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Abstract. Atezolizumab plus bevacizumab (AteBev) is used 
as a first‑line treatment for advanced hepatocellular carcinoma 
(HCC). Combining AteBev with sequential local treatment 
holds potential; however, optimal timing, modality and contin‑
uation of systemic chemotherapy remain undetermined. In 
the present study, a retrospective analysis of 123 patients with 
HCC treated with AteBev at two institutions was performed. 
Patients with no apparent residual lesions after sequential local 
treatment or AteBev treatment alone were followed up without 
any systemic chemotherapy (‘drug‑free’ cohort). Outcomes 
focused on the impact of achieving ‘drug‑free’ status, with 

timing assessed based on tumor size and α‑fetoprotein levels. 
The results revealed that serum α‑fetoprotein levels and tumor 
shrinkage plateaued at ~3 and 6 months post‑AteBev treatment, 
respectively. Patients achieving ‘drug‑free’ status demonstrated 
prolonged median survival (P<0.001) and progression‑free 
survival (P<0.001), comparable with patients with ‘clinical 
complete response’ or ‘drug‑off’ statuses. Moreover, particle 
radiotherapy was the most common local treatment modality. 
In conclusion, achieving a ‘drug‑free’ status was associated 
with favorable prognoses. Optimal timing for sequential local 
treatment is suggested as 3‑6 months after AteBev initiation, 
with multidisciplinary strategies to achieve ‘drug‑free’ status 
offering a promising option for the treatment of advanced 
HCC.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common 
malignant tumors worldwide, ranking as the sixth most 
commonly diagnosed cancer and the third leading cause of 
cancer‑related death (1,2). Treatment strategies for advanced 
HCC have diversified in recent years owing to the introduction 
of several regimens after sorafenib [regorafenib, lenvatinib, 
ramucirumab, atezolizumab plus bevacizumab (AteBev), 
cabozantinib and tremelimumab plus durvalumab]  (3). In 
addition, there have been a growing effort to optimize survival 
outcomes by stratifying treatment regimens according to 
variations in therapeutic response and biomarker profiles (4). 
Thus, the treatment outcomes for advanced HCC are expected 
to continue improving.

In the IMbrave150 trial, AteBev treatment, a combina‑
tion of anti‑programmed cell death‑ligand 1 inhibitor and 
anti‑vascular endothelial growth factor inhibitor, demonstrated 
superior survival outcomes and treatment response to sorafenib. 
In addition, it is accepted as the first‑line treatment worldwide 
for advanced‑stage HCC, according to the Barcelona Clinic 
Liver Cancer (BCLC) classification (5,6). Owing to its high 
response rate, the concept of conversion therapy, combining 
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AteBev and sequential local treatments, which could prolong 
overall survival (OS) and progression‑free survival (PFS), has 
attracted considerable attention in recent years (7,8). However, 
the definition of conversion therapy varies among institu‑
tions, and there are no standardized strategies regarding the 
timing and modality of local treatment, or whether systemic 
chemotherapy should be continued after local treatment. 
Kudo et al (9) proposed the ‘clinical complete response (CR)’ 
and ‘drug‑off’ criteria, and patients meeting these criteria 
with or without curative conversion achieved good clinical 
outcomes. However, the study cohort was limited to patients 
with BCLC stage B, and most of the local treatment modalities 
were transarterial chemoembolization (TACE) and radiofre‑
quency ablation (RFA). In addition, the proposed ‘clinical CR’ 
and ‘drug‑off’ criteria are clinically inflexible for adapting to 
all cases.

Therefore, the present study aimed to assess the outcomes 
of AteBev treatment for advanced HCC and elucidate the 
optimal timing for introducing local treatment. The present 
study also aimed to evaluate the prognostic value of discon‑
tinuing systemic chemotherapy and switching to careful 
observation in patients who achieved a CR based on imaging 
according to the modified Response Evaluation Criteria in 
Solid Tumors (RECIST)  (10), regardless of tumor marker 
normalization.

Patients and methods

Study population. The present retrospective study analyzed 
123 consecutive patients with HCC treated with AteBev at 
Kobe University Hospital (Kobe, Japan) and Kobe Minimally 
invasive Cancer Center (Kobe, Japan) between October 2020 
and January 2024. All procedures were performed following 
the ethical standards of the institutions and the National 
Research Committee, in accordance with the Declaration 
of Helsinki. The present study was approved by the ethics 
committees of Kobe University Hospital and Kobe Minimally 
invasive Cancer Center (approval no. B240024). An opt‑out 
method was employed in accordance with institutional guide‑
lines. Information about the study was publicly disclosed on 
the institutional websites of Kobe University Hospital and 
Kobe Minimally invasive Cancer Center, allowing patients the 
opportunity to decline participation.

Data collection. The following patient and laboratory data 
were collected: Sex, age, performance status, serum total 
bilirubin, albumin, α‑fetoprotein (AFP) level, des‑γ‑carboxy 
prothrombin level, prothrombin time, neutrophil‑to‑lympho‑
cyte ratio (NLR) (11) and viral serology. Liver function was 
evaluated using the Child‑Pugh classification (12) and modi‑
fied albumin‑bilirubin (mALBI) grade  (13). Performance 
status was assessed using the Eastern Cooperative Oncology 
Group (ECOG) Performance Status guidelines  (14). HCC 
was diagnosed histologically and/or radiologically based on 
contrast‑enhanced (CE)‑computed tomography (CT) and/or 
gadolinium‑ethoxybenzyl‑diethylenetriamine pentaacetic acid 
(EOB)‑enhanced magnetic resonance imaging (MRI) findings 
according to the practice guidelines proposed by the American 
Association for the Study of Liver Disease in 2018 (15). The 
following pretreatment imaging findings were obtained: 

Tumor number, tumor size, presence of macrovascular inva‑
sion, presence of extrahepatic lesions and BCLC staging (6).

Definition of the ‘drug‑free’ criteria. The ‘clinical CR’ criteria 
proposed by Kudo et al (9) were defined as follows: i) CR on 
CT or MRI according to the modified RECIST; and ii) normal‑
ization of the levels of three tumor markers for ≥6 weeks when 
any of these three markers is elevated. The ‘drug‑off’ status 
was defined in patients who could be curatively resected 
or in those who received curative locoregional therapy 
and fulfilled the following criteria: i) Achievement of CR 
according to the modified RECIST by super‑selective TACE 
with curative intent or RFA/microwave ablation; ii) mainte‑
nance of three normalized tumor markers for ≥24 weeks; and 
iii) complete disappearance of intratumoral arterial flow on 
CE ultrasound (9). Furthermore, the following definition for 
the ‘drug‑free’ cohort was used, with patients followed up who 
fulfilled the criteria: i) Achievement of one of the following 
conditions: CR using AteBev treatment alone based on the 
modified RECIST or sequential local treatment following 
AteBev treatment; ii) no apparent residual lesions detected 
using CE‑CT or EOB‑MRI; and iii) non‑essential normaliza‑
tion of tumor markers.

In the present study, patients with no apparent residual 
lesions after sequential local treatment or AteBev treatment 
alone were followed up without any systemic chemotherapy. 
The modality and timing of the sequential local treatment 
were decided by the attending physician. After sequential 
local treatment, observation without AteBev treatment was 
performed regardless of tumor marker normalization. Another 
local treatment was administered if residual lesions could be 
controlled. Patients who achieved CR with AteBev treatment 
alone were followed up without AteBev treatment.

The present study assessed the survival outcomes between 
the ‘drug‑free’ cohort and patients achieving ‘clinical CR’ or 
‘drug‑off’ criteria, and the validity of the strategy aiming at a 
drug‑free status.

Study design. The inclusion criteria for patients receiving 
AteBev treatment were as follows: ECOG performance status 
of 0‑2; clinical diagnosis of advanced HCC; and Child‑Pugh 
classes A and B. Moreover, the exclusion criteria were as 
follows: Serious complications; ascites refractory or minimally 
responsive to therapy; uncontrolled gastroesophageal varices; 
severe autoimmune diseases; and missing follow‑up or short 
follow‑up time (≤30 days). A flow diagram of the patient selec‑
tion process is presented in Fig. S1.

Atezolizumab (1,200 mg) and bevacizumab (15 mg/kg) 
were administered intravenously every 3 weeks. Laboratory 
data were collected at the time of administration. Treatment 
responses were evaluated every 3‑12 weeks using CE‑CT 
and/or EOB‑MRI according to the RECIST (version 1.1) 
and modified RECIST (10,16). The changes in tumor size of 
all patients during AteBev treatment were evaluated using 
spider plots based on the RECIST (version 1.1). Treatment 
discontinuation and withdrawal were determined in accor‑
dance with the protocol of the IMbrave150 trial (5). To assess 
the duration of the effectiveness of AteBev treatment, the 
transition of serum AFP levels was evaluated. Patients with 
serum AFP levels ≥10 ng/ml (the upper limit of normal), 
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which decreased at the first evaluation, were included in the 
analysis.

Statistical analyses. OS was defined as the time from the 
initiation of AteBev treatment to death from any cause. PFS 
was defined as the time from the initiation of AteBev treat‑
ment to disease progression or death from any cause.

All statistical analyses were performed using JMP Pro, 
version 17 (SAS Institute, Inc.). OS and PFS were estimated 
using the Kaplan‑Meier method and compared using the 
log‑rank test. Changes in tumor size based on RECIST 
(version 1.1) were expressed using Spider plots. The serum 
AFP levels transition were expressed using box plots. Clinical 
factors were analyzed using the χ2 test or Fisher's exact test, 
as appropriate. Univariate and multivariate analyses of the 
pretreatment clinical factors associated with poor OS were 
performed using the Cox proportional hazards model. Factors 
previously reported to be associated with poor OS among 
the pretreatment factors (mALBI grade, NLR, macrovas‑
cular invasion, BCLC classification and treatment line) were 
included in the multivariate analysis. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Baseline patient characteristics. A total of 123 consecutive 
patients were enrolled in the present study, and their base‑
line characteristics are listed in Table I. The cohort included 
98 men and 25 women, with a median age of 73 years. A 
total of ~50% of the patients had a non‑viral etiology 
(n=62). Furthermore, 109 patients (88.6%) were classified as 
Child‑Pugh A, and 74 (60.2%) as mALBI grade 1 + 2a. A 
total of 72 patients (58.5%) were classified as BCLC stage C. 
Additionally, 82 patients (66.7%) were administered AteBev 
as a first‑line treatment.

Treatment efficacy and survival outcomes. At the data cutoff 
date (January 31, 2024), the median follow‑up duration in 
all patients was 13.0 months [95% confidence interval (CI), 
12.6‑15.0] Treatment responses are presented in Table SI. 
The objective response rate (ORR) and disease control rate 
(DCR) based on the RECIST (version 1.1) were 29.3 and 
78.9%, respectively, whilst the ORR and DCR based on the 
modified RECIST were 38.2 and 78.9%, respectively. The 
median survival time (MST) was 21.7  months (95%  CI, 
15.9‑25.4), and the median PFS was 7.4 months (95% CI, 
5.0‑10.2) (Fig. 1A and B). The OS and PFS were well strati‑
fied by the RECIST (version 1.1): CR, not reached (95% CI, 
NA‑NA) and not reached (95% CI, NA‑NA); partial response, 
31.1 months (95% CI, 23.3‑NA) and 16.9 months (95% CI, 
9.7‑21.0); stable disease, 15.9 months (95% CI, 12.1‑19.4) 
and 7.1 months (95% CI, 4.4‑9.7); and progressive disease, 
11.6 months (95% CI, 7.0‑NA) and 2.2 months (95% CI, 
1.6‑2.5) (Fig. 1C and D). The OS and PFS were markedly 
longer in patients who achieved objective response than 
in those who achieved non‑objective response: MST not 
reached [95% CI, 24.5‑not applicable (NA)] compared with 
15.0 months (95% CI, 11.9‑18.9) (P<0.01); and median PFS of 
20.5 months (95% CI, 14.1‑NA) compared with 4.14 months 
(95% CI, 3.1‑5.5; P<0.01) (Fig. 1E and F).

Transition in tumor size and serum AFP level. Spider plots of 
the changes in tumor size based on the RECIST (version 1.1) 
are presented in Fig. 2. Almost all patients with sequential 

Table  I. Baseline characteristics of patients (n=123) in the 
present study.

Characteristic	 Value

Age, years	 73 (66‑77)
Sex	
  Male	 98 (79.7)
  Female	 25 (20.3)
ECOG PS	
  0	 76 (61.8)
  1‑2	 47 (38.2)
Etiology	
  Viral	 61 (49.6)
  Non‑Viral	 62 (50.4)
Child‑Pugh class	
  A	 109 (88.6)
  B	 14 (11.4)
mALBI grade	
  1 + 2a	 74 (60.2)
  2b + 3	 49 (39.8)
NLR	 2.56 (1.73‑3.97)
AFP	
  <400 ng/ml	 85 (69.1)
  ≥400 ng/ml	 38 (30.9)
DCP	
  <40 mAU/ml	 25 (20.3)
  ≥40 mAU/ml	 98 (79.7)
Intrahepatic lesion	
  None	 17 (13.8)
  Solitary	 23 (18.7)
  Multiple	 83 (67.5)
Macrovascular invasion	
  Yes	 35 (28.5)
  No	 88 (71.5)
Extrahepatic metastasis	
  Yes	 46 (37.4)
  No	 77 (62.6)
BCLC classification	
  A	 1 (0.8)
  B	 50 (40.7)
  C	 72 (58.5)
Treatment line	
  1st	 82 (66.7)
  Late line	 41 (33.3)

Data are presented as median (interquartile range) or n (%). ECOG 
PS, Eastern Cooperative Oncology Group Performance Status; 
mALBI, modified albumin‑bilirubin; NLR, neutrophil‑to‑lymphocyte 
ratio; AFP, α‑fetoprotein; DCP, des‑γ‑carboxy prothrombin; BCLC, 
Barcelona Clinic Liver Cancer.

https://www.spandidos-publications.com/10.3892/ol.2025.15212


ISHIHARA et al:  ACHIEVING DRUG‑FREE STATUS FOR ADVANCED HCC USING ATEZOLIZUMAB PLUS BEVACIZUMAB4

local treatment reached a plateau at ~6 months. Moreover, the 
serum AFP level transition in patients with serum AFP levels of 
≥10 ng/ml, which decreased at the first evaluation, is presented in 
Fig. 3. Of all patients, 55 were included in the analysis. Although 
the serum AFP ratio [AFP (X month)/AFP at baseline (before 
AteBev initiation)] decreased until 3 months after AteBev 
initiation, it increased at ~4 months (Fig. 3A). Furthermore, the 

serum AFP ratio [AFP (X month)/AFP (X‑1 month)] was close 
to 1 at ~3 months, indicating a plateau in AFP decline, after 
which the serum AFP level continued to increase (Fig. 3B).

Impact of sequential local treatment on survival outcomes. 
Out of all the patients, 14 (11.4%) underwent sequential local 
treatment following AteBev treatment, and eight achieved CR 

Figure 1. OS and PFS analyzed using the Kaplan‑Meier method. (A) OS and (B) PFS of all patients. MST of all patients was 21.7 months (95% CI, 15.9‑25.4) 
and median PFS of all patients is 7.4 months (95% CI, 5.0‑10.2). (C) OS and (D) PFS stratified by treatment response according to the RECIST (version 1.1). 
MST of each response category was as follows: CR, not reached (95% CI, NA‑NA); PR, 31.1 months (95% CI, 23.3‑NA); SD, 15.9 months (95% CI, 12.1‑19.4); 
and PD, 11.6 months (95% CI, 7.0‑NA). Median PFS of each response category was as follows: CR, not reached (95% CI, NA‑NA); PR, 16.9 months (95% CI, 
9.7‑21.0); SD, 7.1 months (95% CI, 4.4‑9.7); and PD, 2.2 months (95% CI, 1.6‑2.5). (E) OS and (F) PFS of patients with or without an objective response 
according to the RECIST (version 1.1). MST of patients with or without an objective response is as follows: CR + PR, not reached (95% CI, 24.5‑NA); and SD 
+ PD, 15.0 months (95% CI, 11.9‑18.9). Median PFS of patients with or without an objective response was as follows: CR + PR, 20.5 months (95% CI, 14.1‑NA); 
and SD + PD, 4.1 months (95% CI, 3.1‑5.5). OS, overall survival; PFS, progression‑free survival; MST, median survival time; CI, confidence interval; RECIST, 
Response Evaluation Criteria in Solid Tumors; CR, complete response; NA, not applicable; PR, partial response; SD, stable disease; PD, progressive disease.
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using AteBev treatment alone and were followed up without 
systemic chemotherapy (‘drug‑free’ cohort; Fig.  S2). The 
median duration from the AteBev initiation to local treat‑
ment was 7.2 months (95% CI, 6.3‑11.1). Sequential local 
treatment comprised nine patients who underwent particle 
radiotherapy (PRT), one patient who underwent surgery and 
four patients who underwent TACE. The survival outcomes 
were significantly improved in the ‘drug‑free’ cohort 
compared to those not meeting the ‘drug‑free’ criteria: MST 
not reached (95% CI, 25.4‑NA) compared with 16.3 months 
(95% CI, 13.0‑21.8; P<0.0001); and median PFS not reached 
(95%  CI, 18.4‑NA) compared with 5.0  months (95%  CI, 
3.7‑7.1; P<0.0001) (Fig. 4A and B). In the drug‑free cohort, five 
patients experienced recurrences during the follow‑up term. Of 
the five patients, AteBev was re‑administered to two patients, 
one underwent salvage surgery and two underwent TACE, 
resulting in a ‘drug‑free’ status. The MST (95% CI, NA‑NA) 
and median PFS (95% CI, 18.4‑NA) of patients meeting the 
‘clinical CR’ criteria were not reached, whereas the MST 
and median PFS of those who did not meet the ‘clinical CR’ 
criteria were 16.9 months (95% CI, 13.6‑23.0) and 5.5 months 
(95% CI, 4.1‑8.8), respectively (Fig. 4C and D). Moreover, the 
MST (95% CI, NA‑NA) and median PFS (95% CI, NA‑NA) 
of patients meeting the ‘drug‑off’ criteria after sequential 
local treatment or AteBev treatment alone were not reached, 
whereas the MST and median PFS of those who did not meet 
the ‘drug‑off’ criteria were 18.9 months (95% CI, 14.1‑23.0) 
and 6.0 months (95% CI, 4.1‑8.9), respectively (Fig. 4E and F). 
No patients meeting the ‘clinical CR’ and ‘drug‑off’ criteria 
died during the follow‑up term. A total of two patients meeting 
the ‘clinical CR’ criteria and no patients meeting the ‘drug‑off’ 
criteria experienced recurrences during the follow‑up term.

Factors related to OS after AteBev treatment. The asso‑
ciations between achieving a ‘drug‑free’ status and clinical 
parameters are presented in Table II. Among these factors, 
a significantly higher number of patients with ‘drug‑free’ 
status was observed for patients with greater liver function, as 
indicated by mALBI grade 1 + 2a, compared with those with 

Figure 2. Spider plots demonstrating the change in the sum of tumor size 
in all patients during AteBev treatment. Red lines indicate the patients who 
achieved sequential local treatment after AteBev treatment. AteBev, atezoli‑
zumab plus bevacizumab.

Table  II. Association between drug‑free status and clinical 
factors.

	 Drug‑free status
	---------------------------------
		  No	 Yes	
Clinical factor	 n	 (n=101)	 (n=22)	 P‑valuea

Age				    0.112
  <73 years	 58	 51	 7	
  ≥73 years	 65	 50	 15	
Sex				    0.387
  Male	 98	 82	 16	
  Female	 25	 19	 6	
ECOG PS				    0.440
  0	 76	 64	 12	
  1‑2	 47	 37	 10	
Etiology				    0.608
  Viral	 61	 49	 12	
  Non‑viral	 62	 52	 10	
Child‑Pugh class				    0.715
  A	 109	 90	 19	
  B	 14	 11	 3	
mALBI grade				    0.022
  1 + 2a	 74	 56	 18	
  2b + 3	 49	 45	 4	
NLR				    0.654
  <3	 75	 63	 12	
  ≥3	 47	 38	 9	
AFP				    0.540
  <400 ng/ml	 85	 71	 14	
  ≥400 ng/ml	 38	 30	 8	
DCP				    0.387
  <40 mAU/ml	 25	 19	 6	
  ≥40 mAU/ml	 98	 82	 16	
Intrahepatic lesion				    0.053
  None or solitary	 40	 29	 11	
  Multiple	 83	 72	 11	
Macrovascular invasion				    0.051
  Yes	 35	 25	 10	
  No	 88	 76	 12	
Extrahepatic metastasis				    0.551
  Yes	 46	 39	 7	
  No	 77	 62	 15	
BCLC classification				    0.592
  A or B	 51	 43	 8	
  C	 72	 58	 14	
Treatment line				    0.096
  1st	 82	 64	 18	
  2nd‑	 41	 37	 4	

aData were analyzed using the χ2 test or Fisher's exact test. ECOG PS, 
Eastern Cooperative Oncology Group Performance Status; mALBI, 
modified albumin‑bilirubin; NLR, neutrophil‑to‑lymphocyte ratio; 
AFP, α‑fetoprotein; DCP, des‑γ‑carboxy prothrombin; BCLC, 
Barcelona Clinic Liver Cancer.

https://www.spandidos-publications.com/10.3892/ol.2025.15212
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grade 2b + 3 (P=0.022). In addition, patients who achieved 
‘drug‑free’ status tended to have ≤1 intrahepatic lesion (none 
or single; P=0.053), macrovascular invasion (P=0.053) and 
administration of AteBev as the first‑line treatment (P=0.096); 
however no significant differences were demonstrated.

To further assess prognostic factors, univariate and multi‑
variate Cox proportional analyses were performed to evaluate 
baseline clinical characteristics associated with prolonged OS 
(Table III). Among the pretreatment clinical factors, mALBI 
grade 1 + 2a was independently associated with an improved 
OS [hazard ratio (HR), 0.465; 95% CI, 0.263‑0.823; P=0.009]. 
Other clinical variables, such as NLR (HR, 1.173; 95% CI, 
0.655‑2.102; P=0.591), macrovascular invasion (HR, 1.228; 
95% CI, 0.538‑2.804; P=0.625), BCLC classification (HR, 
1.119; 95% CI, 0.574‑2.182; P=0.741) and treatment line (HR, 
0.660; 95% CI, 0.363‑1.202; P=0.175) were not significantly 
associated with OS.

Discussion

In the present study, the MST and median PFS were slightly 
improved compared with those in the IMbrave150 trial and 
real‑world data from Japan (17,18). Recently, Kudo et al (9) 
reported that achieving ‘clinical CR’ after AteBev treatment 
followed by curative conversion had a marked survival benefit; 
however, it is difficult to implement the proposed ‘clinical CR’ 
and ‘drug‑off’ criteria in all cases in clinical practice due to the 
necessity for long‑term normalization of three tumor markers 
and performing CE ultrasonography. Moreover, the decision 
to continue or discontinue systemic chemotherapy is often a 
comprehensive issue. In the present study, patients with no 
apparent residual lesions after sequential local treatment were 
followed up without any systemic chemotherapy (‘drug‑free’ 

cohort) despite not meeting the proposed criteria. The OS and 
PFS of the ‘drug‑free’ cohort were comparable with those who 
achieved ‘clinical CR’ or ‘drug‑off’ criteria. The prognosis of 
patients who meet the ‘clinical CR’ or ‘drug‑off’ criteria was 
favorable; thus, continuing the systemic chemotherapy until 
meeting these criteria may be considered the optimal treatment 
option. In addition, according to the report by Aoki et al (19), 
cautions should be exercised when evaluating complete tumor 
control solely by modified RECIST‑based CR and normaliza‑
tion of serum AFP levels (≥6 weeks) after curative conversion 
following AteBev treatment. However, the results of the present 
study, with equally favorable outcomes of the ‘drug‑free’ 
cohort, may be an alternative clinical indicator, especially 
for those with difficulty continuing systemic chemotherapy. 
Further advantages of the strategy in the present study include 
the prevention of liver function exacerbation, maintenance 
of patients’ quality‑of‑life, reduction of adverse events and 
preservation of late‑line treatment options. Although further 
studies are necessary, multidisciplinary strategies aimed at 
achieving a drug‑free status may be a valid option for AteBev 
treatment.

Concerning the timing of sequential local treatment, serum 
AFP levels reached a plateau at ~3 months and increased 
thereafter. Tumor shrinkage by radiological findings reached a 
plateau at ~6 months, necessitating consideration for the intro‑
duction of sequential local treatment 3‑6 months after AteBev 
initiation. The present study also demonstrated that cases of 
sustained tumor shrinkage beyond 6 months are quite rare. 
The discrepancy of the transition between serum AFP levels 
and radiological findings suggested that serum AFP levels may 
be a more sensitive indicator of early tumor biological activity 
than radiological findings, and several studies have reported 
that early AFP decrease predicted improved outcomes in 

Figure 3. Transition of serum AFP levels during AteBev treatment. Patients with serum AFP levels of ≥10 ng/ml, which decreased at the first evaluation, were 
included in the analysis. (A) Serum AFP ratio: AFP (X month)/AFP (before AteBev initiation). (B) Serum AFP ratio: AFP (X month)/AFP (X‑1 month). AFP, 
α‑fetoprotein; AteBev, atezolizumab plus bevacizumab.



ONCOLOGY LETTERS  30:  466,  2025 7

patients with HCC treated with AteBev (20,21). It is impor‑
tant to follow up with careful monitoring of the upward trend 
in serum AFP levels and shift to sequential local treatment 

within 6 months of AteBev initiation. Drug sequence changes 
after AteBev treatment should be considered in the absence of 
indications for sequential local treatment. These results have 

Figure 4. OS and PFS analyzed using the Kaplan‑Meier method. (A) OS and (B) PFS of patients in the ‘drug‑free’ cohort. MST of patients with or without 
‘drug‑free’ status was as follows: Drug‑free (+), not reached (95% CI, 25.4‑NA) and drug‑free (‑), 16.3 months (95% CI, 13.0‑21.8). Median PFS of patients 
with or without ‘drug‑free’ status was as follows: Drug‑free (+), not reached (95% CI, 18.4‑NA) and drug‑free (‑), 5.0 months (95% CI, 3.7‑7.1). (C) OS and 
(D) PFS of patients meeting the ‘clinical CR’ criteria. MST of patients meeting or not meeting the ‘clinical CR’ criteria was as follows: Clinical CR (+), not 
reached (95% CI, NA‑NA) and clinical CR (‑), 16.9 months (95% CI, 13.6‑23.0). Median PFS of patients meeting or not meeting the ‘clinical CR’ criteria was as 
follows: Clinical CR (+), not reached (95% CI, 18.4‑NA) and clinical CR (‑), 5.5 months (95% CI, 4.1‑8.8). (E) OS and (F) PFS of patients meeting the ‘drug‑off’ 
criteria. MST of patients meeting or not meeting the ‘drug‑off’ criteria was as follows: Drug‑off (+), not reached (95% CI, NA‑NA) and drug‑off (‑), 18.9 months 
(95% CI, 14.1‑23.0). Median PFS of patients meeting or not meeting the ‘drug‑off’ criteria was as follows: Drug‑off (+), not reached (95% CI, NA‑NA) and 
drug‑off (‑), 6.0 months (95% CI, 4.1‑8.9). OS, overall survival; PFS, progression‑free survival; MST, median survival time; CI, confidence interval; NA, not 
applicable; CR, complete response.

https://www.spandidos-publications.com/10.3892/ol.2025.15212
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important implications regarding the timing of bevacizumab 
withdrawal when considering sequential hepatectomies. 
According to a recent questionnaire survey in Japan regarding 
the duration of treatment with AteBev prior to conversion 
surgery, the most frequent answers were 4 months (40%) and 

6 months (27%) (22). However, there is currently a lack of 
evidence‑based studies regarding the optimal timing for local 
treatment introduction after AteBev treatment. To the best 
of our knowledge, the present study is the first to assess the 
timing of the introduction of local treatment based on changes 

Table III. Association between clinical factors and overall survival.

	 Univariate analysis	 Multivariate analysis
	------------------------------------------------------------------	------------------------------------------------------------------ 
Clinical factor	 n	 Mean, months	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

Age			   0.948	 0.551‑1.629	 0.846			 
  <73 years	 58	 13.980						    
  ≥73 years	 65	 13.568						    
Sex			   1.139	 0.585‑2.217	 0.702			 
  Male	 98	 13.398						    
  Female	 25	 15.189						    
ECOG PS			   0.829	 0.474‑1.449	 0.510			 
  0	 76	 14.405						    
  1‑2	 47	 12.722						    
Etiology			   0.948	 0.551‑1.630	 0.846			 
  Viral	 61	 13.914						    
  Non‑viral	 62	 13.607						    
mALBI grade			   0.545	 0.317‑0.936	 0.028	 0.465	 0.263‑0.823	 0.009
  1 + 2a	 74	 15.003						    
  2b + 3	 49	 11.888						    
NLR			   0.992	 0.575‑1.710	 0.976	 1.173	 0.655‑2.102	 0.591
  <2.56	 61	 13.766						    
  ≥2.56	 61	 13.633						    
AFP			   0.702	 0.399‑1.234	 0.219			 
  <400 ng/ml	 85	 14.199						    
  ≥400 ng/ml	 38	 12.784						    
DCP			   0.879	 0.461‑1.677	 0.696			 
  <40 mAU/ml	 25	 15.982						    
  ≥40 mAU/ml	 98	 13.196						    
Intrahepatic lesion			   0.737	 0.398‑1.363	 0.330			 
  None or solitary	 40	 13.486						    
  Multiple	 83	 13.895						    
Macrovascular invasion			   1.320	 0.686‑2.541	 0.406	 1.228	 0.538‑2.804	 0.625
  Yes	 35	 14.126						    
  No	 88	 12.846						    
Extrahepatic metastasis			   0.977	 0.555‑1.720	 0.936			 
  Yes	 46	 12.758						    
  No	 77	 14.361						    
BCLC classification			   1.098	 0.632‑1.906	 0.741	 1.119	 0.574‑2.182	 0.741
  A or B	 51	 14.609						    
  C	 72	 13.162						    
Treatment line			   0.661	 0.385‑1.136	 0.134	 0.660	 0.363‑1.202	 0.175
  1st	 82	 13.183						    
  2nd	 41	 14.920						    

HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group Performance Status; mALBI, modified albumin‑bili‑
rubin; NLR, neutrophil‑to‑lymphocyte ratio; AFP, α‑fetoprotein; DCP, des‑γ‑carboxy prothrombin; BCLC, Barcelona Clinic Liver Cancer.
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in AFP levels and radiological findings after AteBev treat‑
ment.

The concept of conversion after systemic chemotherapy is 
a current topic. Several studies have reported a conversion rate 
of 5.3‑19% after AteBev treatment (7,23,24), which is similar 
to the introduction rate of sequential local treatment in the 
present study (11.4%). Although conversion therapy generally 
refers to local treatment after technically or oncologically 
converting unresectable tumors into resectable HCC (25), the 
definition of ‘unresectable’ tumors varies among physicians 
and institutions. The concept of conversion has not yet been 
unified. However, there are a growing number of reports 
regarding combination therapy with systemic chemotherapy 
followed by sequential local treatment (7‑9), which contributes 
to prolonged OS and PFS in patients with advanced HCC. In 
addition, the introduction of sequential local treatment after 
AteBev treatment is key to prolonged prognosis (26).

According to previous reports regarding conversion 
therapy, the predictive factors for transition to conversion 
therapy were NLR of <3, mALBI grade 1 + 2a and BCLC 
stage A/B (7,8,27). In the present study, mALBI grade 1 + 2a 
was associated with both a ‘drug‑free’ status and improved 
OS. Therefore, maintaining normal liver function through 
multidisciplinary treatment is important. By contrast, macro‑
vascular invasion, categorized as BCLC stage C (6), was also 
associated with ‘drug‑free’ status in the present study. One 
reason for this is that AteBev may be effective in treating 
oncologically aggressive tumors (28). Our previous research 
reported the efficacy of PRT as a curative local treatment for 
locally advanced HCC (29‑31), and it also served an important 
role in the ‘drug‑free’ cohort. Unlike BCLC stage B HCC, there 
have been very few reports on conversion therapy for BCLC 
stage C  (32). By using several local treatment modalities, 
including PRT, favorable local control and prolonged survival 
outcomes may be achieved, even for HCC with macrovascular 
invasion.

The treatment modalities for sequential local treat‑
ment include surgery, RFA and TACE (9). However, there 
are currently no well‑established guidelines regarding the 
optimal choice of sequential local treatments following 
systemic chemotherapy. Surgery is generally accepted as 
the most common curative treatment modality; however, it 
is controversial whether TACE and radiotherapy are curative 
local therapies after systemic chemotherapy owing to their 
lower efficacy  (1,33). Nevertheless, previous studies have 
reported the improved efficacy of local control using TACE 
after systemic chemotherapy (34‑36). As the indications for 
surgery are often restricted due to liver functional, technical 
and oncological issues (37), TACE is expected to serve an 
important role in achieving a ‘drug‑free’ status for patients 
who are unsuitable for surgery. PRT is also a promising and 
less toxic modality for the local control of HCC due to its 
high dose concentration at the Bragg peak (38‑40) and is 
recognized as a curative local treatment (41,42). In the present 
study, the treatment impacts were not directly compared 
among the local treatment modalities due to the low introduc‑
tion rate of sequential local treatment. Further analyses with 
larger sample sizes and long‑term observations are required 
to determine the precise choice of local treatments following 
systemic chemotherapy.

The present study had several limitations. First, it was 
performed retrospectively at only two institutions. Although, 
the number of patients was sufficient for demonstrating the 
prolonged survival outcomes of the ‘drug‑free’ cohort, the 
number of patients who received local treatment following 
AteBev was too small and direct comparisons between treat‑
ment modalities within the cohort were difficult. Second, the 
decision for sequential local treatment depended on the physi‑
cian, and fixed criteria were not defined. Indeed, it is difficult 
to establish standardized criteria for shifting to local treatment 
due to liver function, as well as oncological and technical 
factors. The same applies to the decision to withdraw AteBev 
treatment when CR is achieved after AteBev alone. Third, 
AFP‑negative (serum AFP levels of <10 ng/ml) patients were 
not eligible for consideration of the optimal timing of sequen‑
tial local treatment based on the transition of serum AFP 
levels. Meticulous observation using radiological imaging is 
required for AFP‑negative patients.

In conclusion, patients with advanced HCC who achieved 
sequential local treatment or CR after AteBev treatment had 
improved survival outcomes compared with those who did 
not achieve treatment. When considering sequential local 
treatment, the optimal timing is 3‑6 months after AteBev 
initiation. Follow‑up with a ‘drug‑free’ status after local treat‑
ment or achievement of CR may be an option. Moreover, PRT 
may be a preferred alternative to local treatment after AteBev 
treatment. However, further evidence on the continuation of 
systemic chemotherapy after conversion therapy is required.
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