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Abstract
Introduction: Atezolizumab + bevacizumab showed survival
benefit in patients with unresectable hepatocellular carcinoma
(HCC) versus sorafenib in the Phase III IMbrave150 study. This
exploratory analysis examined the prognostic impact of a
baseline albumin-bilirubin (ALBI) score.Methods: Patients with
treatment-naïve unresectable HCC, ≥1 measurable untreated
lesion, and Child-Pugh class A liver function were randomized

2:1 to receive atezolizumab 1,200mg+bevacizumab 15mg/kg
every 3 weeks or sorafenib 400 mg twice daily. Overall survival
(OS) and progression-free survival (PFS) were assessed in the
intention-to-treat population by ALBI/modified (m)ALBI grade.
Time to deterioration (TTD; defined as time to 0.5-point in-
crease from the baseline ALBI score over 2 visits or death) of
liver function and safety were investigated. Results: Of 501
enrolled patients, 336 were randomized to receive atezolizu-
mab + bevacizumab (ALBI grade [G] 1: n = 191; G2: n = 144
[mALBI G2a: n = 72, G2b: n = 72]; missing ALBI grade: n = 1) and
165 to sorafenib (ALBI G1: n= 87; G2: n= 78 [mALBI G2a: n= 37;
G2b: n = 41]). Median follow-up was 15.6 months. OS and PFS
improved with atezolizumab + bevacizumab versus sorafenib
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in patients with ALBI G1 (OS HR: 0.50 [95% CI: 0.35, 0.72]; PFS
HR: 0.61 [95% CI: 0.45, 0.82]). In patients with ALBI G2 or mALBI
G2a or G2b, PFS was numerically longer with atezolizumab +
bevacizumab versus sorafenib, but no OS benefit was seen.
Median TTD in the intention-to-treat population was
10.2 months (95% CI: 8.0, 11.0) with atezolizumab + bev-
acizumab versus 8.6 months (95% CI: 6.2, 11.8) with sorafenib
(HR: 0.82 [95% CI: 0.65, 1.03]). Safety profiles of atezolizumab
and bevacizumab were consistent with previous analyses,
regardless of ALBI grade. Conclusion: ALBI grade appeared to
be prognostic for outcomes with both atezolizumab + bev-
acizumab and sorafenib treatment in patients with HCC.
Atezolizumab + bevacizumab preserved liver function for a
numerically longer duration than sorafenib.

© 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Liver cancer is one of the leading causes of cancer-
related mortality worldwide, with hepatocellular carci-
noma (HCC) comprising 75–85% of liver cancer cases
[1]. In untreated patients, the prognosis for patients with
advanced HCC is poor, with a median overall survival (OS)
of 9 months [2]. Sorafenib was the historic standard of care
for first-line (1L) treatment of advanced unresectable HCC
[3] until the emergence of treatment options including
lenvatinib and the combination of atezolizumab (an anti-
programmed death ligand 1 (PD-L1)monoclonal antibody)
and bevacizumab (an anti-vascular endothelial growth
factor monoclonal antibody) (atezolizumab + bev-
acizumab) [4, 5].

In the primary analysis of the Phase III IMbrave150
study (NCT03434379), statistically significant and clinically
meaningful improvements were observed with atezolizu-
mab + bevacizumab versus sorafenib in both co-primary
endpoints (OS and progression-free survival [PFS]) [5].
Based on these data, atezolizumab + bevacizumab has been
approved globally in >85 countries for the treatment of
patients with unresectable HCC who have not received
prior systemic therapy [6, 7]. Additionally, the treatment
benefit with atezolizumab + bevacizumab over sorafenib
was maintained with 12 months of additional follow-up
(median follow-up duration, 15.6 months). Median OS was
19.2 months with atezolizumab + bevacizumab versus
13.4 months with sorafenib [8].

Liver function of patients at baseline is known to affect
HCC prognosis [9, 10]. Methods to assess liver function
include the Child-Pugh (CP) class and the albumin-bilirubin

(ALBI) grade. The ALBI grade is an evidence-based
method of assessing liver function that relies only on
serum bilirubin and albumin levels and has demonstrated
performance similar to or better than the CP class [11]. In
addition, prognostic scoring with the ALBI grade is more
objective than with the CP class, which includes subjective
assessment of factors such as the severity of ascites and
encephalopathy [12]. The ALBI grade also provides ob-
jective hepatic reserve estimation across each Barcelona
Clinic Liver Cancer stage and CP class [13, 14] and has
been shown to perform as well as CP class when integrated
into Barcelona Clinic Liver Cancer staging [15].

However, the major limitation of the ALBI grading
system is that ALBI grade 2 includes a large proportion
(≈60%) of patients who have a wide range of hepatic reserve
function. To ensure a more homogenous population within
each grade, amodifiedALBI (mALBI) grade that divides the
ALBI grade into 4 levels, instead of 3, was proposed in 2017
based on the results of a nationwide survey of 46,681 pa-
tients conducted by the Liver Cancer Study Group of Japan
[16]. Patients with ALBI grade 2 were separated into two
subgrades (mALBI grades 2a and 2b), enabling a more
precise classification of hepatic functional reserve [17, 18].
mALBI grades 2a and 2b were separated using a cutoff value
of −2.27 for the ALBI score based on the indocyanine green
retention test. The mALBI grading system showed better
prognostic and predictive value across various treatment
options compared with ALBI grading [17, 18].

Multiple recent studies have validated the ability of the
ALBI grade to predict the prognosis of patients with HCC
following initial resection [19–21]. Baseline ALBI grade
was also shown to be prognostic in patients with ad-
vanced HCC who received 1L sorafenib [22, 23] or
lenvatinib [24]. Furthermore, ALBI grade at sorafenib
discontinuation could identify a subset of patients with
prolonged hepatic reserve stability, which may allow for
improved patient selection for second-line therapies [25].

The impact of baseline ALBI/mALBI grade on out-
comes in patients with unresectable HCC receiving ate-
zolizumab + bevacizumab has yet to be established. Here,
we report an exploratory analysis of the IMbrave150 study
that examined outcomes by mALBI grade at baseline. The
change in ALBI score during the course of treatment was
also investigated.

Methods

Study Design and Participants
This post hoc analysis explored the impact of baseline ALBI/

mALBI grade on outcomes of patients enrolled in the global,
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multicenter, open-label, randomized Phase III IMbrave150 study
(ClinicalTrials.gov, NCT03434379). Details of study design, eligibility
criteria, and outcome measures were previously reported [5, 8] and
are summarized in online supplementary Figure S1 (for all online
suppl. material, see www.karger.com/doi/10.1159/000529996). Briefly,
eligible patients were aged 18 years or older with locally advanced or
metastatic and/or unresectable HCC, had an Eastern Cooperative
Oncology Group performance status of 0 or 1, CP class A liver
function, and had not previously received systemic therapy for liver
cancer [5]. Key exclusion criteria included a history of autoimmune
disease, coinfection with hepatitis B virus and hepatitis C virus (HCV),
and untreated or incompletely treated esophageal or gastric varices
with bleeding or high risk of bleeding.

Patients were randomized in a 2:1 ratio to receive either
1,200 mg of atezolizumab plus 15 mg/kg of bevacizumab in-
travenously every 3 weeks or 400 mg of sorafenib orally twice
daily. Treatment was given until loss of clinical benefit as de-
termined 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 [5]. If patients transiently or permanently
discontinued either atezolizumab or bevacizumab because of an
adverse event (AE), single-agent therapy was allowed if the
patient was experiencing clinical benefit. Dose modifications
were permitted in the sorafenib arm but not in the atezolizumab
+ bevacizumab arm.

Tumors were assessed by computed tomography or magnetic
resonance imaging at baseline, every 6 weeks until week 54, and
then every 9 weeks thereafter. Safety was continuously evaluated by
recording vital signs and clinical laboratory test results and
assessing the incidence and severity of AEs according to the
National Cancer Institute Common Terminology Criteria for
Adverse Events, version 4.0 [5].

Outcomes
The co-primary endpoints were OS (defined as time from

randomization to death from any cause) and PFS (defined as time
from randomization to disease progression per independent re-
view facility-assessed Response Evaluation Criteria in Solid Tu-
mours (IRF-RECIST) version 1.1 or death from any cause,
whichever occurred first) [5]. Secondary efficacy endpoints in-
cluded objective response rate (ORR, defined as the percentage of
patients with a confirmed complete or partial response) per IRF-
RECIST 1.1; time to deterioration in liver function (TTD, defined
as the time to a 0.5-point increase from baseline in ALBI score
maintained over 2 visits, or death); and change in mean ALBI
scores from baseline. Results from the primary and 12-month
updated analyses of these efficacy endpoints have been reported
previously [5, 8].

Statistical Analysis
Details of the statistical methods used in the IMbrave150 study

were previously described [5, 8]. Briefly, efficacy was assessed in
the intention-to-treat population, which included all patients who
were randomly assigned to treatment, and in subgroups that were
based on baseline demographics and disease characteristics. Me-
dian OS and PFS, together with 95% CIs, for each treatment arm
were estimated using the Kaplan-Meier method. The Cox
proportional-hazards model was used to estimate hazard ratios,
with corresponding 95% CI. All hazard ratios are unstratified. The

Cochran-Mantel-Haenszel test was used to compare both treat-
ment arms in terms of the confirmed response rates among pa-
tients with measurable disease at baseline. Patients who had
received ≥1 dose of study treatment were included in the safety-
evaluable population.

Albumin and bilirubin levels were measured at each visit until
the time of deterioration (defined as a 0.5-point increase from
baseline in ALBI score maintained over 2 visits or death). ALBI
scores were determined by the following calculation: (log10 bili-
rubin [in µmol/L] × 0.66) + (albumin (in g/L) × −0.085). ALBI
grades 1, 2, and 3 are defined as ALBI scores of ≤ −2.60, > −2.60 to
≤ −1.39, and >−1.39, respectively [11]. mALBI grades are defined
in the same manner as ALBI grades, except that ALBI grade 2 is
further divided into mALBI grade 2a (defined as an ALBI score of
> −2.60 to ≤ −2.27) and mALBI grade 2b (defined as an ALBI score
of > −2.27 to ≤ −1.39) [11, 17]. Efficacy was assessed in the in-
tention-to-treat (ITT) population and safety in the safety-evaluable
population by mALBI grade.

Results

Patients
In IMbrave150, 501 patients were enrolled, random-

ized into the atezolizumab + bevacizumab arm (336
patients) or the sorafenib arm (165 patients), and in-
cluded in the ITT population (online suppl. Fig. S2). Of
these, 500 patients had available baseline ALBI data; 1
patient in the atezolizumab + bevacizumab arm had
missing baseline ALBI data and was excluded from this
analysis. Among patients receiving atezolizumab + bev-
acizumab, 191 (57%) were classified as ALBI grade 1, and
144 (43%) were ALBI grade 2 (mALBI grade 2a: 72 [21%];
mALBI grade 2b: 72 [21%]). For patients receiving sor-
afenib, 87 (53%) were ALBI grade 1, and 78 (47%) were
ALBI grade 2 (mALBI grade 2a: 37 [22%]; mALBI grade
2b: 41 [25%]). None of the patients in either arm were
grade 3 at baseline. In both arms, a greater percentage of
patients with ALBI grade 2 (mALBI grade 2a or 2b) were
from the rest of the world (including Japan) than from
Asia (excluding Japan) and had varices (Table 1). Ad-
ditionally, a greater percentage of patients with ALBI
grade 1 had HCC caused by the hepatitis B virus, an
Eastern Cooperative Oncology Group performance status
of 0, and CP class A5 compared with patients with ALBI
grade 2 in both arms.

In the ALBI grade 1 subgroup, macrovascular in-
vasion (MVI) occurred in fewer patients in the ate-
zolizumab + bevacizumab arm (34%) than in the
sorafenib arm (47%). In the mALBI grade 2a subgroup,
there were also imbalances between treatment arms in
patients who were CP class A5 (71% with atezolizumab
+ bevacizumab vs. 84% with sorafenib) or A6 (29 vs.
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16%); had alpha-fetoprotein levels ≥400 ng/mL (39
vs. 27%); had extrahepatic spread, MVI, or both (81 vs.
65%); and presence of MVI (44 vs. 30%). Among pa-
tients with mALBI grade 2b, a greater percentage in the
atezolizumab + bevacizumab arm was from the rest of
the world (81 vs. 63% in the sorafenib arm), had varices
present at baseline (46 vs. 34%), and had nonviral HCC
etiology (42 vs. 27%).

Efficacy
At the data cutoff of August 31, 2020, the median

follow-up duration was 15.6 months overall (interquartile
range (IQR), 6.4–21.3), 17.6 months in the atezolizumab
+ bevacizumab arm (IQR, 8.0–21.9), and 10.4 months in
the sorafenib arm (IQR, 4.7–20.3). Median OS in patients
with ALBI grade 1 was not estimable (NE; 95% CI: 23.7,
NE) with atezolizumab + bevacizumab compared with
15.4 months (95% CI: 11.7, 20.8) with sorafenib (HR:
0.50; 95% CI: 0.35, 0.72) (Fig. 1). In patients with ALBI
grade 2, median OS was 11.7 months (95% CI: 9.1, 16.1)
with atezolizumab + bevacizumab versus 12.2 months
(95% CI: 7.2, 16.1) with sorafenib (HR: 0.92; 95% CI: 0.66,
1.29). In the mALBI grade 2a subgroup, median OS was
14.1 months (95% CI: 9.3, 18.0) with atezolizumab +
bevacizumab versus 12.4 months (95% CI: 6.9, 20.4) with
sorafenib (HR: 0.97; 95% CI: 0.59, 1.59). Patients with
mALBI grade 2b who received atezolizumab + bev-
acizumab had a median OS of 10.5 months (95% CI: 7.1,
15.5) compared with 10.4 months (95% CI: 5.8, 15.7) in
those who received sorafenib (HR: 0.85; 95% CI:
0.54, 1.34).

Median PFS per IRF-RECIST 1.1 in the ALBI grade 1
subgroup was 8.8 months (95% CI: 6.7, 10.0) in patients
receiving atezolizumab + bevacizumab versus 4.4 months
(95% CI: 3.9, 5.7) in those receiving sorafenib (HR: 0.61;
95% CI: 0.45, 0.82) (Fig. 2). In the ALBI grade 2 subgroup,
median PFS was 5.6 months (95% CI, 5.3, 7.0) with
atezolizumab + bevacizumab versus 4.2 months (95% CI:
2.7, 5.8) with sorafenib (HR: 0.70; 95% CI: 0.51, 0.95).
Median PFS in patients with mALBI grade 2a was
5.6 months (95% CI: 4.3, 8.6) with atezolizumab +
bevacizumab versus 4.7 months (95% CI: 2.5, 6.7) with
sorafenib (HR: 0.68; 95% CI: 0.43, 1.07). In the mALBI
grade 2b subgroup, median PFS was 6.5 months (95% CI:
4.5, 7.1) in patients who received atezolizumab + bev-
acizumab versus 4.2 months (95% CI: 2.6, 6.2) in those
who received sorafenib (HR: 0.74; 95% CI: 0.49, 1.14).

In patients receiving atezolizumab + bevacizumab,
confirmed ORR per IRF-RECIST 1.1 was 32% (n = 58) in
those with ALBI grade 1 and 27% (n = 39) in those with
ALBI grade 2 (30% (n = 21) and 25% (n = 18) in those

with mALBI grades 2a and 2b, respectively) (Table 2).
Confirmed ORR per IRF-RECIST 1.1 in patients re-
ceiving sorafenib was 6% (n = 5) for those with ALBI
grade 1 and 17% (n = 13) for those with ALBI grade 2
(11% [n = 4] for mALBI grade 2a and 23% [n = 9] for
mALBI grade 2b). The difference in ORR between the
atezolizumab + bevacizumab and sorafenib arms was 26%
(95% CI: 16, 35) in patients with ALBI grade 1 and 10%
(95% CI: −2, 23) in those with grade 2 (mALBI grade 2a,
19% [95% CI: 2, 36]; mALBI grade 2b, 3% [95% CI:
−16, 21]).

CR was achieved in 18 (10%) and 7 (5%) patients
receiving atezolizumab + bevacizumab with ALBI grades
1 and 2, respectively. In the atezolizumab + bevacizumab
arm, 4 patients (6%) with mALBI grade 2a and 3 patients
(4%) with mALBI grade 2b achieved CR. Among those
receiving sorafenib, CR was achieved in 0 patients with
ALBI grade 1 and 1 patient (1%) with ALBI grade 2 (0
patients with mALBI grade 2a and 1 patient (3%) with
mALBI grade 2b).

ThemedianALBI scores were −2.68 (range, −3.8 to −1.5)
in the atezolizumab + bevacizumab arm (n= 336) and−2.64
(range, −3.4 to −1.4) in the sorafenib arm (n = 165) at
baseline. The mean ALBI score was generally maintained at
ALBI grade 2a from baseline to the last available ALBI
measurement in both the atezolizumab + bevacizumab and
sorafenib arms (Fig. 3). The median ALBI score at pro-
gression was −2.42 (range, −3.5 to −0.2) among patients
receiving atezolizumab + bevacizumab and −2.46 (range,
−3.5 to −0.6) among those receiving sorafenib. The median
TTD was 10.2 months (95% CI: 8.0, 11.0) in those receiving
atezolizumab + bevacizumab compared with 8.6 months
(95% CI: 6.2, 11.8) in those receiving sorafenib (HR: 0.82;
95% CI: 0.65, 1.03) (Fig. 4).

Safety
The safety-evaluable population included 329 patients

in the atezolizumab + bevacizumab arm and 156 patients
in the sorafenib arm. The median duration of atezoli-
zumab treatment was 10.4 months (range, 0–28) and
6.1 months (range, 0–26) in the ALBI grade 1 and 2
groups, respectively (Table 3). Patients in the mALBI
grade 2a and 2b groups received atezolizumab for a
median duration of 6.9 months (range, 0–26) and
4.3 months (range, 0–24), respectively. The median
duration of bevacizumab treatment was 9.6 months
(range, 0–28) in the ALBI grade 1 subgroup and
4.9 months (range, 0–25) in the ALBI grade 2 subgroup
(mALBI grade 2a: 5.1 months [range, 0–25] and grade 2b:
4.7 months [range, 0–24]). Sorafenib treatment was
administered for a median of 2.9 months (range 0–25) in
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Table 1. Patient demographics according to baseline ALBI/mALBI grade

ALBI grade 1 ALBI grade 2 mALBI grade 2a mALBI grade 2b

atezolizumab +
bevacizumaba

(n = 191)

sorafenib
(n = 87)

atezolizumab +
bevacizumaba

(n = 144)

sorafenib
(n = 78)

atezolizumab +
bevacizumaba

(n = 72)

sorafenib
(n = 37)

atezolizumab +
bevacizumaba

(n = 72)

sorafenib
(n = 41)

Age, median
(range), years

62 (27–88) 64
(33–81)

64.5 (26–87) 67.5
(37–87)

64 (35–87) 68
(37–87)

66 (26–86) 67
(45–84)

Male, n (%) 156 (82) 75 (86) 120 (83) 62 (79) 60 (83) 29 (78) 60 (83) 33 (80)
Geographic region,b n (%)

Asia,
excluding
Japan

97 (51) 45 (52) 36 (25) 23 (29) 22 (31) 8 (22) 14 (19) 15 (37)

Rest of
world,
including
Japanc

94 (49) 42 (48) 108 (75) 55 (71) 50 (69) 29 (78) 58 (81) 26 (63)

ECOG PS, n (%)b

0 130 (68) 58 (67) 79 (55) 45 (58) 42 (58) 24 (65) 37 (51) 21 (51)
1 61 (32) 29 (33) 65 (45) 33 (42) 30 (42) 13 (35) 35 (49) 20 (49)

CP class, n (%)
A5 165 (87) 74 (85) 74 (51) 47 (60) 51 (71) 31 (84) 23 (32) 16 (39)
A6 24 (13)d 13 (15) 69 (48) 31 (40) 21 (29) 6 (16) 48 (67)e 25 (61)

BCLC stage, n (%)
A 6 (3) 4 (5) 2 (1) 2 (3) 0 2 (5) 2 (3) 0
B 27 (14) 11 (13) 24 (17) 14 (18) 11 (15) 5 (14) 13 (18) 9 (22)
C 158 (83) 72 (83) 118 (82) 62 (79) 61 (85) 30 (81) 57 (79) 32 (78)

AFP ≥400 ng/
mL, n (%)b

67 (35) 32 (37) 59 (41) 29 (37) 28 (39) 10 (27) 31 (43) 19 (46)

Presence of
EHS, MVI, or
both, n (%)b

149 (78) 69 (79) 108 (75) 51 (65) 58 (81) 24 (65) 50 (69) 27 (66)

EHS 128 (67) 52 (60) 83 (58) 41 (53) 48 (67) 21 (57) 35 (49) 20 (49)
MVI 65 (34) 41 (47) 63 (44) 30 (38) 32 (44) 11 (30) 31 (43) 19 (46)

Varices, n (%)
Present 35 (18) 19 (22) 54 (38) 24 (31) 21 (29) 10 (27) 33 (46) 14 (34)
Treated 12 (6) 7 (8) 24 (17) 16 (21) 10 (14) 4 (11) 14 (19) 12 (29)

HCC etiology, n (%)f

HBV 109 (57) 48 (55) 55 (38) 28 (36) 29 (40) 15 (41) 26 (36) 13 (32)
HCV 41 (21) 14 (16) 31 (22) 22 (28) 15 (21) 5 (14) 16 (22) 17 (41)
Nonviral 41 (21) 25 (29) 58 (40) 28 (36) 28 (39) 17 (46) 30 (42) 11 (27)

Prior local
therapy for
HCC, n (%)

99 (52) 49 (56) 62 (43) 36 (46) 32 (44) 20 (54) 30 (42) 16 (39)

AFP, alpha-fetoprotein; ALBI, albumin-bilirubin; BCLC, Barcelona Clinic Liver Cancer stage; ECOG PS, Eastern Cooperative
Oncology Group performance status; EHS, extrahepatic spread; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis
C virus; mALBI, modified ALBI; MVI, macrovascular invasion. a1 patient in the atezolizumab + bevacizumab arm in the intention-to-
treat population had missing ALBI data. bPer electronic case report form, not interactive voice/web response system. cRest of the
world includes the USA, Australia, and Japan. dPrecise numeric scores for 2 patients in the atezolizumab + bevacizumab arm who
were in class A on the CP scale were not available. eData are not included for 1 patient in the atezolizumab + bevacizumab arm
whose classification was B7. fFor patients whose cause of HCC was multifactorial as assessed by the investigator, the viral cause was
prioritized over nonviral causes to define the primary etiology of the patient.

ALBI Grade Analyses of Atezo + Bev in
Patients with Unresectable HCC

Liver Cancer
DOI: 10.1159/000529996

5

https://doi.org/10.1159/000529996


patients with ALBI grade 1 and 2.8 months (range, 0–21)
for ALBI grade 2 (mALBI grade 2a: 1.9 months [range,
0–21]; grade 2b: 2.8 months [range, 0–21]).

In patients receiving atezolizumab + bevacizumab, all-
grade treatment-related AEs (TRAEs) occurred in 169
(89%) and 115 (82%) patients with ALBI grades 1 and 2,
respectively (Table 3). In the atezolizumab + bev-
acizumab arm, 61 patients (86%) with mALBI grade 2a
and 54 (78%) with mALBI grade 2b had all-grade TRAEs.
These TRAEs were of grade 3/4 severity in 90 patients
(48%) in the ALBI grade 1 subgroup, 53 (38%) in the
ALBI grade 2 subgroup, 27 (38%) in the mALBI grade 2a
subgroup, and 26 (38%) in the mALBI grade 2b subgroup.
Grade 5 TRAEs occurred in 2 patients (1%) with ALBI

grade 1 (gastrointestinal hemorrhage [n = 1] and sub-
arachnoid hemorrhage [n = 1]) and 4 patients (3%) with
ALBI grade 2, including 1 (1%) with mALBI grade 2a
(pneumonia) and 3 (4%) with mALBI grade 2b (abnormal
hepatic function [n = 1], liver injury [n = 1], and gastric
ulcer perforation [n = 1]).

In patients receiving sorafenib, TRAEs of any grade
occurred in 75 (93%) patients with ALBI grade 1 and 73
(97%) patients with ALBI grade 2 (mALBI grade 2a: 36
[97%]; mALBI grade 2b: 37 [97%]). These events were of
grade 3/4 severity in 37 patients (46%) in the ALBI grade
1 subgroup and 35 patients (47%) in the ALBI grade 2
subgroup (mALBI grade 2a: 21 [57%]; mALBI grade 2b:
14 [37%]). Grade 5 TRAEs occurred in 0 patients with

a b

c d

Fig. 1. Analysis of OS by ALBI/mALBI grade. Kaplan-Meier estimates of OS in the atezolizumab + bevacizumab
and sorafenib arms by ALBI/mALBI grade: ALBI grade 1 (a), ALBI grade 2 (b), mALBI grade 2a (c), and mALBI
grade 2b (d). ALBI, albumin-bilirubin; CI, confidence interval; HR, hazard ratio; mALBI, modified ALBI; NE, not
estimable; OS, overall survival.
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ALBI grade 1 and 1 (1%) patient with ALBI grade 2
(mALBI grade 2b [hepatic cirrhosis]).

The most common grade 3/4 AEs in patients who
received atezolizumab + bevacizumab were hypertension
(ALBI grade 1, 37 patients [20%]; grade 2, 19 patients
[14%]) and aspartate aminotransferase increase (ALBI
grade 1, 14 patients [7%]; grade 2, 12 patients [9%]
[online suppl. Table S1]. In the sorafenib arm, the most
common grade 3/4 AEs were hypertension (ALBI grade 1,
13 patients [16%]; grade 2, 6 patients [8%]) and palmar-
plantar erythrodysesthesia syndrome (ALBI grade 1, 8
patients [10%]; ALBI grade 2, 5 patients [7%]). Common

grade 3/4 AEs in patients with baseline mALBI grades 2a
and 2b are reported in online supplementary Table S1.

In the ALBI grade 1 subgroup, 37% (n = 70) of patients
in the atezolizumab + bevacizumab arm and 54% (n = 47)
of patients in the sorafenib arm received subsequent
systemic treatments for HCC (online suppl. Table S2). Of
the patients who were ALBI grade 2, 35% (n = 50) and
50% (n = 39) received subsequent systemic treatments for
HCC in the atezolizumab + bevacizumab and sorafenib
arms, respectively. Subsequent systemic treatments in
patients with baseline mALBI grades 2a and 2b are re-
ported in online supplementary Table S2.

a b

c d

Fig. 2. Analysis of PFS by ALBI/mALBI grade. Kaplan-Meier estimates of PFS per IRF-RECIST 1.1 in the
atezolizumab + bevacizumab and sorafenib arms by ALBI/mALBI grade: ALBI grade 1 (a), ALBI grade 2 (b),
mALBI grade 2a (c), and mALBI grade 2b (d). ALBI, albumin-bilirubin; CI, confidence interval; HR, hazard ratio;
IRF-RECIST, independent review facility-assessed Response Evaluation Criteria in Solid Tumours; NE, not
estimable; mALBI, modified ALBI; PFS, progression-free survival.
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Discussion

In this post hoc exploratory analysis of the
IMbrave150 study, ALBI grade appeared to be prog-
nostic for outcomes with both atezolizumab + bev-
acizumab and sorafenib treatment. Consistent benefits
in terms of OS, PFS, and ORR were observed with
atezolizumab + bevacizumab versus sorafenib in pa-
tients who had ALBI grade 1 at baseline. For ALBI
grade 2, efficacy results were not as consistent and may
be reflective of smaller numbers of patients and im-
balances in prognostic factors.

Atezolizumab + bevacizumab also showed improved
efficacy compared with sorafenib, as seen by improve-
ments in PFS per IRF-RECIST 1.1 in the ALBI grade 1
and grade 2 subgroups. In the mALBI grade 2a and 2b
subgroups, there was a trend toward improved PFS with
atezolizumab + bevacizumab versus sorafenib despite
imbalances in patient characteristics. Notably, TTD of
liver function was numerically longer with atezolizumab
+ bevacizumab than with sorafenib. Overall, these ana-
lyses provide further support for atezolizumab + bev-
acizumab as the standard of care for patients with
previously untreated, unresectable HCC [26, 27].

A more in-depth analysis of OS suggests that the lack
of significant survival benefit with atezolizumab + bev-
acizumab in the mALBI grade 2a and 2b subgroups may

not truly represent the lack of benefit with atezolizumab +
bevacizumab versus sorafenib treatment. Imbalances in
multiple baseline prognostic factors were observed be-
tween treatment arms in this retrospective analysis. In the
mALBI grade 2a subgroup, these imbalances include CP
class A6, presence of MVI, presence of EHS, and alpha-
fetoprotein ≥400 ng/mL. In the mALBI grade 2b sub-
group, there were imbalances in the presence of varices,
treatment of varices, and incidence of nonviral and HCV
etiology of HCC. Many of these are known poor prog-
nostic factors for OS [28–30], which may have reduced
OS in the atezolizumab + bevacizumab group with
baseline mALBI grade 2a and 2b.

Median OS with sorafenib was 15.4 months in the
ALBI grade 1 subgroup and 12.2 months in the ALBI
grade 2 subgroup in this analysis. The median OS with
sorafenib in the ALBI grade 1 subgroup was similar to
those reported in the ALBI grade 1 subgroup of the
sorafenib arm in the REFLECT study (14.6 months) and
in a pooled analysis of the SHARP and Asia Pacific trials
(14.0 months) [24, 29]. However, median OS with sor-
afenib was 7.7 months (95% CI: 6.1, 10.2) in the ALBI
grade 2 subgroup of the REFLECT study and 6.4 months
in a pooled analysis of the SHARP and Asia Pacific trials
[24, 29]. These inter-trial comparisons should be inter-
preted with caution due to differences in baseline pop-
ulations and study designs across trials.

Table 2. Clinical response as per IRF-RECIST 1.1 by ALBI/mALBI grade

ALBI grade 1 ALBI grade 2 mALBI grade 2a mALBI grade 2b

atezolizumab +
bevacizumab
(n = 183)

sorafenib
(n = 83)

atezolizumab +
bevacizumab
(n = 142)

sorafenib
(n = 76)

atezolizumab +
bevacizumab
(n = 70)

sorafenib
(n = 36)

atezolizumab +
bevacizumab
(n = 72)

sorafenib
(n = 40)

Confirmed
ORR, n (%)
(95% CI), %a

58 (32)
(25, 39)

5 (6)
(2, 14)

39 (27)
(20, 36)

13 (17)
(9, 27)

21 (30)
(20, 42)

4 (11)
(3, 26)

18 (25)
(16, 37)

9 (23)
(11, 38)

CR, n (%) 18 (10) 0 7 (5) 1 (1) 4 (6) 0 3 (4) 1 (3)
PR, n (%) 40 (22) 5 (6) 32 (23) 12 (16) 17 (24) 4 (11) 15 (21) 8 (20)
SD, n (%) 85 (46) 44 (53) 59 (42) 25 (33) 30 (43) 15 (42) 29 (40) 10 (25)
DCR, n (%) 143 (78) 49 (59) 98 (69) 38 (50) 51 (73) 19 (53) 47 (65) 19 (48)
PD, n (%) 34 (19) 21 (25) 29 (20) 19 (25) 15 (21) 10 (28) 14 (19) 9 (23)
Not
evaluable,
n (%)

3 (2) 5 (6) 5 (4) 9 (12) 1 (1) 4 (11) 4 (6) 5 (13)

Missing,
n (%)

3 (2) 8 (10) 10 (7) 10 (13) 3 (4) 3 (8) 7 (10) 7 (18)

ALBI, albumin-bilirubin; CI, confidence interval; CR, complete response; DCR, disease control rate; IRF-RECIST, independent
review facility-assessed Response Evaluation Criteria in Solid Tumours; mALBI, modified ALBI; ORR, objective response rate; PD,
progressive disease; PR, partial response; SD, stable disease. aOnly patients with measurable disease at baseline were included in
the analysis of ORR.
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b
3

(For legend see next page.)
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Overall, the findings of the current study are consistent
with previous studies that showed that the baseline ALBI
grade could predict the prognosis of patients with ad-
vanced HCCwho received sorafenib [22, 23] or lenvatinib
[24]. In addition, patients with baseline ALBI grade 1 had
longer OS than those with ALBI grade 2 after treatment
with second-line cabozantinib or ramucirumab in the
CELESTIAL and REACH/REACH2 trials, respectively
[31, 32]. Collectively, these results suggest that ALBI
scores are prognostic for treatment outcomes across the
landscape of systemic therapies, with a better prognosis in
those with baseline ALBI grade 1. These results suggest
that the maintenance of liver function is essential to allow
patients to derive a greater benefit from systemic
therapies.

In this analysis, ORR by IRF-RECIST 1.1 was in the
range of 25–32% in the atezolizumab + bevacizumab arm,
regardless of ALBI/mALBI grade. Improved ORRs were
observed in the atezolizumab + bevacizumab arm com-
pared with the sorafenib arm in patients with ALBI grade
1 and in patients withmALBI grade 2a, but not in patients
with ALBI grade 2 or mALBI grade 2b. However, ORR in
the mALBI grade 2b subgroup may have been influenced
by the small sample size and baseline imbalances in
known prognostic factors such as the presence of varices
and HCV etiology.

Improved ORRs were observed in patients with better
baseline liver function in this study, similar to the trends
seen in the REFLECT and CheckMate 040 trials [24, 33].
ORR was higher in patients with baseline ALBI grade 1
than in those with grade 2 after treatment with either
lenvatinib or sorafenib in the REFLECT trial [24]. In the
CheckMate 040 study, patients with CP class A had
higher ORR than those with CP class B after treatment
with nivolumab [33]. Thus, the ORR and PFS data from
this analysis further suggest that ALBI/mALBI grading at
baseline may be predictive for outcomes after immune
therapy.

Atezolizumab + bevacizumab was also able to preserve
liver function throughout the follow-up period. Mean
ALBI scores remained stable at mALBI grade 2a from
baseline to the end of treatment with atezolizumab +
bevacizumab, with a slight increase in mean ALBI score
observed during cycles 2 and 3 of the treatment cycle. The
stability of mean ALBI scores through the treatment
period and at disease progression indicates the ability of

atezolizumab + bevacizumab to preserve liver function.
Median TTD was also numerically longer with atezoli-
zumab + bevacizumab than with sorafenib. As mean
ALBI scores are not monitored after treatment discon-
tinuation, data on ALBI scores toward the end of the
treatment cycle were calculated based on a small per-
centage of patients and may not be representative of the
entire population. However, TTD is independent of the
number of patients continuing treatment and therefore
may be a better indicator of preserved liver function in the
study population than the change in mean ALBI score.

In the sorafenib arm, the reduction in mean ALBI score
over time may be due to the small number of patients.
Hence, the impact of sorafenib on the liver function based
on mean ALBI scores should be interpreted with caution.
Further analyses are underway to investigate the liver
function after deterioration in the ALBI score.

Other trials evaluating monoclonal antibody treatments
have also observed low liver toxicity, similar to the trends
observed in this analysis. In CheckMate 459, nivolumab
demonstrated better preservation of liver function than
sorafenib, as determined by ALBI and CP scores [34]. An
analysis of ALBI scores from the REACH/REACH2 trials
concluded that the incremental increase in mean ALBI
score from baseline to end of treatment was likely due to
disease progression and not due to liver toxicity [32].

The safety and tolerability profile of atezolizumab +
bevacizumab was consistent with the known safety
profiles of each individual drug and with the underlying
disease, regardless of mALBI grade. No new or unex-
pected safety signals were identified for atezolizumab or
bevacizumab in this study. Occurrence of TRAEs across
all categories (all-grade, grade 3/4, and serious AEs) was
similar in the atezolizumab + bevacizumab and sorafenib
arms across ALBI/mALBI grades. In the CheckMate 040
study, the occurrence of grade 3/4 TRAEs after treatment
with nivolumab was also similar in patients with different
levels of liver function (23% with CP class A vs. 24% with
CP class B) [33]. In contrast, the REFLECT trial showed
that treatment-emergent AEs of grade ≥3 occurred more
frequently in patients with ALBI grade 2 than in those
with ALBI grade 1 after treatment with either lenvatinib
(86% with ALBI grade 2 vs. 69% with grade 1) or sor-
afenib (77% with ALBI grade 2 vs. 62% with ALBI grade
1) [24]. These data suggest that the occurrence of grade 3/
4 TRAEs could be affected by liver function when patients

Fig. 3.Change in mean ALBI score from baseline in the atezolizumab + bevacizumab (a) and sorafenib (b) arms.
Error bars represent standard deviation. Dashed lines represent ALBI score cutoffs for each ALBI grade/mALBI
grade. Mean ALBI score at disease progression was −2.32 (SD, 0.64) in the atezolizumab + bevacizumab arm and
−2.34 (SD, 0.59) in the sorafenib arm. ALBI, albumin-bilirubin; BL, baseline; SD, standard deviation.
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are treated with TKIs but not when they are treated with
anti-PD-L1/PD-1 antibodies.

In an exploratory analysis of IMbrave150, treatment with
atezolizumab + bevacizumab versus sorafenib reduced the
risk of deterioration in patient-reported symptom scales,
including appetite loss, diarrhea, and fatigue [35], possibly
due to the high specificity and affinity of monoclonal an-
tibodies that target molecules with minimal off-target ef-
fects. Conversely, tyrosine kinase inhibitors (such as
sorafenib, lenvatinib, cabozantinib, and regorafenib) are
known to have off-target effects, inhibiting not only VEGFR
but also other receptors such as PDGFR, FGFR, and c-kit
[36]. These off-target inhibitions are associated with in-
creased toxicity and occurrence of AEs such as fatigue,
diarrhea, nausea, anorexia, hand-foot skin reaction, de-
creased appetite, and hypertension [36–38]. These findings
suggest that the improved tolerability of atezolizumab +
bevacizumab compared with sorafenib may be due to
differences in the mechanism of action of anti-PD-L1/PD-1
inhibitors and TKIs.

Due to the post hoc exploratory design of this
analysis, there were a limited number of patients within

each ALBI/mALBI subgroup, as well as imbalances
between baseline characteristics between subgroups.
Hence, results should be interpreted with caution. As
only patients with CP class A liver function were in-
cluded in the IMbrave150 study, this analysis does not
reflect a true distribution of ALBI grades in patients
with HCC. Liver function was not monitored after the
end of treatment as data on mean ALBI scores were
only available until discontinuation of treatment in
each arm. Thus, it is unclear for how long the pres-
ervation of liver function was sustained after treatment
discontinuation. The ALBI grading system was used in
this analysis because it is more objective than CP class
as it does not include subjective assessments of factors
such as the severity of ascites and encephalopathy.
However, further investigation is needed to determine
which liver function assessment is more appropriate in
identifying patients who might benefit from 1L treat-
ment with atezolizumab + bevacizumab. Nonetheless,
this study sheds light on the impact of baseline ALBI
grade on outcomes in patients receiving atezolizumab +
bevacizumab or sorafenib.

Fig. 4. Time to deterioration in liver function in the ITT population. CI, confidence interval; HR, hazard ratio;
ITT, intention to treat, NE, not estimable.
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Table 3. Safety summary by ALBI/mALBI grade

ALBI grade 1 ALBI grade 2 mALBI grade 2a mALBI grade 2b

atezolizumab +
bevacizumab
(n = 189)a

sorafenib
(n = 81)a

atezolizumab
+
bevacizumab
(n = 140)a

sorafenib
(n = 75)a

atezolizumab +
bevacizumab
(n = 71)a

sorafenib
(n = 37)a

atezolizumab +
bevacizumab
(n = 69)a

sorafenib
(n = 38)a

Treatment
duration,
median
(range),
months

Atezolizumab
10.4 (0–28)
Bevacizumab
9.6 (0–28)

2.9 (0–25) Atezolizumab
6.1 (0–26)
Bevacizumab
4.9 (0–25)

2.8 (0–21) Atezolizumab
6.9 (0–26)
Bevacizumab
5.1 (0–25)

1.9 (0–21) Atezolizumab
4.3 (0–24)
Bevacizumab
4.7 (0–24)

2.8 (0–21)

All-grade AE,
any cause,
n (%)

185 (98) 79 (98) 137 (98) 75 (100) 70 (99) 37 (100) 67 (97) 38 (100)

Treatment-
related all-
grade AE

169 (89) 75 (93) 115 (82) 73 (97) 61 (86) 36 (97) 54 (78) 37 (97)

Grade 3/4 AE,
n (%)b

122 (65) 47 (58) 85 (61) 42 (56) 46 (65) 21 (57) 39 (57) 21 (55)

Treatment-
related grade
3/4 AEb

90 (48) 37 (46) 53 (38) 35 (47) 27 (38) 21 (57) 26 (38) 14 (37)

Serious AE,
n (%)

79 (42) 22 (27) 81 (58) 29 (39) 38 (54) 12 (32) 43 (62) 17 (45)

Treatment-
related
serious AE

41 (22) 10 (12) 35 (25) 15 (20) 12 (17) 5 (14) 23 (33) 10 (26)

Grade 5 AE,
n (%)

7 (4) 3 (4) 16 (11) 6 (8) 5 (7) 2 (5) 11 (16) 4 (11)

Treatment-
related grade
5 AE

2 (1)c 0 4 (3) 1 (1) 1 (1)d 0 3 (4)e 1 (3)f

AE leading to
withdrawal
from any
component,
n (%)

33 (17) 7 (9) 39 (28) 11 (15) 18 (25) 5 (14) 21 (30) 6 (16)

AE leading to
dose
interruption
of any study
treatment,
n (%)

122 (65) 28 (35) 73 (52) 40 (53) 37 (52) 19 (51) 36 (52) 21 (55)

AE leading to
dose
modification
of sorafenib,
n (%)g

0 30 (37) 0 28 (37) 0 14 (38) 0 14 (37)

AE, adverse event; ALBI, albumin-bilirubin; mALBI; modified ALBI. aSafety-evaluable population. bHighest grade experienced.
cGastrointestinal hemorrhage (n = 1) and subarachnoid hemorrhage (n = 1). dPneumonia (n = 1). eAbnormal hepatic function (n =
1), liver injury (n = 1), and gastric ulcer perforation (n = 1). fHepatic cirrhosis (n = 1). gNo dose modification was allowed for
atezolizumab or bevacizumab.
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Conclusion

In this exploratory analysis of IMbrave150, ALBI
grade appeared to be prognostic for outcomes with both
atezolizumab + bevacizumab and sorafenib treatment
for patients with HCC. Median PFS was improved with
atezolizumab + bevacizumab versus sorafenib in pa-
tients with ALBI grade 1 and ALBI grade 2 at baseline.
There was a trend toward improved PFS with atezo-
lizumab + bevacizumab in the mALBI grade 2a and
mALBI grade 2b subgroups, despite imbalances in
patient characteristics. Median OS was improved with
atezolizumab + bevacizumab versus sorafenib in pa-
tients with ALBI grade 1 at baseline but not in patients
with ALBI grade 2. In addition, TTD of liver function
was longer with the use of the combination versus
sorafenib, showing the ability of atezolizumab + bev-
acizumab to preserve liver function during the treat-
ment period. These results support atezolizumab +
bevacizumab as the standard of care for patients with
previously untreated, unresectable HCC and could be
clinically useful in stratifying outcomes for patients
receiving atezolizumab + bevacizumab.
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