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Purpose: The outcome between Lenvatinib plus programmed cell death protein-1 (PD-1) inhibitor and Lenvatinib in HCC beyond 
oligometastasis was unclear. In this multicenter, we compared the prognosis of Lenvatinib plus PD-1 inhibitor with Lenvatinib in HCC 
beyond oligometastasis.
Patients and Methods: A total of 296 patients from six institutions were included. The patients were divided into two groups: (a) 
concurrent Lenvatinib plus PD-1 inhibitor treatment (Len+PD-1 group) and (b) Lenvatinib monotherapy (Len group). The primary 
endpoint was overall survival (OS), the second endpoint was progression-free survival (PFS) and efficacy.
Results: The median OS was 20.1 ± 1.2 (17.7–22.5) months and 15.7 ± 1.5 (12.8–18.6) months in the Len+PD-1 and Len groups, 
respectively. The 12-, 24-, and 36-month OS rates were 79.1%, 39.4%, and 10.7% in the Len+PD-1 group, and 76.3%, 29.7%, and 0% 
in the Len group, respectively. The OS and PFS rates of the Len+PD-1 group were significantly longer compared with the Len group 
(hazard ratio [HR], 0.88; 95% confidence index [CI], 0.49–0.94; P = 0.021) and (HR, 0.66; 95% CI, 0.50–0.87; P = 0.003). 
A subgroup analysis revealed that OS (HR, 0.57; 95% CI, 0.36–0.90; P = 0.016) was improved between the Len+PD-1 and Len 
groups with hepatic artery infusion chemotherapy (HAIC) treatment, whereas OS (HR, 1.11; 95% CI, 0.68–1.80; P = 0.689) was 
similar between the Len and Len+PD-1 groups without HAIC.
Conclusion: Lenvatinib combined with PD-1 inhibitor significantly improves the survival of HCC beyond oligometastasis. For 
patients with HAIC, there was obviously significance between Len and Len+PD-1 groups.

Plain Language Summary: Lenvatinib as one of system therapy, is recommended treatment for HCC with multimetastases. The 
LEAP-002 trial, which evaluated Lenvatinib combined with Pembrolizumab exhibited improved progression-free survival (PFS) and 
overall survival (OS) compared with Lenvatinib alone. However, the combination efficacy on HCC beyond oligometastasis is 
unknown. In this multicenter study, we found that Lenvatinib combined with PD-1 inhibitor significantly improved both the OS 
and PFS and this combination could be recommended for HCC beyond oligometastases. OS and PFS were improved in the Len+PD-1 
versus the Len group with hepatic artery infusion chemotherapy (HAIC) treatment, whereas the OS and PFS were similar between the 
Len and Len+PD-1 groups without HAIC. We provided clinical value that HAIC could be recommended as an effective local therapy 
to improve the prognosis for advanced HCC. 
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Introduction
Hepatocellular carcinoma (HCC) ranks fourth in cancer incidence and the second leading cause of cancer-related deaths 
in China.1 For early HCC limited to the liver, resection or ablative surgery is the standard treatment.2 Unfortunately, 
many patients have developed distant metastases at the time of diagnosis or recurrence, which is often considered as 
advanced HCC.3 The standard treatment for HCC with more than five metastases which considered beyond oligome-
tastasis (> 5 metastases), is system therapy.4 Studies reported HCC beyond metastasis were few and most cases were 
included in advanced HCC for analysis.5 However, as the severe stage of HCC, this subtype HCC usually presented with 
high invasiveness and deem prognosis.6 The prognosis of HCC beyond oligometastasis is still dissatisfactory and 
required further study.3,5 The recommended treatment for HCC beyond oligometastasis is system therapy.

Although the LEAP-002 trial did not meet the expected endpoint, it was important to note that this treatment regimen 
exhibited improved progression-free survival (PFS) and overall survival (OS) compared with Lenvatinib alone.7 Some 
studies have shown that Lenvatinib plus PD-1 inhibitor had longer progression-free survival (PFS) and overall survival 
(OS) than Lenvatinib alone for advanced HCC especially combined with local therapy.8,9 In China, Lenvatinib plus PD-1 
inhibitor are usually recommended as common system therapy for HCC beyond oligometastasis.10 Hepatic artery 
infusion chemotherapy (HAIC), as an effective local therapy for HCC, combined Lenvatinib and PD-1 inhibitor showed 
better survival than Lenvatinib plus PD-1 inhibitor for HCC with extrahepatic metastasis.11

However, there were no large studies that evaluated the combination of Lenvatinib and PD-1 inhibitor in HCC beyond 
oligometastasis. There was also no study evaluated the effect of HAIC in this subtype HCC. In this multicenter 
retrospective study, we compared the efficacy of the concurrent application of Lenvatinib and PD-1 inhibitor with 
Lenvatinib on advanced HCC beyond oligometastasis, and we also evaluated the HAIC value in HCC beyond metastasis.

Materials and Methods
Patients and Study Design
This study was conducted on patients with advanced HCC beyond oligometastasis, who were treated at Chinese PLA 
General Hospital, The First Affiliated Hospital of Sun Yat-Sen University, Cancer Center of Sun Yat-sen University, 
Hunan Provincial People’s Hospital, and The Second Affiliated Hospital of Guangzhou Medical University, The First 
Affiliated Hospital of Jinzhou Medical University from January 2018 to December 2022. This study was conducted 
according to the guidelines of the Declaration of Helsinki.12 The Ethics Committee Board of the Chinese PLA General 
Hospital approved this retrospective study and waived the requirement due to this retrospective study.

Enrolled patients had to meet the following inclusion criteria: (1) primary and recurrent HCC; (2) advanced stage with 
beyond oligometastasis; (3) patients treated with Lenvatinib plus PD-1 inhibitor or Lenvatinib as first-line systemic therapy; 
(4) patients who received hepatic arterial infusion chemotherapy (HAIC) were also included; (5) Child–Pugh grade A or B; 
(6) performance 0 or 1 based on the Eastern Collaborative Oncology Organization Performance Status Score (ECOG PS); 
(7) no history of other malignancies; and (8) no tumor thrombus in the atrium or superior mesenteric vein. The exclusion 
criteria were as follows: (1) under 18 years or over 75 years of age; (2) advanced HCC within oligometastasis (≤ 5); (3) 
incomplete clinical data; (4) lost to follow-up within 3 months after inclusion; and (5) patients who received non-Lenvatinib 
as first-line systemic treatment. The flow chart for patient selection was presented in Figure 1.

Treatment and Assessment of Response
All patients underwent contrast-enhanced computed tomography (CT) or magnetic resonance imaging (MRI) within two 
weeks before Lenvatinib or Lenvatinib plus PD-1 inhibitor. The patients were divided into two groups: (a) concurrent 
treatment with Lenvatinib and PD-1 inhibitor, or patients who received PD-1 inhibitor within one week following Lenvatinib 
administration were also included (Len+PD-1 group); and (b) treatment with Lenvatinib as monotherapy (Len group).
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Information on adverse events (AEs) during treatment initiation and completion was systematically collected. 
Lenvatinib was administered at doses of 12 mg (weighing ≥ 60 kg) or 8 mg (weighing < 60 kg) orally once daily. 
Patients presenting with grade ≥3 severe AEs or any unacceptable grade 2 drug-related AEs underwent dose reduction or 
discontinued treatment based on the Lenvatinib dosing guidelines as well as other treatments recommended after tumor 
progression. PD-1 inhibitor (including Sintilimab, Tislelizumab, Toripalimab, Camrelizumab) was administered based on 
the drug manufacturer’s instruction. The evaluation of tumor response was done every 6 weeks until radiological 
progression. Patients without disease progression continued to be evaluated.

Outcomes and Definitions
The primary endpoint of this study was overall survival (OS). The secondary endpoints included progression-free 
survival (PFS), efficacy, and safety. OS was defined as the time from the date of receiving Lenvatinib or Lenvatinib 
plus PD-1 inhibitor to patient death or final follow-up. PFS was defined as the time from receiving Lenvatinib or 
Lenvatinib plus PD-1 inhibitor to tumor progression or final follow-up. Tumor response was assessed by contrast- 
enhanced CT or MRI or PET/CT. Liver function was measured by albumin – bilirubin (ALBI) grade.13 Portal vein tumor 
thrombus (PVTT) was classified by Cheng’s criteria as follows: type I, tumor thrombus involving segmental branches of 
the portal vein or higher; type II, tumor thrombus involving the right/left portal vein; type III, tumor thrombus involving 
the main portal vein.14 HAIC and drug-related complications were recorded.

Follow-Up
The follow-up period for this study ended on June 30, 2023. Patients were evaluated every six weeks following 
treatment. Imaging and laboratory tests, including alfa-fetoprotein (AFP), liver function, and blood tests were required 
at each follow-up visit. Targeted tumor evaluation required a maximum of two lesions per organ for a total of less than 
five lesions. Tumor response by imaging was evaluated according to Response Evaluation Criteria version 1.1 (RECIST 

136 patients were excluded
Under 18 years or over 75 (n=23)
Non-Lenvatinib as first-line systemic treatment (n=72)
Incomplete clinical data (n=15) 
Lost follow-up (n=26)

HCC beyond oligometastasis analyzed (n=296)

Hepatocellular carcinoma (HCC) receiving Lenvatinib or Lenvatinib plus PD-1 
inhibitor between 1/2018 to 12/2022 at six institutions (n = 1726)

HCC beyond oligometastasis analyzed (n=432)

1294 patients were excluded
HCC without metastases (n=589)
Advanced HCC within oligometastasis (n=458)
Lenvatinib plus PD-1 inhibitor asynchronously (n=247)

Len group (n=116) PSM Len+PD-1 group (n=116)

Len group (n=167) Len+PD-1 group (n=129)
IPTW

Crude analysis

Figure 1 The flowchart of the study.
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v 1.1).15 The disappearance of arteriosclerosis in tumors was defined as complete response (CR), and tumor diameter 
reduction of ≥ 30% was designated partial response (PR). Progressive disease (PD) was defined as 20% increase in the 
diameter of the targeted tumors or the appearance of a new lesion. Stable disease (SD) was defined as neither CR, PR, or 
PD. An objective response rate (ORR) was considered the sum of CR and PR, whereas the disease control rate (DCR) 
was the sum of CR, PR, and SD.

Statistical Analysis
All patients who met the baseline eligibility criteria were included in the analysis. Propensity score matching (PSM) 
analysis was done to reduce selection bias and potential confounding effects between the two groups. Propensity 
variables included the following: type of HCC, tumor size in liver, tumor number in liver, HAIC, AFP, PVTT type, 
hepatic vein tumor thrombus (HVTT), albumin-bilirubin (ALBI) grade, organs involved, hepatitis, HBV-DNA, cirrhosis, 
and portal hypertension. PSM was done using the nearest neighbor 1:1 matching scheme with a calibration of 0.05.16 

A standardized mean difference (SMD) < 0.10 indicated adequate balance. To address the potential bias of the baseline 
characteristics and the influence of confounding variables, we conducted an inverse probability of treatment weighting 
(IPTW).17 The balance of the characteristics was examined by the SMD.

Chi-square and Fisher tests were used for categorical variable analysis. The Kaplan–Meier method was used to generate 
cumulative PFS and OS curves and the Log rank test was used for comparison. A Cox proportional hazards regression 
model was used to gradually select variables for multivariate analysis. Statistical analysis was performed using SPSS 
software (version 22.0, SPSS Inc., Chicago, IL, USA) and R software (version 3.6.4; http://www.r-project.org). P < 0.05 
was considered statistically significant.

Results
Baseline Characteristics
A total of 1726 patients with advanced HCC were screened, and 296 patients were included for analysis (Figure 1). Of 
these, 167 patients (56.4%) received Lenvatinib treatment (Len group), and 129 (43.6%) received Lenvatinib plus PD-1 
inhibitor synchronously (Len+PD-1 group). For the entire cohort, patients had a higher proportion of primary HCC (83.7% 
vs 71.9%; P = 0.016) in the Len+PD-1 group compared with the Len group. The PSM analysis yielded 116 pairs of patients. 
The characteristics of the two groups were balanced with standardized mean difference (SMD) < 10% for all baseline 
variables (Figure S1). Clinicopathological data for all, PSM, and IPTW cohorts are summarized in Table 1 and Table S1.

Effect of Treatment on OS
For the entire cohort, 127 (76.0%) patients in the Len group and 72 (55.8%) patients in the Len+PD-1 group died. The 
median OS was 20.1±1.2 (17.7–22.4) months and 14.8±0.5 (13.9–15.8) months in the Len+PD-1 and Len groups, 
respectively. The 12-, 24-, and 36-month OS rates were 76.7%, 39.8%, and 8.7% in the Len+PD-1 group, and 69.3%, 
23.7%, and 0% in the Len group, respectively (Table S2). In the PSM cohort, the median OS was 20.1 ± 1.2 (17.7–22.5) 
months and 15.7 ± 1.5 (12.8–18.6) months for the Len+PD-1 and Len groups, respectively. The 12-, 24-, and 36-month 
OS rates were 79.1%, 39.4%, and 10.7% in the Len+PD-1 group, and 76.3%, 29.7%, and 0% in the Len group, 
respectively (Table S2). The OS rates of the Len+PD-1 group were significantly higher compared with that of the Len 
group for the entire cohort (HR, 0.62; 95% CI, 0.46–0.82; P < 0.001) (Figure 2A), the PSM cohort (HR, 0.88; 95% CI, 
0.49–0.94; P = 0.021) (Figure 2B), and the IPTW cohort (HR, 0.61; 95% CI, 0.45–0.80; P < 0.001) (Figure 2C).

Univariable and multivariable analyses of OS in the PSM cohort are shown in Table 2. The results indicated that Len 
treatment (HR, 1.45; 95% CI, 1.08–2.02; P = 0.040), absence of HAIC (HR, 2.10; 95% CI, 1.45–2.05; P < 0.001), ALBI 
grade III (HR, 1.04; 95% CI, 1.04–3.51; P = 0.037), and multiple organs involved (HR, 1.66; 95% CI, 1.16–2.39; P = 
0.006) were correlated with poor OS.
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Table 1 Baseline Characteristics of Patients in Entire and PSM Cohort

Entire cohort PSM cohort

Len 
(n=167)

Len+PD-1 
(n=129)

P value SMD Len 
(n=116)

Len+PD-1 
(n=116)

P value SMD

Age 0.426 0.094 0.301 0.136
≤60 120 (71.9) 98 (76.0) 81 (69.8) 88 (75.9)

>60 47 (28.1) 31 (24.0) 35 (30.2) 28 (24.1)

Sex 0.965 0.005 1.000 <0.001
Male 146 (87.4) 113 (87.6) 101 (87.1) 101 (87.1)

Female 21 (12.6) 16 (12.4) 15 (12.9) 15 (12.9)

ALT, U/L 0.325 0.115 0.681 0.034
≤40 109 (65.3) 77 (59.7) 76 (65.5) 73 (49.1)

>40 58 (34.7) 52 (40.3) 40 (34.5) 43 (50.9)

AST, U/L 0.265 0.131 0.358 0.105
≤40 86 (51.5) 58 (45.0) 62 (40.5) 55 (45.7)

>40 81 (48.5) 71 (65.0) 54 (59.5) 61 (54.3)

Type of HCC 0.016 0.288 0.260 0.148
Primary 120 (71.9) 108 (83.7) 88 (75.9) 95 (81.9)

Recurrent 47 (28.1) 21 (16.3) 28 (24.1) 21 (18.1)

Tumor size in liver, cm 0.064 0.277 0.114 0.276
≤5 70 (41.9) 39 (30.2) 50 (43.1) 37 (31.9)

>5, ≤10 56 (33.5) 59 (45.7) 41 (35.3) 56 (48.3)

>10 41 (24.6) 31 (24.0) 25 (21.6) 23 (19.8)
Tumor number in liver 0.971 0.004 1.000 <0.001

≤3 56 (33.5) 43 (33.3) 39 (33.6) 39 (33.6)

>3 111 (66.5) 86 (66.7) 77 (66.4) 77 (66.4)
HAIC 0.180 0.158 0.186 0.174

Absence  
Presence

83 (49.7) 
84 (50.3)

54 (41.9) 
75 (58.1)

56 (48.3) 
60 (51.7)

46 (39.7) 
70 (60.3)

AFP, ng/mL 0.190 0.154 0.429 0.104

≤ 400 83 (49.7) 74 (57.4) 60 (51.7) 66 (56.9)
> 400 84 (50.3) 55 (42.6) 56 (48.3) 50 (43.1)

PVTT type 0.206 0.152 0.652 0.168

No 98 (58.7) 70 (54.3) 83 (71.6) 74 (63.8)
I 15 (8.9) 10 (7.8) 5 (4.3) 6 (5.2)

II 32 (19.2) 31 (24.0) 15 (12.9) 20 (17.2)

III 22 (13.2) 18 (13.9) 13 (11.2) 16 (13.8)
HVTT 0.086 0.199 1.000 <0.001

No 154 (92.2) 111 (86.0) 103 (88.8) 103 (88.8)

Yes 13 (7.8) 18 (14.0) 13 (11.2) 13 (11.2)
Child-Pugh 0.204 0.583

Grade A 95 (56.9) 82 (64.3) 73 (62.9) 77 (66.4)

Grade B 72 (43.1) 47 (35.7) 43 (37.1) 39 (33.6)
ALBI grade 0.111 0.248 0.104 0.282

Grade 1 72 (43.1) 45 (34.9) 47 (40.5) 38 (32.8)

Grade 2 80 (47.9) 77 (59.7) 56 (48.3) 71 (61.2)
Grade 3 15 (9.0) 7 (5.4) 13 (11.2) 7 (6.0)

Organs involved 0.877 0.018 0.693 0.052

Single 93 (55.7) 73 (56.6) 61 (52.6) 64 (55.2)
Multiple 74 (44.3) 56 (43.4) 55 (47.4) 52 (44.8)

(Continued)
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Effect of Treatment on Progression-Free Survival
For the entire cohort, the median PFS was 7.4 ± 0.2 (7.0–7.9) months and 6.1±0.2 (5.6–6.5) months in the Len+PD-1 and 
Len groups, respectively. The estimated 6-, 12-, and 18-month PFS rates were 65.1%, 27.2%, and 8.3% in the Len+PD-1 
group and 51.5%, 15.5%, and 0% in the Len group, respectively (Table S3). For the PSM cohort, the median PFS was 7.4 
± 0.2 (7.0–7.8) months and 6.1 ± 0.3 (5.4–6.7) months in the Len+PD-1 and Len groups, respectively. The estimated 6-, 
12-, and 18-month PFS rates were 63.8%, 26.4%, and 7.8% in the Len+PD-1 group and 50.9%, 15.7%, and 0% in the 
Len group, respectively (Table S3). PFS was significantly higher in the Len+PD-1 group compared with that in the Len 
group for the entire cohort (HR, 0.66; 95% CI, 0.52–0.85; P < 0.001) (Figure 2D), the PSM cohort (HR, 0.66; 95% CI, 
0.50–0.87; P = 0.003) (Figure 2E), and the IPTW cohort (HR, 0.65; 95% CI, 0.51–0.86; P < 0.001) (Figure 2F).

The results of univariable and multivariable analysis of PFS are listed in Table S4. After multivariate Cox regression 
analysis in PSM cohort, the results indicated that Len treatment (HR, 1.47; 95% CI, 1.11–1.95; P = 0.007), ALT > 40 U/L 
(HR, 1.37; 95% CI, 1.03–1.84; P = 0.032), tumor number in liver > 3 (HR, 1.66; 95% CI, 1.23–2.25; P = 0.001), absence 
of HAIC (HR, 1.82; 95% CI, 1.35–2.44; P < 0.001), and multiple organs involved (HR, 1.46; 95% CI, 1.10–1.95; P = 
0.009) were correlated with poor PFS (Table S4).

Efficacy Evaluation
The efficacy data were evaluated according to RECIST v 1.1, and the results are listed in Table 3. For the PSM cohort 
during 3-month evaluation, the ORR of the Len group and Len+PD-1 group were 20.7% and 43.9%, and the DCR was 
81.0% and 87.1%, respectively. There were significant differences in the proportion of PR, SD, and PD between the two 
groups (P = 0.002). For the 6-month evaluation, two patients in the Len+PD-1 group achieved CR. The ORR of the Len 
group and Len+PD-1 group were 20.7% and 37.1%, and the DCR was 40.5% and 55.2%. There were also significant 
differences in the proportion of CR, PR, SD, and PD between the two groups (P = 0.030) (Table 3).

Table 1 (Continued). 

Entire cohort PSM cohort

Len 
(n=167)

Len+PD-1 
(n=129)

P value SMD Len 
(n=116)

Len+PD-1 
(n=116)

P value SMD

Hepatitis 0.054 0.224 0.858 0.024
No 20 (12.0) 26 (20.2) 18 (15.5) 19 (16.4)

Yes 147 (88.0) 103 (79.8) 98 (84.5) 97 (83.6)

HBV DNA 0.145 0.173 1.000 <0.001
Negative 43 (25.7) 24 (18.6) 92 (79.3) 92 (79.3)

Positive 124 (74.3) 105 (81.4) 24 (20.7) 24 (20.7)

Anti-virus 0.190 0.153 0.651 0.059
No 38 (22.8) 38 (29.5) 28 (24.1) 31 (26.7)

Yes 129 (77.2) 91 (70.5) 88 (75.9) 85 (73.3)

Cirrhosis 0.925 0.011 0.426 0.105
No 91 (54.5) 71 (55.0) 69 (59.5) 63 (54.3)

Yes 76 (45.5) 58 (45.0) 47 (40.5) 53 (45.7)
Portal hypertension 0.674 0.049 0.517 0.085

No 134 (80.2) 106 (82.2) 90 (77.6) 94 (81.0)

Yes 33 (19.8) 23 (17.8) 26 (22.4) 22 (19.0)

Abbreviations: AFP, alpha-fetoprotein; ALBI, albumin-bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; HBV DNA, hepatitis B virus 
deoxyribonucleic acid; HAIC, hepatic arterial infusion chemotherapy; HCC, hepatocellular carcinoma; HVTT, hepatic vein tumor thrombus; PD-1, 
programmed cell death protein-1; PSM, propensity score-matching; PVTT, portal vein tumor thrombus.
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Subgroup Analysis of HAIC Treatment on Survival Between the Two Groups
HAIC therapy was a protective factor for OS and PFS based on Cox analysis. We further analyzed the efficacy of HAIC 
on the survival between the two groups. For the PSM cohort, there were 60 patients in the Len group and 70 patients in 
the Len+PD-1 group that underwent HAIC. The OS was markedly different between the patients with and without HAIC 

Figure 2 Figure 2. Survival curve of OS in entire cohort (A), PSM cohort (B), and IPTW cohort (C). Survival curve of PFS in entire cohort (D), PSM cohort (E), and IPTW 
cohort (F).
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(HR, 0.45; 95% CI, 0.32–0.64; P < 0.001) (Figure 3A). PFS was also significant (HR, 0.49; 95% CI, 0.37–0.65; P < 
0.007) (Figure 3B). OS and PFS were markedly different between the Len and Len+PD-1 groups with HAIC (HR, 0.57; 
95% CI, 0.36–0.90; P = 0.016) (Figure 3C) and (HR, 0.52; 95% CI, 0.36–0.75; P < 0.001) (Figure 3D), respectively. 
However, the OS and PFS was not different between the Len and Len+PD-1 groups without HAIC (HR, 1.11; 95% CI, 
0.68–1.80; P = 0.689) (Figure 3E) and (HR, 1.19; 95% CI, 0.80–1.78; P = 0.430), respectively (Figure 3F).

Safety
In the entire cohort, most patients experienced treatment-related AEs, which are listed in Table S5. No treatment-related 
deaths occurred in either group. For grade 3 to 4 AEs, patients suspended Lenvatinib or PD-1 inhibitor treatment until the 
adverse effects were alleviated or disappeared, and continued system treatment after recovery.

Discussion
Treatment options for advanced HCC have evolved rapidly.18 Ten years after sorafenib was the only available treatment 
for treating advanced HCC, there are now new treatment options for patients in a variety of settings.19 Since 2021, the 
Food and Drug Administration has approved atezolizumab plus bevacizumab as first-line treatment for advanced HCC.20 

In China, most patients cannot afford this regimen, and molecular targeted therapy combined with immunotherapy is 
recommended.21 Lenvatinib and PD-1 inhibitor are cheaper and available compared with atezolizumab plus bevacizu-
mab. For HCC with oligometastasis, there is an urgent need to control tumor progression because of the high tumor 
burden in the liver and other organs.5 Thus, any therapy that can improve efficacy should be administered to improve 
survival. Lenvatinib plus PD-1 inhibitor have been recommended in China for patients with extrahepatic metastases.22 

However, not all patients receive Lenvatinib and PD-1 inhibitor simultaneously, which involves the recommendation of 
the doctor, patient preference, and economic circumstances; thus, some patients undergo Lenvatinib treatment alone. 
Therefore, we compared the outcomes of Lenvatinib plus PD-1 inhibitor with Lenvatinib monotherapy in a real-world 
study. The combination of Lenvatinib and PD-1 inhibitor was associated with a positive outcome for HCC with beyond 
oligometastasis.

In this multicenter retrospective analysis, we demonstrated that the combination conferred a significantly better OS 
(20.1 months vs 15.7 months) and PFS (7.4 months vs 6.1 months) compared with Lenvatinib alone. The combination 
group also exhibited a higher ORR (37.1% vs 20.1%) and superior tumor inhibition. However, in the subgroup analysis, 
Lenvatinib plus PD-1 inhibitor showed no significant difference in OS and PFS for patients without HAIC treatment. 
Although the LAEP-002 trial demonstrated that Lenvatinib and PD-1 inhibitor did not meet the pre-specified significance 
for improved OS and PFS compared with Lenvatinib alone, the combination still exhibited a survival benefit. We 
analyzed the OS and PFS in LEAP-002, and the OS curves within 18 months were similar, with no significant difference. 

Table 2 Tumor Evaluation by RECIST v 1.1 in the Entire and PSM Cohorts

Evaluation Entire cohort PSM cohort

Len 
(n=167)

Len+PD-1  
(n=129)

P value Len 
(n=116)

Len+PD-1 
(n=116)

P value

3-month evaluation CR 
PR 

SD 

PD

0 
37 (22.2) 

93 (55.6) 

37 (22.2)

2 (1.6) 
54 (41.9) 

55 (42.6) 

18 (13.9)

0.001 0 (0.0) 
24 (20.7) 

70 (60.3) 

22 (19.0)

2 (1.7) 
49 (42.2) 

50 (43.2) 

15 (12.9)

0.002

6-month evaluation CR 

PR 
SD 

PD

0 

38 (22.8) 
32 (19.1) 

97 (58.1)

2 (1.6) 

47 (36.4) 
24 (18.6) 

56 (43.4)

0.016 0 (0.0) 

24 (20.7) 
23 (19.8) 

69 (59.5)

2 (1.7) 

41 (35.4) 
21 (18.1) 

52 (44.8)

0.030

Abbreviations: CR, complete response; PD-1, programmed cell death protein-1; PD, progressive disease; PR, partial response; 
SD, stable disease.
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Table 3 Univariable and Multivariable Analysis of Prognostic Factors for OS in 
PSM Cohort

Univariable analysis Multivariable analysis

HR (95% CI) P value HR (95% CI) P value

Treatment type
Len vs Len+PD-1 1.48 (1.06–2.06) 0.021 1.45 (1.08–2.02) 0.040

Age
>60 vs ≤60 1.17 (0.81–1.70) 0.394

Sex
Male vs Female 1.40 (0.85–2.29) 0.188

ALT, U/L
>40 vs ≤40 1.47 (1.06-2.05) 0.022 1.08 (0.72-1.49) 0.839

AST, U/L
>40 vs ≤40 1.22 (0.88–1.71) 0.239

Type of HCC
Primary vs Recurrent 1.36 (0.90–2.07) 0.141

Tumor size in liver, cm
≤5 Reference Reference

>5, ≤10 1.56 (1.07–2.26) 0.020 1.42 (0.91–2.17) 0.120

>10 1.84 (1.18–2.87) 0.008 1.47 (0.86–2.36) 0.181
Tumor number in liver

>3 vs ≤3 1.84 (1.27–2.66) 0.008 1.41 (0.95–2.08) 0.088

HAIC
Absence vs Presence 1.52 (1.09–2.10) 0.002 2.10 (1.45–3.05) <0.001

AFP, ng/mL
> 400 vs ≤ 400 1.40 (1.01–1.94) 0.046 1.39 (0.98–1.97) 0.065

PVTT type
No Reference Reference
I 0.96 (0.35–2.63) 0.941 0.70 (0.24–2.08) 0.526

II 1.41 (0.89–2.23) 0.144 1.24 (0.72–2.13) 0.445

III 2.32 (1.45–3.71) <0.001 1.61 (0.89–2.91) 0.113
HVTT

Absence vs Presence 1.65 (1.01–2.69) 0.045 1.39 (0.75–2.57) 0.300

Child-Pugh
Grade B vs Grade A 1.60 (1.15–2.23) 0.006 1.09 (0.85–1.39) 0.392

ALBI grade
Grade I Reference Reference
Grade II 1.47 (1.02–2.12) 0.042 1.47 (0.93–2.18) 0.069

Grade III 2.76 (1.56–4.88) <0.001 1.91 (1.04–3.51) 0.037

Organs involved
Multiple vs Single 1.51 (1.09–2.40) 0.014 1.66 (1.16–2.39) 0.006

HBV DNA
Positive vs Negative 1.46 (1.04–2.06) 0.031 1.24 (0.86–1.79) 0.241

Anti-virus
No vs Yes 1.21 (0.81–1.79) 0.351

Cirrhosis
Yes vs No 1.39 (1.01–1.93) 0.048 1.20 (0.83–1.75) 0.333

Portal hypertension
Yes vs No 1.21 (0.82–1.78) 0.338

Abbreviations: AFP, alpha-fetoprotein; ALBI, albumin-bilirubin; ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; HBV DNA, hepatitis B virus deoxyribonucleic acid; HAIC, hepatic arterial 
infusion chemotherapy; HCC, hepatocellular carcinoma; HVTT, hepatic vein tumor thrombus; PD-1, 
programmed cell death protein-1; PSM, propensity score-matching; PVTT, portal vein tumor thrombus.
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This indicates that these patients did not receive survival benefit from Lenvatinib and PD-1 inhibitor.7 Thus, the high 
invasiveness and advanced tumor stage of HCC beyond oligometastasis are associated with limited survival benefit from 
systemic therapy.

Figure 3 Survival curve of OS (A) and PFS (B) in the patients with and without HAIC treatment. Survival curve of OS (C) and PFS (D) in patients with HAIC treatment 
between Len and Len+PD-1 groups. Survival curve of OS (E) and PFS (F) in patients without HAIC treatment between Len and Len+PD-1 groups.
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Locoregional therapy may enhance immunotherapy.23 FOLFOX-HAIC is an effective treatment for advanced HCC 
and has been reported to significantly improve OS.24 HIAC combined with immunotherapy and molecular targeted 
therapy were effective in advanced HCC.25 In the present study, we found that HAIC was a protective factor both for OS 
and PFS by Cox analysis. In a subgroup analysis, HAIC combined with Lenvatinib and PD-1 inhibitor had a significantly 
better survival compared with HAIC combined with Lenvatinib. The significance may be attributed to the following 
factors. First, HAIC may induce tumor apoptosis and immunogenic cell death, and this effect could augment tumor- 
specific T-cell stimulation and recruitment.26 Second, PD-1 inhibitor may enhance the anti-tumor immune response and 
relieve immunosuppression within the tumor, which inhibits metastases.27 Third, Lenvatinib may decrease regulatory 
T cells and myeloid-derived suppressor cells, and this effect produces a synergetic effect with PD-1 inhibitor.28

Many factors can affect the OS of advanced HCC, including primary tumor, underlying liver disease, inflammatory or 
immune status of patients, and treatment modalities.29,30 In the present study, a multivariate analysis revealed that a liver 
tumor number >3 and multiple involved organs were risk factors for the OS of HCC beyond oligometastasis. Our 
previous study showed that the lung along with other organs was a risk indicator for OS.5 Multiple tumors in the liver and 
organs indicate an aggressive tumor status and a high metastatic tumor burden, which indicates poorer and reduced 
survival.31,32

It should be noted that this study had several limitations. First, this was a retrospective study, rather than 
a randomized study, which may lead to selection bias and confounding variables. Second, it was a real-world study of 
Lenvatinib and PD-1 inhibitor, which cannot completely rule out the influence of doctors and patients in patient 
registration and self-selected medication. Third, although we included data from multiple centers, the results should be 
further verified in a randomized controlled trial.

Conclusion
In summary, we demonstrated that Lenvatinib combined with PD-1 inhibitor significantly improved both the OS and PFS 
of HCC with beyond oligometastasis. A subgroup analysis revealed that OS and PFS were improved in the Len+PD-1 
versus the Len group with HAIC treatment, whereas the OS and PFS were similar between the Len and Len+PD-1 
groups without HAIC.

Data Sharing Statement
Data available was from the Feng Duan and with permission of four hospitals authority in China.

Ethics Statement
The Ethics Committee Board of the Chinese PLA General Hospital approved this retrospective study and waived the 
requirement for patient consent for this retrospective review. We solemnly promised that this study strictly abided by 
relevant laws and regulations and did not disclose patient personal information and related information to any other 
personnel and organizations to ensure the security and confidentiality of patient information.

Acknowledgments
This research was funded by National Natural Science Foundation of China (No. 82172037) and the China Postdoctoral 
Science Foundation (No. 2020M672967).

Disclosure
The authors declare no conflicts of interest in this work.

References
1. Xia C, Dong X, Li H. et al. Cancer statistics in China and United States, 2022: profiles, trends, and determinants. Chin Med J. 2022;135(5):584–590. 

doi:10.1097/cm9.0000000000002108
2. Forner A, Reig M, Bruix J. Hepatocellular carcinoma. Lancet. 2018;391(10127):1301–1314. doi:10.1016/s0140-6736(18)30010-2

ImmunoTargets and Therapy 2024:13                                                                                               https://doi.org/10.2147/ITT.S477972                                                                                                                                                                                                                       

DovePress                                                                                                                         
457

Dovepress                                                                                                                                                            Wang et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1097/cm9.0000000000002108
https://doi.org/10.1016/s0140-6736(18)30010-2
https://www.dovepress.com
https://www.dovepress.com


3. Brown ZJ, Tsilimigras DI, Ruff SM, et al. Management of hepatocellular carcinoma: a review. JAMA Surg. 2023;158(4):410–420. doi:10.1001/ 
jamasurg.2022.7989

4. Llovet JM, Castet F, Heikenwalder M, et al. Immunotherapies for hepatocellular carcinoma. Nat Rev Clin Oncol. 2022;19(3):151–172. doi:10.1038/ 
s41571-021-00573-2

5. Wang XH, Liu CJ, Wen HQ, et al. Effectiveness of lenvatinib plus immune checkpoint inhibitors in primary advanced hepatocellular carcinoma 
beyond oligometastasis. Clin Transl Med. 2023;13(3):e1214. doi:10.1002/ctm2.1214

6. Xu K, Xiang C, Yu Z, et al. Survival benefit of synchronous lenvatinib combined pd-1 inhibitors for advanced hepatocellular carcinoma beyond 
oligometastasis. Immunotargets Ther. 2024;13:305–317. doi:10.2147/itt.S458700

7. Llovet JM, Kudo M, Merle P, et al. Lenvatinib plus pembrolizumab versus lenvatinib plus placebo for advanced hepatocellular carcinoma 
(LEAP-002): a randomised, double-blind, Phase 3 trial. Lancet Oncol. 2023;24(12):1399–1410. doi:10.1016/s1470-2045(23)00469-2

8. Cai M, Huang W, Huang J, et al. Transarterial chemoembolization combined with lenvatinib plus PD-1 inhibitor for advanced hepatocellular 
carcinoma: a retrospective cohort study. Front Immunol. 2022;13:848387. doi:10.3389/fimmu.2022.848387

9. Xin Y, Zhang X, Liu N, et al. Efficacy and safety of lenvatinib plus PD-1 inhibitor with or without transarterial chemoembolization in unresectable 
hepatocellular carcinoma. Hepatol Int. 2023;17(3):753–764. doi:10.1007/s12072-023-10502-3

10. He M, Huang Y, Du Z, et al. Lenvatinib, toripalimab plus FOLFOX chemotherapy in hepatocellular carcinoma patients with extrahepatic 
metastasis: a biomolecular exploratory, phase II trial (LTSC). Clin Cancer Res. 2023;29(24):5104–5115. doi:10.1158/1078-0432.Ccr-23-0060

11. Guan R, Zhang N, Deng M, et al. Patients with hepatocellular carcinoma extrahepatic metastases can benefit from hepatic arterial infusion 
chemotherapy combined with lenvatinib plus programmed death-1 inhibitors. Int J Surg. 2024;110(7):4062–4073. doi:10.1097/ 
js9.0000000000001378

12. Shrestha B, Dunn L. The declaration of Helsinki on medical research involving human subjects: a review of seventh revision. J Nepal Health Res 
Counc. 2020;17(4):548–552. doi:10.33314/jnhrc.v17i4.1042

13. Kudo M, Finn RS, Cheng AL, et al. Albumin-bilirubin grade analyses of atezolizumab plus bevacizumab versus sorafenib in patients with 
unresectable hepatocellular carcinoma: a post hoc analysis of the phase III IMbrave150 study. Liver Cancer. 2023;12(5):479–493. doi:10.1159/ 
000529996

14. Sun J, Guo R, Bi X, et al. Guidelines for diagnosis and treatment of hepatocellular carcinoma with portal vein tumor thrombus in China (2021 
edition). Liver Cancer. 2022;11(4):315–328. doi:10.1159/000523997

15. Eisenhauer EA, Therasse P, Bogaerts J, et al. New response evaluation criteria in solid tumours: revised RECIST guideline (version 1.1). Eur 
J Cancer. 2009;45(2):228–247. doi:10.1016/j.ejca.2008.10.026

16. Zhou Q, Wang X, Li R, et al. Sorafenib as adjuvant therapy following radiofrequency ablation for recurrent hepatocellular carcinoma within Milan 
criteria: a multicenter analysis. J Gastroenterol. 2022;57(9):684–694. doi:10.1007/s00535-022-01895-3

17. Tong Y, Cai R, Li JX, et al. Liver resection versus microwave ablation for hepatocellular carcinoma in ideal candidates for ablation per Barcelona 
Clinic Liver Cancer staging: a propensity score matching and inverse probability of treatment weighting analysis. Aliment Pharmacol Ther. 2022;56 
(11–12):1602–1614. doi:10.1111/apt.17263

18. Alawyia B, Constantinou C. Hepatocellular carcinoma: a narrative review on current knowledge and future prospects. Curr Treat Options Oncol. 
2023;24(7):711–724. doi:10.1007/s11864-023-01098-9

19. Cappuyns S, Corbett V, Yarchoan M, et al. Critical appraisal of guideline recommendations on systemic therapies for advanced hepatocellular 
carcinoma: a review. JAMA Oncol. 2024;10(3):395–404. doi:10.1001/jamaoncol.2023.2677

20. Finn RS, Qin S, Ikeda M, et al. Atezolizumab plus bevacizumab in unresectable hepatocellular carcinoma. N Engl J Med. 2020;382(20):1894–1905. 
doi:10.1056/NEJMoa1915745

21. Zhang W, Zhang K, Liu C, et al. Hepatic arterial infusion chemotherapy combined with anti-PD-1/PD-L1 immunotherapy and molecularly targeted 
agents for advanced hepatocellular carcinoma: a real world study. Front Immunol. 2023;14:1127349. doi:10.3389/fimmu.2023.1127349

22. Zhu HD, Li HL, Huang MS, et al. Transarterial chemoembolization with PD-(L)1 inhibitors plus molecular targeted therapies for hepatocellular 
carcinoma (CHANCE001). Signal Transduct Target Ther. 2023;8(1):58. doi:10.1038/s41392-022-01235-0

23. Mei J, Li SH, Li QJ, et al. Anti-PD-1 immunotherapy improves the efficacy of hepatic artery infusion chemotherapy in advanced hepatocellular 
carcinoma. J Hepatocell Carcinoma. 2021;8:167–176. doi:10.2147/jhc.S298538

24. He M, Li Q, Zou R, et al. Sorafenib plus hepatic arterial infusion of oxaliplatin, fluorouracil, and leucovorin vs sorafenib alone for hepatocellular 
carcinoma with portal vein invasion: a randomized clinical trial. JAMA Oncol. 2019;5(7):953–960. doi:10.1001/jamaoncol.2019.0250

25. Lai Z, He M, Bu X, et al. Lenvatinib, toripalimab plus hepatic arterial infusion chemotherapy in patients with high-risk advanced hepatocellular 
carcinoma: a biomolecular exploratory, phase II trial. Eur J Cancer. 2022;174:68–77. doi:10.1016/j.ejca.2022.07.005

26. Yuan Y, He W, Yang Z, et al. TACE-HAIC combined with targeted therapy and immunotherapy versus TACE alone for hepatocellular carcinoma 
with portal vein tumour thrombus: a propensity score matching study. Int J Surg. 2023;109(5):1222–1230. doi:10.1097/js9.0000000000000256

27. Zhu Y, Chen M, Xu D, et al. The combination of PD-1 blockade with interferon-α has a synergistic effect on hepatocellular carcinoma. Cell Mol 
Immunol. 2022;19(6):726–737. doi:10.1038/s41423-022-00848-3

28. Niu M, Yi M, Wu Y, et al. Synergistic efficacy of simultaneous anti-TGF-β/VEGF bispecific antibody and PD-1 blockade in cancer therapy. 
J Hematol Oncol. 2023;16(1):94. doi:10.1186/s13045-023-01487-5

29. Qin S, Chan SL, Gu S, et al. Camrelizumab plus rivoceranib versus sorafenib as first-line therapy for unresectable hepatocellular carcinoma 
(CARES-310): a randomised, open-label, international phase 3 study. Lancet. 2023;402(10408):1133–1146. doi:10.1016/s0140-6736(23)00961-3

30. Long T, Yang Z, Zeng H, et al. Comparable clinical outcomes between transarterial chemoembolization or hepatic arterial infusion chemotherapy 
combined with tyrosine kinase inhibitors and PD-1 inhibitors in unresectable hepatocellular carcinoma. J Hepatocell Carcinoma. 
2023;10:1849–1859. doi:10.2147/jhc.S436211

31. Lima HA, Endo Y, Alaimo L, et al. Tumor burden score and serum alpha-fetoprotein subclassify intermediate-stage hepatocellular carcinoma. 
J Gastrointest Surg. 2022;26(12):2512–2521. doi:10.1007/s11605-022-05469-9

32. Borde T, Nezami N, Laage Gaupp F, et al. Optimization of the BCLC staging system for locoregional therapy for hepatocellular carcinoma by using 
quantitative tumor burden imaging biomarkers at MRI. Radiology. 2022;304(1):228–237. doi:10.1148/radiol.212426

https://doi.org/10.2147/ITT.S477972                                                                                                                                                                                                                                    

DovePress                                                                                                                                                        

ImmunoTargets and Therapy 2024:13 458

Wang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1001/jamasurg.2022.7989
https://doi.org/10.1001/jamasurg.2022.7989
https://doi.org/10.1038/s41571-021-00573-2
https://doi.org/10.1038/s41571-021-00573-2
https://doi.org/10.1002/ctm2.1214
https://doi.org/10.2147/itt.S458700
https://doi.org/10.1016/s1470-2045(23)00469-2
https://doi.org/10.3389/fimmu.2022.848387
https://doi.org/10.1007/s12072-023-10502-3
https://doi.org/10.1158/1078-0432.Ccr-23-0060
https://doi.org/10.1097/js9.0000000000001378
https://doi.org/10.1097/js9.0000000000001378
https://doi.org/10.33314/jnhrc.v17i4.1042
https://doi.org/10.1159/000529996
https://doi.org/10.1159/000529996
https://doi.org/10.1159/000523997
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1007/s00535-022-01895-3
https://doi.org/10.1111/apt.17263
https://doi.org/10.1007/s11864-023-01098-9
https://doi.org/10.1001/jamaoncol.2023.2677
https://doi.org/10.1056/NEJMoa1915745
https://doi.org/10.3389/fimmu.2023.1127349
https://doi.org/10.1038/s41392-022-01235-0
https://doi.org/10.2147/jhc.S298538
https://doi.org/10.1001/jamaoncol.2019.0250
https://doi.org/10.1016/j.ejca.2022.07.005
https://doi.org/10.1097/js9.0000000000000256
https://doi.org/10.1038/s41423-022-00848-3
https://doi.org/10.1186/s13045-023-01487-5
https://doi.org/10.1016/s0140-6736(23)00961-3
https://doi.org/10.2147/jhc.S436211
https://doi.org/10.1007/s11605-022-05469-9
https://doi.org/10.1148/radiol.212426
https://www.dovepress.com
https://www.dovepress.com


ImmunoTargets and Therapy                                                                                                            Dovepress 

Publish your work in this journal 
ImmunoTargets and Therapy is an international, peer-reviewed open access journal focusing on the immunological basis of diseases, potential 
targets for immune based therapy and treatment protocols employed to improve patient management. Basic immunology and physiology of the 
immune system in health, and disease will be also covered. In addition, the journal will focus on the impact of management programs and new 
therapeutic agents and protocols on patient perspectives such as quality of life, adherence and satisfaction. The manuscript management system is 
completely online and includes a very quick and fair peer-review system, which is all easy to use.  Visit http://www.dovepress.com/testimonials.php to 
read real quotes from published authors.  

Submit your manuscript here: http://www.dovepress.com/immunotargets-and-therapy-journal

ImmunoTargets and Therapy 2024:13                                                                                        DovePress                                                                                                                         459

Dovepress                                                                                                                                                            Wang et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Patients and Study Design
	Treatment and Assessment of Response
	Outcomes and Definitions
	Follow-Up
	Statistical Analysis

	Results
	Baseline Characteristics
	Effect of Treatment on OS
	Effect of Treatment on Progression-Free Survival
	Efficacy Evaluation
	Subgroup Analysis of HAIC Treatment on Survival Between the Two Groups
	Safety

	Discussion
	Conclusion
	Data Sharing Statement
	Ethics Statement
	Acknowledgments
	Disclosure

