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Abstract
Introduction: Immune checkpoint inhibitors (ICIs) have 
emerged as the first-line systemic therapy for unresectable 
hepatocellular carcinoma (HCC). Emerging evidence 
suggests that immune-related adverse events (irAEs) may 
be associated with improved ICI efficacy.  This study 
evaluated the impact of adverse events during 
atezolizumab plus bevacizumab therapy on clinical 
outcomes in patients with unresectable HCC. Methods:
This retrospective study included consecutive patients re
ceiving first-line  atezolizumab plus bevacizumab for 
unresectable HCC. IrAEs and bevacizumab-related adverse 
events were assessed using the National Cancer Institute’s 
Common Terminology Criteria for Adverse Events (version 
5.0). Imaging studies conducted during treatment were 
reviewed to identify asymptomatic, imaging-detected 

adverse events. Overall survival (OS) was the primary 
endpoint and was analyzed using time-dependent Cox 
regression. The secondary endpoint was the disease 
control rate (DCR). Results: Among the 198 enrolled pa
tients, 12 had imaging-detected irAEs without symptoms 
(asymptomatic AE group), whereas 56 experienced clinical 
symptoms of irAEs (n = 28), bevacizumab-related adverse 
events (n = 19) or both (n = 9) (symptomatic AE group). The 
OS rates at 6, 12, 18, and 24 months were 100.0%, 82.5%, 
82.5%, and 82.5%, respectively, in the asymptomatic AE 
group; 89.1%, 64.1%, 41.7%, and 40.5%, respectively, in the 
symptomatic AE group; and 72.3%, 48.3%, 31.3%, and 
19.4%, respectively, for the non-AE group. Compared 
with the non-AE group, both the asymptomatic and 
symptomatic AE groups showed significantly  improved 
OS in the inverse probability of treatment weighting- 
adjusted time-dependent Cox regression analysis (p = 
0.02). The DCR was significantly  greater in the 
asymptomatic AE group (100.0%) and the symptomatic 
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AE group (91.8%) than in the non-AE group (60.0%) (p < 
0.001). Conclusion: Adverse events during atezolizumab 
plus bevacizumab therapy are associated with improved OS 
and treatment response in unresectable HCC patients. 
Asymptomatic imaging-detected irAEs may serve as 
prognostic factors, highlighting the value of proactive 
imaging in patient management. © 2025 The Author(s). 

Published by S. Karger AG, Basel

Plain Language Summary
Hepatocellular carcinoma (HCC) is a leading cause of cancer- 
related deaths worldwide. For patients with unresectable 
HCC, a combination of two drugs – atezolizumab and 
bevacizumab – is now widely used as the first-line therapy. 
These medicines can cause side effects, called adverse 
events. Some are related to immune system activity, while 
others are associated with bevacizumab. We aimed to de
termine whether the occurrence of these adverse events 
could provide information about treatment outcomes. We 
studied 198 patients treated with atezolizumab plus bev
acizumab. We examined two types of adverse events: (1) 
those found only on imaging scans without symptoms and 
(2) those detected by symptoms or laboratory tests. We 
found that patients who experienced either type of adverse 
event generally lived longer and responded better to 
treatment than those without adverse events. In particular, 
patients with imaging-detected, asymptomatic adverse 
events showed the most favorable outcomes. Our findings 
suggest that not all treatment-related side effects are 
harmful. Instead, their occurrence – especially when de
tected early on imaging – may indicate that treatment is 
working effectively. This underlines the value of regular 
imaging, not only for monitoring tumor response but also 
for identifying treatment-related adverse events that may 
predict improved prognosis in patients with HCC.

© 2025 The Author(s). 
Published by S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) remains the third 
leading cause of cancer-related death worldwide [1]. 
Since the success of the IMbrave 150 trial, atezolizumab 
plus bevacizumab has become the first-line systemic 
treatment for unresectable HCC [2]. Recently, the HI
MALAYA study revealed that the combination of im
mune checkpoint inhibitors (ICIs) consisting of trem
elimumab plus regular-interval durvalumab significantly 

improved overall survival (OS) compared with sorafenib 
in patients with unresectable HCC [3]. Therefore, the 
treatment for unresectable HCC has shifted from tyro
sine kinase inhibitors to ICIs, leading to improved 
survival outcomes. In contrast to other types of cytotoxic 
chemotherapy, ICIs have distinct adverse events (AEs) 
related to the immune response [4]. As ICIs have become 
the dominant therapy for unresectable HCC, the early 
diagnosis and management of immune-related adverse 
events (irAEs) are essential for sustaining long-term 
treatment and improving survival outcomes.

Previous studies have suggested that the occurrence of 
irAEs can increase the efficacy of ICIs, improve survival 
rates, and increase response rates in patients with various 
cancers [5, 6]. In cases of HCC, the combination of 
atezolizumab and bevacizumab has been notably asso
ciated with favorable survival outcomes when mild irAEs 
occur, suggesting their potential as surrogate markers for 
HCC prognosis [7–9]. Regarding bevacizumab-related 
AEs, retrospective studies have suggested that arterial 
hypertension induced by bevacizumab may also be as
sociated with positive outcomes in liver cancer patients 
[10, 11]. However, severe irAEs, leading to treatment 
cessation, have been linked to significantly worse out
comes [8, 12]

With the comprehensive introduction of dual ICI 
treatments like tremelimumab and durvalumab, and 
considering the high likelihood of the future develop
ment and approval of ICI-centered therapies, the early 
detection of irAEs and appropriate therapeutic decision- 
making are crucial for the continuation of successful ICI 
therapy [13]. However, a comprehensive evaluation of 
the relationship between the development of AEs during 
treatment with atezolizumab plus bevacizumab for un
resectable HCC and the clinical outcome has not been 
fully performed. Therefore, our study was conducted 
with the aim of comprehensively evaluating the effects of 
treatment-related AEs assessed by both clinical symp
toms and imaging studies on the clinical outcomes in 
patients with unresectable HCC treated with atezolizu
mab plus bevacizumab.

Patients and Methods

Study Population
Consecutive patients who received atezolizumab plus 

bevacizumab as first-line systemic therapy for un
resectable HCC between October 2020 and June 2023 at 
Seoul National University Hospital (Seoul, South Korea) 
were retrospectively reviewed. HCC was diagnosed 
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radiologically and/or histologically according to the 
latest updated guidelines [14, 15]. This study conformed 
to the ethical guidelines of the World Medical Associ
ation Declaration of Helsinki. This study was approved 
by the Institutional Review Board (IRB) of Seoul Na
tional University Hospital (IRB No. H-2307-071-1448). 
The requirement to obtain informed consent from pa
tients was waived by the IRB because of the retrospective 
nature of this study.

Patients were included in the study on the basis of the 
following criteria: (i) age >18 years; (ii) unequivocal 
diagnosis of unresectable HCC on the basis of radio
logical and/or histological findings; (iii) treatment with 
atezolizumab plus bevacizumab as first-line systemic 
therapy; and (iv) Eastern Cooperative Oncology Group 
performance status of 0 or 1. Patients who met any of the 
following criteria were excluded: (i) the presence of 
another concurrent malignancy; (ii) failure to conduct 
initial response assessment after the administration of 
atezolizumab plus bevacizumab; and (iii) prior recipient 
of a liver transplant.

Treatment Regimens
The atezolizumab plus bevacizumab regimen was 

administered intravenously. Atezolizumab was given at a 
dose of 1,200 mg. Bevacizumab was then given at a dose 
of 15 mg/kg. Both were administered on the same day 
every 3 weeks [16]. When an AE occurred, treatment was 
resumed according to the National Comprehensive 
Cancer Network guidelines [17]. Treatment with ate
zolizumab plus bevacizumab was discontinued in pa
tients who experienced fatal AEs, disease progression, or 
liver failure [14, 15, 18].

Assessments and Outcomes
IrAEs and bevacizumab-related AEs were evaluated 

according to the National Cancer Institute’s Common 
Terminology Criteria for Adverse Events (CTCAE) 
version 5.0, which uses a severity scale ranging from 
grade 1 to grade 5. Grade 5 represents an AE leading to 
death, whereas grade 0 indicates the absence of any 
symptoms or problems. Within the broad spectrum of 
AEs, irAEs are defined as those with a pathophysiology 
likely associated with an immunological response or 
those for which the physicians administer corticosteroids 
as rescue therapy [19]. The AEs related to bevacizumab 
have been defined on the basis of clinical symptoms 
associated with vascular endothelial growth factor 
(VEGF) inhibition, as identified in previous studies [2, 
20]. The occurrence of adverse events in all patients was 
regularly assessed during outpatient visits, and their 

occurrence and severity were thoroughly documented in 
the electronic medical records. All the imaging studies 
that were conducted during treatment, including 
contrast-enhanced liver computed tomography (CT) 
and chest CT scans, were retrospectively reviewed by a 
single board-certified radiologist specializing in body 
imaging to identify any imaging manifestations that 
suggested the occurrence of irAEs. To accurately de
termine whether the imaging findings represented irAEs, 
clinical symptoms and laboratory results were evaluated 
in parallel, with reference to previous literature de
scribing the characteristic radiological features of irAEs 
[21, 22]. The detailed results of the imaging evaluations 
are provided in the supplementary data (for all online 
suppl. material, see https://doi.org/10.1159/000548830). 
Based on these criteria, AEs in this study were catego
rized into two groups: asymptomatic AEs, defined as 
radiological findings suggestive of irAEs without con
current clinical or laboratory abnormalities, and 
symptomatic AEs, defined as all other AEs detected by 
clinical manifestations or laboratory findings, including 
both irAEs and bevacizumab-related AEs. The detailed 
results of the imaging evaluations are provided in the 
supplementary data.

The index date was defined as the date on which the 
patient started treatment with atezolizumab plus bev
acizumab. Patients were censored on the earliest of the 
following dates: the date of the last follow-up, death, or 
the data cutoff date (August 31, 2024). The date of the 
first AE, in cases in which both an irAE and a 
bevacizumab-related AE occurred, was defined as the 
date of the first of the two events.

The primary endpoint was OS. The secondary 
endpoints were time-to-progression (TTP), the inci
dence of AEs during treatment, and the disease control 
rate (DCR). The radiological response to treatment 
was evaluated at intervals of three treatment cycles via 
dynamic CT or magnetic resonance imaging in ac
cordance with the Response Evaluation Criteria in 
Solid Tumors, version 1.1 (RECIST 1.1). Tumor 
markers, including the serum levels of alpha- 
fetoprotein and protein induced by vitamin K ab
sence or antagonist-II (PIVKA-II), were also measured 
every three treatment cycles.

Statistical Analysis
Baseline clinical and demographic characteristics 

were compared between the groups stratified by the 
development of AEs. Categorical variables are pre
sented as frequencies (%), and continuous variables 
are presented as medians with interquartile ranges 
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(IQRs). Categorical variables were compared using 
Pearson’s χ2 test, whereas continuous variables were 
compared using analysis of variance (ANOVA) or the 
Kruskal-Wallis test. Inverse probability of treatment 
weighting (IPTW) was applied to minimize potential 
confounding. A propensity score model was constructed 
to most effectively achieve balance in baseline charac
teristics between groups by incorporating covariates 
relevant to treatment assignments, outcome prognosis, or 
potential confounding effects. The final model included 
age, sex, the albumin-bilirubin (ALBI) score, the 
neutrophil-lymphocyte ratio, and alpha-fetoprotein levels 
[23, 24]. The Kaplan-Meier estimator and log-rank test 
were used to analyze the time-to-event outcomes, in
cluding time to first AE, OS, TTP, and PFS. For OS, TTP, 
and PFS, time-dependent Cox regression models were 
additionally applied, in which AE occurrence was mod
eled as a time-varying covariate [25, 26]. These analyses 
were conducted both before and after IPTW adjustment 
to account for potential baseline confounding. A multi
variable time-dependent Cox regression model was 
constructed to identify independent risk factors, incor
porating covariates that were significant in univariable 
analyses or that showed minimal multicollinearity.

All the statistical analyses were performed using R 
version 4.2.3 (R Foundation for Statistical Computing, 
Vienna, Austria). p values <0.05 indicated statistically 
significant differences.

Results

Study Population
A total of 198 patients were included in this study 

(Fig. 1). The following irAEs detected only on CT scans 
without accompanying symptoms were observed in 12 
patients (asymptomatic imaging-detected AEs group): 
pulmonary infiltration suggesting pneumonitis (n = 8), 
colon wall thickening suggesting colitis (n = 2), mes
enteric infiltration indicating panniculitis (n = 1), and 
mild enlargement with infiltration of axillary lymph 
nodes suggesting lymphadenitis (n = 1). None of these 12 
patients had any symptoms related to the imaging- 
detected abnormalities. IrAEs or bevacizumab-related 
AEs accompanied by clinical symptoms were observed 
in 56 patients (symptomatic AEs group) with the fol
lowing distribution: irAEs (n = 28), bevacizumab-related 
AEs (n = 19), and both (n = 9). AEs were not observed 
during the follow-up period in the remaining 130 pa
tients (non-AE group). The median follow-up duration 
was 12.6 months (interquartile range [IQR], 6.6–18.1) in 
the overall population. In the asymptomatic AE, 
symptomatic AE, and non-AE groups, the durations 
were 17.0 months (IQR, 14.0–20.5), 15.7 months (IQR, 
9.9–19.9), and 10.2 months (IQR, 5.4–15.6), respectively. 
The baseline characteristics of the study population are 
summarized in Table 1. The etiology, Child-Pugh score, 
neutrophil-lymphocyte ratio (NLR), and PIVKA-II 

Fig. 1. Flow diagram of patient selection for 
the study.
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Table 1. Baseline characteristics

Variables Non-AE 
(n = 130)

Asymptomatic AE 
(n = 12)

Symptomatic AE 
(n = 56)

p value SMD

A. Before IPTW

Age, years 62.0 (55.0–70.0) 63.5 (53.0–72.0) 64.0 (61.0–69.5) 0.14 0.20

Sex, N (%) 1.00 0.13
Female 19 (14.6%) 1 (8.3%) 8 (14.3%)
Male 111 (85.4%) 11 (91.7%) 48 (85.7%)

Etiology of HCC, N (%) 0.047 0.17
HBV 86 (66.2%) 5 (41.7%) 29 (51.8%)
HCV 6 (4.6%) 2 (16.7%) 4 (7.1%)
Alcohol 9 (6.9%) 3 (25.0%) 10 (17.9%)
None 29 (22.3%) 2 (16.7%) 13 (23.2%)

BCLC stage 0.10 0.38
B 21 (16.2%) 5 (41.7%) 10 (17.9%)
C 109 (83.8%) 7 (58.3%) 46 (82.1%)

Child-Pugh score 0.048 0.60
A5 93 (71.5%) 12 (100.0%) 45 (80.4%)
A6 37 (28.5%) 0 (0.0%) 11 (19.6%)

Albumin, g/dL 4.0 (3.6–4.2) 4.0 (3.9–4.5) 3.8 (3.6–4.2) 0.12 0.48

Total bilirubin, mg/dL 0.9 (0.6–1.2) 0.6 (0.5–1.1) 0.9 (0.7–1.2) 0.34 0.36

PT (INR) 1.1 (1.0–1.2) 1.1 (1.0–1.2) 1.1 (1.0–1.1) 0.38 0.22

ALBI score −2.6 (−2.9 to –2.2) −2.8 (−3.1 to –2.6) −2.6 (−2.8 to –2.2) 0.05 0.59

NLR 3.0 (2.0–4.5) 2.0 (1.5–2.6) 2.2 (1.7–3.3) 0.008 0.32

Fibrosis-4 index 3.3 (2.1–6.4) 3.3 (2.5–5.6) 4.0 (2.3–5.7) 0.83 0.24

Underlying liver status, N (%) 0.05 0.38
No cirrhosis 39 (30.0%) 1 (8.3%) 9 (16.1%)
Cirrhosis 91 (70.0%) 11 (91.7%) 47 (83.9%)

AFP 0.72 0.08
<400 ng/mL 73 (56.2%) 7 (58.3%) 35 (62.5%)
≥400 ng/mL 57 (43.8%) 5 (41.7%) 21 (37.5%)

PIVKA-II 0.01 0.35
<100 mAU/mL 32 (24.6%) 6 (50.0%) 24 (42.9%)
≥100 mAU/mL 98 (75.4%) 6 (50.0%) 32 (57.1%)

Lymph node metastasis 0.62 0.18
Absent 97 (74.6%) 8 (66.7%) 44 (78.6%)
Present 33 (25.4%) 4 (33.3%) 12 (21.4%)

Extrahepatic metastasis 0.80 0.13
Absent 63 (48.5%) 7 (58.3%) 27 (48.2%)
Present 67 (51.5%) 5 (41.7%) 29 (51.8%)

PVTT 0.08 0.53
Absent 77 (59.2%) 11 (91.7%) 34 (60.7%)
Present 53 (40.8%) 1 (8.3%) 22 (39.3%)

Hepatic vein invasion 0.46 0.11
Absent 122 (93.8%) 11 (91.7%) 50 (89.3%)
Present 8 (6.2%) 1 (8.3%) 6 (10.7%)

Prior local treatment 0.95 0.16
Absent 20 (15.4%) 1 (8.3%) 9 (16.1%)
Present 110 (84.6%) 11 (91.7%) 47 (83.9%)
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Table 1 (continued) 

Variables Non-AE 
(n = 130)

Asymptomatic AE 
(n = 12)

Symptomatic AE 
(n = 56)

p value SMD

B. After IPTW

Age, years 62.0 (55.0–70.0) 63.0 (52.0–68.0) 63.0 (58.0–68.0) 0.69 0.10

Sex, N (%) 0.79 0.12
Female 20 (15.2%) 1 (9.1%) 7 (12.4%)
Male 110 (84.8%) 11 (90.9%) 49 (87.6%)

Etiology of HCC, N (%) 0.25 0.25
HBV 85 (65.3%) 5 (36.5%) 30 (54.2%)
HCV 6 (4.7%) 2 (19.3%) 3 (6.2%)
Alcohol 10 (8.0%) 2 (20.4%) 10 (17.0%)
None 29 (22.0%) 3 (23.8%) 13 (22.6%)

BCLC stage 0.19 0.35
B 20 (15.4%) 3 (27.6%) 8 (13.5%)
C 110 (84.6%) 9 (72.4%) 48 (86.5%)

Child-Pugh score 0.05 0.59
A5 94 (72.0%) 12 (100.0%) 45 (80.2%)
A6 36 (28.0%) 0 (0.0%) 11 (19.8%)

Albumin, g/dL 4.0 (3.6–4.3) 4.0 (3.8–4.4) 3.8 (3.6–4.2) 0.20 0.36

Total bilirubin, mg/dL 0.9 (0.6–1.2) 0.6 (0.5–1.1) 0.9 (0.7–1.2) 0.12 0.37

PT (INR) 1.1 (1.0–1.2) 1.1 (1.0–1.2) 1.1 (1.0–1.1) 0.48 0.12

ALBI score −2.6 (−2.9 to –2.2) −2.7 (−3.1 to –2.6) −2.6 (−2.8 to –2.3) 0.06 0.48

NLR 2.8 (1.8–4.2) 2.1 (1.6–2.5) 2.4 (1.7–3.7) 0.28 0.22

Fibrosis-4 index 3.2 (2.1–6.3) 3.0 (1.8–6.2) 3.6 (2.3–5.7) 0.43 0.14

Underlying liver status, N (%) 0.13 0.41
No cirrhosis 39 (27.6%) 1 (5.3%) 10 (20.0%)
Cirrhosis 91 (72.4%) 11 (94.7%) 39 (80.0%)

AFP 0.75 0.12
<400 ng/mL 75 (57.7%) 8 (66.6%) 35 (62.8%)
≥400 ng/mL 55 (42.3%) 4 (33.4%) 21 (37.2%)

PIVKA-II 0.07 0.44
<100 mAU/mL 37 (28.8%) 7 (61.3%) 20 (36.4%)
≥100 mAU/mL 93 (71.2%) 5 (38.7%) 36 (63.6%)

Lymph node metastasis 0.84 0.09
Absent 94 (72.5%) 9 (70.9%) 43 (76.7%)
Present 36 (27.5%) 3 (29.1%) 13 (23.3%)

Extrahepatic metastasis 0.42 0.26
Absent 61 (47.3%) 8 (66.6%) 28 (49.7%)
Present 69 (52.7%) 4 (33.4%) 28 (50.3%)

PVTT 0.45 0.31
Absent 80 (61.4%) 10 (81.5%) 34 (60.6%)
Present 50 (38.4%) 2 (18.5%) 22 (39.4%)

Hepatic vein invasion 0.52 0.11
Absent 63 (48.1%) 11 (94.8%) 51 (90.2%)
Present 67 (51.9%) 1 (5.2%) 5 (9.8%)
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levels initially significantly differed among the groups, 
but these values were balanced following IPTW ad
justment. Accordingly, all variables were appropriately 
adjusted after IPTW.

Development of AEs
The median time to AE was 3.6 months (95% CI: 

1.8–not estimated) in the asymptomatic AE group and 
3.1 months (95% CI: 2.3–4.6) in the symptomatic AE 
group (online suppl. Fig. 1). Nearly half of the AEs 
occurred within the first 3 months in both groups (41.7% 
in the asymptomatic group and 50.0% in the symp
tomatic group). By approximately 6 months after the 
start of treatment, more than two-thirds of the AEs had 
occurred (83.3% in the asymptomatic group and 80.4% 
in the symptomatic group). The median time to the 
occurrence of irAEs was 4.1 months, with 89.8% of these 
events occurring within the initial 6 months. In contrast, 
AEs associated with bevacizumab manifested at a me
dian of 10.6 months, with 42.9% occurring within 
6 months (online suppl. Fig. 2). Before IPTW adjust
ment, a low NLR, low PIVKA-II levels, and the presence 
of liver cirrhosis were statistically significant indepen
dent risk factors for the occurrence of AEs. However, 
after IPTW, no significant factors associated with the risk 
of AEs were identified (online suppl. Table 1). Details of 
the AEs are provided in online supplementary Table 2. In 
the asymptomatic AE group, irAEs were identified on 
CT, and pulmonary infiltration suggesting pneumonitis 
was the most common (66.7%). In the symptomatic AE 
group, Grade 1 or 2 irAEs primarily manifested as hy
pothyroidism (42.4%) and dermatitis (33.3%), whereas 
Grade 3 or 4 irAEs predominantly manifested as hep
atitis (50%). Among bevacizumab-related AEs, gastro
intestinal bleeding (50.0%) and proteinuria (35.7%) were 
the most frequently observed. Among the 56 patients in 
the symptomatic AE group, 8 patients discontinued 

treatment exclusively because of AEs (atezolizumab, n = 
3; bevacizumab, n = 5), independent of disease pro
gression. Excluding the 7 patients who simultaneously 
demonstrated disease progression, the remaining 41 
patients continued atezolizumab plus bevacizumab 
treatment while receiving management for AEs.

Overall Survival
During the follow-up period, 127 of the 198 patients 

died: 2 (16.7%) in the asymptomatic AE group, 32 
(57.1%) in the symptomatic AE group, and 93 (71.5%) in 
the non-AE group. The median OS was not reached in 
the asymptomatic AE group (p = 0.007 compared with 
the non-AE group). In the symptomatic AE group, the 
median OS was 19.3 months (95% CI: 13.0–not esti
mated; p = 0.008 compared with the non-AE group). In 
the non-AE group, the median OS was 11.0 months (95% 
CI: 8.9–14.4; Fig. 2a). The OS rates at 6, 12, 18, and 
24 months were 100.0%, 82.5%, 82.5%, and 82.5%, re
spectively, in the asymptomatic AE group; 89.1%, 64.1%, 
41.7%, and 40.5%, respectively, in the symptomatic AE 
group; and 72.3%, 48.3%, 31.3%, and 19.4%, respectively, 
in the non-AE group. Before IPTW, OS was significantly 
improved in both the asymptomatic AE group (hazard 
ratio [HR]: 0.15; 95% CI: 0.04–0.60; p = 0.007 compared 
with the non-AE group) and the symptomatic AE group 
(HR: 0.58; 95% CI: 0.39–0.86; p = 0.008 compared with 
the non-AE group). The results of the IPTW-adjusted 
time-dependent Cox regression analysis were consistent, 
with hazard ratios of 0.19 (95% CI: 0.05–0.80; p = 0.02) in 
the asymptomatic AE group and 0.42 (95% CI: 0.21–0.89; 
p = 0.02) in the symptomatic AE group (Fig. 2d). Time- 
dependent multivariate Cox analyses consistently re
vealed that OS was significantly improved in both the 
asymptomatic (adjusted HR [aHR]: 0.21; 95% CI: 
0.05–0.85; p = 0.03) and symptomatic (aHR: 0.45; 95% 
CI: 0.23–0.90; p = 0.02; Table 2) AE groups after IPTW. 

Table 1 (continued) 

Variables Non-AE 
(n = 130)

Asymptomatic AE 
(n = 12)

Symptomatic AE 
(n = 56)

p value SMD

Prior local treatment 0.76 0.10
Absent 19 (14.4%) 2 (18.5%) 11 (20.1%)
Present 111 (85.6%) 10 (81.5%) 45 (79.9%)

AE, adverse event; AFP, alpha-fetoprotein; ALBI score, albumin-bilirubin score; BCLC, Barcelona Clinic Liver Cancer; HCC, 
hepatocellular carcinoma; IPTW, inverse probability of treatment weighting; NLR, neutrophil-lymphocyte ratio; PIVKA-II, protein 
induced by vitamin K absence or antagonist-II; PT (INR), international normalized ratio of prothrombin time; PVTT, portal vein 
tumor thrombosis; SMD, standardized mean difference.
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Fig. 2. OS according to the occurrence of AEs: Kaplan-Meier estimates before (a) and after (b) IPTW, and 
Simon-Makuch plots based on time-dependent Cox regression analysis treating the occurrence of AEs as a time- 
varying covariate before (c) and after (d) IPTW.
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Table 2. Time-dependent Cox regression analysis of factors associated with overall survival (A) before and 
(B) after IPTW

Variables Crude HR (95% CI) p value Adjusted HR (95% CI) p value

A. Before IPTW

Adverse event
None 1 [Reference] 1 [Reference]
Asymptomatic 0.18 (0.05–0.75) 0.02 0.32 (0.08–1.32) 0.12
Symptomatic 0.78 (0.52–1.18) 0.23 0.83 (0.54–1.28) 0.41

Age 0.64
<65 years 1 [Reference]
≥65 years 1.09 (0.76–1.55)

Sex 0.66
Female 1 [Reference]
Male 0.90 (0.55–1.46)

Etiology of HCC 0.76
Other etiology 1 [Reference]
HBV or HCV 1.06 (0.73–1.54)

Child-Pugh score 0.002 0.12
A5 1 [Reference] 1 [Reference]
A6 1.85 (1.26–2.70) 1.44 (0.91–2.27)

BCLC 0.67
B 1 [Reference]
C 0.91 (0.57–1.43)

FIB-4 index 0.03 0.24
<3.25 1 [Reference] 1 [Reference]
≥3.25 1.47 (1.03–2.10) 1.27 (0.86–1.87)

ALBI score <0.001 0.05
≤−22.60 1 [Reference] 1 [Reference]
>−2.60 1.90 (1.33–2.72) 1.52 (0.99–2.34)

NLR <0.001 <0.001
<3 1 [Reference] 1 [Reference]
≥3 2.01 (1.41–2.85) 2.05 (1.42–2.95)

AFP 0.10
<400 ng/mL 1 [Reference]
≥400 ng/mL 1.35 (0.95–1.92)

PIVKA-II <0.001 <0.001
<100 mAU/mL 1 [Reference] 1 [Reference]
≥100 mAU/mL 2.59 (1.70–3.95) 2.17 (1.40–3.35)

LN metastasis 0.34
Absent 1 [Reference]
Present 0.82 (0.54–1.24)

Extrahepatic metastasis 0.43
Absent 1 [Reference]
Present 0.87 (0.61–1.23)

PVTT 0.003 0.38
Absent 1 [Reference] 1 [Reference]
Present 1.71 (1.20–2.43) 1.19 (0.81–1.77)

Hepatic vein invasion 0.75
Absent 1 [Reference]
Present 1.11 (0.58–2.12)

LC 0.07
Absent 1 [Reference]
Present 0.70 (0.47–1.03)
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Table 2 (continued) 

Variables Crude HR (95% CI) p value Adjusted HR (95% CI) p value

B. After IPTW

Adverse event
None 1 [Reference] 1 [Reference]
Asymptomatic 0.19 (0.05–0.80) 0.02 0.21 (0.05–0.85) 0.03
Symptomatic 0.42 (0.21–0.85) 0.02 0.45 (0.23–0.90) 0.02

Age 0.90
<65 years 1 [Reference]
≥65 years 1.03 (0.69–1.52)

Sex 0.42
Female 1 [Reference]
Male 0.80 (0.47–1.37)

Etiology of HCC 0.56
Other etiology 1 [Reference]
HBV or HCV 1.14 (0.74–1.75)

Child-Pugh score 0.004 0.11
A5 1 [Reference] 1 [Reference]
A6 1.90 (1.23–2.92) 2.06 (0.84–5.08)

BCLC 0.35
B 1 [Reference]
C 0.79 (0.49–1.29)

FIB-4 index 0.12
<3.25 1 [Reference]
≥3.25 1.36 (0.92–2.01)

ALBI score 0.004 0.71
≤−2.60 1 [Reference] 1 [Reference]
>−2.60 1.79 (1.21–2.64) 1.23 (0.42–3.56)

NLR 0.001 0.53
<3 1 [Reference] 1 [Reference]
≥3 1.90 (1.29–2.80) 1.25 (0.62–2.54)

AFP 0.17
<400 ng/mL 1 [Reference]
≥400 ng/mL 1.32 (0.89–1.95)

PIVKA-II <0.001 0.88
<100 mAU/mL 1 [Reference] 1 [Reference]
≥100 mAU/mL 2.56 (1.64–3.99) 1.07 (0.46–2.50)

LN metastasis 0.32
Absent 1 [Reference]
Present 0.80 (0.52–1.24)

Extrahepatic metastasis 0.37
Absent 1 [Reference]
Present 1.48 (1.00–2.02)

PVTT 0.05 0.37
Absent 1 [Reference] 1 [Reference]
Present 1.48 (1.00–2.02) 0.77 (0.44–1.36)

Hepatic vein invasion 0.46
Absent 1 [Reference]
Present 1.23 (0.71–2.11)
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In the subgroup analysis, patients who experienced grade 
3 or higher irAEs demonstrated significantly worse OS 
than did those who experienced grade 1 or 2 irAEs after 
IPTW (HR: 25.4; 95% CI 8.40–76.77; p < 0.001; online 
suppl. Fig. 4). In addition, the OS of patients experi
encing AE before the first response evaluation was shown 
in online supplementary Figure 5.

Time-To-Progression
Disease progression was observed in 146 of the 198 

patients, including 9 patients (75.0%) in the asymptomatic 
AE group, 34 patients (60.7%) in the symptomatic AE 
group, and 103 patients (79.2%) in the non-AE group. The 
median TTP was 11.9 months in the asymptomatic AE 
group (95% CI: 10.4–not estimated, p = 0.01 compared 
with the non-AE group). In the symptomatic AE group, the 
median TTP was 14.1 months (95% CI: 9.7–21.1; p < 0.001 
compared with the non-AE group). In the non-AE group, 
the median TTP was 4.8 months (95% CI: 3.5–6.6; Fig. 3a). 
According to the IPTW-adjusted time-dependent Cox 
regression analysis, both the asymptomatic AE group (HR: 
0.52; 95% CI: 0.28–0.95; p = 0.03) and the symptomatic AE 
group (HR: 0.49; 95% CI: 0.24–0.99; p = 0.047) showed a 
significantly prolonged TTP compared with the non-AE 
group (Fig. 3d). Time-dependent multivariate Cox analyses 
after IPTW revealed that only asymptomatic AEs were 
independently associated with prolonged TTP (aHR: 0.52; 
95% CI: 0.28–0.97; p = 0.04; online supplementary 
Table 3B). The TTP for patients who experienced AEs 
prior to the first response evaluation was presented in 
online supplementary Figure 7.

Progression-Free Survival
Disease progression or death occurred in 175 of the 198 

patients, including 10 patients (83.3%) in the asymptomatic 
AE group, 45 patients (80.4%) in the symptomatic AE 

group, and 120 patients (92.3%) in the non-AE group. The 
median PFS was 11.4 months in the asymptomatic AE 
group (95% CI: 9.7–not estimated, p < 0.001 compared 
with the non-AE group) and 11.8 months in the symp
tomatic AE group (95% CI: 8.6–14.5; p = 0.005 compared 
with the non-AE group). In the non-AE group, the median 
PFS was 4.1 months (95% CI: 3.5–5.9; online suppl. 
Fig. 3A). According to the IPTW-adjusted time-dependent 
Cox regression analysis, only the asymptomatic AE group 
showed a significant improvement in PFS compared with 
the non-AE group (HR: 0.53; 95% CI: 0.30–0.93; p = 0.03; 
online suppl. Fig. 3D). Improved progression-free survival 
was independently associated with both the asymptomatic 
(HR: 0.51; 95% CI: 0.30–0.85; p = 0.01) and symptomatic 
AE groups (HR: 0.43; 95% CI: 0.22–0.84; p = 0.01; online 
suppl. Table 4), as demonstrated by IPTW-adjusted time- 
dependent multivariable Cox regression.

Treatment Response
Among the 12 patients with asymptomatic AEs, 8.3%, 

33.3%, 58.3%, and 0.0% achieved complete response 
(CR), partial response (PR), stable disease (SD), and 
progressive disease (PD), respectively. Among the 56 
patients with symptomatic AEs, 3.6%, 23.2%, 66.1%, and 
7.1% achieved CR, PR, SD, and PD, respectively. Among 
the 130 patients without AEs, 1.5%, 12.3%, 46.2%, and 
40.0% achieved CR, PR, SD, and PD, respectively. These 
differences were statistically significant (p < 0.001; 
Table 3). The objective response rates (ORRs) also 
significantly differed among the groups, with rates of 
41.7% in patients with asymptomatic AEs, 26.8% in those 
with symptomatic AEs, and 13.8% in patients without 
AEs (p = 0.01). Similarly, the DCR was significantly 
greater in patients with asymptomatic and symptomatic 
AEs than in those without AEs, with rates of 100%, 
92.9%, and 60.0%, respectively (p < 0.001).

Table 2 (continued) 

Variables Crude HR (95% CI) p value Adjusted HR (95% CI) p value

LC 0.10
Absent 1 [Reference]
Present 0.68 (0.43–1.07)

Time-dependent Cox regression analysis was performed using the occurrence of adverse events as a time- 
varying covariate. All other covariates were treated as time-fixed and analyzed using standard Cox regression.
AFP, alpha-fetoprotein; ALBI, albumin-bilirubin score; BCLC, Barcelona Clinic Liver Cancer; HBV, hepatitis B virus; 
HCC, hepatocellular carcinoma; HCV, hepatitis C virus; FIB-4, fibrosis-4  score; IPTW, inverse probability of 
treatment weighting; LC, liver cirrhosis; LN, lymph node; NLR, neutrophil to lymphocyte ratio; PIVKA-II, protein 
induced by vitamin K absence or antagonist-II; PVTT, portal vein tumor thrombosis.
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Fig. 3. TTP according to the occurrence of AEs: Kaplan-Meier estimates before (a) and after (b) IPTW, and 
Simon-Makuch plots based on time-dependent Cox regression analysis treating the occurrence of AEs as a time- 
varying covariate before (c) and after (d) IPTW.
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Discussion

Atezolizumab plus bevacizumab was the first im
munotherapy approved as the first-line systemic treat
ment for unresectable HCC, followed by the dual ICI 
combination of tremelimumab plus durvalumab [2, 3]. 
These advancements have established immunotherapy 
as a cornerstone in systemic treatment for unresectable 
HCC. However, the importance of AEs associated with 
immunotherapy has increased, with some studies sug
gesting that they may indicate better clinical outcomes 
[7–9, 27, 28]. Our study not only classified AEs into two 
categories – asymptomatic AEs, which were detected 
only on imaging, and symptomatic AEs, which were 
clinically apparent – but also included both irAEs and 
bevacizumab-related AEs to comprehensively evaluate 
their associations with the treatment outcomes. In this 
study, the occurrence of AEs was treated as a time- 
varying covariate, and clinical outcomes were analyzed 
using a time-dependent Cox proportional hazards 
model. After IPTW adjustment, both the asymptomatic 
and symptomatic AE groups had significantly improved 
OS, TTP, and PFS compared with the non-AE 
group. Approximately half of the AEs associated with 
atezolizumab plus bevacizumab occurred within the first 
3 months of treatment, which is consistent with findings 
from previous studies [8, 29, 30]. In terms of treatment 
response, both the DCR and ORR were significantly 
greater in the asymptomatic and symptomatic AE groups 
than in the non-AE group. These findings suggest that 
AEs associated with atezolizumab plus bevacizumab may 
be indicative of better clinical outcomes. Moreover, 
asymptomatic AEs detected only through imaging 
studies could serve as factors suggesting an improved 
prognosis.

Immune functions, which are regulated by mecha
nisms of self-tolerance and the prevention of autoim
munity, are disrupted by the administration of ICIs [31]. 
This disruption results in excessive T-cell activation and 
proliferation [32, 33]. Concurrently, B cells are stimu
lated to produce autoantibodies [34, 35]. This sequence 
of events leads to the inadvertent targeting and damage 
of not only tumor cells but also normal cells, resulting in 
the development of irAEs [31]. Thus, the occurrence of 
irAEs, as demonstrated in this and several previous 
studies, indicates that the immune reaction caused by 
ICIs effectively exerts antitumor activity and is associ
ated with better ICI efficacy and clinical outcomes [6, 8, 
31]. However, not all irAEs are associated with a fa
vorable prognosis. Grade 3 or higher irAEs have been 
linked to poor outcomes, whereas grade 1 or 2 irAEs, or 
those that are manageable, allow the continuation of ICI 
therapy, thus suggesting a better prognosis [8, 12]. In 
addition, when we analyzed irAEs that were asymp
tomatic and detectable only on imaging studies, we 
observed that compared with non-AEs, asymptomatic 
irAEs tended to improve OS and significantly prolonged 
the TTP. Asymptomatic irAEs detected only on imaging 
studies might be considered the mildest form of AE 
related to ICI therapy. On the basis of the results of this 
study, we cautiously suggest that meticulous monitoring 
of the occurrence of asymptomatic irAEs through im
aging studies, even in the absence of clinical symptoms, 
is essential. Additionally, these findings indicate that 
both symptomatic and asymptomatic irAEs can serve as 
surrogate markers of a potentially favorable prognosis.

Bevacizumab inhibits angiogenesis by neutralizing 
all isoforms of human VEGF-A and preventing their 
interaction with VEGF receptors [36, 37]. Conse
quently, it blocks the formation of the vascular supply 

Table 3. Treatment responses in HCC according to the atezolizumab plus bevacizumab related adverse events

Parameter Non-AE 
(n = 130)

Asymptomatic AE 
(n = 12)

Symptomatic AE 
(n = 56)

p-value

Best objective response, N (%) <0.001

Complete response 2 (1.5%) 1 (8.3%) 2 (3.6%)

Partial response 16 (12.3%) 4 (33.3%) 13 (23.2%)

Stable disease 60 (46.2%) 7 (58.3%) 37 (66.1%)

Progressive disease 52 (40.0%) 0 (0.0%) 4 (7.1%)

Objective response rate, N (%) 18 (13.8%) 5 (41.7%) 15 (26.8%) 0.01

Disease control rate, N (%) 78 (60.0%) 12 (100.0%) 52 (92.9%) <0.001

AE, adverse events; HCC, hepatocellular carcinoma.
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of the tumor, thereby decelerating tumor growth [37, 
38]. While irAEs vary on the basis of individual 
immunity [31, 39], bevacizumab-related AEs are 
known to be dose dependent [40, 41]. In a similar 
context, previous studies have suggested that titrating 
the dose of bevacizumab until the onset of arterial 
hypertension caused by its antiangiogenic effect may 
enhance antitumor efficacy and improve outcomes 
[27, 28]. In colorectal cancer, retrospective studies 
have demonstrated that bevacizumab-induced arte
rial hypertension may be correlated with improved 
clinical outcomes [10, 27, 28]. Our findings indicate 
that bevacizumab-related AEs, which appear pro
gressively throughout the treatment period in pro
portion to dose accumulation, may enhance antitu
mor efficacy and improve outcomes.

As has been extensively investigated in previous 
studies, our study also revealed that hypothyroidism 
was the most common irAE associated with atezoli
zumab [31], whereas the most frequent asymptomatic 
irAE was pulmonary infiltration, suggesting pneu
monitis. The AEs associated with bevacizumab in HCC 
patients predominantly include gastrointestinal 
bleeding, notably variceal bleeding, which likely results 
from bevacizumab-induced impairment of the vas
cular wall and alterations in the coagulation system 
[11, 42, 43]. Despite considerable efforts to identify 
risk factors associated with the occurrence of AEs, the 
diversity of mechanisms and side effects inherent to 
various diseases and anticancer agents has resulted in a 
persistent scarcity of data [5, 11, 31]. This is partic
ularly the case for HCC patients treated with atezo
lizumab plus bevacizumab, where data on risk factors 
for AEs are markedly scarce [39]. In our study, uni
variable and multivariate Cox regression analyses were 
conducted to identify factors independently associated 
with the occurrence of AEs. Before IPTW adjustment, 
a low NLR, low PIVKA-II levels, and the presence of 
liver cirrhosis were identified as independent risk 
factors. However, after IPTW, no significant factors 
associated with the risk of AEs were found.

This study has several limitations as it was a retro
spective study conducted at a single center. Never
theless, this center is a major tertiary cancer center in 
South Korea that participated in the IMbrave 150 trial 
[2]. As such, this study included a substantial number of 
Korean patients who were treated with atezolizumab 
plus bevacizumab and benefited from a longer follow- 
up period than those reported in other real-world co
horts. In addition, given the overall limited sample size, 
we used IPTW adjustment to mitigate confounding and 

enhance the robustness of the analysis while preserving 
as much of the available data as possible [23, 24]. Korea, 
with its HBV-dominant HCC etiology, similar to that of 
other Asia‒Pacific countries, may represent the region, 
but its distinct etiology from that of Western countries 
highlights the need for a globally integrated analysis of 
the results. Accordingly, future validation in larger 
scale, multicenter, and multinational cohorts is nec
essary to confirm the generalizability and global ap
plicability of our findings. Furthermore, although irAEs 
can involve various organ systems, previous studies on 
radiological findings have focused mostly on specific 
organs, such as the lungs. In our study, imaging ab
normalities alone were classified as asymptomatic irAEs 
only after thorough exclusion of other causes; however, 
the lack of established criteria for such radiological 
presentations alone remains a limitation. Further 
studies may be warranted to systematically explore and 
validate the radiological features of asymptomatic 
irAEs.

In conclusion, when appropriately managed, the AEs 
associated with atezolizumab plus bevacizumab in pa
tients with unresectable HCC lead to significant im
provements in OS, the TTP, and treatment response. 
Additionally, asymptomatic irAEs detected only on 
imaging may indicate a favorable prognosis, suggesting 
that proactive imaging studies could be advantageous.
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