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Atezolizumab with or without bevacizumab in unresectable 
hepatocellular carcinoma (GO30140): an open-label, 
multicentre, phase 1b study
Michael S Lee, Baek-Yeol Ryoo, Chih-Hung Hsu, Kazushi Numata, Stacey Stein, Wendy Verret, Stephen P Hack, Jessica Spahn, Bo Liu, 
Heba Abdullah, Yulei Wang, Aiwu Ruth He, Kyung-Hun Lee, on behalf of the GO30140 investigators*

Summary
Background Dual blockade of PD-L1 and VEGF has enhanced anticancer immunity through multiple mechanisms and 
augmented antitumour activity in multiple malignancies. We aimed to assess the efficacy and safety of atezolizumab 
(anti-PD-L1) alone and combined with bevacizumab (anti-VEGF) in patients with unresectable hepatocellular carcinoma.

Methods GO30140 is an open-label, multicentre, multiarm, phase 1b study that enrolled patients at 26 academic centres 
and community oncology practices in seven countries worldwide. The study included five cohorts, and the two 
hepatocellular carcinoma cohorts, groups A and F, are described here. Inclusion criteria for these two groups included 
age 18 years and older; histologically, cytologically, or clinically (per American Association for the Study of Liver 
Diseases criteria) confirmed unresectable hepatocellular carcinoma that was not amenable to curative treatment; 
no previous systemic treatment; and Eastern Cooperative Oncology Group performance status of 0 or 1. In group A, all 
patients received atezolizumab (1200 mg) and bevacizumab (15 mg/kg) intravenously every 3 weeks. In group F, 
patients were randomly assigned (1:1) to receive intravenous atezolizumab (1200 mg) plus intravenous bevacizumab 
(15 mg/kg) every 3 weeks or atezolizumab alone by interactive voice-web response system using permuted block 
randomisation (block size of two) and stratification factors of geographical region; macrovascular invasion, extrahepatic 
spread, or both; and baseline α-fetoprotein concentration. Primary endpoints were confirmed objective response rate 
in all patients who received the combination treatment for group A and progression-free survival in the intention-to-
treat population in group F, both assessed by an independent review facility according to Response Evaluation Criteria 
in Solid Tumors version 1.1. In both groups, safety was assessed in all patients who received at least one dose of any 
study treatment. This study is registered with ClinicalTrials.gov, NCT02715531, and is closed to enrolment.

Findings In group A, 104 patients were enrolled between July 20, 2016, and July 31, 2018, and received atezolizumab plus 
bevacizumab. With a median follow-up of 12·4 months (IQR 8·0–16·2), 37 (36%; 95% CI 26–46) of 104 patients had a 
confirmed objective response. The most common grade 3–4 treatment-related adverse events were hypertension 
(13 [13%]) and proteinuria (seven [7%]). Treatment-related serious adverse events occurred in 25 (24%) patients and 
treatment-related deaths in three (3%) patients (abnormal hepatic function, hepatic cirrhosis, and pneumonitis). In 
group F, 119 patients were enrolled and randomly assigned (60 to atezolizumab plus bevacizumab; 59 to atezolizumab 
monotherapy) between May 18, 2018, and March 7, 2019. With a median follow-up of 6·6 months (IQR 5·5–8·5) for the 
atezolizumab plus bevacizumab group and 6·7 months (4·2–8·2) for the atezolizumab monotherapy group, median 
progression-free survival was 5·6 months (95% CI 3·6–7·4) versus 3·4 months (1·9–5·2; hazard ratio 0·55; 80% CI 
0·40–0·74; p=0·011). The most common grade 3–4 treatment-related adverse events in group F were hypertension (in 
three [5%] patients in the atezolizumab plus bevacizumab group; none in the atezolizumab monotherapy group) and 
proteinuria (in two [3%] patients in the atezolizumab plus bevacizumab group; none in the atezolizumab monotherapy 
group). Treatment-related serious adverse events occurred in seven (12%) patients in the atezolizumab plus bevacizumab 
group and two (3%) patients in the atezolizumab monotherapy group. There were no treatment-related deaths.

Interpretation Our study shows longer progression-free survival with a combination of atezolizumab plus bevacizumab 
than with atezolizumab alone in patients with unresectable hepatocellular carcinoma not previously treated with 
systemic therapy. Therefore, atezolizumab plus bevacizumab might become a promising treatment option for these 
patients. This combination is being compared with standard-of-care sorafenib in a phase 3 trial.

Funding F Hoffmann-La Roche/Genentech.

Copyright © 2020 Elsevier Ltd. All rights reserved.

Introduction
Primary liver cancer is the sixth most common tumour 
worldwide and has the fourth highest cancer-related 

mortality (mortality-to-incidence ratio 0·93).1,2 Hepato-
cellular carcinoma accounts for 90% of liver cancers 
worldwide, and approximately 80% of patients first 
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present with unresectable disease because of the late 
appearance of symptoms.3 Patients with unresectable 
hepatocellular carcinoma have a poor prognosis, with 
rapid progression and short overall survival.

Angiogenesis and immune evasion are two hallmarks 
of cancer, including hepatocellular carcinoma.4 Most 
hepato cellular carcinoma tumours are hypervascular, 
and overexpression of VEGF has been linked to disease 
development and progression.5 In addition to its role 
in angiogenesis, VEGF exerts an immunomodulatory 
effect, and anti-VEGF therapies mitigate VEGF-mediated 
immunosuppression within the tumour and its micro-
environment.6–8

Preliminary studies have also shown that inhibition 
of the PD-L1–PD-1 immune checkpoint enhances the 
magnitude and quality of tumour-specific T-cell res-
ponses, and might provide clinical benefit to patients 
with hepatocellular carcinoma.9–11 However, phase 3 
trials have not yet shown superiority of immune check-
point inhibitor monotherapy over current standard 
of care.12,13

Approved first-line treatment options for patients 
presenting with unresectable hepatocellular carcinoma 

are limited to systemic therapies with multikinase 
inhibitors, including sorafenib and lenvatinib, which 
target angiogenic pathways driven by VEGF.5,14–17 FOLFOX4 
(fluorouracil, leucovorin, and oxaliplatin) is also approved 
for advanced hepatocellular carcinoma in China.18 Despite 
these treatments, a high unmet medical need remains for 
patients with advanced hepatocellular carcinoma.16,19–22

Modest single-agent activity in hepatocellular carci-
noma has been observed with bevacizumab.23,24 As a 
monotherapy and in combination with PD-L1 inhi bitors, 
bevacizumab has shown immunomodulatory effects in 
other tumour types, with promising clinical benefit and a 
good safety profile.25–28 Additionally, pre clinical evidence 
indicates that immune checkpoint inhibitors can 
promote vascular normalisation.29 There fore, combining 
atezoli zumab and bevacizumab might improve the anti-
tumour immune response to provide improved and 
more durable clinical benefit in patients with hepato-
cellular carcinoma.

We aimed to describe the efficacy and safety of atezoli-
zumab plus bevacizumab in patients with unresectable 
hepatocellular carcinoma who had received no previous 
systemic therapy.

Research in context

Evidence before this study
We searched PubMed for clinical trials published in English 
between Sept 25, 2014, and Sept 24, 2019, using the terms 
“PD-L1” or “PD-1” or “immunotherapy” or “immune 
checkpoint” or “VEGF” in the title or abstract in combination 
with “HCC” or “hepatocellular carcinoma” in the title. 
We identified 24 publications, of which two described studies of 
PD-1 checkpoint inhibitors, six described drugs targeting 
angiogenesis, one described a combination of CTLA-4 immune 
checkpoint inhibitor with ablation, and the remainder described 
other kinase inhibitors, autologous immunotherapies, and 
vaccines. Phase 1–2 studies of PD-1 checkpoint inhibitors 
(nivolumab and pembrolizumab) showed durable objective 
responses in 15–17% of patients with advanced hepatocellular 
carcinoma. On the basis of these data, nivolumab and 
pembrolizumab are indicated as second-line treatment for 
patients previously treated with sorafenib. However, 
confirmatory phase 3 studies of these drugs compared with 
standard of care in first-line or second-line hepatocellular 
carcinoma did not show their ability to improve survival. 
The VEGF inhibitor bevacizumab combined with temsirolimus 
led to favourable response rates and overall survival in a small 
phase 2 study. In two independent phase 3 studies, second-line 
treatment with the VEGFR inhibitor ramucirumab did not 
significantly improve survival over placebo in patients with 
unselected hepatocellular carcinoma, but a survival benefit was 
seen in patients with advanced hepatocellular carcinoma who 
had α-fetoprotein concentrations of 400 ng/mL or more. Other 
US Food and Drug Administration-approved targeted therapies 
for first-line hepatocellular carcinoma were approved on the 

basis of overall survival superiority (sorafenib) or non-inferiority 
(lenvatinib) versus placebo. However, more efficacious 
treatments or treatment combinations are still needed to 
improve clinical responses and survival in patients with 
advanced hepatocellular carcinoma. Studies in other cancer 
types have shown that treatment efficacy is improved when 
checkpoint inhibitors are combined with other drugs, including 
those inhibiting VEGF, supporting the potential for exploration 
in hepatocellular carcinoma.

Added value of this study
When combining a PD-L1 inhibitor (atezolizumab) and an 
anti-VEGF antibody (bevacizumab), no new safety signals or 
additive toxicity occurred. The combination also resulted in 
clinically meaningful, durable responses in patients with 
advanced hepatocellular carcinoma not previously treated with 
systemic therapy. This phase 1b study also showed that 
bevacizumab combined with atezolizumab resulted in 
improved progression-free survival compared with 
atezolizumab monotherapy.

Implications of all the available evidence
The results of this study suggest that combining atezolizumab 
with bevacizumab can augment antitumour responses and 
improve progression-free survival in patients with unresectable 
hepatocellular carcinoma. To find out how this combination 
therapy compares with the current standard of care, the phase 3 
IMbrave150 study (NCT03434379) is being done to compare 
atezolizumab and bevacizumab combination therapy with 
sorafenib in a large study population of patients with systemic 
treatment-naive unresectable hepatocellular carcinoma.



Articles

810 www.thelancet.com/oncology   Vol 21   June 2020

Methods
Study design and participants
GO30140 is an open-label, multicentre, multiarm, 
phase 1b study done at 26 academic centres and 
community oncology practices across seven countries 
worldwide (appendix pp 2–3). Here, we report the results 
from groups A and F, which included patients with 
unresectable hepatocellular carcinoma who had received 
no previous systemic therapy. The study also included 
three solid tumour cohorts other than hepatocellular 
carcinoma; these results will be reported elsewhere.

Eligible patients for groups A and F were aged 18 years 
and older; had histologically, cytologically, or clinically 
confirmed (per American Association for the Study 
of Liver Disease criteria) unresectable hepatocellular 
carcinoma that was not amenable to curative treatment; 
had measurable disease according to Response Evalu-
ation Criteria in Solid Tumors version 1.1 (RECIST 1.1); 
had received no previous systemic therapy; had an 
Eastern Cooperative Oncology Group performance score 
of 0 or 1; had adequate haematological and end-organ 
function; had documented virological status of hepatitis; 
and either had archival (≤6 months old) biopsy samples 
available or were willing to provide a fresh tissue bio-
psy sample. All patients had to have an oesophago-
gastroduodenoscopy; any varices found were assessed 
and treated according to standard of care. Patients with 
bile duct invasion, main branch, portal, or hepatic vein 
invasion, or hepatic tumour occupancy of 50% or more 
were also eligible for enrolment. All patients had to have 
bilirubin no more than three times the upper limit of 
normal and albumin concentrations over 2·8 g/dL. 
Patients with active hepatitis B virus infection had to 
have been receiving antiviral therapy according to local 
standard of care and also had to meet the following 
criteria: patients enrolled in group A must have had 
hepatitis B virus DNA of 500 IU/mL or less and ongoing 
anti-hepatitis B virus treatment for at least 3 months 
before and at study entry; patients enrolled in group F 
must have had hepatitis B virus DNA of 500 IU/mL or 
less measured up to 28 days before study entry and 
anti-hepatitis B virus treatment for at least 14 days before 
study entry. Specific inclusion criteria for patients in 
group A were a Child-Pugh score up to B7 and a platelet 
count of at least 100 000 platelets per µL. Specific 
inclusion criteria for group F were a Child-Pugh score of 
A, a life expectancy of at least 3 months, and a platelet 
count of at least 75 000 platelets per µL.

Key exclusion criteria included treatment with 
hepatitis C virus antiviral therapy within 2 weeks of 
treatment initiation, moderate or severe ascites, history 
of or current hepatic encephalopathy, co-infection with 
hepatitis B and hepatitis C virus, untreated or incom-
pletely treated varices with bleeding or high risk of 
bleeding, uncontrolled hypertension, and gastrointestinal 
perforations. A full list of inclusion and exclusion criteria 
can be found in the protocol (appendix p 18). All patients 

provided written, informed consent. The trial was done 
in accordance with Good Clinical Practice and the 
Declaration of Helsinki. Protocol approval and approval 
of any amendments were obtained from independent 
review boards or ethics committees for each site.

Randomisation and masking
An interactive voice-web response system was used to 
enrol patients in both groups and to obtain treatment 
assignments in group F. The randomisation sequence 
was generated by an independent statistician and stored 
in the interactive voice or web response system, and the 
investigators obtained the randomisation assignments 
directly from the system. Patients in group F were 
randomly assigned (1:1) to receive either atezolizumab 
plus bevacizumab or atezolizumab monotherapy, using 
permuted-block ran dom isation with a block size of two. 
Randomisation was stratified by geographical region 
(Asia excluding Japan vs rest of the world [ie, USA, 
Australia, New Zealand, and Japan]), macrovascular 
invasion, extrahepatic spread, or both (presence vs 
absence), and baseline α-fetoprotein concen tration 
(<400 vs ≥400 ng/mL). The independent review facility 
was masked to the treatment allocation.

Procedures
For each treatment group, the study consisted of a 
screening period (day −28 to −1), a treatment period, a 
treatment discontinuation visit (occurring ≤30 days after 
the last dose of study medication), and a survival follow-
up period. In group A and in the combination therapy 
group in group F, patients were given 1200 mg 
atezolizumab intravenously and 15 mg/kg bevacizumab 
intravenously every 3 weeks. Patients in the atezolizumab 
monotherapy group in group F received 1200 mg 
atezolizumab intravenously every 3 weeks. Treatment 
continued until loss of clinical benefit or unacceptable 
toxicity. Dose reductions were not permitted. Tumour 
assessments were done every 8 weeks for the first year 
and every 12 weeks thereafter by the investigator until 
patient death, disease progression, or initiation of 
further systemic cancer therapy. A confirmed objective 
response was one that was observed on two consecutive 
occasions at least 4 weeks apart. Patients could receive 
treatment beyond pro gression, according to RECIST 1.1, 
if there was evidence of investigator-assessed clinical 
benefit. Patients who were randomly assigned to 
atezolizumab mono therapy in group F and who had 
investigator-assessed radiographic progression accor-
ding to RECIST 1.1 were allowed to cross over to 
atezolizumab plus bevacizumab, provided they met 
additional criteria, including patient consent, meeting 
all other eligibility criteria, completing necessary 
assessments, and obtaining medical monitor approval. 
Criteria for study withdrawal were the patient’s with-
drawal of consent at any time; any medical condition 
that the investigator or sponsor determined might 
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jeopardise the patient’s safety if they continued in the 
study; patient non-compliance; and the best interest of 
the patient, as determined by the investi gator or sponsor.

Safety and tolerability were assessed throughout the 
treatment period and up to 90 days after the last dose of 
treatment by the investigator in both groups according to 
the National Cancer Institute Common Terminology 
Criteria for Adverse Events version 4.0, as well as by 
laboratory monitoring. Additionally, the timing of 
adverse events and changes in vital signs, physical 
findings, and clinical laboratory test results during and 
after treatment were monitored.

PD-L1 expression was assessed retrospectively by 
immunohistochemistry on archival tumour samples or 
freshly collected biopsies with the PD-L1 IHC SP263 
assay (Ventana Medical Systems; Tucson, AZ, USA). 
PD-L1 expression on tumour cells and tumour-
infiltrating immune cells were reported. A tumour-cell 
score was reported as a percentage of total tumour cells 
expressing PD-L1. An immune-cell score was reported 
as the number of tumour-infiltrating immune cells 
expressing PD-L1 as a proportion of the tumour area. 
Three different cutoffs for positivity (≥1%, ≥5%, and 
≥10%) were evaluated.

104 enrolled in group A

366 patients assessed for eligibility

104 received at least one dose of study drug

104 included in activity and safety analyses

78 discontinued treatment
 11 adverse events
 53 progressive disease
 5 symptomatic deterioration
 5 withdrawal by patient
 3 death
 1 other

119 enrolled in group F and 
 randomly assigned

60 assigned to receive atezolizumab plus 
 bevacizumab

60 included in efficacy analysis and safety analysis

35 discontinued treatment
 26 progressive disease
 4 symptomatic deterioration
 2 adverse event
 2 physician decision
 1 withdrawal by patient

26 crossed over to atezolizumab plus bevacizumab 
 after investigator-assessed progressive disease 
 according to RECIST 1.1

59 assigned to receive atezolizumab monotherapy

59 included in efficacy analysis
58 included in safety analysis

 1 discontinued before 
  receiving any 
  treatment*
44 discontinued treatment
 40 progressive disease
  3 withdrawal by patient
  1 adverse event

143 ineligible
 89 did not meet inclusion criteria
 54 met exclusion criteria

Figure 1: Trial profile for groups A and F
RECIST 1.1=Response Evaluation Criteria In Solid Tumors version 1.1. *Physician’s decision not to treat because of elevated alkaline phosphatase concentrations 
before treatment on day 1 of cycle 1.

Group A: atezolizumab plus 
bevacizumab (n=104)

Group F

Atezolizumab plus 
bevacizumab (n=60)

Atezolizumab 
monotherapy (n=59)

Median age, years 62 (23–82) 60 (22–82) 63 (23–85)

18–40 6 (6%) 3 (5%) 2 (3%)

41–64 61 (59%) 36 (60%) 32 (54%)

≥65 37 (36%) 21 (35%) 25 (42%)

Sex

Male 84 (81%) 54 (90%) 49 (83%)

Female 20 (19%) 6 (10%) 10 (17%)

Ethnicity

White 20 (19%) 14 (23%) 9 (15%)

Asian 75 (72%) 45 (75%) 47 (80%)

Black or African American 7 (7%) 1 (2%) 2 (3%)

Native Hawaiian or other 
Pacific Islander

0 0 1 (2%)

Unknown 2 (2%) 0 0

Geographical region

Asia excluding Japan 59 (57%) 39 (65%) 39 (66%)

Rest of the world* 45 (43%) 21 (35%) 20 (34%)

(Table 1 continues on next page)
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Outcomes
For group A, the primary endpoint was confirmed 
objective response rate (complete or partial response) 
according to independent review facility assessment 
by RECIST 1.1. Secondary outcomes were objective 
response according to investigator assessment by 
RECIST 1.1 and independent review facility assessment 

by hepato cellular carcinoma-specific modified-RECIST 
(mRECIST);30 progression-free survival (defined as the 
time from the first dose of study treatment to the first 
occurrence of disease progression or death from any 
cause, whichever occurred first), duration of response 
(defined as the time from the first occurrence of a 
documented objective response to disease progression or 
death from any cause, whichever occurred first), and 
time to radiographic progression (defined as the time 
from the first dose of study treatment to the first 
occurrence of radiographic disease progression), all 
according to investigator assess ment by RECIST 1.1, 
independent review facility assess ment by RECIST 1.1, 
and inde pendent review facility assess ment by mRECIST; 
overall survival (defined as the time from the first dose of 
study treatment to death from any cause); and safety.

For group F, the primary endpoint was progression-
free survival according to independent review facility 
assessment by RECIST 1.1 (defined as the time from 
randomisation to the first occurrence of disease 
progression or death from any cause, whichever occurred 
first). Secondary endpoints were progression-free 
survival according independent review facility assess-
ment by mRECIST and investigator assess ment by 
RECIST 1.1; objective response rate (complete or partial 
response), duration of response (defined as the time 
from the first occurrence of a documented objective 
response to disease progression or death from any cause, 
whichever occurred first), and time to radiographic 
progression (defined as the time from randomisation to 
the first occurrence of radiographic disease progression), 
all according to inde pendent review facility assessment 
by RECIST 1.1 and mRECIST, and investigator assess-
ment by RECIST 1.1; overall survival; and safety.

Statistical analysis
Group A was a single-arm cohort that was not powered 
to make explicit statistical inferences under type I error 
controls. Instead, the planned sample size of 100 patients 
was considered to provide sufficient precision to 
estimate the primary endpoint of objective response 
rate to examine magnitude of clinical activity. Group F 
included formal hypothesis testing to evaluate whether 
the difference in independent review facility-assessed 
progression-free survival between the groups was 
significant at a two-sided type I error of 0·2. Assuming 
a progression-free survival hazard ratio (HR) of 0·55 
(based on a median progression-free survival of 
4 months in the atezolizumab monotherapy group and 
7·3 months in the atezolizumab plus bevacizumab 
group) and approximately 89% power, a target of 
73 independent review facility-assessed progression-free 
survival events from a planned sample of 120 patients 
was needed.

Because of faster than expected enrolment and the 
need to ensure a minimum (6 months) follow-up for all 
responders after their initial response in group A, the 

Group A: atezolizumab plus 
bevacizumab (n=104)

Group F

Atezolizumab plus 
bevacizumab (n=60)

Atezolizumab 
monotherapy (n=59)

(Continued from previous page)

ECOG performance status

0 52 (50%) 27 (45%) 25 (42%)

1 52 (50%) 33 (55%) 34 (58%)

Child-Pugh score

A5 77 (74%) 43 (72%) 42 (71%)

A6 21 (20%) 17 (28%) 17 (29%)

A7 6 (6%) 0 0

Barcelona Clinic Liver Cancer stage

A4 0 0 2 (3%)

B 10 (10%) 6 (10%) 4 (7%)

C 94 (90%) 54 (90%) 53 (90%)

α-Fetoprotein at baseline 
≥400 ng/mL

37 (36%) 18 (30%) 19 (32%)

Present macrovascular 
invasion

55 (53%) 20 (33%) 25 (42%)

Present extrahepatic spread 74 (71%) 40 (67%) 39 (66%)

Present macrovascular 
invasion, extrahepatic 
spread, or both

91 (88%) 47 (78%) 50 (85%)

Bile duct invasion 5 (5%) 0 2 (3%)

Main portal vein invasion 14 (13%) 6 (10%) 5 (8%)

Liver occupancy ≥50% 10 (10%) 2 (3%) 3 (5%)

Cause of hepatocellular carcinoma

Hepatitis B virus 51 (49%) 34 (57%) 32 (54%)

Hepatitis C virus 31 (30%) 11 (18%) 10 (17%)

Non-viral† 22 (21%) 15 (25%) 17 (29%)

Alcohol use

Current 14 (13%) 7 (12%) 6 (10%)

Never 32 (31%) 14 (23%) 21 (36%)

Previous 58 (56%) 39 (65%) 32 (54%)

PD-L1 status

Tumour-cell and immune-
cell score <1%

25 (24%) 15 (25%) 18 (31%)

Tumour-cell or immune-
cell score ≥1%

61 (59%) 28 (47%) 34 (58%)

Tumour-cell or immune-
cell score ≥5%

37 (36%) 8 (13%) 16 (27%)

Tumour-cell or immune-
cell score ≥10%

30 (29%) 5 (8%) 6 (10%)

Data missing 18 (17%) 17 (28%) 7 (12%)

Data are median (range) or n (%). ECOG=Eastern Cooperative Oncology Group. *Refers to the USA, Australia, 
New Zealand, and Japan. †Includes unknown disease cause, not hepatitis B or C virus.

Table 1: Baseline characteristics
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number of events required for the group F final analysis 
was met before doing the interim analysis. Therefore, 
only a final analysis was done for group F.

In group A, clinical activity was assessed in all patients 
who received at least one dose of atezolizumab plus 
bevacizumab. In group F, efficacy was evaluated accor-
ding to the assigned treatment regardless of treatment 
received (intention-to-treat population). Safety for both 
groups was assessed in all patients who received at least 
one dose of any study treatment. The Kaplan-Meier 
method was used to estimate time-to-event endpoints. 
Patients were censored at the last-known alive date for 
overall survival and at the last imaging date for other 
time-to-event endpoints if no event had been observed 
at data cutoff. The Brookmeyer-Crowley method was 
used to calculate the 95% CI for each median time to 
event. The event-free probabilities at specific timepoints 
were estimated using the Kaplan-Meier method, and 
95% CIs were calculated with Greenwood’s estimate of 
variance. Objective response rates were calculated along 
with 95% CIs estimated by the Clopper-Pearson method. 
For group F only, the difference in progression-free 
survival according to independent review facility by 
RECIST 1.1 between the two treatment groups was 
evaluated using the stratified log-rank test at the two-
sided significance level of 0·2; a stratified HR for time-
to-event endpoints and its 80% CI was estimated using 
the stratified proportional hazards Cox regression 
model with the discrete method for handling tied 
events. Stratification factors included in analysis 
models were region and baseline α-fetoprotein. Macro-
vascular invasion, extrahepatic spread, or both were pre-
specifically excluded from the models to avoid 
ultra-imbalanced event distribution among strata. 
Unstra tified analyses of progression-free survival were 
also done. 

The proportional hazard assumption was assessed by 
the graph of log cumulative hazard over survival time 

and a diagnostic test by incorporating the treatment as an 
explanatory time-dependent variable to the Cox model. 
Prespecified subgroup analyses of objective response 
rate and progression-free survival by demographics, 
stratification factors, and baseline disease characteristics 
were done for groups A and F. Subgroup analyses by 
baseline characteristics were done as prespecified 
analyses, which included evaluation of the association 
between expression of PD-L1 and treatment outcomes.

SAS (version 9.4) was used for all statistical analyses. 
This study is registered with ClinicalTrials.gov, 
NCT02715531.

Role of the funding source
The funder of the study collaborated with academic 
authors on the study design, data collection, data analysis, 
and data interpretation. Medical writing assistance for 
this manuscript was provided by a professional medical 
writer and funded by the funder. All authors had access 
to the raw data. The corresponding author had full access 
to all the data in the study and had final responsibility to 
submit for publication.

Results
104 patients were enrolled in group A between 
July 20, 2016, and July 31, 2018, and were included in the 
primary outcome analysis and the safety analysis 
(figure 1). At the data cutoff date (June 14, 2019), the 
median duration of follow-up was 12·4 months 
(IQR 8·0–16·2). Baseline characteristics are presented in 
table 1.

Confirmed objective responses according to the inde-
pendent review facility (by RECIST 1.1) were observed in 
37 (36%; 95% CI 26–46) of 104 patients, including 
12 (12%) patients with a complete response (table 2; 
appendix p 4). Onset of response most commonly 
occurred by the first or second tumour assessment 
(30 [81%] of 37 responders); however, seven (19%) of 

 Independent review facility-
assessed (RECIST 1.1)

Independent review facility-
assessed (mRECIST)

Investigator-assessed 
(RECIST 1.1)

Confirmed objective response, n (%; 95% CI) 37 (36%; 26–46) 41 (39%; 30–50) 34 (33%; 24–43)

Complete response 12/104 (12%) 16/104 (15%) 3/104 (3%)

Partial response 25/104 (24%) 25/104 (24%) 31/104 (30%)

Stable disease 37/104 (36%) 33/104 (32%) 44/104 (42%)

Progressive disease 25/104 (24%) 25/104 (24%) 20/104 (19%)

Ongoing response* 28/37 (76%) 28/41 (68%) 24/34 (71%)

Disease control† 74/104 (71%) 74/104 (71%) 78/104 (75%)

Median duration of response, months (95% CI) Not reached (11·8–NE) Not reached (11·8–NE) Not reached (11·7–NE)

Median time to radiographic progression, months (95% CI) 8·9 (5·6–13·6) 8·9 (6·0–13·6) 9·0 (6·0–12·8)

Median progression-free survival, months (95% CI) 7·3 (5·4–9·9) 7·3 (5·4–9·9) 7·4 (5·6–10·7)

Progression-free survival events 69/104 (66%) 69/104 (66%) 75/104 (72%)

Data are n/N (%) unless otherwise specified. RECIST 1.1=Response Evaluation Criteria in Solid Tumors version 1.1. mRECIST=hepatocellular carcinoma-specific modified 
RECIST. NE=not estimable. *As of data cutoff date (June 14, 2019). †Disease control is the sum of complete response, partial response, and stable disease.

Table 2: Group A endpoints
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37 patients responded after 5 months (appendix p 4). At 
the data cutoff, 28 (76%) of 37 responders had an ongoing 
response according to the independent review facility 
(by RECIST 1.1), and the median duration of response 
was not reached (95% CI 11·8–not estimable), with 
responses of 6 months or longer observed in 24 patients 

(including one ongoing response of ≥31 months). 
Response according to investigator (by RECIST 1.1) was 
consistent with response according to the independent 
review facility (by RECIST 1.1 and mRECIST; table 2). 
Objective response rates were generally consistent 
across all subgroups analysed (figure 2).
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Figure 2: Objective response rate in prespecified subgroups in group A
Response assessed by independent review facility (Response Evaluation Criteria In Solid Tumors 1.1). ECOG=Eastern Cooperative Oncology Group. IC=tumour-
infiltrating immune-cell. ORR=objective response rate. TC=tumour-cell. Rest of world=USA, Australia, New Zealand, and Japan. *Includes patients with bile duct 
invasion, main portal vein invasion, or liver occupancy of 50% or more. †Non-viral hepatocellular carcinoma cause includes unknown disease cause, 
not hepatitis B or C virus.
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Median overall survival was 17·1 months (95% CI 
13·8–not estimable), with 57 (55%) patients still alive at 
data cutoff (appendix p 5). The results for the remaining 
secondary endpoints in group A, including median 
progression-free survival and time to radiographic pro-
gression, are shown in table 2 and the appendix (pp 5–6).

As an exploratory analysis, objective response by clinical 
subgroups, including PD-L1 expression, was examined 
(figure 2). Clinical activity was observed irrespective of 
PD-L1 status (figure 2).

119 patients were enrolled into group F and randomly 
assigned to a treatment group (60 patients to atezolizumab 
plus bevacizumab, 59 patients to atezolizumab mono-
therapy; figure 1) between May 18, 2018, and March 7, 2019. 
All 60 patients in the atezolizumab plus bevacizumab 
group received treatment and were included in all 
analyses. One patient in the atezolizumab monotherapy 
group withdrew from the study before receiving any 
treatment and was therefore included in the efficacy 
analysis (by intention to treat), but not the safety analysis. 
26 patients crossed over from the atezolizumab mono-
therapy group to the atezolizumab plus bevaci zumab 
group. Post-crossover safety and efficacy data for these 
patients are not reported here. At the data cutoff date 
(June 14, 2019), the median duration of follow-up was 
6·6 months (IQR 5·5–8·5) in the atezolizumab plus 
bevacizumab group and 6·7 months (4·2–8·2) in the 
atezolizumab mono therapy group. Baseline character-
istics are shown in table 1.

In group F, a significant improvement in independent 
review facility-assessed (by RECIST 1.1) progression-
free survival was observed with combination therapy 
versus atezolizumab monotherapy (median 5·6 months 

[95% CI 3·6–7·4] vs 3·4 months [1·9–5·2]; stratified HR 
0·55; 80% CI 0·40–0·74; p=0·011; table 3; figure 3A). At 
the data cutoff date, progression-free survival events had 
occurred in 35 (58%) of 60 patients in the atezolizumab 
plus bevacizumab group and 39 (66%) of 59 patients in 
the atezolizumab monotherapy group by independent 
review facility assessment (table 3). Progression-free 
survival according to independent review facility (by 
mRECIST) and investigator (by RECIST 1.1) was 
consistent with that according to independent review 
facility (by RECIST 1.1; table 3; appendix p 7). The 
progression-free survival benefit of atezolizumab plus 
bevacizumab versus atezolizumab monotherapy was 
generally consistent across subgroups (figure 3B). Time 
to radiographic progression, objective response rate, and 
duration of response are shown in table 3.

 Median overall survival was not reached in either 
treatment group (atezolizumab plus bevacizumab: 
95% CI 8·3 months to not estimable; atezolizumab mono-
therapy group: 8·2 months to not estimable). 16 (27%) of 
60 patients in the combination therapy group died and 
18 (31%) of 59 in the monotherapy group died by the data 
cutoff.

PD-L1 status was evaluable in 43 (72%) of 60 patients in 
the atezolizumab plus bevacizumab group and 52 (88%) 
of 59 patients in the atezolizumab monotherapy group in 
group F. A progression-free survival benefit was seen 
with atezolizumab plus bevacizumab irrespective of 
PD-L1 status, although meaningful interpretation of 
progression-free survival in patients who had tumours 
with at least 10% of tumour cells or immune cells being 
PD-L1 positive was not possible because of the small 
sample sizes in both groups (figure 3B).

Independent review facility-assessed 
(RECIST 1.1)

Independent review facility-assessed 
(mRECIST)

Investigator-assessed (RECIST 1.1)

Atezolizumab plus 
bevacizumab 
(n=60)

Atezolizumab 
monotherapy 
(n=59)

Atezolizumab plus 
bevacizumab 
(n=60)

Atezolizumab 
monotherapy 
(n=59)

Atezolizumab plus 
bevacizumab 
(n=60)

Atezolizumab 
monotherapy 
(n=59)

Median progression-free 
survival, months (95% CI)

5·6 (3·6–7·4) 3·4 (1·9–5·2) 5·6 (3·6–7·4) 3·4 (1·9–5·2) 5·7 (3·5–9·3) 2·0 (1·9–3·7)

Hazard ratio (80% CI)* 0·55 (0·40–0·74)† ·· 0·54 (0·40–0·74) ·· 0·44 (0·33–0·60) ··

Events 35 (58%) 39 (66%) 34 (57%) 39 (66%) 35 (58%) 44 (75%)

Confirmed objective response, 
% (95% CI)

20% (11–32) 17% (8–29) 27% (16–40) 17% (8–29) 13% (6–25) 8% (3–19)

Complete response 1 (2%) 3 (5%) 3 (5%) 3 (5%) 0 0

Partial response 11 (18%) 7 (12%) 13 (22%) 7 (12%) 8 (13%) 5 (8%)

Stable disease 28 (47%) 19 (32%) 25 (42%) 19 (32%) 33 (55%) 20 (34%)

Progressive disease 17 (28%) 25 (42%) 16 (27%) 25 (42%) 17 (28%) 31 (53%)

Disease control‡ 40 (67%) 29 (49%) 41 (68%) 29 (49%) 41 (68%) 25 (42%)

Median duration of response, 
months (95% CI)

Not reached (NE) Not reached 
(3·7–NE)

Not reached (NE) Not reached 
(3·7–NE)

Not reached 
(5·5–NE)

Not reached (NE)

Median time to radiographic 
progression, months (95% CI)

5·6 
(3·7–NE)

3·1 
(1·9–5·5)

5·6 
(3·7–NE)

3·1 
(1·9–5·5)

7·5 
(3·8–9·4)

2·0 
(1·9–3·7)

Data are n (%) unless otherwise specified. RECIST 1.1=Response Evaluation Criteria in Solid Tumors version 1.1. mRECIST=hepatocellular carcinoma-specific modified RECIST. 
NE=not estimable. *Stratified. †p=0·011. ‡Disease control is the sum of complete response, partial response, and stable disease.

Table 3: Group F endpoints
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Figure 3: Progression-free 
survival analyses in group F
(A) Kaplan-Meier analysis of 
progression-free survival in 

patients in the intention-to-
treat population according to 

independent review facility 
assessment (by RECIST 1.1). 

(B) Progression-free survival 
by key subgroups according to 

independent review facility 
assessment (by RECIST 1.1). 

HRs are from unstratified Cox 
models. ECOG=Eastern 

Cooperative Oncology Group. 
HR=hazard ratio. IC=tumour-

infiltrating immune-cell. 
NE=not estimable. 

RECIST 1.1=Response 
Evaluation Criteria in Solid 

Tumors version 1.1. Rest of 
world=the USA, Australia, 

New Zealand, and Japan. 
TC=tumour-cell. *Non-viral 

hepatocellular carcinoma 
cause includes unknown 

disease cause, not hepatitis B 
or C virus. †Stratified analysis; 

the unstratified analysis 
showed a median progression-

free survival of 5·6 months 
(95% CI 3·5–7·4) with the 

combination versus 
3·4 months (1·9–5·2) with 

atezolizumab monotherapy; 
unstratified HR 0·60 (80% CI 

0·44–0·81).
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In group A, the median duration of treatment was 
8·3 months (IQR 3·4–12·5) with atezolizumab and 
8·2 months (2·8–12·2) with bevaci zumab. All-grade 
adverse events were reported in 100 (96%) of 
104 patients, and grade 3–4 adverse events were 
reported in 55 (53%) patients (table 4; appendix pp 8–12). 
Adverse events related to any treatment (as determined 
by the investi gator) occurred in 91 (88%) patients. The 
most common grade 3 or 4 treatment-related adverse 
events were hypertension (13 [13%] of 104 patients) and 
proteinuria (seven [7%]). Fatal adverse events (of any 
causality) were reported in seven (7%) patients: hepatic 
cirrhosis, abnormal hepatic function, bacteraemia, 
bacterial peritonitis, cardiac arrest, upper gastro-
intestinal haemorrhage, and pneumonitis, of which 
three (3%) were deemed by the investigator to be 
treatment related (abnormal hepatic function, hepatic 
cirrhosis, and pneumonitis).

In group A, serious adverse events were observed in 
46 (44%) of 104 patients and treatment-related serious 
adverse events were observed in 25 (24%) patients. The 
most common treatment-related serious adverse events 
were upper gastrointestinal haemorrhage, colitis, oeso-
phageal varices haemorrhage, and pneumonitis, each 
occurring in two (2%) patients. Adverse events leading to 
dose modification or interruption of any study treatment 
occurred in 50 (48%) patients and adverse events leading 
to discontinuation of any study treatment occurred in 
18 (17%) of 104 patients, including ten (10%) patients who 
concurrently discontinued both atezolizumab and 
bevacizumab (appendix p 13). The most frequent adverse 
event leading to any treatment discontinuation was 
oesophageal varices haemorrhage in two (2%) patients, 

which led to a discontinuation of bevacizumab only. All-
cause adverse events of special interest for atezolizumab 
or bevacizumab in group A are shown in the 
appendix (pp 14–17).

In the 60 patients in group F who received combination 
therapy, median duration of treatment was 5·2 months 
(IQR 2·9–6·9) with atezolizumab and 4·9 months 
(2·8–6·4) with bevacizumab. In the 58 patients who 
received atezolizumab mono therapy, median duration of 
treatment was 1·6 months (1·4–5·1). All-grade adverse 
events were reported in 57 (95%) of 60 patients in the 
atezolizumab plus bevacizumab group and 52 (90%) of 
58 patients in the atezolizumab monotherapy group 
(table 4; appendix pp 8–12). Adverse events related to any 
treatment (as determined by the investigator) occurred 
in 41 (68%; 12 [20%] grade 3–4) patients in the 
atezolizumab plus bevacizumab group and 24 (41%; 
three [5%] grade 3–4) patients in the atezolizumab 
monotherapy group. The most common grade 3–4 
treatment-related events were hypertension (three [5%] 
in the atezolizumab plus bevacizumab group, none in 
the monotherapy group) and proteinuria (two [3%] in 
the atezolizumab plus bevacizumab group, none in the 
monotherapy group; table 4). There were no deaths due 
to adverse events.

Serious adverse events were observed in 15 (25%) of 
60 patients in the atezolizumab plus bevacizumab group 
and six (10%) of 58 patients in the atezolizumab 
monotherapy group in group F. Treatment-related 
serious adverse events were observed in seven (12%) 
patients in the atezolizumab plus bevacizumab group 
(diarrhoea, duodenal ulcer haemorrhage, gastric haemor-
rhage, Guillain-Barré syndrome, pneumonia, epistaxis, 

Group A: atezolizumab plus bevacizumab (n=104) Group F*

Atezolizumab plus bevacizumab (n=60) Atezolizumab monotherapy (n=58)†

Grade 1–2 Grade 3 Grade 4 Grade 5 Grade 1–2 Grade 3 Grade 4 Grade 1–2 Grade 3 Grade 4

Proteinuria 31 (30%) 7 (7%) 0 0 11 (18%) 3 (5%) 0 1 (2%) 0 0

Decreased appetite 35 (34%) 1 (1%) 0 0 8 (13%) 0 0 9 (16%) 0 0

Fatigue 28 (27%) 1 (1%) 0 0 12 (20%) 0 0 6 (10%) 0 0

Pyrexia 22 (21%) 2 (2%) 0 0 5 (8%) 1 (2%) 0 8 (14%) 0 0

Rash 24 (23%) 0 0 0 12 (20%) 0 0 6 (10%) 0 0

Diarrhoea 20 (19%) 3 (3%) 0 0 8 (13%) 1 (2%) 0 7 (12%) 0 0

Hypertension 7 (7%) 15 (14%) 0 0 6 (10%) 3 (5%) 0 0 1 (2%) 0

Abdominal pain 17 (16%) 4 (4%) 0 0 9 (15%) 0 0 4 (7%) 0 0

Pruritis 21 (20%) 0 0 0 3 (5%) 0 0 8 (14%) 0 0

Constipation 19 (18%) 1 (1%) 0 0 5 (8%) 0 0 3 (5%) 0 0

Decreased platelet count 14 (13%) 5 (5%) 0 0 5 (8%) 0 0 4 (7%) 0 0

Oedema peripheral 17 (16%) 0 0 0 5 (8%) 0 0 4 (7%) 0 0

Arthralgia 16 (15%) 0 0 0 8 (13%) 0 0 4 (7%) 0 0

Cough 16 (15%) 0 0 0 4 (7%) 0 0 5 (9%) 0 0

Increased aspartate aminotransferase 11 (11%) 3 (3%) 2 (2%) 0 1 (2%) 2 (3%) 0 6 (10%) 2 (3%) 0

Data are n (%). *No deaths were observed in group F. †For patients who crossed over to atezolizumab plus bevacizumab, the postcrossover adverse events were not included.

Table 4: Adverse events occurring in 15% or more of patients in any treatment group in groups A and F
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pyrexia, and embolism) and in two (3%) patients in the 
atezolizumab monotherapy group (Guillain-Barré synd-
rome, increased aminotrans ferases), with no event 
occurring in more than one patient in either group.

Adverse events leading to dose modifications or 
interruptions occurred in nine (15%) patients in the 
atezoli zumab plus bevacizumab group and five (9%) 
patients in the atezolizumab monotherapy group. 
Adverse events leading to treatment discon tinuation of 
either atezoli zumab, bevacizumab, or both occurred in 
six (10%) patients receiving the combination therapy 
(including in two [3%] patients who discontinued 
atezolizumab and bevacizumab concurrently; appendix 
p 13). All-cause adverse events of special interest for 
atezolizumab or bevacizumab in group F are reported in 
the appendix (pp 14–17).

Discussion
Our phase 1b study showed that the combination of 
atezolizumab plus bevacizumab in patients with 
unresectable hepatocellular carcinoma who had not 
received previous systemic therapy was efficacious and 
had a tolerable safety profile. The objective response (36% 
in group A) and disease control rates (71% in group A) 
observed in patients treated with atezolizumab plus 
bevacizumab were clinically meaningful. The primary 
progression-free survival endpoint was met in group F, 
showing a significant and clinically meaningful improve-
ment of 2·2 months in median progression-free survival 
and a reduction in the risk of progression or death with 
atezolizumab plus bevaci zumab compared with atezoli-
zumab monotherapy in this patient population.

At the data cutoff date, antitumour responses appeared 
to be highly durable, with 76% of responses (according to 
independent review facility assessment by RECIST 1.1) 
ongoing in patients in group A and the median duration 
of response not reached. Although most responses 
occurred at the first or second scan, responses in some 
patients (seven [19%] of 37 confirmed responders) 
occurred later, suggesting the potential for a delayed 
response (eg, prolonged stable disease followed by 
conversion to partial response). Delayed responses are a 
feature of immune checkpoint inhibition that are also 
seen in other malignancies.31 The proportion of patients 
with a confirmed response in group A was largely 
consistent across the majority of subgroups, including 
patients with viral versus non-viral causes of their 
disease, α-fetoprotein values of more than or less than 
400 ng/mL, and patients with high disease burden as 
evidenced by extrahepatic disease or macrovascular 
invasion. Responses in some subgroups, including 
patients with carcinoma caused by hepatitis C virus, no 
extrahepatic spread or macrovascular invasion, or 
Barcelona Clinic Liver Cancer stage B, appeared to be 
higher than in the general population of patients with 
hepatocellular carcinoma; however, in most subgroups, 
the sample sizes were too small for firm conclusions.

In addition to the clinically meaningful proportion of 
confirmed objective responses, complete responses were 
noted in 12% of patients in group A who were treated 
with atezolizumab plus bevacizumab. A similar pro-
portion of complete responses has not been observed in 
other hepatocellular carcinoma clinical trials.9,21,22

To our knowledge, group F of our study is the first 
randomised cohort to directly compare a checkpoint 
inhibitor combination therapy with monotherapy in 
hepato cellular carcinoma. The consistency of progression-
free survival benefit across RECIST criteria and sub-
groups is a strength of this study, as are the data from the 
control group, which were broadly consistent with 
previous studies of anti-PD-1 drugs in hepatocellular 
carcinoma with respect to median progression-free 
survival.11,12 Efficacy is difficult to compare between 
group A and group F because of the differences in median 
follow-up periods. The proportion of responders in 
group F might increase with longer follow-up.

Tumour burden can be defined by the presence of 
extrahepatic disease or macrovascular invasion of the 
hepatic or portal vein branches, both of which are com-
mon and well described independent negative prognostic 
factors included in many hepatocellular carcinoma 
staging criteria.32,33 The majority (78–88%) of enrolled 
patients had extrahepatic disease, macrovascular invasion, 
or both, indicating a patient population with a high burden 
of disease. Objective response rates (group A) and 
progression-free survival (group F) in patients with and 
without extrahepatic disease, macro vascular invasion, or 
both were similar to those in the overall intention-to-treat 
population. Furthermore, the objective response rate was 
similar between patients with high-risk features, including 
bile duct invasion, main portal or hepatic vein invasion, or 
liver occupancy of 50% or more, and patients without 
these high-risk features (35% vs 36%) in group A. These 
data indicate that the combination of atezolizumab plus 
bevacizumab conferred a clinically meaningful benefit 
irrespective of tumour burden. We are continuing to 
collect data from this trial and additional analysis might 
be done in the future.

To date, single-agent PD-L1–PD-1 immune checkpoint 
inhibitors have shown activity in hepatocellular 
carcinoma, but so far have not shown superiority in terms 
of survival over standards of care in randomised studies 
of this disease.4,5 Although ours is a phase 1b study that 
did not directly compare study drugs with standard of 
care, data from group F suggest that combination therapy 
might be needed to effectively prolong progression-free 
survival in this disease.

An encouraging objective response rate in group A and 
progression-free survival in group F were observed 
irrespective of PD-L1 expression. However, small patient 
numbers in some PD-L1 subgroups make interpretation 
challenging regarding the association between PD-L1 
expression and efficacy. Future randomised studies will 
be needed to find out whether the efficacy of anti-PD-(L)1 
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treatments might be enhanced in patients with higher 
PD-L1 expression.

Overall, the combination of atezolizumab and bevaci-
zumab was tolerable with a manageable safety profile. 
No new safety signals or additive toxic effects were 
identified, and the safety profile was consistent with the 
known safety profiles of each drug and with the 
underlying disease. The most common atezolizumab 
adverse events of special interest were increased aspar-
tate aminotransferase, alanine aminotransferase, and 
bilirubin concentrations, all of which were expected in 
this patient population and most of which were grade 1–2 
and manageable. The majority of hepatic events were 
laboratory abnormalities and were manageable without 
steroid treatment, drug discontinuation, or dose inter-
ruption. The most common bevacizumab adverse events 
of special interest were proteinuria, hypertension, and 
epistaxis, which are well described adverse events 
associated with bevacizumab. In our study, the propor-
tion of patients who had bleeding from oesophageal 
varices, a common and severe compli cation in patients 
with hepatocellular carcinoma, was similar to that seen 
in previous studies of anti-VEGF drugs in this disease.17,21,34 
Because of the difference in median treatment duration, 
the numbers of adverse events for atezolizumab plus 
bevacizumab and atezolizumab monotherapy are not 
directly comparable.

Study limitations include the single-arm design of 
group A and the open-label design of group F. Although 
these study features allowed for adequate side-effect 
management and met the requirements of this primarily 
exploratory study, they do allow for potential investigator 
biases. To minimise these potential biases, this study 
used an independent review facility that was masked to 
the clinical data.

In summary, the results from our study suggest that the 
combination of atezolizumab with bevacizumab results in 
durable antitumour responses and significantly improved 
progression-free survival compared with atezolizumab 
alone in patients with unresectable hepatocellular carci-
noma not previously treated with systemic therapy. Both 
groups A and F showed a tolerable safety profile. There-
fore, these data suggest that atezolizumab plus bevaci-
zumab might become a promising treatment option for 
patients with unresectable hepato cellular carcinoma.
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