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Background

Lenvatinib is approved for patients with advanced hepatocellular carcinoma (HCC) due to its non-inferiority to sorafenib of overall survival (OR) in clinical trials. This study was to compare the effectiveness and safety of lenvatinib and sorafenib in the real world.



Methods

We retrospectively evaluated 338 patients with unresectable HCC who had undergone lenvatinib or sorafenib treatment between January 2018 and August 2020. Propensity-score matching analysis was performed with a 1:2 ratio to reduce the real-life baseline difference between the two groups.



Results

A total of 210 patients (Male/Female: 150/60, mean age: 65.8 years) were recruited including 70 patients in the Lenvatinib group and 140 patients in the Sorafenib group. Compared with sorafenib, lenvatinib had significantly longer progression-free survival (PFS) (5.2 vs 3.3 months, p=0.019) but similar OR (13.3 vs 11.8 months, p=0.714). Additionally, lenvatinib had better disease control rates (62.3 vs 48.6%, p=0.029) and equivalent incidences of treatment-related adverse events over sorafenib. In multivariate analysis, lenvatinib was associated with better PFS over sorafenib (hazard ratio: 0.49, 95% confidence interval: 0.3–0.79, p=0.004) after adjustments of albumin-bilirubin grade and alpha-fetoprotein level; however, different agents using lenvatinib or sorafenib did not contribute to OS, whether in univariate or multivariate analysis. Patients who failed lenvatinib had a lower proportion of having sequential systemic therapies compared with the Sorafenib group (36.2 vs 47.8%, p=0.02). The most frequently used sequential therapy following lenvatinib and sorafenib was chemotherapy (n=9, 42.8%) and regorafenib (n=33, 50.8%), respectively.



Conclusions

In clinical real-life practice, lenvatinib illustrated promising survival benefits and acceptable safety for patients with unresectable HCC, while reducing the risk of progression disease compared with sorafenib. Additionally, lack of approved post-lenvatinib systemic therapies is a serious issue in the real world.
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Introduction

Hepatocellular carcinoma (HCC) is the most common liver cancer and one of the leading causes of cancer-related deaths worldwide, accounting for approximately 700,000 mortalities per year (1). HCC at early stage can often be curatively treated by effective options such as surgical resection, liver transplantation, and local ablation, which could lead to better survival outcome (2). On the contrary, advanced-stage HCC frequently presents with poor prognosis because of limited potential treatment modalities offered (3). Despite the improvement of HCC diagnostic measures and screening systems, many patients are still diagnosed at an advanced stage where systemic therapy is the main recommended treatment option (4–6). Sorafenib, the first approved agent for patients with advanced HCC in 2007, is a multikinase inhibitor that can target several protein receptors (VEGFR, PDGFR, KIT, and RET) to block vascular angiogenesis as well as inhibit several cell signaling pathways (Raf-1, B-Raf, and Ras/Raf/MEK/ERK) to impair tumor proliferation (7). Approval of sorafenib is based on two randomized, open-label, phase III clinical trials, SHARP study and AP study, where sorafenib significantly improved overall survival (OS) in patients with advanced HCC compared with a placebo (8, 9). However, the development of other first-line systemic therapies for advanced HCC was dismaying, until 2018, when lenvatinib first demonstrated its therapeutic potency for HCC treatment. The randomized, open-label, phase III REFLECT study revealed that lenvatinib is non-inferior to sorafenib in first-line treatment efficacy for patients with unresectable HCC [median OS: 13.6 months for lenvatinib vs. 12.3 months for sorafenib; hazard ratio (HR): 0.92; 95% confidence interval (CI): 0.79–1.06] (10). In addition, lenvatinib especially prolonged progression-free survival (PFS), time to progression (TTP), and objective response rate (ORR) compared with sorafenib (10). According to these positive results from the REFLECT study, lenvatinib therefore became the second approved agent in first-line systemic treatment for advanced HCC over the decade. Although lenvatinib and sorafenib both showed promising therapeutic efficacy, which systemic therapy should be firstly applied for patients with unresectable HCC is still of great concern in real clinical practice, so this study aimed to appraise therapeutic efficacy and safety of two orally administered first-line therapies, lenvatinib and sorafenib, for patients with unresectable HCC in the real world.



Materials and Methods


Patients

Patients with unresectable HCC in BCLC intermediate or advanced stages receiving lenvatinib or sorafenib in our institute, Kaohsiung Chang Gung Memorial Hospital, from January 2018 until August 2020 were enrolled. HCC was diagnosed by pathologic identification or dynamic imaging of abdominal computed tomography (CT) or magnetic resonance imaging (MRI) according to international HCC guidelines. The inclusion criteria were (1) unresectable HCC in BCLC intermediate or advanced stage; (2) receiving lenvatinib or sorafenib as first-line systemic therapy; and (3) classified as Child-Pugh (CP) class A or class B. Patients were excluded if they had previously received other systemic therapy; had insufficient clinical data; were concurrent with other cancers; were CP class C; or had become lost to follow-up during treatment. All included patients receiving lenvatinib or sorafenib further underwent propensity score (PS) matching to reduce the real-world baseline differences between Lenvatinib and Sorafenib groups. Data of the current study were retrospectively reviewed from the electronic medical charts and further analyzed. The study protocol was approved by the Research Ethics Committee of Chang Gung Memorial Hospital (IRB No: 202100961B0).



Treatment Option

For unresectable HCC, using lenvatinib or sorafenib was based on the decision of clinicians and the wishes of patients. The dosage of lenvatinib or sorafenib was initially prescribed based on the recommendations of clinical trials (8, 10) and the experience of clinicians, and then was adjusted clinically by patients’ tolerance to the medication.

Patients in both groups received radiologic evaluation by CT or MRI every 2–3 months. Treatment with lenvatinib or sorafenib was stopped when tumor progression, liver function deterioration, intolerable treatment-related adverse events (TRAE), or death occurred. TRAE and disease progression were identified from the review of electronic medical records.



Treatment Outcome

The outcomes of treatment were recorded that included PFS, defined as the time from treatment initiation to disease progression or death; TTP, defined as the time from treatment initiation to disease progression; OS, defined as the time from treatment initiation to death or the end of observation; ORR, defined as patients obtaining complete (CR) or partial response (PR); and DCR, defined as patients obtaining CR, PR, or stable disease status (SD). Treatment response was assessed by radiologic imaging according to the modified Response Evaluation Criteria in Solid Tumors (mRECIST) (11).



Statistical Analysis

All patients were followed up till the date of last visit, death, or the end of April 2021. Comparing values between Lenvatinib and Sorafenib groups, Chi-squared tests were used for categorical variables, whereas Student’s t-test was applied for continuous variables. Quantitative variables were expressed with mean ± SD or median with a range. PS matching analyses were performed to minimize any selection biases and potential confounding variables. PS was calculated using logistic regression with the following variables: Age, Sex, Concentrations of α-fetoprotein (AFP), Child-Pugh score, HBV, HCV, BCLC stage, Extrahepatic Metastasis (EHM), and Macrovascular invasion (MVI), while for PS-matching analysis, a ratio of 1:2 matching scheme for lenvatinib versus sorafenib was applied. OS and PFS were assessed using the Kaplan-Meier method with a log-rank test, whereas univariate and multivariate analyses were estimated using Cox proportional hazards regression models. All P-values of <0.05 by two-tailed test were confirmed significant, with statistical analysis performed using SPSS 22 software (SPSS Inc., Chicago, IL, USA).




Results


Clinical Characteristics

A total of 322 patients including 81 (25.2%) with lenvatinib and 241 (74.8%) with sorafenib were further assigned to the Lenvatinib group (number, n=70) and the Sorafenib group (n=140) by using PS-matching analysis with a 1:2 ratio (Supplementary Figure 1). Table 1 shows the characteristics of both groups before and after PS matching. Before PS matching, the Lenvatinib group had a significantly higher proportion of CP class B (8.6 vs 1.7%, p=0.003) and a lower proportion of dose-reduction patients (34.7 vs 88.7%, p<0.001) compared with the Sorafenib group. After the performance of PS matching, the baseline characteristics of the two groups were balanced, except that the proportion of dose reduction (37.1 vs 90.1%, p<0.001) remained lower in the Lenvatinib than in the Sorafenib group. In the PS-matched cohort, the mean age was 65.8 years and 70.4% of patients were male. Regarding the etiologies of HCC, 52.9% of patients were HBV infection and 26.7% were HCV infection. Additionally, 98.1% of patients were CP class A. Based on albumin-bilirubin (ALBI) scoring, there were 51.4% patients for ALBI grade I and 48.6% patients for grade II. The duration of drug use was not different between the two groups (4.9 months for lenvatinib-use vs 4.5 months for sorafenib-use, p=0.779).


Table 1 | Baseline characteristics of the study population by treatment before and after propensity score matching.





Tumor Characteristics

After PS matching, 81.4% of patients had HCC in BCLC stage C, 45.2% of patients had tumors with MVI, and 43.8% of patients had EHM tumors respectively (Table 1). Among HCC patients with MVI, 36.8% were VP4 (tumor invasion into bilateral portal vein and/or main portal vein), whereas 63.2% were VP3 (tumor invasion into left or right portal vein). Concerning HCC patients with EHM, the top three spreading sites were the lung (38%), lymph node (35.8%), and bone (28.3%); additionally, 35.3% of patients had tumor burden larger than 6 cm in diameter.



Prior and Combined Treatments

After PS matching, the proportion of patients who had received previous anti-HCC treatments was similar between Lenvatinib and Sorafenib groups (72.9 vs 82%, p=0.125). The leading three frequently used prior-treatment modalities were transarterial chemoembolization (TACE) (57.1%), radiofrequency ablation (RFA) (39.5%), and surgical resection (26.7%). Additionally, 25.7% of patients in the Lenvatinib group and 27.9% of patients in the Sorafenib group were treated with other combined treatments. The most two combination-used treatment modalities were TACE (n=23, 10.9%) and radiotherapy (n=18, 8.6%) respectively.



Treatment Response in PS-Matched Cohort

After PS matching, 53 (75.7%) patients in the Lenvatinib group had follow-up dynamic images for the assessment of treatment response (Table 2). Among them, 1.9% of patients achieved CR, 7.5% obtained PR, 52.8% had SD, and 37.7% became progressive disease (PD). The ORR was 9.4%, whereas the DCR was 62.3%. The duration of lenvatinib durability was 7 months (range: 1.2–15 months). Concerning the Sorafenib group, among 111 patients (79.2%) with following dynamic images, 0.9% achieved CR, 7.2% obtained PR, 40.5% had SD, and 51.4% became PD.


Table 2 | Tumor response by treatment† in propensity score-matched cohort.





Progression-Free Survival and Its Associated Factors

Among patients with radiologic evaluation, tumor progression was finally observed in 69.6% of the Lenvatinib group and 88% of the Sorafenib group. Patients treated with lenvatinib had significantly better PFS (5.3 vs 3.1 months, p=0.013) (Figure 1A) than patients treated with sorafenib. After PS matching, median PFS was still significantly longer in the Lenvatinib than in the Sorafenib group (5.2 months vs 3.3 months, p=0.019) (Figure 1B). Similarly, the Lenvatinib group also had better TTP than the Sorafenib group, whether before PS matching (6.0 vs 3.4 months, p=0.009) (Figure 1C) or after PS matching (6.1 vs 3.4 months, p=0.009) (Figure 1D). In Cox regression model of univariate and multivariate analyses, poorer liver function reserve, higher AFP level, and sorafenib use were independent risk factors associated with PFS in the PS-matched cohort (Table 3). Using lenvatinib could reduce the risk of progressing disease compared with using sorafenib (HR: 0.49, 95% CI: 0.3–0.79, p<0.001).




Figure 1 | Kaplan-Meier survival curves of treatment outcomes including (A) Before Propensity Score (PS)-matched Progression-Free Survival (PFS), (B) After PS-matched PFS, (C) Before PS-matched Time to Progression (TTP), (D) After PS-matched TTP, (E) Before PS-matched Overall Survival (OS), and (F) After PS-matched OS between the Lenvatinib and Sorafenib groups. The Lenvatinib group had superior PFS and TTP, but similar OS to the Sorafenib group, no matter for either before or after PS matching analysis.




Table 3 | Univariate and multivariate Cox regression analyses for Progression-Free Survival in propensity score-matched cohort.





Overall Survival and Its Associated Factors

A total of 181 patients (56.2%) died during the follow-up period, including 32 deaths (39.5%) in patients receiving lenvatinib and 149 deaths (61.8%) in patients receiving sorafenib. There was no difference of median OS in Lenvatinib and Sorafenib groups. (13.3 vs 12.3 months, p=0.593) (Figure 1E). After PS matching, median OS was 13.3 months in the Lenvatinib group and 11.8 months in the Sorafenib group, respectively (p=0.714) (Figure 1F). In multivariate analysis, poorer liver function reserve, higher AFP level, having no disease control, and no post-lenvatinib or sorafenib treatment were significant risk factors associated with mortality in PS-matched cohort (Supplementary Table 1). Different treatment agents using lenvatinib or sorafenib did not contribute to OS, whether for univariate or multivariate analysis.



Treatment Safety in PS-Matched Cohort

After PS matching, the Lenvatinib group had higher proportions of total TRAE than the Sorafenib group (82 vs 75.9%, p=0.362), but there was no statistical difference (Table 4). Furthermore, the occurrence rate of severer TRAE (≥ grade 3) between the two groups was similar (11.5 vs 12%). In the Lenvatinib group, 82% of patients had incidence of TRAE, where the incidence over 9% included 26.2% of patients with hand-foot skin reaction (HFSR), 22.9% with hypertension, 19.7% with fatigue, and 9.6% with decreased appetite. Seven patients (11.5%) in the Lenvatinib group had severe TRAE over grade 3, and three of them were HFSR. Regarding the Sorafenib group, the top four TRAEs were HFSR (33.3%), diarrhea (25%), fatigue (13.9%), and decreased appetite (9.3%). Thirteen patients (12%) in the Sorafenib group developed grade 3 TRAE requiring treatment termination; similarly, HFSR was the most frequent TRAE (7 of 13).


Table 4 | Treatment related adverse events (TRAE) by treatment in the propensity score-matched cohort.





Subgroup Analysis for PFS in PS-Matched Cohort

After PS matching, the subgroup analysis indicated that using lenvatinib was superior or equal to using sorafenib associated with PFS in all subgroups (Figure 2). In particular, lenvatinib had a preferred role on better PFS for those patients in BCLC stage C, with HBV infection, without HCV infection, with EHM, without MVI, with tumor size <6 cm, or with AFP level <200 ng/ml. Overall, lenvatinib could reduce 34% of progression risk compared with sorafenib (p=0.021).




Figure 2 | Forest plots of Progression-Free Survival in the subgroups of the Propensity Score-matched cohort.





Sequential Systemic Therapies After Treatment Failure in PS-Matched Cohort

After cessation of lenvatinib or sorafenib in PS-matched cohort, 103 patients (53%) still afforded following therapies (Table 5). Concerning sequential systemic therapies, 86 patients (44.3%) received second-line therapy, where regorafenib for 34 patients was the most frequently used agent followed in decreasing order by nivolumab for 16, lenvatinib for 13, chemotherapy for 12, atezolizumab plus bevacizumab for 5, carbozantinib for 3, and other agents for 3 patients. Twenty-one patients (10%) were treated with third-line therapy, whereas only two patients (0.9%) could move to fourth-line therapy.


Table 5 | Sequential systemic treatments after failure of Lenvatinib or Sorafenib in the propensity score-matched cohort.






Discussion

Most of our patients used lenvatinib or sorafenib under reimbursement of the National Health Insurance (NHI) scheme of Taiwan (12), so that the baseline characteristics of this study population were relatively consistent. Additionally, although the current study was designed in retrospective setting, the analysis of 1:2 PS matching could reduce the select bias and confounding variables between Lenvatinib and Sorafenib groups in real life. Like the results of REFLECT trial (10), we also found significantly longer PFS in the Lenvatinib group (5.2 vs 3.3 months, p=0.019) but similar OR in two groups (13.3 vs 11.8 months, p=0.714). The reason of equivalent OS rates in Lenvatinib and Sorafenib groups might be due to different post-treatments offered, which possibly reduces the PFS difference between two groups. Almost all current post-treatment systemic agents were approved under the setting of following sorafenib failure (13–18), which leads to limited potential agents available for patients who failed lenvatinib, possibly inducing a disappointing post-treatment outcome.

Based on the design-setting of previous clinical trials (13, 14), only those patients who fail sorafenib remain CP class A liver function could apply for second-line therapies such as regorafenib or nivolumab by reimbursement of Taiwan NHI scheme. In the current study, 78 patients (57.4%) in the Sorafenib group and 25 patients (43.1%) in the Lenvatinib group could receive further anti-HCC treatments. Near half of the Sorafenib group (n=65, 47.8%) treated with second-line systemic therapies, including regorafenib (n=33) and nivolumab (n=13), were approved and reimbursed. On the contrary, in the Lenvatinib group, 21 patients (36.2%) received second-line systemic therapies where chemotherapy (n=9) under reimbursement was the main treatment modality, followed by self-paid agents including atezolizumab plus bevacizumab (n=5), nivolumab (n=3), carbozantinib (n=2), and regorafenib (n=1). In the real-world, high price of following multikinase inhibitors or immune-checkpoints (ICI) is really a great concern for those patients who fail lenvatinib but still have good liver function reserve. It usually keeps them from choosing these more effective but expensive agents. This could explain why sequential therapies after lenvatinib progression in the current study is not enough compared with sorafenib failure. For patients with the first-line lenvatinib treatment, lack of approved second-line treatments is a serious issue, but it is real in the present. More evidence-based studies regarding the efficacy and safety of sequential systemic therapies following lenvatinib are required to offer real-life data for the application or reimbursement of post-lenvatinib agents.

Regarding treatment response, we also indicate that using lenvatinib had a better DCR than using sorafenib (62.3 vs 48.6%, p=0.029); however, there was no significant difference in ORR between Lenvatinib and Sorafenib groups (9.4 vs 8.1%, p=0.776). Although there was an encouraging CR of 1.9%, and a PR of 7.5%, our ORR in the Lenvatinib group was lower than that in the REFLECT trial and some clinical studies (10, 19–21), in which it presented with a range from 14.1 to 29.6%. These differences might be due to different baseline liver function and tumor characteristics. In the comparison with the REFLECT trial, our Lenvatinib group had 18.6% of HCC patients with VP4 invasion and 20% with larger tumor size than 10 cm, presenting traditionally poorer tumor pictures of prognosis, possibly leading to a reduction of objective treatment response.

In the current study, most patients in the Lenvatinib or Sorafenib groups had good liver function status as CP class A and were suitable for treatment at the beginning (97.1 vs 98.6%, p=0.967). At the time of first-line treatment failure, 60.3% patients in the Lenvatinib group maintained Child A liver function, having the chance to receive following treatments, whereas 63.2% patients in the Sorafenib group still had Child A. The change of liver function during treatment was similar between both groups.

The current study indicates that better liver function reserve, lower concentration of AFP, achievement of disease control, and affording post-treatment were improved factors associated with mortality. However, using lenvatinib or sorafenib was not related to OS, no matter for either univariate or multivariate analysis. Despite there being no OS difference between Lenvatinib and Sorafenib groups, lenvatinib indeed improved the prognosis for patients with unresectable HCC.

In an era without effective sequential systemic therapies, our previous studies reported that the median OS of sorafenib use was only around 8 months (22, 23), whereas it was extended to 11.8 months in the current study. In general, near half of our study patients still required following therapies after failure of lenvatinib or sorafenib. Concerning sequential systemic therapies, 44.3% of patients received second-line therapy, where regorafenib was the most frequently used agent followed in decreasing order by nivolumab, lenvatinib, chemotherapy, atezolizumab plus bevacizumab, and carbozantinib. Approximately 10% of patients were treated with third-line therapy, whereas only a little under 1% of patients could move to fourth-line therapy.

In accordance with the REFLECT trial, the Lenvatinib group in our study could reduce the risk of tumor progression compared with the Sorafenib group. In multivariate analysis, lenvatinib was a significant predictor associated with PFS over sorafenib (HR:0.49, 95% CI: 0.3–0.79, p=0.004) after adjustment with ALBI grade and AFP concentration. Our finding was consistent with another real-life Korean study (24), in which performance status, AFP concentration, and lenvatinib versus sorafenib were associated factors with PFS. The REFLECT trial indicated that lenvatinib had better PFS than sorafenib in all subgroups, and we also found that lenvatinib was superior or equal to sorafenib on PFS in all subgroups. Particularly, for patients in BCLC stage C, with HBV infection, without HCV infection, with EHM, without MVI, with tumor size <6 cm or with AFP level <200 ng/ml, lenvatinib significantly prolonged PFS compared with sorafenib. Further subgroup studies are required to determine who the preferred target patients are for lenvatinib as first-line therapy.

With regard to treatment safety, the current study found that lenvatinib had similar incidences of overall TRAE compared with sorafenib (82 vs 75.9%, p=0.364). In fact, 37.1% of patients in our Lenvatinib group and 90.1% of patients in our Sorafenib group had experienced dosage reduction during treatment to maintain the balance of treatment efficacies and adverse events. Hence, occurrence rates of grade 3 TRAE between the two groups were equally low (11.5 vs 12%). Interestingly, the most frequent adverse event in our study was HFSR (26.2%), reported as having lower incidence compared with hypertension or diarrhea in previous clinical studies (20, 21, 25, 26). Actually, the incidence of hypertension (22.9%) in the current study was close to that of HFSR but might be underestimated, because some clinicians were initially not familiar with this TRAE and records of blood pressure were lacking.

The current study still has some limitations. Firstly, some clinical and laboratory data were not available from medical chart review due to retrospective setting of this study. Approximately 22% of the patients were short of image examinations following treatment, and this might influence evaluation of treatment response; additionally, incidence of some TRAEs might be underestimated. Secondly, sequential systemic therapies are not established for patients who failed first-line lenvatinib. Hence, the second-line systemic therapies following lenvatinib or sorafenib are not consistent, which might generate confounding bias in analysis of post-treatment survival. Thirdly, lenvatinib has been reimbursed by the NHI of Taiwan since 2019, so that most patients in the Lenvatinib group had shorter observation time than in the Sorafenib group. Further longer follow-up duration might provide a clearer picture of treatment outcome in real life. Finally, the current study is a single-center retrospective study with limited sample size; further multicenter validated studies are required.

In conclusion, the current study demonstrates that lenvatinib is an appropriate first-line therapy for unresectable HCC with promising survival effects and tolerable adverse events in clinical real practice. Compared with sorafenib, lenvatinib did not extend overall survival, but it could really improve treatment response and reduce the risk of disease progression. Additionally, lack of approved post-lenvatinib systemic treatments is a severe issue in the real world.
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OEBPS/Images/table2.jpg
Variables, n (%) or median (range) Lenvatinib group N=70 Sorafenib group N=140

Treatment response evaluation, n (%) 53 (75.7) 111 (79.2)
Complete response 1(1.9 1(0.9)
Partial response 4 (7.5) 8(7.2)
Stable disease 28 (52.8) 49 (40.5)
Progression disease 20 37.7) 57 (61.4)
Objective response rate* 9.4% 8.1%
Disease control rate* 62.3% 48.6%
Durability, month 7 (1.2-15) 9.6 (1.0-24)
Death 28 (40) 91 (65)

*Treatment response based on those who received image evaluation including Computer tomography or Magnetic resonance image.
*The comparison of objective response rate and disease control rate between two groups was 0.776 and 0.029, respectively.
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Variables Lenvatinib group (n=61)" Sorafenib group (n=108)"

Any, n (%) Grade > 3, n (%) Any, n (%) Grade > 3, n (%)
Total patients with TRAE 50 (82) 7(11.5) 82 (75.9) 13(12)
Hand foot skin reaction, n (%) 16 (26.2) 3(4.8) 36 (33.3) 7 (6.3)
Hypertension, n (%) 14 (22.9) 1(1.6) 4(3.6) 0
Fatigue, n (%) 12 (19.7) 2(3.2) 15 (13.9) 2(1.8)
Diarrhea, n (%) 9(14.8) 0 27 (25) 0
Decreased appetite, n (%) 6(9.6) 0 10(9.3 0
Elevated T-bil, n (%) 3(4.8) 0 2(1.8) 1(0.9)
Dysphonia, n (%) 3(4.8) 0 0 0
Hypothyroidism, n (%) 2(3.2) 0 0 0
Proteinuria, n (%) 2(3.2) 0 0 0
Hepatic encephalopathy, n (%) 2(3.2) 1(1.6) 0 0
Pruritus, n (%) 2@3.2) 0 2(1.8 0
Dermatitis, n (%) 1(1.6) 0 3.7 1(0.9
Paresthesia, n (%) 0 0 1(0.9 1(0.9)
UGl bleeding, n (%) 0 0 109 1(0.9)

T-bil, total bilirubin; TRAE, treatment-related adverse event; UGI, upper gastrointestinal.
*Comparison of treatment-related adverse events was based on those patients who had medical records.
The comparison of any TRAE between two groups was 0.362.
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Variables Comparison

Age, years Increase per year
Sex Female vs Male
HBV Yes vs No

HCV Yes vs No

ALBI Grade hvs|

BCLC stage CvsB

EHM Yes vs No

MVI Yes vs No

AFP >200 ng/mi Yes vs No

Dose reduction Yes vs No
Combined treatment Yes vs No
Treatment option Lenvatinib vs Sorafenib

Univariate analysis

HR

1.01
1.1
12
0.98
1.64
1.15
0.91
1.23
1.72
0.94
0.77
0.66

95% Cl

0.99-1.05
0.77-1.59
0.87-1.67
0.69-1.4
1.19-2.28
0.74-1.79
0.66-1.25
0.89-1.7
1.24-2.39
0.65-1.36
0.54-1.1
0.46-0.94

P-value

0.887
0.578
0.268
0.92

0.003
0.525
0.547
0.22

0.001
0.745
0.156
0.021

Multivariate analysis P-value
HR 95% CI
1.53 1.08-2.17 0.016
1.77 1.23-2.53 0.002
0.49 0.3-0.79 0.004

AFP, alpha fetoprotein; BCLC, Barcelona Clinic Liver Cancer; Cl, confidence interval; EHM,; extrahepatic metastasis; HBV, hepatitis B virus; HCV, hepatitis C virus; HR, hazard ratio; MVI,

macrovascular invasion.
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Variables, n (%) or mean = S.D. Before Propensity Score Matching After Propensity Score Matching"

TotalN=322  Lenvatinib group N=81  Sorafenib group N=241  P-value  TotalN=210  Lenvatinib group N=70  Sorafenib group N=140  P-value

Age (years) 637 =103 654119 65.1x114 0983 658+ 115 65+ 12.3 657116 0.983
Male Sex (%) 238 (73.9) 54 (66.7) 184 (76.3) 0174 150 (71.4) 50 (71.4) 100 (71.4) 1
HGG etiology 0221 0672
HBY 165 (51.2) 38 (46.9) 127 (52.7) 111 (52.9) 36 (51.4) 75 (53.6)
Hov 96 (29.8) 24 (29.6) 72 29.9) 56 (26.7) 22 (31.4) 34 (24.3)
Others 61(19) 19 (235) 42 (17.4) 43 (20.4) 12(172) 31 (22.1)
Child-Pugh class 0.003 0.858
A 311(96.6) 74 91.4) 237 (98.3) 206 (98.1) 68 (97.1) 138 (98.6)
B 113.4) 786 41.7) 4019 2(29 2(1.4)
ALBI grade 0672 0558
I 156 (48.4) 38 (46.9) 118 (49) 108 (51.4) 34 (48.6) 74 (52.9)
i 160 (49.7) 39 (48.1) 121 (50.2) 102 (48.6) 36 (51.4) 66 (47.1)
[ 6(1.9) 2(08 2(08) 0 0 0
BCLC stage 0.167 0.707
B 59(18.3) 19 (235) 40 (16.4) 39(186) 14.(20) 25(17.9)
c 263 (81.7) 62 (76.5) 201 (83.4) 171 (81.4) 56 (80) 115 (82.1)
AFP, ng/ml 8,137.3 + 2053 8,515+ 1,928 8,009 + 2,097 0853 7,707 £2,013 832241978 7,396 + 2,037 0872
AFP 2200 ng/ml 148 (46.1) 38 (46.9) 110 (45.8) 0.866 97 (46.2) 33 (47.1) 64 (45.7) 0.845
EHM 145 (45) 34 (42) 111 (46.1) 0523 92 (43.8) 28 (40) 64 (45.7) 0.431
Lung 48 (14.9) 13 (16) 35 (14.5) 35 (16.7) 12(17.1) 23(16.4)
Lymph node 59(18.3) 13 (16) 46 (19.1) 33(15.7) 10 (14.3) 23(16.4)
Bone 29(9) 10 (123) 19(7.9) 26 (12.4) 10(14.3) 16 (11.4)
MVI 161 (50) 34 (42) 127 (52.7) 0.085 95 (45.2) 33 (47.1) 62 (44.3) 0695
Vasis 97 (30.1) 21(25.9) 76 (31.5) 60 (28.6) 20 (28.6) 40 (28.6)
VP4t 64(19.9) 13 (16) 51(21.2) 35(16.7) 13(186) 22 (15.7)
Tumor size 6 cm, 107 (40.7) 29(36.7) 78 (42.4) 0.39 60 (35.3) 25 (36.8) 35(34.8) 0743
Prior treatment 245 (77) 58(71.6) 187 (78.9) 0173 165 (78.9) 51(72.9) 114 (82) 0.125
Surgery 82 (25.5) 22(27.2) 60 (27.1) 56 (26.7) 20 (28.5) 36 (25.7)
RFA 132 (41) 25(30.1) 107 (48.4) 83 (39.5) 22 (31.4) 61(43.6)
TACE 181 (56.2) 36 (44.4) 145 (65.6) 120 (57.1) 31(44.3) 89 (57.1)
Combined treatment 82 (25.5) 22(27.2) 60 (24.9) 0686 57 (27.1) 18 (25.7) 39(27.9) 0742
Dose reduction 230 (75.4) 26(34.7) 204 (88.7) <0.001 154 (72.6) 26 (37.1) 128 (90.1) <0.001
Duration of treatment 50:46 51:36 5049 0927 464 4936 45542 0.779

AFP, alpha fetoprotein; ALBI grade, albumin-biliubin grade; BCLC, Barcelona Clinic Liver Cancer; EHM: extrahepatic metastasis; HBV, hepatiis B vius; HCC, hepatocelular carcinome; HCV, hepatits C virus; MVI, macrovascular invasion;
RFA, radiofrequency ablation; TACE, transarterial chemoembolization.

"Propensity score was calculated using a 1:2 ratio-logistic regression with the following variables: Age, Sex, BCLC stage, EHM, MVI, HBY, HCV, AFP, and Child-Pugh score.

P3: Tumor invasion into Jeft portal vein or right portal vein; VP4: Tumor invasion into bitateral portal vein andfor main portal vein.
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Variables All, n=210 Lenvatinib, n=70 Sorafenib, n=140 P-value

Treatment Ongoing, n (%) 16 (7.6) 12 (17.1) 4 (2.9) <0.001
Treatment Stop, n (%) 194 (92.4) 58 (82.9) 136 (97.1) <0.001
Post-treatment, n (%)" 103 (53) 25 (43.1) 78 (57.4) 0.069
Second-line systemic treatment, n(%)" 86 (44.3) 21(36.2) 65 (47.8) 0.02

Regorafenib 34 1 33

Lenvatinib, 13 0 13

Carbozantinib 3 2 1

Nivolumab, 16 3 18

Atezolizumab plus 5 5 0

Bevacizumab

Chemotherapy 12 9 3

Others* 3 1 2
Third-line systemic therapy, n (%) 21 (10) 234 19 (14)

Regorafenib 2 0 2

Lenvatinib 5 0 5

Nivolumab 8 2 6

Pembrolizumab 2 0 2

Chemotherapy 4 0 4
Forth-line systemic therapy, n (%) 2(0.9) 0(0) 2(1.5)

Lenvatinib 1 0 1

Nivolumab 1 0 1

*The proportion was calculated in patients who stopped lenvatinib or sorafenib.
*Others: Two patients received thalidomide and one patient received oral 5-Flurouracie, respectively.





