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Abstract
Introduction: The phase III IMbrave150 study established
atezolizumab + bevacizumab as the global standard of care
in patients with unresectable hepatocellular carcinoma

(HCC). This exploratory analysis examined the impact of
bevacizumab interruption due to bevacizumab adverse
events of special interest (AESIs). Methods: Patients in
IMbrave150 who were randomized to atezolizumab + bev-
acizumab and received treatment for ≥6 months (to reduce
immortal time bias) were included in group A-1 if bev-
acizumab had ever been skipped due to bevacizumab AESIs
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or to group A-2 otherwise. Efficacy analyses included overall
survival (OS) and progression-free survival (PFS) by whether
bevacizumab was skipped (group A-1 vs. A-2). PFS was
evaluated per independent review facility (IRF)-assessed
Response Evaluation Criteria in Solid Tumours (RECIST) ver-
sion 1.1 and HCC-modified RECIST (IRF-HCC mRECIST). Safety
was also evaluated. Results: Of the 210 patients who
received ≥6 months of atezolizumab + bevacizumab, 69 were
assigned to group A-1 and 141 to A-2. At data cutoff (August
20, 2020), hazard ratio (HR) for OS was 1.04 (95% CI: 0.64, 1.69)
for group A-1 versus A-2. HR for PFS was 1.07 (95% CI: 0.74,
1.55) per IRF-assessed RECIST 1.1 and 1.10 (95% CI: 0.76, 1.59;
15.5 vs. 9.7 months) per IRF-HCC mRECIST for group A-1
versus A-2. Safety profiles for atezolizumab and bevacizumab
were largely similar between groups. More group A-1 patients
had grade 3/4 adverse events. A separate analysis investi-
gating the impact of immortal time bias in patients who
received ≥3 months of atezolizumab + bevacizumab sup-
ported the appropriateness of the ≥6-month landmark
analysis.Discussion/Conclusion: Efficacy was similar between
patients who skipped bevacizumab due to bevacizumab
AESIs and those who did not. Although this comparison was
nonrandomized and exploratory, results suggest that skip-
ping bevacizumab due to bevacizumab AESIs did not con-
siderably impact the efficacy and safety of atezolizumab +
bevacizumab. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Liver cancer, including hepatocellular carcinoma
(HCC), is a significant contributor to global cancer-
related mortality [1]. After its approval in 2007, sor-
afenib was the standard-of-care first-line (1L) treatment
for patients with advanced, unresectable HCC for over a
decade, having demonstrated a median overall survival
(OS) of 10.7 months in phase III trials [2]. The combi-
nation of atezolizumab and bevacizumab (atezolizumab +
bevacizumab) has now emerged as the standard of care
for the 1L treatment of patients with unresectable
HCC [3, 4].

Atezolizumab enhances antitumor immunity through
the selective inhibition of programmed death ligand-1
and its binding to programmed death-1, thus reversing
T-cell suppression [5]. The addition of an anti-vascular
endothelial growth factor therapy such as bevacizumab
can augment responses to programmed death ligand-1
inhibition by atezolizumab [6]. Bevacizumab reduces
vascular endothelial growth factor-mediated immuno-
suppression in the tumor microenvironment and en-

hances T-cell infiltration into the tumor; this promotes an
immune-permissive tumor microenvironment [7].

Data from the phase Ib GO30140 study (NCT02715531)
demonstrated significantly longer progression-free
survival (PFS) with atezolizumab + bevacizumab
versus atezolizumab monotherapy (5.6 vs. 3.4 months;
hazard ratio [HR], 0.55 [80% CI: 0.40, 0.74]). These
findings illustrated the clinically relevant contribution
of bevacizumab in terms of immune enhancement and
normalization of tumor blood vessels [6].

Results from the primary analysis of the global phase
III IMbrave150 trial (NCT03434379) demonstrated
statistically significant and clinically meaningful im-
provements with atezolizumab + bevacizumab versus
sorafenib [8]. At the 12-month updated analysis, median
OS was 19.2 months with atezolizumab + bevacizumab
versus 13.4 months with sorafenib after a median follow-
up duration of 15.6 months [9]. This was the longest
median OS seen with a 1L treatment in a phase III study
of patients with unresectable HCC.

In IMbrave150, 17% of patients in the atezolizumab +
bevacizumab arm experienced an adverse event of special
interest (AESI) defined for bevacizumab that led to
bevacizumab interruption [8, 10]. Previous studies in
colorectal cancer have suggested that bevacizumab
interruption can accelerate tumor regrowth and revas-
cularization and increase tumor resistance [11, 12].
Therefore, it is important to better understand the impact
of bevacizumab interruption in patients with HCC
treated with atezolizumab + bevacizumab in IMbrave150.
Managing bevacizumab AESIs remains a challenge in
clinical practice. The first data addressing the impact of
bevacizumab interruption were obtained during an ex-
ploratory analysis conducted in the Taiwanese subpop-
ulation of the IMbrave150 and GO30140 studies [13].
This exploratory analysis suggested that bevacizumab
interruption did not appear to impact efficacy in patients
who received atezolizumab + bevacizumab for ≥6
months. Here, we report an exploratory analysis of the
IMbrave150 intention-to-treat population that examined
outcomes in patients treated with atezolizumab + bev-
acizumab for ≥6 months who skipped bevacizumab due
to bevacizumab AESIs versus those who did not.

Materials and Methods

Participants
Detailed eligibility criteria of the global, multicenter, open-

label, randomized, phase III IMbrave150 study (ClinicalTrials.gov,
NCT03434379) were previously reported [8, 9]. Patients aged
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18 years or older who had locally advanced or metastatic and/or
unresectable HCC, an Eastern Cooperative Oncology Group
(ECOG) performance status of 0 or 1, Child Pugh Class A liver
function, and had not previously received systemic therapy for
liver cancer were included in the study [8]. Key exclusion criteria
included a history of autoimmune disease, coinfection with
hepatitis B virus and hepatitis C virus, and untreated or incom-
pletely treated esophageal or gastric varices with bleeding or high
risk of bleeding.

Study Design
The study design and outcome measures of the open-label

IMbrave150 study were previously reported [3, 4] and are
summarized in Figure S1 (for all online suppl. material, see
https://doi.org/10.1159/000535501). Patients were randomized
in a 2:1 ratio to receive either 1,200 mg of atezolizumab plus
15 mg/kg of bevacizumab intravenously every 3 weeks (Arm A)
or 400 mg of sorafenib orally twice daily (Arm B). Random-
ization was stratified by geographic region (Asia excluding
Japan vs. the rest of the world), macrovascular invasion or
extrahepatic spread of disease (presence vs. absence), baseline
alpha-fetoprotein level (<400 vs. ≥400 ng/mL), and ECOG
performance status (0 vs. 1).

Per the IMbrave150 protocol, treatment was given until loss
of clinical benefit as determined by the investigator after an
integrated assessment of radiographic and biochemical data
and clinical status (e.g., symptomatic deterioration such as
pain secondary to disease) or unacceptable toxicity [8].
Treatment could be continued after disease progression if the
investigator assessed that there was a clinical benefit. If pa-
tients transiently or permanently discontinued either atezo-
lizumab or bevacizumab due to an adverse event, single-agent
therapy was allowed if the patient was experiencing clinical
benefit. This exploratory analysis of IMbrave150 evaluated the
impact of skipping bevacizumab due to bevacizumab AESIs in
patients treated with atezolizumab + bevacizumab for ≥6
months.

Patients from arm A of IMbrave150 who received atezolizumab
+ bevacizumab for ≥6 months were assigned to group A-1 if
bevacizumab was ever skipped due to bevacizumab AESIs (online
suppl. Fig. S1). Bevacizumab interruption was defined as either
skipping bevacizumab until the next treatment cycle or delaying
the administration date of the next cycle (online suppl. Fig. S1) as
defined in a previous analysis of bevacizumab interruption in
IMbrave150 and GO30140 [13]. Group A-1 consisted of patients
who transiently skipped bevacizumab, including those who sub-
sequently withdrew from bevacizumab for any reason. Patients
were assigned to group A-2 if they were not included in group A-1.
AESIs were defined by the sponsor and reported regardless of
causality. For bevacizumab, AESIs were defined based on known
adverse drug reactions with bevacizumab, including bleeding,
congestive heart failure, fistula, hypertension, wound healing
complications, proteinuria, and thromboembolic events, accord-
ing to the IMbrave150 protocol and a previously reported analysis
of AESIs [10].

Outcomes
The coprimary endpoints of IMbrave150 were OS (defined as

time from randomization to death from any cause) and PFS
(defined as time from randomization to disease progression per

independent review facility-assessed Response Evaluation
Criteria in Solid Tumours [IRF-RECIST] version 1.1 or death
from any cause, whichever occurred first) [8]. Secondary effi-
cacy endpoints included PFS per IRF-assessed HCC-modified
RECIST.

Tumors were assessed by computed tomography or mag-
netic resonance imaging at baseline and every 6 weeks until
week 54 and then every 9 weeks thereafter. Safety was con-
tinuously evaluated by recording vital signs and clinical lab-
oratory test results and assessing the incidence and severity of
adverse events according to the National Cancer Institute
Common Terminology Criteria for Adverse Events, ver-
sion 4.0 [8].

Statistical Analysis
To minimize immortal time bias, landmark analyses of OS

and PFS were performed in patients who received atezolizumab
+ bevacizumab for ≥6 months, including those who experi-
enced the first instance of disease progression within the first
6 months of treatment. To investigate the comparability of
groups A-1 and A-2, baseline patient characteristics were
summarized for each group. Separate analyses of OS and PFS
were performed by whether bevacizumab was skipped due to
bevacizumab AESIs in patients who received atezolizumab +
bevacizumab for ≥3 months to explore the impact of immortal
time bias.

To further evaluate the robustness of the primary ≥6-month
landmark analysis, time-dependent analyses using a stratified Cox
proportional model were performed in patients who were treated
with atezolizumab + bevacizumab for any length of time. In this
model, the first occurrence of bevacizumab AESIs leading to
bevacizumab interruption was included as the time-dependent
variable.

The Kaplan-Meier method was used to estimate OS and PFS.
HRs were estimated with a stratified Cox proportional-hazards
model. Stratification factors for efficacy analyses included all the
randomization stratification factors except ECOG performance
status.

Results

Patients
In IMbrave150, 336 patients were randomized to the

atezolizumab + bevacizumab arm, of whom 210 patients
(63%) received the combination for ≥6 months and were
included in this exploratory analysis (online suppl. Fig.
S2). Of these patients, 69 (33%) skipped bevacizumab due
to an AESI for bevacizumab and were included in group
A-1. The remaining 141 patients (67%) had never skipped
bevacizumab due to an AESI for bevacizumab and were
included in group A-2.

Of the 69 patients who skipped bevacizumab due to a
bevacizumab AESI, 53 (77%) skipped a treatment cycle,
and 16 (23%) delayed the administration date of the next
cycle (Fig. 1). The rate of bevacizumab reintroduction
was 78% (n = 54). After skipping bevacizumab due to
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Fig. 1. Bevacizumab interruption due to bevacizumab AESIs by patient (n = 69) in those treated with atezo-
lizumab + bevacizumab for ≥6 months. AESI, adverse event of special interest; atezo, atezolizumab; bev,
bevacizumab; CR, complete response; PD, progressive disease; PR, partial response; RECIST, Response Eval-
uation Criteria in Solid Tumours; SD, stable disease. aOne patient was assessed to have bevacizumab interruption
for the next cycle but withdrew from the study before skipping.
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AESIs, 49 patients (71%) in group A-1 withdrew from
bevacizumab, including 25 (36%) due to progressive
disease, 9 (13%) due to death, and 7 (10%) due to adverse
events. A total of 105 patients (74%) in group A-2
withdrew from bevacizumab, including 50 (35%) due to
progressive disease, 39 (28%) due to adverse events, and
8 (6%) due to withdrawal by the patient.

No obvious differences between groups were observed
in the distribution of baseline characteristics, apart from
the presence of varices (33% [n = 23] in group A-1 versus
22% [n = 31] in group A-2), age ≥65 years (57% [n = 39])
versus 48% [n = 67]), and an ECOG performance status
of 0 (72% [n = 50] versus 63% [n = 89]; Table 1). Median
age (range) was 66 (40–88) and 63 (29–87) years in
groups A-1 and A-2, respectively. Of the patients in

group A-1, 75% (n = 52) had Barcelona Clinic Liver
Cancer stage C disease, and 77% (n = 53) had Child-
Pugh class A5 disease. Among patients in group A-2,
80% (n = 113) had Barcelona Clinic Liver Cancer stage C
HCC, and 77% (n = 107) had Child-Pugh class A5 HCC.

Efficacy
Main Analysis
At the data cutoff of August 20, 2020, the median

follow-up duration was 21.0 months in group A-1
(interquartile range, 6.7–28.6) and 20.4 months in
group A-2 (interquartile range, 7.8–28.1). Among pa-
tients who received atezolizumab + bevacizumab for ≥6
months, the HR for OS was 1.04 (95% CI: 0.64, 1.69)
(Fig. 2).

Table 1. Patient demographics by whether bevacizumab was skipped due to bevacizumab AESIs in patients
treated with atezolizumab + bevacizumab for ≥6 months

Group A-1 (n = 69) Group A-2 (n = 141)

Age, median (range), years 66 (40–88) 63 (29–87)
≥65 years, n (%) 39 (57) 67 (48)

Male sex, n (%) 58 (84) 116 (82)
Geographic region, n (%)a

Asia, excluding Japan 28 (41) 56 (40)
Rest of world, including Japanb 41 (59) 85 (60)

ECOG PS, n (%)a

0 50 (72) 89 (63)
1 19 (28) 52 (37)

Child-Pugh class, n (%)c

A5 53 (77) 107 (77)
A6 16 (23) 32 (23)

BCLC stage, n (%)
A 2 (3) 4 (3)
B 15 (22) 24 (17)
C 52 (75) 113 (80)

AFP ≥400 ng/mL, n (%)a 25 (36) 42 (30)
Presence of EHS, MVI, or both, n (%)a 46 (67) 106 (75)

EHS 37 (54) 84 (60)
MVI 26 (38) 50 (35)

Varices, n (%)
Present 23 (33) 31 (22)
Treated 12 (17) 12 (9)

HCC etiology, n (%)
HBV 32 (46) 66 (47)
HCV 18 (26) 30 (21)
Nonviral 19 (28) 45 (32)

Prior local therapy for HCC, n (%) 36 (52) 62 (44)

AESI, adverse event of special interest; AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer;
ECOG PS, Eastern Cooperative Oncology Group performance status; EHS, extrahepatic spread; HBV,
hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; MVI, macrovascular invasion.
aPer electronic case report form not interactive voice/web response system. bRest of the world in-
cludes the USA, Australia, and Japan. cn = 139 for group A-2. Data were not available for 2 patients in
group A-2.
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The HR for PFS per IRF-RECIST 1.1 was 1.07 (95% CI:
0.74, 1.55) (Fig. 3a). For PFS per IRF-assessedHCC-modified
RECIST, the HR was 1.10 (95% CI: 0.76, 1.59; Fig. 3b).
Follow-up systemic therapy was received by 33% of patients
(n = 23) in groupA-1 versus 33% (n = 47) in groupA-2, with
23% (n = 16) versus 30% (n = 42) receiving second-line
therapy and 10% (n = 7) versus 10% (n = 14) receiving third-
line therapy, respectively (online suppl. Table S1). The most
common follow-up regimen was tyrosine kinase inhibitors,
which were administered to 29% (n = 20) of patients in
groupA-1 and 30% (n=43) in groupA-2. Data on follow-up
local therapies are presented in online suppl. Table S1.

Separate Analysis
To investigate the impact of immortal bias in patients

who received atezolizumab + bevacizumab for ≥3
months, separate analyses of OS and PFS per RECIST 1.1
were conducted by whether bevacizumab was skipped

due to bevacizumab AESIs (online suppl. Fig. S3). OS HR
was 1.29 (95% CI: 0.85, 1.95), and PFS HR was 1.26 (95%
CI: 0.90, 1.75) in patients who skipped bevacizumab due
to bevacizumab AESIs versus those who did not. In time-
dependent analyses conducted with the first occurrence of
bevacizumab AESIs leading to bevacizumab interruption
as a time-dependent variable, HRs for OS and PFS were
0.92 (95% CI: 0.62, 1.36) and 1.11 (95% CI: 0.77, 1.61),
respectively.

Safety
The median duration of atezolizumab treatment was

18.2 months (range, 5–28) and 12.9 months (range, 1–27) in
groups A-1 and A-2, respectively (Table 2). Bevacizumab
was administered for a median duration of 15.3 months
(range, 3–28) in groupA-1 and 11.8months (range, 1–27) in
group A-2. The median time to bevacizumab interruption
due to bevacizumabAESIs was 6.7months (95%CI: 4.1, 9.3).

Fig. 2. Kaplan-Meier estimates of OS in patients treated with atezolizumab + bevacizumab for ≥6 months by
whether bevacizumab was skipped due to bevacizumab AESIs. AESI, adverse event of special interest; HR, hazard
ratio; NE, not estimable; OS, overall survival.
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Fig. 3.Kaplan-Meier estimates of PFS
in patients treated with atezolizumab
+ bevacizumab for ≥6 months per
IRF-RECIST 1.1 (a) or IRF-HCC
mRECIST (b) by whether bev-
acizumab was skipped due to bev-
acizumab AESIs. AESI, adverse event
of special interest; HCC, hepatocel-
lular carcinoma; HR, hazard ratio;
IRF, independent review facility;
mRECIST, modified RECIST for
HCC; RECIST, Response Evaluation
Criteria in Solid Tumours; NE, not
estimable; PFS, progression-free
survival.
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In both groups, all patients experienced an all-grade
adverse event. Any-grade treatment-related adverse
events (TRAEs) occurred in 66 patients (96%) in group
A-1 and 125 patients (89%) in group A-2 (Table 2). These
TRAEs were of grade 3/4 severity in 44 patients (64%) in
group A-1 and 57 (40%) in group A-2. A grade 5 TRAE of
pneumonia occurred in 1 patient in group A-2.

The most common adverse events with ≥10% incidence
in groups A-1 and A-2 were proteinuria (67% vs. 26%),
hypertension (54% vs. 39%), and fatigue (33% vs. 23%;
Table 3). The major AESIs that led to bevacizumab in-
terruption in group A-1 were proteinuria in 49% of patients
(n = 34) and hypertension in 23% (n = 16) (online suppl.
Table S2). Themost commonAESI leading to bevacizumab
interruption was hypertension <180 days after treatment
and proteinuria throughout the treatment period.

Bevacizumab was withdrawn due to adverse events in 7
patients (10%) in group A-1 and 39 patients (28%) in
group A-2. Adverse events leading to bevacizumab
withdrawal in group A-1 were upper gastrointestinal
hemorrhage (n = 2 [3%]), proteinuria (n = 2 [3%]), colitis
(n = 1 [1%]), gastrointestinal hemorrhage (n = 1 [1%]),
and venous embolism (n = 1 [1%]).

Discussion

Since its approval in 2020, atezolizumab + bev-
acizumab has emerged as the global standard of care in
the 1L treatment of HCC. Results from this exploratory

analysis of the phase III IMbrave150 study indicate that
the efficacy and safety of atezolizumab + bevacizumab
were similar between patients who skipped bev-
acizumab due to bevacizumab AESIs and patients who
did not. OS and PFS were similar between the two
groups (A-1 and A-2), with comparable percentages of
patients receiving subsequent systemic and local
therapies after atezolizumab + bevacizumab. These
findings were consistent with a previous subgroup
analysis of Taiwanese patients in the IMbrave150 and
GO30140 studies, which showed that bevacizumab
interruption did not significantly impact OS or PFS
[13]. Grade 3/4 adverse events and any-grade pro-
teinuria, hypertension, and fatigue occurred in more
patients in group A-1 than in group A-2; these safety
findings are comparable with a previous report of
bevacizumab interruption [14].

The most common AESIs leading to bevacizumab
interruption were proteinuria and hypertension. The
majority of patients restarted bevacizumab treatment
after interruption. Retrospective analyses of the rela-
tionship between specific risk factors and treatment
outcomes may be confounded by immortal time bias due
to the misclassification or exclusion of time intervals from
the observation period [15]. In this exploratory analysis,
landmark analyses of OS and PFS were conducted only in
patients who received atezolizumab + bevacizumab for ≥6
months, and only patients who skipped bevacizumab due
to bevacizumab AESIs were included in group A-1, in
order to minimize immortal time bias. These landmark

Table 2. Safety summary in patients treated with atezolizumab + bevacizumab for ≥6 months by whether bevacizumab was
skipped due to bevacizumab AESIs

Group A-1 (n = 69)a Group A-2 (n = 141)a

Treatment duration, median (range), months atezolizumab: 18.2 (5–28);
bevacizumab: 15.3 (3–28)

atezolizumab; 12.9 (1–27);
bevacizumab: 11.8 (1–27)

Patients with ≥1 all-grade AE of any cause, n (%) 69 (100) 141 (100)
Treatment-related all-grade AE 66 (96) 125 (89)

Patients with ≥1 grade 3/4 AE, n (%)b 54 (78) 87 (62)
Treatment-related grade 3/4 AEb 44 (64) 57 (40)

Serious AE, n (%) 39 (57) 72 (51)
Treatment-related serious AE 16 (23) 34 (24)

Grade 5 AE, n (%) 7 (10) 7 (5)
Treatment-related grade 5 AE 0 1 (1)

AE leading to withdrawal from any study treatment, n (%) 7 (10) 42 (30)
AE leading to withdrawal from atezolizumab 1 (1) 20 (14)
AE leading to withdrawal from bevacizumab 7 (10) 39 (28)

AE leading to dose interruption of any study treatment, n (%) 69 (100) 82 (58)

AE, adverse event; AESI, AE of special interest. aSafety-evaluable population. bHighest grade experienced.
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analyses were performed so that group A-2 excluded
patients with early disease progression who did not have
sufficient exposure to bevacizumab. The 6-month time
point for the landmark analyses was determined based on
the median time to onset (2-3 months) of the major
AESIs leading to bevacizumab interruption in IM-
brave150 (hypertension and proteinuria) [10]. This 6-
month landmark was also used in a previous study of
bevacizumab interruption in IMbrave150 [13].

To investigate the impact of immortal time bias in
patients who received atezolizumab + bevacizumab for ≥3
months, separate analyses were performed to compare OS
and PFS by whether bevacizumab was skipped due to
AESIs. Compared with the main ≥6-month landmark
analysis, the ≥3-month landmark analysis showed similar
trends in OS in the group that skipped bevacizumab,
whereas there appeared to be a trend toward worsened OS
in the group that did not skip bevacizumab. These data

Table 3.Adverse events occurring in ≥10% of patients in either group who were treated with atezolizumab +
bevacizumab for ≥6 months

Patients with ≥1 adverse event, n (%) Group A-1 (n = 69) Group A-2 (n = 141)

Proteinuria 46 (67) 37 (26)
Hypertension 37 (54) 55 (39)
Fatigue 23 (33) 33 (23)
Pruritus 21 (30) 31 (22)
Aspartate aminotransferase increased 20 (29) 32 (23)
Diarrhea 19 (28) 34 (24)
Decreased appetite 19 (28) 20 (14)
Platelet count decreased 19 (28) 21 (15)
Blood bilirubin increased 15 (22) 30 (21)
Pyrexia 15 (22) 29 (21)
Constipation 15 (22) 22 (16)
Alanine aminotransferase increased 14 (20) 26 (18)
Rash 14 (20) 25 (18)
Abdominal pain 14 (20) 16 (11)
Arthralgia 13 (19) 18 (13)
Anemia 13 (19) 16 (11)
Cough 12 (17) 24 (17)
Ascites 12 (17) 15 (11)
Nausea 12 (17) 14 (10)
Hypothyroidism 11 (16) 23 (16)
Weight decreased 10 (14) 22 (16)
Epistaxis 10 (14) 19 (13)
Edema peripheral 10 (14) 13 (9)
Nasopharyngitis 10 (14) 11 (8)
Back pain 10 (14) 11 (8)
Blood creatinine increased 10 (14) 6 (4)
Hypoalbuminemia 9 (13) 17 (12)
Dysphonia 9 (13) 16 (11)
Vomiting 9 (13) 12 (9)
Hyponatremia 9 (13) 8 (6)
Blood alkaline phosphatase increased 8 (12) 15 (11)
Thrombocytopenia 8 (12) 15 (11)
Upper respiratory tract infection 8 (12) 13 (9)
Dyspnea 8 (12) 12 (9)
Hyperglycemia 8 (12) 9 (6)
Headache 7 (10) 18 (13)
Musculoskeletal pain 7 (10) 16 (11)
Asthenia 7 (10) 12 (9)
Abdominal pain upper 7 (10) 8 (6)
Urinary tract infection 7 (10) 8 (6)
Infusion-related reaction 6 (9) 19 (13)
Insomnia 4 (6) 19 (13)
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potentially suggest that immortal time bias may have had
a greater impact on the results of the ≥3-month analysis
than on those of the ≥6-month analysis. Additionally,
time-dependent analyses, in which the first occurrence of
bevacizumab AESIs leading to bevacizumab interruption
was included as the time-dependent variable, showed that
HRs for OS and PFS were close to 1. These findings were
consistent with the main ≥6-month landmark analysis.
Overall, these separate analyses further supported the
appropriateness and robustness of the ≥6-month land-
mark analysis to investigate the impact of bevacizumab
interruption due to bevacizumab AESIs.

Previous studies evaluating the impact of bevacizumab
interruption on OS and PFS with bevacizumab-containing
treatment regimens have led to inconsistent conclusions.
Two studies in colorectal cancer showed that bevacizumab
interruption can potentially accelerate tumor regrowth and
revascularization and increase tumor resistance [11, 12]. In
a Japanese real-world study of patients with advanced
HCC treated with atezolizumab + bevacizumab, early
bevacizumab interruption (within the first 9 weeks of
treatment) was associated with worse OS and PFS [14].
However, bevacizumab interruption did not have a
meaningful impact on OS and PFS in an analysis of
Taiwanese patients in IMbrave150 and GO30140 [13], as
well as in this analysis. Discrepancies in study design
between the previous Japanese real-world study and the
current analysis include (1) the inclusion of only systemic
treatment-naive patients in this analysis, (2) the focus on
early interruption in the real-world analysis, and (3) the
evaluation of bevacizumab interruption only due to bev-
acizumab AESIs in this analysis. Further, the high rate of
bevacizumab reintroduction (78%) in this analysis may
have contributed to the maintenance of survival outcomes
in group A-1, suggesting the importance of reintroducing
bevacizumab when safe to do so, after treatment inter-
ruption due to AESIs.

In IMbrave150, 58% of patients in the atezolizumab +
bevacizumab arm experienced AESIs related to bev-
acizumab, with 29% of AESIs leading to bevacizumab
interruption [8, 9]. In this analysis, the most common
AESIs leading to bevacizumab interruption were pro-
teinuria and hypertension. Hypertension and proteinuria
are well known adverse drug reactions that are commonly
seen with bevacizumab [10] and in phase III trials of
bevacizumab combinations across cancer types [16–18].
Of note, hypertension and proteinuria have been shown
to be associated with improved OS outcomes and have
been proposed as clinical biomarkers of response to
bevacizumab [19–21]. Results from this analysis also
showed comparable OS and numerically longer PFS in

patients who skipped bevacizumab due to bevacizumab
AESIs than in those who did not.

Overall, the safety profiles of atezolizumab and bev-
acizumab were largely similar between patients who
skipped bevacizumab due to bevacizumab AESIs and
those who did not, but grade 3/4 AEs occurred at a higher
incidence in group A-1. This higher incidence of grade 3/
4 AEs in group A-1 is expected as these high-grade AEs
were likely causes of bevacizumab interruption. Any-
grade proteinuria, hypertension, and fatigue also oc-
curred at a higher incidence in group A-1 than in group
A-2. These results are consistent with those of a real-
world study of early bevacizumab interruption in HCC,
where proteinuria and fatigue occurred at a higher in-
cidence in the bevacizumab interruption group [14].

In this analysis, bevacizumab interruption typically
occurred after administration of bevacizumab for >6
months. The most common AESIs leading to bev-
acizumab interruption were hypertension and protein-
uria in the first 6 months after treatment and proteinuria
throughout the treatment period. In IMbrave150, hy-
pertension events were managed with concomitant me-
diation, whereas proteinuria events were managed solely
with bevacizumab interruption. Hence, the duration of
bevacizumab interruption due to hypertension may be
shorter than that due to proteinuria; this potentially
explains the trends observed. Further management
strategies for proteinuria are required in future studies.

Limitations of this study include its exploratory and
nonrandomized nature, as well as the small sample size.
Additionally, the primary analysis only included patients
who skipped bevacizumab due to bevacizumab AESIs in
group A-1; therefore, the generalizability of these findings
to bevacizumab interruption due to other reasons re-
mains unclear. Despite these limitations, results from this
analysis suggest that patients can continue to derive
benefit from atezolizumab + bevacizumab even if bev-
acizumab treatment is interrupted due to AESIs.

Conclusions

Results of this exploratory analysis of IMbrave150
suggest that skipping bevacizumab due to bevacizumab
AESIs did not have a considerable impact on the efficacy
and safety of atezolizumab + bevacizumab. Although
limitations due to the nonrandomized and exploratory
nature of this comparison should be acknowledged, the
results indicate that patients who skip bevacizumab due
to bevacizumab AESIs can continue to derive benefit
from atezolizumab + bevacizumab and that bevacizumab

410 Liver Cancer 2024;13:401–412
DOI: 10.1159/000535501

Kudo et al.

https://doi.org/10.1159/000535501


was reintroduced in the majority of these patients. These
results further support atezolizumab + bevacizumab as
the standard-of-care treatment in patients with advanced,
unresectable HCC.
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