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Objective: This study aimed to investigate the feasibility of the efficacy and safety of TACE combined with Lenvatinib and PD-1 
blockade in HCC with portal vein tumor thrombus (PVTT).
Methods: Patients with HCC and PVTT who underwent TACE combined with Lenvatinib and PD-1 blockade as first-line therapy in 
clinical practice were retrospectively included. All subjects were followed-up regularly to obtain prognostic outcomes. The safety 
profile observed during the combination therapy was collected and documented. The Log rank test was used for exploratory analysis of 
prognosis and baseline characteristics and Cox regression analysis was used for multivariate analysis.
Results: A total of 67 HCC patients with PVTT who received TACE combined with Lenvatinib and PD-1 blockade were included in 
this study. The best therapeutic response during treatment suggested that 4 patients achieved complete response, 30 patients showed 
partial response, 25 patients were stable disease, 5 patients had disease progression and 3 patients were not available. Objective 
response rate of this regimen was 50.7% [95% confidence interval (CI): 38.2–63.2%] and disease control rate was 88.1% (95% CI: 
77.8–94.7%). The median progression-free survival of 67 HCC patients with PVTT who received TACE combined with Lenvatinib 
and PD-1 blockades was 9.3 months (95% CI: 5.85–12.75), and the median overall survival was 24.4 months (95% CI: 19.11–29.69). 
The safety profile highlighted that 65 patients experienced adverse reactions regardless of grade during treatment (97.0%), among 
whom 34 patients were deemed as grade ≥3 adverse reactions (50.7%). The most common adverse reactions were hypertension, 
fatigue, abnormal liver function, nausea, vomiting, and diarrhea. Overall adverse reactions were acceptable and controllable.
Conclusion: TACE combined with Lenvatinib and PD-1 blockades as first-line therapy for HCC with PVTT demonstrated potential 
feasibility and encouraging clinical outcomes, providing long-term survival benefits for HCC patients. This conclusion should be 
confirmed in prospective large-scale clinical trials.
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Introduction
Liver cancer is one of the most common malignant tumors of the digestive system, with a high incidence and the second 
highest mortality rate worldwide. Globally, there are approximately 900,000 new cases and 830,000 deaths each year.1 

China has a particularly high incidence of liver cancer, with approximately 410,000 new cases and 390,000 deaths 
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annually, accounting for approximately 46% of the global case.2 The majority of liver cancer are hepatocellular 
carcinoma (HCC), representing about 90% of liver cancer cases, equating to roughly 370,000 new cases of HCC in 
China each year.3 Over 80% of liver cancer cases in China are related to hepatitis B virus (HBV) infection, which 
contributes to differences in treatment strategies between China and Western countries.4 Most HCC patients are 
diagnosed at an advanced stage with inoperable disease due to the lack of prominent symptoms, resulting in a poor 
prognosis. The overall 5-year survival rate for HCC is less than 15% currently.5 A significant reason for the poor 
prognosis of HCC patients is the presence of portal vein tumor thrombus (PVTT) at the time of diagnosis.6 Research 
indicates that approximately 44–62.2% of patients with advanced HCC are accompanied by PVTT.7 According to the 
NCCN and ESMO guidelines, HCC with PVTT is classified as stage C in the Barcelona Clinic Liver Cancer (BCLC) 
staging system.8 Consequently, the prognosis for HCC patients with PVTT is dismal, and the median survival time for 
these patients is only 2.7 to 4 months without treatment.9 Currently, the first-line standard of care treatment for these 
patients is sorafenib and Lenvatinib.10 Unfortunately, the prognosis remains poor, necessitating the exploration of more 
efficacious therapeutic options.11

In recent years, significant progress has been made in systemic therapy for unresectable advanced HCC.12 Results 
from the REFLECT trial indicated that Lenvatinib achieved non-inferior efficacy compared to sorafenib, becoming the 
standard first-line treatment for advanced HCC [median overall survival (OS): 13.6 months compared to 12.3 months, 
HR=0.92 [95% confidence interval (CI): 0.79–1.06].13 Additionally, the IMbrave150 trial established the combination of 
anti-angiogenesis drugs and immunotherapy, specifically atezolizumab and bevacizumab, as a standard first-line treat-
ment for advanced HCC.14 Although the LEAP-002 trial failed to achieve its primary endpoint, the combination of 
Lenvatinib and programmed death 1 (PD-1) blockades still exhibited potential survival benefits for patients with 
advanced HCC.15,16 Consequently, the combination of Lenvatinib and PD-1 blockades has been widely adopted in 
clinical practice, providing potential survival benefits to patients with HCC.17

Transarterial chemoembolization (TACE) is a widely used classical local treatment method for patients with inter-
mediate and late-stage HCC, both domestically and internationally.18 According to the Chinese liver cancer staging 
system, patients in stages Ib, IIa, IIb, IIIa, and IIIb were all indicated for TACE treatment.19 For patients with 
unresectable HCC, the TACTICS trial suggested that TACE combined with systemic treatment might provide prelimin-
ary survival benefits.20 Furthermore, TACE facilitated local tumor necrosis and subsequent angiogenesis post- 
embolization, serving as a synergistic foundation when used with anti-angiogenic medications.21 Additionally, the 
necrotic tumor tissues resulting from TACE might release tumor antigens, enhancing anti-tumor immunity, which 
underpins the synergistic benefits observed with the concurrent use between TACE and PD-1 blockades.22 

Consequently, evidence highlighted that a therapeutic regimen combining TACE, Lenvatinib and PD-1 blockades 
might provide significant survival benefits for patients with unresectable HCC.23,24

However, research on the potential therapeutic benefits of combining TACE with Lenvatinib and PD-1 blockades in 
patients with HCC and PVTT remains limited. Therefore, this study aimed to retrospectively assess the feasibility and 
safety of this combined therapeutic approach in patients with HCC and PVTT.

Materials and Methods
Study Design and Eligibility Criteria
This retrospective study included eligible patients with HCC who were treated at Beijing Ditan Hospital with TACE 
combined with Lenvatinib and PD-1 blockade for unresectable HCC with PVTT consecutively between December 2018 
and November 2023. The inclusion criteria were: (1) pathologically confirmed unresectable HCC or radiologically 
diagnosed HCC according to the criteria of the American Association for the Study of Liver Diseases; (2) HCC 
accompanied by PVTT confirmed based on the criteria of the Japan Society of Hepatology;25 (3) age ≥18 years; (4) 
Eastern Cooperative Oncology Group (ECOG) performance status score of 0–2 score; (5) Child-Pugh score of ≤7 of the 
liver function; (6) patients treated with at least one cycle of TACE combined with Lenvatinib and PD-1 blockade in 
clinical practice; (7) at least one measurable lesion according to the mRECIST criteria. The exclusion criteria were: (1) 
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presence of another malignancy or concurrent life-threatening severe disease; (2) previous systemic antitumor treatments 
(local treatments were allowed); (3) insufficient baseline characteristics or clinical treatment data.

A flowchart of this study is shown in Figure 1, which shows that 67 patients with HCC with PVTT met the eligibility 
criteria and were included in this retrospective analysis. The primary endpoints of this study were progression-free 
survival (PFS), while the secondary endpoints were overall survival (OS), objective response rate (ORR), disease control 
rate (DCR), duration of response (DOR) and safety. This study was conducted in accordance with the principles of the 
Declaration of Helsinki, and the study protocol was approved by the ethics committee of Beijing Ditan Hospital. Given 
that this was a real-world retrospective study, the requirement for informed consent was waived by the Ethics Committee.

Therapeutic Regimens and Protocol of Efficacy Assessment
The 67 HCC patients with PVTT included in this study were treated with a combination of TACE, Lenvatinib and PD-1 
blockades in clinical practice. The initial dosage of lenvatinib was determined based on the patient’s body weight: 8 mg 
daily for those under 60 kg and 12 mg daily for those over 60 kg, administered orally until disease progression or 
intolerable adverse reactions were observed. The PD-1 blockers used in this study were Tislelizumab, Sintilimab, 
Camrelizumab and Pembrolizumab, each administered at a standard initial dosage of 200 mg via intravenous infusion 
over more than half an hour on the first day of a 21-day treatment cycle, until disease progression or intolerable adverse 
reactions occurred. The duration of PD-1 blockades treatment was no longer than two years.

TACE treatment followed routine clinical practice and mainly involved lipiodol-based therapy. Briefly, using the Seldinger 
technique, a catheter was selectively introduced into the hepatic artery via the femoral artery and chemotherapeutic embolic 
agents were implanted through the catheter. The chemotherapeutic emulsion was prepared by mixing the chemotherapy drugs 
[oxaliplatin (50 mg), doxorubicin (10 mg), and Mitomycin C (10 mg]) with 6–10 mL of lipiodol and an appropriate amount of 
contrast agent. Details of the specific TACE procedure are described in a previous study by our department.26 TACE was 
administered on demand and repeat TACE treatments were performed when imaging showed persistent lesions or insufficient 
lipiodol absorption at intervals of 8–12 weeks. Notably, Lenvatinib and PD-1 blockade were discontinued before TACE and 

Figure 1 Flowchart of the retrospective study of 67 HCC patients with PVTT who received TACE combined with Lenvatinib and PD-1 blockades.
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resumed 3–5 days after TACE. Treatment with medication or TACE was terminated if the patient experienced intolerable 
adverse reactions.

The efficacy of treatment for patients was assessed using the mRECIST criteria, which are commonly used clinically 
in HCC.27 Efficacy assessment of the target lesions was performed every two cycles (42 days) using CT or MRI 
radiologically. Due to the retrospective design of this study, efficacy evaluations for some patients were also acceptable 
based on actual conditions, such as approximately two months during follow-up. Each patient’s imaging was reviewed by 
a multidisciplinary team to ensure consistent assessment of tumor response according to the mRECIST criteria. ORR and 
DCR were assessed based on the best response status observed in each patient during the treatment process with TACE 
combined with Lenvatinib and PD-1 blockade therapy. Additionally, adverse reactions experienced by the patients during 
combination treatment were evaluated using the Common Terminology Criteria for Adverse Events (CTCAE) version 
5.0, documenting the highest level of adverse reactions encountered by each patient during treatment.

Protocol of Follow-Up
Given the retrospective design of this study, baseline demographic and clinical characteristics of each patient were collected 
through an electronic medical record system during hospitalization. Disease progression was assessed by imaging 
examinations performed during the treatment process. Adverse reactions to the combination therapy of TACE plus 
Lenvatinib and PD-1 blockades were evaluated based on patients’ responses to medications throughout their treatment. 
Follow-up at the subsequent stages of this study was primarily conducted via telephone. After patients experienced 
therapeutic failure with the combination of TACE plus Lenvatinib and PD-1 blockades therapy, monthly follow-up was 
performed to monitor their subsequent treatment and date of death. The data cut-off date for this study was March 15, 2024.

Statistical Analysis
ORR was defined as the proportion of patients who achieved complete response (CR) and partial response (PR) among 
those enrolled in the study. DCR was defined as the proportion of patients who achieved CR, PR, or (SD) among the 
study participants. DOR was the time from the first documentation of a CR or PR to the time of disease progression or 
death from any cause.28 Statistical analysis required in this study was performed using SPSS (version 25.0). The 
quantitative and qualitative data were presented as median values (range) and numbers (percentages). Survival data for 
PFS and OS were obtained according to a previous study.29 Survival curves for PFS, DOR and OS were plotted using 
Stata (version 14.0). The association between the baseline clinical characteristic subgroups and PFS was analyzed using 
the Log rank test. Variables showing statistically significant differences in the univariate analysis were included in the 
multivariate Cox regression analysis to adjust for confounding factors. P<0.05 was considered statistically significant.

Results
Baseline Characteristics
Baseline characteristics of the 67 HCC patients with PVTT included in this study were presented in Table 1. These HCC 
patients included in our study were of clinically representative, including nine patients who received previous local 
therapy and 14 patients with extrahepatic metastasis. Among the 10 patients with Child-Pugh score of 7 that were 
classified as Child-Pugh B, 7 patients were only biochemical abnormalities (total bilirubin, albumin and prothrombin 
time abnormalities), 3 patients were concomitant with liver decompensation (ascites or hepatic encephalopathy positive).

Among the 57 patients (85.0%) with HBV positive, 53 (92.9%) were receiving nucleotide analogs as antiviral 
treatment and all the 53 patients achieved virologic suppression (100%) before starting systemic treatment. The antiviral 
treatments included entecavir and tenofovir, which are recommended first-line therapies for chronic HBV infection. 
A total of 18 patients were classified as Vp1 and Vp2 involvement, while the remaining 49 patients had Vp3 and Vp4 
involvement. The median number of TACE treatments was two (range: 1–5 times). Nineteen patients received 8 mg 
lenvatinib and 48 patients received 12 mg lenvatinib. Notably, this study involved four types of combined PD-1 
blockade: tislelizumab (28 patients), sintilimab (21 patients), camrelizumab (11 patients), and pembrolizumab (7 
patients). Due to the retrospective design, esophageal varices of some patients were not available. Among the 67 
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patients, 18 patients (26.9%) had esophageal varices, which were identified by endoscopic examination or radiological 
assessment prior to the initiation of treatment. Of the 18 patients with esophageal varices, 11 patients (61.1%) received 
prophylactic treatment to prevent potential variceal bleeding, which included non-selective beta-blockers (propranolol) to 
reduce portal pressure and endoscopic variceal ligation for patients with high-risk varices.

Additionally, as shown in Figure 1, based on the data cut-off date, 11 patients were still undergoing treatment with 
TACE combined with Lenvatinib and PD-1 blockade. The other 56 patients terminated the treatment: 38 patients 

Table 1 Baseline Characteristics of the 67 HCC Patients with PVTT

Baseline Characteristics Total (N=67) Percentage

Age (year)
Median (range) 58 (49–80)

≥58 35 52.2%

<58 32 47.8%
ECOG performance status score

0–1 49 73.1%

2 18 26.9%
Gender

Male 51 76.1%
Female 16 23.9%

BCLC staging
C 67 100.0%

Child–Pugh liver function classification
A 57 85.1%

B 10 14.9%
HCC etiology

HBV 57 85.0%

HCV 5 7.5%
Other 5 7.5%

Previous local therapy status
Yes 9 13.4%
No 58 86.6%

Extrahepatic metastasis status
Yes 14 20.9%
No 53 79.1%

Alpha fetoprotein (ng/mL)
<400 24 64.9%
≥400 13 35.1%

Number of tumor lesions
≤3 51 76.1%
>3 16 23.9%

PVTT type
Vp1-Vp2 18 26.9%
Vp3-Vp4 49 73.1%

Number of TACE treatment (times)
Median (range) 2 (1–5)

Dosage of Lenvatinib (mg)
8 19 28.4%

12 48 71.6%
PD-1 blockades

Tislelizumab 28 41.8%

Sintilimab 21 31.4%
Camrelizumab 11 16.4%

Pembrolizumab 7 10.4%
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experienced disease progression, nine patients were intolerant to adverse reactions, five patients lost to follow-up and 
four patients received other treatments.

Efficacy of TACE Combined with Lenvatinib and PD-1 Blockades
Results of each radiological evaluation of the 67 HCC patients were collected and recorded to assess the efficacy of the 
therapeutic regimen involving TACE combined with Lenvatinib and PD-1 blockades. The best response observed during 
treatment was used to calculate the ORR and DCR. Among the 67 patients, four achieved CR, 30 achieved PR, 25 were 
SD, five experienced disease progression, and three were not available of the response. Therefore, the ORR for the 67 
HCC patients with PVTT undergoing the combined treatment of TACE plus Lenvatinib and PD-1 blockade was 50.7% 
(95% Confidence Interval [CI]: 38.2–63.2%], and the DCR was 88.1% (95% CI: 77.8–94.7%). Additionally, ORR of 
patients with Vp1-Vp2 was higher than that of Vp3-Vp4 (ORR: 61.1% vs 46.9%), though the differences were not 
statistically significant (P=0.304). A waterfall plot of the best percentage change in target lesions among patients with 
HCC and PVTT is shown in Figure 2. A significant reduction in tumor size was observed in most patients following 
TACE plus Lenvatinib and PD-1 blockades therapy. Additionally, a 61-year-old male patient achieved CR after two 
months of treatment with TACE combined with Lenvatinib and Sintilimab. The CT scans before and after combination 
treatment were shown in Figure 3. The patient benefited from the combination treatment.

All patients with HCC included in this study had concomitant tumor thrombi. Regarding the tumor thrombus 
response, after treatment with TACE combined with Lenvatinib and PD-1 blockades, 6 patients achieved CR and 
more than 30 patients showed a reduction in tumor thrombus, highlighting the encouraging effectiveness of this 
combination regimen in managing tumor-related vascular obstructions.

Prognosis of TACE Combined with Lenvatinib and PD-1 Blockades
As described in methods section, the data cut-off date of this study was March 15, 2024, resulting in a median follow-up 
duration of 18.5 months (follow-up range: 0.3–43.5 months) among all patients included in this study. In the analysis of 
PFS by the data cut-off date, 47 patients experienced disease progression or death events, yielding a PFS data maturity of 
70.1%. As shown in Figure 4, the median PFS for the 67 HCC patients with PVTT treated with the combination of TACE 

Figure 2 Waterfall plots of the best changes in target lesions of the 67 HCC patients with PVTT who received TACE combined with Lenvatinib and PD-1 blockades (Green 
represent CR, blue represent PR, yellow represent SD and red represents PD during the best overall response).
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plus Lenvatinib and PD-1 blockades was 9.3 months (95% CI: 5.85–12.75), and the 12-month and 24-month PFS rates 
were 40.5% and 21.5%, respectively.

The median duration of TACE combined with Lenvatinib and PD-1 blockades treatment of the 9 patients who could 
not tolerate the adverse reaction was 1.35 months (range: 0.3–2.85 months). And the median duration of TACE combined 
with Lenvatinib and PD-1 blockades treatment of the 38 patients who experienced disease progression or died during the 
treatment was 7.1 months (range: 2.85–19.3 months). The median duration of TACE combined with Lenvatinib and PD-1 
blockades treatment of the 11 patients who were still in the treatment at the date of data cut-off was 20.4 months (range: 
12.5–38.6 months).

Following a relatively extended follow-up period, the OS data also reached a substantial level of maturity. Based on 
the data cut-off date, 42 patients died, leading to an OS data maturity of 62.7%. As illustrated in Figure 5, the median OS 
of the 67 HCC patients with PVTT treated with TACE plus Lenvatinib and PD-1 blockades was 24.4 months (95% CI: 
19.11–29.69). The 24-month and 36-month OS rates were 50.6% and 24.4%, respectively.

Furthermore, DOR of the 34 HCC patients with PVTT who achieved CR or PR was also assessed, as illustrated in 
Figure 6. The median DOR of these 34 HCC patients with PVTT was 11.2 months (95% CI: 6.34–16.06). The 12-month 
and 36-month DOR rates were 50.0% and 25.1%, respectively.

Figure 3 CT scan results of the changes for target lesions in the liver site of the CR patient with HCC before and after the administration of TACE combined with 
Lenvatinib and Sintilimab (Red arrows represent the location of target lesions).

Figure 4 Progression free survival of the 67 patients with HCC who received the administration of TACE combined with Lenvatinib and PD-1 blockades.
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Association Between Baseline Clinical Characteristic Subgroups and PFS
Subsequently, association analysis was performed between baseline clinical characteristic subgroups and PFS, as 
presented in Table 2. Univariate analysis was used to identify the difference between the PFS and baseline clinical 
characteristic subgroups with the median PFS and 95% CI to describe the differences. Univariate analysis indicated that 
ECOG performance status, extrahepatic metastasis status, and number of tumor lesions were significantly associated with 
PFS. Patients with an ECOG performance status score of 0–1 had longer PFS (median PFS: 11.5 vs 7.1 months, 
P=0.011), patients with extrahepatic metastasis conferred poorer PFS (median PFS: 6.8 vs 11.5 months, P=0.009), and 
patients with more than three tumor lesions had shorter PFS (median PFS: 7.1 vs 11.8 months, P=0.012). Therefore, these 
three variables were included in the multivariate Cox analysis, which confirmed that ECOG performance status 
(HR=0.63, P=0.022), extrahepatic metastasis status (HR=0.59, P=0.011) and number of tumor lesions (HR=0.61, 
P=0.018) remained independent risk factors for PFS.

Figure 6 Duration of response of the 34 patients with HCC who received the administration of TACE combined with Lenvatinib and PD-1 blockades.

Figure 5 Overall survival of the 67 patients with HCC who received the administration of TACE combined with Lenvatinib and PD-1 blockades.
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Safety Profile of TACE Combined with Lenvatinib and PD-1 Blockades
This study documented the adverse reactions experienced among the 67 HCC patients with PVTT during treatment with 
TACE combined with Lenvatinib and PD-1 blockades, as presented in Table 3. Of the 67 patients treated, 65 experienced 
adverse reactions, regardless of grade (97.0%). A total of 34 patients suffered from grade ≥3 adverse reactions (50.7%), 
with most experiencing grade 3–4 adverse reactions (33 patients, 49.3%). One patient died of liver failure (1.5%) after 
two courses of combination treatment.

Table 2 Univariate and Multivariate Analysis of Baseline Characteristic Subgroups and PFS in 67 HCC Patients with 
PVTT

Baseline Characteristics Median PFS (95% CI) P (Univariate Analysis) Multivariate Analysis

HR (95% CI) P

Age
<58 10.3 (6.13–14.47) 0.616

≥58 9.2 (5.58–12.82)

ECOG performance status score
0–1 11.5 (7.14–15.86) 0.011 0.63 (0.45–0.92) 0.022

2 7.1 (4.09–10.11)

Gender
Male 8.8 (5.21–12.39) 0.532

Female 10.3 (6.34–14.26)

Child–Pugh liver function classification
A 10.5 (6.76–14.24) 0.236

B 8.3 (5.84–10.76)

HCC etiology
HBV 9.3 (6.32–12.28) 0.437

Other 10.4 (6.83–13.97)

Previous local therapy status 0.625
Yes 10.3 (6.87–13.73)

No 8.8 (5.68–11.92)

Extrahepatic metastasis status
No 11.5 (7.21–15.79) 0.009 0.59 (0.31–0.89) 0.011

Yes 6.8 (4.35–9.25)

Alpha fetoprotein (ng/mL)
<400 10.3 (6.89–13.71) 0.414

≥400 8.8 (7.13–10.47)
Number of tumor lesions

≤3 11.8 (8.14–15.46) 0.012 0.61 (0.38–0.90) 0.018

>3 7.1 (5.14–9.06)
PVTT type

Vp1-Vp2 10.7 (6.35–15.05) 0.315

Vp3-Vp4 8.8 (6.03–11.57)
Number of TACE treatment (times)

≤2 8.8 (5.89–11.71) 0.257

>2 11.5 (7.88–15.12)
Dosage of Lenvatinib (mg)

8 9.2 (6.77–11.63) 0.313

12 10.7 (7.12–14.28)
PD-1 blockades

Tislelizumab 8.8 (5.35–12.25) 0.438

Sintilimab 9.3 (6.67–11.93)
Camrelizumab 9.2 (7.13–11.27)

Pembrolizumab 10.7 (6.89–14.51)
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The most common adverse reactions were hypertension (61.2%), fatigue (56.7%), abnormal liver function (52.2%), 
nausea and vomiting (46.3%), diarrhea (38.8%), rash (31.3%), hand-foot syndrome (25.4%), hepatitis (17.9%), protei-
nuria (14.9%), hematologic toxicity (10.4%), and reactive cutaneous capillary endothelial proliferation (RCCEP, 7.5%). 
Among the 35 patients with abnormal liver function, which included both impairment in aminotransferase levels and 
clinical events of liver decompensation, a total of 22 patients (32.8%) were deemed as liver decompensation after TACE 
treatment, which was consisted of new-onset ascites in 8 patients (11.9%), jaundice in 7 patients (10.4%), hepatic 
encephalopathy in 5 patients (7.4%) and variceal bleeding in 2 patients (3.0%). The other 13 patients had elevation in 
aminotransferase levels (19.4%). The most common grade ≥3 adverse reactions were hypertension (16.4%), fatigue 
(14.9%), abnormal liver function (13.4%), nausea and vomiting (11.9%), diarrhea (7.5%), hand-foot syndrome (7.5%), 
rash (4.5%), hepatitis (4.5%), proteinuria (3.0%), and hematologic toxicity (3.0%). The overall safety profile of 67 
patients treated with TACE plus Lenvatinib and PD-1 blockade was manageable and controllable.

Discussion
This study conducted a retrospective analysis to explore the feasibility and safety of TACE plus Lenvatinib and PD-1 
blockades in patients with advanced HCC and PVTT. These findings suggested that HCC patients with PVTT receiving 
this combined local and systemic treatment demonstrated a manageable safety profile and encouraging long-term survival 
benefits. Notably, ECOG performance status, extrahepatic metastasis status and number of tumor lesions were identified 
as three independent risk factors that might contribute to the benefits of this regimen. Results of this study provided 
valuable insights into the development of treatment strategies for patients with HCC and PVTT. And these synergistic 
effects might potentially change the treatment landscape for HCC with PVTT, providing a new therapeutic option that 
might improve patient outcomes significantly.

Currently, it seemed that neither sorafenib nor Lenvatinib monotherapy met the therapeutic needs in clinical practice 
for advanced HCC with PVTT.30 Therefore, there was an ongoing need to explore more efficacious clinical therapeutic 
strategies for these patients.31 However, due to the poor prognosis, higher risk of bleeding and greater likelihood of liver 
failure, considerable phase III clinical trials targeting immune-related regimens excluded HCC patients with VP4, 
resulting in a scarcity of valuable prospective medical evidence for these patients.13,15 Therefore, by collating data on 
the feasibility and safety of treatment with TACE combined with Lenvatinib and PD-1 blockades in clinical practice 
among HCC patients PVTT, this study preliminarily provided real-word data on the efficacy and safety of a combined 
locoregional and targeted immunotherapy approach for advanced HCC with PVTT, offering valuable clinical guidance.

Patients included in this study was clinically representative of common patients with HCC with PVTT, with a median 
age of 58 years (range 49–80 years), which was similar to the previous study by Li et al.31 Additionally, the category and 
incidence rate of PVTT in this study were also aligned with previous research, which suggested that advanced HCC 

Table 3 Safety Profile of the 67 HCC Patients with PVTT Who Received TACE 
Combined with Lenvatinib and PD-1 Blockades

Safety Profile Total (N, %) Grade 1–2 (N, %) Grade ≥3 (N, %)

Adverse reactions 65 (97.0) 34 (50.7)

Hypertension 41 (61.2) 30 (44.8) 11 (16.4)

Fatigue 38 (56.7) 28 (41.8) 10 (14.9)
Abnormal liver function 35 (52.2) 26 (38.8) 9 (13.4)

Nausea and vomiting 31 (46.3) 23 (34.3) 8 (11.9)

Diarrhea 26 (38.8) 21 (31.3) 5 (7.5)
Rash 21 (31.3) 18 (26.9) 3 (4.5)

Hand-foot syndrome 17 (25.4) 12 (17.9) 5 (7.5)
Hepatitis 12 (17.9) 9 (13.4) 3 (4.5)

Proteinuria 10 (14.9) 8 (11.9) 2 (3.0)

Hematologic toxicities 7 (10.4) 5 (7.5) 2 (3.0)
RCCEP 5 (7.5) 5 (7.5) 0 (0.0)
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patients with PVTT included in this study were clinically representative. Noteworthily, although this study was designed 
as a retrospective study, a total of 18 patients with ECOG performance status of 2 score were also included for analysis, 
unlike the prospective design of Li XM’s team who only recruited patients with ECOG of 0–1 scores.31 Additionally, this 
study also enrolled 20.9% patients with extrahepatic metastasis, which was closely matched with the previous work by 
Zou et al (14.3%).32 Therapeutic outcomes in this study observed an ORR of 50.7% (95% CI: 44.0–68.8%) and a DCR of 
88.1% (95% CI: 77.8–94.7%), which was consistent with the previous study investigating TACE combined with 
Lenvatinib and PD-1 blockades in HCC patients with PVTT (ORR: 26.1%-68.3%, DCR: 78.3–85.4%).26,32,33 

Additionally, it should be noted that 4 patients achieved CR and a significant reduction in target lesions was observed 
in most patients. Regarding the tumor thrombus response to the combination regimens, CR was observed in 6 patients 
and a reduction in tumor thrombus in over 30 patients. These results suggested that TACE combined with Lenvatinib and 
PD-1 blockade demonstrated encouraging anti-tumor activity and relieved thrombus conditions in HCC patients with 
PVTT. Furthermore, the subsequent prognostic data showed a median PFS of 9.3 months and a 24-month PFS rate of 
21.5%, a median OS of 24.4 months and a 36-month OS rate of 24.4%. It seemed that the prognostic outcomes were also 
comparable with those from previous studies that explored the combination of local treatment plus Lenvatinib and PD-1 
blockades (median PFS: 7.5–14.5 months, median OS: 18.2–23.5 months).26,32,33 However, it should be noted that 
although this study included HCC patients with PVTT who were classified as BCLC stage C according to the guideline,34 

the median PFS and OS appeared to surpass those reported in previous clinical trials exploring the combination of 
immunotherapy with anti-angiogenic drugs numerically, such as IMbrave150 trial (median PFS: 6.9 months, median OS: 
19.2 months) and the LEAP-002 trial (median PFS: 8.2 months, median OS: 21.2 months),15,35 in spite of the fact that 
patients with BCLC stage of B were also included in these two trials. Collectively, these results preliminarily highlighted 
a significant synergistic action of combining TACE with Lenvatinib and PD-1 blockades, capable of achieving not only 
short-term anti-tumor activity but also long-term survival benefits.36 The potential mechanism underlay this synergy 
might highlight that TACE induced local hypoxia and activated hypoxia-induce factors, thereby modulating the high 
expression of other angiogenic factors, such as VEGF.37 The addition of Lenvatinib might inhibit VEGF upregulated by 
TACE, maximizing its anti-angiogenic activity, thus achieving a synergistic action in killing tumors and inhibiting 
angiogenesis.38 Furthermore, the necrosis of tumor tissue caused by TACE released tumor antigens, enhancing the anti- 
tumor immune response in vivo, which resulted in the basis for the synergistic activity when combined with PD-1 
blockades.39 Additionally, the synergistic action of Lenvatinib and PD-1 blockades was achieved through modulating the 
tumor immune microenvironment, which was elucidated in previous phase III trial,40 highlighting the synergistic effect 
when anti-angiogenic TKIs were used with PD-1 blockades. Therefore, the interaction between TACE, Lenvatinib and 
PD-1 blockades in vivo collectively contributed to their therapeutic activity in treating patients with advanced HCC with 
PVTT.

Interestingly, the exploratory analysis in this study suggested that the ECOG performance status score, extrahepatic 
metastasis status and number of tumor lesions were associated with the PFS of patients undergoing this triple- 
combination regimen to some extent. However, the significance of performance status score and number of tumor 
lesions for PFS should be interpreted objectively. To our knowledge, patients with an ECOG score of 2 and more than 
three metastatic lesions had been confirmed to inherently confer a worse prognosis in previous studies, regardless of the 
treatment regimen applied.41 Nevertheless, for the 14 patients in this study with extrahepatic metastasis, our study 
suggested that these patients had a median PFS of only 6.8 months after receiving the combined treatment of TACE, 
Lenvatinib and PD-1 blockade, which was significantly shorter than the median PFS of 11.5 months observed in patients 
without extrahepatic metastases. It was noteworthy that the median PFS of 6.8 months was aligned closely with the 6.9 
months median PFS reported in the IMbrave150 study for patients with unresectable HCC treated with atezolizumab 
combined with bevacizumab.14 This interesting finding suggested that TACE treatment might not provide a positive 
therapeutic benefit for patients with extrahepatic metastases. This was also consistent with the conclusions of previous 
research by Yoo et al.42 They also highlighted that HCC patients with extrahepatic metastases failed to benefit from 
TACE treatment. In summary, the results of multivariate analysis required further validation through prospective 
randomized controlled clinical trials to confirm these findings and to explore efficacious therapeutic strategies for this 
subgroup.
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Safety analysis of this regimen failed to reveal any new or unexpected adverse reactions. Furthermore, the incidence 
rate of grade ≥3 adverse reactions was 50.7%, suggesting that this regimen had a relatively tolerable safety profile among 
patients with advanced HCC and PVTT. Safety data observed in this study were closely in line with previous reports of 
adverse reactions regarding the combination of TACE, Lenvatinib and PD-1 blockade in patients with HCC.29 However, 
it should be noted that among the 67 patients with HCC, one patient (1.5%) died from liver failure. A similar case of 
death due to liver failure (2.7%) was also reported in a previous study investigating the combination of Lenvatinib and 
PD-1 blockade in patients with HCC.43 These outcomes suggested that patients with abnormal liver function required 
careful assessment before initiating TACE combined with Lenvatinib and PD-1 blockade. Close monitoring of liver 
function was essential to adjust the dosage or change therapeutic strategies as necessary. Interestingly, the incidence of 
elevation in aminotransferase levels was 19.4% in our study, which was basically consistent with the immune-related 
liver injury incidence (11.4%) among advanced/unresectable HCC who received first-line atezolizumab plus bevacizu-
mab therapy.44 And the association analysis found that increase in aminotransferase levels failed to affect the outcomes 
negatively. This aligned with our observations that while liver enzyme abnormalities were frequent, clinical outcomes 
were not adversely affected when managed appropriately. Additionally, the relatively common toxicities of hypertension 
(61.2%), hand-foot syndrome (25.4%) and proteinuria (14.9%) might be attributed to lenvatinib administration, whereas 
rash (31.3%), hepatitis (17.9%) and RCCEP (7.5%) were likely due to PD-1 blockades treatment. And hematologic 
toxicity (10.4%) was probably a result of TACE treatment.45 Overall, the triple combination of TACE, Lenvatinib and 
PD-1 blockades demonstrated a manageable and controllable safety profile among HCC patients with PVTT, highlighting 
its viability as a therapeutic option and the careful patient selection and monitoring was necessary.

This study has several limitations. First, its design as a single-center retrospective analysis and the relatively limited 
cohort of patients with HCC from clinical practice meant that the results needed to be validated in multicenter study 
subsequently. Additionally, this study failed to introduce a TACE-related control group, and the single-arm retrospective 
nature of the study was associated with a certain degree of bias, impairing the significance of comparisons with historical 
data. Furthermore, although we attempted to standardize imaging intervals to every two cycles (42 days), the actual 
timing could vary due to clinical practice discrepancy and patient-specific factors. This inherent variability might 
introduce biases in the assessment of PFS. Future prospective studies with predefined and strictly adhered to imaging 
schedules were needed to validate these findings and ensure more robust and reproducible results. Additionally, 
expanding the patient sample to include a broader and more diverse population might improve the representativeness 
of the study results. We recommended that future research efforts aimed to include larger cohorts to enhance the 
generalizability of the findings. Finally, this study failed to explore the potential synergistic mechanisms of combining 
TACE with Lenvatinib and PD-1 blockade, which was essential for advancing the understanding of treatment’s efficacy. 
Then, further investigation of exploring biomarkers that might predict the efficacy of the treatment regimen was crucial 
for identifying patients who were most likely to benefit from the combination therapy. And long-term follow-up studies 
were essential to evaluate the sustained efficacy and safety of the treatment regimen. Monitoring patients over extended 
periods might provide data on the durability of the treatment response and the management of long-term complications.

Despite these limitations, this study provides a preliminary exploration of the feasibility and safety of combining 
TACE with Lenvatinib and PD-1 blockade therapy in HCC patients with PVTT. The findings of this study offer potential 
clinical guidance for the frontline treatment of HCC patients with PVTT using this combined treatment approach. Future 
research should address these limitations through prospective, multicenter study comparing this treatment approach with 
standard treatments according to NCCN guidelines and deeper investigations into the underlying mechanisms and 
predictive biomarkers are needed to refine and validate this therapeutic strategy comprehensively. Over the next five 
years, we anticipate significant advancements in the management of HCC with PVTT. This might likely include the 
development of more personalized treatment strategies, incorporating genetic and molecular profiling to tailor therapy to 
individual patients clinically.

Informed Consent Statement
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