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Purpose: The current therapeutic strategies for high-risk, unresectable hepatocellular carcinoma (HCC) patients demonstrate 
suboptimal outcomes. This study aimed to assess the clinical efficacy of the combined approach of hepatic arterial infusion 
chemotherapy (HAIC), lenvatinib, and tislelizumab, either with or without transhepatic arterial embolization (TAE), in managing 
HCC patients with portal vein tumor thrombus (PVTT) and significant tumor load.
Patients and Methods: In this multicenter retrospective study, we analyzed patients diagnosed with primary, unresectable HCC 
presenting with PVTT and substantial tumor load who had undergone treatment with HAIC, lenvatinib, and tislelizumab, with or without 
TAE (referred to as the THLP or HLP group), between January 2019 and February 2022 across four medical centers in China. The outcomes 
included objective response rate (ORR), disease control rate (DCR), overall survival (OS), and progression-free survival (PFS).
Results: The study cohort comprised 100 patients, 50 each in the THLP and HLP groups. The THLP group demonstrated 
a significantly superior ORR (72% vs 52%, P=0.039). However, both groups exhibited comparable DCR (88% vs 76%, P=0.118), 
as assessed by the modified response evaluation criteria in solid tumors. The median OS and PFS for the entire cohort were 12.5 
months (95% CI, 10.9–14.8) and 5.0 months (95% CI, 4.2–5.4), respectively. The THLP group exhibited a significantly extended OS 
(median, 14.1 vs 11.3 months, P=0.041) and PFS (median, 5.6 vs 4.4 months, P=0.037) in comparison to the HLP group. The most 
frequently reported treatment-related adverse events included abdominal pain and nausea, both reported by 59% of patients.
Conclusion: The combination of HAIC, lenvatinib, tislelizumab, and TAE was feasible in HCC patients with PVTT and high tumor 
burden, with tolerable safety.
Keywords: hepatocellular carcinoma, transhepatic arterial embolization, hepatic arterial infusion chemotherapy, lenvatinib, 
tislelizumab
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Introduction
Hepatocellular carcinoma (HCC) ranks as the sixth most prevalent cancer and the third leading cause of cancer-related 
mortality globally.1 First-line treatments such as ablation, surgical resection, and liver transplantation are traditionally 
reserved for early-stage HCC.2 However, in China, an estimated 30%-62% of patients unfortunately present with portal 
vein tumor thrombus (PVTT), a complication associated with a bleak prognosis, limiting their treatment options.3,4 

Furthermore, a high tumor burden typically predicts poor systemic therapy outcomes in HCC patients with PVTT, which 
results in their exclusion from some prospective clinical trials.5–7

The landscape of systemic treatment for HCC has been dramatically reshaped since the approval of the tyrosine 
kinase inhibitor (TKI) sorafenib in 2007, heralding a new era of therapeutic prospects.8 This shift was then followed by 
the approval of further first-line single-agent systemic regimes, such as lenvatinib.9 The exploration of immune 
checkpoint inhibitors (ICIs), particularly targeting programmed cell death 1 (PD-1), in advanced HCC paralleled this 
progress. The potential of ICIs to significantly increase the chance of achieving complete response (CR) in patients, as 
shown in the MOUSEION-03 trial, offers a promising future direction for HCC treatment.10 Phase I/II trials, such as 
CheckMate 040 and KEYNOTE-224, evaluated nivolumab and pembrolizumab, revealing an objective response rate 
(ORR) of 14–20% and a safety profile comparable to other solid tumors.11,12 Nevertheless, the efficacy of single-agent 
ICIs was questioned as the confirmatory Phase III trials failed to demonstrate a statistically significant improvement in 
overall survival (OS).

As the results of IMbrave150 were reported in 2020, atezolizumab combined with bevacizumab had replaced 
sorafenib and lenvatinib as the preferred first-line treatment option.13 Other clinical trials, such as ORIENT-3114 and 
RESCUE,15 which investigated the combination of anti-VEGF antibodies and ICIs (bevacizumab plus sintilimab and 
apatinib plus camrelizumab, respectively), also yielded promising results, solidifying the role of combined immunothera
pies in the evolving narrative of HCC treatment. The efficacy of ICIs in combination with VEGFR antibody for the 
treatment of HCC has been already confirmed, but subsequent therapy after the onset of primary resistance to ICIs is 
often poor. Notably, it has been shown that ICIs combined with local therapy such as 90Yttrium transarterial radio
embolization (90Y-TARE) may help overcome primary resistances.16 Meanwhile, debate continues around the role and 
risk of systemic adjuvant treatment in HCC.17 However, identifying predictive biomarkers for patients receiving ICIs 
remains an unresolved challenge in the field.18 Further challenges and future trends in HCC immunotherapy need to be 
critically addressed.19

The value of hepatic arterial infusion chemotherapy (HAIC) in the management of HCC, particularly in advanced 
cases and those with PVTT, is well-documented. Its recommendation as a treatment option by both Japanese and Chinese 
guidelines underscores its clinical importance.4,20 The FOHAIC-1 trial21 reported better survival outcomes for advanced 
HCC patients receiving HAIC of oxaliplatin and fluorouracil compared to sorafenib. Further, the combination of 
sorafenib and HAIC showed promise for HCC patients with major PVTT.22 The use of FOLFOX-HAIC demonstrated 
significant improvements in OS over transarterial chemoembolization (TACE) in patients with large, unresectable 
HCC.23 Similarly, a randomized trial24 revealed that sorafenib combined with HAIC of FOLFOX improved OS and 
had acceptable toxic effects compared to sorafenib alone in HCC patients with PVTT.

Recently, a promising treatment approach combining HAIC with lenvatinib and ICIs has demonstrated improved 
outcomes.25–28 Our prior study observed that this triple combination therapy for advanced HCC offered extended median 
OS (17.7 vs 12.6 months) and progression-free survival (PFS, 10.9 vs 6.8 months) compared to lenvatinib and ICIs 
alone.29 Notwithstanding, over 40% of patients exhibited non-responsiveness to this therapy.29

Transhepatic arterial embolization (TAE), via ischemic damage induced by blood inflow cessation, can facilitate 
tumor regression in up to 50% of patients.30 Furthermore, the LAUNCH clinical trial indicated superior outcomes with 
TACE in conjunction with lenvatinib, compared to lenvatinib alone, for advanced HCC patients.31,32 Our prior retro
spective study substantiated this, revealing that TACE plus lenvatinib and ICI improved OS for advanced HCC, with 
acceptable toxicities.33 A recent meta-analysis studying survival outcomes for TACE and TAE found that two out of three 
trials leaned towards TAE, albeit with borderline significance (P=0.052).34 However, the efficacy and safety of TAE 
combined with the triple therapy in high-risk HCC patients remain uncharted territory. Consequently, this study aims to 
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assess the clinical outcomes of HAIC plus lenvatinib and tislelizumab, with or without TAE, in HCC patients with PVTT 
and a high tumor burden.

Materials and Methods
Study Design and Patients
This retrospective cohort study evaluated patients diagnosed with unresectable HCC with PVTT and a high tumor 
burden. These patients received either a quadruple combination treatment (referred to as the THLP group, inclusive of 
TAE, HAIC, lenvatinib, and tislelizumab) or a triple combination treatment (dubbed the HLP group, comprising of 
HAIC, lenvatinib, and tislelizumab) from January 2019 to February 2022. The patient records were drawn from four 
centers across China: the First Affiliated Hospital of Sun Yat-sen University, Guangdong Provincial People’s Hospital, 
First People’s Hospital of Foshan, and Guangzhou No. 12 People’s Hospital.

The inclusion criteria were as follows: 1) being aged between 18 and 75 years; 2) radiological or pathological 
diagnosis of HCC according to the American Association for the Study of Liver Diseases practice guidelines;35 3) 
presence of PVTT and high tumor burden (defined as a maximum tumor diameter exceeding 10 cm) according to imaging 
assessments; 4) evaluation of HCC as unresectable by a multi-disciplinary team (MDT); 5) lack of prior treatment for 
HCC; 6) Child-Pugh classification as A or B, and an Eastern Cooperative Oncology Group Performance Status score 
(ECOG PS) of 0–1; 7) no presence of other malignancies within the preceding five years; 8) receipt of a minimum of two 
cycles of either THLP or HLP; and 9) availability of complete medical and follow-up data. Laboratory tests and imaging 
evaluations, including enhanced computed tomography (CT) and magnetic resonance imaging (MRI), were conducted 
within a week prior to the initial treatment.

This study was approved by the Ethics Committee of the First Affiliated Hospital of Sun Yat-sen University and 
conducted in strict accordance with the principles of the Declaration of Helsinki. The requirement for informed consent 
was waived by the committee because of the retrospective nature of the study. All patient-related data used in this study 
were de-identified and anonymized to protect privacy.

Treatment Procedures
Each treatment cycle spanned three weeks. In the HLP group, patients received HAIC treatment as previously described.29 

Depending on tumor size, location, and arterial supply, the catheter tip was superselectively inserted into the femoral artery 
branches supplying the tumor. The HAIC regimen included oxaliplatin (130 mg/m2 from hour 0 to 2 on day 1), leucovorin 
(200 mg/m2 from hour 2 to 4 on day 1), and fluorouracil (400 mg/m2 as a fluorouracil bolus within 15 minutes, followed by 
a continuous infusion of 2400 mg/m2 of fluorouracil over 46 hours on days 1 and 2). After HAIC administration, the catheter 
and sheath were removed. Subsequently, all patients were given an intravenous infusion of tislelizumab once every three 
weeks and daily oral lenvatinib (12 mg for patients over 60 kg and 8 mg for patients under 60 kg). Decisions regarding the need 
for repeated TAE and/or HAIC procedures were guided by the multi-disciplinary team’s judgment.

For the THLP group, TAE using microspheres and a gelatin sponge was performed following the insertion of the 
catheter tip into the tumor-feeding branches of the femoral artery. The aim was not complete embolization of the tumors 
but to reduce the tumor burden prior to HAIC and to prevent excessive liver damage. The typical embolization endpoint 
was a subjective angiographic chemoembolization endpoint scale (SACE) level II, indicating a reduction in antegrade 
arterial flow and tumor blush.36 The procedures that followed were identical to those in the HLP group.

Adverse events (AEs) of grade 1 or 2, as defined by the National Cancer Institute Common Terminology Criteria for Adverse 
Events (NCI CTCAE) 5.0, were managed promptly without modifying treatment regimens. If AEs of grade 3 or higher were 
encountered, the regimen was adjusted slightly until the AEs resolved or improved. If these AEs persisted, treatment was halted 
until they resolved. The adjustments were guided by clinical judgment and an evaluation of residual lesions.

Assessment and Outcomes
Contrast-enhanced CT or MRI scans were performed every two cycles and independently reviewed by two experienced 
radiologists. Any discrepancies in the assessments were resolved through consensus. Treatment response was evaluated 
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through ORR and disease control rates (DCR), as per the modified response evaluation criteria in solid tumors 
(mRECIST)37 and RECIST version 1.1. The ORR was characterized as the percentage of patients who achieved a CR 
or a partial response (PR), while DCR encompassed the percentage of patients who achieved CR, PR, or stable disease 
(SD). OS was the duration from admission to death from any cause, whereas PFS was the interval from admission to 
either disease progression or death, whichever occurred first. Recurrence-free survival (RFS) was defined as the period 
from hepatectomy to tumor relapse or death from any cause. AEs during treatment were recorded and classified 
according to the CTCAE version 5.0. Subgroup analyses of PFS and OS were conducted based on PVTT (I/II and III/ 
IV), presence or absence of extrahepatic metastasis, and alpha-fetoprotein (AFP) levels (≥400 and <400 ng/mL).

Statistical Analysis
The R statistical software (version 4.0.3; R Foundation Inc., Vienna, Austria) and SPSS version 25.0 (SPSS, Chicago, IL, 
USA) were used for all statistical analyses. Continuous variables were expressed as mean ± standard deviation or median 
(interquartile range, IQR) and compared using the Student’s t-test or the Mann–Whitney U-test based on their distribu
tion. Categorical variables were presented as counts and percentages, and differences between the two groups were 
assessed using the chi-square test or Fisher’s exact test. Time-to-event variables were analyzed using the Kaplan-Meier 
method, and differences were examined using the Log rank test. Univariate and multivariate Cox regression analyses 
were performed to identify factors associated with survival outcomes. Factors with a P<0.05 in the univariate analysis 
were included in the multivariate analysis. A two-sided P<0.05 was considered statistically significant.

Results
Patient Characteristics
We assessed the eligibility of 288 patients with unresectable HCC who underwent either THLP or HLP treatment. Out of 
these, 95 did not present with PVTT and 45 had a lesion diameter less than 10 cm. Additionally, 18 had received previous 
treatment for HCC and 5 had other types of malignancies. Another 5 patients were classified with Child-Pugh C or an 
ECOG PS score greater than 1. Twenty patients were lost to follow-up. In the end, our study included 100 patients, with 
50 in each treatment group (Figure 1).

Table 1 provides a summary of the baseline characteristics of the patients. The median age of the patients was 56 
years (IQR:38–65), 55 of whom had a PVTT of grades I/II, and 68 had extrahepatic metastases. The baseline 
characteristics between the two groups were balanced (all P>0.05). The average diameters of tumors were 13.9 
±5.4 cm and 13.1±4.7 cm in the THLP and HLP groups, respectively (P=0.715). In the HLP group, the median number 
of HAIC treatments was 5 (range, 2–8), while in the THLP group, the median numbers for TAE and HAIC treatments 
were 2 (range:1–6) and 4 (range:2–8), respectively.

Effectiveness
The median follow-up periods were 13.8 months (range, 1.5–38.3) in the THLP group and 12.5 months (range, 1.0–21.7) in 
the HLP group. Based on the mRECIST criteria, the ORR and DCR were 62% and 82%, respectively. For the THLP group, 
the ORR was 72% per mRECIST and 60% per RECIST version 1.1, with DCR at 88% and 86% respectively. For the HLP 
group, ORR was 52% per mRECIST and 40% per RECIST version 1.1, with DCR at 76% and 72% respectively (Table 2).

By the end of the follow-up period, a total of 65 patients died, including 30 from the THLP group and 35 from the 
HLP group. For all patients, the median OS and PFS were 12.5 (95% CI, 10.9–14.8) and 5.0 (95% CI, 4.2–5.4) months 
respectively (Figure 2A and B). The THLP group exhibited extended OS (median 14.1 [95% CI, 11.9–24.4] vs 11.3 [95% 
CI, 8.7–13.9] months; hazard ratio [HR]=0.61, 95% CI, 0.38–1.00, P=0.041) and PFS (median 5.6 [95% CI, 4.6–8.3] vs 
4.4 [95% CI, 3.9–5.3] months; HR=0.65, 95% CI, 0.42–1.00, P=0.037) (Figure 2C and D).

Eighteen patients met the standard for conversion to resectable HCC, with 11 from the THLP group and 7 from the 
HLP group (P=0.436). The median interval between initial treatment and surgical resection was 2.5 months (range, 0.7– 
6.1) for the THLP group and 3.8 months (range, 1.4–7.9) for the HLP group (P=0.029). Post-surgery, all patients 
continued lenvatinib plus tislelizumab therapy. Following a median post-surgery follow-up period of 9.7 months (range, 
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3.8–15.9), 10 patients (7 in the THLP group, 3 in the HLP group) had a recurrence, and 6 patients (4 in the THLP group, 
2 in the HLP group) died. The median RFS was 9.8 months (95% CI, 4.6–15.3 months), whereas the median OS was not 
reached (95% CI, 8.4 months-not evaluated).

Subgroup Analysis
The THLP group demonstrated a numerically superior median OS compared to the HLP group across various patient 
cohorts. These included those with PVTT I/II (19.0 vs 13.9 months), PVTT III/IV (9.4 vs 6.1 months), absence of 
extrahepatic metastasis (17.1 vs 13.2 months), presence of extrahepatic metastasis (8.6 vs 5.7 months), and AFP levels 

Figure 1 Patient flowchart. A patient might meet several exclusion criteria, but they were excluded only once from the uppermost criteria. 
Abbreviations: HAIC, hepatic arterial infusion chemotherapy; TAE, transhepatic arterial embolization; PVTT, portal vein tumor thrombus; THLP, TAE, HAIC, lenvatinib, 
and tislelizumab; HLP, HAIC, lenvatinib, and tislelizumab.

Table 1 Baseline Characteristics of Patients in Two Groups

Characteristic Total (n=100) THLP (n=50) HLP (n=50) P

Age, years, median (IQR) 56 (38–65) 56 (43–62) 55 (36–71) 0.456

Sex 0.356

Male 88 (88) 42 (84) 46 (92)
Female 12 (12) 8 (16) 4 (8)

Etiology 0.534

HBV 90 (90) 45 (90) 45 (90)
HCV 6 (6) 2 (4) 4 (8)

Others 4 (4) 3 (6) 1 (2)

Child-Pugh Class 0.826
A 71 (71) 36 (72) 35 (70)

B 29 (29) 14 (28) 15 (30)

ALBI grade 0.760
1 12 (12) 7 (14) 5 (10)

2 88 (88) 43 (86) 45 (90)

(Continued)
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either ≥400 ng/mL (12.5 vs 10.0 months) or <400 ng/mL (21.7 vs 11.7 months) (Figure 3). Patients in the THLP group 
who were negative for hepatitis B virus (HBV), had a Child-Pugh score of B, an albumin-bilirubin (ALBI) grade of 1 or 
2, an ECOG PS of 0, a maximum tumor diameter of ≤15 cm, more than one tumor, and extrahepatic metastasis also 
demonstrated superior OS (all P<0.05) (Figure S1). PFS results for these subgroups are illustrated in Figure 4.

Univariate and Multivariate Analysis for Survival
After adjusting for potential confounders, several factors were associated with improved OS, including membership in the 
THLP group (HR, 0.51; 95% CI, 0.31–0.85, P=0.01), PVTT I/II status (HR, 0.25, 95% CI, 0.13–0.48, P<0.001), and absence 
of extrahepatic metastasis (HR, 0.34; 95% CI, 0.20–0.69, P=0.002). Similarly, the same factors (THLP group [HR, 0.62, 95% 
CI, 0.40–0.97, P=0.038], PVTT I/II [HR, 0.51, 95% CI, 0.32–0.81, P=0.004], and no extrahepatic metastasis [HR, 0.57, 95% 
CI, 0.35–0.92, P=0.021]) served as independent protective factors for PFS (Table 3).

Table 1 (Continued). 

Characteristic Total (n=100) THLP (n=50) HLP (n=50) P

Performance status 0.629

0 78 (78) 40 (80) 38 (76)
1 22 (22) 10 (20) 12 (24)

AFP, ng/mL 0.391

≤400 32 (32) 14 (28) 18 (36)
>400 68 (68) 36 (72) 32 (64)

Tumor size, cm, mean±SD 14.6±2.7 14.1±2.9 14.2±2.5 0.715

Tumor number 0.799
1 19 (19) 10 (20) 9 (18)

≥2 81 (81) 40 (80) 41 (82)

PVTT 0.238
I 18 (18) 12 (24) 6 (12)

II 37 (37) 19 (38) 18 (36)

III 30 (30) 11 (22) 19 (38)
IV 15 (15) 8 (16) 7 (14)

Extrahepatic metastasis >0.999

Absent 32 (32) 16 (32) 16 (32)
Present 68 (68) 34 (68) 34 (68)

Abbreviations: TAE, transhepatic arterial embolization; HIAC, hepatic arterial infusion chemotherapy; THLP, TAE, HAIC, lenvatinib, 
and tislelizumab; HLP, HAIC, lenvatinib, and tislelizumab; IQR, interquartile range; HBV, hepatitis B virus; HCV, hepatitis C virus; ALBI, 
albumin-bilirubin; AFP, alpha-fetoprotein; PVTT, portal vein tumor thrombus.

Table 2 Tumor Response in Two Groups

Response, n (%) mRECIST RECIST version 1.1

Total 
(n=100)

THLP 
(n=50)

HLP 
(n=50)

P Total 
(n=100)

THLP 
(n=50)

HLP 
(n=50)

P

Best overall response

Complete response 6 (6) 4 (8) 2 (4) 0 (0) 0 (0) 0 (0)
Partial response 56 (56) 32 (62) 24 (48) 50 (50) 30 (60) 20 (40)

Stable disease 20 (20) 8 (18) 12 (24) 29 (29) 13 (26) 16 (32)

Progressive disease 18 (18) 6 (12) 12 (24) 21 (21) 7 (14) 14 (28)
Objective response rate 62 (62) 36 (72) 26 (52) 0.039 50 (50) 30 (60) 20 (40) 0.046

Disease control rate 82 (82) 44 (88) 38 (76) 0.118 79 (79) 43 (86) 36 (72) 0.086

Abbreviations: HAIC, hepatic arterial infusion chemotherapy; TAE, transhepatic arterial embolization; THLP, TAE, HAIC, lenvatinib, and tislelizumab; HLP, HAIC, lenvatinib, 
and tislelizumab.
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Safety
Treatment-related AEs (TRAEs) are detailed in Table 4. The most frequently reported TRAEs included abdominal pain, 
nausea, and increased aminotransferase levels, with the majority being grade 1 or 2. Grade 3 or 4 TRAEs, such as 
abdominal pain, nausea, and increased aminotransferase levels, were more prevalent in the THLP group compared to the 
HLP group (34% vs 18%, 36% vs 22%, and 10% vs 2%, respectively). However, these AEs were manageable and did not 
lead to any treatment-related deaths. No significant differences were observed between the two groups in terms of 
albumin, bilirubin, and aminotransferase levels.

Discussion
At the inception of this study, lenvatinib combined with ICIs had emerged as a potential systemic therapy for 
unresectable HCC.38 A fusion of locoregional and systemic therapies is frequently utilized in clinical practice, given 
their efficacy in tumor control.39 Several retrospective studies have reported prolonged OS and PFS with the combination 
of HAIC-FOLFOX, lenvatinib, and ICIs, as compared to either lenvatinib plus ICIs or lenvatinib alone.25–27,29 Within the 
scope of our study, we retrospectively evaluated the clinical outcomes of adding TAE to HAIC, lenvatinib, and 
tislelizumab in patients with unresectable HCC. The ORRs were 72% and 52% in the THLP and HLP groups, 
respectively, as per mRECIST. Furthermore, the THLP group demonstrated significantly longer OS and PFS. 
Quadruple combination therapy (THLP group) was identified as an independent predictor of an improved prognosis. 
The toxicity of the combination therapy was typically manageable. Collectively, these findings suggest that supplement
ing TAE to a regimen of HAIC, lenvatinib, and tislelizumab may offer additional clinical benefits to patients with 
unresectable HCC and PVTT, particularly those with a high tumor burden, while maintaining an acceptable safety profile.

Figure 2 Kaplan-Meier curves of (A) overall survival in all patients; (B) progression-free survival in all patients (C) overall survival in two groups; and (D) progression-free 
survival in two groups. 
Abbreviations: HR, hazard ratio; CI, confidence interval; HAIC, hepatic arterial infusion chemotherapy; TAE, transhepatic arterial embolization; THLP, TAE, HAIC, 
lenvatinib, and tislelizumab; HLP, HAIC, lenvatinib, and tislelizumab.
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High tumor burden and PVTT are recognized as factors correlating with adverse outcomes in HCC patients.4,5 The 
post-hoc analysis of the IMbrave 150 study indicated that the median OS was similar between the atezolizumab plus 
bevacizumab group (7.6 months) and the sorafenib group (5.5 months) among high-risk patients, suggesting that 
systematic therapy provides limited benefits for high-risk HCC patients.5 In contrast, our study demonstrated a median 
OS of 12.5 months in all patients, with 14.1 months in the THLP group, and 11.3 months in the HLP group. These figures 
surpass the median OS in high-risk patients who received either atezolizumab plus bevacizumab or sorafenib. This could 
potentially be attributed to the synergistic impact of locoregional therapies, such as TACE and HAIC, combined with 
systemic therapies, like anti-angiogenic agents and ICIs.40–44

In our investigation, quadruple combination therapy comprising of TAE, HAIC, lenvatinib, and tislelizumab demon
strated superior ORR (72% vs 52%), median PFS (5.6 vs 4.4 months), and median OS (14.1 vs 11.3 months) compared to 
the triple combination therapy of HAIC, lenvatinib, and tislelizumab. Numerous studies underscore the significance of 

Figure 3 Kaplan-Meier curves of overall survival between two groups in patients (A) with PVTT I/II; (B) with PVTT III/IV; (C) without extrahepatic metastasis; (D) with 
extrahepatic metastasis; (E) with AFP ≥400 ng/mL and (F) with AFP <400 ng/mL. 
Abbreviations: HR, hazard ratio; CI, confidence interval; NA, not available; HAIC, hepatic arterial infusion chemotherapy; TAE, transhepatic arterial embolization; THLP, 
TAE, HAIC, lenvatinib, and tislelizumab; HLP, HAIC, lenvatinib, and tislelizumab; PVTT, portal vein tumor thrombus; AFP, alpha-fetoprotein.
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embolization as a foundation and central aspect of combination therapy for high burden tumors.45,46 HAIC, when 
coupled with chemoembolization, has been found to be more effective than chemoembolization alone in patients with 
unresectable HCC.45 Additionally, a retrospective study illustrated that combining HAIC with TAE enhanced PFS in 
patients with unresectable HCC compared to TACE alone, particularly for those at BCLC stage C.46 Considering these 
findings, merging TAE with HAIC and systemic treatment could yield further benefits than HAIC and systemic treatment 
alone. Moreover, 18 patients in our study reached the criteria for conversion to resectable HCC post-treatment, hinting 
that combination therapy may open more avenues for patients to undergo radical treatment.47

In our subgroup analysis of OS, the THLP regimen appeared to benefit most patient cohorts, with the exceptions 
being those with solitary tumors or a maximum lesion diameter exceeding 15 cm. Previous research suggests that for 
solitary lesions, HAIC alone might provide sufficient efficacy, rendering the addition of TAE unnecessary.23 For larger 
tumors, TAE may be unsuitable and lead to over-embolization, escalating liver toxicity and the expression of angiogenic 

Figure 4 Kaplan-Meier curves of progression-free survival between two groups in patients (A) with PVTT I/II; (B) with PVTT III/IV; (C) without extrahepatic metastasis; (D) 
with extrahepatic metastasis; (E) with AFP >400 ng/mL and (F) with AFP ≤400 ng/mL. 
Abbreviations: HR, hazard ratio; CI, confidence interval; NA, not available; HAIC, hepatic arterial infusion chemotherapy; TAE, transhepatic arterial embolization; THLP, 
TAE, HAIC, lenvatinib, and tislelizumab; HLP, HAIC, lenvatinib, and tislelizumab; PVTT, portal vein tumor thrombus; AFP, alpha-fetoprotein.
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growth factors.48–51 Nevertheless, the absence of a significant difference could be attributed to our limited sample size, 
necessitating further validation. The multivariate Cox regression analysis identified the treatment group, PVTT grade, 
and the presence of extrahepatic metastases as independent variables associated with both OS and PFS. As expected, 
extrahepatic metastases and type III/IV PVTT negatively impacted survival, while THLP emerged as an independent 
protective factor for both OS and PFS, thereby endorsing the benefits of integrating TAE with HLP.

Our study linked the THLP regimen to a higher incidence of grade ≥3 or total grade AEs compared to the HLP 
regimen. Post-embolization syndrome and liver damage were commonly observed AEs in the THLP group due to TAE. 

Table 3 Univariate and Multivariate Analysis of Risk Factors for Overall Survival and Progression-Free Survival

Variables Overall Survival Progression-Free Survival

Univariate 
(p-value)

Multivariate 
(p-value)

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

Multivariate 
(p-value)

HR (95% CI)

Treatment, (THLP vs HLP) 0.041 0.01 0.51 (0.31–0.85) 0.037 0.038 0.62 (0.40–0.97)

Age, (<60 vs ≥60 y) 0.381 0.379

HBV (yes vs no) 0.655 0.472

Child-Pugh (A vs B) 0.098 0.676

ALBI (1 vs 2) 0.128 0.549

Performance status (0 vs 1) <0.001 0.190 0.62 (0.30–1.27) 0.034 0.518 0.83 (0.47–1.46)

Largest size (≤15 vs >15 cm) 0.102 0.072

Tumor number (1 vs >1) 0.465 0.875

AFP (≤400 vs >400 ng/mL) 0.048 0.061 0.57 (0.32–1.01) 0.350

PVTT (I & II vs III & IV) <0.001 <0.001 0.25 (0.13–0.48) <0.001 0.004 0.51 (0.32–0.81)

Extrahepatic metastasis (no vs yes) <0.001 0.002 0.34 (0.20–0.69) 0.010 0.021 0.57 (0.35–0.92)

Abbreviations: TAE, transhepatic arterial embolization; HIAC, hepatic arterial infusion chemotherapy; THLP, TAE, HAIC, lenvatinib, and tislelizumab; HLP, HAIC, lenvatinib, 
and tislelizumab; IQR, interquartile range; HBV, hepatitis B virus; ALBI, albumin-bilirubin; AFP, alpha-fetoprotein; PVTT, portal vein tumor thrombus.

Table 4 Treatment-Related Adverse Events

Adverse events Total (n=100) THLP (n=50) HLP (n=50)

Any Grade Grade 3/4 Any Grade Grade 3/4 Any Grade Grade 3/4

Abdominal pain 59 (59) 26 (26) 38 (76) 17 (34) 21 (42) 9 (18)

Nausea 59 (59) 29 (29) 35 (70) 18 (36) 24 (48) 11 (22)

Diarrhea 22 (22) 5 (5) 12 (24) 3 (6) 10 (20) 2 (4)
Decreased appetite 40 (40) 3 (3) 21 (42) 2 (4) 19 (38) 1 (2)

Rash 7 (7) 1 (1) 3 (6) 0 (0) 4 (8) 1 (2)

Fatigue 13 (13) 0 (0) 8 (16) 0 (0) 5 (10) 0 (0)
Albumin decreased 25 (25) 3 (3) 12 (24) 2 (4) 13 (26) 1 (2)

Bilirubin increased 19 (19) 2 (2) 10 (20) 1 (2) 9 (18) 1 (2)

Aminotransferase increased 47 (47) 6 (6) 29 (58) 5 (10) 18 (36) 1 (2)
White blood cell decreased 7 (7) 2 (2) 4 (8) 1 (2) 3 (6) 1 (2)

Platelet count decreased 8 (8) 1 (1) 3 (6) 0 (0) 5 (10) 1 (2)

Hypertension 19 (19) 5 (5) 9 (18) 2 (4) 10 (20) 3 (6)
Hand-foot syndrome 11 (11) 0 (0) 5 (10) 0 (0) 6 (12) 0 (0)

Dysphonia 3 (3) 1 (1) 1 (2) 0 (0) 2 (4) 1 (2)

Proteinuria 12 (12) 3 (3) 7 (14) 2 (4) 5 (10) 1 (2)
Gingival hemorrhage 18 (18) 5 (5) 8 (16) 2 (4) 10 (20) 3 (6)

Colitis 5 (5) 2 (2) 2 (4) 1 (2) 3 (6) 1 (2)

Hypothyroidism 14 (14) 3 (3) 6 (12) 2 (4) 8 (16) 1 (2)
Immunity-related adverse event 9 (9) 4 (4) 4 (8) 2 (4) 5 (10) 2 (4)

Abbreviations: TAE, transhepatic arterial embolization; HIAC, hepatic arterial infusion chemotherapy; THLP, TAE, HAIC, lenvatinib, and tislelizumab; 
HLP, HAIC, lenvatinib, and tislelizumab.
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Consistent with prior studies, abdominal pain, which could be managed with standard therapies, was a frequently 
reported symptom.52 The primary concern was liver function damage induced by TAE, as previously documented, 
which could negatively influence patients’ final outcomes.53,54 Consequently, partial rather than complete embolization 
was performed for TAE in the THLP group. Our study also identified THLP as a factor contributing to more pronounced 
liver function impairment, particularly in cases of acute liver injury, such as elevated aminotransferase levels. However, 
these AEs were transient, with aminotransferase levels returning to normal within a relatively short timeframe. This did 
not impede subsequent treatment nor lead to liver failure. While THLP generally presents a safe treatment option for 
HCC patients with a high tumor burden, the degree of embolization should be carefully considered.

In the context of our findings, we acknowledge the ongoing exploration in the field of combination treatments for 
HCC. In particular, a prospective clinical study of lenvatinib combined with a PD-1 inhibitor and HAIC has provided 
encouraging results.28 Similarly, the CHANCE 001 study demonstrated promising clinical efficacy of TACE combined 
with TKIs and ICIs in intermediate to advanced HCC.55 However, to our knowledge, no prospective clinical studies have 
investigated the quadruple combination regimen of TAE with HAIC, TKIs, and PD-1 inhibitors. Our study presents 
initial retrospective data showing that this approach might improve survival in advanced HCC patients with high tumor 
burden and PVTT. Looking ahead, we see a compelling opportunity for future clinical trials to validate the clinical 
efficacy and safety of such quadruple combination regimens. Furthermore, comparative trials against established triple 
combination therapies could provide additional insights into the optimal combination treatment strategy for this patient 
population. These efforts will further enhance our understanding of how to leverage multiple therapeutic modalities in the 
quest for improved patient outcomes in HCC.

This study had several limitations. Firstly, our study was retrospective in nature which might introduce inherent bias 
associated with retrospective analyses. Secondly, the sample size of our study, while multicentric, was relatively small 
which might limit the power of statistical analyses and the generalizability of our findings. Thirdly, our study population 
was considerably diverse, including patients with different stages of disease and varying clinical presentations. This 
heterogeneity could impact the interpretation of our results and their applicability to a more uniform patient population. 
Lastly, despite efforts to maintain standardization, the application of TAE varied among different centers due to its 
technical complexity. This variation could potentially influence the outcomes due to different degrees of embolization.

Conclusions
Based on the data from this retrospective study, the combination of HAIC, lenvatinib, tislelizumab, and TAE appears to 
show promise in improving survival for HCC patients with PVTT and high tumor burden. While these results are 
encouraging, they should be interpreted with caution given the potential for bias inherent in retrospective studies. Further 
prospective, randomized controlled trials are needed to validate these findings.

Abbreviations
HCC, hepatocellular carcinoma; PVTT, portal vein tumor thrombus; TKIs, tyrosine kinase inhibitors; ICIs, immune 
checkpoint inhibitors; HAIC, hepatic arterial infusion chemotherapy; FOLFOX, oxaliplatin, 5-fluorouracil, and leucov
orin; OS, overall survival; PFS, progression-free survival; TACE, transhepatic arterial chemoembolization; TAE, 
transhepatic arterial embolization; THLP, TAE, HAIC, lenvatinib and tislelizumab; HLP, HAIC, lenvatinib and tisleli
zumab; MDT, multi-disciplinary team; ECOG PS, Eastern Cooperative Oncology Group Performance Status score; CT, 
computed tomography; MRI, magnetic resonance imaging; SACE, subjective angiographic chemoembolization endpoint 
scale; AEs, adverse events; NCI CTCAE, National Cancer Institute Common Terminology Criteria for Adverse Events; 
ORR, overall response rates; DCR, disease control rates; mRECIST, modified response evaluation criteria in solid 
tumors; CR, complete response; PR, partial response; SD, stable disease; RFS, recurrence-free survival; HR, hazard ratio; 
AFP, alpha-fetoprotein; HBV, hepatitis B virus; ALBI, albumin-bilirubin; TRAEs, treatment-related AEs.
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