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Abstract
Introduction: Phase 1b GO30140 and phase 3 IMbrave150 
studies evaluated first-line atezolizumab + bevacizumab for 
unresectable hepatocellular carcinoma (HCC). Here, we eval-
uated pharmacokinetics (PK) and safety by hepatic impair-
ment status and geographic region. Methods: Patients re-
ceived atezolizumab 1,200 mg + bevacizumab 15 mg/kg IV 
every 3 weeks. Drug concentrations were evaluated by de-
scriptive statistics and population PK. PK and adverse event 
frequencies were evaluated by hepatic impairment status 
and region. Results: 323 IMbrave150 patients and 162 
GO30140 patients were PK evaluable. Compared with IM-
brave150 patients who had normal hepatic function per the 
National Cancer Institute Organ Dysfunction Working Group 
(NCI-ODWG) criteria (n = 123), patients with mild impairment 
(n = 171) had a geometric mean ratio (GMR) of 0.92 for cycle 
1 atezolizumab area under the concentration-time curve 
(AUC); patients with moderate impairment (n = 27) had a 

GMR of 0.88. Patients in Asia ([n = 162] vs. outside [n = 161]) 
had a GMR of 1.25 for cycle 1 atezolizumab AUC. Compared 
with GO30140 patients who had normal hepatic function 
(NCI-ODWG [n = 61]), patients with mild impairment (n = 92) 
had a GMR of 0.97 for cycle 1 peak bevacizumab concentra-
tions; those with moderate impairment (n = 9) had a GMR of 
0.94. Patients in Asia (n = 111) versus outside Asia (n = 51) 
had a GMR of 0.94 for cycle 1 peak bevacizumab concentra-
tion. PK results were generally comparable when evaluated 
based on additional hepatic functional definitions (Child-
Pugh or albumin/bilirubin criteria) or study enrollment in Ja-
pan. No associations between atezolizumab PK and HCC eti-
ology were seen. Adverse event frequencies were similar 
across evaluated groups. Conclusions: IMbrave150 and 
GO30140 patients with unresectable HCC had varying base-
line hepatic impairment and high enrollment from Asia. PK 
data demonstrated considerable exposure overlap across 
groups. Treatment was tolerable across groups. No need for 
dose adjustment based on mild or moderate hepatic impair-
ment or region is recommended based on this analysis.
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Introduction

Hepatocellular carcinoma (HCC) is a medically com-
plex and lethal disease with rising incidence, poor progno-
sis, and, thus, high unmet medical need [1]. HCC is the 
fourth leading cause of cancer-related mortality worldwide 
[2, 3]. Patients with HCC present with inconspicuous 
symptoms and are generally diagnosed at a late stage, often 
eliminating possibilities for local curative treatments [4]. 
The global standard of care for unresectable or advanced 
HCC has included the use of tyrosine kinase inhibitors 
such as sorafenib; however, only limited responses are 
achieved [5], and sorafenib, for one, prolongs the overall 
survival by only 3 months compared with placebo [4].

Atezolizumab, an agent targeted against programmed 
death-ligand 1, and bevacizumab, which targets vascular 
endothelial growth factor, together make a unique cancer 
immunotherapy doublet option for patients with HCC. 
The pairing allows for normalization of tumor vasculature, 
retraction of an immunosuppressive tumor microenviron-
ment, and reprogramming of immune checkpoints to en-
hance stimulation and infiltration of immune cells with 
T-cell activation in the tumor [6–9]. IMbrave150 
(NCT03434739) is a phase 3 global, randomized, con-
trolled trial comparing first-line atezolizumab plus bevaci-
zumab with the multikinase inhibitor sorafenib in patients 
with HCC [10]. In IMbrave150, a statistical and clinically 
meaningful overall survival and progression-free suvival 
improvement was seen over sorafenib when atezolizumab 
was administered in combination with bevacizumab in the 
first-line setting for unresectable HCC. Consistent with 
data from the phase I GO30140 study [11], the combina-
tion was also generally well tolerated, with manageable tox-
icities, and the safety profile was consistent with the known 
risks of the individual study treatments. Atezolizumab plus 
bevacizumab received market approval in 2020 [10].

Despite extensive characterization of the clinical phar-
macology properties of atezolizumab [12–15] and bevaci-
zumab [16], pharmacokinetic (PK) evaluation of the com-
bination in HCC has not been reported, nor have data by 
hepatic function. As hepatic metabolism does not contrib-
ute >20% to the metabolism of a monoclonal antibody 
(mAb), dedicated studies of hepatic impairment effects on 
PK during mAb clinical development had generally not 
been considered required [17]. However, limited data 
published in 2020 revealed a trend for exposure decrease 
with several mAbs in patients with hepatic impairment 
[18]. Reports have also indicated that the clearance of cer-
tain mAbs was faster in patients who received liver trans-
plants, likely due to the additional clearance route of asci-

tes fluid draining [19, 20]. At the time of this writing, sev-
eral approved checkpoint inhibitors, such as ipilimumab, 
pembrolizumab, and durvalumab, do not have dosing in-
structions in the package insert for patients with moderate 
hepatic impairment [21]. As hepatic impairment is a com-
mon occurrence in patients with HCC, and may increase 
as the disease progresses [22], knowledge of the effects of 
hepatic impairment on the PK and safety of agents used in 
HCC is essential to ensure correct dosing.

Another important characteristic pertaining to drug 
exposure includes investigation of regional and ethnic 
differences such as disease prevalence and target biology, 
which could give rise to variation in FCGRT gene expres-
sion and FCγR expression, as well as variations in im-
mune response that might influence the clearance of 
monoclonal antibodies [23–27]. Given the importance of 
potential differences across ethnic factors, a framework 
for evaluating the impact on the benefit-risk profile of 
new therapeutic agents exists [28–30]. In many cases, ex-
posure is extrapolated from White patients in landmark 
studies to Asian populations for clinical use [31], with PK 
bridging studies being routinely requested by regulatory 
agencies in Asia for new therapies [32]. In HCC, racial 
and/or ethnic differences in tumor stage and severity of 
liver disease at diagnosis have been observed [33–35] and 
could potentially give rise to clinical characteristics im-
pacting drug exposure, safety, and efficacy. Additionally, 
such factors are influential on the etiology of HCC, with 
hepatitis C virus being the most frequent viral cause in 
Western countries and Japan, and hepatitis B virus being 
the predominant viral factor in other Asian countries 
[36]. Ethnicity (race and region) was evaluated among 
covariates in a number of population PK (popPK) studies 
in bevacizumab and atezolizumab and was not found to 
influence the PK of either [12, 16]; however, no patients 
with HCC were included in these analyses.

In this article we report both PK – including exposure 
metrics – as well as safety findings for atezolizumab + 
bevacizumab in patients with HCC, evaluated by hepatic 
impairment status and global region. We also evaluated 
potential associations of atezolizumab PK with HCC eti-
ology (hepatitis B virus, hepatitis C virus, or nonviral).

Materials and Methods

Contributing Studies
IMbrave150 is a global, phase 3, open-label, randomized study 

evaluating the efficacy and safety of atezolizumab with bevacizu-
mab versus sorafenib in patients with unresectable HCC who have 
not received prior systemic treatment. Primary data from this 
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Atezolizumab 1200 mg Q3W
Bevacizumab 15 mg/kg Q3W

(n = 336)

Randomized (2:1)
Stratification factors: 
• Geographic region (Asia excluding Japan vs. ROW)
• MVI and/or EHS (yes vs. no)
• Baseline AFP (<400 vs. ≥400 ng/mL)
• Baseline ECOG PS (0 vs. 1)

Patients with untreated 
unresectable/metastatic HCC

Sorafenib 400 mg BID
(n = 165)

Survival follow-up

Safety-evaluable patients (n = 329)
Hepatic functiona

• Moderate impairment (n = 28)

a) IMbrave150

Randomized (1:1)
Stratification factors: 
• Geographic region (Asia excluding Japan vs. ROW)
• MVI and/or EHS (yes vs. no)
• Baseline AFP (<400 vs. ≥400 ng/mL)

Patients with untreated 
unresectable/metastatic HCC

Group F2 (n = 59)
Atezolizumab 1200 mg Q3W

PK-evaluable Group A and F1 patients (n = 162)
Hepatic function:
• Normal (n = 61)
• Mild impairment (n = 92)
• Moderate impairment (n = 9)

Group F1 (n = 60)
Atezolizumab 1200 mg Q3W
Bevacizumab 15 mg/kg Q3W

b) GO30140

Treatment until loss of clinical
benefit or unacceptable toxicity

Treatment until loss of clinical
benefit or unacceptable toxicity

Survival follow-up

Group A (n = 104)
Atezolizumab 1200 mg Q3W
Bevacizumab 15 mg/kg Q3W

Safety-evaluable patients who 
did not have at least 1 PK 

assessment (n = 6)
Safety- and PK-evaluable patients (n = 323)
Hepatic functiona

• Normal (n = 123)
• Mild impairment (n = 171)
• Moderate impairment (n = 27)

Geographic region
• Asia (n = 160)

Patients who did not receive at 
least one full or partial dose of 

study drug (n = 7)

Geographic region
• Asia (n = 162)
• Non-Asia (n = 161)

Geographic region:
• Asia (n = 111)
• Non-Asia (n = 51)

Patients who did not have at 
least 1 PK assessment (n = 2)

ITT 
population

ITT 
population

Fig. 1. Phase 3 IMbrave150 (a) and phase 1 GO30140 (b) study 
designs and flowcharts of the analysis populations. The hepatic 
function refers to that defined by the NCI-ODWG criteria. For 
purposes of PK and safety assessments, the current analysis in-
cludes patients in Japan as part of the Asia subgroup (for geograph-
ic region). AFP, α-fetoprotein; BID, twice daily; ECOG PS, Eastern 
Cooperative Oncology Group performance status; EHS, extrahe-

patic spread; HCC, hepatocellular carcinoma; ITT, intention to 
treat; MVI, microvascular invasion; NCI-ODWG, National Can-
cer Institute Organ Dysfunction Working Group; PK, pharmaco-
kinetic; Q3W, every 3 weeks; ROW, rest of world. aTwo patients 
with severe hepatic impairment were not included in subgroup 
analyses.
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study have been previously reported [10]. Patients were enrolled 
and randomized 2:1 to atezolizumab 1,200 mg every 3 weeks 
(Q3W) plus bevacizumab 15 mg/kg intravenous infusions Q3W 
(experimental arm: intention to treat [ITT], n = 336; treated pa-
tients, n = 329); or sorafenib 400 mg orally, twice daily, and con-
tinuously (comparator arm: ITT, n = 165; treated, n = 156). Ran-
domization was stratified according to geographic region (Asia 
[excluding Japan] vs. rest of world [including Japan]), macrovas-
cular invasion or extrahepatic spread or both (presence vs. ab-
sence), baseline α-fetoprotein (AFP; <400 vs. ≥400 ng/mL), and 
Eastern Cooperative Oncology Group performance status (0 vs. 1).

Study GO30140 (NCT02715531) is a global, phase 1b, open-
label study evaluating the safety and efficacy of atezolizumab ad-
ministered with or without bevacizumab in advanced or metastat-
ic solid tumor types, including patients with unresectable HCC 
who had received no prior systemic therapy. Data from arms A and 
F have been reported [11]. In group A (ITT, n = 104), patients re-
ceived atezolizumab 1,200 mg Q3W in combination with bevaci-
zumab 15 mg/kg Q3W. In group F, patients were randomized 1:1 
to either the atezolizumab + bevacizumab combination from 
group A (group F1 [ITT, n = 60]) or atezolizumab monotherapy 
(group F2 [ITT, n = 59]). Randomization into group F was strati-
fied based on the region (Asia [excluding Japan] vs. rest of world 
[including Japan]), baseline AFP levels (<400 vs. ≥400 ng per mL), 
and presence or absence of macrovascular invasion, extrahepatic 
spread, or both.

PK-evaluable patients had at least 1 PK assessment. PK was 
evaluated as a prespecified exploratory objective in IMbrave150 
and as a secondary objective in arms A and F of GO30140. Atezo-
lizumab PK and safety data by hepatic impairment status and 
world region are from the IMbrave150 population; bevacizumab 
PK data by hepatic impairment status and world region are from 
the GO30140 population. The specific world regions are described 
further below. PK data for bevacizumab in IMbrave150 were not 
collected, as results had been described in GO30140, while PK data 
for atezolizumab in GO30140 are not described herein on account 
of assessment in the large, randomized, phase 3 setting in IM-
brave150. Both studies were conducted in accordance with the 
Declaration of Helsinki and Good Clinical Practice Guidelines, 
following approval by independent review boards or Ethics Com-
mittees at each institution. Written informed consent was ob-
tained from each patient. The analysis populations are depicted in 
Figure 1.

Hepatic Impairment Classification
Hepatic impairment status was determined using several crite-

ria, including National Cancer Institute Organ Dysfunction Work-
ing Group (NCI-ODWG) criteria, the Child-Pugh score, and the 
albumin/bilirubin (ALBI) criteria, as described below. The use of 
NCI-ODWG criteria in PK analyses is supported by an evaluation 
of study data from 2000 to 2014 US FDA product labels (n = 1,841 
patients in 65 studies) that found NCI-ODWG to be more sensitive 
than Child-Pugh criteria for classifying changes in exposure [37]. 
The NCI-ODWG criteria are also generally accepted by global reg-
ulatory bodies, are included in the prescribing information for ate-
zolizumab and bevacizumab in patients with HCC [38, 39], and 
have been used to guide dosing decisions for other therapeutic 
agents as well [40]. The NCI-ODWG criteria are based on bilirubin 
and aspartate aminotransferase (AST) levels. Subgroup A was de-
fined by bilirubin ≤ upper limit of normal (ULN) and AST ≤ ULN; 

subgroup B1 was defined by total bilirubin ≤ ULN and AST > ULN; 
subgroup B2 was defined as total bilirubin >1–1.5 × ULN and any 
AST; subgroup C was defined as bilirubin >1.5–3.0 × ULN and any 
AST; and, lastly, subgroup D was defined by total bilirubin >3 × 
ULN and any AST. The ULN for bilirubin and AST were set as 17.1 
μmol/L and 40 U/L, respectively. NCI-ODWG groups were cate-
gorized as: A (normal hepatic function), B1 and B2 (mild hepatic 
impairment), C (moderate hepatic impairment), and D (severe he-
patic impairment). In addition to NCI-ODWG classification, 
Child-Pugh scores were calculated based on 5 clinical and labora-
tory criteria, with points assigned to each criterion based on in-
creasing severity. For encephalopathy: 1 point (none), 2 points 
(grades 1 and 2), 3 points (grades 3 and 4); ascites: 1 point (none), 
2 points (slight), and 3 points (moderate); bilirubin: 1 point (<2 
mg/mL), 2 points (2–3 mg/mL), and 3 points (>3 mg/mL); albu-
min: 1 point (>3.5 mg/mL), 2 points (2.8–3.5 mg/mL), and 3 points 
(<2.8 mg/mL); prothrombin time (seconds prolonged): 1 point (<4 
s), 2 points (4–6 s), and 3 points (>6 s), with an international nor-
malized ratio (INR) used as a substitute for prothrombin time: 1 
point (INR <1.7), 2 points (INR 1.7–2.2), and 3 points (INR > 2.2). 
Patients were categorized into groups as A (5–6 points), B (7–9 
points), or C (10–15 points) [41]. The mild, moderate, and severe 
NCI-ODWG groups correspond to Child-Pugh scores of 6, 7–9, 
and 10–12, respectively [42]. Finally, the liver function was also 
assessed based on ALBI levels (the ALBI score) [43]. The ALBI 
grade was calculated by means of the formula 0.66 × log10(total 
bilirubin [µmol/L]) − 0.085(albumin [g/L]) with the ALBI score 
stratified as grade 1 (−2.60 or less), grade 2 (−2.59 to −1.39), or 
grade 3 (greater than −1.39). PK analyses based on hepatic impair-
ment were conducted in line with guidance documents from the 
US FDA and the European Medicines Agency [17, 44].

Geographic Regional Assessments
Patients in IMbrave150 were retrospectively grouped into the 

following geographic regions: Asia (mainland China, Hong Kong, 
Japan, Singapore, South Korea, and Taiwan) and non-Asia (Aus-
tralia, Canada, Czech Republic, France, Germany, Italy, Poland, 
Russia, Spain, the UK, and the USA). The bevacizumab PK data set 
for GO30140 included patients in Asia (Japan, Korea, and Taiwan) 
and non-Asia (Australia, New Zealand, and the USA). An addi-
tional subgroup analysis evaluated PK data specifically in patients 
enrolled in Japan versus those enrolled outside of Japan, for ate-
zolizumab and bevacizumab, as described above.

PK Sampling and Bioanalytical Methods
Serum samples for measuring atezolizumab concentrations 

were collected at cycle 1 (30 min after infusion) and cycles 2, 3, 4, 
8, and 12 (before dose). Serum samples for measuring bevacizu-
mab concentrations were collected at cycles 1 and 3 (30 min after 
infusion) and cycle 3 (before dose). Atezolizumab and bevacizu-
mab concentrations were quantified by ELISA, with 60- and 78-
ng/mL lower limits of quantification in human serum, respective-
ly. Blood samples were centrifuged at 1,500–2,000 g for 15 min at 
4°C. The serum samples were then stored at −60°C or lower. The 
methodology for serum concentration measurements was validat-
ed: (1) for atezolizumab, inter-run and intra-run precision values 
(reported as %coefficient of variation) were ≤4.59 and ≤4.12%, re-
spectively, and inter-run and intra-run accuracy (reported as per-
cent relative error) was −7.13 to 4.17%, and −7.17 to 3.96%, respec-
tively; (2) for bevacizumab, inter-assay precision ranging from 11 
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to 15%, intra-assay precision ranged from 9 to 12%, and the mean 
accuracy (% recovery of analyte added to matrix) ranged from 84 
to 125%. The assays specifically detected analytes in disease stage 
samples. No interference from either assay was observed from he-
molysis, lipemia, and comedications.

PopPK Model
A previously developed 2-compartment popPK model of ate-

zolizumab based on phase 1 data [12] was used in the PK analyses. 
According to the phase 1 popPK model, the typical clearance (CL, 
in L/day) of atezolizumab for patient i was

( )
0125112 0808 Tumor burdenALBU BWTCL 0 200

40 77 63
1159 if ADA is positive ,

.. .
ii i
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where BWT is body weight in kg; ALBU is albumin in g/L; and tu-
mor burden is expressed in mm; antidrug antibodies (ADAs) is 
treatment-emergent status of ADAs: post-baseline ADA is nega-
tive when post-dose samples were collected after baseline or the 
ADA signal was not enhanced after baseline (treatment unaffect-
ed); post-baseline ADA is positive when treatment induced or 
treatment enhanced; and post-baseline ADA is missing when all 
post-dose samples were missing. The typical volumes in L of dis-
tribution of the central compartment (V1) and the peripheral com-
partment (V2) of atezolizumab for patient i were

( )
0 559 0 350

1
BWT ALBU328 0871if female .
77 40i
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V2i = 3.63 × (0.728 if female)

A combined model with proportional and additive compo-
nents described the residual error. The PK sampling schedule in 
the phase 1 study (from which the popPK model was developed 
[12]) was more intensive than in the phase 3 study, from which 
mostly trough PK samples were collected. Therefore, the popPK 
model was not redeveloped and the parameters were not re-esti-
mated, and IMbrave150 data served as external validation to eval-
uate the performance of the model as previously done in a meta-
static urothelial carcinoma study [12]. The popPK analysis was 
performed with NONMEM v7.4 (ICON Development Solutions, 
Ellicott City, MD, USA) in conjunction with Perl-Speak-NON-
MEM (v3.7.6; Uppsala University, Uppsala, Sweden). Covariate 
effects related to liver function, that is, AST, alanine aminotrans-
ferase (ALT), and bilirubin in the HCC population, were tested. 
When covariate values in the popPK data set were missing in <15% 
of the total number of patients, the values were imputed to median 
values for continuous covariates or to the most frequent category 
for categorical covariates. Performance of the phase 1 popPK mod-
el on the current data set was evaluated by goodness-of-fit plots 
and prediction-corrected visual predictive check [45]. The expo-
sure metrics for atezolizumab were derived using the individual 
PK parameters estimated with the phase 1 popPK model (post hoc 
option with maxeval = 0).

PK and Statistical Analysis
Descriptive statistics of observed PK parameters (atezolizumab 

and bevacizumab serum peak concentration [Cmax] and trough/
pre-dose concentration [Cmin]) were calculated using Phoenix 
WinNonlin version 6 or higher (Pharsight, Inc., Mountain View, 
CA, USA). For each value, the geometric mean and % geometric 

coefficients of variation (%geo CV) were determined. These data 
were summarized in tabulated form, as well as using box plot anal-
ysis by nominal time for direct comparison. The impact of mild or 
moderate hepatic impairment on either atezolizumab or bevaci-
zumab PK was assessed by comparing exposures with those from 
patients with normal hepatic function after a single dose and at 
steady state. To evaluate potential differences by region, we com-
pared the PK in patients enrolled in Asia (including Japan) with 
that in patients in non-Asian regions. The popPK model was used 
to derive the area under the concentration-time curve (AUC), 
Cmax, and Cmin in cycle 1 and beyond, including at steady state. 
Geometric means and %geo CV were computed and tabulated, as 
well as the geometric mean ratio (GMR) to the reference category 
and its 90% CI. No formal statistical testing was performed when 
making comparisons, given that the clinical trials were not pow-
ered for the purpose of assessing the potential impact of hepatic 
impairment or geographic region.

Safety Assessments
In IMbrave150, the analysis population for safety, a secondary 

endpoint in the study, consisted of randomized patients who re-
ceived at least 1 full or partial dose of study treatment. Safety as-
sessments included the incidence, nature, and severity of adverse 
events (AEs) and laboratory abnormalities graded per the Nation-
al Cancer Institute Common Terminology Criteria for Adverse 
Events, Version 4.0 (NCI-CTCAE v4.0). Laboratory safety assess-
ments included the regular monitoring of hematology and blood 
chemistry. The following events occurring during or after the first 
dose of study treatment were summarized by treatment group and 
NCI-CTCAE grade: all AEs, all serious AEs (SAEs), all severe AEs 
(grade ≥3), and all AEs leading to study drug discontinuation or 
interruption. Multiple occurrences of the same event were counted 
once at the maximal severity.

Results

Study Population
The IMbrave150 PK data set comprised 323 patients in 

the atezolizumab + bevacizumab arm with at least 1 PK 
assessment, of whom 123 (38%), 171 (53%), 27 (8.4%), 
and 2 (0.6%) had normal hepatic function or mild, moder-
ate, or severe hepatic impairment, respectively, at baseline 
by NCI-ODWG criteria. The distribution of hepatic im-
pairment categorized by Child-Pugh and ALBI classifica-
tion, and their respective overlap with NCI-ODWG clas-
sification, is shown in online suppl. Table 1 (see www.
karger.com/doi/10.1159/000515817 for all online suppl. 
material). All 162 IMbrave150 patients enrolled in Asian 
regions (including Japan) were Asian, and of the 161 pa-
tients enrolled outside of Asia, 20 (12.4%) were Asian. Pa-
tient characteristics for IMbrave150 are shown in Table 1 
and were generally balanced between subgroups. The pa-
tient population was predominantly male (ranging from 
80 to 85%), and the median age ranged from 62 to 66 years 
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across subgroups. In all groups apart from the moderate 
hepatic impairment subgroup, the majority of patients 
had an Eastern Cooperative Oncology Group perfor-
mance status of 0. The median body weight was 23% low-
er for patients in Asia (n = 162) than outside of Asia (n = 

161). The degree of hepatic impairment per NCI-ODWG 
observed across regions in IMbrave150 was comparable 
(79 [52%] and 12 [8%] of patients from the Asia subgroup 
and 93 [53%] and 15 [9%] from the non-Asia subgroup 
had mild and moderate hepatic impairment, respectively).

Table 1. Baseline demographic and clinical characteristics for patients from IMbrave150 (current study analysis populations)

Variable Hepatic impairment status category Region

Normal 
(n = 123)

Mild 
(n = 171)

Moderate 
(n = 27)

Asia 
(n = 162)

Non-Asia 
(n = 161)

Age median (range), years 66 (27–88) 62 (29–88) 64 (35–79) 62 (27–86) 65 (35–88)
Albumin median (range), g/L 43.0 (31.8–52.1) 39.0 (27.0–49.9) 37.0 (30.0–48.0) 41.5 (28.0–52.1) 39.0 (27.0–50.0)
AFP median (range), ng/mL 15.4 (1.58–57,110) 247.1 (2.0–2,661,000) 22.0 (0–60,500) 99.6 (1.7–454,000) 26.3 (0–2,661,000)
AFP category, n (%)

<400 ng/mL 93 (75.61) 91 (53.22) 20 (74.07) 97 (59.88) 108 (67.08)
≥400 ng/mL 30 (24.39) 80 (46.78) 7 (25.93) 65 (40.12) 53 (32.92)

ADA positive, n (%) 23 (18.70) 58 (33.92) 6 (22.22) 28 (17.28) 60 (37.27)
ALP median (range), U/L 98.0 (41.0–482) 152 (44.0–1,189) 193 (61.0–629) 131 (41.0–1,189) 143 (44.0–629)
ALT median (range), U/L 23.0 (6.0–68.0) 41.0 (7.0–235) 50.0 (11.0–213) 30.5 (7.0–235) 37.0 (6.0–214)
AST median (range), U/L 28.7 (12.0–40.0) 57.0 (17.8–293) 64.0 (23.0–201) 40.0 (15.0–194) 46.0 (12.0–293)
Baseline SLD median (range), mm 49.5 (10.1–259) 84.3 (11.0–275) 104.6 (15.9–224) 50.7 (11.0–257) 79.7 (10.1–284)
BCLC stage, n (%)

A1 2 (1.63) 2 (1.17) 1 (3.7) 5 (3.09) 0 (0)
A4 1 (0.81) 2 (1.17) 0 (0) 2 (1.23) 1 (0.62)
B 18 (14.63) 26 (15.2) 6 (22.22) 27 (16.67) 24 (14.91)
C 102 (82.93) 141 (82.46) 20 (74.07) 128 (79.01) 136 (84.47)

Bilirubin median (range), mg/dL 11.1 (3.4–17.1) 15.4 (4.0–25.7) 30.0 (25.7–45.0) 14.9 (5.0–32.5) 12.14 (3.4–56.0)
Body weight median (range), kg 69.1 (37.3–126) 69.3 (41.0–114) 74.0 (43.3–112) 63.7 (37.3–92.1) 78.2 (46.5–126)
ECOG PS score, n (%)

0 86 (69.92) 104 (60.82) 13 (48.15) 108 (66.67) 96 (59.63)
1 37 (30.08) 67 (39.18) 14 (51.85) 54 (33.33) 65 (40.37)

Etiology, n (%)
Hepatitis B 59 (47.97) 86 (50.29) 13 (48.15) 121 (74.69) 37 (22.98)
Hepatitis C 26 (21.14) 40 (23.39) 3 (11.11) 20 (12.35) 49 (30.43)
Nonviral 38 (30.89) 45 (26.32) 11 (40.74) 21 (12.96) 75 (46.58)

Extrahepatic spread present, n (%) 86 (69.92) 104 (60.82) 11 (40.74) 104 (64.2) 98 (60.87)
Female, n (%) 25 (20.33) 29 (16.96) 4 (14.81) 28 (17.28) 30 (18.63)
LDH median (range), U/L 203 (105–512) 236 (124–2,505) 244 (177–1,022) 225 (105–2,505) 216 (128–1,022)
Microvascular invasion present, n (%)  36 (29.27) 75 (43.86) 11 (40.74) 57 (35.19) 65 (40.37)
Prior treatment for HCC, n (%)

TACE surgical procedure 58 (47.15) 58 (33.92) 9 (33.33) 87 (53.7) 39 (24.22)
TAE 1 (0.81) 2 (1.17) 3 (11.11) 1 (0.62) 5 (3.11)
Prior radio frequency ablation 10 (8.13) 8 (4.68) 0 (0) 12 (7.41) 6 (3.73)
Others 0 (0) 1 (0.58) 0 (0) 1 (0.62) 0 (0)
Missing 54 (43.9) 102 (59.65) 15 (55.56) 61 (37.65) 111 (68.94)

Hepatic impairment is based on the NCI-ODWG criteria scale (normal function, bilirubin ≤ ULN and AST ≤ ULN; mild impairment, bilirubin ≤ ULN 
and AST > ULN, or bilirubin >1–1.5 × ULN and AST any; moderate impairment, bilirubin >1.5–3.0 × ULN and AST any). The ULN for bilirubin was set as 
17.1 μmol/L and 40 U/L for AST. Two patients with severe hepatic impairment were not included in hepatic impairment status categories. Patients were 
grouped into 2 geographic regions: inside Asia: China, Hong Kong, Japan, South Korea, and Taiwan; and outside Asia: Australia, Canada, Czech Republic, 
France, Germany, Italy, Poland, Russia, Spain, the UK, and the USA. Nonviral causes include alcohol, other, and unknown non–hepatitis B and C causes. 
The BCLC staging system ranks HCC in 5 stages, beginning at 0 (very early stage) and progressing from A (early stage) to D (terminal stage). ECOG PS 
scores range from 0 to 5, with higher numbers reflecting greater disability. ADA, antidrug antibody; AFP, α-fetoprotein; ALP, alkaline phosphatase; ALT, 
alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona Clinic Liver Cancer; ECOG, European Cooperative Oncology Group perfor-
mance status; HCC, hepatocellular carcinoma; LDH, lactate dehydrogenase; NCI-ODWG, National Cancer Institute Organ Dysfunction Working Group; 
SLD, sum of longest diameters; TACE, trans-arterial chemoembolization; TAE, trans-arterial embolization; ULN, upper limit of normal.
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Table 2. popPK summary statistics, the geometric mean (%geo CV) of atezolizumab exposure metrics by hepatic function, and the 
geographic region for patients in IMbrave150

Category Cycle Parameter n Population n Reference category GMR (90% CI)

NCI-ODWG group Mild impairment Normal function

Cycle 1 Cmax, µg/mL 171 379 (19.2) 123 389 (20.5) 0.97 (0.94–1.01)
Cmin, µg/mL 69.2 (42.4) 82.4 (10.8) 0.84 (0.79–0.90)
AUC, µg × day/mL 2,771 (22.5) 3,025 (20.8) 0.92 (0.88–0.95)

Steady state Cmax, µg/mL 538 (25.5) 593 (26.9) 0.91 (0.86–0.95)
Cmin, µg/mL 146 (66.8) 196 (49.0) 0.75 (0.67–0.83)
AUC, µg × day/mL 5,136 (40.5) 6,241 (36.1) 0.82 (0.77–0.88)

Moderate impairment Normal function

Cycle 1 Cmax, µg/mL 27 353 (22.6) 123 389 (20.5) 0.91 (0.84–0.98)
Cmin, µg/mL 67.6 (37.2) 82.4 (10.8) 0.84 (0.75–0.94)
AUC, µg × day/mL 2,652 (25.2) 3,025 (20.8) 0.88 (0.80–0.96)

Steady state Cmax, µg/mL 504 (30.7) 593 (26.9) 0.85 (0.76–0.94)
Cmin, µg/mL 145 (56.0) 196 (49.0) 0.74 (0.62–0.89)
AUC, µg × day/mL 4,962 (41.2) 6,241 (36.1) 0.80 (0.69–0.91)

Child-Pugh score A6 A5

Cycle 1 Cmax, µg/mL 90 360 (19.6) 231 389 (19.7) 0.92 (0.89–0.96)
Cmin, µg/mL 65.2 (31.7) 73.6 (42.1) 0.89 (0.83–0.95)
AUC, µg × day/mL 2,651 (20.8) 2,944 (22.0) 0.90 (0.86–0.94)

Steady state Cmax, µg/mL 503 (24.5) 578 (26.4) 0.87 (0.83–0.92)
Cmin, µg/mL 136 (50.9) 176 (61.7) 0.77 (0.69–0.85)
AUC, µg × day/mL 4,783 (35.0) 5,850 (40.0) 0.82 (0.76–0.88)

ALBI grade Grade 2 Grade 1

Cycle 1 Cmax, µg/mL 136 356 (19.7) 187 398 (19.1) 0.89 (0.86–0.93)
Cmin, µg/mL 60.7 (43.9) 79.2 (33.9) 0.77 (0.71–0.82)
AUC, µg × day/mL 2,588 (21.7) 3,059 (20.4) 0.85 (0.81–0.88)

Steady state Cmax, µg/mL 489 (24.6) 608 (24.6) 0.80 (0.77–0.84)
Cmin, µg/mL 123 (57.9) 199 (53.9) 0.62 (0.56–0.68)
AUC, µg × day/mL 4,513 (36.5) 6,361 (35.8) 0.71 (0.66–0.76)

Geographic region
 

Asia Non-Asia

Cycle 1 Cmax, µg/mL 162 420 (16.6) 161 344 (18.2) 1.22 (1.18–1.26)
Cmin, µg/mL 82.6 (29.0) 60.6 (44.4) 1.36 (1.28–1.46)
AUC, µg × day/mL 3,185 (17.9) 2,550 (21.0) 1.25 (1.21–1.29)

Steady state Cmax, µg/mL 641 (21.8) 479 (23.2) 1.34 (1.28–1.39)
Cmin, µg/mL 210 (48.1) 125 (60.0) 1.68 (1.53–1.84)
AUC, µg × day/mL 6,675 (33.2) 4,536 (36.3) 1.47 (1.38–1.57)

Japan Non-Japan

Cycle 1 Cmax, µg/mL 35 439 (14.9) 288 374 (20.0) 1.17 (1.12–1.23)
Cmin, µg/mL 89.5 (27.6) 68.8 (41.1) 1.30 (1.19–1.42)
AUC, µg × day/mL 3,373 (16.2) 2,793 (22.4) 1.21 (1.15–1.27)

Steady state Cmax, µg/mL 675 (20.1) 541 (26.7) 1.25 (1.17–1.33)
Cmin, µg/mL 231 (36.7) 156 (62.7) 1.48 (1.32–1.66)
AUC, µg × day/mL 7,157 (27.9) 5,333 (40.4) 1.34 (1.23–1.46)
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In the IMbrave150 population, median levels of liver 
function enzymes (e.g., AST, alkaline phosphatase, and 
ALT) and median baseline tumor burden (sum of the lon-
gest diameters) appeared to be greater in patients with in-
creased hepatic dysfunction, assessed either by NCI-
ODWG criteria (shown in Table 1) or by Child-Pugh or 
ALBI criteria (shown in online suppl. Table 2). The per-
centage of patients with AFP >400 ng/mL was similar 
among patients in Asia and patients outside of Asia. The 
majority of patients across all subgroups had Barcelona 
Clinic Liver Cancer stage C liver cancer, consistent with 
the typical late-stage presentation of HCC [46]. For HCC 
disease characteristics, nonviral etiology or hepatitis C 
were more common outside of Asia, while hepatitis B was 
most common in Asia. Extrahepatic spread was present in 
the majority of patients, apart from those with moderate 
hepatic impairment. Overall, the baseline demographic 
and disease characteristics were reflective of an unresect-
able HCC population with varying degrees of hepatic im-
pairment and the diverse geographic regional origin.

In pooled treatment, arms A and F1 from the GO30140 
phase 1b study, 61, 92, and 9 patients were classified as 
having normal hepatic function, mild hepatic impair-
ment, and moderate hepatic impairment per NCI-ODWG 
criteria, respectively; 111 of these patients were enrolled 
in Asia, and the remaining 51 patients were enrolled out-
side of Asia. In GO30140, 111 patients enrolled in Asian 
regions, and all were Asian; 7 of the 51 patients (13.7%) 
who enrolled outside of Asia were Asian. Overall, across 
both studies, the percentage of Asian patients enrolled 
outside of Asia was limited to 12.7%.

PK in Hepatic Impairment Groups
Performance of the phase 1 popPK model by the meth-

od of external validation is shown in online suppl. Figure 
1. A summary of popPK-derived atezolizumab PK data by 
visit for each hepatic function group in IMbrave150 is 
shown in Table 2, while observed PK is shown in Figure 2a 
and online suppl. Figure 2a and b. A summary of observed 

bevacizumab PK data by visit across hepatic impairment 
groups in GO30140 is shown in Table 3 and Figure 2c and 
online suppl. Figure 2d and e. Distributions shown in Fig-
ure 2a and c and in online suppl. Figure 2a, b, d, and e show 
that there was considerable overlap in exposure across he-
patic impairment groups for both atezolizumab and beva-
cizumab concentrations. The calculated GMR for atezoliz-
umab AUC (cycle 1 and steady state) also showed high 
similarity across hepatic function subgroups, ranging from 
0.82 to 0.92 for patients with mild hepatic impairment 
(NCI-ODWG criteria) and 0.80–0.88 for those with mod-
erate impairment, relative to patients with normal hepatic 
function; the range was 0.82–0.90 for Child-Pugh A6 ver-
sus A5 and 0.71–0.85 for ALBI grade 2 versus 1 (Table 2). 
GMRs for peak and trough concentrations of bevacizumab 
within cycle 1 and cycle 3 ranged from 0.94 to 97 and 0.94 
to 1.27, respectively, for patients with mild or moderate 
hepatic impairment (NCI-ODWG criteria) compared 
with patients with normal hepatic function; the ranges 
were 0.89–1.03 for Child-Pugh A6 versus A5 and 0.86–0.92 
for ALBI grade 2 versus 1 (Table 3). In a post hoc analysis 
evaluating the NCI-ODWG, Child-Pugh, and ALBI-de-
fined subgroups, PK parameters between the groups were 
not found to be different (exploratory p ≤ 0.01). Online 
suppl. Figures 3a, 4a, and b shows interindividual PK vari-
ability trends by hepatic function. Interindividual variabil-
ity relationships between random effects of central clear-
ance, central volume of distribution, and peripheral vol-
ume of distribution in the popPK model using categorical 
variables of hepatic function indicated no meaningful ef-
fect on the popPK parameters.

PK by Geographic Region
The observed atezolizumab PK data by region are shown 

in Figure 2b and online suppl. 2c; and popPK-derived met-
rics are shown in Table 2; data for bevacizumab are shown 
in Figure 2d and online suppl. 2f and Table 3. The larger 
differences in GMR (increases of 0.36) for cycle 1 Cmin of 
atezolizumab between patients in Asia versus non-Asia are 

All patients (n = 123 with normal hepatic function, n = 171 and n = 27 with mild and moderate hepatic impairment; n = 162 and  
n = 161 patients enrolled in Asia and non-Asian regions) in IMbrave150 who received atezolizumab 1,200 mg in combination with 15 
mg/kg of bevacizumab Q3W. All values are geometric mean (%geo CV), except for GMR. The GMR with respect to the reference cat-
egory and its 90% CI is shown. Summary statistics for patients with severe hepatic impairment were not conducted due to the small 
sample size (n = 2). Patients with unknown Child-Pugh score were not included in the summary (n = 2). “Asia” geographic region in-
cludes Japan. AUC, area under the concentration-time curve; ALBI, albumin/bilirubin; Cmax, maximum concentration; Cmin, minimum 
concentration; geo CV, geometric coefficient of variation; GMR, geometric mean ratio; NCI-ODWG, National Cancer Institute Organ 
Dysfunction Working Group; PK, pharmacokinetics; popPK, population PK; Q3W, every 3 weeks.

Table 2 (Footnote)
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within the interindividual variability (up to 0.44) observed. 
As shown in Figure 2b and d, there was also considerable 
overlap in both atezolizumab and bevacizumab concentra-
tions across both geographic regions, evident in the broad 
confidence intervals. The calculated GMR shows similari-
ties for Cmax, Cmin, and AUC for atezolizumab across the 2 
regions and high similarity for bevacizumab between pa-
tients in and outside Asia. For instance, atezolizumab AUC 
GMRs (cycle 1 and steady state) for patients in Asia (vs. 

outside Asia) had ranged from 1.25 to 1.47. GMRs for peak 
and trough concentrations of bevacizumab within cycle 1 
and cycle 3 ranged from 0.94 to 1.15 for patients enrolled 
in Asia versus outside Asia. The largest difference in cycle 
1 atezolizumab exposure across regions was in Cmin, which 
increased by 0.36 in patients in Asian regions compared 
with patients in non-Asian regions. For exploratory pur-
poses, when normalized for dose by body weight, the range 
of GMRs of observed exposure of atezolizumab across mul-
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Fig. 2. PK of atezolizumab and bevacizumab by hepatic function (a, 
c) and geographic region (b, d) following single and multiple ad-
ministrations of atezolizumab 1,200 mg with bevacizumab 15  
mg/kg Q3W in patients with HCC. Box plots include the median, 

25th, and 75th percentiles for values at indicated visits, and whiskers 
refer to 10th and 90th percentiles, with outliers (open circles) plotted 
as single points vertically. Cmax, maximum concentration; HCC, he-
patocellular carcinoma; PK, pharmacokinetics; Q3W, every 3 weeks.
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tiple cycles after the first dose were 0.19–0.38 closer be-
tween groups, confirming that subtle differences were re-
lated to body weight. Further, ethnicity (race/region) was 
also explored as a covariate on the atezolizumab popPK 
model and found not to have an effect (at the exploratory p 
value of 0.01). Additional analyses of interindividual PK 
variability trends by region are shown in online suppl. Fig-
ures 3b and 4c, while those for viral etiology are shown in 
online suppl. Figure 3c. Interindividual variability relation-
ships between random effects of central clearance, central 

volume of distribution, and peripheral volume of distribu-
tion in the popPK model using categorical variables of re-
gion and etiology indicated no meaningful effect on the 
popPK parameters. Finally, as Japanese patients may have 
HCC tumors with etiology distinct from other Asian pa-
tients, an additional analysis of patients enrolled in Japan 
versus outside Japan showed that the magnitude of GMR 
percent differences for evaluated metrics for atezolizumab 
and bevacizumab were in line with the Asia versus non-
Asia comparison (shown in Tables 2, 3).

Table 3. Observed PK summary statistics, the geometric mean (%geo CV) of bevacizumab exposure metrics by hepatic function, and 
the geographic region for patients in GO30140

Category Cycle Parameter n Population n Reference category GMR (90% CI)

NCI-ODWG group 92 Mild impairment 61 Normal function

Cycle 1 Cmax, µg/mL 55 276 (23.8) 40 286 (26.5) 0.97 (0.89–1.05)
Cycle 3 Pre-dose, µg/mL 79 81.4 (44.2) 50 86.5 (37.0) 0.94 (0.84–1.06)

9 Moderate impairment 61 Normal function

Cycle 1 Cmax, µg/mL 6 268 (18.6) 40 286 (26.5) 0.94 (0.78–1.12)
Cycle 3 Pre-dose, µg/mL 6 110 (17.6) 50 86.5 (37.0) 1.27 (0.96–1.69)

Child-Pugh score 37 A6 119 A5

Cycle 1 Cmax, µg/mL 18 285 (25.6) 77 278 (24.9) 1.03 (0.92–1.14)
Cycle 3 Pre-dose, µg/mL 29 76.4 (49.9) 103 86.0 (38.5) 0.89 (0.78–1.02)

6 B7 119 A5

Cycle 1 Cmax, µg/mL 6 289 (17.8) 77 278 (24.9) 1.04 (0.88–1.23)
Cycle 3 Pre-dose, µg/mL 3 114 (11.3) 103 86.0 (38.5) 1.32 (0.91–1.94)

ALBI grade 84 Grade 2 76 Grade 1

Cycle 1 Cmax, µg/mL 49 259 (23.4) 50 301 (23.5) 0.86 (0.80–0.93)
Cycle 3 Pre-dose, µg/mL 66 80.6 (43.1) 68 87.7 (39.0) 0.92 (0.82–1.03)

2 Grade 3 76 Grade 1

Cycle 1 Cmax, µg/mL 2 278 (29.4) 50 301 (23.5) 0.93 (0.70–1.22)
Cycle 3 Pre-dose, µg/mL 1 122 (NEa) 68 87.7 (39.0) 1.39 (0.72–2.69)

Geographic region 111 Asia 51 Non-Asia

Cycle 1 Cmax, µg/mL 70 275 (23.5) 31 291 (26.6) 0.94 (0.87–1.03)
Cycle 3 Pre-dose, µg/mL 95 87.9 (39.5) 40 76.6 (43.6) 1.15 (1.02–1.30)

15 Japan 147 Non-Japan

Cycle 1 Cmax, µg/mL 12 291 (19.2) 89 278 (25.2) 1.05 (0.92–1.18)
Cycle 3 Cmin, µg/mL 14 95.9 (30.1) 121 83.1 (42.1) 1.15 (0.96–1.39)

All values are geometric mean (%geo CV), except for GMR. The GMR with respect to the reference category and its 90% CI are 
shown. Patients with an unknown Child-Pugh score were not included in the summary (n = 2). “Asia” geographic region includes Japan. 
Patient numbers are shown next to subgroup headings, and PK sample numbers are shown next to sampling time points. ALBI, albu-
min/bilirubin; Cmax, maximum concentration; Cmin, minimum concentration; geo CV, geometric coefficient of variation; GMR, geo-
metric mean ratio; NCI-ODWG, National Cancer Institute Organ Dysfunction Working Group; PK, pharmacokinetics. a NE refers to 
not evaluable based on n = 1.
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Safety by Hepatic Impairment and Geographic Region
A safety summary is shown in Table 4. The AE fre-

quency was similar in patients with moderate hepatic im-
pairment (96.4%) and those in Asia (98.2%) and in the 
overall population (98.2%). Similar observations for the 
following AEs were seen in patients with moderate he-
patic impairment and the Asian global region, respective-
ly, versus the overall population: (1) all-cause grade 3/4 
AEs (57.1% and 56.6% vs. 56.5%), (2) treatment-related 
grade 3/4 AEs (32.1% and 39.8% vs. 35.6%), and (3) treat-
ment-related SAEs (21.4% and 16.9% vs. 17.0%) across 
respective groups. All-cause and treatment-related grade 
5 AEs occurred at low frequency across groups (3.0–7.1% 
and 0–2.4%, respectively). The number of AEs leading to 
withdrawal from study treatment was similar in patients 
with moderate hepatic impairment (17.9%) and the over-
all population (15.5%). Some numerical differences were 
observed in rates of SAEs (50.0% in patients with moder-
ate hepatic impairment vs. 38.0% overall) and AEs lead-
ing to dose interruption of any study treatment (43.4% in 
the Asia subgroup vs. 49.5% overall).

Discussion

In this analysis of patients with HCC from the IM-
brave150 and GO30140 studies, we performed compre-
hensive PK and safety analyses to evaluate atezolizumab 
and bevacizumab in patient subsets defined by hepatic 
impairment status and geographic region. We found that 

neither hepatic impairment nor the geographic region 
had a clinically meaningful impact on PK or safety. The 
lack of effect of hepatic impairment on PK was supported 
using several classification systems for defining impair-
ment. Our data suggest that no dose adjustments to ate-
zolizumab plus bevacizumab in HCC are needed in these 
populations.

Although mAbs are cleared by ubiquitous nonspecific 
proteolytic catabolism by lysosomal degradation to ami-
no acids [18], the liver may have other roles in catabolism 
that could potentially alter the PK of administered mAbs. 
Neonatal Fc receptor binding, target-mediated drug dis-
position, Fcγ receptor binding, and other mechanisms 
may further alter exposure [47–51]. Hepatic impairment, 
in addition to differing disease stages and variability in 
Fcγ expression levels, may lead to decreased FcγR expres-
sion, decreased FcγR functionality, or both and conse-
quently alter clearance and exposure [49]. In this study, 
53 and 8% of patients in IMbrave150 (and 56 and 6% in 
GO30140) were classified as having mild or moderate he-
patic dysfunction at baseline, respectively, by NCI-
ODWG criteria. This observation is consistent with 
knowledge that patients with HCC generally present at an 
advanced disease stage [46]. However, despite the high 
rates of hepatic impairment seen in these studies, no clin-
ically relevant impact on PK was observed for atezolizu-
mab or bevacizumab. It should be noted however that the 
impact of hepatic impairment on atezolizumab clearance 
may also be confounded by associated poor disease status, 
including factors like low albumin, cachexia, or others 

Table 4. Summary of AEs in IMbrave150 (atezolizumab + bevacizumab)

Moderate hepatic 
impairment (n = 28)

Asia 
(n = 166)

Overall population 
(n = 329)

Total number of patients with at least 1 AE 27 (96.4) 163 (98.2) 323 (98.2)
AE related to any study treatment 22 (78.6) 142 (85.5) 276 (83.9)

Grade 3/4 AE 16 (57.1) 94 (56.6) 186 (56.5)
Treatment-related grade 3/4 AE 9 (32.1) 66 (39.8) 117 (35.6)

Grade 5 AE 2 (7.1) 5 (3.0) 15 (4.6)
Treatment-related grade 5 AE 0 4 (2.4) 6 (1.8)

SAE 14 (50.0) 54 (32.5) 125 (38.0)
Treatment-related SAE 6 (21.4) 28 (16.9) 56 (17.0)

AE leading to withdrawal from any study treatment 5 (17.9) 18 (10.8) 51 (15.5)
AE leading to dose modification or interruption of any study treatment 14 (50.0) 72 (43.4) 163 (49.5)

Values are presented as n (%). Includes AEs with the onset date on or after the date of the first dose of study drug. Investigator text 
for AEs is encoded using Medical Dictionary for Regulatory Activities version 22.0. Percentages are based on n in the column headings. 
Multiple occurrences of the same AE in one individual are counted only once. Treatment-related grade 3/4 AE refers to highest grade 
experienced. AE, adverse event; SAE, serious AE.
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known to impact checkpoint inhibitor clearance [52]. 
These are the first data on the impact of hepatic impair-
ment on the PK of atezolizumab and bevacizumab in 
HCC; indeed, despite the established nature of bevaci-
zumab, the PK implications of hepatic impairment by 
NCI-ODWG criteria were previously unknown and had 
not been investigated in any tumor type [16, 53]. Impor-
tantly, we also demonstrated that safety data in this study 
were generally comparable for patients with moderate he-
patic impairment per NCI-ODWG criteria versus the 
overall population. Lastly, recent data in the literature 
support the use of the NCI-ODWG classification system 
for hepatic impairment. A contemporary survey of 1,336 
oncology clinical trials found that among trials with defi-
nitions for liver function thresholds, a combination of 
bilirubin and transaminase levels were routinely used in 
33–64% of studies [54]. Further, in a 2019 study of a single 
company’s drug portfolio, NCI-ODWG criteria were 
found to be used in 22 (69%) of 32 hepatic impairment 
studies for the portfolio’s FDA-approved oncology drugs 
[55].

Regional and ethnic factors having the potential to in-
fluence PK, and their impact on the extrapolation of clin-
ical data, can be extrinsic (environmental and cultural, 
e.g., food diet and concomitant medications) or intrinsic 
(e.g., genetic polymorphisms). Limited data on ethnic 
sensitivity of the PK of mAbs in patients with HCC have 
been available, although mAbs are likely to be less sensi-
tive to ethnic factors than small molecules [49, 50]. In our 
analysis, atezolizumab showed marginal PK differences 
between groups defined by the geographic region, likely 
due to flat dosing and the smaller body weight of patients 
in the IMbrave150 Asian population (approx. 23% lower 
for patients in Asia vs. outside of Asia). Further, a smaller 
volume of distribution is expected in Asian versus non-
Asian patients. The range of distributions seen with ate-
zolizumab also achieved target saturation, with the lowest 
cycle 1 geometric mean Cmin of 60.6 µg/mL – which was 
>10-fold higher than the target exposure threshold – ob-
served in all subgroups [56]. It should be noted that ex-
posure metrics within the first treatment cycle are more 
appropriate for comparative purposes, rather than those 
at steady state, to isolate potentially confounding factors 
on exposure such as time-varying clearance [52, 57]. We 
evaluated the relationships between observations and 
simulated PK around the atezolizumab GMR for Cmax, 
Cmin, and AUC in cycle 1. Only subtle differences were 
observed in GMRs across patients in Asia versus outside 
of Asia, which were mostly related to body weight. Differ-
ences in exposure (the largest of which included a differ-

ence in GMR of up to 0.36 for atezolizumab Cmin in cycle 
1) were not clinically meaningful given the large safety 
margin, the lack of dose-limiting toxicity up to 20 mg/kg 
of atezolizumab in the phase 1a study [12], and the flat 
exposure-efficacy and exposure-safety relationships [12–
15] reported for atezolizumab. Results were comparable 
when the region was limited to patients in Japan only. In 
this study, the treatment was also safe and well tolerated 
in all patients, with no consistent observations of more 
AEs in patients in Asia than in the overall population.

IMbrave150 data demonstrated that the covariate ef-
fects for HCC were consistent with those estimated based 
on phase 1 data in other indications. Specifically, no co-
variate effect of laboratory values related to liver function 
(i.e., ALT, AST, and bilirubin) was detected. Prognostic 
factors commonly associated with HCC were also inves-
tigated for their impact on PK of atezolizumab. No con-
sistent trend in interindividual variability in popPK pa-
rameters was observed based on hepatic impairment 
groups. Additionally, liver function categorization based 
on liver cancer classification Barcelona Clinic Liver Can-
cer staging system (B or C) did not exhibit significant co-
variate effects on the PK of atezolizumab. Finally, there 
does not appear to be an association between etiology, 
macrovascular invasion, extrahepatic spread, alcohol use, 
or the AFP level (<400 or ≥400 ng/mL) and atezolizumab 
PK. Cycle 1 exposure metrics of atezolizumab were also 
similar to those estimated in other studies using atezoliz-
umab Q3W monotherapy or in combination with beva-
cizumab in renal cell carcinoma (IMmotion151 [58]) and 
with carboplatin and paclitaxel with or without bevaci-
zumab in first-line non-small-cell lung cancer (IMpow-
er150 [59]). Differences in body weight, a covariate for 
clearance of mAbs, were observed between Asian and 
non-Asian subgroups. Across global regions, bevacizu-
mab dosing is based on body weight, and atezolizumab 
uses flat dosing that does not require adjustments to ac-
count for regional body size differences. The similarity in 
dosing regimens for Western versus Asian regions is also 
seen with other mAbs; a survey of 22 biologics (predom-
inantly mAbs) for oncology use approved in Japan, Chi-
na, and the USA prior to 2018 showed no differences be-
tween dosing regimens used in Asian and Western popu-
lations [60].

The PK and safety analyses in the present study should 
be interpreted in light of several strengths and limitations. 
Data from the IMbrave150 study are particularly perti-
nent for the exploration of inter-geographical differences 
in drug disposition as the predominance of HCC in Asia 
resulted in IMbrave150 recruiting a higher proportion of 
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patients in Asia (close to half of patients on the global 
trial) than studies in other tumor types. However, one 
limitation of the study was that the number of patients 
with severe hepatic impairment per NCI-ODWG criteria 
was too small for analysis to be conducted in that sub-
group. Similarly, no IMbrave150 patients and few 
GO30140 patients, but no atezolizumab PK-evaluable 
IMbrave150 patients, were classified as Child-Pugh B7 or 
ALBI grade 3. Still, we note that a strength of this analysis 
is the general consistency in results seen across several 
reported evaluations of liver function, namely, NCI-
ODWG, Child-Pugh, and ALBI. Our findings are impor-
tant to demonstrate the use of mAbs in a moderate-sized 
and diverse patient population and provide robust expo-
sure and safety data.

In conclusion, our results demonstrate that neither he-
patic impairment as assayed in our study nor enrollment 
in Asia versus outside Asia had a clinically relevant influ-
ence on PK or safety of atezolizumab + bevacizumab. Ex-
posures of each respective agent in the combination ther-
apy were in line with expectations and comparable to pre-
vious studies across other indications. The treatment was 
safe and well-tolerated across evaluated groups, and no 
dose adjustment is required for differences in mild or 
moderate hepatic impairment or geographic region. 
These data extend the primary IMbrave150 results that 
establish atezolizumab + bevacizumab as a new standard 
of care for patients with unresectable HCC.
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