
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation 
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.

ji et al. Radiation Oncology          (2024) 19:143 
https://doi.org/10.1186/s13014-024-02527-1

Radiation Oncology

†Xiaoquan ji and Aimin Zhang contributed equally to this work.

*Correspondence:
Xuezhang Duan
duanxuezhang2006@163.com

Quan Wang
quanwang1987@163.com
1Department of Radiation Oncology, Senior Department of Oncology, the 
Fifth Medical Center of PLA General Hospital, Beijing, China
2The Second School of Clinical Medicine, Southern Medical University, 
Guangzhou, China

Abstract
Background and objectives The purpose of this study was to investigate the survival benefit of Stereotactic Body 
Radiotherapy (SBRT) versus lenvatinib as first-line therapy in the treatment of hepatocellular carcinoma (HCC) with 
portal vein tumor thrombosis (PVTT).

Materials and methods 147 HCC patients with PVTT were included in this retrospective study, 70 were treated with 
SBRT and 77 of were treated with lenvatinib. Propensity score matching (PSM) analysis was employed to balance the 
differences in baseline characteristics between the two groups. Overall survival (OS), progression-free survival (PFS) 
and objective response rate (ORR) were compared between the two groups. In addition, the safety of patients in both 
groups was also evaluated.

Results After PSM, 38 patients were matched in each of the two groups. The median OS was 14.5 (95% CI: 10.1–18.9) 
and 11.1 (95% CI: 9.3–12.9) months in the SBRT and lenvatinib groups, respectively (P = 0.014). The median PFS was 6.8 
(95% CI: 5.1–8.5) and 5.0 (95% CI: 3.0–7.0) months, respectively (P = 0.010). The 1-, 2-years OS rates in the two groups 
were 65.8% vs. 39.5% and 31.6% vs. 10.5%, respectively. The 6-, 12-months PFS rates in the two groups were 57.9% 
vs. 44.7% and 28.9% vs. 10.5%, respectively. In addition, the SBRT group had a better ORR than the lenvatinib group 
(52.6% vs. 23.7%, P = 0.009). Patients with good response to SBRT had better survival. Cox proportional hazard model 
showed that SBRT was an important prognostic factor for OS and PFS. The incidence of hypertension (34.2% vs. 0%) 
was higher in the LEN group, however, both treatment modalities were well tolerated in the two groups of patients.

Conclusion In HCC patients with PVTT, SBRT had a better survival benefit than Lenvatinib treatment as first-line 
therapy.
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Introduction
Hepatocellular carcinoma (HCC) is one of the most com-
mon malignancies worldwide and the third leading cause 
of cancer deaths [1]. Approximately 10–40% of patients 
with HCC have portal vein tumor thrombosis (PVTT) 
at diagnosis, and was considered to be in advanced stage 
leading to a poor prognosis, with a median survival of 
only 2.7–4.0 months [2, 3].

However, there is currently no widely-accepted consen-
sus for the management of HCC complicated with PVTT. 
European Association for the Study of the Liver (EASL) 
guidelines, which is based on Barcelona Clinic Liver 
Cancer (BCLC) staging system, recommends systemic 
therapy as the only evidence-based treatment option for 
HCC patients with PVTT [4]. In Chinese and Korean 
guidelines, transarterial chemoembolization (TACE), 
surgery, systemic therapy or radiotherapy (RT) are all 
recommended to treat this patient group [5, 6].

With the rapid development in radiotherapy technol-
ogy, stereotactic body radiotherapy (SBRT) has emerged 
as a feasible standalone or adjunct management for HCC 
[7]. SBRT maximizes treatment efficacy by focusing high 
doses precisely on the tumor in a short period of time [7, 
8], achieving results comparable to those of hepatectomy, 
radiofrequency ablation, and TACE in early-stage HCC 
[9–11]. Meanwhile, the value of SBRT in the treatment 
of HCC with PVTT has also begun to attract attention. 
A multicenter retrospective trial investigating the effi-
cacy of SBRT in patients with recurrent HCC combined 
with extensive PVTT showed a 100% clinical benefit rate 
and 38.7% 1-year OS rate, subgroup analysis showed that 
SBRT was effective in any location of the tumor throm-
bus [12]. Furthermore, a mete-analysis showed that SBRT 
had an effective rate of 70.7% in the treatment of PVTT, 
which was much higher than that of other radiotherapy 
methods [13]. Although such findings clearly suggest the 
efficacy of RT in HCC with PVTT, comparative studies 
with systemic therapy have been limited.

For advanced HCC, Bettinger et al. [14] found that 
SBRT had a considerable survival benefit compared 
to sorafenib, extending median OS to 9.3 months. In a 
recent phase III noninferiority trial, lenvatinib was found 
to be noninferior to sorafenib in overall survival (OS) 
in untreated advanced HCC [15]. Therefore, lenvatinib 
was established as an alternative to sorafenib as first-line 
treatment option in patients with advanced HCC [16]. 
However, it is unclear whether SBRT has better survival 
benefit than lenvatinib in treating HCC patients compli-
cated by PVTT. Therefore, the purpose of this study is to 
compare the survival benefit of SBRT versus lenvatinib as 
first-line therapy in unresectable HCC with PVTT.

Materials and methods
Study design and patient population
Patients with unresectable HCC diagnosed from August 
2014 to August 2021 were included in this retrospec-
tive study. The eligibility criteria were: (1) Diagnosed 
with HCC by radiological or histological, (2) presence of 
PVTT and PVTT was identified by the existence of a low 
attenuation intraluminal filling defect during the portal 
phase and a filling defect enhancement during the arte-
rial phase, (3) at least one measurable lesion ≥ 1  cm in 
solid liver lesion or vascular tumor thrombosis > 1 cm, (4) 
Child-Pugh classification A and B, (5) Eastern Coopera-
tive Oncology Group performance status score (ECOG 
PS) 0–1. Exclusion criteria were as follows: (1) concomi-
tant with other malignancy, (2) presence of extrahepatic 
metastases, (3) previously received any systemic therapy, 
(4) lost to follow-up. We classified PVTT into five types 
based on the type of PVTT classification proposed by the 
Japanese Hepatocellular Carcinoma Research Group [17], 
based on the severity of tumor thrombosis and anatomi-
cal structure: Vp0, no PVTT; Vp1, PVTT distal to but not 
involved in second-order branches of the PV; Vp2, PVTT 
invasive to second-order branches; Vp3, PVTT present in 
first-order branches; Vp4, PVTT extends into the main 
portal trunk and/or contralateral portal vein branches. 
Patients in this study who were treated with SBRT had 
a contraindication to, or declined upfront sorafenib and 
lenvatinib. The study protocol complied with the ethi-
cal guidelines of the 1975 Declaration of Helsinki and 
was approved by our medical center’s Human Research 
Committee.

Treatment
After locating the treatment location using computed 
tomography (CT) simulation, an oncologist contoured 
the gross tumor volume (GTV) and outlined organs at 
risk (OARs). The GTV was conventionally defined as the 
total volume of PVTT and parenchymal HCC. However, 
in patients with large tumors and severe liver cirrhosis 
or numerous intrahepatic metastases, only the PVTT 
was delineated as the GTV. The planning target volume 
(PTV) expanded 3–5  mm of the GTV and avoided the 
OARs. SBRT was delivered using the CyberKnife® G4 
image-guided robotic stereotactic radiosurgery system 
(Accuray inc., Sunnyvale, CA, USA), after implanting 
2 to 4 fiducial markers in each patient. The prescribed 
doses were 45–55  Gy/5–10 fx. The plans were calcu-
lated using CyberKnife® Multiplan® Treatment Plan-
ning System software (version 4.0.2), and the tolerance 
doses of OARs were determined based on the Ameri-
can Association of Physicists in Medicine (AAPM) 
TG-101 report [18]. In our multidisciplinary manage-
ment for HCC patients, SBRT is recommended for HCC 
patients with PVTT and those with contraindication for 
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transarterial chemoembolization (TACE). If the patient’s 
lesion showed rich blood supply on enhanced imaging 
and no TACE contraindication, they were treated with 
transcatheter arterial embolization between the fiducial 
marker implantation and SBRT treatment.

For patients with Child-Pugh classification A, the 
regular starting dose of lenvatinib is 12  mg/d for 
patients weighing > 60 kg and 8 mg/d for patients weigh-
ing ≤ 60 kg. For patients with Child-Pugh classification B, 
the regular starting dose is 8 mg/d, regardless of weight 
[19, 20]. The dose was reduced (to 8 mg/day, 4 mg/day, or 
4 mg every other day) because of lenvatinib related tox-
icities until the adverse events (AEs) were alleviated or 
eliminated. If the AEs continued even after dose adjust-
ment, lenvatinib treatment was interrupted until it allevi-
ated or disappeared.

Evaluation
Tumor response was assessed using the modified 
Response Evaluation Criteria in Solid Tumors (mRE-
CIST) criteria [21, 22]. The response of PVTT was evalu-
ated by dynamic contrast enhanced CT and/or magnetic 
resonance imaging (MRI). OS was defined as the time 
from the date of initiation of SBRT or lenvatinib to the 
date of death from any cause or the date of last follow-
up (Sep 30, 2022). progression-free survival (PFS) was 
defined as the time from the date of initiation of SBRT 
or lenvatinib to the date of first detection of tumor pro-
gression or death from any cause, based on the mRE-
CIST. Objective response rate (ORR) = complete response 
(CR) + partial response (PR), and disease control rate 
(DCR) = CR + PR + stable disease (SD).

Follow up and safety evaluation
The time of first follow-up was 4–8 weeks after treatment 
and every 2–3 months thereafter until Sep 30, 2022, or 
the patient died. Follow-up tests included blood rou-
tine, liver function, coagulation function, serum tumor 
markers, contrast-enhanced CT or MRI of the upper 
abdomen, and lung CT. The toxicity reaction was evalu-
ated according to the Common Terminology Criteria for 
Adverse Events version 5.0 [23]. In addition, radiation-
induced liver disease (RILD) diagnostic criteria was used 
in the SBRT groups [24, 25].

Statistical analysis
All statistical analyses were performed using SPSS soft-
ware (Version 26.0; IBM Corp., Armonk, NY) and R 
version 4.1.3 (Stanford University, CA, USA). The pro-
pensity score model included age, sex, etiology, cirrho-
sis, Child–Pugh classification, number of tumors, tumor 
size (defined as the largest tumor’s diameter), alpha-
fetoprotein (AFP), ECOG PS, PVTT, grade albumin-bil-
irubin grade (ALBI), platelet counts (PLT), white blood 
cell counts (WBC) and previous treatments. The cases 
were matched using 1:1 nearest neighbor matching. The 
standardized mean difference (SMD) was used to mea-
sure the covariate balance. An independent t-test was 
used to evaluate differences between groups for numeri-
cal variables, while chi-square test or Fisher’s exact test 
was used to examine differences between groups for cat-
egorical variables. The Kaplan-Meier technique was used 
to estimate survival rates. Univariate and multivariate 
analyses based on Cox regression models were applied 
to OS and PFS. The variables of the multivariate model 
included variables with a p-value < 0.1 in the univariate 
model analysis. A p-value < 0.05 was considered statisti-
cally significant. GraphPad 8.0 software is used to draw-
ing figures.

Results
Overall, 147 eligible patients were included in the study. 
70 patients were treated with SBRT (SBRT group) and 
77 patients were treated with Lenvatinib (LEN group) 
(Fig.  1). The baseline characteristics of the SBRT group 
and the LEN group were shown in Table 1. Before PSM, 
the proportion of patients with adverse baseline charac-
teristics was higher in the LEN group than in the SBRT 
group, including number of tumors > 3, maximum tumor 
diameter ≥ 10  cm, and PVTT of Vp3-4. However, more 
patients in the SBRT group received previous local treat-
ments. After PSM, 38 patients were matched in each of 
the two groups. In the SBRT group, there are 11(28.9%) 
patients combined with transcatheter arterial emboliza-
tion. The patient characteristics were well balanced in the 
matched cohort. The changes in SMD between the two Fig. 1 Flow chart of the study design. SBRT, stereotactic body radiothera-

py. PSM, propensity score matching

 



Page 4 of 11ji et al. Radiation Oncology          (2024) 19:143 

Table 1 Baseline characteristics of the study population
Parameter Before PSM Pa value SMD After PSM pa value SMD

SBRT group
(n = 70)

LEN group
(n = 77)

SBRT group
(n = 38)

LEN group
(n = 38)

Gender, n (%)
 Male 58 (82.9) 68 (88.3) 0.345 0.169 32 (84.2) 32 (84.2) 1 0
 Female 12 (17.1) 9 (11.7) 6 (15.8) 6 (15.8)
Age, years, n (%)
 < 60 years 26 (37.1) 38 (49.4) 0.136 0.243 18 (47.4) 18 (47.4) 1 0
 ≥ 60 years 44 (62.9) 39 (50.6) 20 (52.6) 20 (52.6)
Cirrhosis, n (%)
 Presence 69 (98.6) 77 (100) 0.476 0 38 (100) 38 (100) 1 0
 Absence 1 (1.4) 0 (0) 0 (0) 0 (0)
HBV infection, n (%)
 Yes 64 (91.4) 73 (94.8) 0.628 0.151 36 (94.7) 37 (94.7) 1 0
 No 6 (8.6) 4 (5.2) 2 (5.3) 2 (5.3)
Child-Pugh classification, n (%)
 A 64 (91.4) 65 (84.4) 0.195 -0.192 36 (94.7) 34 (89.5) 0.674 -0.169
 B 6 (8.6) 12 (15.6) 2 (5.3) 4 (10.5)
ECOG PS score, n (%)
 0 34 (48.6) 32 (41.6) 0.393 -0.141 18 (47.7) 18 (47.7) 1 0
 1 36 (51.4) 45 (58.4) 20 (52.6) 20 (52.6)
Number Of Tumors, n (%)
 ≥ 3 19 (27.1) 40 (51.9) 0.002 0.493 13 (34.2) 13 (34.2) 1 0
 < 3 51 (72.9) 37 (48.1) 25 (65.8) 25 (65.8)
Tumor size, cm, n (%)
 < 5 12 (17.1) 16 (20.8) 0.005 8 (21.1) 10 (26.3) 0.79
 ≥ 5 and < 10 48 (68.6) 34 (44.2) -0.488 21 (55.3) 21 (55.3) 0
 ≥ 10 10 (14.3) 27 (35.1) 0.433 9 (23.7) 7 (18.4) -0.134
PVTT, n (%)
 Vp1 4 (5.7) 6 (7.8) 0.024 2 (5.3) 3 (7.9) 0.939
 Vp2 43 (61.2) 28 (36.4) -0.581 16 (42.1) 15 (39.5) -0.053
 Vp3 20 (28.6) 36 (46.8) 0.362 17 (44.7) 16 (42.1) -0.053
 Vp4 3 (4.3) 7 (9.1) 0.166 3 (7.9) 4 (10.5) 0.085
ALBI grade, n (%)
 1 20 (28.6) 21 (27.3) 0.861 -0.029 14 (36.8) 12 (31.6) 0.629 -0.112
 2 50 (71.4) 56 (72.7) 24 (63.2) 26 (68.4)
AFP, n (%)
 < 200 ng/mL 33 (47.1) 40 (51.9) 0.561 0.096 21 (55.3) 21 (55.3) 1 0
 ≥ 200 ng/mL 37 (52.9) 37 (48.1) 17 (44.7) 17 (44.7)
PLT, n (%)
 < 100 × 109/L 26 (37.1) 19 (24.7) 0.101 -0.287 9 (23.7) 9 (23.7) 1 0
 ≥ 100 × 109/L 44 (65.9) 58 (75.3) 29 (76.3) 29 (76.3)
WBC, n (%)
 < 4 × 109/L 20 (28.6) 24 (31.2) 0.731 0.056 9 (23.7) 9 (23.7) 1 0
 ≥ 4 × 109/L 50 (71.4) 53 (68.8) 29 (76.3) 29 (76.3)
Previous treatment, n (%)
 Absence 50 (71.4) 68 (88.3) 0.01 -0.522 32 (84.2) 31 (81.6) 0.761 0.067
 Presence
 Tace 9 (12.9) 3 (3.9) 3 (7.9) 3 (7.9)
 Ablation 7 (10.0) 2 (2.6) 2 (5.3) 1 (2.6)
Argon–Helium cryosurgical 4 (5.7) 4 (5.2) 1 (2.6) 3 (7.9)
HBV, hepatic B virus; HCV, hepatic C virus; ECOG, Eastern Cooperative Oncology Group; PS, performance status; PVTT, Portal Vein Tumor Thrombosis; ALBI, grade 
albumin-bilirubin grade; AFP, alpha-fetoprotein; PLT, platelet; WBC, white blood cell; TACE, transarterial chemoembolization; LEN, lenvatinib; SBRT, Stereotactic Body 
Radiotherapy
a Bold values indicate statistical significance
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groups before and after the PSM was shown in supple-
mentary Fig. 1.

The median follow-up time was 22.1 months (range 
9.8–46.6 months). During follow-up, the median OS in 
the SBRT group (14.5 months, 95% CI: 10.1–18.9) was 
longer than in the LEN group (11.1 months, 95% CI: 9.3–
12.9) (HR = 0.57, 95% CI: 0.35–0.94, p = 0.014) (Fig.  2A). 
The OS rates at 1- and 2-years were 65.8% and 31.6% in 
the SBRT group and 39.5% and 10.5% in the LEN group, 
respectively. The median PFS in the SBRT group (6.8 
months, 95% CI: 5.1–8.5) was longer than in the LEN 
group (5.0 months, 95% CI: 3.0–7.0) (HR = 0.58, 95% CI: 
0.36–0.92, p = 0.010) (Fig. 2B). The PFS rates at 6 and 12 
months were 57.9% and 28.9% in the SBRT group and 
44.7% and 10.5% in the LEN group, respectively.

Tumor response evaluated according to mRECIST 
criteria are shown in Table 2. CR, PR, SD, and PD were 
observed in 2 (5.3%), 18 (47.4%), 12 (31.6%), and 6 (15.9%) 
of cases in the SBRT group, respectively, whereas in the 
LEN group these parameters were 1 (2.6%), 8 (21.1%), 
17 (44.7%), and 12 (31.6%), respectively. The ORR in the 
SBRT group were higher than those in the LEN group 
(52.6% vs. 23.7%, P = 0.009). Furthermore, patients who 

showed treatment response in the SBRT group (p < 0.001, 
Fig.  3A) and LEN group (p < 0.001, Fig.  3B) had sig-
nificantly higher OS than those who did not respond to 
treatment.

Forest plot analysis of OS related factors showed that 
the benefit of SBRT exceeded that of lenvatinib in the 
patients of male, age ≥ 55, HBV infection, Child-Pugh 
class A, ECOG score 1, number of tumors ≤ 3, tumor 
size ≥ 5  cm and < 10  cm, PVTT Vp3-4, ALBI grade 1, 
and AFP ≤ 200 (Fig.  4A). PFS was significantly longer 
in the SBRT group than in the LEN group for patients 
of male, HBV infection, Child-Pugh class A, number of 
tumors ≤ 3, tumor size ≥ 5 cm and < 10 cm, PVTT Vp3-4 
and ALBI grade 1 (Fig. 4B).

The incidence of all AEs in both groups is shown in 
Table  3. No treatment-related deaths were observed 
in either group. The most frequently observed AEs in 
the LEN group were hypertension (34.2%), abdominal 
pain (26.3%) and diarrhea (21.1%), while in the SBRT 
group were anorexia (25.7%), nausea/vomiting (21.1%) 
and AST/ALT elevation (21.1%). In the LEN group, 2 
patients (5.3%) occurred with grade ≥ 3 hypertension, 1 
patient (2.6%) with grade ≥ 3 nausea/vomiting, 1 patient 
(2.6%) with grade ≥ 3 abdominal pain and 1 patient (2.6%) 
with grade ≥ 3 AST/ALT elevation. In the SBRT group, 
2 patients (5.3%) occurred with grade ≥ 3 thrombocyto-
penia/leukopenia, 1 patient (2.6%) occurred with RILD. 
No other serious treatment-related toxicity was reported 
during follow-up.

The results of the univariable and multivariable anal-
yses of probable prognostic factors for survival out-
comes are shown in Table 4. Univariate analysis showed 
that treatment modality (p = 0.015), number of tumors 
(p < 0.001) and degree of PVTT (p < 0.001) were sig-
nificantly associated with OS, and treatment modal-
ity (p = 0.012), number of tumors (p < 0.001) and degree 
of PVTT (p = 0.001) were also significantly associated 

Table 2 Best tumor response evaluated by mRECIST
mRECIST SBRT group LEN group Pa value

(n = 38) (n = 38)
Complete response, n (%) 2 (5.3) 1 (2.6) 1
Partial response, n (%) 18 (47.4) 8 (21.1) 0.016
Stable disease, n (%) 12 (31.6) 17 (44.7) 0.238
Progressive disease, n (%) 6 (15.9) 12 (31.6) 0.106
ORR, n (%) 20 (52.6) 9 (23.7) 0.009
DCR, n (%) 32 (81.6) 26 (68.4) 0.106
mRECIST, modified Response Evaluation Criteria in Solid Tumors; ORR, objective 
response rate = complete response rate + partial response rate; DCR, disease 
control rate = complete response rate + partial response rate + stable disease 
rate

a. Bold values indicate statistical significance

Fig. 2 Kaplan–Meier curves of (A) overall survival and (B) progression-free survival in patients in the SBRT and LEN groups after propensity score match-
ing. LEN, lenvatinib; SBRT, Stereotactic Body Radiotherapy; CI, confident interval
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with PFS. In multivariate cox regression analysis, treat-
ment modality (HR = 0.38, p < 0.000), number of tumors 
(HR = 3.00, p < 0.000) and degree of PVTT (HR = 2.39, 
p < 0.000) were independent predictors of OS, and treat-
ment modality, number of tumors and degree of PVTT 
were independent predictors of PFS (HR = 0.46, p = 0.002; 
HR = 2.58, p = 0.001; HR = 1.62, p = 0.002, respectively).

All patients in both groups showed tumor progression 
during the follow-up period. The subsequent treatments 
received by the patients in both groups are shown in 
Table 5. In the LEN group, 14 patients (36.8%) received 
best supportive care, 13 patients (34.2%) received sin-
gle treatment, and 11 patients (28.9%) received mul-
tiple treatments. In the SBRT group, 13 patients (34.2%) 
received best supportive care, 16 patients (42.1%) 
received single treatment, and 9 patients (23.7%) received 
multiple treatments. Overall, there was no statisti-
cally significant difference in the subsequent treatment 
between the two groups.

Discussion
The prognosis of HCC patients with PVTT is extremely 
poor, and the optimal treatment option remains contro-
versial [26]. Sorafenib was the first drug to demonstrate a 
survival benefit in patients with advanced HCC based on 
the SHARP and Asia-Pacific trials [27, 28], whereas the 
efficacy for patients with PVTT were limited. Two stud-
ies showed that the median OS of sorafenib for patients 
with PVTT was only 4.3 months [29, 30]. REFLECT trial 
is the first global phase 3 trial in over 10 years showed 
lenvatinib, current another standard of treatment in 
HCC, to be non-inferior to sorafenib for OS [15], and 
lenvatinib had better PFS, ORR and time to progres-
sion. Hence, lenvatinib has been listed as the first-line of 
treatment for HCC with PVTT by the China Food and 

Drug Administration [31]. However, the REFLECT study 
excluded Vp4 PVTT patients. To date, there are fewer 
studies on lenvatinib for the treatment of HCC with 
PVTT. In a study by Yu et al. [32], lenvatinib treatment of 
HCC patients with macroscopic tumor thrombosis had a 
1-year OS rate of 37.7%. In our study, the 1-year OS rate 
for lenvatinib treatment of HCC with PVTT was 39.5%, 
similar to the result of the study by Yu.

Recently, some breakthroughs in the systemic treat-
ment of advanced HCC, especially antivascular endo-
thelial growth factor–targeted therapy combined with 
immune checkpoint inhibitors in the IMbrave150 study 
[33]. The IMBrave150 study showed that atezolizumab 
in combination with bevacizumab achieved better OS 
and PFS than sorafenib in unresectable HCC. However, 
immune checkpoint inhibitors are not covered by the 
National Health Insurance in China, which would place 
a greater financial burden on patients than sorafenib or 
lenvatinib.

Historically RT was previously considered unsuitable 
for HCC because the liver is a radiation-sensitive organ 
and high doses of radiation can cause severe hepatotoxic-
ity [24]. However, with the development of radiotherapy 
technology, intensity-modulated radiotherapy and SBRT 
have gradually evolved effective for HCC [3]. SBRT can 
accurately deliver larger single fraction particle sizes with 
fewer fractions and without excessive hepatotoxicity [7]. 
A growing number of retrospective studies showed the 
management of HCC patients with PVTT consistently 
showed positive efficacy with favorable toxicity profiles 
[34–36]. In our study, the median OS was 14.5 months 
and patients were also well tolerated after SBRT. In the 
SBRT group we observed 2 patients (5.3%) occurred with 
grade ≥ 3 thrombocytopenia/leukopenia, 1 patient (2.6%) 

Fig. 3 Kaplan-Meier survival curves for overall survival in (A) stereotactic body radiotherapy group and (B) lenvatinib group according to treatment 
response
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Fig. 4 Subgroup analyses of (A) overall survival and (B) progression-free survival in the patient subgroups. ECOG, Eastern Cooperative Oncology Group 
(performance status); PVTT, Portal Vein Tumor Thrombosis; ALBI, grade albumin-bilirubin grade; AFP, alpha-fetoprotein; LEN, lenvatinib; SBRT, Stereotactic 
Body Radiotherapy
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occurred with RILD, but no treatment-related deaths or 
other serious AEs were seen within 3 months after SBRT.

There are no studies directly comparing SBRT versus 
lenvatinib for HCC with PVTT at present. However, a 
study by Nakazawa et al. [29] showed that better survival 
was noted in the radiotherapy group than in the sorafenib 
group (median survival, 10.9 vs. 4.8 months; P = 0.025) 
after PSM (n = 28 per group). Our study investigated the 
survival benefit of SBRT versus lenvatinib in the treat-
ment of HCC with PVTT as first-line therapy. The results 
showed that SBRT significantly improved OS and PFS in 
HCC patients presenting with PVTT compared to len-
vatinib. In this study, the median OS was 14.5 months 
after SBRT and 11.1 months after lenvatinib treatment 
(p = 0.014). In addition, the SBRT group had a better ORR 
(based on mRECIST criteria) than the lenvatinib group 
(52.6% vs. 23.7%, P = 0.009). Compared with lenvatinib, 
SBRT reduced the risk of death by 62% (HR = 0.38, 95% 

CI 0.22–0.65) and reduced the risk of tumor progression 
by 54% (HR = 0.46, 95% CI 0.28–0.75).

In the cox regression analysis of our study, treatment 
modality, number of tumors and degree of PVTT were 
independent predictors of OS and PFS. Furthermore, 
in subgroup analysis, the advantages of SBRT over len-
vatinib were more obvious in HCC patients with Vp3-4 
compared to HCC patients with Vp1-2. A meta-anal-
ysis comparing the efficacy of hepatic arterial infusion 
(HAIC) versus sorafenib also found a more obvious 
advantage of HAIC in HCC patients with type III-IV 
PVTT compared to HCC patients with type II-IV PVTT 
[37]. The study by Kim et al. [30] also found that patients 
with a higher degree of PVTT benefited more from liver-
directed concurrent chemoradiotherapy (LD-CCRT) 
than sorafenib in terms of OS. Therefore, aggressive local 
treatments including SBRT, HAIC and LD-CCRT are 
more appropriate than sorafenib or lenvatinib mono-
therapy for the treatment of HCC with a high degree of 
PVTT. The advantages of SBRT over lenvatinib were also 
more obvious in HCC patients with tumor number < 3 
compared to HCC patients tumor number ≥ 3. The rea-
son for this result is that in patients with more intrahe-
patic metastases, we received radiotherapy targeting 
only PVTT. A multicenter study in Korea that included 
985 HCC patients with PVTT showed that the median 
OS was longer in the group that received PVTT and the 
primary lesion as a target than in the group that only 
received PVTT as a target (11.6 vs. 8.9 months, P = 0.016) 
[38].

In clinical practice, treatment decisions for each patient 
are made based on evidence of tumor response to ther-
apy. Tumor response to treatment is often thought to 
improve patient survival outcomes. In addition, slower 
tumor progression may result in slower progression of 
tumor-related symptoms. In this study, we found that 
patients who responded to treatment had longer survival 
in either SBRT or LNE groups. This finding is supported 
by two other studies [34, 39]. These results suggest 
that study investigators may consider using objective 
response status by mRECIST shortly after commenc-
ing treatment as an early indicator of survival in clinical 
trials for advanced HCC. Meanwhile, this analysis may 
also support using objective response status by mRE-
CIST as an endpoint for early clinical trials in advanced 
HCC. Assessing OS requires a longer follow-up time 
than objective response, hence, objective response could 
be used as a supportive or primary endpoint in clinical 
trials to provide a more rapid assessment of therapeu-
tic activity. This may allow for faster results from clini-
cal trials, which may speed up approval and increase the 
availability in turn of new treatment options for patients 
with advanced HCC. However, caution is warranted, and 
alternative endpoints should be adequately validated for 

Table 3 Treatment-related adverse events
Adverse events LEN(n = 38) SBRT(n = 38) Pa 

value
Hypertension,  n (%)
 Grade 1–2 11 (28.9) 0 (0) 0.001
 Grade ≥ 3 2 (5.3) 0 (0) 0.493
Diarrhea, n (%)
 Grade 1–2 8 (21.1)) 2 (5.3) 0.09
Nausea/vomiting, n (%)
 Grade 1–2 6 (15.8) 8 (21.1) 0.554
 Grade ≥ 3 1 (2.6) 0 (0) 1
Proteinuria, n (%)
 Grade 1–2 4 (10.5) 0 (0) 0.115
Fatigue, n (%)
 Grade 1–2 6 (15.8) 6 (15.8) 1
Anorexia, n (%)
 Grade 1–2 5 (13.2) 9 (23.7) 0.375
Abdominal pain, n (%)
 Grade 1–2 9 (23.7) 4 (10.5) 0.223
 Grade ≥ 3 1 (2.6) 0 (0) 1
Rash, n (%)
 Grade 1–2 2 (5.3) 0 (0) 0.493
Hand-foot syndrome, n (%)
 Grade 1–2 2 (5.3) 0 (0) 0.493
AST/ALT elevation, n (%)
 Grade 1–2 5 (13.2) 8 (21.1) 0.542
 Grade ≥ 3 1 (2.6) 0 (0) 1
Thrombocytopenia/Leukope-
nia, n (%)
 Grade 1–2 3 (7.9) 6 (15.8) 0.478
 Grade ≥ 3 0 (0) 2 (5.3) 0.493
Patients with RILD, n (%) 0 (0) 1 (2.6) 1
AST, aspartate aminotransferase; ALT, alanine aminotransferase; SBRT, 
Stereotactic Body Radiotherapy; LEN, lenvatinib. RILD, radiation-induced liver 
disease
aBold values indicate statistical significance
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prospective studies to prevent inaccurate interpretation 
of risk-benefit profiles [40].

To our knowledge, this is the first article to investi-
gate the survival benefit of SBRT versus lenvatinib in the 
treatment of HCC with PVTT as first-line therapy. The 
results demonstrated that SBRT had a better survival 
benefit than lenvatinib treatment in patients with HCC 

with PVTT. However, there are some limitations to our 
study. Firstly, our study was retrospective and our sample 
was limited. Secondly, although we used PSM analysis to 
balance possible confounders for a more accurate analy-
sis between the two groups, it was not possible to con-
trol for all confounding variables. Thirdly, there are no 
clear recommendations for subsequent treatment after 
tumor progression of advanced HCC treated with len-
vatinib or RT. Although there was no statistically signifi-
cant difference in the subsequent treatment between the 
two groups after tumor progression in our study, more 
patients in the SBRT group received local therapy, while 
more patients in the lenvatinib group received a combi-
nation therapy that included systemic therapy. Finally, 
HBV infection was present in 94.7% of the patients in 
our study, therefore, the efficacy needs to be further con-
firmed in other etiologies.

Conclusion
In conclusion, our study shows that SBRT had a bet-
ter survival benefit than lenvatinib treatment in HCC 
patients with PVTT as first-line therapy and SBRT 
was well tolerated in our patients. Patients with good 
response to SBRT or lenvatinib had better survival. Fur-
ther larger patient cohorts and large sample randomized 
controlled trials are necessary to better assess the feasi-
bility and effectiveness.

Table 4 Univariate and multivariate Cox regression analysis on OS and PFS
Variable OS (N = 76, events = 70) PFS (N = 76, events = 76)

Univariable model Multivariable model Univariable model Multivariable model

HR (95% CI) Pa HR (95% CI) pa HR (95% CI) pa HR (95% CI) pa

Group (refer to LEN) 0.54(0.32–0.89) 0.015 0.38(0.22–0.65) 0.000 0.54(0.33–0.87) 0.012 0.46(0.28–0.75) 0.002
Gender (refer to Male) 1.04(054 − 2.00) 0.901 1.13(0.60–2.11) 0.702
Age (refer to < 55 years) 1.12(0.70–1.80) 0.635 1.18(0.75–1.87) 0.476
Etiology (refer to HBV) 2.08(0.64–6.74) 0.223 2.99(0.91–9.82) 0.071 2.55(0.74–8.78) 0.138
Child-Pugh classification
(refer to A)

1.57(0.67–3.66) 0.297 1.28(0.55–2.98) 0.567

ECOG PS (refer to 0) 1.39(0.86–2.25) 0.174 1.30(0.82–2.06) 0.261
Number Of Tumors
(refer to < 3)

3.00(1.77–5.07) 0.000 3.00(1.72–5.26) 0.000 2.75(1.64–4.60) 0.000 2.58(1.51–4.40) 0.001

Tumor size (refer to < 5 cm) 1.41(0.98–2.02) 0.065 1.34(0.91–1.98) 0.136 1.15(0.83–1.59) 0.416
PVTT (refer to Vp1) 2.45(1.71–3.50) 0.000 2.39(1.62–3.53) 0.000 1.63(1.21–2.20) 0.001 1.62(1.19–2.20) 0.002
ALBI grade (refer to 1) 1.43(0.87–2.37) 0.164 1.34(0.83–2.17) 0.236
AFP (refer to ≤ 200 ng/mL) 0.75(0.47–1.22) 0.244 0.88(0.56–1.39) 0.586
PLT (refer to < 100 × 109/L) 0.68(0.39–1.20) 0.188 0.68(0.40–1.17) 0.165
WBC (refer to < 4 × 109/L) 0.98(0.56–1.72) 0.945 0.97(0.57–1.66) 0.924
Previous local treatment
(refer to Absence)

0.73(0.39–1.37) 0.324 0.62(0.34–1.13) 0.115

HBV, hepatic B virus; HCV, hepatic C virus; ECOG, Eastern Cooperative Oncology Group; PS, performance status; MVI, macrovascular invasion; ALBI, grade albumin-
bilirubin grade; AFP, alpha-fetoprotein; PLT, platelet; WBC, white blood cell; LEN, lenvatinib; TAE, transcatheter arterial embolization; SBRT, Stereotactic Body 
Radiotherapy; LEN, lenvatinib. PFS, progression-free survival; OS, overall survival; IHPFS, intrahepatic progression-free survival
a Bold values indicate statistical significance

Table 5 Subsequent treatment
Subsequent therapies Groups P 

valueLEN group 
(n = 38)

SBRT 
group 
(n = 38)

Single treatment, n (%) 13 (34.2) 16 (42.1) 0.479
 TACE, n (%) 8 (21.1) 4 (10.5) 0.345
 RFA, n (%) 0 (0) 2 (5.3) 0.493
 SBRT, n (%) 2 (5.3) 7 (18.4) 0.156
 Argon–Helium cryosurgical, n (%) 2 (5.3) 0 (0) 0.493
 lenvatinib, n (%) 0 (0) 2 (5.3) 0.493
 ICIs, n (%) 1 (2.6) 1 (2.6) 1
Multiple treatments, n (%) 11 (28.9) 9 (23.7) 0.602
 SBRT + TACE, n (%) 2 (5.3) 5 (13.2) 0.428
 SBRT + ICIs, n (%) 2 (5.3) 1 (2.6) 1
 TACE + ICIs, n (%) 4 (10.5) 1 (2.6) 0.358
 lenvatinib + ICIs, n (%) 1 (2.6) 1 (2.6) 1
 TACE + Lenvatinib + ICIs, n (%) 2 (5.3) 0 (0) 0.493
 SBRT + Lenvatinib + ICIs, n (%) 0 (0) 1 (2.6) 1
Best Supportive Care, n (%) 14 (36.8) 13 (34.2) 0.811
TACE, Transarterial chemoembolization; RAF, Radio-frequency ablation; ICIS, 
Immune checkpoint inhibitors; SBRT, Stereotactic Body Radiotherapy; LEN, 
Lenvatinib
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