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Abstract: This retrospective study aimed to evaluate the impact of atezolizumab plus bevacizumab–
transcatheter arterial chemoembolization (TACE) sequential therapy in unresectable hepatocellular
carcinoma (HCC), especially in patients with intermediate-stage HCC. A total of 212 patients were
enrolled and categorized into the Atez/Bev-TACE sequential therapy (n = 23) or Atez/Bev monother-
apy group (n = 189) between 2020 and 2024. Of these, patients with intermediate-stage HCC were
categorized into the Atez/Bev-TACE sequential (n = 18) or Atez/Bev monotherapy group (n = 91).
The best objective response rate, disease control rate, and median progression-free survival (PFS)
after TACE were 73.9%, 82.6%, and 6.1 months, respectively. The PFS after TACE was significantly
higher in the Atez/Bev sequential therapy group than in the no-Atez/Bev-administration group after
TACE (6.9 months vs. 5.0 months, p = 0.025). The median overall survival (OS) was significantly
higher in the Atez/Bev-TACE sequential therapy group than in the Atez/Bev monotherapy group
for intermediate-stage HCC (34.9 months vs. 17.8 months; p = 0.016). Independent factors associated
with OS were low alpha-fetoprotein levels, modified albumin–bilirubin 1 or 2a levels, and Atez/Bev-
TACE sequential therapy. Atez/Bev-TACE sequential therapy improved prognosis compared with
Atez/Bev monotherapy in patients with intermediate-stage HCC. Moreover, Atez/Bev should be
readministered after TACE.

Keywords: atezolizumab plus bevacizumab; hepatocellular carcinoma; TACE

1. Introduction

Hepatocellular carcinoma (HCC) is one of the most prevalent malignancies glob-
ally and is a leading cause of cancer-related death [1]. Over half of patients diagnosed
at intermediate-to-advanced stages have unresectable HCC (u-HCC), hence missing the
opportunity for curative therapy [2,3]. These patients are only suitable for palliative treat-
ments such as transcatheter arterial chemoembolization (TACE) and systemic therapy [4].
Systemic therapy with molecular-targeted agents, such as sorafenib [5] and lenvatinib
(LEN) [6], has been remarkably developed in the last few years [7]. Immune checkpoint in-
hibitors have recently revolutionized u-HCC treatment strategies. However, the prognosis
of patients with u-HCC remains unsatisfactory, and improved therapeutic strategies for
systemic therapy are required to overcome this poor prognosis.

The IMbrave150 trial, a global phase 3 clinical trial, showed that combination therapy
of atezolizumab plus bevacizumab (Atez/Bev), in which monoclonal antibodies bind to

Curr. Oncol. 2024, 31, 5821–5831. https://doi.org/10.3390/curroncol31100432 https://www.mdpi.com/journal/curroncol

https://doi.org/10.3390/curroncol31100432
https://doi.org/10.3390/curroncol31100432
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/curroncol
https://www.mdpi.com
https://orcid.org/0000-0003-2068-8386
https://orcid.org/0000-0001-5688-1335
https://orcid.org/0000-0002-4791-8885
https://orcid.org/0000-0002-2662-6779
https://orcid.org/0000-0002-3375-180X
https://orcid.org/0000-0001-5814-9543
https://orcid.org/0000-0002-7064-4325
https://doi.org/10.3390/curroncol31100432
https://www.mdpi.com/journal/curroncol
https://www.mdpi.com/article/10.3390/curroncol31100432?type=check_update&version=1


Curr. Oncol. 2024, 31 5822

programmed cell death 1-ligand 1 (PD-L1) and antivascular endothelial growth factor
(VEGF)-A, is the recommended first-line treatment for patients with u-HCC [8]. The results
of the updated IMbrave150 trial also showed that Atez/Bev treatment revealed that the
progression-free survival (PFS) and overall survival (OS) were significantly improved
compared with sorafenib in patients with u-HCC [9].

According to multiple guidelines, TACE is the recommended standard treatment for
patients with intermediate-stage HCC according to multiple guidelines [10,11]. However,
the effectiveness of TACE alone is often limited because of the high prevalence of HCC re-
currence and the high heterogeneity of intermediate-stage liver cancer [12]. Thus, systemic
therapy has been recommended for some patients with intermediate-stage HCC [13,14].
Recently, some studies have shown that combining TACE with other systemic therapies can
improve the prognosis of patients with u-HCC [15,16] and that systemic therapy combined
with TACE has been the dominant strategy for intermediate-stage HCC. TACE increases
tumor hypoxia, leading to the upregulation of VEGF expression and induced tumor angio-
genesis [17]. In addition, TACE increases the release of tumor neoantigens, leading to an
increased expression of PD-L1 [18]. Thus, Atez/Bev treatment combined with TACE may
be promising for patients with intermediate-stage HCC. However, there have been few
reports on the efficacy of Atez/Bev-TACE sequential therapy, and the associated outcomes
remain unclear.

This study aimed to investigate the efficacy of Atez/Bev sequential therapy in patients
with u-HCC, especially with intermediate-stage HCC.

2. Materials and Methods
2.1. Study Design and Patients

The data of 235 patients treated with Atez/Bev for u-HCC between November 2020
and June 2024 were retrospectively evaluated. The exclusion criteria for this study were
as follows: n = 23; Child–Pugh class B, 10 patients; Eastern Cooperative Oncology Group
performance status <2, 6 patients; not evaluated for efficacy, 7 patients. A total of 212 pa-
tients were enrolled and classified into the Atez/Bev-TACE sequential therapy group
(n = 23) or the Atez/Bev monotherapy group (n = 189) (Figure 1). This study was approved
by the Institutional Review Board of Kurume University School of Medicine (approval
code: 20183).
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2.2. Assessment of Hepatic Reserve Function

Liver function was evaluated using the Child–Pugh classification [19] and albumin–
bilirubin (ALBI) scores [20]. The ALBI score was calculated based on serum albumin
and total bilirubin levels. Based on the ALBI score, liver function was assessed using the
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modified ALBI (mALBI) grade. ALBI grade 2 is divided into 2a and 2b, with an ALBI score
of −2.27 as the cutoff value [20].

2.3. Atez/Bev Treatment Protocol

According to pharmaceutical recommendations, patients were intravenously adminis-
tered atezolizumab (1200 mg) and bevacizumab (7.5 mg/kg) every three weeks. Treatment
persisted until tumor progression or the emergence of insufferable adverse events (AEs).
AEs were graded using the National Cancer Institute Common Terminology Criteria for
Adverse Events version 5.0 [21]. Atezolizumab was discontinued when unacceptable
immune-related AEs occurred, and these patients received bevacizumab monotherapy.
In turn, bevacizumab was discontinued when unacceptable bevacizumab-related AEs
occurred, and these patients received atezolizumab monotherapy.

2.4. Evaluation of Therapeutic Efficacy of Atez/Bev Treatment

To evaluate the therapeutic response, the Modified Response Evaluation Criteria in
Solid Tumors (mRECIST) criteria [22] was employed using dynamic computed tomography
or magnetic resonance imaging at approximately 6 weeks after the initiation of treatment
with Atez/Bev. Thereafter, it was performed every 3 weeks until death or study cessation.

2.5. Atez/Bev-TACE Sequential Therapy

In cases where a therapeutic response to Atez/Bev treatment was detected, treat-
ment was continued. However, for cases where tumor vascularity resumed after having
disappeared previously; where the tumor progressed after having once shrunk, such as
nodules, for which Atez/Bev has limited effect [23]; or in cases in which alpha-fetoprotein
(AFP) levels increased despite no progression on imaging evaluation, we administered the
recommended Atez/Bev-TACE sequential therapy to patients with tolerance to Atez/Bev
and TACE, considering these cases comprehensively. TACE was conducted 3 weeks after
the completion of Atez/Bev treatment and was restarted approximately 3 weeks after TACE
depending on the patient’s condition. In contrast, patients with conditions in which TACE
is expected to achieve cancer-free status did not receive subsequent Atez/Bev therapy due
to the drug-free purpose, with informed consent provided.

2.6. TACE Treatment Protocol

The chemoembolization procedure followed the technical details described previ-
ously [24]. A microcatheter was introduced into the tumor-feeding artery. TACE was
performed using epirubicin or cisplatin with lipiodol depending on the tumor size and
injection of gelatin sponge particles to embolize the tumor-feeding vessels.

2.7. Statistical Analysis

Continuous variables were compared using a one-way analysis of variance with
Scheffe’s post hoc test, and categorical variables were compared between groups using the
χ2 test or Fisher’s exact analysis. The PFS and OS were calculated using the Kaplan–Meier
method and compared by the log-rank test. A swimmer plot was used to describe the
history of the investigator’s assessment. Factors associated with the OS were also analyzed
using a Cox proportional hazard regression analysis model. p values of less than 0.05 were
considered as denoting statistical significance. All statistical analyses were performed using
JMP Pro version 15 (SAS Institute Inc., Cary, NC, USA).

3. Results
3.1. Patient Characteristics

Table 1 summarizes the baseline characteristics of the study participants. The patients’
median age was 73 years, and 21.2% (45/212) of the patients were female. Non-viral HCC
was observed in 86 patients (40.5%). The median ALBI score was −2.44, and the mALBI
grade was 1 in 71 patients (33.5%). Macrovascular invasion and extrahepatic spread were
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observed in 39 (18.3%) and 72 (33.9%) patients, respectively. Among these patients, 143
(67.5%) and 69 (32.5%) received first- and later-line treatments, respectively. Atez/Bev-
TACE sequential therapy was performed in 10.8% (23/212) of patients, with an average of
seven Atez/Bev cycles before TACE. Barcelona Clinic Liver Cancer stage and extrahepatic
spread were significantly different in the Atez/Bev monotherapy group compared to the
Atez/Bev-TACE sequential therapy group; there were no other significant differences
between groups.

Table 1. Patient characteristics.

Characteristic All Patients Atez/
Bev-TACE Atez/Bev p

n 212 23 189

Age (years old) 73 (37–93) 69 (50–84) 73 (37–93) 0.255

Sex (female/male) 45/167 5/18 40/149 0.893

PS (0/1/) 182/30 19/4 163/26 0.636

Body Mass Index
(kg/m2) 23.0 (15.9–35.3) 23.9 (15.4–35.3) 23.1 (15.9–35.2) 0.091

Etiology
(viral/non-viral) 126/86 12/11 114/75 0.452

ALBI score
(Median (range))

−2.44
(−3.50–−1.55)

−2.45
(−2.96–−1.71)

−2.44
(−3.50–−1.55) 0.964

mALBI grade (1/2a/2b) 71/76/65 10/6/7 61/70/58 0.483

BCLC stage (A/B/C) 2/109/101 1/18/4 1/91/97 0.003

tumor size (mm) 32 (10–136) 26 (11–132) 32.0 (10–136) 0.255

Number of tumors
<5/≥5 74/138 9/14 65/124 0.652

Macrovascular invasion
(No/Yes) 173/39 21/2 152/37 0.203

Extrahepatic spread
(No/Yes) 140/72 20/3 120/69 0.016

AFP (ng/mL) 32.1 (1.2–284, 543) 6.4 (1.4–1167) 36.5 (1.2–209, 295) 0.082

Number of Atez/Bev
cycles before TACE 7 (5–19) n.s

Treatment line
(first-line/later-lines) 143/69 13/10 130/59 0.236

3.2. Swimmer Plot Analysis Assessment by Investigator Assessment

The swimmer plot for patients treated with Atez/Bev-TACE sequential therapy is
shown in Figure 2. Twenty-three patients were treated with Atez/Bev-TACE sequential
therapy, and six patients continued treatment based on the cutoff data.

3.3. Best Therapeutic Response of Atez/Bev-TACE Sequential Therapy According to
mRECIST Criteria

The distribution of therapeutic responses to Atez/Bev-TACE is shown in Table A1.
Complete response, partial response (PR), stable disease (SD), and progressive disease
were observed in 6 (26.1%), 11 (47.8%), 2 (8.7%), and 4 patients (17.3%), respectively. The
overall objective response rate (ORR) and disease control rate (DCR) were 73.9% and
82.6%, respectively.
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3.4. PFS after TACE and Comparison of PFS between Patients with and without Atez/Bev
Administration after TACE

The median PFS was 6.1 months after TACE according to the mRECIST criteria (Figure 3A).
The PFS was significantly higher in the Atez/Bev administration after TACE group than that in
the no-Atez/Bev-administration group (6.9 months vs. 5.0 months, p = 0.025) (Figure 3B).
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3.5. Changes in the ALBI Score in the Atez/Bev-TACE Sequential Treatment Group

Figure A1 shows the changes in ALBI scores from baseline to 4 weeks after TACE. The
median ALBI scores at baseline and 4 weeks after TACE were −2.33 and −2.14, respectively.
There was no deterioration in the ALBI scores (−2.33 vs. −2.14, p = 0.527).

3.6. Patient Characteristics in Patients with Intermediate-Stage HCC

Table 2 summarizes the characteristics of patients with intermediate-stage HCC. In
total, 109 patients were included in this study. The patients’ median age was 74 years,
and 22.0% of patients were female. The within up-to-seven criteria characteristic was
observed in 21.1% (23/109) of patients. The median ALBI score was −2.46, and the mALBI
grade was 1 in 38 patients (34.8%). The average number of Atez/Bev cycles administered
prior to TACE was 10. There were no significant differences between the Atez/Bev-TACE
sequential therapy and monotherapy groups.

Table 2. Patient characteristics in patients with intermediate-stage HCC.

Characteristic All Patients Atez/Bev-TACE Atez/Bev p

n 109 18 91

Age (years old) 74 (50–93) 71 (50–84) 75 (51–93) 0.219

Sex (female/male) 24/85 5/13 19/72 0.518

Body Mass Index
(kg/m2) 23.0 (16.6–35.3) 23.2 (19.5–29.6) 23.0 (16.6–35.2) 0.641

Etiology
(viral/non-viral) 62/47 11/7 51/40 0.691

ALBI score
(Median (range))

−2.46
(−3.50–−1.59)

−2.47
(−2.92–−1.70)

−2.44
(−3.50–−1.59) 0.873

mALBI grade (1/2a/2b) 38/35/36 8/4/6 30/31/30 0.542

Up-to-seven (in/out) 23/86 4/14 19/72 0.895

tumor size (mm) 32 (10–136) 25.0 (11–132) 30.0 (10–136) 0.285

Number of tumors
<5/≥5 36/73 7/11 29/62 0.562

AFP (ng/mL) 11.4 (1.2–129, 743) 10.7 (1.4–1167) 11.4 (1.2–129, 743) 0.725

Number of Atez/Bev
cycles before TACE 10 (6–19)

Treatment line
(first-line/later-lines) 74/35 11/7 63/28 0.500

3.7. Comparison of OS between Atez/Bev and Atez/Bev-TACE Sequential Therapy in the Whole
Sample and in Patients with Intermediate-Stage HCC

In the whole sample, the OS was significantly higher in the Atez/Bev-TACE sequential
therapy group than in the Atez/Bev monotherapy group (not reached vs. 17.2 months,
p = 0.004) (Figure 4A). In patients with intermediate-stage HCC, the OS was significantly
higher in the Atez/Bev-TACE sequential therapy group than in the Atez/Bev monotherapy
group (34.9 months vs. 17.8 months, p = 0.016, respectively) (Figure 4B).

3.8. Univariate and Multivariate Analyses of Factors Associated with OS in Patients with
Intermediate-Stage HCC

mALBI grade 1 or 2a, tumor size < 30 mm, AFP level < 400 ng/mL, and Atez/Bev
TACE sequential therapy were selected as variables via univariate analysis. In the multi-
variate analysis, mALBI grade 1 or 2a, AFP < 400, and Atez/Bev-TACE sequential therapy
were identified as independent factors associated with OS (Table 3).
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Table 3. Univariate and multivariate analyses of factors associated with OS.

Variable
Univariate Analysis Multivariate Analysis

p-Value Odds Ratio 95% CI p-Value

Age, <70 vs. ≥70 0.615

Sex, female vs. male 0.800

Etiology, viral vs. non-viral 0.355

mALBI grade, 1 or 2a vs. 2b <0.001 0.311 0.175–0.553 <0.001

Up-to-seven (in/out) 0.048 0.729 0.353–1.502 0.391

Number of tumors,
<5 vs. ≥5 0.881

Tumor size, <30 vs. ≥30 0.017 0.696 0.385–1.256 0.228

AFP, <400 vs. ≥400 ng/mL 0.001 0.228 0.116–0.449 <0.001

Treatment line,
(first-line vs. later-lines) 0.094

Atez/Bev-TACE sequential,
(+/−) 0.015 0.311 0.138–0.702 0.001
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4. Discussion

This study indicated that Atez/Bev-TACE sequential therapy significantly prolonged
survival compared to Atez/Bev monotherapy in patients with intermediate-stage HCC.
Moreover, although Atez/Bev-TACE sequential therapy was identified as an independent
predictive factor for OS, Atez/Bev should be readministered after TACE.

The present study found an ORR and DCR of 73.9% and 82.6%, respectively, in patients
with intermediate-stage HCC after TACE. A previous study reported that ORR and DCR
were 66.7% and 92.9% after TACE combined with Atez/Bev [25], which is consistent with
our study. The most important timing of additional TACE is tumor progression after having
shrunk once or cases in which the AFP value is elevated despite no progression on imaging
evaluation. Controlling the intrahepatic tumor burden is particularly important as it may
preserve liver function, extend the duration of systemic therapy, and improve the prognosis
of patients with u-HCC [26,27]. Moreover, we previously reported the inconsistency
between radiological findings and changes in the AFP levels of PR and SD cases in patients
undergoing Atez/Bev treatment [28]. Kudo et al. also reported that within the SD response
group, the shrinkage group had a significantly longer OS than the no-shrinkage group [29].
In brief, when the AFP level is elevated despite no progression on imaging evaluation, such
as SD or PR, the addition of TACE may be a promising combination treatment strategy.

In this study, we found that the PFS was significantly higher in the group with Atez/Bev
readministration after TACE than in the group with no Atez/Bev administration after TACE.
In this study, all three patients who discontinued Atez/Bev despite undergoing TACE to
achieve a cancer-free status had early tumor progression (Figure 2). The disadvantages of
TACE include inducing the upregulation of HIF1-α and upregulating the expression of VEGF,
fibroblast growth factor, or platelet-derived growth factor, followed by increasing tumor angio-
genesis [30]. These factors may be associated with residual survival of neovascularization-rich
HCC tissue after TACE treatment. On the positive side, TACE is expected to attack cancer cells
and boost immune activation and recognition [31]. Therefore, it is reasonable to readminister
Atez/Bev after TACE. More importantly, TACE must not be performed on all nodules but
only on a selection of target nodules to preserve liver function [23]. This is because perform-
ing TACE on all nodules may cause deterioration of liver function, making it impossible to
readminister Atez/Bev. In fact, Atez/Bev could not be readministered in two patients due to
deterioration of liver function after TACE (Figure 2). Therefore, TACE should be performed
under the assumption that Atez/Bev will be readministered.

Our findings demonstrated that low AFP levels, mALBI grade 1 or 2a, and Atez/Bev-TACE
sequential therapy were independent prognostic factors for patients with intermediate-stage
HCC treated with Atez/Bev. It is well known that elevated AFP values are associated with poor
prognosis across all stages of HCC [13], and preserved liver function is associated with OS in
Atez/Bev treatment [32]. Notably, Atez/Bev-TACE sequential therapy significantly prolonged
the prognosis of patients with intermediate-stage HCC compared to Atez/Bev monotherapy in
this study. Recently, the efficacy of the combination of TACE with immune checkpoint inhibitors
or molecular targeting agents has been reported [16,33]. The EMERALD-1 trial showed that the
combination treatment of TACE with durvalumab and bevacizumab prolonged PFS compared
with TACE alone [34], and the LEAP-012 study showed that a combination of lenvatinib plus
pembrolizumab plus TACE therapy significantly improved PFS compared to placebo plus
TACE in patients with intermediate-stage HCC [35]. Moreover, the IMPACT trial, a randomized
controlled trial comparing Atez/Bev plus on-demand TACE to Atez/Bev alone in patients with
an SD response, is ongoing in Japan [36]. In the future, a combination of TACE and systemic
therapy may become the standard treatment strategy for patients with intermediate-stage HCC.

The limitations of this study were as follows. First, the study design was conducted
retrospectively. Second, the amount of Atez/Bev-TACE sequential therapy was small.
Third, selection bias existed in the classification of the Atez/Bev-TACE sequential therapy
and Atez/Bev monotherapy groups. Therefore, a randomized controlled prospective
validation study is required with a large number of patients with intermediate-stage HCC
to determine the efficacy of Atez/Bev-TACE sequential therapy.
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5. Conclusions

In conclusion, we demonstrated that Atez/Bev-TACE sequential therapy improved
prognosis compared to Atez/Bev monotherapy in patients with intermediate-stage HCC.
Moreover, Atez/Bev should be readministered after TACE.
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Appendix A

Table A1. Best response rate according to modified-RECIST after TACE.

Response Category m-RECIST

CR 6 (26.1%)

PR 11 (47.8%)

SD 2 (8.7%)

PD 4 (17.3%)

ORR 17 (73.9%)

DCR 19 (82.6%)
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