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Purpose: In the study, patients with unresectable hepatocellular carcinoma (uHCC) were treated with either transcatheter chemoem-
bolization (TACE) combined with lenvatinib and PD-(L)1 inhibitor (TACE-L-P) or TACE combined with lenvatinib (TACE-L). We 
compared the efficacy and safety of TACE-L-P with TACE-L, and analyzed factors affecting prognosis.
Materials and Methods: A total of 122 patients were treated with either TACE-L-P (n = 64) or TACE-L (n = 58), and their data was 
collected and analyzed. We assessed tumor response, progression-free survival (PFS), prognostic factors for PFS and adverse events 
(AEs) to compare the efficacy and safety of TACE-L-P with TACE-L for patients with uHCC.
Results: TACE-L-P group’s patients had a better objective response rate (ORR) (57.8% vs 41.4%, P = 0.047) and a better disease 
control rate (93.7% vs 81%, P = 0.013), as long as a longer median progression-free survival (PFS) (8 months vs 4.6 months, HR: 
0.461; 95% CI: [0.314–0.675]; P = 0.001) than TACE-L group’s patients. According to multivariate analysis, independent prognostic 
factors for PFS included treatment option (TACE-L-P / TACE-L; RH = 0.461; 95% CI [0.314–0.675]; P = 0.001), PVTT (Yes/No; RH 
=1 0.599;95% CI [1 0.095–2 0.336]; P=0 0.017), extrahepatic metastasis (Yes/No; RH=1 0.847;95% CI [1 0.176 −2 0.909]; P=0 
0.008). AEs in TACE-L-P group was similar with TACE-L group.
Conclusion: TACE-L-P has more promising clinical outcomes in patients with uHCC than TACE-L, and their safety is similar.
Keywords: hepatocellular carcinoma, lenvatinib, transarterial chemoembolization, PD-(L)1 inhibitor

Introduction
Hepatocellular carcinoma (HCC) is the sixth most common malignancy worldwide and the fourth leading cause of cancer 
death worldwide. Nearly half of HCC patients worldwide are from China.1,2 Although surgical resection and liver 
transplantation may cure HCC, about 80% of HCC patients are already in the middle and late stages at the time of 
diagnosis due to insidious onset, and they are not suitable for radical surgery, leading to poor prognosis.3–5 Transarterial 
chemoembolization (TACE) is commonly used to treat unresectable hepatocellular carcinoma (uHCC).6 Systemic 
therapy, including tyrosine kinase inhibitors (TKIs) and immune checkpoint inhibitors (ICIs), is the standard treatment 
for first-line treatment of uHCC. Sorafenib and Lenvatinib are recommended as first-line treatment drugs for uHCC. 
However, the single therapy efficacy of these drugs is limited.7–9 Although Phase III clinical trials KEYNOTE-240 and 
CheckMate 459 failed to demonstrate that immunotherapy is superior to traditional therapy, combination therapy with 
TKI and anti-PD-(L)1 drugs has showed its efficacy and safety for uHCC in multiple RCTs and is recommended for first- 
line treatment.10–14 Due to its local anti-cancer effect, TACE may promote anti-tumor immunity, but inevitably induces 
angiogenesis after TACE.15,16 In addition to anti-angiogenesis, Lenvatinib also has an immunomodulatory effect on the 
tumor microenvironment.17,18 Triple therapy of TACE, Lenvatinib and PD-(L)1 inhibitor (TACE-L-P) may improve 
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synergistic anti-cancer activity in uHCC. However, the clinical experience of TACE-L-P in treating HCC patients is 
limited. Therefore, this retrospective study was conducted to compare the efficacy and safety of TACE-L-P and TACE 
combined with Lenvatinib (TACE-L) for uHCC.

Materials and Methods
Patient Criteria
Our study complied with the Declaration of Helsinki. The studies involving human participants were reviewed and approved 
by Ningbo NO.2 Hospital ethics committee. The study was retrospective; therefore, all requirements for informed consent 
were waived, and anonymous analyses of extracted data were performed. Data of uHCC patients receiving TACE-L-P or 
TACE-L treatment from 2019 to 2022 were collected. The inclusion criteria are as follows: (1) aged between 18 and 75 years 
with good surgical tolerance; (2) uHCC patients treated with TACE-L-P or TACE-L treatment; (3) according to the modified 
Response Evaluation Criteria in Solid Tumors (mRECIST), patients must have at least one measurable and arterial-enhanced 
lesion. The exclusion criteria are as follows: (1) ECOG-PS score ≥2; (2) Child–Pugh C grade; (3) combined with other anti- 
cancer treatments; (4) other cancer history. (5) Incomplete information.

All laboratory tests were performed within 3 days before the first treatment, and contrast-enhanced computed 
tomography (CT) or magnetic resonance imaging (MRI) was performed within 7 days.

Treatment Process
All patients received Lenvatinib (8mg for weight < 60 kg or 12 mg for weight ≥ 60 kg) and PD-(L)1 inhibitor (sintilimab 
200 mg, tislelizumab 200 mg, camrelizumab 200 mg, toripalimab 240 mg) intravenous injection every 3 weeks. 
Meanwhile, if enhanced CT or MRI showed that tumor had obvious arterial blood supply, TACE was performed every 
1–2 months. Lenvatinib and PD-(L)1 inhibitor were discontinued for 3 days before and after TACE. In TACE, Seldinger 
method was used for femoral artery puncture, digital subtraction angiography was used to determine the feeding arteries 
of tumor, and then the catheter was inserted into the feeding arteries. Patients received drug-eluting bead TACE 
(D-TACE) or conventional TACE (C-TACE) according to their preferences. Drug-loaded microspheres or iodized oil 
containing doxorubicin was injected to embolize the tumor and feeding arteries. Evaluate the embolization situation by 
digital subtraction angiography. If the result is satisfactory, the operation ends.

Evaluation Criteria
The main results are objective response rate (ORR), progression-free survival (PFS), and prognostic factors affecting 
PFS, while the secondary results are adverse events (AEs). The mRECIST criteria was used to evaluate lesions and was 
classified as follows: complete response (CR): CT or MRI showed no enhancement of all target lesions in the arterial 
phase; partial response (PR): total diameter of target lesions decreased by 30% (arterial enhancement); stable disease 
(SD): total diameter of target lesions decreased (arterial enhancement) without reaching PR or increased without reaching 
PD; progressive disease (PD): total diameter of target lesions (arterial enhancement) increased by 20% or new lesions 
were detected.19 ORR is defined as the percentage of patients with CR and PR best tumor response rating. Disease 
control rate (DCR) is defined as the percentage of patients with CR, PR and SD best tumor response rating. Progression- 
free survival (PFS) is defined as the time from first TACE treatment to the first tumor progression or death or end of 
follow-up. Evaluate AEs and compare them with the standards of the National Cancer Institute’s Common Terminology 
Criteria for Adverse Events (version 4.0).

Follow-Up
After initial treatment, patients were followed up at intervals of 1–3 months. Medical history, physical examination, 
hematological and biochemical examination, and contrast-enhanced CT or MRI were included in each follow-up. If 
tumor progression or intolerable toxicity happened during follow-up, the original treatment plan was stopped. After 
discussion by a multidisciplinary team, these patients were treated with other suitable methods. The follow-up endpoint is 
April 1, 2023.
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Statistical Analysis
Continuous variables were expressed as means ± standard deviation, compared by the Student’s t-test. Categorical 
variables were expressed as percentages, calculated by the chi-squared test. PFS was evaluated by the Kaplan-Meier 
method. Clinical characteristics was assessed by univariate analysis, and statistically significant variables were analyzed 
by multivariate Cox regression models to identify prognostic factors of PFS. The difference was considered statistically 
significant when P < 0.05. All analyses were performed with SPSS Statistics version 24.

Results
Patient Characteristics
From 2019 to 2022, 195 uHCC patients treated by TACE-L-P or TACE-L conformed to the inclusion criteria. Among them, 73 
patients were excluded because of exclusion criteria (Figure 1). Finally, 122 patients were enrolled, including 64 in the TACE- 
L-P group and 58 in the TACE-L group. The types of PD-(L)1 inhibitors used in treatment were as follows: sintilimab for 12 
(18.8%), tislelizumab for 7 (10.9%), toripalimab for 17 (26.6%), and camrelizumab for 28 (43.8%). All baseline characteristics of 
the two groups were similar (P>0.05), including sex, age, ECOG PS, Child–Pugh class, BCLC staging, AFP, number of tumors, 
largest tumor size, PVTT, hepatic vein invasion, extrahepatic metastasis, TACE technique and number of TACE (Table 1).

Efficacy Outcomes
The two groups were compared, and the CRs were 17.2% and 5.2%, respectively; PRs were 40.06% and 41.4%, 
respectively; ORRs were 57.8% and 41.4% (P = 0.047); DCRs were 93.7% and 81.0% (P = 0.013). The overall tumor 
response in the TACE-L-P group was better than the TACE-L group (P = 0.022; Table 2). There was no statistically 
significant difference in tumor response between different PD-(L)1 inhibitor groups in the TACE-L-P group (Table 3).

The TACE-L-P group had a more prolonged PFS than the TACE-L group [8.0 months (95% CI 6.82–9.18) vs 4.6 
months (95% CI 3.978–5.222); HR: 0.461; 95% CI: 0.314–0.675; P = 0.001; Figure 2].

Prognostic Factors Analysis for PFS
Based on the results of univariate and multivariate analysis based on Cox regression model (Table 4), Treatment option 
(TACE-L-P/TACE-L; RH = 0.461; 95% CI, 0.314–0.675; P = 0.001), PVTT (Yes/No; RH = 1.599; 95% CI, 1.095–2.336; 
P = 0.017), Extrahepatic metastasis (Yes/No; RH = 1.847; 95% CI, 1.176–2.909; P = 0.008) were identified as 
independent prognostic factors for PFS.

Figure 1 Flow diagram showed selection criteria. 
Abbreviations: uHCC, unresectable hepatocellular carcinoma; TACE-L-P, transarterial chemoembolization combined with lenvatinib and PD-(L)1 inhibitor; TACE-L, 
transarterial chemoembolization combined with lenvatinib.
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Safety
AEs are summarized in Table 5. The incidence of adverse reactions exceeding 20% within each group included 
Hypertension (26.6% vs 22.4%), Fatigue (35.9% vs 32.8%), Anorexia and nausea (39.1% vs 36.2%), Rash (29.7% vs 
34.5%), Oral ulcer (20.3% vs 22 0.4%). The incidence of all grades 3 AEs was 0–6.3%, and no grade 4–5 AEs occurred. 

Table 1 Baseline Characteristics of the Patients

Characteristic TACE-L-P Group  
(n = 64)

TACE-L Group  
(n = 58)

P

Sex 0.852

Male 51 (79.7%) 47 (81.0%)

Female 13 (20.3%) 11 (19.0%)

Age (years) 61.4 ± 9.3 63.2 ± 8.5 0.252

ECOG PS 0.621

0 12 (20.7%) 11 (17.2%)
1 46 (79.3%) 53 (82.8%)

Child-Pugh class 0.782
A 38 (59.4%) 33 (56.9%)

B 26 (40.6%) 25 (43.1%)

BCLC 0.933

B 26 (40.6%) 24 (41.4%)

C 38 (59.5%) 34 (58.6%)

AFP 0.580

≤400ng/mL 31 (48.4%) 31 (53.4%)
>400ng/mL 33 (51.6%) 27 (46.6%)

Number of tumors 0.457
≤3 33 (51.6%) 26 (44.8%)

>3 31 (48.4%) 32 (55.2%)

Largest tumor size (mm) 78.8 ± 38.3 73.2 ± 35.8 0.339

PVTT 0.782
Yes 26 (40.6%) 25 (43.1%)

No 38 (59.4%) 33 (56.9%)

Hepatic vein invasion 0.572

Yes 16 (25.0%) 12 (20.7%)

No 48 (75.0%) 46 (79.3%)

Extrahepatic metastasis 0.611

Yes 13 (20.3%) 14 (24.1%)
No 51 (79.7%) 44 (75.9%)

TACE technique 0.319
C-TACE 47 (73.4%) 47 (81.0%)

D-TACE 17 (26.6%) 11 (19.0%)

Number of TACE 2.70 ±1.32 2.55 ± 1.08 0.491

Note: Data were presented as n (%) or mean ± standard deviation. 
Abbreviations: TACE-L-P, transarterial chemoembolization combined with lenvatinib and PD-(L)1 inhibitor; 
TACE-L, transarterial chemoembolization combined with lenvatinib; ECOG PS, Eastern Cooperative 
Oncology Group Performance Status; AFP, a-fetoprotein; TACE, transarterial chemoembolization; 
C-TACE, conventional transarterial chemoembolization; D-TACE, drug-eluting bead transarterial 
chemoembolization.
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All incidence and severity of AEs in two groups were similar, and symptomatic treatment and dose reduction cloud 
alleviate these AEs.

Discussion
Our research showed that TACE-L-P therapy brought significant survival benefits to uHCC patients, compared with 
TACE-L. Patients in TACE-L-P group had better PFS, ORR, and DCR. Univariate and multivariate analyses also 
suggested that TACE-L-P is an independent predictor of prolonged PFS. At the same time, the AEs of TACE-L-P therapy 
are similar to those of TACE-L, and there is no statistical difference between the two. Compared with the ORIENT-32 
trials and IMbrave 150 previously, the TACE-L-P group in this study had a longer median FPS (8.0 [95% CI 6.82–9.18] 
vs 4.6 [95% CI 4.1–5.7] vs 6.9 [95% CI 5.7–8.6]), and higher ORR (57.8% vs 24.3% vs 33.2%).13,14 In the ORIENT-32 
trials and IMBRAVE 150, ≥3 grade AE were 61.6% and 56%, respectively.13,14 In our study, most of AEs were mild to 
moderate in severity and easy to control. Relevant studies also came to similar conclusions.20–23 These results suggest 
that compared with TACE-L, TACE-L-P may be a better therapy for uHCC patients.

The effect of TACE-L-P therapy may be related to the following reasons. PD-(L)1 inhibitor blockade hinders the 
signal of immune attack on tumors to promote an immune response against tumor cells.24 TACE can effectively reduce 
the blood supply of uHCC and activate the release of tumor-specific antigens, so the clinical efficacy of PD-(L)1 inhibitor 
is enhanced.25,26 The low oxygen microenvironment caused by TACE can lead to tumor angiogenesis, resulting in 
recurrence and metastasis. Lenvatinib can inhibit vascular endothelial growth factor 1–3, thereby inhibiting the original 
vascular generation and immune suppression effect of the tumor microenvironment and improving the clinical benefits of 
TACE and PD-(L)1 antibodies.27 The hepa1-6 HCC model shows that lenvatinib has immune regulatory activity, which 
can increase the number of CD8+ T cells by reducing the proportion of monocytes and macrophages and activating the 

Table 2 Tumor Response

Tumor Response TACE-L-P TACE-L P

CR 11 (17.2%) 3 (5.2%) 0.022

PR 26 (40.6%) 21 (36.2%)

SD 23 (35.9%) 23 (39.6%)

PD 4 (6.3%) 11 (19%)

ORR (CR+PR) 37 (57.8%) 24 (41.4%) 0.047

DCR (CR+PR+SD) 60 (93.7%) 47 (81.0%) 0.013

Note: Data were presented as n (%) or mean ± standard deviation. 
Abbreviations: TACE-L-P, transarterial chemoembolization combined with lenvatinib and 
PD-(L)1 inhibitor; TACE-L, transarterial chemoembolization combined with lenvatinib; CR, 
complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR 
(CR+PR), objective response rate; DCR (CR+PR+SD), disease control rate.

Table 3 Tumor Response of Different PD-(L)1 Inhibitor Groups

PD-(L)1 Inhibitor CR PR SD PD P

Santolina 2 (16.7%) 6 (50.0%) 4 (33.3%) 0 (0%) 0.683

Tislelizumab 2 (28.6%) 1 (14.3%) 3 (42.8%) 1 (14.3%)

Tropaia 4 (23.5%) 6 (35.3%) 6 (35.3%) 1 (5.9%)

Camrelizumab 3 (10.7%) 14 (50.0%) 10 (35.7%) 1 (3.6%)

Notes: Data were presented as n (%) or mean ± standard deviation. 
Abbreviations: CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
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interferon pathway when combined with PD-(L)1 inhibitor, thus showing excellent anti-tumor activity.17 The synergistic 
effect of TACE-L-P therapy brings better tumor response and survival benefits to patients with uHCC.

However, this study also has its limitations. Firstly, this study is a retrospective study, and the treatment plan is 
individualized according to the preferences of physician and patients, that inevitably leads to selection bias. Secondly, the 

Figure 2 Kaplan–Meier curves of progression-free survival. 
Abbreviations: TACE-L-P, transarterial chemoembolization combined with lenvatinib and PD-(L)1inhibitor; TACE-L, transarterial chemoembolization combined with 
lenvatinib; HR, hazard ratio; CI, confidence interval.

Table 4 Univariate and Multivariate Analyses of Risk Factors for FPS

Factors Univariate Analysis Multivariate Analysis

HR 95% CI P HR 95% CI P

Sex
Male/Female 1.100 0.688–1.759 0.690

Age (years)
≤ 60 / >60 1.001 0.983–1.019 0.925

ECOG PS
0 / 1 1.426 0.885–2.299 0.145

Child-Pugh class
A / B 0.965 0.655–1.422 0.858

AFP (ng/mL)
≤400 / >400 1.257 0.856–1.846 0.242

Number of tumors
≤3 / >3 1.243 0.853–1.813 0.257

Largest tumor size (mm)
≤50 / >50 1.070 0.710–1.613 0.745

(Continued)
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sample size is limited, and the results of statistical analysis should be treated with caution. Finally, four different PD-(L)1 
inhibitors were used in this study to treat patients in TACE-L-P group. Although our statistical results did not show 
statistical difference in tumor response among the various PD-(L)1 inhibitor groups, the potential impact of the efficacy 
and adverse reactions of these PD-(L)1 inhibitors still deserves attention.

Conclusion
In summary, TACE-L-P therapy showed significantly better PFS and ORR in uHCC patients with manageable toxicity, 
compared with TACE-L therapy. However, Large sample, prospective randomized controlled trials are needed to confirm 
these findings.

Table 5 Treatment-Related Adverse Events in Two Groups

Adverse Events TACE-L-P (n = 64) TACE-L (n = 58) P

Any Grade Grade 3–4 Any Grade Grade 3–4

Diarrhea 8 (12.5%) 1 (1.6%) 5 (8.6%) 1 (1.7%) 0.756

Hand-foot syndrome 11 (17.2%) 4 (6.3%) 7 (12.1%) 2 (3.4%) 0.808

Hypertension 17 (26.6%) 3 (4.7%) 13 (22.4%) 3 (5.2%) 0.764

Fatigue 23 (35.9%) 3 (4.7%) 19 (32.8%) 2 (3.4%) 0.824

Anorexia and nausea 25 (39.1%) 2 (3.2%) 21 (36.2%) 1 (1.7%) 0.678

Rash 19 (29.7%) 1 (1.6%) 20 (34.5%) 1 (1.7%) 0.972

Oral ulcer 15 (20.3%) 2 (3.1%) 13 (22.4%) 0 (0.0%) 0.492

Thyroid dysfunction 10 (15.6%) 4 (6.3%) 11 (19.0%) 2 (3.4%) 0.410

Hyperbilirubinemia 12 (18.8%) 3 (4.7%) 11 (19.0%) 3 (5.2%) 0.942

Thrombocytopenia 10 (15.6%) 2 (3.1%) 7 (12.1%) 1 (1.7%) 0.798

Note: Data were presented as n (%) or mean ± standard deviation. 
Abbreviations: TACE-L-P, transarterial chemoembolization combined with lenvatinib and PD-(L)1 inhibitor; TACE-L, 
transarterial chemoembolization combined with lenvatinib.

Table 4 (Continued). 

Factors Univariate Analysis Multivariate Analysis

HR 95% CI P HR 95% CI P

PVTT
Yes/No 1.599 1.095–2.336 0.017 2.033 1.363–3.033 0.001

Hepatic vein invasion
Yes/No 1.392 0.873–2.219 0.178

Extrahepatic metastasis
Yes/No 1.847 1.176–2.909 0.008 2.209 1.278–3.221 0.003

TACE technique
C-TACE / D-TACE 0.860 0.555–1.332 0.499

Treatment option
TACE-L-P / TACE-L 0.461 0.314–0.675 0.001 0.371 0.248–0.556 0.001

Abbreviations: HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; AFP, alpha-fetoprotein; 
PVTT, portal vein tumor thrombus.
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