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[ Abstract ] Objective To explore the perioperative safety and prognostic factors of sequential hepatectomy after
conversion therapy using vascular interventional therapy (including transarterial chemoembolization and hepatic arterial
infusion chemotherapy) combined with tyrosine kinase inhibitors (TKI) and programmed death-1 (PD-1) inhibitors in patients
with initially unresectable hepatocellular carcinoma. Methods The clinical data of 106 eligible HCC patients treated in
Tumor Hospital Affiliated to Guangxi Medical University from Nov. 2019 to Apr. 2024 were retrospectively analyzed. The
perioperative parameters and postoperative pathological outcomes were described in detail, and factors influencing prognosis
were analyzed. Results The median operative time for hepatectomy after conversion therapy was 240 min, with a median
blood loss of 200 mL. Intraoperative blood transfusion was required in 24 (22.6%) patients. Postoperative adverse reactions
occurred in 49.1% (52/106) of patients, with liver failure being the most common adverse reactions (23 patients, 21.7%). One
(0.9%) patient died during the perioperative period, while the remaining 105 patients were followed up for a median duration
of 14.7 months, during which 49 (46.2%) patients experienced recurrence. Among them, 39 (36.8%) cases experienced early
recurrence (within 1 year), and 33 (31.1%) cases had intrahepatic recurrence. Thirteen (12.3%) patients died during follow-
up. The median recurrence-free survival (RES) was 15.7 months, with 1-year and 2-year RFS rates being 56.9% and 40.3%,
respectively. The median overall survival (OS) was not reached, with 1-year and 2-year OS rates being 94.2% and 85.3%,
respectively. Multivariate Cox regression analysis demonstrated that achieving complete pathological response (hazard
ratio [HR] =0.410, 95% confidence interval [ CI] 0.172-0.980, P=0.045), presence of microvascular invasion (HR=2.423,
95% CI 1.269-4.625, P=0.007), satellite nodules (HR=1.916, 95% CI 1.014-3.620, P=0.045), and multiple tumors (HR=
1.818, 95% CI 1.012-3.241, P=0.046) were independent factors associated with postoperative recurrence. Conclusion For
patients with initially unresectable hepatocellular carcinoma, vascular interventional therapy combined with TKI and PD-1
inhibitors followed by sequential hepatectomy may be a feasible treatment strategy, with manageable adverse reactions and
promising efficacy.
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PP L AN RO E R RN [ L
R 3~6 I HEAT 1 UOIFIE CT 50 MRI K A, 4R
ok R ) SEARIR T A AR ( modified response
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AR R 2855 5 o B S U AR A i PR g e B2
Wi HEE AT R A . AL BEANS W L R (<
3 om) SRELTIRA, BRME (>3 cm) WHHIE
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ok (1) 582 PZ# (complete pathologic
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A5 HE<10% "5 (3) ¥R PLZEf# ( partial
pathologic response, PPR) , HIFRAY7E3E e 41 it
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Z%f# ( non-pathologic response, NPR ) , HIZRAfF
155 IV 96 240 M A 988 PR T ) o7 L > 50% 51 H 3R 14 95
K220 A A fE ) (overall survival, OS) & X K4
WAL S VIR TR H RS0 T8l fe 1 IR BE DT
H 3 @ i ] [R] B s JC 52 & A= A7 3 (recurrence-free
survival, RFS) & X WAL S VIR F- AR H
P &2 Aol Jm 1 RBEV H ARG ERIE b . &
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lg[ EABLLZE (umol/L ) 1—0.085 % [ HEH(g/L) ],
ALBIF43r<—2.60 534 1 %%, —2.60 4+ <<ALBI ¥
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T R L o i 45 SRR S I T TEARY, A2
75 %0 FOLFOX-HAIC J7 %, HPBEVDH41+ iR
B - SRR e ( BLYDRIE 135 mg/m’ BhKIEA 3 h,
I RES 400 mg/m’® SIKFEA 2 h, RS S- UKW
WE 2 400 mg/m’ FFEESH KT A 23 h, HRAEEE AT
TIRE e — eI I M ) .

HRAE 25 FF DR S L, #£ TACE 5{ HAIC
ARJ5 1 JENFFR TR A/ 8 PD-1 #5367 . TKI
() o FH 357 4 B b ) i & M I 207 5 1 (2024
AERR ) ) U MR O W I — RGO &, AR
CHEREE (RE<60 kg # 8 mg, KHE =60 kg &
12mg, #H 1K, k) . 299 (4K 0.2 g,
FH 2w, Olk) . Pk (400 mg, A H 21K,
CUAR ) . BT 8 (250 mg, 4 H 13k, TR ) 229
PD-1 #1041 570 25 ) G046 R B R R LT (BF 2 JE ik
FEGE 200 mg) P R M ERBLPT (4 3 JE K
FESF 200 mg ) PO M A BT (45 3 JE Rk gt
200 mg) P AE 25 M0 VR T A IR U A
R BRELTCRMAHZ . EEIETIN
], #UIWEIAN BV AR AL B, AR i
ATAAT MR A EAS RO, BAS AT A2 ) TT AN R
L, g8/ TKI 2549050 2 58 45 TKI M PD-1 4
HIFNAYT, EERER R A oA RS ™ R &
I 2 4.
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HEAE ) IR T DTSR PR RR U, SIS TEAS IR i T 1B
P (1) A RHRI AR AL B DIk
JERIA IR =40%, EIFREAL B A AR =

30%) 5 (2) AHAR LA RS REIZ (RO )
B) 5 (3) HF NG 28 AR 38 mRECIST ¥ 1 & CR

PR, 5 SD4EFEE/L240H; (4) RujkE1Lis
I G Lhrsk ey EAAR R ;  (5) TTFVIBREER

TE LRI HFIBAR B SR 5 TR 2 1
PD-1 ¥ 2=/ 2 A, FAefe)s 1 ks i AR
J7 )G 20 4 P2 IR T AR 727 5UI bR
RIG, WY ST ARG 4 BhIATT, HBh
TBIT T SN IE AR TT TKL A/ 8¢ PD-1 il 5
6 A XKLL L. GREH BRI E R T RAE N S
PRI . XHFE AR Y7 0 520 IR A2 1 B 28 5 R0 45
5=

1.4 K7 ARIFE2HENE2~3MHER IR, 24
JaHE 6 N HEA 1R, A BRI LS i bn 5 4
(EFEHIGE N . SR BT ) M A

Fi . HESR CT 3 MRI KA. AR M &2 % i Bt ] il
EROLIEAT A, RN Ko SO RAETE 1AEN (F
VAR ), BRINAE ko R RETE | e R
KA A A

1.5 %t abs2 R SPSS 27 AR 4.1.1 %ok
Tt THEERILABIEL (H 50 Fow,
THETERILL X £ a7 20 R 5, L da
) /R, K Kaplan-Meier 311 RFS 1 0S.,
KB Z ML N & Cox [l A1 4347 e B AT
B AR5 RFS B3 ST (G 16 K #E L R Cox [F]1H
BRI, g A BRR 25087 P<<0.05 (A8 5L, HE
SREz M R 2R Z R R Z R, 2R3 Cox [ R
HZA A KgAK Ca) R 0.05 (U)o

2 & R

2.1 BHAZAAE YA 106 B4 32 10 A A
TRIT IS TKIFI/ 5 PD-1 #0451 500 4% AL 16 97 5 47 /T
PIBR AR HCC B . R 8 TR B 2 2= B A BA (9 17
i, FTA A Y R PIR AN AT IR HCC, BT
ERH (49.84+10.1) %, Ho 92 4 (86.6%)
FE. 94.3% (100/106) HIEEH LRI R A,

78.3% (183/106 ) HyEHA AL, 91.5% (97/106)
AT IIRE >R Child-Pugh A 2%, B F-2 &%
KEARN (10.53+£3.99) cm, 42.4% (45/106) 1Y
BFEME L%, 37.7% (40/106 ) A I E R
o A 17461 (16.0%) BFEZ TAREHNGIT,

Hoe 9 i (53.0% ) 4% TKI B4 PD-1 46l5)3A
57, 211 ( 11.8% ) 4252 TKI 8253497, 6 19 ( 35.3% )
153 PD-1 MR 253697, WK 1,

22 EZBRENETFTELER O TABREYEZ
/0 1A R A AJRIF A TKI A1/ 5% PD-1
PIIFEARIRTTY o SN ATRTT 95 6 (89.6% )

¥ J TACE, 11 #] (10.4% ) % Ji HAIC, 7 TKI
7, SR e A (88 i, 83.0%) , H
g ZaudEfe (12 41, 11.3% ) . B e (3 4,
2.8% ) MIRHAER (36, 2.8%) o REFERFHT
Sl i 2 09 PD-1 #4157 (60 41, 56.6% ) , H:
Pl A0 45 5 R R BT (43 9, 40.6% ) Fif it F1) 24
bt (341, 2.8%) o MWIFLRFEAIGIT EFDIBR AR
Hr iR 3.90 N H (JERFR 0.70~19.80 1~ H )
TEVRIT bR, 48 mRECIST #HATIm RS R A,

36 1] (34.0% ) &% CR, 524 (49.1% ) iK% PR,

18 %1 (17.0% ) &3] SD,
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Tab 1 Baseline characteristics of patients with

hepatocellular carcinoma

N=106
Characteristic Total cohort

Agelyear, x s 49.8+10.1
Gender, n (%)

Male 92 (86.8)

Female 14 (13.2)
HBYV infection, 7 (%)

Yes 100 (94.3)

No 6 (5.7)
Child-Pugh grade, n (%)

A 97 (91.5)

B 9(8.5)
ALBI classification, 7 (%)

1 34 (32.1)

2 72 (67.9)
Liver cirrhosis, 7 (%)

Yes 83 (78.3)

No 23 (21.7)
ECOG performance status score, 7 (%)

0 73 (68.9)

1 33 (31.1)

Total bilirubin/(umol*L™"), M (Q,, Oy)
ALT/(U-L™ "), M (Q,, Q1)
AST/(U-L™"), M (Q,, Oy)

15.10 (10.30, 19.78)
41.00 (30.00, 59.50)
57.00 (42.25, 88.50)

Albumin/(g*L "), X+ 37.59+4.28
PT/s,xts 12.13£1.47
AFP/(ng*mL""), M (Q,, Q) 912.00 (30.95, 2 000.00)
AFP, n (%)

<400 pgeL ' 48 (45.3)

=400 pgeL ™" 58 (54.7)
Tumor number, 7 (%)

1 61 (57.5)

2 19 (17.9)

=3 26 (24.5)
Tumor diameter/cm, x+s 10.53+3.99
Vascular invasion, 7 (%)

Yes 40 (37.7)

No 66 (62.3)
BCLC stage, 1 (%)

A 31(29.2)

B 26 (24.5)

C 49 (46.2)
CNLGC, 7 (%)

Ib 31(29.2)

Mla 11 (10.4)

b 15 (14.2)

Ma 49 (46.2)
Postoperative adjuvant therapy, 7 (%)

Yes 17 (16.0)

No 89 (84.0)

HBV: Hepatitis B virus; ALBI: Albumin-bilirubin index;
ECOG: Eastern Cooperative Oncology Group; ALT: Alanine
transaminase; AST: Aspartate transaminase; PT: Prothrombin
time; AFP: Alpha fetoprotein; BCLC: Barcelona clinic liver
cancer; CNLC: China liver cancer staging; M (Q,, Op): Median

(lower quartile, upper quartile).

23 BFAMEARARELER 106 HIHRETAH
102 2 FF IR AR (96.2% ) . 445 (3.8% )
2B G IBRAR, o 1 B IR iF
VIBRHE R 3 B (IR ) R & 57.5%
(61/106) o F AW [E] 4 240 (210, 291) min,
A 200 (100, 400) mL, 24 4 ( 22.6% )
BE T B R R R, RS A BE R 8.0 (7.0,
11.0) do 52 1 (49.1% ) H& HIARSGA RN,
F4f Clavien-Dindo 73%%, 1 ~ 114435 %1 (33.1% ),
M~1WN%16 6 (151%) , V214 (0.9%) .
5 H UL AR JG AN RN 2 T ) R vl (23 1,
21.7%) . IR (1561, 14.2% ) . Bl (14
B, 13.2%) . RHEE (10 B, 9.4%) , HALANR X
AL IE IR S R (74, 6.6% ) . B EEe (441,
3.8% ) . MEIERGL (34, 2.8% ) . REEE I (141,
0.9% ) FELEH I (161, 0.9%) o 141 (0.9% )
BEEAR T BB L, AR B . THAR
T8 H FDEY 5 I D RE RS, B R AET .

106 il & 44, 33 #i] (31.1% ) %k 5 CPR,
35 %] (33.0% ) 343 MPR, 20 #] (18.9% ) k4%
PPR, 18 %] (17.0% ) & NPR. ItAh, 22 fi (20.8% )
O TR 4 12 J8 (microvascular invasion,
MVI) , 21 ] (19.8% ) & # 7 1€ TA L, 59 4
(55.7% ) BAE M EEATEE,
24 PrmEARRTE LR HE 2024 4E 5 H 28
H, HEBR 1 HIBFARIASET- B 5, 4% 105 68 H
FESFIIE A 5 sh Az BEVTIR R Ny 14.7 4~ H (JERT A
1.0~48.4 41~ H ) 5 49 il (46.2% ) f& 3 bl 1 19 [1]
2%, Hd 3941 (36.8% ) FHIE L . 1041 (9.4%)
Ml %, 3361 (31.1%) FFHE L. 66l (5.7%)
FFANE K. 10 6] (9.4% ) FFNANE K. R
RFS #1574~ H (95% CI 11.63~31.13 1~ H ) ,

1 AE I 2 4R T 5 K A2 A7 3253 1N 56.9% F 40.3%
(K 1A) o BEVTIMEA 13 41 (12.3% ) HBHIET,
Horf 1 g AR Mg SRR AE T . B RS A OS R
RE ORI M2 4 B A A7 R 451 5 R 94.2% Fl

85.3% (Kl 1B) .

25 masH ARYEAJEREG RN 73 HiIAR R
CPR ¥ (4ECPR4L) 5 33 ik %] CPR By &
(CPRHL) #EATW A 53 #1. Flvs A CPR 41 h A
THIRER K, 1. 2FTE BRI HHR 84.8%.
78.8%, dE CPRAL 1. 24F L& &A1 R 00 K
45.7%. 29.9%, WiZi[a] RFS Z A S5 X (P=
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0.001, Kl 2A) ; FVIIE CPR A 7 BIFET,
1. 2 AE AR50 95.0% . 95.0%, JE CPR 4

1.0y
0.8

0.6

Recurrence-free survival rate

36 9

8 21 24 27 30 33 36 39 42 45 48 5
Time/month

2151
Number at risk, n

106 80 64 51 40 28 22 17 1512 10 7 5 3 2 A

1. 2 FERAELER R 93.6%., 81.5%, WiZH[A] OS
RIS EE X (P=0.073, E2B) .

1.0

0.9

0.8f I

Overall survival rate

0 3 6 912151821242730333639424548 51
Time/month

Number at risk, n
106 99 88 79 67 523932282217 1317 5 3 2 2 B

B 1 BEUETERVIBRARRE HCC £F#K Kaplan-Meier #iZk

Fig1 Kaplan-Meier curves of HCC patients with sequential hepatectomy after conversion therapy

A: Recurrence-free survival; B: Overall survival. Dashed lines and cyan areas indicate 95% confidence intervals. HCC: Hepatocellular carcinoma.
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Fig 2 Stratified analyses of recurrence-free survival and overall survival of HCC patients with sequential hepatectomy
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HCC: Hepatocellular carcinoma; CPR: Complete pathologic response; MVI: Microvascular invasion; SL: Satellite lesion.
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HR AR AR J5 5 B 75 A7 7E MV 22 5] (8 35
(MVI4) 5 84 il MVI % (JTEMVI4 ) i
T AT, 5F N, VAR MV 15§l
Bk, 1. 2FTE RAEAERS R 30.2% . 12.1%,
TMVIA 1, 2FTE kA AEH 550 63.1%
47.0%, WZE] RFS 22550242 L (P<0.001,
B 2C) . BEDT A MVIH A 4 6] 8 5E T,
1. 2 4EBAETER N 89.1% ., 78.0%, JC MVI 4]
1. 2 4EEAAERA AN 95.6% . 86.9%, WiZH[A] OS
ERTSFE L (P=0059, KI2D) .

HRAEA TR B A e TR LR 21 B
(HDAEMA) 585 f D EMEE (TTAL
M) HATWA T, SRR, BEVIINA DR
WP 18 BB EE R, 1. 2FELEREFRSH
H30.5% 1 12.2%, T HLEIH 1, 2 FIRE L4

TERAY 01K 63.7% F1 49.1%, W 20 [i] RFS 2% 5+ 47
it L (P<0.001, ¥ 2E) . BfyidEAE 1
EIHHA 6 FlRFIET:, 1. 2 4FE MRS N
93.8%. 76.7%, JC TR 1, 2 4F BAEAE R0 5
4 94.3%. 88.1%, PIALME] OS 22 7Lt E X
(P=0.070, K 2F) .

26 RFS#FmBEE  HHEE Cox HIHHT IR,
Mg £ % . &IFMVL, £ DR KT AFP
AR IEE] CPR ERJGE KWK E ., ZHEK
Cox [A950#7 ik, 155 CPR ( HR=0.410, 95% CI
0.172~0.980, P=0.045) . &I MVI( HR=2.423,
95% CI 1.269~4.625, P=0.007) . f£7E L& 4t
(HR=1.916, 95% CI 1.014~3.620, P=0.045) Fi
iz % (HR=1.818, 95% CI 1.012~3.241, P=

0.046 ) EAJFI ARSI R . Lk 2.

#* 2 RFS HMMEAZEMNEBERERZEMEZEZE Cox EIFSHT

Tab 2 Univariate and multivariate Cox regression analyses of RFS influencing factors

Variable

Univariate analysis

Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Age (=50 years vs <50 years) 0.598 (0.337, 1.060) 0.078

Gender (female vs male) 0.767 (0.304, 1.940) 0.576

ECOG performance status score (1 vs 0) 1.618 (0.910, 2.878) 0.101

HBsAg (negative vs positive) 1.192 (0.291, 4.940) 0.807

Child-Pugh grade (B vs A) 1.473 (0.621, 3.463) 0.378

Liver cirrhosis (yes vs no) 1.061 (0.532, 2.126) 0.862

Tumor diameter (=10 cm vs <10 c¢m) 0.637 (0.371, 1.121) 0.120

Tumor number (multiple vs solitary) 1.822 (1.041, 3.179) 0.035 1.818(1.012,3.241)  0.046
Vascular invasion (yes vs no) 1.071 (0.602, 1.876) 0.824

BCLC stage (C vs A/B) 1.131 (0.652, 1.981) 0.667

Conversion time (<<4 months vs =4 months) 0.842 (0.481, 1.463) 0.529

Extend of hepatectomy (major vs minor) 1.694 (0.943, 3.048) 0.078

Blood loss (<400 mL vs =400 mL ) 0.692 (0.367, 1.305) 0.256

Intraoperative blood transfusion (yes vs no) 1.058 (0.534, 2.127) 0.870

Pathological evaluation (CPR vs non-CPR) 0.271 (0.115, 0.612) 0.002  0.410(0.172,0.980)  0.045
MVI (yes vs no) 3.437(1.853,6.382) <<0.001 2.423 (1.269, 4.625)  0.007
Tumor envelope (complete vs incomplete) 1.226 (0.691, 2.190) 0.488

AFP before conversion therapy (=400 pgeL ™' 0.831 (0.482, 1.451) 0.513

vs <400 pgL ")

AFP before surgery (positive vs negative) 2.102 (1.182, 3.741) 0.011  1.153(0.739, 2.760) 0.289
Satellite lesion (yes vs no) 3.179 (1.774, 5.691) 0.001 1916 (1.014,3.620)  0.045
Postoperative adjuvant therapy (yes vs no) 1.664 (0.883, 3.149) 0.116

RFS: Recurrence-free survival; ECOG: Eastern Cooperative Oncology Group; BCLC: Barcelona clinic liver cancer; MVI:

Microvascular invasion; AFP: Alpha fetoprotein; //R: Hazard ratio; CI: Confidence interval.
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