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Abstract: Atezolizumab plus bevacizumab (Ate/Bev) and lenvatinib (Len) are first-line therapies for unresectable 
hepatocellular carcinoma (uHCC). However, Ate/Bev’s high cost limits its common use in real-life practice, while Len 
is usually covered by national health insurance (NHI). We conducted this study to compare their effectiveness and 
safety in real-world settings. We retrospectively evaluated 346 uHCC patients treated with first-line Ate/Bev (n=80) 
or Len (n=266) from December 2019 to December 2022, using 1:2 ratio propensity score matching (PSM) analyses. 
Compared to the Len group, the Ate/Bev group exhibited higher incidences of Child-Pugh class B (14.1% vs. 5.7%, 
P=0.014), larger main tumors (58.8% vs. 40.2%, P=0.003), and more main portal vein invasion (25% vs. 12.8%, 
P=0.008). Treatment-related adverse events were notably lower in the Ate/Bev group (56.3% vs. 72.3%, P=0.007). 
After PSM, no significant differences were observed in the objective response rate (21.9% vs. 21.6%, P=0.983), 
progression-free survival (5.1 vs. 6 months, P=0.783), and overall survival (13.3 vs. 14.1 months, P=0.945) be-
tween the Ate/Bev (n=73) and Len (n=142) groups. Patients in the Ate/Bev group received more sequential post-
treatments compared to the Len group (45.2% vs. 24.6%, P=0.009). Len-based therapies (n=28, 84.8%) and mono- 
or combined-immunotherapy (n=19, 54.3%) were the most frequently administered sequential therapies following 
Ate/Bev and Len, respectively. Patients with uHCC who received first-line self-paid Ate/Bev seemed to have lower 
liver function reserve and more advanced tumor characteristics compared to those who underwent NHI-reimbursed 
Len. However, the treatment outcomes and safety profiles were similar between these two groups.
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Introduction

In recent years, the advent of immune check-
point inhibitors (ICIs) and targeted therapies 
has transformed the treatment landscape for 
advanced hepatocellular carcinoma (HCC) [1]. 
The IMbrave150 trial, a landmark phase III 
study, established atezolizumab plus bevaci-
zumab (Ate/Bev) as a new standard of care for 
unresectable HCC, showing a superior overall 
survival (OS) of 19.2 months compared to 13.4 
months in patients receiving sorafenib (hazard 
ratio (HR): 0.66, P=0.0009), the previous stan-
dard first-line therapy [2, 3]. Lenvatinib (Len), a 
multitargeted tyrosine kinase inhibitor (TKI), 
has also emerged as a frontline treatment 

option for unresectable HCC [4]. The REFLECT 
trial demonstrated non-inferiority of Len com-
pared to sorafenib in terms of OS (median 13.6 
versus 12.3 months, respectively), with favor-
able objective response rates (ORR) and pro-
gression-free survival (PFS) [5]. Subsequent 
real-world studies have corroborated the effi-
cacy and safety of Len in routine clinical prac-
tice, highlighting its role as a valuable therapeu-
tic option for patients with advanced HCC [6-8].

However, randomized controlled trials compar-
ing the effectiveness and safety of Ate/Bev ver-
sus Len are still lacking. Several real-world 
studies have evaluated the clinical outcomes of 
these two regimens in patients with unresect-
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able HCC, but the results remain inconsis- 
tent [9, 10]. For instance, a single-institution 
study from Taiwan found no significant differ-
ences in ORR, PFS, or OS between the Len and 
Ate/Bev groups [9]. Conversely, a multicenter 
retrospective study from Japan reported that 
the Ate/Bev group had better PFS (0.5-/1-/1.5-
year rates: 56.6%/31.6%/non-estimable vs. 
48.6%/20.4%/11.2%, P<0.0001) and OS rates 
(0.5-/1-/1.5-year rates: 89.6%/67.2%/58.1% 
vs. 77.8%/66.2%/52.7%, P=0.002) than the 
Len group [10]. Furthermore, a recent meta-
analysis of eight real-world studies indicated 
that the Ate/Bev group had significantly longer 
PFS than the Len group, though no significant 
differences were observed in OS, ORR, or dis-
ease control rate (DCR) between the groups 
[11].

While both treatments have demonstrated effi-
cacy in clinical trials, their comparative effec-
tiveness in real-world settings shows variability. 
One factor contributing to these inconsisten-
cies may be differences in healthcare systems 
and reimbursement policies. In Taiwan, Len has 
been covered by National Health Insurance 
(NHI) since January 2020 [12], making it more 
accessible to patients, whereas Ate/Bev may 
require higher out-of-pocket expenses, poten-
tially limiting its use among the general popula-
tion. The high cost of Ate/Bev has indeed 
become an economic barrier for patients with 
advanced HCC when choosing a first-line treat-
ment in real-life settings.

To better understand the relative effectiveness 
and safety profiles of Ate/Bev and Len, particu-
larly within Taiwan’s distinct reimbursement 
framework, this study was conducted. We 
aimed to investigate the comparative efficacy 
and safety of Ate/Bev versus Len as first-line 
treatments for patients with unresectable HCC 
under different NHI reimbursement statuses in 
real-world settings.

Patients and methods

Patients

We evaluated patients with unresectable HCC 
treated with Ate/Bev or Len between December 
2019 and December 2022 in Kaohsiung Chang 
Gung Memorial Hospital. In cirrhotic patients, 
HCC diagnosis was based on non-invasive crite-
ria or pathology, while in non-cirrhotic patients, 

diagnosis required histologic confirmation. 
Non-invasive criteria, applicable only to cirrhot-
ic patients with liver nodules larger than 1 cm 
due to the high pre-test probability, are based 
on imaging techniques such as multiphasic 
computed tomography (CT) or dynamic con-
trast-enhanced magnetic resonance imaging 
(MRI) [13]. The typical hallmark is the combina-
tion of hypervascularity in the late arterial 
phase and washout in the portal venous and/ 
or delayed phases, reflecting the vascular 
derangement that occurs during hepatocar-
cinogenesis [14]. Clinical data, including patient 
demographics, tumor characteristics, treat-
ment details, and outcomes, were collected 
from electronic medical records. Clinical data, 
including age, gender, Child-Pugh class, viral 
etiology, albumin-bilirubin (ALBI) grade, and 
tumor characteristics (such as Barcelona Clinic 
Liver Cancer (BCLC) stage, extrahepatic metas-
tasis (EHM), macrovascular invasion (MVI), and 
tumor size), as well as laboratory values (such 
as liver function and alpha-fetoprotein (AFP)), 
and treatment details (such as treatment 
agents, duration, dose reduction, early cessa-
tion rate, concurrent therapies, and post-treat-
ment information for all enrolled patients), were 
reviewed from electronic medical charts and 
analyzed. Mortality data were collected through 
follow-up visits and medical records to ensure 
the most accurate and up-to-date information. 
The study inclusion criteria were as follows: 
patients had to have unresectable HCC classi-
fied as intermediate or advanced stage accord-
ing to the Barcelona Clinic Liver Cancer (BCLC) 
system, be receiving Ate/Bev or Len as first-line 
systemic therapy, and be classified as Child-
Pugh class A or B. Exclusion criteria included 
prior treatment with other systemic therapies, 
concurrent cancers, insufficient clinical data 
(such as baseline characteristics or follow-up 
data needed for prognostic analysis), classifica-
tion as Child-Pugh class C, or loss to follow-up 
during treatment. The use of Ate/Bev or Len 
was determined by clinicians’ decisions and 
patient preferences. The major outcomes of 
the study were the assessment of PFS and OS 
between these two agents, while secondary 
outcomes included their treatment response 
rates and adverse events. Patients who re- 
ceived Len could be reimbursed if they met the 
criteria of Taiwan NHI including Child-Pugh 
class A liver function reserve, tumor in 
Barcelona BCLC stage C, or tumor in BCLC 
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stage B with TACE refractory [12]. Concurrent 
use of Ate/Bev or Len with other treatments is 
permissible. Ate/Bev or Len treatment was dis-
continued upon tumor progression, deteriora-
tion of liver function reserve or performance 
status, occurrence of severe TRAEs, or at the 
patient’s request. The study protocol was 
approved by the Research Ethics Committee  
of Chang Gung Memorial Hospital (IRB No. 
202001701A3).

Assessment of treatment outcome 

Treatment response was assessed using CT or 
MRI based on the Response Evaluation Criteria 
in Solid Tumors version 1.1. (RECIST 1.1) [15]. 
The ORR was defined as patients achieving 
complete response (CR) or partial response 
(PR), while the disease control rate (DCR) was 
defined as patients achieving CR, PR, or stable 
disease status (SD). Progression disease (PD) 
was identified as tumors demonstrating obvi-
ous progression during assessment. Follow-up 
radiologic evaluations were conducted at 
approximately two- or three-month intervals 
during Ate/Bev or Len treatment, or upon clini-
cal deterioration.

Assessment of adverse events

Following Ate/Bev or Len administration guide-
lines, dosage adjustments or temporary treat-
ment pauses were implemented if a patient 
experienced any TRAE of grade 3 or higher 

Statistical analysis 

Continuous variables were presented as mean 
± standard deviation or median with inter- 
quartile range, while categorical variables were 
presented as frequencies and percentages. 
Differences between groups were analyzed 
using Student’s t-test, Mann-Whitney U test, 
chi-square test, or Fisher’s exact test, as appro-
priate. Survival outcomes, including PFS and 
OS, were analyzed using Kaplan-Meier curves 
and Cox regression models. Propensity-score 
matching (PSM) analysis was performed using 
Age, Sex, AFP, Child-Pugh class, Viral etiology, 
EHM, MVI, and Maximal tumor size with a 1:2 
ratio to reduce the real-life baseline difference 
between Ate/Bev and Len groups. All enrolled 
patients were followed up till Dec 2023. All sta-
tistical analyses were performed using SPSS 
26 software (SPSS Inc., Chicago, IL, USA), and  
a p-value <0.05 was considered statistically 
significant.

Results

The baseline clinical characteristics

The flowchart of enrollment in this study is 
shown in Figure 1. There were 430 patients 
with unresectable HCC who received Ate/Bev 
or Len between December 2019 and December 
2022. Eighty-four patients were excluded due 
to receiving other systemic therapies before, 
having insufficient data, or being lost to follow-

Figure 1. Flow chart of the study population.

severity, or if any unaccept-
able grade 2 TRAE occurred. 
TRAEs graded 3 or higher 
were deemed severe. In the 
event of a TRAE, dose reduc-
tions or temporary treatment 
pauses were maintained until 
the TRAE resolved to grade  
1 or 2, in accordance with  
the manufacturer’s guideli- 
nes. Adverse events were 
assessed and recorded at 
each follow-up visit by clini-
cians and specialized nurses. 
Follow-up visits were sched-
uled every three weeks for 
Ate/Bev and every four weeks 
for Len, but intervals were 
typically shortened based on 
the severity of TRAEs.
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up. Therefore, a total of 346 patients including 
80 (23.1%) with Ate/Bev and 266 (76.9%) with 
Len were further assigned to the Ate/Bev group 
(number, n=73) and the Len group (n=142) by 
using PSM analysis with a 1:2 ratio. Table 1 
presents the baseline characteristics of all 
enrolled patients before and after PSM analy-

sis. Before PSM, the Ate/Bev group were young-
er (61.6 vs. 65.4 years, P=0.012), showed 
more Child-Pugh class B (14.1 vs. 5.7%, 
P=0.014), larger main tumor (58.8 vs. 40.2%, 
P=0.003), more main portal vein invasion (Vp4) 
(25% vs. 12.8%, P=0.008), more treatment ter-
mination (93.8 vs. 83.8%, P=0.024) and fewer 

Table 1. Baseline characteristics of patients receiving Ate/Bev or Len before and after PSM
Before PSM After PSM

Ate/Bev (n=80) Len (n=266) P-value Ate/Bev (n=73) Len (n=142) P-value
Male sex, n (%) 61 (76.3) 201 (75.6) 0.9 55 (75.3) 103 (72.5) 0.659
Age (years) 61.6±11.6 65.4±11.4 0.012 63.2±10.5 63.2±11.4 0.987
Child-Pugh class  
    A, n (%) 67 (85.9) 249 (94.3) 0.014 64 (87.7) 131 (92.3) 0.273
    B, n (%) 11 (14.1) 15 (5.7) 9 (12.3) 11 (7.7)
Viral etiology, n (%) 61 (76.3) 199 (74.8) 0.794 55 (75.3) 106 (74.6) 0.911
    HBV infection, n (%) 51 (63.7) 137 (51.5) 45 (61.6) 78 (54.9) 0.346
    HCV infection, n (%) 14 (17.9) 67 (25.2) 14 (19.2) 31 (21.8) 0.651
ALBI grade 
    1, n (%) 36 (46.2) 151 (57) 0.178 35 (48.6) 65 (45.8) 0.676
    2, n (%) 38 (48.7) 107 (40.4) 33 (45.8) 72 (50.7)
    3, n (%) 4 (5.1) 7 (2.6) 4 (5.6) 5 (3.5)
BCLC stage 
    B, n (%) 10 (12.5) 53 (19.9) 0.131 10 (13.7) 17 (12) 0.717
    C, n (%) 70 (87.5) 213 (80.1) 63 (86.3) 125 (88)
EHM, n (%) 40 (50) 144 (45.9) 0.516 35 (47.9) 65 (45.8) 0.763
MVI, n (%) 44 (55) 117 (44) 0.083 41 (56.2) 74 (52.1) 0.573
Vp4, n (%) 20 (25) 34 (12.8) 0.008 18 (24.7) 24 (16.9) 0.174
Tumor size >6 cm, n (%) 47 (58.8) 107 (40.2) 0.003 43 (58.9) 76 (53.5) 0.578
BMI, kg/m2 24.5±3.2 24.7±4 0.506 24.4±3.2 24.3±3.6 0.812
AST, IU/L 76.5±48.6 63.6±51.9 0.045 73.4±47.6 73.7±61.6 0.973
ALT, IU/L 51.9±36 52.9±63 0.864 52.6±37.3 59.9±81 0.17
AFP, ng/ml 8802±20738 6753±18331 0.428 7553±21568 7281±18006 0.441
AFP≥400, n (%) 34 (43) 91 (34.2) 0.152 31 (42.5) 56 (39.4) 0.668
NLR 4.5±2.9 3.8±2.5 0.057 4.5±3.0 3.9±2.7 0.181
NLR>3, N (%) 52 (65) 120 (52.9) 0.06 46 (63) 59 (50) 0.079
PLR 4.6±3.5 3.9±2.6 0.228 189.5±119 169.9±99 0.243
PLR>230, N (%) 25 (45.5) 42 (38.9) 0.421 16 (21.9) 26 (22.2) 0.961
Concurrent treatment, n (%) 16 (20) 108 (40.6) 0.001 16 (21.9) 65 (45.8) 0.001
Pembrolizumab/Nivolumab 0 17/8 0 12/5
    Radiotherapy 2 23 2 16
    TACE 4 19 4 8
    Proton bean radiotherapy 9 18 9 12
Post treatment, n (%) 43 (53.8) 107 (46.9) 0.294 40 (54.8) 54 (43.9) 0.14
Treatment stop, n (%) 75 (93.8) 223 (83.8) 0.024 68 (93.2) 120 (84.5) 0.07
Abbreviations: AFP, alpha-fetoprotein; ALBI grade, albumin-bilirubin grade; ALT, alanine aminotransferase; AST, aspartate trans-
aminase; Ate/Bev, Atezolizumab plus Bevacizumab; BCLC stage, Barcelona Clinic Liver Cancer stage; BMI, body mass index; 
EHM, extra-hepatic metastasis; Len, Lenvatinib; NLR, neutrophil lymphocyte ratio; PLR, platelet lymphocyte ratio; PSM, propen-
sity score matching; TACE, trans-arterial chemoembolization; Vp4, main portal vein invasion or bilateral portal vein invasion.
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concurrent treatments (20 vs. 40.6%, P<0.001) 
compared with the Len group. After the perfor-
mance of PSM, the baseline characteristics of 
the two groups were balanced, except that the 
proportion of receiving concurrent treatment 
(21.9 vs. 45.8%, P<0.001) remained lower in 
the Ate/Bev than in the Len group. In the PSM 
cohort, the leading four concurrent treatments 
with Len were mono-immunotherapy as pem-
brolizumab or nivolumab, radiotherapy, TACE, 
and proton beam radiotherapy. In the Ate/Bev 
group, the mostly concurrent treatment was 
proton beam radiotherapy, followed by TACE 
and radiotherapy. 

Treatment response of patients before and 
after PSM

Treatment response was assessed via those 
patients who received following CT or MRI imag-
ing (Table 2). Before PSM, the ORR was com-
patible between the Ate/Bev and Len group 
(20% vs. 20.3%); however, patients in the Len 
group had a superior DCR (72 vs. 55.7%, 
P=0.004). After PSM, there were no statistical-
ly significant differences between the Ate/Bev 
and Len groups regarding CR, PR, SD, PD, DCR, 
and death. However, a trend was observed indi-
cating a better DCR in the Len group.

Treatment related adverse events before and 
after PSM

Before (56.3 vs. 72%, P=0.008) and after PSM 
(56.2 vs. 71.1%, P=0.03), the Ate/Bev group 
both experienced a lower proportion of total 
TRAE than the Len group (Table 3). However, 
the occurrence rate of severer TRAE (≥ grade 3) 

between the two groups was similar. After PSM, 
the most reported TRAE in the Len group was 
hand-foot skin reaction, with a total of 32 
patients (22.4%), followed by with fatigue with 
31 patients (21.7%), and diarrhea with 20 
patients (14%). In the Ate/Bev group, 56.2% of 
patients had incidence of total TRAE, where the 
incidence over 10% included 28% of patients 
with fatigue, 11.2% with dermatitis, and 11.2% 
with decreased appetite. Only 5 patients (7%) 
in the Ate/Bev group experienced severe TRAE 
needed to stop treatment. 

PFS and its predicting factors

Kaplan-Meier curves of PFS were 3.7 months in 
the Ate/Bev group and 6.8 months in the Len 
group, respectively (Figure 2A). Although the 
Len group seemed to have a better PFS, but the 
comparison was insignificant. After PSM, the 
Len group had a longer PFS than the Ate/Bev 
group (6 vs. 5.1 months, P=0.783), but there 
was no difference (Figure 2B). In Cox regres-
sion model of multivariate analyses, more 
microvascular invasion, higher AFP level, and 
fewer concurrent treatment were independent 
risk factors associated with PFS in the PSM 
cohort (Table 4). Different treatment agents 
using Ate/Bev or Len did not contribute to PFS, 
whether for univariate or multivariate analysis. 

OS and its predicting factors

Comparing OS, the Ate/Bev group had a medi-
an of 10.4 months, while the Len group had 
16.6 months, but there was no significant dif-
ference between the two groups (P=0.158) 
(Figure 2C). After PSM, the OS in the Ate/Bev 

Table 2. Treatment response of patients receiving Ate/Bev or Len before and after PSM

Variables
Before PSM After PSM

Ate/Bev 
(n=80)

Len 
(n=266) P-value Ate/Bev 

(n=73)
Len 

(n=142) P-value

Treatment response evaluation, n (%)† 70 (82.1) 225 (89.3) 64 (87.7) 116 (81.7)
    Complete Response, n (%) 2 (2.9) 15 (6.7) 0.069 2 (3.1) 6 (5.2) 0.245
    Partial Response, n (%) 12 (17.1) 31 (13.8) 12 (18.8) 19 (16.4)
    Stable Disease, n (%) 25 (35.7) 116 (51.6) 23 (35.9) 57 (49.1)
    Progression Disease, n (%) 31 (44.3) 63 (28) 27 (42.2) 34 (29.3)
Objective Response Rate 20% 20.5% 0.923 21.9% 21.6% 0.983
Disease Control Rate 55.7% 72% 0.004 57.8% 70.7% 0.062
Death, n (%) 44 (55) 122 (45.9) 0.152 41 (56.2) 70 (49.3) 0.34
Abbreviations: Ate/Bev, Atezolizumab plus Bevacizumab; Len, Lenvatinib; PSM, propensity score matching. †Treatment re-
sponse based on those who received image evaluation including Computer tomography or Magnetic resonance image.
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Table 3. Treatment related adverse events of patients receiving Ate/Bev or Len before and after PSM

Variables 

Before PSM After PSM
Ate/Bev (n=80) Len (n=266) Ate/Bev (n=73) Len (n=142)

Any, n (%) Grade ≥3, 
n (%) Any, n (%) Grade ≥3, 

n (%) Any, n (%) Grade ≥3, 
n (%) Any, n (%) Grade ≥3, 

n (%)
Total TRAE* 45 (56.3) 5 (6.3) 185 (72) 24 (9.6) 41 (56.2) 5 (7) 96 (71.1) 13 (9.1)
Fatigue, n (%) 20 (25) 1 (1.3) 64 (25.6) 11 (4.4) 20 (28) 1 (1.4) 31 (21.7) 5 (3.5)
HFSR, n (%) 0 0 59 (23.6) 5 (2) 0 0 32 (22.4) 3 (2.1)
Diarrhea, n (%) 3 (3.8) 0 36 (14.4) 0 1 (1.4) 0 20 (14) 0
Hypertension, n (%) 1 (1.3) 0 26 (10.4) 1 (0.4) 1 (1.4) 0 9 (6.3) 0
Poor appetite, n (%) 15 (18.8) 0 26 (10.4) 1 (0.4) 8 (11.2) 0 7 (4.9) 0
Dysphonia, n (%) 0 0 14 (5.6) 0 0 0 8 (5.6) 0
Dermatitis, n (%) 9 (11.3) 0 13 (5.2) 0 8 (11.2) 0 6 (4.2) 0
Proteinuria, n (%) 1 (1.3) 0 11 (4.4) 0 1 (1.4) 0 5 (3.5) 0
Encephalopathy, n (%) 2 (2.5) 0 6 (2.4) 3 (1.2) 2 (2.8) 0 2 (1.4) 2 (1.4)
Elevated bilirubin, n (%) 2 (2.5) 2 (2.5) 5 (2) 0 2 (2.8) 2 (2.8) 3 (2.1) 0
UGI bleeding, n (%) 3 (3.8) 1 (1.3) 3 (1.2) 2 (0.8) 2 (2.8) 1 (1.4) 3 (2.1) 2 (1.4)
Hepatitis, n (%) 0 0 1 (0.4) 1 (0.4) 0 0 1 (0.7) 1 (0.7)
Seizure, n (%) 1 (1.3) 1 (1.3) 0 0 1 (1.4) 1 (1.4) 0 0
Abbreviations: Ate/Bev, Atezolizumab plus Bevacizumab; HFSR, hand foot skin reaction; Len, Lenvatinib; PSM, propensity score 
matching; TRAE, treatment related adverse event; UGI bleeding, upper gastrointestinal bleeding. *The comparison of any TRAE 
between two groups was 0.008 (Before PSM) and 0.03 (After PSM).

Figure 2. Kaplan-Meier survival curves for (A) Progression-free survival (PFS) of the Ate/Bev and Len groups, (B) PFS 
of the Ate/Bev and Len groups after propensity score matching (PSM), (C) Overall survival (OS) of the Ate/Bev and 
Len groups, (D) OS of the Ate/Bev and Len groups after PSM.
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group was 13.3 months, compared to 14.1 
months in the Len group, still showing a statisti-
cally insignificant (P=0.945) (Figure 2D). In the 
multivariate analysis, after adjusting for other 
variables, non-viral etiology, higher AFP level, 
larger main tumor size, no concurrent treat-
ment and no sequential post-treatment were 
associated with poor outcome in the PSM 
cohort (Table 5). Different treatment agents 
using Ate/Bev or Len did not contribute to OS, 
whether for univariate or multivariate analysis.

Subgroup analysis for PFS and OS after PSM

After PSM, the subgroup analysis indicated that 
using Ate/Bev was equal to using Len associ-
ated with PFS in all subgroups before PSM 

(Supplementary Figure 1) and after PSM (Figure 
3). Similarly, there were still no difference in all 
subgroups regarding the OS in using first line 
Ate/Bev or Len before PSM (Supplementary 
Figure 2) and after PSM (Figure 4). Although 
non-viral patients who preferred Len over Ate/
Bev tended to experience better OS (HR: 0.50, 
95% CI: 0.27-0.93, P=0.028), this comparison 
became insignificant after PSM (HR: 0.55, 95% 
CI: 0.27-1.09, P=0.087).

Sequential treatments following Ate/Bev or 
Len after PSM

After cessation of first line treatment, 40 
patients (54.8%) in the Ate/Bev group and 54 
(43.9%) in the Len group still afforded following 

Table 4. Factors associated with Progression Free Survival in the PSM cohort

Variable Comparison
Univariate analysis Multivariate analysis

H.R. 95% CI p-value H.R. 95% CI p-value
Age, years Increase per year 0.994 0.98-1.009 0.446
Sex Female vs. Male 0.916 0.624-1.344 0.653
Child-Pugh class B vs. A 1.495 0.805-2.799 0.203
Etiology Viral vs. non viral 1.166 0.774-1.756 0.464
BCLC stage C vs. B 1.701 0.977-2.961 0.061
EHM Yes vs. No 0.855 0.611-1.196 0.360
MVI Yes vs. No 1.623 1.159-2.277 0.005 1.637 1.168-2.294 0.004
Tumor size, cm >6 vs. ≤6 1.443 1.027-2.028 0.034
AFP, ng/ml >400 vs. ≤400 1.674 1.195-2.344 0.003 1.718 1.225-2.411 0.002
Concurrent treatment Yes vs. No 0.649 0.461-0.914 0.013 0.6 0.425-0.847 0.004
Treatment option Ate/Bev vs. Len 1.052 0.733-1.511 0.783
Abbreviations: AFP, alpha-fetoprotein; Ate/Bev, Atezolizumab plus Bevacizumab; BCLC stage, Barcelona Clinic Liver Cancer 
stage; EHM, extra-hepatic metastasis; Len, Lenvatinib; PSM, propensity score matching.

Table 5. Factors associated with Overall Survival in the PSM cohort

Variable Comparison
Univariate analysis Multivariate analysis

H.R. 95% CI p-value H.R. 95% CI p-value
Age, years Increase per year 1.005 0.988-1.023 0.537
Sex Female vs. Male 0.859 0.561-1.314 0.483
Child-Pugh class B vs. A 2.76 1.592-4.784 <0.001
Etiology Viral vs. non viral 0.58 0.386-0.869 0.008 0.448 0.295-0.681 <0.001
BCLC stage C vs. B 1.387 0.743-2.591 0.304
EHM Yes vs. No 1.077 0.742-1.563 0.696
MVI Yes vs. No 1.442 0.989-2.103 0.057
Tumor size, cm >6 vs. ≤6 1.888 1.277-2.792 0.001 1.809 1.208-2.710 0.004
AFP, ng/ml >400 vs. ≤400 1.941 1.335-2.823 0.001 2.063 1.396-3.048 <0.001
Concurrent treatment Yes vs. No 0.411 0.269-0.629 <0.001 0.362 0.235-0.557 <0.001
Post treatment Yes vs. No 0.43 0.293-0.631 <0.001 0.437 0.297-0.644 <0.001
Treatment option Ate/Bev vs. Len 0.986 0.666-1.461 0.945
Abbreviations: AFP, alpha-fetoprotein; Ate/Bev, Atezolizumab plus Bevacizumab; BCLC stage, Barcelona Clinic Liver Cancer 
stage; EHM, extra-hepatic metastasis; Len, Lenvatinib; PSM, propensity score matching.
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therapies (Table 6). Concerning sequential sys-
temic treatments, the Ate/Bev group had a 
higher proportion than the Len group (45.2 vs. 
24.6%, P=0.009). A total of 30 patients (90.9%) 
received TKI after failure of Ate/Bev, 3 patients 
used sorafenib whereas 27 patients took Len-
based therapies including 14 for Len, 9 for Len 
plus pembrolizumab, 3 for Len plus chemother-
apy, and 2 for Len plus nivolumab. In the Len 
group, most patients decided chemotherapy or 
immunotherapy as the second line treatment. 
The most frequently used agent was chemo-
therapy for 13 patients, followed by Ate/Bev for 
9, and nivolumab for 9.

Discussion 

A previous study reported that, compared with 
sorafenib, Ate/Bev treatment provided an incre-
mental effectiveness of 1.7 QALYs, with an 
additional cost of 127,607 USD. The incremen-
tal cost-effectiveness ratio was 75,192 USD 

per QALY, which is below the predefined willing-
ness-to-pay threshold in Taiwan [16]. In Taiwan, 
the monthly cost of Ate/Bev is approximately 
10,066 USD, compared to 3,452 USD for 
sorafenib and 1,333 USD for Len, making the 
high cost of Ate/Bev a limiting factor for its 
widespread use in clinical practice. In Taiwan, 
Len has been covered by insurance since 
January 2020, while Ate/Bev has been reim-
bursed since August 2023. This study exam-
ines treatment outcomes for Len and Ate/Bev 
in the context of these different insurance cov-
erage periods. Compared to the Len group, 
patients who opted to self-pay for Ate/Bev tend-
ed to have more locally advanced tumors, larg-
er tumor burdens, and poorer liver function at 
baseline, which are common factors associat-
ed with a poorer prognosis. In contrast, most 
patients in the Len group received the drug 
under National Health Insurance (NHI) reim-
bursement criteria and generally had better 

Figure 3. Forest plots of Progression-Free Survival in the subgroups of the Ate/Bev and Len groups after propensity 
score matching.
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liver function and more consistent 
tumor patterns.

The Ate/Bev group had a compara-
ble ORR (20% vs. 20.3%) but an 
inferior DCR (55.7% vs. 72%, 
P=0.004) compared to the Len 
group. After PSM, there were no 
statistically significant differences 
between the Ate/Bev and Len 
groups regarding ORR, DCR, and 
death. Additionally, the PFS of the 
Ate/Bev group was shorter than 
that of the Len group, though the 
difference was not statistically sig-
nificant (3.7 months vs. 6.8 months, 
P=0.292). After PSM, the Len gro- 
up still had a longer PFS than the 
Ate/Bev group (6 months vs. 5.1 
months, P=0.783), but the differ-
ence was not significant. Regarding 

Figure 4. Forest plots of Overall Survival in the subgroups of the Ate/Bev and Len groups after propensity score 
matching.

Table 6. Sequential treatments after failure of Ate/Bev or Len 
in the PSM cohort

Variables Ate/Bev 
(n=73)

Len 
(n=142) P-value

Treatment Stop, n (%) 68 (93.2) 120 (84.5) 0.07
Post-treatment, n (%) 40 (54.8) 54 (43.9) 0.14
2nd-line systemic treatments, n (%) 33 (45.2) 35 (24.6) 0.009
Len 14 2
Len plus Pembrolizumab 9 0
Len plus Nivolumab 2 0
Len plus Chemotherapy 3 0
Chemotherapy 1 13
Ate/Bev 0 9
Nivolumab plus Ipilizumab 1 1
Nivolumab 0 9
Sorafenib 3 0
Thalidomide 0 1
Abbreviations: Ate/Bev, Atezolizumab plus Bevacizumab; Len, Lenvatinib; 
PSM, propensity score matching.
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OS, the Ate/Bev group also had poorer survival 
compared to the Len group, but the difference 
was not significant (10.4 months vs. 16.6 
months, P=0.158). After PSM, the OS of the 
two groups was more similar (13.3 months for 
the Ate/Bev group and 14.1 months for the Len 
group).

We found that our patients who received self-
paid Ate/Bev seemed to have poorer PFS and 
OS compared to the clinical trials and showed a 
worse trend in survival compared to patients 
who received reimbursed Len. This may be due 
to these patients having more advanced tumor 
patterns and poorer liver function than those 
enrolled in clinical trials. Additionally, the obser-
vation period from the beginning of Ate/Bev 
treatment to the first image evaluation was sig-
nificantly shorter than in the clinical trials due 
to the high cost of this agent. Most patients 
received their first image evaluation after only 
two to three administrations, which might lead 
to an underestimate of PFS. Moreover, previous 
studies indicated that delayed immune treat-
ment response sometimes occurs after image 
pseudo-progression in HCC treatment [17, 18]. 
Insufficient drug exposure could result in a sub-
optimal treatment response and worse treat-
ment outcomes.

The present study observed that the Ate/Bev 
group experienced a lower proportion of TRAEs 
than the Len group, both before (56.3% vs. 
72%, P=0.008) and after PSM (56.2% vs. 
71.1%, P=0.03). However, the occurrence rate 
of severe TRAEs (≥ grade 3) between the two 
groups was similar. Following PSM, the most 
frequently reported TRAE in the Len group was 
hand-foot skin reaction, affecting a total of 32 
patients (22.4%), followed by fatigue in 31 
patients (21.7%), and diarrhea in 20 patients 
(14%). In the Ate/Bev group, 56.2% of patients 
experienced total TRAEs, with incidences ex- 
ceeding 10% including fatigue in 28% of 
patients, dermatitis in 11.2%, and decreased 
appetite in 11.2%. Only 5 patients (7%) in  
the Ate/Bev group experienced severe TRAEs 
necessitating treatment discontinuation.

The current study also indicated that concur-
rent treatment was a significant contributing 
factor to treatment prognosis, both in univari-
ate and multivariate analyses. In real-world 
practice, clinicians often combine locoregional 
therapies with systemic treatments to enhance 

treatment response [19, 20]. Patients receiving 
concurrent treatment had superior PFS (9.3 vs. 
3.4 months, P=0.012) and OS (19.2 vs. 8.9 
months, P<0.001) compared to those who did 
not combine treatments. We observed that 
patients reimbursed for Len received more con-
current therapies than those self-paying for 
Ate/Bev (45.9% vs. 21.8%, P=0.001). In the 
PSM cohort, the most common concurrent 
treatments with Len were mono-immunothera-
py with pembrolizumab or nivolumab, radiother-
apy, TACE, and proton beam radiotherapy. In 
the Ate/Bev group, the predominant concurrent 
treatment was proton beam radiotherapy, fol-
lowed by TACE and radiotherapy.

Len combined with pembrolizumab, a combina-
tion of TKI plus immunotherapy, had been a 
popular treatment option for patients with 
advanced HCC based on a phase Ib clinical trial 
[21]. Although this combination did not demon-
strate superiority to Len monotherapy in phase 
III results [22], many patients still derived sur-
vival benefits from this combination in real-
world practice. Yang et al. reported that Len 
plus PD-1 inhibitor treatment resulted in a lon-
ger OS of 17.8 months and a notable ORR of 
19.6% and DCR of 73.5% in unresectable HCC 
patients [23]. The current study also observed 
that patients combining Len with pembrolizum-
ab or nivolumab achieved excellent OS of 18.5 
months.

In multivariate analysis, post-treatment em- 
erged as a significant factor in reducing mortal-
ity risk for patients receiving first-line Ate/Bev 
or Len. Patients who underwent post-treatment 
experienced significantly better OS compared 
to those who did not (17.2 vs. 6.6 months, 
P<0.001). Following cessation of first-line treat-
ment, 40 patients (54.8%) in the Ate/Bev gro- 
up and 54 (43.9%) in the Len group continued 
to receive subsequent therapies. Regarding 
sequential systemic treatments, a higher pro-
portion of patients in the Ate/Bev group 
received them compared to the Len group 
(45.2% vs. 24.6%, P=0.009). Of the patients 
who failed Ate/Bev, 90.9% received TKI thera-
py, 3 patients received sorafenib, and 27 
patients received Len-based therapies, includ-
ing 14 for Len alone, 9 for Len plus pembroli-
zumab, 3 for Len plus chemotherapy, and 2 for 
Len plus nivolumab. In the Len group, most 
patients opted for chemotherapy or immuno-
therapy as second-line treatment. Chemo- 
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therapy was the most frequently chosen agent 
for 13 patients, followed by Ate/Bev for 9, and 
nivolumab for 9. It appears that the primary 
consideration in selecting sequential treatment 
was to explore a different mechanism from the 
failed first-line agent.

Unlike previous studies, the current study found 
no association between the use of Ate/Bev or 
Len and PFS across all subgroups. Similarly, 
there were no differences observed in OS 
among all subgroups receiving first-line Ate/
Bev or Len. Our study observed that non-viral 
patients who preferred Len over Ate/Bev tend-
ed to experience better OS (HR: 0.50, 95% CI: 
0.27-0.93, P=0.028). However, this compari-
son became insignificant after PSM (HR: 0.55, 
95% CI: 0.27-1.09, P=0.087). A larger study 
cohort might be necessary to elucidate this 
issue further in clinical practice. 

The current study has several limitations. 
Firstly, the differential NHI-reimbursed status 
for Ate/Bev and Len introduces the risk of 
selection bias and confounding factors that 
could influence treatment outcomes. Although 
we utilized PSM to address these biases, resid-
ual confounding may still be present. Since 
both regimens have been reimbursed by the 
Taiwan NHI program since August 2023, fur-
ther studies are needed to compare Ate/Bev 
and Len under more consistent baseline clini-
cal characteristics. Secondly, the relatively 
small sample size and single-center nature of 
the study may restrict the generalizability of our 
findings to broader populations. Larger multi-
center studies are necessary to validate our 
results and provide more robust evidence. 
Thirdly, the absence of long-term follow-up data 
may obscure the impact of treatment on sur-
vival outcomes beyond the study period. Future 
studies with extended follow-up durations are 
required to evaluate the durability of treatment 
responses and long-term survival benefits.

Conclusion

In summary, our study offers valuable insights 
into the comparative effectiveness of Health 
Insurance-Guided First-Line Len and self-paid 
Ate/Bev in patients with unresectable HCC. 
Despite initial differences in baseline charac-
teristics, both treatment regimens demonstrat-
ed comparable treatment responses and sur-
vival outcomes. These findings highlight the 

significance of individualized treatment deci-
sions tailored to patient-specific factors. Fur- 
ther research is warranted to optimize first-line 
treatment strategies for Len or Ate/Bev under 
consistent reimbursement criteria from the 
NHI.
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Supplementary Figure 1. Forest plots of Progression-Free Survival in the subgroups of the Ate/Bev and Len groups 
before propensity score matching.
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Supplementary Figure 2. Forest plots of Overall Survival in the subgroups of the Ate/Bev and Len groups before 
propensity score matching.


