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Purpose: This study aimed to assess the efficacy and safety of adjuvant transarterial chemoembolization (TACE) plus tyrosine kinase
inhibitor (TKI) treatment in patients with hepatocellular carcinoma (HCC) with a high risk of early recurrence after curative resection.
Patients and Methods: Patients from multiple centres were divided into postoperative adjuvant TACE with (n=57) or without
(n=142) TKI administration groups. The disease-free survival (DFS) curve was depicted by the Kaplan–Meier method, and the
difference between the two groups was tested using the log rank test. Univariate and multivariate Cox analyses were performed to
identify independent risk factors for DFS. Additionally, three propensity score analyses were performed to minimise the potential
confounding factors to facilitate a more reliable conclusion. Adverse events (AEs) were assessed according to the Common
Terminology Criteria for Adverse Events, version 4.0.
Results: The 1-and 2-year DFS rates of the TACE plus TKI treatment group were 45.5% and 34.9%, respectively, which were
significantly better than those of the TACE alone group (26.8% and 18.3%, respectively). Multivariate analysis identified adjuvant
TACE plus TKI treatment as an independent prognostic factor for DFS (hazard ratio: 0.611, 95% confidence interval: 0.408–0.915,
P=0.017). Further analysis based on the various propensity score methods yielded similar results. Subgroup analysis showed that
patients with tumour diameter ≥5 cm, tumour number <3, absence of hepatic vein tumour thrombus and bile duct tumour thrombus,
ruptured tumours, and stage IIIB could benefit more from TACE plus TKI treatment (all P<0.05). Some patients (33.33%) experienced
grade ≥3 AEs in the TACE plus TKI group.
Conclusion: TACE plus TKI treatment can reduce the incidence of early recurrence with tolerable adverse events in HCC patients at
high risk of recurrence after hepatectomy and may be an appropriate option in postoperative anti-recurrence treatment.
Keywords: hepatocellular carcinoma, resection, TACE, TKI, early-recurrence

Introduction
Hepatocellular carcinoma (HCC) is the most common subtype of liver cancer and the fourth leading cause of cancer-
related deaths worldwide, with approximately 841,000 new cases and 782,000 deaths annually.1 Liver transplantation,
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ablation, and hepatectomy are the main curative treatment options for patients with HCC. Due to the lack of donors, the
high cost of liver transplantation and the relatively strict indications of ablation, hepatectomy remains the most performed
curative treatment for HCC.2,3 However, the high incidence of postoperative relapse limits the efficacy of hepatectomy
and jeopardises patients’ long-term outcomes. Even after radical resection, the rates of recurrence remain as high as 50%
at 3 years and 70% at 5 years.4,5

Postoperative recurrence of HCC is mainly divided into early recurrence and late recurrence using a cut-off of 2
years, and the pathogenesis and corresponding prevention measures are quite different between the two types of
recurrence.6,7 Recently, it has been confirmed that antiviral therapy is the standard treatment for the prevention of late
recurrence; however, the optimal prevention measures for early recurrence remain inconclusive.8–10

The efficacy of adjuvant transarterial chemoembolization (TACE) in patients at high risk of recurrence after
hepatectomy has been confirmed by a series of randomised controlled studies (RCTs) and systematic reviews and has
been widely carried out in many Chinese medical centres under the recommendation of guidelines for the diagnosis and
treatment of primary liver cancer in China; however, some patients still experience tumour recurrence after adjuvant
TACE.9,11–13 Tyrosine kinase inhibitors (TKIs) are the cornerstone of systemic treatment of HCC, and with the rapid
development of systemic treatment of HCC, several oral TKI agents, such as sorafenib, lenvatinib, and apatinib, have
been approved for the treatment of HCC and have achieved good efficacy.14–16 The efficacy of TKI agents to prevent
recurrence in specific populations has also been reported.17,18 However, whether TACE plus TKI agents can reduce the
early recurrence of HCC and whether it has an effect on the early recurrence pattern have not been reported. Therefore,
this study aimed to investigate the efficacy and safety of TACE plus TKI treatment in patients at high risk of recurrence
after hepatectomy for HCC.

Materials and Methods
Patient Selection
This retrospective study was conducted in accordance with the ethical guidelines of the 1975 Declaration of Helsinki and
was approved by the institutional ethics committee of the Mengchao Hepatobiliary Hospital of Fujian Medical
University. The data of patients who were at high risk of early relapse after curative resection of HCC between
February 2014 and January 2021 were collected from three Chinese hepatobiliary medical centres, including
Mengchao Hepatobiliary Hospital of Fujian Medical University, Zhangzhou Affiliated Hospital of Fujian Medical
University, and Huashan Hospital of Fudan University.

The inclusion criteria were as follows: 1) histologically confirmed HCC; 2) receipt of R0 resection, referring to the
complete removal of all visible tumour nodules during surgery and a microscopically negative surgical margin; 3) receipt
of adjuvant TACE with or without TKI administration to prevent recurrence; 4) high risk of early relapse after resection
defined as any of the following (a) a tumour diameter >5 cm plus microvascular invasion (MVI) (b) the number of
tumour nodules ≥3; (c) portal vein tumour thrombus (PVTT); (d) hepatic vein tumour thrombus (HVTT); (e) bile duct
tumour thrombus (BDTT); (f) ruptured HCC. The exclusion criteria were as follows: 1) recurrent HCC; 2) palliative
tumour resection; 3) recurrence within the first month after surgery; 4) medical history of other malignancies; 5) receipt
of other anti-recurrence treatments after surgery; 6) incomplete clinical or follow-up data.

Preoperative Assessment, Hepatectomy, and Follow Up
The diagnosis of HCC conformed to the practice guidelines recommended by the American Association for the Study of
Liver Disease.19 Each patient underwent a comprehensive preoperative assessment, including haematological tests, chest
computed tomography (CT), electrocardiogram, abdominal contrast-enhanced CT or magnetic resonance imaging, and
cardiopulmonary function examination. For patients diagnosed with large HCCs, three-dimensional imaging measure-
ments were routinely used to assess remnant liver volume. Only patients with sufficient remnant liver volume to achieve
R0 resection were considered candidates for surgery. The decision to perform hepatectomy was made by consensus after
a multidisciplinary team discussion. The performance of anatomical or partial hepatectomy depends on the liver function
status of the patients and the number, location, and extension of tumour nodules. In general, anatomical hepatectomy is
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the preferred procedure for tumour nodules situated in a segment, sector, and hemiliver, and partial hepatectomy was
performed for patients with dissatisfactory liver function or with peripherally located tumours. For patients with
macrovascular invasion or bile duct tumour thrombus, thrombectomy or en bloc resection was performed depending
on the location of the tumour thrombus.

After discharge, patients received routine outpatient follow up every 2 months for 2 years after the operation, then
every 3–6 months thereafter. The contents of the follow-up protocol encompassed tumour marker tests, liver and kidney
function tests, chest and abdominal imaging examinations, and positron emission tomography-CT examination was
performed to identify extrahepatic metastatic lesions. If recurrence was diagnosed, re-resection, ablation, TACE, radio-
therapy, and systemic treatment were performed as appropriate.

The primary endpoint of this study was 2 years of disease-free survival (DFS), defined as the period from operation to
recurrence, death, or loss of follow up within 2 years after surgery, whichever occurred first. The second endpoint was
early recurrence patterns and treatment-related adverse events of adjuvant TKI treatment.

Clinicopathological Variables and Definitions
MVI refers to the presence of cancer cells in the portal vein, hepatic vein, or a large capsular vessel of the surrounding
hepatic tissue lined by the endothelium, visible only on microscopy. According to the guidelines for pathologic diagnosis
of HCC in China, all tumour samples were collected using the seven-point baseline protocol, and MVI was classified as
M0, M1, and M2 based on the severity of MVI.20 M0 was defined as no MVI; M1 was defined as low risk of MVI, which
refers to less than 5 invaded vessels and a distance of less than 1 cm between MVI and the primary tumour nodule; M2
was defined as high risk of MVI, which refers to more than 5 invaded vessels or a distance of more than 1 cm between
MVI and the primary tumour nodule. Tumour diameter was defined as the largest tumour lesion size. Tumour cell
differentiation assessment was based on the Edmondson–Steiner classification for multiple tumour nodules; the worst
histologic grade of tumour differentiation was accepted. The extent of hepatectomy was divided into major and minor
hepatectomy, which refers to the resection of three or more Couinaud’s segments, and minor hepatectomy was defined as
the resection extent of fewer than three segments.

Adjuvant TACE and TKI
Adjuvant TACE therapy was administered within 1–2 months after recovery of postoperative liver function, and
the second or more cycles of TACE was decided based on the comprehensive evaluation of the patient’s condition by
the respective competent physicians, which to a certain extent depends on the experience of each medical center.11 TACE
procedures were previously reported.21 The Seldinger method was used to insert the arterial angiographic catheter
through the femoral artery to the proper hepatic artery, and TACE was performed on the whole remnant liver. Liver
angiography and/or CT angiography were performed to detect residual tumour staining. After intrahepatic recurrent
lesions exclusion, the chemotherapeutic drugs lipiodol (5–10 mL), cisplatin (10–30 mg), doxorubicin hydrochloride
(10 mg), and pharmorubicin (20–40 mg) were injected via the catheter. The dosage of doxorubicin and lipiodol was
determined as per the body surface area and underlying liver function status of the patients. The chemotherapeutic agents
used varied from centre to centre, depending on their experience.

TKI agents were administered after either hepatectomy or adjuvant TACE once the patient’s liver function recovered. The
indications for TKI agents and the specific type of TKI agent were determined by the patients’ wishes and consultation with
their attending physicians. The TKI agents used in the study included sorafenib, lenvatinib, and apatinib. Sorafenib was
initially administered at an oral dose of 400 mg twice daily. Apatinib was initially administered at an oral dose of 500 mg
once daily. The initial dosage of lenvatinib depended on patients’ weight as follows: 12 mg once daily for patients weighing
over 60 kg and 8 mg once daily for patients weighing less than 60 kg. Dosage adjustment and interruption were determined
by the physician based on the grade of drug-related adverse effects (AEs) experienced by the patients. The grade of AEs was
based on the National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.0. The TKI agent was
discontinued when the patient experienced an unacceptable AE or tumour recurrence.
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Statistical Analysis
Continuous data, summarised as the mean (standard deviation), were compared using Student’s t-test or the Mann–
Whitney U-test. Categorical data were expressed as a number (percentage, %) and compared using the chi-square test or
Fisher’s exact test. DFS curves were presented using the Kaplan–Meier method, and the difference in DFS between
groups was tested using the Log rank test. Univariate and multivariate Cox proportional hazard regression analyses were
performed to identify independent risk factors for DFS. Variables with P<0.2 in univariate analysis were then evaluated
by multivariate analysis.

Three propensity score methods, including inverse probability weighting (IPW), propensity score matching (PSM),
and an additional adjustment of the propensity score, were performed in this study to offset the potential selection bias
caused by the retrospective, non-RCT study design.22–24 Individualised propensity scores were estimated by multivariate
logistic regression analysis that included the imbalanced clinicopathological variables (age, total bilirubin, intraoperative
transfusion, rupture, and PVTT). For inverse probability weighting analysis, the predictive probability of the propensity
score model was used to calculate the inverse probability weighting weight and construct a weighted cohort in which the
confounding factors were balanced between treatment groups.23 A 1:1 PSM analysis was conducted using the nearest
neighbour method with a calliper width equal to 0.1 of the standard deviation of the logit of the propensity score to create
a PSM cohort. Further, we also performed multivariate Cox proportional hazards analysis with adjustment for propensity
score in the primary cohort.22

All statistical analyses were two-sided, and P<0.05 was regarded as statistically significant. SPSS version 20 (SPSS,
Inc., Chicago, IL, USA) and R version 4.1.1 (R Project, Vienna, Austria) were used to perform statistical analysis.

Results
Baseline Characteristics
According to the inclusion and exclusion criteria of this study, 199 patients with a high risk of recurrence after
hepatectomy for HCC were included, including 142 patients in the TACE group and 57 patients in the TACE plus
TKI group (Figure S1). As shown in Table 1, in the overall cohort, the mean age of patients was 51.8 ± 12.1 years. Most
of the patients were male (86.4%) and had hepatitis B infection (92.0%), and the proportion of liver cirrhosis reached
69.8%. Regarding tumour characteristics, most of the patients showed aggressive tumour characteristics, with the mean
tumour diameter reaching 8.59 ± 3.75 cm and the proportion of ≥3 tumour nodules reaching 16.6%. MVI was present in
97.5% of patients, and the proportions of M1 and M2 were 35.7% and 61.8%, respectively. Most patients had PVTT
(52.3%), and the proportion of BDTT was 11.6%. Regarding the American Joint Committee on Cancer (AJCC) 8th
staging system, most patients (47.7%) were stage IIIB, while the proportions of stage II and IIIA were 39.7% and 12.6%,
respectively.

There were no significant differences in other variables between the two groups except for age, total bilirubin level,
intraoperative blood transfusion, tumour rupture, and PVTT proportions. Compared with the TACE alone group, the
patients in the TACE plus TKI group were younger, had a higher total bilirubin level, a lower incidence of PVTT, and
a higher proportion of ruptured tumour nodules. We constructed a matched cohort of 96 patients through PSM analysis,
and the baseline clinicopathological features of the two groups were balanced. Similarly, in the weighted cohort
constructed by IPW analysis, the baseline characteristics of the two groups were balanced (Table 1).

DFS and Recurrence Patterns
The median follow-up period for the entire cohort was 23.7 months (range: 3.0–82.2 months), including 23.8 months (range:
8.2–55.2 months) for the TACE plus TKI group and 23.5 months (range: 3.0–82.2 months) for the TACE group. All the
events in this cohort were recurrences (152 DFS events in 199 patients), and thus, time to progression was equivalent to time
to recurrence. As shown in Figure 1A, in the primary cohort, Kaplan–Meier analysis showed that the TACE plus TKI group
had higher 1-and 2-year DFS rates than the TACE group (45.5% and 34.9% vs 26.8% and 18.3%, respectively, P=0.008). In
the PSM cohort, the DFS of the TACE plus TKI group was also better than that of the TACE group (P=0.01, Figure 1B), and
the 1-and 2-year DFS rates were 43.7% and 20.9% in the TACE plus TKI group and 20.8% and 12.2% in the TACE group,
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Table 1 Baseline Clinical Characteristics of the Two Treatment Groups

Primary Cohort P-value PSM Cohort P-value IPW Cohort P-value

Total TACE TACE +

TKI

TACE TACE +

TKI

TACE TACE + TKI

(N=199) (N=142) (N=57) (N=48) (N=48) (N=196.9) (N=196.4)

Age, Mean (SD), year 51.8 (12.1) 53.1 (11.7) 48.6 (12.7) 0.025 51.3 (12.0) 50.0 (12.3) 0.61 52.36 (11.87) 51.26 (11.82) 0.567

Gender

Male 172 (86.4%) 125 (88.0%) 47 (82.5%) 0.299 39 (81.3%) 39 (81.3%) 1 169.4 (86.0%) 146.9 (74.8%) 0.149

Female 27 (13.6%) 17 (12.0%) 10 (17.5%) 9 (18.8%) 9 (18.8%) 27.5 (14.0%) 49.5 (25.2%)

HBsAg

Negative 16 (8.0%) 8 (5.6%) 8 (14.0%) 0.079 2 (4.2%) 6 (12.5%) 0.268 10.0 (5.1%) 21.7 (11.0%) 0.132

Positive 183 (92.0%) 134 (94.4%) 49 (86.0%) 46 (95.8%) 42 (87.5%) 187.0 (94.9%) 174.7 (89.0%)

Liver cirrhosis

Absent 60 (30.2%) 41 (28.9%) 19 (33.3%) 0.535 15 (31.3%) 14 (29.2%) 0.824 56.3 (28.6%) 60.2 (30.6%) 0.8

Present 139 (69.8%) 101 (71.1%) 38 (66.7%) 33 (68.8%) 34 (70.8%) 140.6 (71.4%) 136.2 (69.4%)

Platelets, Mean (SD), 109/L 210 (92.2) 203 (87.0) 227 (103) 0.13 210 (89.5) 228 (106) 0.376 206.46 (93.85) 225.65 (102.09) 0.299

Total bilirubin, Mean

(SD), umol/L

28.0 (46.3) 31.4 (53.3) 19.7 (17.9) 0.022 16.3 (6.97) 20.5 (19.4) 0.154 27.98 (47.88) 26.42 (31.23) 0.851

Albumin, Mean (SD), g/L 39.3 (4.87) 39.4 (4.80) 39.1 (5.06) 0.7 39.7 (4.61) 39.5 (4.42) 0.822 39.55 (4.72) 39.42 (4.58) 0.859

ALT, Mean (SD), U/L 62.0 (64.1) 61.6 (65.0) 62.9 (62.5) 0.893 53.1 (49.3) 66.7 (66.9) 0.261 59.08 (60.70) 84.05 (80.60) 0.125

AST, Mean (SD), U/L 59.7 (47.9) 60.0 (49.4) 58.9 (44.5) 0.877 58.3 (57.9) 63.4 (47.1) 0.635 58.24 (47.76) 77.40 (62.93) 0.165

GGT, Mean (SD), U/L 157 (169) 164 (180) 137 (137) 0.252 124 (111) 145 (144) 0.424 153.56 (167.55) 187.41 (201.02) 0.459

AFP, ng/mL

<400 106 (53.3%) 77 (54.2%) 29 (50.9%) 0.669 30 (62.5%) 24 (50.0%) 0.217 108.0 (54.9%) 95.5 (48.6%) 0.485

≥400 93 (46.7%) 65 (45.8%) 28 (49.1%) 18 (37.5%) 24 (50.0%) 88.9 (45.1%) 100.9 (51.4%)

Intraoperative blood loss, mL

<800 184 (92.5%) 128 (90.1%) 56 (98.2%) 0.072 43 (89.6%) 47 (97.9%) 0.204 177.2 (90.0%) 186.4 (94.9%) 0.491

≥800 15 (7.5%) 14 (9.9%) 1 (1.8%) 5 (10.4%) 1 (2.1%) 19.7 (10.0%) 10.0 (5.1%)

Intraoperative transfusion

No 153 (76.9%) 103 (72.5%) 50 (87.7%) 0.022 40 (83.3%) 42 (87.5%) 0.563 151.7 (77.1%) 153.4 (78.1%) 0.908

Yes 46 (23.1%) 39 (27.5%) 7 (12.3%) 8 (16.7%) 6 (12.5%) 45.2 (22.9%) 43.0 (21.9%)

Anatomic hepatectomy

No 123 (61.8%) 85 (59.9%) 38 (66.7%) 0.372 31 (64.6%) 29 (60.4%) 0.673 121.6 (61.7%) 108.4 (55.2%) 0.462

Yes 76 (38.2%) 57 (40.1%) 19 (33.3%) 17 (35.4%) 19 (39.6%) 75.3 (38.3%) 88.1 (44.8%)

Major hepatectomy

Minor 133 (66.8%) 93 (65.5%) 40 (70.2%) 0.526 31 (64.6%) 31 (64.6%) 1 131.2 (66.6%) 118.0 (60.1%) 0.458

Major 66 (33.2%) 49 (34.5%) 17 (29.8%) 17 (35.4%) 17 (35.4%) 65.7 (33.4%) 78.4 (39.9%)

(Continued)
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Table 1 (Continued).

Primary Cohort P-value PSM Cohort P-value IPW Cohort P-value

Total TACE TACE +

TKI

TACE TACE +

TKI

TACE TACE + TKI

(N=199) (N=142) (N=57) (N=48) (N=48) (N=196.9) (N=196.4)

Tumor number

<3 166 (83.4%) 119 (83.8%) 47 (82.5%) 0.817 41 (85.4%) 39 (81.3%) 0.584 166.0 (84.3%) 161.7 (82.3%) 0.748

≥3 33 (16.6%) 23 (16.2%) 10 (17.5%) 7 (14.6%) 9 (18.8%) 30.9 (15.7%) 34.7 (17.7%)

Tumor diameter, Mean

(SD), cm

8.59 (3.75) 8.49 (3.68) 8.85 (3.94) 0.56 8.55 (3.99) 9.17 (4.13) 0.462 8.42 (3.62) 9.20 (4.58) 0.372

MVI

M0 5 (2.5%) 3 (2.1%) 2 (3.5%) 0.197 3 (6.3%) 2 (4.2%) 0.544 4.4 (2.2%) 8.2 (4.2%) 0.688

M1 71 (35.7%) 46 (32.4%) 25 (43.9%) 15 (31.3%) 21 (43.8%) 67.5 (34.3%) 74.4 (37.9%)

M2 123 (61.8%) 93 (65.5%) 30 (52.6%) 30 (62.5%) 25 (52.1%) 125.1 (63.5%) 113.9 (58.0%)

Capsule

None 68 (34.2%) 53 (37.3%) 15 (26.3%) 0.179 19 (39.6%) 14 (29.2%) 0.549 75.2 (38.2%) 51.0 (26.0%) 0.109

Incomplete 104 (52.3%) 73 (51.4%) 31 (54.4%) 22 (45.8%) 25 (52.1%) 101.7 (51.6%) 102.2 (52.0%)

Complete 27 (13.6%) 16 (11.3%) 11 (19.3%) 7 (14.6%) 9 (18.8%) 20.0 (10.2%) 43.2 (22.0%)

Satellite nodules

Absent 94 (47.2%) 68 (47.9%) 26 (45.6%) 0.772 25 (52.1%) 22 (45.8%) 0.540 100.8 (51.2%) 83.2 (42.4%) 0.321

Present 105 (52.8%) 74 (52.1%) 31 (54.4%) 23 (47.9%) 26 (54.2%) 96.1 (48.8%) 113.2 (57.6%)

Rupture

No 183 (92.0%) 138 (97.2%) 45 (78.9%) <0.001 44 (91.7%) 45 (93.8%) 1 183.6 (93.3%) 180.8 (92.0%) 0.781

Yes 16 (8.0%) 4 (2.8%) 12 (21.1%) 4 (8.3%) 3 (6.3%) 13.3 (6.7%) 15.6 (8.0%)

PVTT

No 95 (47.7%) 59 (41.5%) 36 (63.2%) 0.006 28 (58.3%) 27 (56.3%) 1 93.4 (47.4%) 99.2 (50.5%) 0.73

Yes 104 (52.3%) 83 (58.5%) 21 (36.8%) 20 (41.7%) 21 (43.8%) 103.5 (52.6%) 97.2 (49.5%)

HVTT

No 188 (94.5%) 134 (94.4%) 54 (94.7%) 1 47 (97.9%) 45 (93.8%) 0.617 187.1 (95.0%) 178.3 (90.8%) 0.378

Yes 11 (5.5%) 8 (5.6%) 3 (5.3%) 1 (2.1%) 3 (6.3%) 9.9 (5.0%) 18.1 (9.2%)

BDTT

No 176 (88.4%) 125 (88.0%) 51 (89.5%) 0.773 45 (93.8%) 42 (87.5%) 0.486 176.3 (89.6%) 165.4 (84.2%) 0.41

Yes 23 (11.6%) 17 (12.0%) 6 (10.5%) 3 (6.3%) 6 (12.5%) 20.6 (10.4%) 31.0 (15.8%)

AJCC staging system8th

II 79 (39.7%) 57 (40.1%) 22 (38.6%) 0.921 23 (47.9%) 22 (45.8%) 0.846 82.9 (42.1%) 78.2 (39.8%) 0.963

IIIA 25 (12.6%) 17 (12.0%) 8 (14.0%) 6 (12.5%) 8 (16.7%) 25.4 (12.9%) 26.6 (13.6%)

IIIB 95 (47.7%) 68 (47.9%) 27 (47.4%) 19 (39.6%) 18 (37.5%) 88.6 (45.0%) 91.6 (46.6%)

(Continued)
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respectively. In the IPW-weighted cohort, the Kaplan–Meier analysis showed the same result, with better DFS rates in the
TACE plus TKI group than in the TACE group (P=0.01, Figure 1C). Further exploratory analysis in the primary cohort
revealed that compared with the TACE group, all three TKI groups showed better DFS rates, and the DFS of the lenvatinib
and sorafenib groups was slightly better than that of the apatinib group (Figure S2).

During the 2-year follow-up period after hepatectomy, tumour recurrence occurred in 36 (63.2%) patients in the
TACE plus TKI group and 116 (81.7%) patients in the TACE group. In terms of recurrence patterns, there was no
significant difference between the two groups in terms of tumour location, tumour number, and presence of macro-
vascular tumour thrombus of recurrent tumour lesions (both P>0.05). However, there was a difference in the treatment
modalities after recurrence between the two groups (P=0.024), with a higher proportion of patients in the TACE group
receiving radical treatment than in the TACE plus TKI group (33.6% vs 25.0%) (Table 2).

Risk Factors for Poor DFS
Univariate and multivariate Cox regression analyses were performed to identify independent risk factors for DFS. In the
primary cohort, univariate analysis showed that 9 of the 25 included clinicopathological variables were potentially relevant

Table 1 (Continued).

Primary Cohort P-value PSM Cohort P-value IPW Cohort P-value

Total TACE TACE +

TKI

TACE TACE +

TKI

TACE TACE + TKI

(N=199) (N=142) (N=57) (N=48) (N=48) (N=196.9) (N=196.4)

TKI

No 142 (71.4%) 142 (100%) 0 (0%) - 48 (100%) 0 (0%) - 196.9 (100.0%) 0.0 (0.0%) -

Lenvatinib 13 (6.5%) 0 (0%) 13 (22.8%) 0 (0%) 10 (20.8%) 0.0 (0%) 48.5 (24.7%)

Sorafenib 12 (6.0%) 0 (0%) 12 (21.1%) 0 (0%) 10 (20.8%) 0.0 (0%) 31.9 (16.2%)

Apatinib 32 (16.1%) 0 (0%) 32 (56.1%) 0 (0%) 28 (58.3%) 0.0 (0%) 116.0 (59.1%)

Note: The bold P-value means P<0.05.
Abbreviations: PSM, propensity score matching; IPW, inverse probability weights; HBsAg, Hepatitis B virus surface antigen; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; GGT, gamma-glutamyl transpeptidase; AFP, alpha fetoprotein; MVI, microvascular invasion; PVTT, portal vein tumor thrombus; HVTT, hepatic vein tumor
thrombus; BDTT, bile duct tumor thrombus; AJCC, American Joint Committee on Cancer; TACE, transcatheter arterial chemoembolization; TKI, Tyrosine Kinase Inhibitor.

Figure 1 Disease-free survival of the adjuvant TACE group and adjuvant TACE combined with TKI group. (A) Primary cohort; (B) PSM cohort; (C) IPW cohort.
Abbreviations: TACE, transcatheter arterial chemoembolization; TKI, tyrosine kinase inhibitor; PSM, propensity score matching; IPW, inverse probability weight.
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(P<0.2) (Table S1). Further multivariate analysis showed that treatment modality was an independent prognostic factor for
DFS; the TACE plus TKI group had a better DFS than the TACE group (hazard ratio [HR]: 0.611, 95% confidence interval
[CI]: 0.408–0.915, P=0.017). Other independent prognostic factors included PVTT (HR: 1.509, 95% CI: 1.067–2.134,
P=0.020), tumour diameter (HR: 1.057, 95% CI: 1.012–1.103, P=0.012), and major hepatectomy (HR: 1.615, 95% CI:
1.004–2.597, P=0.048) (Tables 3 and S1) whereas, in the propensity score analysis, the corresponding multivariate analysis
yielded similar results and showed that TACE plus TKI was associated with better DFS (Tables 3, S2–S4).

Subgroup Analysis
Further subgroup analysis stratified by risk factors and AJCC8th staging system showed relatively consistent results in
most subgroups except for HVTT-positive groups and demonstrated that patients could benefit more from TACE plus
TKI treatment if they had tumour diameter ≥5 cm, tumour number <3, no HVTT, no BDTT, ruptured tumour, and stage
IIIB (both P<0.05, Figure 2). A further detailed Kaplan–Meier analysis based on the corresponding risk factors is shown
in Figure S3.

Adverse Events
Regarding the safety of adjuvant TKI agents, a total of 53 (93.0%) patients suffered from AEs of any grade during the
treatment period; grade 3 or 4 AEs were recorded in 19 (33.3%) patients, and no fatal AEs were recorded (Table 4). The

Table 2 Recurrence Patterns

Total Cohort TACE TACE + TKI P-value

(N=152) (N=116) (N=36)

Recurrence location

Intrahepatic 104 (68.4%) 80 (69.0%) 24 (66.7%) 0.313

Intrahepatic + extrahepatic 19 (12.5%) 16 (13.8%) 3 (8.3%)

Extrahepatic 17 (11.2%) 10 (8.6%) 7 (19.4%)

Unknown 12 (7.9%) 10 (8.6%) 2 (5.6%)

Intrahepatic tumor number

Solitary 49 (32.2%) 42 (36.2%) 7 (19.4%) 0.131

Multiple 73 (48.0%) 54 (46.6%) 19 (52.8%)

None 17 (11.2%) 10 (8.6%) 7 (19.4%)

Unknown 13 (8.6%) 10 (8.6%) 3 (8.3%)

Macrovascular invasion

Absent 118 (77.6%) 89 (76.7%) 29 (80.6%) 0.942

Present 21 (13.8%) 17 (14.7%) 4 (11.1%)

Unknown 13 (8.6%) 10 (8.6%) 3 (8.3%)

Treatment method

Resection/Ablation 48 (31.6%) 39 (33.6%) 9 (25.0%) 0.024

Others 68 (44.7%) 45 (38.8%) 23 (63.9%)

Unknown 36 (23.7%) 32 (27.6%) 4 (11.1%)

Note: The bold P-value means P<0.05.
Abbreviations: TACE, transcatheter arterial chemoembolization; TKI, Tyrosine Kinase Inhibitor.
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most common grade 3 or 4 AEs were neutropenia (5, 8.8%), hand-foot skin reaction (3, 5.3%), diarrhoea (3, 5.3%),
thrombocytopenia (3, 5.3%), and proteinuria (3, 5.3%).

Discussion
In this study, we demonstrated that TACE plus a TKI agent could significantly reduce the incidence of early recurrence in
patients at a higher risk of recurrence after curative resection than TACE alone; further subgroup analysis also identified
patients who may benefit from this adjuvant modality. This study’s results may be valuable in guiding postoperative anti-
recurrence treatment planning and are clinically valuable to inform further studies on the prevention of recurrence
of HCC.

The prevention of postoperative recurrence is an important part of the diagnosis and treatment of HCC and remains an
unsolved clinical issue at present.4,25 The following are the two patterns of postoperative recurrence of HCC: early
recurrence and late recurrence, both with different underlying mechanisms. Early recurrence mainly originates from
residual microscopic metastases in the remnant liver after surgery, which mainly depends on the primary tumour burden,
such as the tumour diameter, number of tumour nodules, and vascular invasion.26,27 In contrast, the mechanism of late
recurrence is mainly the de novo development of new tumour lesions, which depends on the underlying liver disease
aetiology, such as hepatitis virus infection and cirrhosis.6 Strategies for preventing recurrence of HCC mainly depend on
the types of recurrence; thus, it is unwise to classify early recurrence and late recurrence as one group for research and
analysis purposes. This retrospective multicentre study focused on the efficacy and safety of TACE plus TKI treatment in
preventing early recurrence and utilised multiple propensity score analysis methods to minimise the potential bias caused
by the retrospective study design as much as possible. To the best of our knowledge, this is the first study to report the
efficacy of TACE plus various TKI agents’ treatment to prevent the early recurrence of HCC.

The efficacy of adjuvant TACE in preventing recurrence has been recognized by several RCTs and systematic
reviews.9,11,12 An RCT performed by Wei et al reported the benefit of adjuvant TACE in patients with solitary tumours
≥5 cm plus MVI after hepatectomy.11 Another RCT conducted by Wang et al showed that adjuvant TACE significantly
reduced tumour recurrence in Hepatitis B virus (HBV)-related HCC with intermediate-risk (a solitary tumour >5 cm
without MVI) or high-risk (two or three tumour lesions, or a solitary tumour plus MVI) of recurrence after radical
resection. Moreover, for patients with PVTT, HVTT, or BDTT, the efficacy of TACE has been reported in previous
studies.21,28,29 However, the role of TKI agents in preventing recurrence remains controversial. Compared with lenvatinib
and apatinib, sorafenib is the first oral TKI agent approved for the treatment of unresectable HCC, and the related
published studies on recurrence prevention of TKI agents mainly focused on sorafenib. The STORM trial, the first and

Table 3 Associations Between Disease-Free Survival and the Treatment Modalities in the Crude
Analysis, Multivariable Analysis, and Propensity-Score Analyses

Analysis (TACE Group as the Reference) HR (95% CI) P-value

Crude analysis* 0.605 (0.416–0.880) 0.009

Multivariable analysis# 0.611 (0.408–0.915) 0.017

Propensity-score analyses

With inverse probability weighting† 0.668 (0.453–0.984) 0.041

With matching‡ 0.503 (0.306–0.826) 0.007

Adjusted for propensity score§ 0.597 (0.397–0.897) 0.013

Notes: *Crude analysis: result of univariate Cox proportional-hazards model from primary cohort. #Multivariable analysis: result
of multivariate Cox proportional-hazards model from primary cohort. †With inverse probability weighting: result of multivariate
Cox proportional-hazards model from inverse probability weighted cohort. ‡With matching: result of multivariate Cox propor-
tional-hazards model from propensity score matching cohort. §Adjusted for propensity score: result of multivariate Cox
proportional-hazards model with adjustment for propensity score from primary cohort. The bold P-value means P<0.05.
Abbreviation: HR, hazard ratio.
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currently the only international multicentre RCT designed to evaluate the efficacy of sorafenib in preventing HCC
recurrence, failed to reach its primary endpoints in patients with an intermediate or high risk of recurrence.30 However,
the efficacy of sorafenib in preventing recurrence has been reported in several studies recently. Zhang et al reported that
sorafenib significantly reduced the recurrence rate and improved the overall survival of MVI-positive HCC.17 Xia et al
also reported the potential benefits and safety of adjuvant sorafenib in patients with advanced HCC after curative
resection.31 Furthermore, a recent meta-analysis, which included 2655 patients from 13 studies, demonstrated that
adjuvant sorafenib therapy after hepatectomy could reduce recurrence rates without intolerable side effects.18 The
inconsistencies in the results may be attributed to the different clinicopathological characteristics of the patients included
in these studies. Further molecular marker analysis in the STROM trial also indicated that approximately 30% of patients
with a specific gene signature might benefit from adjuvant sorafenib therapy.32 Therefore, considering the inherently high
heterogeneity of HCC, future studies should explore the potential benefits of sorafenib adjuvant therapy.33 Lenvatinib and
apatinib are novel TKI agents approved for the treatment of advanced HCC, and only a few studies have reported their
efficacy in preventing recurrence after surgery. A single-centre, open-label Phase II trial reported the positive effect of
apatinib on recurrence-free survival of patients with PVTT;34 a prospective multicentre study with the aim of evaluating
the adjuvant effect of lenvatinib in combination with TACE is also ongoing and has also shown promising efficacy
according to its interim results.35

Figure 2 Forests plot of subgroup analysis of disease-free survival.
Abbreviations: MVI, microvascular invasion; PVTT, portal vein tumour thrombus; HVTT, hepatic vein tumour thrombus; BDTT, bile duct tumour thrombus; AJCC,
American Joint Committee on Cancer; TACE, transcatheter arterial chemoembolization; TKI, tyrosine kinase inhibitor.
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Despite the results of this study demonstrating the superiority of adjuvant TACE plus TKI over TACE alone, there are
still some issues that deserve further attention. First, 53 (93.0%) patients in this study exhibited AEs of any grade during
treatment, including 19 patients with grade 3 or 4 AEs. Considering the potential adverse reactions of TACE+TKI
administration, it is particularly important to select specific benefit patients. Subgroup analyses in the present study
suggested that patients with some pathological characteristics may benefit from the combination therapy. However,
building a well-powered predictive model, such as a clinical-radiomic model, may be a better solution. A clinical-
radiomic model constructed by Chen et al to predict objective response to first circle TACE in HCC patients achieved
about 90% accuracy, which is of potential significance for clinical decision-making.36 Second, in terms of treatment
modalities after recurrence, the results showed that the proportion of radical treatment after recurrence in the TACE alone
group was slightly higher than that in the TACE plus TKI group (33.6% vs 25.0%). In our opinion, this may be attributed
to the difference in recurrence patterns between the two treatment modalities, which was mainly reflected in the slightly
higher proportion of extrahepatic metastasis and multiple tumours in the TACE plus TKI group than in the TACE alone
group (27.7% vs 22.4%, 52.8% vs 46.6%). However, it cannot be ruled out that the specific mechanism underlying this
difference may also be related to the drug resistance of TKI agents, and this merits further investigation. Immunotherapy
represents a major breakthrough in oncology and has demonstrated promising efficacy in the treatment of HCC,37,38 and
this therapy may benefit this group of patients in the future.

This study had some limitations worth noting. First, the present study was limited by its retrospective nature and
limited sample size. Thus, inherent selection bias is inevitable, thereby highlighting the need for further verification by
prospective multicentre trials with a larger patient population. To our best knowledge, a prospective, multicentre study
(LANCE trial) aimed at evaluating the efficacy of lenvatinib plus TACE to prevent postoperative HCC recurrence is
currently ongoing, and we look forward to their final results. Second, most patients included in the present study had
HBV infection. The efficacy of oral TKI agents may be related to the viral background; for instance, sorafenib may have
a better effect in patients with Hepatitis C virus-associated HCC, while lenvatinib may have a better effect in patients
with HBV-associated HCC.15,39 Furthermore, this study only included patients who underwent hepatectomy, and further
studies, including patients receiving other treatments, are required.

Table 4 Adverse Events of TKI Group

Adverse Events# All Grades Grade 1/2 Grade 3/4

Total 53(93.0%) 34(59.6%) 19(33.3%)
Hand–foot skin reaction 31(54.4%) 28(49.1%) 3(5.3%)

Anorexia 9(15.8%) 9(15.8%) 0(0%)

Pain 7(12.3%) 7(12.3%) 0(0%)
Rash 5(8.8%) 5(8.8%) 0(0%)

Fatigue 11(19.3%) 11(19.3%) 0(0%)

Diarrhea 16(28.1%) 13(22.8%) 3(5.3%)
Neutropenia 17(29.8%) 12(21.1%) 5(8.8%)

Thrombocytopenia 14(24.6%) 11(19.3%) 3(5.3%)
Elevated ALT 13(22.8%) 11(19.3%) 2(3.5%)

Elevated AST 15(26.3%) 13(22.8%) 2(3.5%)

Proteinuria 8(14.0%) 5(8.8%) 3(5.3%)
Anorexia 9(15.8%) 9(15.8%) 0(0%)

Hoarseness 11(19.3%) 10(17.5%) 1(1.8%)

Hemorrhage of the digestive tract 3(5.3%) 2(3.5%) 1(1.8%)

Note: #Transient adverse events during TACE treatment were not recorded.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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Conclusion
In conclusion, this study showed that TACE plus TKI agents can reduce the early recurrence incidence with tolerable
adverse events in patients at a high risk of recurrence after curative resection and may represent a novel and appropriate
option in postoperative anti-recurrence treatment planning.

Abbreviations
HBsAg, Hepatitis B virus surface antigen; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT,
gamma-glutamyl transpeptidase; AFP, alpha fetoprotein; MVI, microvascular invasion; PVTT, portal vein tumour
thrombus; HVTT, hepatic vein tumour thrombus; BDTT, bile duct tumour thrombus; AJCC, American Joint
Committee on Cancer; TACE, transcatheter arterial chemoembolization; TKI, Tyrosine Kinase Inhibitor; PSM, propen-
sity score matching; IPW, inverse probability weights.
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