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ABSTRACT
Background and Aims: To assess the outcomes of patients with hepatocellular carcinoma (HCC) who were treated with at-
ezolizumab plus bevacizumab (Atezo/Bev), categorised by oncological resectability criteria, which reflect tumour burden and 
extent of disease.
Methods: A cohort of 467 HCC patients who received Atezo/Bev was enrolled. Patients were classified into two groups based on 
oncological resectability criteria: BR (borderline resectable) 1 (n = 153) and BR2 (n = 314).
Results: The median progression- free survival (PFS) was 9.0 months in the BR1 group and 6.8 months in the BR2 group (p = 0.014). 
Multivariable analysis identified the following independent prognostic factors for PFS: age ≥ 75 years (hazard ratio [HR], 1.309), 
albumin–bilirubin (ALBI) grade ≥ 2 (HR, 1.494), neutrophil- to- lymphocyte ratio (NLR) ≥ 3 (HR, 1.289), α- fetoprotein ≥ 100 ng/
mL (HR, 1.523) and BR2 classification (HR, 1.360). The median overall survival (OS) was 25.3 months in the BR1 group and 
22.3 months in the BR2 group (p = 0.048). Multivariable analysis identified the following independent prognostic factors for OS: 
age ≥ 75 years (HR, 1.522), ALBI grade ≥ 2 (HR, 2.411), NLR ≥ 3 (HR, 1.635), α- fetoprotein ≥ 100 ng/mL (HR, 1.530) and BR2 
classification (HR, 1.421). When oncological resectability factors (tumour number and size, vascular invasion and extrahepatic 
spread) were incorporated into the multivariable analysis, major vascular invasion emerged as a significant predictor of both PFS 
(HR, 3.188) and OS (HR, 2.650).
Conclusions: In patients with HCC characterised by limited resectability undergoing Atezo/Bev, vascular invasion, in addition 
to liver function, is a critical prognostic determinant of tumour progression.

1   |   Introduction

In 2022, primary liver cancer ranked as the sixth frequently 
diagnosed malignancy and the third leading cause of cancer- 
related mortality globally [1]. Approximately 865 000 new cases 
were reported, resulting in an estimated 757 000 deaths [1]. 
Hepatocellular carcinoma (HCC) accounts for 75%–85% of pri-
mary liver cancer cases, posing a substantial global health chal-
lenge [1]. Patients diagnosed with early- stage HCC, as classified 
by the Barcelona Clinic Liver Cancer (BCLC) staging system [2], 
are typically eligible for curative interventions, including sur-
gical resection, liver transplantation or locoregional ablation 
therapies [3]. However, recurrence following curative treatment 
is common, and tumours frequently progress to an unresect-
able state, even in individuals with preserved hepatic function. 
Patients deemed unsuitable for curative therapies generally 
undergo non- curative treatments, such as transarterial chemo-
embolization (TACE), radiation therapy or systemic pharmaco-
logical interventions [3].

Sorafenib was the first molecularly targeted agent developed for 
patients with unresectable HCC [4, 5]. In 2018, lenvatinib [6], 
another molecularly targeted agent, was introduced in Japan 
and has since become the most widely used first- line systemic 
therapy for HCC. Subsequently, in 2020, the immune checkpoint 
inhibitor atezolizumab (Atezo) and the anti- vascular endothelial 
growth factor monoclonal antibody bevacizumab (Bev) were ap-
proved in Japan, establishing themselves as standard first- line 
systemic treatments for HCC [7]. The phase 3 IMbrave150 trial 
[7] demonstrated that Atezo/Bev therapy provided statistically 
significant and clinically meaningful improvements in both 
progression- free survival (PFS) and overall survival (OS) com-
pared to sorafenib in patients with unresectable HCC. More re-
cently, in 2023, durvalumab in combination with tremelimumab 
was introduced as an initial immunotherapeutic regimen based 

on the findings of the HIMALAYA trial, further expanding first- 
line systemic treatment options for HCC [8]. In clinical practice, 
Atezo/Bev is frequently preferred as the primary systemic ther-
apy for unresectable HCC, particularly in patients at low risk of 
gastrointestinal bleeding [9], such as those with gastroesopha-
geal varices.

In the BCLC classification commonly utilised in Western na-
tions, the presence of vascular invasion typically precludes 
surgical resection, with systemic pharmacotherapy being the 
preferred treatment modality [2]. However, in Japan, surgical 
intervention may still be considered if the clinical conditions 
of the patient are favourable [10]. Recently, a Japanese expert 
consensus introduced oncological resectability criteria for HCC 
[11]. Notably, these criteria do not incorporate the concept of un-
resectable tumours, but rather classify borderline resectability 
into two distinct subgroups, defined from the therapeutic per-
spective of hepatic resection. Furthermore, the criteria do not 
account for hepatic functional reserve. Based on these classifi-
cations, resectability is categorised into three groups: resectable 
(R), borderline resectable  1 (BR1) and borderline resectable  2 
(BR2). Resectable cases are characterised by a limited tumour 
burden, with no evidence of macrovascular invasion or extra-
hepatic dissemination. BR1 denotes intermediate oncological 
status, in which surgical resection, when integrated into a mul-
tidisciplinary treatment strategy, may confer a survival advan-
tage. BR2 encompasses patients with substantial tumour burden 
or advanced disease, for whom the therapeutic role of surgery 
remains equivocal and necessitates thorough multidisciplinary 
assessment.

Importantly, the clinical outcomes of systemic chemother-
apy for patients stratified according to these criteria, partic-
ularly those classified as BR1 or BR2, remain insufficiently 
understood.
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Thus, in this study, we evaluated the clinical outcomes of a 
large cohort of patients classified as BR1 or BR2 who received 
Atezo/Bev in a real- world setting across multiple Japanese 
centres. Specifically, we examined the association between 
each oncological criterion included in the oncological resect-
ability criteria, clinical factors such as liver function and pa-
tient outcomes.

2   |   Materials and Methods

2.1   |   Patients

This study was conducted in strict adherence to the Declaration 
of Helsinki and received approval from the institutional re-
view boards of all participating centres. Informed consent for 
this analysis was obtained from patients prior to the approval 
of the clinical research committee through an opt- out process. 
Subsequently, written informed consent was acquired from all 
participants after the committee's approval and before the initi-
ation of treatment.

Between May 2018 and May 2024, a total of 1055 patients with 
unresectable HCC were treated with Atezo/Bev across 26 in-
stitutions in Japan. Of these, 467 met the following inclusion 
criteria: (1) Child–Pugh class A, (2) Atezo/Bev administered 
as the first- line systemic therapy, (3) Eastern Cooperative 
Oncology Group performance status (ECOG- PS) of 0 or 1, (4) 
BR1 or BR2 classification [11], (5) treatment administered as 
part of standard clinical practice in a non- trial setting and (6) 
availability of complete clinical data (Figure 1). Follow- up re-
garding prognosis was conducted with a data cutoff date of 
November 15, 2024.

The aetiology of HCC was classified as hepatitis B virus infec-
tion in patients who tested positive for hepatitis B surface anti-
gen, and as hepatitis C virus infection in those with detectable 
hepatitis C virus RNA or a documented history of antiviral 
therapy.

The initiation of Atezo/Bev therapy was designated as the 
starting point for follow- up. The endpoint of follow- up was de-
termined as the date of the final clinic visit for patients who sur-
vived the observation period, or the date of death for those who 
succumbed before the conclusion of the observation period.

2.2   |   Diagnosis and Treatment of HCC

The diagnosis of HCC was established based on one or more of 
the following criteria: elevated α- fetoprotein levels (supplemen-
tary criterion to typical imaging findings); characteristic imag-
ing findings observed on dynamic computed tomography (CT); 
gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid–
enhanced magnetic resonance imaging; contrast- enhanced 
ultrasonography; or histopathological findings [12, 13]. The 
staging of HCC was determined using the BCLC classification 
system [2].

Summary

• This study assessed the clinical outcomes of patients 
with HCC treated with Atezo/Bev in a real- world con-
text, categorised according to oncological resectability 
criteria (BR1 and BR2).

• Multivariable analysis identified oncological resecta-
bility criteria, along with ALBI grade, as significant 
determinants of PFS and OS.

• Among the components of oncological resectability 
criteria, major vascular invasion was particularly in-
fluential in predicting PFS and OS.

FIGURE 1    |    Flowchart of the patient selection process. Atezo/Bev, atezolizumab plus bevacizumab; BR, borderline resectable; ECOG- PS, Eastern 
Cooperative Oncology Group performance status; HCC, hepatocellular carcinoma.
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The optimal treatment strategy for each patient with HCC was 
determined through multidisciplinary collaborations conducted 
by the cancer board at each participating institution. These dis-
cussions adhered to the Japanese clinical practice guidelines for 
HCC [10, 14].

2.3   |   Systemic Therapy With Atezo/Bev

After obtaining written informed consent from all participants, 
intravenous therapy with Atezo/Bev was initiated. The regimen 
comprised Atezo (1200 mg) and Bev (15 mg/kg of body weight) 
administered every 3 weeks [7]. Treatment was discontinued in 
cases of clinical tumour progression or the occurrence of serious 
or intolerable adverse events during therapy.

2.4   |   Oncological Criteria of Resectability for HCC

The study population was categorised according to the oncolog-
ical criteria for HCC resectability, as defined in the 2023 Expert 
Consensus Statement by the Japanese Liver Cancer Association 
and the Japanese Society of Hepato- Biliary- Pancreatic Surgery.

Portal vein tumour thrombus was classified according to the 
Japanese staging system as follows: Vp4, involvement of the 
main trunk or contralateral branch; Vp3, involvement of a 
first- order branch; Vp2, involvement of a second- order branch; 
and Vp1, involvement of a third- order branch or microscopic 
invasion [15]. Hepatic vein tumour thrombus was categorised 
as follows: Vv1, tumour thrombus in the peripheral hepatic 
vein; Vv2, tumour thrombus in a major hepatic vein; or Vv3, tu-
mour thrombus in the inferior vena cava [15]. Bile duct tumour 
thrombus was classified as follows: B4, involvement of the 
common hepatic duct; B3, involvement of first- order branches 
of the bile duct; B2, involvement of second- order branches of 
the bile duct; or B1, involvement of peripheral branches of the 
bile duct [15].

Patients were divided into three groups: R, BR1 and BR2 
(Table S1) [11]. Patients classified as R were excluded from the 
analysis cohort in this study.

The classification of tumour number and size was defined as 
follows [11]:

 i. A solitary lesion (with no size limitation) or multiple le-
sions, each measuring ≤ 3 cm in diameter, with a maxi-
mum of three nodules.

 ii. Multiple lesions exceeding the criteria described above 
but limited to no more than five nodules, each measuring 
≤ 5 cm in diameter.

 iii. Multiple lesions comprising more than five nodules or le-
sions exceeding 5 cm in diameter.

The classification of vascular invasion was defined as fol-
lows [11]:

 i. No macrovascular invasion detected on imaging (Vp0–1, 
Vv0–1 and B0–1).

 ii. Presence of macrovascular invasion (Vp2–3, Vv2 or B2–3).

 iii. Major vascular invasion (Vp4, Vv3 or B4).

The classification of extrahepatic spread (EHS) was defined as 
follows [11]:

 i. No evidence of extrahepatic disease.

 ii. Localised extrahepatic disease.

 iii. Extrahepatic disease that does not meet the criteria for lo-
calisation and is classified as BR1.

2.5   |   Therapeutic Response

Radiological therapeutic responses were evaluated using the 
Response Evaluation Criteria in Solid Tumours (RECIST) ver-
sion 1.1 [16]. Responses were categorised as complete response 
(CR), partial response (PR), stable disease (SD) or progressive 
disease (PD). Whenever feasible, the initial evaluation of ther-
apeutic response was conducted based on dynamic CT imaging 
performed 6 weeks after initiating Atezo/Bev therapy. Between 
the sixth week and the sixth month of treatment, dynamic CT 
assessments were performed every 6 weeks. Beyond the sixth 
month, assessments were conducted at intervals of 9–12 weeks.

2.6   |   Statistical Analysis

Continuous variables are presented as medians with interquar-
tile ranges. PFS was defined as the time period from the initi-
ation of Atezo/Bev treatment to either disease progression or 
death. OS was defined as the period of time from the initiation 
of Atezo/Bev treatment to the conclusion of the follow- up pe-
riod. Cumulative PFS and OS were estimated using the Kaplan–
Meier method, and between- group differences were evaluated 
using the log- rank test with Holm correction. Univariable and 
multivariable Cox proportional hazards models were employed 
to calculate hazard ratios (HRs) for survival. Clinical variables 
previously recognised as risk factors for HCC or as predictors 
of liver disease prognosis were included in the multivariable 
analysis [17–21]. Three distinct models were developed for the 
multivariable analysis. In Model 1, age, sex, HCC aetiology, al-
bumin–bilirubin (ALBI) grade, α- fetoprotein level, neutrophil- 
to- lymphocyte ratio (NLR) and BR categories were included 
as covariates. In Model 2, additional factors—tumour number 
and size categories, vascular invasion categories and EHS cat-
egories—were incorporated alongside the covariates used in 
Model 1 (excluding BR categories). Model 3 (subgroup analysis) 
included age, sex, tumour number and size categories, vascular 
invasion categories and EHS categories as covariates. Cutoff val-
ues for clinical data were determined based on previous reports 
regarding the risk or prognosis of HCC [17–21].

Sankey diagrams were constructed to visualise concomitant or 
subsequent treatments following Atezo/Bev therapy in the BR1 
and BR2 groups.

Statistical significance was set at p < 0.05. All statistical analy-
ses were conducted using EZR version 1.68 (Saitama Medical 
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Center, Jichi Medical University, Saitama, Japan) [22], a graph-
ical user interface for R (The R Foundation for Statistical 
Computing, Vienna, Austria).

3   |   Results

3.1   |   Patient Characteristics

Table 1 summarises the characteristics of the 467 patients an-
alysed in the study. Of these, 102 (21.8%) were women and 365 
(78.2%) were men. The median age was 74.0 (69.0–79.0) years. 

Patients were categorised into BR1 (n = 153 [32.8%]) and BR2 
(n = 314 [67.2%]) groups. The median follow- up period was 14.3 
(7.5–24.0) months. During the follow- up period, disease progres-
sion occurred in 307 patients (65.7%) and 213 patients (45.6%) 
died from all causes.

3.2   |   PFS and OS

In this cohort (n = 467), the median PFS and OS were 7.5 (95% 
confidence interval [CI], 6.6–9.0) and 22.3 (95% CI, 19.3–26.5) 
months, respectively.

TABLE 1    |    Patient characteristics.

Overall (n = 467) BR1 group (n = 153) BR2 group (n = 314) p

Agea (years) 74.0 (69.0–79.0) 74.0 (70.0–79.0) 74.0 (68.3–79.0) 0.445

Sex (female/male) 102/365 33/120 69/245 1.000

ECOG- PS (0/1) 402/65 134/19 268/46 0.571

Body mass index (kg/m2) 23.7 (21.3–26.4) 23.6 (21.4–26.5) 23.7 (21.2–26.4) 0.631

HCC aetiology (hepatitis B/C/non- B, 
non- C)

73/164/230 25/61/67 48/103/163 0.225

Albumin (g/dL)a 3.9 (3.6–4.2) 3.9 (3.6–4.2) 3.8 (3.6–4.1) 0.514

Total bilirubin (mg/dL)a 0.7 (0.6–1.0) 0.7 (0.6–1.0) 0.8 (0.6–1.0) 0.520

Neutrophil count (/μL)a 2999 (2290–39.5) 2746 (2234–3449) 3114 (2310–4160) 0.009

Lymphocyte count (/μL)a 1302 (175–4390) 1305 (903–1640) 1302 (1008–1640) 0.253

NLRa 2.43 (1.68–3.44) 2.48 (1.67–3.32) 2.41 (1.71–3.46) 0.497

Platelet count (/μL)a 14.4 (10.9–19.0) 13.3 (10.4–17.3) 15.4 (11.2–20.3) 0.002

Prothrombin time (%)a 90 (81–100) 89 (78–100) 92 (82–101) 0.076

α- Fetoprotein (ng/mL)a 18.0 (5.1–350.0) 15.3 (4.0–193.0) 20.0 (6.0–466.0) 0.096

Child–Pugh score (5/6) 225/132 110/43 225/89 1.000

ALBI grade (1/2/3) 215/250/2 70/83/0 145/67/2 0.964

BCLC stage (B/C) 223/244 65/68 158/156 0.116

Portal vein invasion (0/1/2/3/4) 369/5/38/30/25 129/1/18/5/0 240/4/20/25/25 < 0.001

Hepatic vein invasion (0/1/2/3) 442/6/14/5 148/1/4/0 294/5/10/5 0.460

Bile duct invasion (0/1/2/3/4) 462/0/1/4/0 151/0/1/1/0 311/0/0/3/0 0.399

EHS (yes/no) 118/349 56/97 62/252 < 0.001

Follow- up durationa (months) 14.3 (7.5–24.0) 15.3 (9.5–22.0) 14.1 (7.1–24.1) 0.255

Initial treatment for HCC < 0.001

Resection 151 57 94

Locoregional ablation therapy 94 47 47

TACE 91 28 63

Atezo/Bev 122 21 101

Other 9 0 9

Abbreviations: ALBI, albumin–bilirubin; Atezo/Bev, atezolizumab plus bevacizumab; BCLC, Barcelona Clinic Liver Cancer; BR, borderline resectable; ECOG- PS, 
Eastern Cooperative Oncology Group performance status; EHS, extrahepatic spread; HCC, hepatocellular carcinoma; NLR, neutrophil- to- lymphocyte ratio; TACE, 
transarterial chemoembolization.
aData are expressed as medians (interquartile range).
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Figure 2a presents the PFS curves stratified by BR categories. The 
median PFS for the BR1 and BR2 groups was 9.0 (95% CI, 6.8–
13.4) and 6.8 (95% CI, 6.0–8.6) months, respectively (p = 0.014).

Figure 2b depicts the OS curves stratified by BR categories. The 
median OS for the BR1 and BR2 groups was 25.3 (95% CI, 18.9–
not achieved) and 22.3 months (95% CI, 18.1–not achieved) re-
spectively (p = 0.048).

Figure 3a illustrates the PFS curves stratified by tumour number 
and size categories, demonstrating no significant differences in 
PFS among the three groups (p = 0.065). Figure 3b shows PFS 
curves stratified by vascular invasion categories, revealing a 
significant difference in PFS among the groups (p < 0.001). Post 
hoc comparisons utilising the Holm test identified significant 
differences in all pairwise comparisons (Table  S2). Figure  3c 
presents PFS curves stratified by EHS categories, showing no 
significant differences among the groups (p = 0.063).

Figure 3d depicts OS curves stratified by tumour number and 
size categories, with no significant differences in OS observed 
among the three groups (p = 0.261). Figure  3e displays OS 
curves stratified by vascular invasion categories, revealing a sig-
nificant difference in OS among the groups (p < 0.001). Post hoc 
analyses using the Holm test identified significant differences 
across all pairwise comparisons (Table S2). Figure 3f shows OS 
curves stratified by EHS categories, indicating no significant 
differences in OS among the groups (p = 0.106).

3.3   |   Factors Associated With PFS and OS

Multivariable analysis using Model 1 identified the following 
factors as independently associated with PFS: age ≥ 75 years 

(HR, 1.309; 95% CI, 1.057–1.622; p = 0.014), ALBI grade 2 or 3 
(HR, 1.494; 95% CI, 1.201–1.859; p < 0.001), NLR ≥ 3 (HR, 1.289; 
95% CI, 1.030–1.613; p = 0.027), α- fetoprotein ≥ 100 ng/mL (HR, 
1.523; 95% CI, 1.214–1.912; p < 0.001) and BR2 (HR, 1.360; 95% 
CI, 1.076–1.718; p = 0.010) (Table 2).

Multivariable analysis using Model 2 also identified indepen-
dent factors associated with PFS: age ≥ 75 years (HR, 1.373; 95% 
CI, 1.105–1.706; p = 0.004), ALBI grade 2 or 3 (HR, 1.432; 95% CI, 
1.144–1.792; p = 0.002), α- fetoprotein ≥ 100 ng/mL (HR, 1.432; 
95% CI, 1.132–1.811; p = 0.003), vascular invasion categories iii 
group (HR, 3.188; 95% CI, 2.051–4.953; p < 0.001) and EHS cat-
egory iii (HR, 1.690; 95% CI, 1.140–2.504; p = 0.009) (Table 2).

For OS, multivariable analysis with Model 1 revealed that 
age ≥ 75 years (HR, 1.522; 95% CI, 1.155–2.007; p = 0.003), ALBI 
grade 2 or 3 (HR, 2.411; 95% CI, 1.802–3.224; p < 0.001), NLR ≥ 3 
(HR, 1.635; 95% CI, 1.233–2.169; p < 0.001), α- fetoprotein ≥ 100 ng/
mL (HR, 1.530; 95% CI, 1.152–2.032; p = 0.003) and BR2 (HR, 
1.421; 95% CI, 1.048–1.927; p = 0.024) were independently asso-
ciated with OS (Table 3). Similarly, multivariable analysis using 
Model 2 identified age ≥ 75 years (HR, 1.607; 95% CI, 1.213–2.128; 
p < 0.001), ALBI grade 2 or 3 (HR, 2.302; 95% CI, 1.710–3.098; 
p < 0.001), NLR ≥ 3 (HR, 1.610; 95% CI, 1.208–2.145; p = 0.001) and 
vascular invasion category iii (HR, 2.650; 95% CI, 1.541–4.556; 
p < 0.001) as independent factors associated with OS (Table 3).

3.4   |   Therapeutic Response

Table 4 details the therapeutic response rates, with the best ra-
diological response rates as follows: CR, 4.3%; PR, 23.5%; SD, 
50.5%; and PD, 21.7%. The overall response rate (ORR) was 27.8% 
and the disease control rate (DCR) was 78.3%. No significant 

FIGURE 2    |    (a) Cumulative PFS curves stratified by BR categories. The cumulative PFS rates at 3, 6, 12 and 18 months were 79.3%, 61.1%, 43.4% 
and 31.6%, respectively, in the BR1 group (solid line) and 74.8%, 55.2%, 31.8% and 22.8%, respectively, in the BR2 group (dashed line) (p = 0.014, log- 
rank test). (b) Cumulative OS curves stratified by BR categories. The cumulative OS rates at 6, 12, 18 and 24 months were 94.5%, 77.9%, 61.1% and 
50.1%, respectively, in the BR1 (solid line), and 86.6%, 72.2%, 56.4% and 49.0%, respectively, in the BR2 group (dashed line) (p = 0.048, log- rank test). 
Atezo/Bev, atezolizumab plus bevacizumab; BR, borderline resectable; OS, overall survival; PFS, progression- free survival.
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differences in the best radiological response rates were observed 
between the BR1 and BR2 groups (Table 4).

3.5   |   Concomitant or Subsequent Treatments

Figure 4 presents a Sankey diagram illustrating the concomitant 
or subsequent treatments administered following Atezo/Bev treat-
ment for individual patients in the BR1 (n = 111) and BR2 (n = 250) 
cohorts. Conversion therapy (aimed at achieving CR through the 
addition of local therapies), local therapy (including resection, ab-
lation therapy, TACE or radiotherapy), systemic therapy, and best 
supportive care (BSC) were employed in 9 (including resection, 
n = 1; 8.1%), 16 (14.4%), 42 (37.8%) and 44 (39.6%) patients in the 

BR1 cohort, and in 12 (including resection, n = 1; 4.8%), 38 (15.2%), 
113 (45.2%) and 87 (34.8%) patients in the BR2 cohort (p = 0.391).

Moreover, during the follow- up period, surgical intervention for 
either conversion or tumour reduction was performed in two pa-
tients (1.8%) in the BR1 cohort and three patients (1.2%) in the 
BR2 cohort.

3.6   |   Subgroup Analysis

A subgroup analysis was conducted exclusively on patients 
whose initial treatment for HCC consisted of Atezo/Bev 
(n = 122). Multivariable analysis employing Model 3 identified 

FIGURE 3    |    (a) Cumulative PFS curves stratified by tumour number and size categories. The cumulative PFS rates at 3, 6, 12 and 18 months were 
67.0%, 52.4%, 35.7% and 24.9%, respectively, in the group i (solid line), 82.3%, 65.0%, 45.4% and 34.8%, respectively, in the group ii (dashed line), and 
77.6%, 56.0%, 32.1% and 22.8%, respectively, in the group iii (dotted line) (p = 0.065, log- rank test). (b) Cumulative PFS curves stratified by vascular 
invasion categories. The cumulative PFS rates at 3, 6, 12 and 18 months were 81.0%, 61.3%, 33.8% and 29.5%, respectively, in the group i (solid line), 
65.0%, 51.7%, 30.8% and 14.6%, respectively, in the group ii (dashed line), and 42.0%, 15.3%, 7.6% and 7.6%, respectively, in the group iii (dotted line) 
(p < 0.001, log- rank test). (c) Cumulative PFS curves stratified by EHS categories. The cumulative PFS rates at 3, 6, 12 and 18 months were 79.1%, 
58.7%, 36.9% and 26.0%, respectively, in the group i (solid line), 72.8%, 58.1%, 38.5% and 28.4%, respectively, in the group ii (dashed line), and 58.9%, 
42.4%, 21.2% and 18.6%, respectively, in the group iii (dotted line) (p = 0.063, log- rank test). (d) Cumulative OS curves stratified by tumour number 
and size categories. The cumulative OS rates at 6, 12, 18 and 24 months were 88.6%, 72.6%, 52.5% and 43.9%, respectively, in the group i (solid line), 
95.7%, 78.1%, 59.7% and 51.3%, respectively, in the group ii (dashed line), and 87.0%, 73.1%, 59.6% and 51.1%, respectively, in the group iii (dotted line) 
(p = 0.261, log- rank test). (e) Cumulative OS curves stratified by vascular invasion categories. The cumulative OS rates at 6, 12, 18 and 24 months were 
90.9%, 77.6%, 63.0% and 54.2%, respectively, in the group i (solid line), 86.2%, 65.8%, 44.1% and 35.0%, respectively, in the group ii (dashed line), and 
73.3%, 43.6%, 18.7% and 18.7%, respectively, in the group iii (dotted line) (p < 0.001, log- rank test). (f) Cumulative PFS curves stratified by EHS cate-
gories. The cumulative OS rates at 6, 12, 18 and 24 months were 90.3%, 74.9%, 58.1% and 49.7%, respectively, in the group i (solid line), 89.6%, 76.5%, 
64.0% and 55.7%, respectively, in the group ii (dashed line), and 81.5%, 63.3%,46.8% and 38.3%, respectively, in the group iii (dotted line) (p = 0.106, 
log- rank test). EHS, extrahepatic spread; OS, overall survival; PFS, progression- free survival.
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the following independent factors associated with OS: female 
sex (HR, 0.476; 95% CI, 0.234–0.967; p = 0.040), ALBI grade 
2 or 3 (HR, 2.234; 95% CI, 1.200–4.157; p = 0.011), tumour 
number and size categorised as group iii (HR, 2.496; 95% 
CI, 1.058–5.887; p = 0.037) and vascular invasion categorised 

as group iii (HR, 8.359; 95% CI, 3.453–20.230; p < 0.001) 
(Table S3). Figure S1 illustrates the OS curves stratified by vas-
cular invasion categories, demonstrating a statistically signif-
icant difference in OS across the groups (p < 0.001). Post hoc 
analysis using the Holm test revealed significant differences 

TABLE 2    |    Multivariable analysis for PFS.

Model 1 Model 2

HR 95% CI p HR 95% CI p

Age (years)

< 75 (n = 251) 1 1

≥ 75 (n = 216) 1.309 1.057–1.622 0.014 1.373 1.105–1.706 0.004

Sex

Male (n = 365) 1 1

Female (n = 102) 1.085 0.838–1.405 0.534 1.143 0.882–1.481 0.312

HCC aetiology

Viral (n = 237) 1 1

Non- B, non- C (n = 230) 0.922 0.740–1.149 0.469 0.926 0.739–1.160 0.503

ALBI grade

1 (n = 215) 1 1

2 or 3 (n = 253) 1.494 1.201–1.859 < 0.001 1.432 1.144–1.792 0.002

NLR

< 3 (n = 306) 1 1

≥ 3 (n = 155) 1.289 1.030–1.613 0.027 1.246 0.991–1.567 0.060

α- Fetoprotein (ng/mL)

< 100 (n = 307) 1 1

≥ 100 (n = 158) 1.523 1.214–1.912 < 0.001 1.432 1.132–1.811 0.003

BR categories

BR1 (n = 153) 1

BR2 (n = 314) 1.360 1.076–1.718 0.010

Tumour number and size categories

Group i (n = 105) 1

Group ii (n = 96) 0.949 0.641–1.407 0.796

Group iii (n = 256) 1.257 0.902–1.751 0.177

Vascular invasion categories

Group i (n = 368) 1

Group ii (n = 69) 1.258 0.898–1.761 0.186

Group iii (n = 30) 3.188 2.051–4.953 < 0.001

EHS categories

Group i (n = 349) 1

Group ii (n = 74) 1.000 0.708–1.413 0.999

Group iii (n = 44) 1.690 1.140–2.504 0.009

Abbreviations: ALBI, albumin–bilirubin; BCLC, Barcelona Clinic Liver Cancer; BR, borderline resectable; CI, confidence interval; EHS, extrahepatic spread; HCC, 
hepatocellular carcinoma; HR, hazard ratio; NLR, neutrophil- to- lymphocyte ratio; PFS, progression- free survival.
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between groups i and iii, as well as between groups ii and iii 
(Table S4).

In patients initially treated with Atezo/Bev for HCC, who exhib-
ited portal vein invasion without hepatic vein or bile duct invasion 

and no evidence of EHS (n = 84), the PFS was 21.7 months (95% 
CI: 7.3–not achieved) in BR1 and 8.1 months (95% CI: 5.1–11.1) 
in BR2 (p = 0.052) (Figure S1a). The OS was not achieved (95% 
CI: 15.5–not achieved) in BR1 and 21.8 months (95% CI: 14.1–
36.2) in BR2 (p = 0.086) (Figure S1b).

TABLE 3    |    Multivariable analysis for OS.

Model 1 Model 2

HR 95% CI p HR 95% CI p

Age (years)

< 75 (n = 251) 1 1

≥ 75 (n = 216) 1.522 1.155–2.007 0.003 1.607 1.213–2.128 < 0.001

Sex

Male (n = 365) 1 1

Female (n = 102) 1.251 0.891–1.757 0.196 1.249 0.889–1.755 0.200

HCC aetiology

Viral (n = 237) 1 1

Non- B, non- C (n = 230) 0.950 0.719–1.254 0.715 0.969 0.734–1.279 0.823

ALBI grade

1 (n = 215) 1 1

2 or 3 (n = 253) 2.411 1.802–3.224 < 0.001 2.302 1.710–3.098 < 0.001

NLR

< 3 (n = 306) 1 1

≥ 3 (n = 155) 1.635 1.233–2.169 < 0.001 1.610 1.208–2.145 0.001

α- Fetoprotein (ng/mL)

< 100 (n = 307) 1 1

≥ 100 (n = 158) 1.530 1.152–2.032 0.003 1.345 0.999–1.810 0.051

BR categories

BR1 (n = 153) 1

BR2 (n = 314) 1.421 1.048–1.927 0.024

Tumour number and size categories

Group i (n = 105) 1

Group ii (n = 96) 0.704 0.428–1.158 0.166

Group iii (n = 256) 0.946 0.629–1.422 0.790

Vascular invasion categories

Group i (n = 368) 1

Group ii (n = 69) 1.316 0.874–1.983 0.188

Group iii (n = 30) 2.650 1.541–4.556 < 0.001

EHS categories

Group i (n = 349) 1

Group ii (n = 74) 0.803 0.509–1.269 0.348

Group iii (n = 44) 1.504 0.946–2.391 0.085

Abbreviations: ALBI, albumin–bilirubin; BCLC, Barcelona Clinic Liver Cancer; BR, borderline resectable; CI, confidence interval; EHS, extrahepatic spread; HCC, 
hepatocellular carcinoma; HR, hazard ratio; NLR, neutrophil- to- lymphocyte ratio; OS, overall survival.
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4   |   Discussion

In this multicentre study, patients with unresectable HCC who 
were treated with Atezo/Bev and met the inclusion criteria for 
BR1 exhibited a more favourable prognosis than those classified 
as BR2. Multivariable analysis adjusted for age, sex, HCC aetiol-
ogy, ALBI grade, α- fetoprotein level, NLR and BR category as co-
variates (Model 1) revealed that age ≥ 75 years, ALBI grade 2 or 3, 
NLR ≥ 3, α- fetoprotein ≥ 100 ng/mL, and BR2 were independently 
associated with both poor PFS and poor OS. Furthermore, an ad-
ditional multivariable analysis (Model 2), incorporating tumour 
number and size, vascular invasion category and EHS category 
as additional covariates, revealed that in addition to the signifi-
cant variables identified in Model 1—age, ALBI grade, NLR and 
α- fetoprotein—the vascular invasion category iii group and EHS 
category iii group were independently associated with poor PFS. 
Regarding OS, in addition to age, ALBI grade, and NLR, the vas-
cular invasion category iii group was independently associated 
with poor OS. Moreover, in the Kaplan–Meier analysis of PFS and 

OS, multiple comparisons of vascular invasion categories revealed 
significant differences among all groups. Conversely, when eval-
uating tumour number and size, as well as EHS categories, no 
significant differences were detected in the Kaplan–Meier method 
using the log- rank test for PFS and OS. These findings suggest that 
among patients with HCC classified as BR1 or BR2 who received 
Atezo/Bev treatment, vascular invasion category is a particularly 
critical prognostic factor in the oncological criteria for HCC re-
sectability. Our findings suggest that even among a cohort with 
preserved liver function according to Child–Pugh classification A, 
our prognosis is influenced not only by resectability but also by 
liver function, with ALBI grade serving as an independent prog-
nostic factor.

Kawamura et al. [23] examined the prognosis of 156 patients with 
HCC presenting with intrahepatic target nodules. These patients 
were classified into three groups based on oncological criteria for 
resectability (R, BR1 or BR2) and had initially undergone systemic 
therapy with either Lenvatinib (n = 118) or Atezo/Bev (n = 58). 
Their findings revealed that patients classified as R and BR1 ex-
hibited significantly better OS compared to those in the BR2 group 
(R vs. BR2, p = 0.012; BR1 vs. BR2, p = 0.004). However, no sig-
nificant difference in OS was observed between the R and BR1 
groups (p = 1.000), despite BR1 patients exhibiting a significantly 
worse oncological profile. Furthermore, the study highlighted that 
among patients with advanced HCC and intrahepatic target nod-
ules, those classified as BR1 represent a favourable subgroup for 
treatment with a combination of systemic sequential therapy in-
volving two or more agents and locoregional treatment. Although 
our study included only patients classified as BR1 and BR2, both 
PFS and OS were significantly superior in the BR1 group. However, 
analysis using the Sankey diagram indicated no significant differ-
ences in concomitant or subsequent therapies between BR1 and 
BR2. Compared to the study by Kawamura et al. [23], the strength 
of our study lies in the exclusive use of a single systemic therapy 
regimen (i.e., Atezo/Bev) to evaluate the prognosis of a large cohort 

TABLE 4    |    Therapeutic response.

Overall 
(n = 467)

BR1 group 
(n = 153)

BR2 group 
(n = 314) p

CR 19 (4.3%) 8 (5.5%) 11 (3.7%) 0.773

PR 104 (23.5%) 35 (24.1%) 69 (23.2%)

SD 223 (50.5%) 73 (50.3%) 150 (50.5%)

PD 96 (21.7%) 29 (20.0%) 67 (22.6%)

ORR 27.8% 29.7% 26.8% 0.572

DCR 78.3% 80.0% 77.5% 0.623

Abbreviations: BR, borderline resectable; CR, complete response; DCR, disease 
control rate; ORR, overall response rate; PD, progressive disease; PR, partial 
response; SD, stable disease.

FIGURE 4    |    Sankey diagram depicting concomitant or subsequent treatments. In the BR1 cohort (n = 111), 9 (8.1%), 1 (0.9%), 12 (10.8%), 2 (1.8%), 
6 (5.4%), 3 (2.7%), 32 (28.8%), 1 (0.9%), 0 (0.0%) and 44 (39.6%) patients received conversion therapy, ablation therapy, TACE, radiotherapy, Dur/Tre, 
sorafenib, lenvatinib, ramucirumab, cabozantinib and BSC as concomitant or subsequent treatments during or after Atezo/Bev therapy. In the BR2 
cohort (n = 250), 12 (4.8%), 2 (0.8%), 1 (0.4%), 29 (11.6%), 6 (2.4%), 9 (3.6%), 7 (2.8%), 87 (34.8%), 7 (2.8%), 3 (1.2%) and 87 (34.8%) patients received these 
treatments. Atezo/Bev, atezolizumab plus bevacizumab; BSC, best supportive care; Dur/Tre, durvalumab plus tremelimumab; TACE, transarterial 
chemoembolization.
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of patients with unresectable HCC (n = 467) (112 patients classified 
as BR1 or BR2 who received Atezo/Bev as their initial treatment). 
This analysis was conducted not only based on BR1 and BR2 clas-
sifications under oncological criteria for resectability but also con-
sidering specific oncological components.

Although not evaluated in this cohort, incorporating the 
CRAFITY score [18] and the α- FAtE model [24] previously re-
ported by our group into the oncological criteria for resectability 
as prognostic indicators for patients receiving Atezo/Bev may 
offer greater utility in guiding treatment selection and prognos-
tication across different BR categories.

Major vascular invasion has been associated with a younger 
age at diagnosis, the presence of symptoms, poorer ECOG- PS, 
impaired liver function, elevated α- fetoprotein levels and larger 
HCCs, as analysed in a cohort of 4774 patients with HCC, in 
which the prevalence of major vascular invasion was 11.1% [25]. 
Furthermore, an increased incidence of major vascular inva-
sion has been correlated with deteriorated ECOG- PS, ascites, 
and more severe hepatic dysfunction [25]. A systematic review 
encompassing 54 studies, including 6187 patients with HCC 
treated with immune checkpoint inhibitors, suggested that the 
presence of EHS may be indicative of a reduced ORR (odds ratio: 
0.77; 95% CI: 0.63–0.96), although it may not significantly im-
pact PFS (multivariable analysis: HR: 1.27; 95% CI: 0.70–2.31) 
or OS (multivariable analysis: HR: 1.23; 95% CI: 0.70–2.16) [26]. 
Moreover, the presence of major vascular invasion may not sig-
nificantly influence ORR (odds ratio: 0.84; 95% CI: 0.64–1.10) 
but has been shown to be predictive of inferior PFS (multivari-
able analysis: HR: 1.75; 95% CI: 1.07–2.84) and OS (multivariable 
analysis: HR: 2.03; 95% CI: 1.31–3.14) [26]. In the present study, 
we demonstrated that among the newly proposed components 
of the oncological resectability classification, vascular invasion 
is the most critical prognostic factor in patients with HCC under-
going treatment with Atezo/Bev.

The Child–Pugh classification system comprises five parame-
ters: serum albumin, total bilirubin, prothrombin time, ascites 
and encephalopathy [27]. Widely employed for assessing he-
patic function, this system has been incorporated into the HCC 
staging framework [2]. However, its reliance on the subjective 
evaluation of encephalopathy and ascites presents inherent lim-
itations. Furthermore, serum albumin levels are closely associ-
ated with the severity of ascites [27]. Notably, the Child–Pugh 
classification system was originally designed for patients with 
cirrhosis and is not specifically tailored for those with HCC. In 
contrast, the ALBI grade [28]—a more recently developed, ob-
jective metric for evaluating liver function—exclusively consid-
ers serum albumin and total bilirubin levels. The ALBI grade 
has demonstrated superior prognostic accuracy compared to 
both the Child–Pugh classification [29, 30] and the liver dam-
age classification system in patients with HCC [31]. Although 
the present study cohort comprised only patients with preserved 
hepatic function, classified as Child–Pugh A, findings indicate 
that prognosis is influenced not only by tumour progression but 
also by ALBI grade. These results underscore the necessity of 
accounting for hepatic reserve at the treatment initiation to op-
timise the prognosis of patients with HCC undergoing Atezo/
Bev therapy.

This study has certain limitations, most notably its reliance on a 
hospital- based population and its retrospective design. Although 
the investigation included patients with unresectable HCC who 
underwent Atezo/Bev treatment across multiple centres in 
Japan, future prospective studies should endeavour to incorpo-
rate a larger and more nationally representative patient cohort, 
complemented by extended follow- up periods. Another limita-
tion stems from the multicentre nature of our cohort, which may 
have introduced variability based on the discretion of individual 
centres and attending physicians, particularly concerning con-
comitant or subsequent treatments involving Atezo/Bev.

In conclusion, among HCC patients with a low probability of 
surgical resection (i.e., those classified as BR1 or BR2) undergo-
ing Atezo/Bev treatment, vascular invasion serves as a critical 
prognostic factor for tumour progression. Moreover, beyond tu-
mour progression, preserved liver function also plays a pivotal 
role in determining the prognosis of patients treated with Atezo/
Bev. Further studies are required to confirm these findings in 
other patient populations.
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