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Abstract
Introduction: The actual rate of conversion surgery and its 
prognostic advantages remain unclear. This study aimed to 
assess the outcomes of salvage surgery after conversion 
therapy with triple therapy (transcatheter arterial chemoem-
bolization [TACE] combined with lenvatinib plus anti-PD-1 
antibodies) in patients with initially unresectable hepatocel-
lular carcinoma (uHCC). Methods: Patients with initially 
uHCC who received at least one cycle of first-line triple ther-
apy and salvage surgery at five major cancer centers in China 
were included. The primary endpoints were overall survival 

(OS) and recurrence-free survival (RFS) rates after salvage 
surgery. The secondary endpoints were perioperative com-
plications, 90-day mortality, and pathological tumor re-
sponse. Results: Between June 2018 and December 2021, 70 
patients diagnosed with uHCC who underwent triple thera-
py and salvage surgery were analyzed: 39 with Barcelona 
Clinic Liver Cancer (BCLC) stage C, 22 with BCLC stage B, and 
9 with BCLC stage A disease. The median interval between 
the start of triple therapy and salvage surgery was 4.3 months 
(range, 1.7–14.2 months). Pathological complete response 
and major pathological response were observed in 29 
(41.4%) and 59 (84.3%) patients, respectively. There were 2 
cases of perioperative mortality (4.3%) and 5 cases of severe 
perioperative complications (7.1%). With a median follow-up 
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of 12.9 months after surgery (range, 0.3–36.8 months), the 
median OS and RFS were not reached. The 1- and 2-year OS 
rates were 97.1% and 94.4%, respectively, and the corre-
sponding RFS rates were 68.9% and 54.4%, respectively. 
Conclusion: First-line combination of TACE, lenvatinib, and 
anti-PD-1 antibodies provides a better chance of conver-
sion therapy in patients with initially uHCC. Furthermore, 
salvage surgery after conversion therapy is effective and 
safe and has the potential to provide excellent long-term 
survival benefits. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

Liver resection is one of the most important curative 
treatments for hepatocellular carcinoma (HCC) [1–4]. 
However, only a small number of patients have the op-
portunity to undergo surgery. More than 70% of HCC 
patients have already lost the opportunity for surgery 
when diagnosed and receive palliative treatment [3–6]. 
Fortunately, the rapid development of systemic therapy 
has dramatically changed the treatment of unresectable 
HCC (uHCC) [7–9]. An increasing number of systemic 
treatment methods have been applied in the clinic, and 
acceptable therapeutic outcomes have been achieved [10–
14]. Furthermore, some studies have reported that pa-
tients with advanced HCC or initially uHCC received sal-
vage surgery after conversion therapy [7, 15–17].

In the past, most conversion therapies were local ther-
apy (transcatheter arterial chemoembolization [TACE], 
hepatic arterial infusion chemotherapy, and stereotactic 
body radiation therapy), and the convert resection rate 
was only 9.5–16.9% [7, 18]. With the development of sys-
temic therapy, the convert resection rate increased to 
15.9–30.6% [7, 18, 19]. More surprisingly, previous stud-
ies have reported that combined local and systemic ther-
apy represents a promising strategy for better tumor re-
sponse and a higher surgical conversion rate with differ-
ent mechanisms of action [20–27]. In our previous study 
[24], TACE combined with lenvatinib plus anti-PD-1 an-
tibodies (triple therapy) presented satisfactory results for 
uHCC, with an objective response rate of 77.4% and a 
convert resection rate of 46.8%. Similar outcomes of tri-
ple therapy have been reported in other studies [23]. 
However, only few studies have reported successful con-
version to surgery, and knowledge about the safety and 
prognostic advantages of salvage surgery after conver-
sion therapy are limited. Therefore, this study aimed to 

investigate the safety and clinical efficacy of salvage sur-
gery after conversion therapy in patients with initially 
uHCC. To the best of our knowledge, this study repre-
sents the largest case series on salvage surgery after con-
version therapy with local and systemic therapy.

Materials and Methods

Patients
This retrospective study included consecutive patients with ini-

tially uHCC who received at least one cycle of triple therapy (TACE 
+ lenvatinib + anti-PD-1 antibodies) and salvage surgery at five 
major cancer centers in China between June 2018 and December 
2021 (the Fujian Provincial Hospital, First Affiliated Hospital of 
Fujian Medical University, First Affiliated Hospital of Xiamen 
University, Zhongshan Hospital of Xiamen University, and Zhang-
zhou Affiliated Hospital of Fujian Medical University). Baseline 
data, including demographic, clinical, and pathological character-
istics and treatment-related outcomes, were retrospectively col-
lected. In accordance with the Declaration of Helsinki, this study 
was approved by the Ethics Committee of each institution, and 
written informed consent was obtained from all patients or their 
legal guardians.

HCC was diagnosed using histological examination or clini-
coradiological criteria, according to the guidelines proposed by 
the China Liver Cancer Staging system [4]. Patients were consid-
ered unresectable if they had extensive bilobar involvement of 
the liver and the lesions could not be radically resected, extrahe-
patic lesions, insufficient hepatic functional reserve, or a future 
liver remnant volume/standard liver volume ratio of <40% in 
patients with liver cirrhosis and <30% in patients without liver 
cirrhosis.

Conversion to resectable HCC was defined as follows: (1) R0 
resection with preservation of a sufficient remnant liver volume 
and function is achievable; (2) Child-Pugh class A; (3) Eastern Co-
operative Oncology Group performance status of 0–1; (4) no ex-
trahepatic lesions; and (5) no contraindications for hepatectomy.

The inclusion criteria were as follows: (1) initially uHCC pa-
tients treated with triple therapy (TACE + lenvatinib + anti-PD-1 
antibodies) as the first-line treatment and salvage surgery and (2) 
age between 18 and 75 years. The exclusion criteria were as follows: 
(1) prior treatment with liver resection, radiofrequency ablation, 
TACE, or systemic therapy; (2) combined with other anticancer 
treatments, such as hepatic arterial infusion chemotherapy, radio-
frequency ablation, radiotherapy, and chemotherapy; (3) a history 
of other cancers; and (4) incomplete data.

Triple Therapy Procedure
The triple therapy method has been described in detail previ-

ously [24]. Briefly, all patients received lenvatinib (8 mg for pa-
tients with body weight <60 kg or 12 mg for patients with body 
weight ≥60 kg) orally once daily and anti-PD-1 antibodies (cam-
relizumab 200 mg, sintilimab 200 mg, tislelizumab 200 mg, tori-
palimab 240 mg, penpulimab 200 mg, or pembrolizumab 200 mg) 
intravenously once every 3 weeks. Super-selective TACE was per-
formed under local anesthesia via the right femoral artery. Com-
mon hepatic or celiac arteriography was performed to discern the 
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number and location of lesions, tumor size, feeding artery, and 
presence of anatomic variations. After the artery supplying the tu-
mor was identified, iodized oil (less than 20 mL) and pirarubicin 
were mixed and injected into the super-selective tumor artery via 
a microcatheter. TACE was performed without iodized oil in the 
presence of an arterioportal shunt to prevent severe damage to 
normal liver parenchyma. Subsequently, the feeding arteries were 
selectively embolized using gelatin sponge particles until complete 
arterial flow stasis was observed. TACE was repeated every 4–6 
weeks if there was an obvious hepatic arterial blood supply to the 
tumor based on contrast-enhanced abdominal CT and/or MRI. All 
patients with active hepatitis B virus infection received oral antivi-
ral treatment (entecavir or tenofovir).

Patients were followed up every 4–8 weeks during triple thera-
py. At each appointment, patients were evaluated using clinical, 
laboratory, and radiological (contrast-enhanced CT and/or MRI) 
data for liver function, treatment-related adverse events, tumor 
response, and resectability. Tumor response was assessed accord-
ing to the modified Response Evaluation Criteria in Solid Tumors 
(mRECIST) [28].

Surgical Procedure
When the patient met the criteria of conversion to resectable 

HCC, curative intent resection was performed after obtaining in-
formed consent. Lenvatinib and anti-PD-1 antibodies were 
stopped for 1 week and 1 month before resection, respectively.

The type and extent of liver resection in each patient were 
determined based on tumor location, number of nodules, tumor 
size, degree of cirrhosis, patient performance, and hepatic func-
tional reserve. Anatomical resection was generally preferred 
over non-anatomical resection. Liver resection was classified as 
minor (fewer than three anatomical segments) or major (three 
or more anatomical segments) according to Couinaud’s classi-
fication [29].

Postoperative complications were classified according to the 
Clavien-Dindo classification [30]. Posthepatectomy liver failure 
(PHLF) was defined and graded according to the criteria estab-
lished by the International Study Group of Liver Surgery [31]. A 
standard 7-point baseline sample collection protocol was applied 
for the resected tumor specimen [4, 32]. Additional histological 
sections were obtained for suspected activated tumor lesions and 
tumor thrombi. Pathological complete response (PCR) and major 
pathological response (MPR) were defined as the complete ab-
sence and ≤10% of viable tumor cells in the resected tumor speci-
men, respectively. Based on the liver function, treatment-related 
adverse reactions, and patient performance, postoperative adju-
vant systemic therapy (lenvatinib plus anti-PD-1 antibodies) was 
recommended for 3–6 months (3 months for patients who achieved 
PCR and 6 months for others).

Follow-Up
All patients were required to undergo contrast-enhanced ab-

dominal CT or MRI, chest radiography, clinical assessment, and 
laboratory tests 1 month after surgery and every 3–6 months there-
after. When recurrence was diagnosed, treatments including ra-
diofrequency ablation, re-resection, TACE, radiotherapy, or sys-
temic therapy were initiated after recommendations by a multidis-
ciplinary tumor board, based on the characteristics of the recurrent 
tumor, liver function, and patient performance.

Study Endpoints
The primary endpoints of this study were the overall survival 

(OS) and recurrence-free survival (RFS) rates after salvage surgery. 
OS was defined as the period from the date of surgery after triple 
therapy to the date of death or last follow-up. RFS was defined as 
the interval between the date of surgery after triple therapy and the 
date of HCC recurrence or the last follow-up. Data were right-
censored at the last follow-up for living patients with no evidence 

Fig. 1. Flowchart of patient selection.
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of recurrence or death. The secondary endpoints were periopera-
tive complications, 90-day mortality, and pathological tumor re-
sponse. The last date of follow-up was June 1, 2022.

Statistical Analysis
Continuous data are presented as mean and standard deviation 

or as median and range, and categorical data are presented as num-
ber and percentage. OS and RFS were calculated using Kaplan-
Meier curves. The risk factors for RFS were identified using uni-
variate and multivariate analysis. Factors with p values <0.1 in the 

univariate analysis were entered into a multivariate Cox proportion-
al hazards model using the forward selection method. Statistical sig-
nificance was set at p < 0.05. All statistical analysis was performed 
using Statistical Package for Social Sciences software (version 24, 
IBM, Chicago, IL, USA).

Results

Baseline Characteristics
Between June 2018 and December 2021, 181 pa-

tients with uHCC who received triple therapy as con-
version therapy at five major cancer centers in China 
were enrolled, including 17 patients with Barcelona 
Clinic Liver Cancer (BCLC) stage A, 46 patients with 
BCLC stage B, and 118 patients with BCLC stage C; The 
median patient age was 57 years (range, 23–75 years), 
and 161 patients were males. A total of 164 patients had 
hepatitis B virus infection, and 104 had macrovascular 
invasion. The baseline characteristics of the entire study 
population are summarized in online supplementary 

Table 1. Demographic characteristics of patients who underwent 
salvage surgery

Characteristic Patients (n = 70)

Median age (range), years 54 (23–75)
Age, mean years ± SD 53.8±11.4
Age, n (%)

<65 years 60 (85.7)
≥65 years 10 (14.3)

Sex, n (%)
Female 9 (12.9)
Male 61 (87.1)

ECOG-PS, n (%)
0 63 (90)
1 7 (10)

Hepatitis B infection, n (%)
Yes 64 (91.4)
No 6 (8.6)

Pre-treatment AFP, n (%)
<400 ng/mL 30 (42.9)
≥400 ng/mL 40 (57.1)

Pre-treatment PIVKA-II, n (%)
<400 mAU/mL 12 (17.1)
≥400 mAU/mL 58 (82.9)

Number of tumors, n (%)
Single 23 (32.9)
Multiple 47 (67.1)

Maximum tumor size, cm 10.5±4.85
Maximum tumor size, n (%)

<10 cm 30 (42.9)
≥10 cm 40 (57.1)

Macrovascular invasion, n (%) 39 (55.7)
BCLC staging, n (%)

A 9 (12.9)
B 22 (31.4)
C 39 (55.7)

CNLC staging, n (%)
Ib 9 (12.9)
IIa 9 (12.9)
IIb 13 (18.6)
IIIa 39 (55.7)

SD, standard deviations; ECOG-PS, Eastern Cooperative 
Oncology Group performance status; AFP, alpha fetoprotein; PIVKA-
II, protein induced by vitamin K absence-II; BCLC, Barcelona Clinic 
Liver Cancer; CNLC, China Liver Cancer.

Table 2. Perioperative outcomes

Characteristic Patients (n = 70)

Surgical type, n (%)
Laparoscopic 9 (12.9)
Open 61 (87.1)

Major hepatectomy, n (%) 51 (72.9)
Operative time, min (range) 205 (90–340)
Blood loss, mL (range) 300 (100–6,000)
Blood loss, n (%)

<500 mL 43 (61.4)
≥500 mL 27 (38.6)

Blood transfusion, n (%)
Yes 24 (34.3)
No 46 (65.7)

Pathological reaction, n (%)
PCR 29 (41.4)
MPR 59 (84.3)

Microvascular invasion, n (%)
M0 50 (71.4)
M1 13 (18.6)
M2 7 (10)

Clavien-Dindo classification, n (%)
0–IIIa 65 (92.9)
IIIb-V 5 (7.1)

Post-hepatectomy liver failure, n (%) 16 (22.9)
Post-hepatectomy liver failure, n (0/A/B/C) 54/12/2/2
Postoperative hospital stay, days (range) 10 (5–28)

PCR, pathological complete response; MPR, major pathological 
response.
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Table 1 (for all online suppl. material, see www. 
karger.com/doi/10.1159/000528356). A total of 77 pa-
tients reached the standard of conversion to resectable 
HCC; of them, 7 refused surgical resection and continued 
triple therapy and 70 underwent salvage surgery (Fig. 1).

Of the 70 patients who underwent salvage surgery, 9, 
22, and 39 had BCLC stage A, B, and C disease, respec-
tively. Sixty-one patients (87.1%) were men and 9 (12.9%) 
were women; the median age was 54 years (range, 23–75 
years). Seven patients (10%) had an Eastern Cooperative 
Oncology Group performance status of 1, and 61 patients 
(91.4%) had hepatitis B infection. Macrovascular invasion 
was detected in 39 patients (55.7%), and 47 patients 
(67.1%) had multiple tumors. The mean maximum tumor 
diameter was 10.5 ± 4.85 cm (Table 1).

Triple Therapy Procedure
All patients received at least one cycle of first-line 

triple therapy. The median number of anti-PD-1 anti-
bodies and TACE were 4 cycles (range, 1–9 cycles) and 
2 times (range, 1–7 times), respectively. The anti-PD-1 
antibodies included camrelizumab (200 mg, n = 24), 
sintilimab (200 mg, n = 22), tislelizumab (200 mg, n = 
11), toripalimab (240 mg, n = 8), penpulimab (200 mg, 
n = 3), and pembrolizumab (200 mg, n = 2). After con-
version therapy, 34 patients achieved complete re-
sponse and 36 achieved partial response according to 
the mRECIST.

Salvage Surgery and Perioperative Conditions
The median interval between the start of triple therapy 

and salvage surgery was 4.3 months (range, 1.7–14.2 
months). Nine patients underwent laparoscopic surgery, 
and the remaining 61 patients (87.1%) underwent open 
surgery. Fifty-one patients (72.9%) underwent major 
hepatectomy. The median surgery time was 205 min 
(range, 90–340 min), and the median blood loss volume 
was 300 mL (range, 100–6,000 mL). Twenty-four patients 
(34.3%) underwent blood transfusion. PCR and MPR 
were achieved in 29 (41.4%) and 59 (84.3%) patients, re-
spectively. The median postoperative hospital stay was 10 
days (range, 5–28 days). Five patients (7.1%) experienced 
Clavien-Dindo grade IIIb or higher complications, in-
cluding pulmonary embolism (n = 1) and PHLF (n = 4). 
The prevalence of PHLF was 22.9%, with 12, 2, and 2 pa-
tients experiencing grade A, grade B, and grade C PHLF, 
respectively (Table 2). The 90-day mortality rate was 2.9% 
(2/70). Both patients underwent right hemihepatectomy 
for HCC with tumor thrombus in the right branch of the 
portal vein but unfortunately died of PHLF 9 days and 3 
months after surgery, respectively.

Follow-Up
The cutoff date for the present analysis was June 1, 

2022. All the patients were followed up until the cutoff 
date or death. The median postoperative duration of 
adjuvant systemic treatment (lenvatinib plus anti-PD-1 

a b

Fig. 2. Kaplan-Meier estimates of recurrence-free survival (a) and overall survival (b).
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antibodies) was 6.2 months (range, 0–13.8 months). At 
a median follow-up of 12.9 months (range, 0.3–36.8 
months), the median OS and RFS were not reached. 
The 1- and 2-year OS rates were 97.1% and 94.4%, re-
spectively, and the corresponding RFS rates were 68.9% 
and 54.4%, respectively (Fig. 2).

Tumor recurrence was detected in 21 patients. Sub-
sequent treatments for recurrence were initiated follow-
ing the recommendations of a multidisciplinary tumor 
board, including repeat hepatectomy, radiofrequency 
ablation, radiotherapy, and second-line systemic thera-
py (Table 3). In addition to the two patients who died 
within 90 days after surgery, one patient died of gastro-
esophageal variceal bleeding due to portal hypertension 
without evidence of recurrence 13.1 months after sal-
vage surgery.

Risk Factor Analysis for RFS
Univariate and multivariate analysis indicated that a 

high count of white blood cells (hazard ratio [HR], 
0.029; 95% confidence interval [CI], 0.006–0.136; p < 
0.001), a high hemoglobin level (HR, 0.060; 95% CI: 
0.011–0.330; p = 0.001), a single tumor (HR, 0.140; 95% 
CI: 0.041–0.483; p = 0.002), and PCR (HR, 0.113; 95% 
CI: 0.031–0.409; p = 0.001) were beneficial factors for 
RFS. Complications classified as IIIb-V on the Clavien-
Dindo classification (HR, 14.535; 95% CI: 3.210–
65.824; p = 0.001) were identified as risk factors for RFS 
(Table 4).

Conclusion
The prognosis of patients with uHCC is poor, and the 

median survival is less than 1 year [1–4]. Fortunately, sig-
nificant progress has been made in the development of 
systemic therapy for the treatment of HCC, and an in-
creasing number of studies have reported the possibility 
of conversion to resectable HCC in the past 5 years [7, 18, 
19]. Furthermore, systemic therapy combined with TACE 
has a synergistic effect in increasing the rate of tumor re-
sponse and conversion to resection [23]. In this study, the 
true rate of convert resection with triple therapy was 
38.7% (70/181). A total of 70 patients received salvage sur-
gery with acceptable surgical complications. PCR and 
MPR were observed in 29 and 59 patients, respectively. 
The 90-day mortality rate was 2.9%. With a median fol-
low-up of 12.9 months after surgery (range, 0.3–36.8 
months), the median OS and RFS were not reached. The 
1- and 2-year OS rates were 97.1% and 94.4%, respective-
ly, and the corresponding RFS rates were 68.9% and 54.4%, 
respectively. Therefore, the combination of TACE, lenva-
tinib, and anti-PD-1 antibodies provides a good chance of 
conversion therapy in patients diagnosed with uHCC.

Only few studies have reported the safety of conversion 
surgery for HCC. In our study, PHLF was identified in 16 
of 70 patients (22.9%), and it was the most common severe 
complication (grade IIIb or higher). Furthermore, two pa-
tients who underwent salvage right hemihepatectomy for 
advanced HCC with portal vein tumor thrombus died in 
the perioperative period due to PHLF. Although the inci-
dence of PHLF was significantly higher than that reported 
previously (approximately 10%) [31], most of PHLF is 
grade A/B PHLF, which are manageable without invasive 
treatment, and the incidence of grade C PHLF is only 2.9%, 
which is tolerable. In our study, most of the patients under-
went major hepatectomy (72.9%) with a high tumor bur-
den and/or extensive tumor involvement. Moreover, pa-
tients always are in a relatively poor liver function reserve 
or general condition due to the superimposed hepatotoxic 
side effects of comprehensive treatment. The above condi-
tions might contribute to the high incidence of PHLF in the 
conversion therapy. PHLF is the major source of morbidity 
and mortality after surgery, and clinicians should pay more 
attention to this when conversion surgery is performed.

In our study, three patients died during follow-up: two 
in the perioperative period and one 13.1 months after sal-
vage surgery due to gastroesophageal variceal bleeding 
caused by portal hypertension. No patients died of tumor 
recurrence. Although salvage surgery improves OS in pa-
tients with uHCC, the high rate of postoperative recur-
rence, especially intrahepatic recurrence, remains a critical 

Table 3. Patterns of tumor recurrence

Patients (n = 70)

Number of patients with HCC recurrence, n (%) 21 (30)
Site of recurrence, n (%)

Intrahepatic recurrence 16 (76.2)
Extrahepatic recurrence 3 (14.3)
Both intra- and extrahepatic recurrence 2 (9.5)

Time until recurrence, n
<1 year 19
≥1 year 2

Major treatment for tumor recurrence, n
Repeat hepatectomy 3
Radiofrequency ablation 4
Radiotherapy 7
Second-line systemic therapy 2
Systemic therapy + TACE 2
None 3

HCC, hepatocellular carcinoma; TACE, transcatheter arterial 
chemoembolization.
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problem. Overall, 19 patients (27.1%) showed relapse with-
in 1 year after surgery. Aggressive treatment, including re-
peat hepatectomy, radiofrequency ablation, and radiother-
apy, could improve the prognosis of selected patients with 
local recurrence. Although postoperative recurrence af-
fects prognosis, the tumor burden is significantly lower 
than that before conversion, and the treatment is simpler. 
Careful preoperative imaging evaluation, regular postop-
erative follow-up, and aggressive treatment are important 
for improving patient prognosis.

Although the efficacy of systemic treatment for pa-
tients with uHCC has been widely accepted, the median 
progression-free survival of first-line systemic treatments 
(such as atezolizumab and bevacizumab, durvalumab 
and tremelimumab, levatinib, and sorafenib) is less than 
10 months [3, 10, 33–35]. In our study, 7 patients re-
fused salvage surgery after successful conversion therapy, 
and 5 of them had progression (range, 5.7–12.6 m). 
Therefore, salvage surgery is an important means to 

achieve a long-term progression-free survival and OS. 
Additionally, salvage surgery is of great significance to 
reduce drug resistance and treatment-related adverse 
reactions. Whether salvage surgery is necessary when 
achieving clinical CR remains controversial. However, 
clinical CR does not represent PCR. In our study, five 
patients with clinical CR were pathologically confirmed 
to have partial response or MPR. The postoperative pa-
thology can not only finally clarify the pathological tu-
mor response, but also provide guidance for adjuvant 
treatment. In general, salvage surgery is essential to im-
prove the long-term tumor-free survival and provide 
guidance for adjuvant treatment, but it still needs fur-
ther exploration by prospective research.

This study has several limitations. This was a retro-
spective, single-arm study with a comparatively short fol-
low-up time; however, it represents the largest reported 
case series on salvage surgery after conversion therapy 
with TACE and systemic treatment, and the prognostic 

Table 4. Univariate and multivariate analysis of factors related to the RFS

Variables Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) p value

Sex (male) 1.231 0.531–1.827 0.690
Age (≥65 years) 0.934 0.274–3.182 0.914
ECOG-PS (1) 1.773 0.520–6.047 0.360
Hepatitis B infection (positive) 1.198 0.278–5.154 0.809
WBC count (≥4 × 109/L) 0.213 0.070–0.647 0.006 0.029 0.006–0.136 <0.001
Hemoglobin level (≥100 g/L) 0.167 0.038–0.745 0.019 0.060 0.011–0.330 0.001
PLT count (≥100 × 109/L) 0.733 0.169–3.175 0.678
Total bilirubin level (≥34 μmol/L) 1.173 0.155–8.864 0.877
Albumin level (≥35 g/L) 0.692 0.203–2.362 0.556
ALT level (≥40 IU/L) 1.162 0.492–2.743 0.732
AST level (≥40 IU/L) 1.272 0.535–3.023 0.587
Pre-treatment AFP level (≥400 ng/mL) 1.551 0.641–3.754 0.330
Pre-treatment PIVKA-II (≥400 mAU/mL) 3.056 0.707–13.203 0.135
Tumor number (single) 0.330 0.110–0.992 0.048 0.140 0.041–0.483 0.002
Maximum tumor size (≥10 cm) 0.710 0.301–1.674 0.434
Macrovascular invasion (positive) 0.520 0.218–1.242 0.141
Surgical type (laparoscopic) 0.942 0.275–3.223 0.924
Major hepatectomy (yes) 0.766 0.308–1.904 0.567
Operative time (≥180 min) 1.173 0.449–3.063 0.745
Blood loss (≥500 mL) 0.938 0.386–2.279 0.887
Blood transfusion (yes) 0.918 0.370–2.280 0.854
Clavien-Dindo classification (IIIb–V) 6.723 1.891–23.901 0.003 14.535 3.210–65.824 0.001
Pathological reaction (PCR) 0.333 0.121–0.915 0.033 0.113 0.031–0.409 0.001
Microvascular invasion (M0) 0.629 0.253–1.564 0.318

RFS, recurrence-free survival; HR, hazard ratio; CI, confidence interval; ECOG-PS, Eastern Cooperative Oncology Group performance 
status; WBC, white blood cells; PLT, platelet; ALT, alanine aminotransferase; AST, aspartate transaminase; AFP, alpha fetoprotein; PIVKA-II, 
protein induced by vitamin K absence-II; PCR, pathological complete response; bold, p < 0.05.
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advantage of salvage surgery after conversion therapy was 
clearly demonstrated. Additionally, patients in this study 
received various anti-PD-1 antibodies, different times of 
TACE, varied durations of adjuvant systemic treatment, 
which may influence the long-term effect of salvage sur-
gery. Therefore, large-scale, well-designed randomized 
controlled trials are required to evaluate the efficacy and 
safety of salvage surgery after triple therapy in patients 
with uHCC. Finally, this study was conducted in China, 
which has a high incidence of HBV-related uHCC; there-
fore, whether the study results can be extrapolated to pa-
tients with uHCC due to other etiologies is unknown.

In conclusion, the first-line combination of TACE, 
lenvatinib, and anti-PD-1 antibodies provides a better 
chance of conversion therapy in patients with initially 
uHCC. Furthermore, salvage surgery after conversion 
therapy is effective and safe and has the potential to pro-
vide excellent long-term survival benefits.
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