugh B % (HR=2.12, P=0.048) . A JIT- 4} %
B (HR=1.97,P=0.009) ¥4 OS [ fEf I & (£ 5) . FELE
K PFS J7 1, #1 1m] 25 0396 97 i (HR=0.94, P=0.014)
ST R R (3 6).

2.6 LS NIE—LERER PD-1 PRI GIRYT L
T A9 X0 52 ) G 28 36 97 A8OR (10 G BEHR AR tE AT 1
WM 2) . 255 o, AP 40 i 5 6k EL 40 i L
1H (neutrophil-to-lymphocyte ratio, NLR) <5 [HR=0.51,
95% B 1= X [8] (95% confidence interval, 95%CI) : 0.32 ~
0.80, P=0.004] . Ifil /]y Hiz 5 7k B 40 g 1L {E (platelet-to-
lymphocyte ratio, PLR) <100 (HR=0.51, 95%CI: 0.28 ~
0.92, P=0.025) . Child-Pugh A 2% (HR=0.59,95%CI: 0.39 ~

%2 mRECIST i BhE i st R
Table 2 Tumor ablation response evaluated with mRECIST

- PSM Hif PSM J&&

T (n=67) =B (n=57) X1E P1H TERH(n=57) =B (n=57)  YMH P1H
CR 0(0.00) 0(0.00) 0(0.00) 0(0.00)
PR 20(29.9) 34(59.6) 9.945 0.002 17(29.8) 34(59.6) 9.083 0.003
SD 34(50.7) 16(28.1) 5.673 0.017 27(47.4) 16(28.1) 3.734 0.053
PD 13(19.4) 7(12.3) 0.688 0.407 13(22.8) 7(12.3) 1.516 0.218
ORR 20(29.9) 34(59.6) 9.945 0.002 17(29.8) 34(59.6) 9.083 0.003
DCR 54(80.6) 50(87.7) 0.688 0.407 44(77.2) 50(87.7) 1.516 0.218

T :mRECIST, 0 R B S MO 7 RATAl bR ifi s PSML BT PEIT-Z IEC s CR, 5842 SN 5 PR, 823 187 5 D, IR B 5 PD, Bt s ORR , B WL 5%

fil R s DCR, PR 2K o

%3 RECIST 1.11F 4 BheE i i
Table 3 Tumor ablation response evaluated with RECIST 1.1

Foki PSM Hif PSM J&5

TH S (n=67) ZHAL(n=57)  XM{H P1H THRH (n=57) ZHKH(n=57)  XME P1E
CR 0(0.00) 0(0.00) 0(0.00) 0(0.00)
PR 19(28.4) 29(50.9) 5.668 0.017 17(29.8) 29(50.9) 4.410 0.036
SD 35(52.2) 21(36.8) 2.360 0.125 27(47.4) 21(36.8) 0.900 0.343
PD 13(19.4) 7(12.3) 0.688 0.407 13(22.8) 7(12.3) 1.516 0.218
ORR 19(28.4) 29(50.9) 5.668 0.017 17(29.8) 29(50.9) 4.410 0.036
DCR 54(80.6) 50(87.7) 0.688 0.407 44(77.2) 50(87.7) 1.516 0.218

7 - RECIST, SR 7 ROl b o s PSML, {8 1) #4323 DRI 5 CR , 5E 4 W 5 PR, 5643 ) 5 SD,

DCR, J g 4 il 2%

PIRTEAE ; PD, B UE R s ORR, 5 WLZR A ¢ 5



634 s FREFABSS 2o i 55 42 5 55 3812026 £3 F  J Clin Hepatol, Vol. 42 No. 3, Mar. 2026

R4 BEETHE 0.88, P=0.011) Pk J& 1 & H -lH £ & (albumin-bilirubin,
Table4 Subsequent treatment ALBI) 4% %% <2 9% (HR=0.57, 95%CI: 0.35 ~0.94, P=
. TR = Hr T SN e e TV S /s s e -
th7 A MR v Pl 0001 W SRR AT R I Y
JREIAIT (%) ] 2366 0498  EAFARER(KEI2).
ARSI 19(33.3) 18(31.6) 2.7 HEAEMSM RATIRIRIEMIGTT R L1~ 2
[Celalre 3(53)  8(14.0) B B AN e R K T T (98.2%) | Kk #4(68.4%)
el . s 653~ AU RUIEPE A IR NG I (14.0%) A
R AT 4(7.0 10.5
) 11 (1.8%) , X REIBTT I TR &2 5 24 X1~29
AT (%) 9650 0agg LCIS) XV AITRE SAAK | - 25 R
U 25 b BH UL A i ENLAE (38.6% ) AR FILAE (37.7%)
CHE e 10(17.5)  3(5.3) B3 ~ AN R FEECE WA A (11.4%) | IfiL
EMAEE 235)  4(70) AR (10.5%) % . PIALILATFAH A B3 F Ho g,
Tl 14(24.6) 12(21.1 SN
AR (246) 12(21.1) 2 S TS (P IH>0.05) (7). B AR
DA ER T 000.0)  3(5.3) T MU L S
A
BT 000.0)  1(1.8) CEL °
R 0(0.0) 1(1.8) 3 it
GIEZ ) 3.080 0.214
(GRURIE 0(0.0) 1(1.8) NS U= R | NI S A N e - W R R
RAEFSRASRL 0000 2G5 W FIEG 45 40150 2549) J% PD-1 340 (=16 )5 48 ) % e 4t 2]
HO’ m&%gﬁzsm +00 Wﬂ‘ﬁ(ﬁéﬁ\ﬁ
F{IER: 9.1 B H{i#:9.11 B
w0 0003 w07 P=0.005
i Hi=0.55 i (950/0H0%0'3598~0 85)
Y os0] (95%CI:0.38~0.81) @ 050] .4 % 0.39~0.
) )
iy iR
0.25 0.25
0.00 0.00
0 4 8 12 16 20 24 28 32 36 40 0 4 8 12 16 20 24 28 32 36 40
Bi8] (3) Bial (5)
B3 SR Al i3 B AR
“Bkl67 41 18 9 6 3 1 0 0O O O ZB|57 35 16 8 5 3 1 0 0 0 O
=BX[57 44 31 19 13 8 6 3 2 1 0 =BX|57 44 31 19 13 8 6 3 2 1 O
0 4 8 12 16 20 24 28 32 36 40 0 4 8 12 16 20 24 28 32 36 40
B8 (5) ® BYia (5)
e *@&51%6/'\5 1.00 -~ — B
0.75 43111%5(_:%6.11\)% qzmj_y .513.6 ™A
o P<0.001 0.75 4R 26.11°A
H HR=0.47 P<0.001
flal (95%C1:0.31~0.71) s HR=0.45
H 0.50] ------foooo-t flud (95%C':0.30~0.69)
& 4 0.50{ ---co-choooooh
B 7
0.25 B 025
0.00 0.00 ' ,
0 4 8 12162024 2832364044485256 60 0 4 8 121620242832 3640444852 56 60
Bial (5) Eiel (5)
Waih BB G B R E G
—BX[6759483729221816145 4 3 1 00 0 TEX|5750423123171311105 4 31 00 0
=BX|57575545403326231711 8 7 4 2 2 1 =BK|575755454033262317118 7 4 2 2 1
0 4 8 121620242832364044485256 60 0 4 8 121620242832 364044485256 60
Bi (5) Bia (5)

% :a, PSMHI PFS HLEE ;b PSMJ PFS HLAE ¢, PSMHTT OS H#5 5 d, PSM R OS H#5; PSM, i) PE PP A3 DR C s PFS, JEilk 2B A7 08, B 77101
HR AU 1 595%C1,95% B AF XA
1 AAREPSMEIEPFS5O0S LR
Figure 1 Comparison of PFS and OS before and after PSM between the two groups of patients
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Table 5 Univariate and multivariate Cox proportional hazards regression model analysis of influencing OS

. HRE ZHNE

- HR(95%CI) P HR(95%CI) P1H
BT R (=B vs ) 0.45(0.30 ~ 0.69) <0.001 0.32(0.20 ~ 0.51) <0.001
AR (270 % vs <70 %) 1.17(0.74 ~ 1.86) 0.506

PG5 vs Zr) 0.71(0.44 ~ 1.15) 0.164

BMI(kg/m®) 1.02(0.95 ~ 1.09) 0.603

995 DR 2 O 2 M 48 vs HUA) 0.76(0.31 ~ 1.88) 0.552

TBil(mol/L) 1.01(0.99 ~ 1.03) 0.178

ALT(U/L) 1.00(1.00 ~ 1.00) 0.116

AST(U/L) 1.00(1.00 ~ 1.00) 0.176

AFP(>400 ng/mL vs <400 ng/mL) 2.09(1.35 ~3.25) <0.001 2.35(1.44 ~ 3.84) <0.001
PLT( x 10°/L) 1.00(1.00 ~ 1.01) 0.358

Child-Pugh 739 (B2 vs A9%) 2.13(1.05 ~ 4.33) 0.036 2.12(1.01 ~ 4.45) 0.048
ECOG PSPF43(1 43 vs 041) 1.08(0.71 ~ 1.64) 0.717

I A E (2 K vs BLR ) 1.13(0.70 ~ 1.84) 0.602

Jih9ed Fpe K B (em) 1.09(1.02 ~ 1.16) 0.007 1.02(0.95 ~ 1.09) 0.648
FFANER (£ vs T0) 1.65(1.04 ~2.62) 0.034 1.97(1.18 ~3.28) 0.009
MAERIL A vs ) 1.29(0.84 ~ 1.96) 0.242

BCLC 43391 (C 4] vs BYY)) 1.45(0.91 ~2.33) 0.120

WEAE SR iB 9T (1 vs J6) 0.77(0.49 ~ 1.23) 0.272

R R B (2K vs 1TK) 1.04(0.68 ~ 1.58) 0.857

M Z5PRITEH () 0.92(0.88 ~ 0.96) <0.001 0.92(0.89 ~ 0.96) <0.001
JEBLRERIRYT (A vs ) 0.50(0.32 ~0.77) 0.002 0.59(0.37 ~ 0.95) 0.029
JES R YNRIT (A vs ) 0.64(0.42 ~0.97) 0.037 0.46(0.29 ~ 0.75) 0.002
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Table 6 Univariate and multivariate Cox proportional hazards regression model analysis of influencing PFS

. HRE ZHE

= HR(95%CI) PIH HR(95%CI) Pl
BT R (=B vs ) 0.58(0.39 ~ 0.85) 0.005 0.52(0.35 ~0.78) 0.001
W (2708 vs <70%) 0.70(0.45 ~ 1.08) 0.108

PG5 vs Zr) 0.83(0.53 ~ 1.29) 0.410

BMI(kg/m®) 1.01(0.96 ~ 1.08) 0.567

995 DR 2 O 2 M 48 vs HUA) 0.81(0.33 ~ 1.99) 0.640

TBil(mol/L) 1.00(0.98 ~ 1.01) 0.690

ALT(U/L) 1.00(1.00 ~ 1.00) 0.122

AST(U/L) 1.00(1.00 ~ 1.00) 0.168

AFP(>400 ng/mL vs <400 ng/mL) 1.40(0.93 ~ 2.10) 0.103

PLT( x 10°/L) 1.00(1.00 ~ 1.00) 0.822

Child-Pugh 739 (B2 vs A9%) 1.03(0.53 ~ 1.98) 0.937

ECOG PSPF43(1 43 vs 041) 1.05(0.72 ~ 1.53) 0.812

I A E (2 K vs BLR ) 1.22(0.78 ~ 1.90) 0.384

Jih9ed Fpe K B (em) 1.03(0.98 ~ 1.09) 0.278

FFoNERS (A vs TE) 1.35(0.88 ~ 2.08) 0.173

MAERIL A vs ) 1.41(0.95 ~ 2.09) 0.089 0.76(0.42 ~ 1.37) 0.361
BCLC /MW (CIH vs BI) 1.82(1.19 ~2.79) 0.006 1.88(0.91 ~ 3.87) 0.088
WEAE SR iB 9T (1 vs J6) 0.56(0.37 ~ 0.84) 0.006 0.66(0.39 ~ 1.10) 0.110
Y URTH R A (221K vs 11R) 1.28(0.86 ~ 1.90) 0.216

M Z5PRITEH () 0.95(0.91 ~ 0.99) 0.009 0.94(0.90 ~ 0.99) 0.014
JEBLRERIRYT (A vs ) 0.90(0.61 ~ 1.34) 0.606

JES R YNRIT (A vs ) 0.67(0.45 ~ 0.98) 0.038 0.77(0.50 ~ 1.17) 0.213
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Figure 2 Subgroup analysis
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Table 7 Treatment-related adverse reactions
" 1~2%% 3~4%

AREH THEH (n=57) =R (n=57) PAH TR (n=57)  ZER4H(n=57) PIA
ETAWARERYRIETY PN
AT T 57(100.0) 55(96.5) 0.476 0(0.0) 0(0.0)
KR 39(68.4) 39(68.4) >0.05 0(0.0) 0(0.0)
JRLT Z T = 33(57.9) 25(43.9) 0.190 0(0.0) 0(0.0)
e Js AR 29(50.9) 28(49.1) >0.05 10(17.5) 6(10.5) 0.419
I 25(43.9) 32(56.1) 0.261 0(0.0) 0(0.0)
RIIANY 2 28(49.1) 23(40.4) 0.451 0(0.0) 0(0.0)
I 1 IAE 29(50.9) 20(35.1) 0.130 0(0.0) 0(0.0)
SR 23(40.4) 20(35.1) 0.699 0(0.0) 0(0.0)
RN 14(24.6) 25(43.9) 0.051 0(0.0) 0(0.0)
AR I AE 12(21.1) 19(33.3) 0.207 0(0.0) 0(0.0)
H I 2(3.5) 0(0.0) 0.476 2(3.5) 0(0.0) 0.476
A0 [ 5 9 R G2 A O
151 24 AR 18(31.6) 26(45.6) 0.178 2(3.5) 0(0.0) 0.476
R 11 g 18(31.6) 25(43.9) 0.246 0(0.0) 0(0.0)
L 17(29.8) 25(43.9) 0.174 3(5.3) 3(5.3) >0.05
HHIR 12(21.1) 15(26.3) 0.660 2(3.5) 2(3.5) >0.05
QIRANY R 9(15.8) 18(31.6) 0.078 4(7.0) 8(14.0) 0.205
1 200 Ak 9(15.8) 13(22.8) 0.476 3(5.3) 10(17.5) 0.154
RRLT Z T 5 12(21.1) 9(15.8) 0.629 1(1.8) 2(3.5) >0.05
e I 9(15.8) 11(19.3) 0.805 4(7.0) 4(7.0) >0.05
zh 10(17.5) 3(5.3) 0.077 3(5.3) 2(3.5) >0.05
JE 5 9(15.8) 4(7.0) 0.239 2(3.5) 2(3.5) >0.05
FREEE1 3(5.3) 8(14.0) 0.205 2(3.5) 1(1.8) >0.05
TR 5(8.8) 2(3.5) 0.435 3(5.3) 1(1.8) 0.611
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