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Background: The efficacy of transarterial chemoembolization (TACE) for hepatocellular carcinoma 
(HCC) with portal vein tumor thrombus (PVTT) is limited. There are insufficient data on TACE-lenvatinib 
sequential therapy for HCC with PVTT. We aimed to assess the efficacy and safety of TACE-lenvatinib 
sequential therapy for the treatment of HCC and PVTT. 
Methods: We retrospectively reviewed 12 consecutive patients with HCC and PVTT who underwent 
TACE-lenvatinib sequential therapy between July 2018 and May 2021. Lenvatinib treatment was started  
1 week after TACE at a dose of 8 or 12 mg daily depending on the patient weight. Follow-up examinations 
were performed at 4 week and then every 8 weeks after the first TACE procedure. Overall survival (OS), 
progression-free survival (PFS), objective response rate (ORR), disease control rate (DCR) and adverse 
events (AEs) were calculated. Survival curves of PFS and OS were estimated using the Kaplan-Meier method. 
Results: The median OS and PFS were 16.9 and 6.15 months, respectively. The ORR and DCR were 75% 
and 91.7%, respectively. The most common lenvatinib-related AE was hypertension (33.3%), and the most 
common TACE-related AE was elevated liver enzymes (100%). No treatment-related deaths or grade 4 
events were observed.
Conclusions: TACE-lenvatinib sequential therapy may be safe and well tolerated, and may improve OS 
and PFS for HCC patients with PVTT. Further randomized controlled trials with larger cohorts are needed 
to confirm its efficacy and safety.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most common 
malignancy and the third leading cause of cancer-related 
death worldwide (1). More than 60% of patients are 
diagnosed at an intermediate or advanced stage (2), and the 
presence of macroscopic vascular invasion is considered to 
be a poor prognostic factor for overall survival (OS) (3).  
The median OS of patients who are untreated for HCC and 
portal vein tumor thrombus (PVTT) is 2.7–4.0 months (2).  
PVTT can lead to series of complications, such as 
portal hypertension, liver function damage and tumor 
dissemination (4,5). The treatment for HCC with PVTT 
includes systemic therapy, hepatectomy, radiotherapy, 
transarterial chemoembolization (TACE), hepatic arterial 
infusion chemotherapy, portal vein revascularization 
by endovascular stenting and radioembolization with 
yttrium-90 microspheres (6). The efficacy of monotherapy 
remains limited. Combination treatment has been used in 
patients with HCC and PVTT. In previous studies, TACE-
sorafenib treatment improved progression-free survival 
(PFS) and OS compared with TACE monotherapy (7,8). 
The mechanism is that sorafenib inhibits neoangiogenesis 
after TACE (9,10). In the REFLECT trial, lenvatinib was 
shown to be non-inferior to sorafenib in OS and showed 
better improvement in PFS and the objective response rate 
(ORR) (11). As a novel oral multikinase inhibitor, lenvatinib 
suppresses vascular endothelial growth factor (VEGF) 
receptors 1–3, fibroblast growth factor receptors (FGFRs) 
1–4, platelet-derived growth factor receptor ɑ, KIT, and 
RET. In 2018 lenvatinib was approved by the US Food and 
Drug Administration and the European Medicines Agency 
as a first-line drug for advanced HCC (12,13). In a real-
world study from Korea, lenvatinib was demonstrated to be 
more effective and showed an ORR superior to sorafenib 
as a salvage therapy for TACE in unresectable HCC (14). 
A price reduction has made lenvatinib more accessible for 
Chinese patients.

The survival benefit of TACE-lenvatinib sequential 
therapy for patients with HCC and PVTT needs to be 
further explored, so we conducted a retrospective study 
of 12 patients with HCC and PVTT to evaluate the 
efficacy and safety of sequential therapy. We present the 
following article in accordance with the STROBE reporting 
checklist (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-22-239/rc).

Methods

Patients

Between July 2018 and May 2021, 12 consecutive patients 
who were diagnosed with unresectable HCC and PVTT 
and underwent TACE-lenvatinib sequential therapy in 
the Department of Interventional Radiology (The First 
Medical Center of Chinese PLA General Hospital, Beijing, 
China) were retrospectively enrolled in this study based on 
the eligibility criteria. HCC was diagnosed according to 
the American Association for the Study of Liver Diseases 
(AASLD) (15). The presence of PVTT was confirmed 
by demonstration of an intraluminal filling defect with 
generalized enhancement in the main portal vein or portal 
vein branches on contrast-enhanced magnetic resonance 
imaging (MRI) (5,16). PVTT was classified into three 
types according to previous studies (8,17). Type A: PVTT 
in the main portal vein; type B: PVTT in the first-order 
portal vein branch (the right or left portal vein); and 
type C: PVTT in the second- or lower-order portal vein 
branches (segmental branches of portal vein or higher). 
The eligibility criteria were: (I) patient age between 18 and  
75 years; (II) HCC invading the portal vein; (III) Child-
Pugh class A or B; (IV) Eastern Cooperative Oncology 
Group (ECOG) performance status of 0–2. The exclusion 
criteria were: (I) ECOG performance status of 3 or 4; 
(II) main portal vein completely obstructed; (III) severe 
vital organ dysfunction. All patients were treated with 
TACE-lenvatinib sequential therapy during the study 
period. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The ethical 
approval was waived by the Ethics committee of The 
First Medical Center of Chinese PLA General Hospital. 
The informed consent was not required because of the 
retrospective nature of this study.

TACE

Hepatic artery and superior mesenteric artery angiography 
was performed with a 4-F catheter (RH, Terumo 
Corporation, Japan) to assess the arterial blood supply of the 
tumor, and portal vein patency. A 2.7-F miniature catheter 
(Progreat, Terumo Corporation, Japan) was selected for 
the feeding artery, and an emulsion of 4–20 mL of lipiodol 
(Laboratorie Guerbet, Aulnay-sous-Bois, France), and 2–5 
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chemotherapy drugs from among epirubicin, oxaliplatin, 
mitomycin, 5-fluorouracil and calcium folinate was infused 
into the feeding artery of the tumor in a 1:1 ratio depending 
on the tumor size and liver function until small peripheral 
portal branches around the tumor were visualized. Finally, 
embolization with polyvinyl alcohol particles and gelatin 
sponge particles was performed to block the blood supply of 
the tumor.

Lenvatinib therapy

Lenvatinib treatment was started 1 week after TACE if the 
patient’s liver function was Child-Pugh class A or B. If the 
patient’s weight was <60 kg, a 12 mg dose of lenvatinib was 
given once daily; If the patient’s weight was >60 kg, the dose 
of lenvatinib was 8 mg once daily. Doses were modified 
depending on side effects. If grade 3 or 4 adverse events 
(AEs) occurred, a dose reduction to 8 mg once daily or a 
temporary drug interruption was required until the AEs 
were alleviated or disappeared.

Follow-up

To evaluate the effect of the sequential therapy, follow-
up examinations were performed at 4 week and then 
every 8 weeks after the first TACE procedure until the 
date of disease progression, death, or last follow-up. The 
examination included routine blood tests, liver function tests, 
serum hepatitis B virus DNA, alpha-fetoprotein (AFP) and 
abdominal contrast-enhanced MRI. If residual viable tumor 
or recurrent lesion was found on MRI, TACE was repeated.

Efficacy assessment 

The patients’ responses to treatment were assessed based 
on the best response according to the modified Response 
Evaluation Criteria in Solid Tumors criterion (18): complete 
response (CR) = disappearance of any intratumoral arterial 
enhancement in all target lesions; partial response (PR) = 
sum of the diameters of viable lesions decreased at least 
30%; progressive disease (PD) = sum of the diameters of 
viable lesions increased at least 20%; stable disease (SD) 
= any case that does not meet the criteria for PD or PR. 
The ORR was the proportion of patients of patients who 
achieved CR and PR, and the DCR was the percentage of 
patients with a tumor response of CR, PR, or SD. PFS was 
defined as the time from the start of treatment to disease 
progression or death. OS was defined as the time from the 

start of treatment to death or the last follow-up.

Safety assessment

AEs were assessed according to the National Cancer 
Institute’s Common Terminology Criteria for Adverse 
Events (CTCAE) version 5.0 (19).

Statistical analysis

All statistical analyses were performed using SPSS 21.0 
software (SPSS Inc., Chicago, IL, USA) and Prism 8 
(GraphPad Software, San Diego, CA, USA). Survival curves 
of PFS and OS were estimated using the Kaplan-Meier 
method. 

Results

Baseline characteristics

The median follow-up time was 15.2 months. Table 1 
summarizes the baseline clinical characteristics and Table 2 
shows the laboratory data.

Response and survival outcomes

CR occurred in 2 patients (16.7%), PR in 7 patients (58.3%), 
SD in 2 patients (16.7%), and PR in 1 patient (8.3%). The 
ORR was 75.0% (9/12) and the DCR was 91.7% (11/12). 
Median OS was 16.9 months (Figure 1), and median PFS 
was 6.15 months (Figure 2). 

Safety outcomes

Lenvatinib-related AEs included hypertension (33.3%), fatigue 
(8.3%), myalgia (8.3%), hand-foot skin reaction (8.3%), rash 
(8.3%), decreased appetite (8.3%), decreased platelets (8.3%), 
diarrhea (8.3%), and edema (8.3%) (Table 3). TACE-related 
AEs included elevated aspartate aminotransferase (AST: 
100.0%), elevated alanine aminotransferase (ALT: 100.0%), 
abdominal pain (91.7%), fever (75.0%), elevated bilirubin 
(50%), vomiting (25.0%), abdominal distension (16.7%), and 
constipation (8.3%) (Table 4).

Discussion

In 2007 sorafenib was the first molecular targeted drug 
to be approved for first-line treatment for advanced  
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HCC (20). Lenvatinib is also recommended by international 
guidelines as a first-line treatment for advanced HCC  
(21-24). In the REFLECT trial, lenvatinib showed a 
meaningful improvement in PFS and ORR compared 
with sorafenib (11), but the majority of patients who 
receive lenvatinib experience disease progression at a 
relatively early stage (25). The efficacy of TACE for HCC 
with PVTT is also limited. Therefore, it is necessary 
to find a more effective therapy. Previous studies have 

explored the TACE-lenvatinib combination. Fu et al. 
compared the efficacy and safety of combined treatment 

Table 1 Baseline characteristics

Characteristics Number

Sex, n (%)

Male 10 (83.3)

Female 2 (16.7)

Mean age (years) 55.9±8.4

Etiology, n (%)

Hepatitis B virus 12 (100.0)

Hepatitis C virus 0

Unknown 0

BCLC stage, n (%)

A 0

B 0

C 12 (100.0)

PVTT grade, n (%)

A 3 (25.0)

B 9 (75.0)

C 0

Extrahepatic metastasis, n (%) 7 (58.3)

Lung 3 (25.0)

Lymph node 4 (33.3)

Bone 2 (16.7)

Paranephros 1 (8.3)

Pleura 1 (8.3)

Initial dose of lenvatinib, n (%)

12 mg 4 (33.3)

8 mg 8 (66.7)

Reduced initial dose of lenvatinib 1 (8.3)

BCLC, Barcelona Clinic Liver Cancer; PVTT, portal vein tumor 
thrombus.

Table 2 Laboratory data of patients

Variables Number

AST (U/L) 36.7±15.6

ALT (U/L) 24.7±13.1

PLT (×109) 126.3±65.5

TB (µmol/L) 16.7±6.2

ALB (g/L) 39.2±3.9

PT (s) 16.5±0.85

AFP (µg/L) 2,976.3±4,132.3

AST, aspartate aminotransferase; ALT, alanine aminotransferase; 
PLT, platelets; TB, total bilirubin; ALB, albumin; PT, prothrombin 
time; AFP, alpha-fetoprotein.
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Figure 1 Overall survival of the 12 patients with hepatocellular 
carcinoma and portal vein tumor thrombus.

Figure 2 Progression-free survival of the 12 patients with 
hepatocellular carcinoma and portal vein tumor thrombus.
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Table 3 Lenvatinib-related adverse events

Adverse event 
All grades,  

n (%)
Grade 3,  

n (%)
Grade 4,  

n (%)

Hypertension 4 (33.3) 1 (8.3) 0

Fatigue 1 (8.3) 0 0

Myalgia 1 (8.3) 0 0

Hand-foot skin reaction 1 (8.3) 0 0

Rush 1 (8.3) 0 0

Decreased appetite 1 (8.3) 0 0

Decreased platelet 1 (8.3) 0 0

Diarrhea 1 (8.3) 0 0

Edema 1 (8.3) 0 0

with lenvatinib and TACE versus TACE in patients with 
unresectable HCC. Their results showed that the ORR 
was better with TACE plus lenvatinib treatment (ORR: 
68.3% vs. 31.7%) and DCR numerically increased in the 
TACE-plus treatment (93.3% vs. 86.7%) (26). Kawamura 
et al. revealed that using lenvatinib-TACE sequential 
therapy after progression during lenvatinib treatment was 
associated with better progression-free survival (PFS) (25). 
However, there are insufficient data on TACE-lenvatinib 
sequential therapy for HCC with PVTT, so we conducted 
the present study to evaluate its efficacy and safety. Our 
results demonstrated that TACE-lenvatinib was effective 
in patients with advanced HCC and PVTT, with median 
PFS and OS of 6.15 and 16.9 months, respectively. Previous 

study showed that the median OS of HCC patients with 
segmental PVTT after TACE was 15.5 months (27), which 
was shorter than in present study. And repeated TACE 
leads to deterioration of liver function. Ding et al. claimed 
that the TACE plus lenvatinib had favorable efficacy for 
HCC with PVTT compared with TACE plus sorafenib, 
and presented a median TTP (time from randomization 
to disease progression) of 4.7 months compared with  
3.1 months in the patients receiving TACE plus sorafenib 
treatment (28). In our study, we observed a better median 
PFS of 6.15 months. The OS was also longer than those 
reported for TACE plus sorafenib. Zhu et al. reported a 
median OS for TACE plus sorafenib of 11.0 months for the 
treatment of HCC with PVTT (8), and Pan et al. reported 
a median OS of 13 months (29). Our results suggested that 
TACE-lenvatinib sequential therapy is a possible useful 
option for patients with HCC and PVTT. The encouraging 
survival benefits of TACE-Lenvatinib sequential therapy 
may be attributed to the following potential mechanism. 
TACE creates a hypoxic environment within the tumor, 
and increases the secretion of angiogenic factors such as 
VEGF and FGF, which lead to tumor angiogenesis and 
recurrence (9). Lenvatinib is a novel anti-angiogenic, 
multikinase inhibitor that targets VEGF receptors 1–3 and 
FGF receptors 1–4 (12,13), which inhibits angiogenesis and 
tumor recurrence after TACE. In addition, TACE induces 
tumor necrosis by directly killing tumor cells and blocking 
the supply vessels of the tumor. As a systemic therapy, 
lenvatinib targets local tumor, PVTT and extrahepatic 
metastases to improve tumor control.

The present study also revealed that the most common 
lenvatinib-related AE was hypertension, and the most 
common TACE-related AE was elevated AST and ALT. 
Treatment-related deaths and grade 4 AEs were not 
observed. All of the AEs were well tolerated. Although 
liver dysfunction occurred in all patients after TACE, it 
was transient and reversible with proper management. The 
other TACE-related AE was postembolization syndrome, 
which was relieved with appropriate measures. Lenvatinib-
related AEs were hypertension, fatigue, myalgia, hand-foot 
skin reaction, rash, decreased appetite, decreased platelets, 
diarrhea and edema. These AEs were manageable with dose 
adjustment or interruption, or symptomatic treatment. 

The present study had some limitations. First, it was a 
retrospective and single-center study. Second, it lacked a 
control group. Third, the number of patients enrolled in 
the study was small.

In conclusion, TACE-lenvatinib sequential therapy may 

Table 4 TACE-related adverse events

Adverse event 
All grades,  

n (%) 
Grade 3,  

n (%) 
Grade 4,  

n (%)

Elevated AST 12 (100.0) 4 (33.3) 0

Elevated ALT 12 (100.0) 3 (25.0) 0

Abdominal pain 11 (91.7) 0 0

Fever 9 (75.0) 0 0

Elevated bilirubin 6 (50.0) 1 (8.3) 0

Vomiting 3 (25.0) 0 0

Abdominal distension 2 (16.7) 0 0

Constipation 1 (8.3) 0 0

TACE, transarterial chemoembolization; AST, aspartate 
aminotransferase; ALT, alanine aminotransferase.
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be safe and well tolerated, and may improve OS and PFS for 
HCC patients with PVTT. Further randomized controlled 
trials with larger cohorts are needed to confirm its efficacy 
and safety.
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