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Purpose: To determine the clinical outcomes of lenvatinib plus PD-1 inhibitor combined with microwave ablation (MWA) and 
synchronous transarterial chemoembolization (TACE) in patients with progressive hepatocellular carcinoma (pHCC).
Materials and Methods: This retrospective study enrolled pHCC patients who underwent lenvatinib plus PD-1 inhibitor combined 
with MWA and TACE (LP-MT) or lenvatinib combined with MWA and TACE (L-MT) from January 2019 to December 2022. 
Treatment-related adverse events (AEs) were recorded during the follow-up. Progression-free survival (PFS) and overall survival (OS) 
were the primary outcomes. The prognostic analyses for survival were performed using Cox proportional hazard regression model.
Results: In total, 90 eligible patients with pHCC who received combination therapy were included in the study. Among them, 42 patients 
received LP-MT and 48 patients received L-MT. There were no significant differences in the baseline characteristics between the two 
groups. Patients who underwent lenvatinib plus PD-1 inhibitor combined with MWA and TACE had better PFS (median, 10.0 vs 7.4 months, 
P = 0.03) than those who underwent combination therapy without PD-1 inhibitor, although no significant difference was found in OS 
(median, 22.5 vs 20.0 months, P = 0.19) between the two groups. The disease control rate of LP-MT group was higher than that of L-MT 
group (88.1% vs 64.6%, P = 0.01), especially in patients with BCLC stage C (89.3% vs 70.0%, P = 0.03). Univariate and multivariate 
analyses indicated that treatment method and Child-Pugh class were independent prognostic factors for PFS. The AEs of LP-MT group were 
comparable and tolerable to those of L-MT group (Any grade, 78.6% vs 62.5%, P = 0.10; Grade 3, 23.8% vs 12.5%, P = 0.16).
Conclusion: Lenvatinib plus PD-1 inhibitor may be slightly superior to lenvatinib alone when combined with local interventional 
therapy for progressive HCC, especially in patients with BCLC stage C.
Keywords: hepatocellular carcinoma, radiological progression, microwave ablation, lenvatinib, PD-1 inhibitor

Introduction
Hepatocellular carcinoma (HCC) is a malignant tumor associated with high morbidity and mortality.1,2 Although the recom-
mended first-line treatments such as surgical resection for patients with early-stage HCC have the potential to cure, most cases are 
not candidates.3 In addition, 70% of patients have tumor progression and less than 30% of patients can benefit from curative 
therapies.4 Transarterial chemoembolization (TACE) and microwave ablation (MWA) are the commonly local treatment for 
unresectable HCC.5 Previous studies have indicated that the combination of TACE and MWA has potential synergistic effects, 
including reduction of liver function damage and maximum tumor cells necrosis.6,7 However, TACE and MWA, all belongs to 
the local treatment, are unable to treat systemic tumors and prevent tumor recurrence and progression. The problem of whether 
local interventional therapies combined with other therapies can achieve better efficacy remains to be solved.
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Systemic therapies, such as tyrosine kinase inhibitors (TKIs) and immune checkpoint inhibitors (ICIs), are the 
standard treatment for advanced HCC.8,9 Lenvatinib is one of the most common TKIs that approved as the first-line 
treatment for advanced HCC.10 The REFLECT trial has indicated that lenvatinib is non-inferior to sorafenib in overall 
survival for HCC.11 According to the results of data analysis, lenvatinib make it possible to improve the survival benefits 
in patients with hepatitis B-related HCC. ICIs, including PD-1 and PD-L1 inhibitors, have shown promising anti-tumor 
activity for advanced HCC in some Phase I and Phase II trials.12,13 However, the Phase III trials of CheckMate 459 and 
KEYNOTE-240 all failed to confirm superiority of ICIs compared with standard of care.14,15 Since atezolizumab 
combined with bevacizumab resulted in better survival than sorafenib in the IMbrave150 trial, the combination therapy 
of anti-PD-(L)1 agent and anti-VEGF agent has been proved to be effective and safe for advanced HCC.16

Previous studies indicated that systemic therapy can improve the local tumor response and make it more sensitive to 
the local treatment.17,18 Interventional therapies, including TACE and MWA, result in necrosis of the local tumor tissue 
and release tumor-related antigens which may promote tumor-specific immune responses.19,20 Based on the synergistic 
mechanisms, this study aimed to evaluate the clinical outcomes of patients with progressive HCC (pHCC) who received 
lenvatinib plus PD-1 inhibitor combined with MWA-TACE versus lenvatinib combined with MWA-TACE.

Materials and Methods
Study Design
Institutional Review Boards of Zhongshan Hospital, Fudan University reviewed and approved this study. The pHCC was 
defined as growth of existing tumors (≥20%), new lesions and/or vascular invasion after first-line treatment, based on 
non-invasive criteria in accordance with the guidelines. Patients with pHCC who underwent combination therapy from 
January 2019 to December 2022 were screened. The decision-making for the combination therapy using lenvatinib plus 
PD-1 inhibitor combined with MWA-TACE or lenvatinib alone combined with MWA-TACE according to the guidelines, 
patients’ selection and physicians’ favor.

Inclusion criteria for this study were as follows: (a) clinically confirmed as HCC with radiological progression; (b) 
patients ≥18 years old, (c) Eastern Cooperative Oncology Group (ECOG) performance status 0–1, (d) Child-Pugh class 
A or B; (e) underwent more than one session of LP-MT or L-MT during the treatment period. Patients were excluded: (a) 
incomplete clinical medical records, (b) lost to follow-up, (c) participated in other clinical trials during the combination 
therapy, (d) received drugs less than 1 month.

Treatment
All patients underwent MWA and synchronous TACE. Briefly, the tumor number and blood supply were evaluated using 
hepatic angiography. Then, appropriate puncture point was selected to perform MWA using a water-cooled microwave 
system. Ultrasound imaging was used to monitor the ablation process and avoid damage to normal organs. After MWA, 
arteriography was performed again to assess the ablative results and residual tumor blood supply. Catherization of tumor- 
feeding arteries and standardized TACE were performed.

The multidisciplinary team recommended the treatment strategy of interventional therapy combined with systemic 
therapies for pHCC. Lenvatinib was administrated 3 days later after the first MWA-TACE. The recommended dosage of 
lenvatinib was 12 mg (≥60 kg) or 8 mg (<60 kg) once daily based on patient’s body weight. The reduction and 
discontinuation of lenvatinib were performed under the guidance of physicians. The used PD-1 inhibitors included 
Sintilimab, Camrelizumab and Pembrolizumab in the study. The administration was injected intravenously at a dose of 
200 mg once every 3 weeks after the first MWA-TACE.

Clinical Outcomes
The primary outcomes were progression-free survival (PFS) and overall survival (OS). The overall tumor responses and 
safety were included as the secondary outcomes. PFS was defined as the time interval from the beginning of combination 
therapy to the radiological progression, death, or the final follow-up. Meanwhile, the duration of OS was calculated from 
the initiation of combination therapy to death or the final follow-up. The overall tumor responses, classified as complete 
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response (CR), partial response (PR), stable disease (SD) and progressive disease (PD) were evaluated based on the 
mRECIST. The objective response rate (ORR) was defined as the percentage of the sum of CR and PR. The disease 
control rate (DCR) was expressed as the percentage of the sum of CR, PR, and SD.

The safety assessment of treatments mainly depended on the records of adverse events (AEs). AEs related to 
interventional therapy, lenvatinib and PD-1 inhibitor were recorded and assessed according to the National Cancer 
Institute Common Terminology Criteria, version 5.0.

Follow-Up
The follow-up period concluded on May 31, 2023. Patients underwent regular evaluation at an interval of 6–8 weeks 
following the initiation treatment. Tumor response was assessed by contrast-enhanced CT or MRI. Some local therapies, 
such as MWA-TACE, TACE alone, radioactive seed implantation or transarterial infusion, would be performed when the 
residual and recurrent tumors were visible on CT or MRI.

During the follow-up, the laboratory tests including liver function tests, blood cell count and level of alpha- 
fetoprotein (AFP) were detected. The calculation formula of albumin-bilirubin (ALBI) score as follow: ALBI = 0.66 * 
log10[total bilirubin (μmol/L)] – 0.085 * [albumin (g/L)]. A value of −2.60 or less was defined as grade 1, a value 
between −2.60 and −1.39 was defined as grade 2 and a value greater than −1.39 was defined as grade 3. The duration of 
lenvatinib, the frequency of MWA-TACE and PD-1 inhibitor were recorded during the follow-up.

Statistical Analysis
Continuous variables were presented as mean ± standard deviation. The differences between the two groups were 
compared using Student’s t-test for continuous variables and Person χ2 and continuity correction for categorical 
variables. Survival curves were performed using the Kaplan–Meier method and differences in survival rates between 
the two groups were compared using the Log rank test. Univariate and multivariate analyses were performed to indicate 
the prognostic factors affecting survival using Cox proportional hazard regression model. Variables with a P value ≤0.10 
in the univariate analysis were introduced into the multivariate analysis. Statistical analyses were performed using SPSS 
version 25.0. All analyses were two-tailed, and P value <0.05 indicated significant difference.

Results
Baseline Characteristics
In the study, a total of 115 patients with progressive HCC were enrolled. Among them, 25 patients were excluded, 
including 9 patients who had incomplete medical records, 10 patients who lost to follow-up, 3 patients who had 
participated in other clinical trials during the treatment and 3 patients who received drugs less than 1 month 
(Figure 1). Finally, 42 patients who underwent combination therapy of lenvatinib, PD-1 inhibitor, MWA and TACE (LP- 
MT group) and 48 patients who underwent combination therapy of lenvatinib, MWA and TACE (L-MT group).

The detailed baseline characteristics of all patients enrolled are shown in Table 1. There was no significant difference 
between the two groups. The patients were diagnosed with progressive HCC according to the CT/MRI images. The 
average size of the maximal tumor was 5.5 ± 2.4 cm. Forty-four patients (48.9%) had portal vein tumor thrombus and 
twenty-seven patients (30.0%) had extrahepatic metastases. Nearly two-third of patients (64.4%) were at BCLC C stage, 
and most of patients (85.6%) had previous hepatitis B infections.

The mean follow-up period was 19.3 months (range, 5.8–38.2 months) in the LP-MT group and 15.7 months (range, 7.0– 
31.5 months) in the L-MT group. In the LP-MT group, 42 patients underwent a total of 85 cycles MWA-TACE (median, 2) and 
203 cycles of PD-1 inhibitor (median, 4). In the L-MT group, 48 patients underwent 90 cycles MWA-TACE (median, 2). The 
median duration of lenvatinib was 8.0 months in the LP-MT group and 6.0 months in the L-MT group, respectively.

Efficacy Outcomes
In the study population, patients who underwent lenvatinib plus PD-1 inhibitor combined with MWA and TACE had better 
survival benefits than those who received combination therapy without PD-1 inhibitor (Figure 2a). The median PFS was 10.0 
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months (95% confidence interval [CI], 6.6–13.4 months) in the LP-MT group and 7.4 months (95% CI, 4.6–10.2 months) in 
the L-MT group (P = 0.03). The median OS was 22.5 months (95% CI, 19.0–26.0 months) in the LP-MT group and 20.0 
months (95% CI, 13.3–26.7 months) in the L-MT group (P = 0.19), which indicated no significant difference between the two 
groups. Notably, subgroup analysis of patients with BCLC stage C had similar trends in survival benefits (LP-MT vs L-MT; 

Figure 1 Patient flow chart. 
Abbbreviations: HCC, hepatocellular carcinoma; MWA, microwave ablation; TACE, transarterial chemoembolization.

Table 1 Baseline Characteristics of the Patients with pHCC

Variable Total (n=90) LP-MT Group (n=42) L-MT Group (n=48) P

Gender 0.82
Male 80 (88.9) 37 (88.1) 43 (89.6)

Female 10 (11.1) 5 (11.9) 5 (10.4)

Age, years 0.12
≤ 60 59 (65.6) 31 (73.8) 28 (58.3)

> 60 31 (34.4) 11 (26.2) 20 (41.7)

Etiology 0.97
Hepatitis B 77 (85.6) 36 (85.7) 41 (85.4)

Other 13 (14.4) 6 (14.3) 7 (14.6)

Tumor location 0.23
Unilobar 54 (60.0) 28 (66.7) 26 (54.2)

Bilobar 36 (40.0) 14 (33.3) 22 (45.8)

Child-Pugh class 0.39
A 76 (84.4) 34 (81.0) 42 (87.5)

B 14 (15.6) 8 (19.0) 6 (12.5)

ALBI grade 0.78
1 50 (55.6) 24 (57.1) 26 (54.2)

2 40 (44.4) 18 (42.9) 22 (45.8)

(Continued)
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median PFS, 8.8 vs 5.8 months, P = 0.04; median OS, 20.0 vs 16.5. P = 0.70) (Figure 2b). There was no difference in PFS (LP- 
MT vs L-MT; median, 13.1 vs 9.0 months, P = 0.15) and OS (LP-MT vs L-MT; median, 28.5 vs 20.0 months, P = 0.16) 
between patients with BCLC stage B who received the two treatment schemes (Figure 2c).

The overall tumor response assessments based on the mRECIST are shown in Table 2. Two patients who received 
lenvatinib plus PD-1 inhibitor combined with MWA-TACE achieved systemic CR, including one with BCLC stage B and 
one with BCLC stage C. In the total population, the LP-MT group had better systemic DCR than L-MT group (88.1% vs 
64.6%, P = 0.01). In the subgroup analysis, patients with BCLC stage C who received lenvatinib plus PD-1 inhibitor 
combined with MWA-TACE had higher DCR than those who received lenvatinib alone combined with MWA-TACE 
(89.3% vs 70.0%, P = 0.03), while no difference was found in DCR between the two groups (85.7% vs 55.6%, P = 0.10). 
In addition, there were no significant differences in ORR of total population and subgroups between the two groups.

Prognostic Factor Analysis for Survival
The risk factors for PFS and OS assessed by univariate and multivariate analyses are shown in Table 3. In the univariate analyses, 
treatment option and Child-Pugh class were associated with PFS. The Child-Pugh class, ALBI grade, portal vein tumor 
thrombosis and ECOG performance status were associated with OS. On the basis of these findings, further multivariate analysis 
indicated that treatment option (LP-MT vs L-MT; hazard ratio [HR] = 0.53, 95% CI, 0.33–0.85, P = 0.01) and Child-Pugh class 
(B vs A; HR = 2.42, 95% CI, 1.29–4.54, P = 0.01) were identified as independent prognostic factors for PFS. The ALBI score 
(Grade 2 vs 1; HR = 3.57, 95% CI, 1.33–9.60, P = 0.01), portal vein tumor thrombosis (Yes vs No; HR =2.66, 95% CI, 1.05–6.71, 
P = 0.04) and ECOG performance status (1 vs 0; HR = 2.33, 95% CI, 1.01–5.38, P = 0.04) were identified as independent 
prognostic factors for OS.

Table 1 (Continued). 

Variable Total (n=90) LP-MT Group (n=42) L-MT Group (n=48) P

Tumor size (cm) 5.5 ± 2.4 5.8 ± 2.5 5.1 ± 2.4 0.19

≤ 5 37 (41.1) 13 (31.0) 24 (50.0)
> 5 53 (58.9) 29 (69.0) 24 (50.0)

No. of tumors 0.15

Single 42 (46.7) 23 (54.8) 19 (39.6)
Multiple 48 (53.3) 19 (45.2) 29 (60.4)

PVTT 0.14

No 46 (51.1) 18 (42.9) 28 (58.3)
Yes 44 (48.9) 24 (57.1) 20 (41.7)

Extrahepatic spread 0.23

No 63 (70.0) 32 (76.2) 31 (64.6)
Yes 27 (30.0) 10 (23.8) 17 (35.4)

Laboratory test

TBIL (μmol/L) 13.7 ± 6.1 13.2 ± 6.0 14.2 ± 6.3 0.48
ALB (g/L) 39.9 ± 5.0 39.5 ± 4.9 40.2 ± 5.1 0.49

ECOG PS 0.74

0 70 (77.8) 32 (76.2) 38 (79.2)
1 20 (22.2) 10 (23.8) 10 (20.8)

BCLC stage 0.68
B 32 (35.6) 14 (33.3) 18 (37.5)

C 58 (64.4) 28 (66.7) 30 (62.5)

AFP level (ng/mL) 0.06
< 400 48 (53.3) 18 (42.9) 30 (62.5)

≥ 400 42 (46.7) 24 (57.1) 18 (37.5)

Abbreviations: LP-MT, lenvatinib plus PD-1 Inhibitor combined with microwave ablation and transarterial chemoembo-
lization; L-MT, lenvatinib combined with microwave ablation and transarterial chemoembolization; ALBI, albumin-bilirubin; 
PVTT, portal vein tumor thrombosis; TBIL, total bilirubin; ALB, albumin; ECOG PS, Eastern Cooperative Oncology Group 
performance status; BCLC, Barcelona clinical liver cancer; AFP, α-fetoprotein.
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Safety Analysis
The treatment-related AEs of patients between the two groups are shown in Table 4. There was no significant difference 
in the total occurrence rate of AEs between the two groups (LP-MT vs L-MT; 78.6% vs 62.5%, P = 0.10). AEs related to 
MWA-TACE mainly included new ascites (11.9% vs 4.2%, P = 0.33) and segmental bile duct dilatation (2.4% vs 4.2%, 
P = 1.00) in the two groups. The AEs related to lenvatinib or PD-1 inhibitor were similar between the two groups, 

Figure 2 Kaplan–Meier curves of progression-free survival and overall survival in the total population (a), pHCC patients with BCLC B (b) and pHCC patients with BCLC C (c).
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including hypertension, diarrhea, decreased appetite, hand-foot syndrome, reactive cutaneous capillary endothelial 
proliferation, proteinuria, elevated AST level, elevated ALT level, elevated TBIL level and leukocytopenia level. No 
treatment-related death or grade 4 AEs occurred in the study. And there was no significant difference in the occurrence 

Table 2 Overall Tumor Response in the Total and Subgroups

Response Total BCLC B BCLC C

LP-MT 
(n=42)

L-MT 
(n=48)

P LP-MT 
(n=14)

L-MT 
(n=18)

P LP-MT 
(n=28)

L-MT 
(n=30)

P

CR, n (%) 2 (4.8) 0 (0.0) 0.22 1 (7.1) 0 (0.0) 0.44 1 (3.6) 0 (0.0) 0.48
PR, n (%) 14 (33.3) 12 (25.0) 0.38 8 (57.1) 8 (44.4) 0.48 6 (21.4) 4 (13.3) 0.64

SD, n (%) 21 (50.0) 19 (39.6) 0.32 3 (21.4) 2 (11.1) 0.76 18 (64.3) 17 (56.7) 0.55

ORR, n (%) 16 (38.1) 12 (25.0) 0.18 9 (64.3) 8 (44.4) 0.27 7 (25.0) 4 (13.3) 0.43
DCR, n (%) 37 (88.1) 31 (64.6) 0.01 12 (85.7) 10 (55.6) 0.15 25 (89.3) 21 (70.0) 0.03

Abbreviations: LP-MT, lenvatinib plus PD-1 Inhibitor combined with microwave ablation and transarterial chemoembolization; L-MT, lenvatinib 
combined with microwave ablation and transarterial chemoembolization; CR, complete response; PR, partial response; SD, stable disease; ORR, 
objective response rate; DCR, disease control rate.

Table 3 Univariate and Multivariate Analysis of PFS and OS

Variable Progression-Free Survival Overall Survival

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

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

Gender
Male/Female 1.38 (0.66–2.90) 0.39 1.18 (0.55–2.57) 0.26

Age, years

> 60/ ≤ 60 1.04 (0.65–1.67) 0.88 0.71 (0.30–1.69) 0.44
Treatment option

LP-MT/L-MT 0.60 (0.38–0.95) 0.03 0.53 (0.33–0.85) 0.01 0.52 (0.23–1.16) 0.11
Etiology

Other/HBV 0.94 (0.50–1.79) 0.86 1.46 (0.55–3.87) 0.45

Tumor location
Bilobar/Unilobar 1.25 (0.79–1.98) 0.34 1.22 (0.56–2.66) 0.62

Child-Pugh class

B/A 1.95 (1.07–3.57) 0.03 2.42 (1.29–4.54) 0.01 2.55 (1.07–6.09) 0.04 1.57 (0.59–4.15) 0.37
ALBI

Grade 2/1 1.29 (0.82–2.03) 0.27 4.73 (1.98–11.31) < 0.01 3.57 (1.33–9.60) 0.01

Tumor size (cm)
> 5/≤ 5 0.77 (0.49–1.21) 0.26 1.47 (0.65–3.29) 0.35

No. of tumors

Multiple/Single 1.07 (0.68–1.67) 0.78 1.78 (0.78–4.04) 0.17
PVTT

Yes/No 1.24 (0.79–1.94) 0.35 3.32 (1.43–7.74) 0.01 2.66 (1.05–6.71) 0.04

Extrahepatic spread
Yes/No 1.45 (0.88–2.39) 0.15 1.00 (0.42–2.40) 0.99

ECOG PS

1/0 1.36 (0.78–2.36) 0.28 2.66 (1.2–5.87) 0.02 2.33 (1.01–5.38) 0.04
BCLC stage

C/B 1.44 (0.90–2.31) 0.13 1.94 (0.81–4.66) 0.14

AFP level (ng/mL)
≥ 400/< 400 1.03 (0.66–1.62) 0.90 1.92 (0.87–4.21) 0.11

Abbreviations: HR, hazard ratio; CI, confidence interval; LP-MT, lenvatinib plus PD-1 Inhibitor combined with microwave ablation and transarterial chemoembolization; 
L-MT, lenvatinib combined with microwave ablation and transarterial chemoembolization; HBV, hepatitis B virus; ALBI, albumin-bilirubin; PVTT, portal vein tumor 
thrombosis; ECOG PS, Eastern Cooperative Oncology Group performance status; BCLC, Barcelona clinical liver cancer; AFP, α-fetoprotein.

Journal of Hepatocellular Carcinoma 2023:10                                                                                    https://doi.org/10.2147/JHC.S426308                                                                                                                                                                                                                       

DovePress                                                                                                                       
1867

Dovepress                                                                                                                                                               Shi et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


rate of grade 3 AEs between the two groups (LP-MT vs L-MT; 23.8% vs 12.5%, P = 0.16). The AEs were transient and 
recovered within a short period after treatment.

Discussion
HCC is a malignant tumor with high risk of recurrence and rapid progression.21 Although the technology of liver resection, 
local interventional therapies, such as TACE and ablation is sophisticated, the high risk of tumor recurrence and progression 
remains.22 Some studies indicated that TACE or ablation can cause tumor necrosis and promote more antigens release, which 
may activate antitumor immune response.23,24 However, some patients are still prone to relapse and progression after 
treatment. In addition, the existing distant tumors are hardly eliminated by local treatments alone. This leads to the exploration 
of local combined with systemic therapies for HCC.

In recent years, many clinical trials have focused on the efficacy and safety of local (mainly including TACE) combined 
with systemic therapies for unresectable or advanced HCC.25–27 Xin et al28 reported that the triple therapy of lenvatinib, PD-1 
inhibitor and TACE had the ability to achieve more favorable survival benefits than dual therapy of lenvatinib and PD-1 
inhibitor in patients with unresectable HCC. The CHANCE001 trial also demonstrated that TACE plus PD-(L)1 blockades and 
molecular targeted treatments can improve survival benefits and tumor response versus TACE alone for Chinese patients with 
advanced HCC in real-world practice.29 In our study, the combination therapy with lenvatinib, PD-1 inhibitor, MWA and 
synchronous TACE had relatively longer PFS than the combination therapy with lenvatinib, MWA and synchronous TACE in 
patients with progressive HCC. These patients had a history of tumor progression, hence the median PFS was 10.0 months 
(95% CI, 6.6–13.4 months) when treated with LP-MT, relatively lower than other reported for local combined with systemic 
treatments. In addition, the systemic antitumor immune response could be strongly triggered due to the application of PD-1 
inhibitor. This may further slow the time of tumor progression.

Table 4 Treatment-Related Adverse Events

Variable Any Grade Grade 1–2 Grade 3

LP-MT 
(n=42)

L-MT 
(n=48)

P LP-MT 
(n=42)

L-MT 
(n=48)

P LP-MT 
(n=42)

L-MT 
(n=48)

P

Total 33 (78.6) 30 (62.5) 0.10 23 (54.8) 24 (50.0) 0.65 10 (23.8) 6 (12.5) 0.16
AEs related to MWA-TACE

New ascites 5 (11.9) 2 (4.2) 0.33 4 (9.5) 2 (4.2) 0.55 1 (2.4) 0 (0.0) 1.00

Liver abscess 1 (2.4) 1 (2.1) 1.00 0 (0.0) 0 (0.0) - 1 (2.4) 1 (2.1) 1.00
Hemorrhage 0 (0.0) 1 (2.1) 1.00 0 (0.0) 0 (0.0) - 0 (0.0) 1 (2.1) 1.00

Segmental bile duct dilatation 1 (2.4) 2 (4.2) 1.00 0 (0.0) 1 (2.1) 1.00 1 (2.4) 1 (2.1) 1.00

AEs related to drugs
Hypertension 6 (14.3) 9 (18.8) 0.57 5 (11.9) 8 (16.7) 0.52 0 (0.0) 1 (2.1) 1.00

Diarrhea 5 (11.9) 4 (8.3) 0.83 4 (9.5) 3 (6.3) 0.85 1 (2.4) 1 (2.1) 1.00

Fatigue 2 (4.8) 3 (6.3) 1.00 2 (4.8) 3 (6.3) 1.00 0 (0.0) 0 (0.0) -
Nausea 3 (7.1) 3 (6.3) 1.00 3 (7.1) 3 (6.3) 1.00 0 (0.0) 0 (0.0) -

Decreased appetite 5 (11.9) 7 (14.6) 0.71 4 (9.5) 6 (12.5) 0.91 1 (2.4) 1 (2.1) 1.00

Hand-foot syndrome 6 (14.3) 4 (8.3) 0.37 5 (11.9) 3 (6.3) 0.57 1 (2.4) 1 (2.1) 1.00
RCCEP 8 (19.0) 2 (4.2) 0.06 4 (9.5) 2 (4.2) 0.55 4 (9.5) 0 (0.0) 0.05

Hypothyroidism 2 (4.8) 1 (2.1) 0.91 2 (4.8) 1 (2.1) 0.91 0 (0.0) 0 (0.0) -

Hyperthyroidism 1 (2.4) 1 (2.1) 1.00 1 (2.4) 1 (2.1) 1.00 0 (0.0) 0 (0.0) -
Proteinuria 6 (14.3) 3 (6.3) 0.36 4 (9.5) 2 (4.2) 0.55 2 (4.8) 1 (2.1) 0.91

Elevated AST 4 (9.5) 4 (8.3) 1.00 4 (9.5) 4 (8.3) 1.00 0 (0.0) 0 (0.0) -

Elevated ALT 7 (16.7) 5 (10.4) 0.38 7 (16.7) 5 (10.4) 0.38 0 (0.0) 0 (0.0) -
Elevated TBIL 3 (7.1) 4 (8.3) 1.00 3 (7.1) 4 (8.3) 1.00 0 (0.0) 0 (0.0) -

Leukocytopenia 1 (2.4) 5 (10.4) 0.27 1 (2.4) 4 (8.3) 0.44 0 (0.0) 1 (2.1) 1.00

Abbreviations: LP-MT, lenvatinib plus PD-1 Inhibitor combined with microwave ablation and transarterial chemoembolization; L-MT, lenvatinib combined with microwave 
ablation and transarterial chemoembolization; AEs, adverse events; MWA-TACE, microwave ablation and transarterial chemoembolization; RCCEP, reactive cutaneous 
capillary endothelial proliferation; AST, aspartate aminotransferase; ALT, alanine aminotransferase; TBIL, total bilirubin.
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In addition, the present study indicated that patients who received LP-MT can achieve higher disease control rate than 
those who received L-MT (88.1% vs 64.6%, P = 0.01). This implied that the introduction of immunotherapy can enhance 
the efficacy of local combined with anti-angiogenesis targeted therapies. Anti-angiogenesis targeted drugs, such as 
sorafenib and lenvatinib, can reduce the tumor angiogenesis while reconstruct the normal structure of blood vessels.30 

The activated effector T cells induced by PD-1 inhibitor can easily enter tumor tissue through vascular structure and kill 
tumor cells. In addition, MWA combined with TACE can induce more antigens release versus TACE or ablation 
monotherapy, while inhibit tumor growth to the maximum extent.7 Some studies have demonstrated that immune 
checkpoint inhibitors plus anti-angiogenesis therapy may be superior to anti-angiogenesis therapy alone for some HCC 
patients.16,31 These results reported were similar to our results.

In clinical practice, prognostic analysis including demographics and neoplastic characteristics have a profound impact on 
survival. In this study, the LP-MT treatment and better Child-Pugh class were identified as independent prognostic factors for 
longer PFS. Obviously, the combination therapy with lenvatinib, PD-1 inhibitor and MWA-TACE can effectively control 
tumor growth, and further improve progression-free survival. Better Child-Pugh class, means a well liver function reserve, 
affects the tolerance and duration of treatment. This may contribute to favorable efficacy of progressive HCC. In addition, 
higher ALBI grade, present portal vein tumor thrombosis and higher ECOG PS were associated with poor OS. The ALBI 
grade offers a convenient method for liver function evaluation in HCC that has been extensively tested in an international 
setting.32,33 The higher ALBI grade, the worse liver function reserve, similar to the Child-Pugh class. The difference of ALBI 
grade and Child-Pugh class in the prognostic analysis of survival may be mainly attributed to the vary in the number of people 
classified according to the both evaluation methods. Portal vein tumor thrombosis and ECOG PS, are the important risk 
factors, have been reported to be associated with OS in patients with HCC.2,34

In this study, the combination therapy in the treatment of HCC was manageable and acceptable, and no severe AEs even 
death occurred during the treatment. There was similar in the total occurrence rate of AEs between the two groups. The drug- 
related AEs recorded in this study were common and mild, consistent with those reported in some studies.35,36 These indicated 
that the occurrence rate of AEs had not been obviously affected by the introduction of PD-1 inhibitor. In addition, the 
frequency and interval of MWA-TACE procedure were strictly controlled according to the principle of on-demand. The AEs 
recorded in the perioperative period were little different between the two groups. Symptomatic treatment was given to 
maintain well-preserved liver function and continue to make patients benefit from systemic treatment.

There were still some limitations, although this study demonstrated the antitumor activity and tolerable safety of 
quadruple therapy with lenvatinib, PD-1 inhibitor, MWA and synchronous TACE in the progressive HCC. First, this 
study was a retrospective rather than a randomized study with a limited sample size that may lead to inevitable selection 
bias. These findings should be further confirmed in the large sample, prospective randomized controlled trials. Second, 
the study was based on a Chinese population with prevalent HBV-related cirrhosis, unlike foreign population commonly 
with hepatitis C infection and alcohol abuse. Both have various survival rates. Whether the quadruple therapy can be 
applied to HCC patients with other etiologies remains to be further studied. Finally, some unknown risk factors were not 
included and analyzed, which may lead to confounding bias.

Conclusion
In summary, this study indicated that the combination therapy with lenvatinib, PD-1 inhibitor, MWA and synchronous 
TACE had better progression-free survival and similar overall survival benefit for progressive HCC compared to the 
combination therapy with lenvatinib, MWA and synchronous TACE. In addition, the systemic therapies had an 
acceptable safety profile, with no occurrence of severe AEs. These findings demonstrated that lenvatinib plus PD-1 
inhibitor may be superior to lenvatinib alone when combined with local interventional therapy for progressive HCC, 
especially in patients with BCLC stage C.

Data Sharing Statement
The data used in this study are available from the corresponding author on reasonable request.
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