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Abstract
Introduction:  The efficacy of systemic first-line treatments 
in older adults with unresectable hepatocellular carcinoma 
(HCC) has not been well-studied. We compared the safety 
and efficacy of atezolizumab plus bevacizumab versus 
sorafenib as a first-line treatment in younger versus older 
patients with unresectable HCC.   Methods:  This global, 
phase 3, open-label, randomized clinical trial (IMbrave150) 
recruited patients aged ≥18 years with locally advanced 
metastatic or unresectable HCC, an Eastern Cooperative On-
cology Group performance status score of 0 or 1, and Child-
Pugh class A liver function who had not previously received 
systemic therapy for liver cancer. Patients received either 
1,200 mg atezolizumab plus 15 mg/kg bevacizumab intrave-
nously every 3 weeks or 400 mg sorafenib orally twice daily 
until loss of clinical benefit or unacceptable toxicity. Primary 
endpoints were overall survival (OS) and progression-free 
survival (PFS). Secondary outcomes were the incidence of 

adverse events and time to deterioration of patient-reported 
outcomes (PROs). This subgroup analysis evaluated safety 
and efficacy endpoints in patients <65 years, ≥65 to <75 
years, and ≥75 years.   Results:  Of 501 patients, 165 patients 
were randomized to sorafenib and 336 were randomized to 
atezolizumab plus bevacizumab (175 patients <65 years; 106 
patients ≥65 to <75 years; 55 patients ≥75 years). Across all 
age groups, patients receiving atezolizumab plus bevaci-
zumab had longer median OS (<65: 18.0 vs. 12.2 months [HR, 
0.57; 95% CI: 0.40–0.82]; ≥65 to <75: 19.4 vs. 14.9 months [HR, 
0.80; 95% CI: 0.52–1.23]; ≥75: 24.0 vs. 18.0 months [HR, 0.72, 
95% CI: 0.37–1.41]) and PFS than those receiving sorafenib. 
Time to deterioration for multiple PROs was delayed for pa-
tients receiving atezolizumab plus bevacizumab, including 
older adults. There were no clinically meaningful differences 
in toxicity between age groups.   Conclusion:  Atezolizumab 
plus bevacizumab is safe and effective in adults <65, ≥65 to 
<75, and ≥75. Treatment was well-tolerated even in elderly 
patients. © 2022 The Author(s).
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Introduction

Hepatocellular carcinoma (HCC) presents a global chal-
lenge, with a rising incidence [1]. Despite recent progress in 
treatments, HCC still remains one of the leading causes of 
cancer-related mortality worldwide [1]. The incidence of 
HCC increases with age, with a majority of patients in the 
United States diagnosed at age ≥65 years [2]. There has been 
a rapid expansion of US Food and Drug Administration 
(FDA)–approved systemic treatment options for patients 
with unresectable HCC, ranging from anti-angiogenesis 
agents [3, 4] to multitargeted tyrosine kinase inhibitors [5–
8], immune checkpoint inhibitors [9, 10], and combination 
approaches [11]. With the development of multiple combi-
nation treatments for HCC [12–15], it is of particular im-
portance to focus not only on their efficacy but on their 
tolerability and impact on quality of life (QOL) in the older 
adult HCC patient population. However, data regarding the 
efficacy and safety of systemic therapies for older adults 
with unresectable HCC are limited [4, 16–19].

Older adults with HCC are particularly vulnerable to 
treatment toxicity because of their higher number of co-
morbid medical conditions and age-related pharmacoki-
netic changes associated with decline in hepatic blood 
flow that lead to a reduction in hepatic clearance of drugs 
[20]. In addition, treatment with anti-angiogenesis agents 
such as bevacizumab carries the risk of arterial and venous 
thromboembolic events and bleeding [3, 21–23], which 
potentially increases with age [24–26]. Furthermore, older 
adults experience a general decline in immune function 
and an increase in autoimmune antibodies [27–29], which 
could result in decreased immunotherapy efficacy and in-
creased risk for immunotherapy-related toxicities. How-
ever, prior retrospective studies suggest there are no dif-
ferences in efficacy or toxicity between older and younger 
patients who received immunotherapy [30–32].

IMbrave150 was the first randomized phase 3 study in 
more than a decade to demonstrate a statistically signifi-
cant and clinically meaningful improvement in overall 
survival (OS) with the combination of anti-programmed 
cell death 1 ligand 1 (anti-PD-L1) antibody atezolizumab 
and bevacizumab versus sorafenib in patients with unre-
sectable HCC who had not received prior systemic ther-
apy [11]. In addition, there was a significant delay in de-
terioration of patient-reported outcomes (PROs), includ-
ing QOL, physical and role functioning, and HCC 
symptoms, with atezolizumab plus bevacizumab versus 
sorafenib [33]. Here, we performed post hoc analyses 
evaluating the efficacy, PROs, and safety results in older 
adults (≥65 years) enrolled in IMbrave150.

Materials and Methods

Patients, Treatment, and Endpoints
The study design (online supplement: CONSORT checklist; 

see www.karger.com/doi/10.1159/000525671 for all online suppl. 
material) and eligibility criteria of this global phase 3, random-
ized, open-label study have been previously described 
(NCT03434379) [11]. Briefly, patients aged 18 years or older with 
locally advanced metastatic or unresectable HCC, an Eastern Co-
operative Oncology Group (ECOG) performance status score of 
0 or 1, Child-Pugh class A liver function, and no previous sys-
temic therapy for liver cancer were recruited from 111 cancer cen-
ters in 17 countries and regions [11]. Key exclusion criteria in-
cluded a history of autoimmune disease; coinfection with hepati-
tis B virus (HBV), hepatitis C virus (HCV), or both; and untreated 
or incompletely treated esophageal or gastric varices with bleed-
ing or high risk of bleeding. Patients were required to have an 
esophagogastroduodenoscopy within 6 months of enrollment, 
and all size varices were to be treated per standard of care prior to 
enrollment.

An interactive voice-web response system was used to assign 
treatment with atezolizumab plus bevacizumab or sorafenib (in a 
2:1 ratio) to patients using permuted-block randomization with a 
block size of 6. The randomization sequence was generated by an 
independent statistician and stored in the interactive voice or web 
response system, and the treatment assignment was obtained di-
rectly from the system by the investigators. Randomization was 
stratified by geographic region (Asia excluding Japan vs. rest of the 
world); macrovascular invasion, extrahepatic spread, or both 
(presence vs. absence); baseline α-fetoprotein concentration (<400 
vs. ≥400 ng/mL); and ECOG performance status (0 vs. 1).

IMbrave150 was carried out in accordance with the Interna-
tional Conference on Harmonization guidelines for Good Clinical 
Practice and the principles of the Declaration of Helsinki. All pa-
tients gave written informed consent to participate in the study. 
No compensation was provided to patients. Protocol approval was 
obtained from the Institutional Review Board or Ethics Commit-
tee at each site. An independent data monitoring committee re-
viewed unmasked safety and trial conduct data approximately ev-
ery 6 months until study unblinding.

Patients received either 1,200 mg atezolizumab plus 15 mg/kg 
bevacizumab intravenously every 3 weeks or 400 mg of sorafenib 
orally twice daily until loss of clinical benefit or unacceptable tox-
icity [11]. Treatment could continue beyond disease progression 
per Response Evaluation Criteria in Solid Tumors (RECIST) ver-
sion 1.1 if, in the opinion of the investigator, the patient was expe-
riencing clinical benefit and signs indicating unequivocal disease 
progression were absent. 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 permit-
ted in the sorafenib arm but not in the atezolizumab-plus-bevaci-
zumab arm.

The co-primary endpoints were OS (time from randomization 
to death from any cause) and progression-free survival (PFS; time 
from randomization to disease progression per independent re-
view facility-assessed RECIST 1.1 or death from any cause, which-
ever occurred first) [11]. Key secondary efficacy endpoints includ-
ed objective response rate (the percentage of patients with a con-
firmed complete or partial response) and duration of response 
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(time from first documented complete or partial response to dis-
ease progression or death) per independent review facility-as-
sessed RECIST 1.1. Results from the primary analysis of these ef-
ficacy endpoints, an updated descriptive analysis, and an updated 
safety and efficacy analysis have been reported previously [11, 33–
35].

Statistical Considerations
For this analysis, efficacy was assessed in the intent-to-treat 

population (i.e., all patients randomly assigned to treatment), spe-
cifically in the subgroups of patients <65 years, ≥65 to <75 years, 
and ≥75 years of age. All analyses are based on the data cutoff for 
the updated analysis of OS (August 31, 2020). The Kaplan-Meier 

<65 years
175 Intent-to-treat

171 Safety-evaluable

≥65 to <75 years
106 Intent-to-treat

105 Safety-evaluable

≥75 years
55 Intent-to-treat

53 Safety-evaluable

<65 years
74 Intent-to-treat

69 Safety-evaluable

≥65 to <75 years
64 Intent-to-treat

63 Safety-evaluable

≥75 years
28 Intent-to-treat

24 Safety-evaluable

Intent-to-treat population (n = 336)
♦ Safety population (n = 329) ♦ Safety population (n = 156)

Intent-to-treat population (n = 165)

Discontinued the trial (n = 84)
♦ Died (n = 65)
♦ Withdrew consent (n = 19)

Ongoing on sorafenib treatment (n = 24)

In follow-up (n = 57)

Discontinued the trial (n = 108)
♦ Died (n = 95)
♦ Disease progression per RECIST 1.1 (n = 1)
♦ Withdrew consent (n = 12)

Ongoing on atezolizumab and/or bevacizumab
treatment (n = 146)

In follow-up (n = 82)

Allocated to receive atezolizumab plus
bevacizumab (n = 336)

♦ Received atezolizumab plus bevacizumab
   (n = 329) 
♦ Did not receive assigned treatment (n = 7)

o Withdrew consent (n = 5)
o Deviated from protocol (n = 1)
o Experienced symptomatic deterioration
   (n = 1)

Allocated to receive sorafenib (n = 165)

♦ Received sorafenib (n = 156)
♦ Did not receive assigned treatment (n = 9)

o Withdrew consent (n = 6)
o Experienced symptomatic
   deterioration (n = 1)
o Withdrew per physician decision
   (n = 2)

Assessed for eligibility (n = 725)

Excluded (n = 224)
♦ Not meeting inclusion criteria (n = 188)
♦ Withdrew consent (n = 15)
♦ Died (n = 2)
♦ Excluded for other reasons (n = 19)

Randomized (n = 501)

Fig. 1. CONSORT diagram of IMbrave150 patients, subdivided by age.
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method was used to estimate median OS and PFS in confirmed 
responders for each treatment arm with 95% confidence intervals 
(CIs). A stratified Cox proportional-hazards model was used to 
estimate the treatment effect, expressed as a hazard ratio (HR) (at-
ezolizumab plus bevacizumab vs. sorafenib) with a 95% CI. The 
randomization stratification factors were applied to all stratified 
efficacy analyses except ECOG, which was not used to avoid over-
stratification. The safety population included patients who had re-
ceived at least 1 dose of study treatment. Analyses were conducted 
using SAS® software, version 9.4.

Results

Demographic and Baseline Clinical Characteristics
This post hoc analysis included 336 patients in the in-

tent-to-treat atezolizumab-plus-bevacizumab arm (175 

patients <65 years; 106 patients ≥65 to <75 years; 55 pa-
tients ≥75 years) and 165 patients in the intent-to-treat 
sorafenib arm (74 patients <65 years; 63 patients ≥65 to 
<75 years; 28 patients ≥75 years) (Fig. 1). Baseline char-
acteristics were generally similar across both treatment 
groups (Table 1). The percentages of patients with varices 
(present, treated, or both) at baseline were also compa-
rable. Younger patients (<65 years) had higher percent-
ages of extrahepatic spread and macrovascular invasion 
and AFP values ≥400 ng/mL.

While HBV infection was more common in younger 
patients, the percentage of patients with HCV infection 
was similar across age groups. The prevalence of other 
comorbidities, including diabetes mellitus, cardiac disor-
ders, and vascular disorders, increased with age (Table 2). 

Table 1. Patient demographics and baseline characteristics, intent-to-treat population

Atezolizumab + bevacizumab Sorafenib

<65 
(n = 175)

≥65 to <75 
(n = 106)

≥75 
(n = 55)

<65 
(n = 74)

≥65 to <75 
(n = 63)

≥75 
(n = 28)

Median age (range), years 56.0 (26–64) 69.0 (65–74) 79.0 (75–88) 57.5 (33–64) 69.0 (65–74) 78.0 (75–87)
Female, n (%) 24 (13.7) 23 (21.7) 12 (1.8) 10 (13.5) 14 (22.2) 4 (14.3)
Region, n (%)

Asia (excluding Japan) 91 (52.0) 32 (30.2) 10 (18.2) 46 (62.2) 14 (22.2) 8 (28.6)
Rest of the world 84 (48.0) 74 (69.8) 45 (81.8) 28 (37.8) 49 (77.8) 20 (71.4)

ECOG PS = 1, n (%) 111 (63.4) 39 (36.8) 24 (43.6) 28 (37.8) 22 (34.9) 12 (42.9)
Child-Pugh class, n (%)

A5 127 (73.0) 73 (69.5) 39 (70.9) 53 (71.6) 48 (76.2) 20 (71.4)
A6 47 (27.0) 31 (29.5) 16 (29.1) 21 (28.4) 15 (23.8) 8 (28.6)
B7 0 1 (1.0) 0 0 0 0

BCLC stage at study entry, n (%)
A 3 (1.7) 3 (2.8) 2 (3.6) 2 (2.8) 3 (4.8) 1 (3.6)
B 25 (14.3) 16 (15.1) 10 (18.2) 6 (8.1) 14 (22.2) 5 (17.9)
C 147 (84.0) 87 (82.1) 43 (78.2) 66 (89.2) 46 (73.0) 22 (78.6)

Etiology of HCC, n (%)
HBV 105 (60.0) 40 (37.7) 19 (34.5) 51 (68.9) 17 (27.0) 8 (28.6)
HCV 41 (23.4) 20 (18.9) 11 (20.9) 11 (14.9) 17 (27.0) 8 (28.6)
Nonviral 29 (16.6) 46 (43.4) 25 (45.5) 12 (16.2) 29 (46.0) 12 (42.9)

AFP ≥400 ng/mL, n (%) 81 (46.3) 29 (27.4) 16 (29.1) 29 (39.2) 20 (31.7) 12 (42.9)
Presence of EHS, MVI, or both, n (%)

EHS 121 (69.1) 62 (58.5) 29 (52.7) 49 (66.2) 30 (47.6) 14 (50.0)
MVI 79 (45.1) 32 (30.2) 18 (32.7) 36 (48.6) 26 (41.3) 9 (32.1)
EHS, MVI, or both 146 (83.4) 78 (73.6) 34 (61.8) 62 (83.8) 41 (65.1) 17 (60.7)

Varices, n (%)
Present at baseline 45 (25.7) 30 (28.3) 14 (25.5) 21 (28.4) 18 (29.6) 4 (14.3)
Treated at baseline 23 (13.1) 8 (7.5) 5 (9.1) 13 (17.6) 9 (14.2) 1 (3.6)

Prior TACE, n (%) 65 (37.1) 49 (46.2) 17 (30.9) 35 (47.3) 23 (36.5) 12 (42.9)
Prior radiotherapy, n (%) 18 (10.3) 12 (11.3) 4 (7.3) 8 (10.8) 6 (9.5) 3 (10.7)

AFP, α-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; ECOG PS, Eastern Cooperative Oncology Group performance status; EHS, 
extrahepatic spread; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; MVI, macrovascular invasion; TACE, 
transarterial chemoembolization.
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Notably, 48 of 53 patients ≥75 years (90.6%) in the at-
ezolizumab-plus-bevacizumab arm reported vascular 
disorders, and 46 of these patients (95.8%) reported hy-
pertension. In the sorafenib arm, 18 of 24 patients ≥75 
years (75.0%) reported vascular disorders, and 17 of these 
patients (94.4%) reported hypertension. The percentage 
of patients reporting esophageal varices and gastrointes-
tinal disorders, including gastritis, was also similar be-
tween age groups.

Common medications included treatments for vascu-
lar, cardiovascular, and gastrointestinal disorders (Ta-
ble 3). Patients ≥65 years were generally more likely to 
report use of a given class of medication. Median num-
bers of concomitant medications were greater in the at-
ezolizumab-plus-bevacizumab arm than the sorafenib 
arm and increased with age.

Table 2. Comorbid baseline medical conditions with an incidence rate ≥10% (any age group), safety-evaluable population

Comorbid medical condition, n (%) Atezolizumab + bevacizumab Sorafenib

<65 
(n = 171)

≥65 to <75
(n = 105)

≥75 
(n = 53)

<65 
(n = 69)

≥65 to <75 
(n = 63)

≥75 
(n = 24)

Benign prostatic hyperplasia 8 (4.7) 13 (12.4) 7 (13.2) 1 (1.4) 7 (11.1) 2 (8.3)
Cardiac disorders 14 (8.2) 14 (13.3) 12 (22.6) 1 (1.4) 14 (22.2) 1 (4.2)
Chronic gastritis 27 (15.8) 14 (13.3) 8 (15.1) 11 (15.9) 6 (9.5) 2 (8.3)
Constipation 15 (8.8) 11 (10.5) 10 (18.9) 6 (8.7) 8 (12.7) 4 (16.7)
Diabetes mellitusa 33 (19.3) 42 (39.6) 22 (41.5) 16 (23.2) 26 (41.3) 12 (50.0)
Esophageal varices 16 (9.4) 12 (11.4) 5 (9.4) 8 (11.6) 6 (9.5) 2 (8.3)
Gastroesophageal reflux disease 14 (8.2) 15 (14.3) 5 (9.4) 4 (5.8) 14 (22.2) 4 (16.7)
Hepatic cirrhosis 59 (34.5) 33 (31.4) 13 (24.5) 27 (39.1) 15 (23.8) 2 (8.3)
Hepatitis Bb 91 (53.2) 30 (28.3) 12 (22.6) 40 (58.0) 13 (20.6) 5 (20.8)
Hepatitis Cb 26 (15.2) 8 (7.5) 7 (13.2) 11 (15.9) 14 (22.2) 3 (12.5)
Hyperlipidemia 8 (4.7) 14 (13.3) 5 (9.4) 2 (2.9) 5 (7.9) 2 (8.3)
Hypertension 73 (42.7) 58 (55.2) 46 (86.8) 19 (27.5) 40 (63.5) 17 (70.8)
Vascular disorders 73 (42.7) 61 (58.1) 48 (90.6) 19 (27.5) 43 (68.3) 18 (75.0)

a Includes all diabetes-related preferred terms: diabetes mellitus, type 2 diabetes mellitus, and insulin-requiring type 2 diabetes mellitus. 
b Includes both acute and chronic infections.

Table 3. Number of concomitant medications and medication classes among patients with at least one concomitant medication

Atezolizumab + bevacizumab Sorafenib

<65 
(n = 175)

≥65 to <75
(n = 106)

≥75 
(n = 55)

<65 
(n = 74)

≥65 to <75 
(n = 63)

≥75 
(n = 28)

Concomitant medications,a median (range) 14 (1–78) 16 (2–56) 17 (2–51) 11.5 (2–60) 14 (4–43) 12 (5–21)
Medication class,b,c n (%) (n = 171) (n = 105) (n = 53) (n = 69) (n = 63) (n = 24)

Calcium channel blockers 65 (38.0) 43 (40.6) 34 (64.2) 13 (18.8) 28 (44.4) 9 (37.5)
Proton pump inhibitors 84 (49.1) 59 (55.7) 26 (49.1) 28 (40.6) 36 (57.1) 13 (54.2)
Ophthalmologicals 79 (46.2) 55 (51.9) 24 (45.3) 21 (30.4) 28 (44.4) 11 (45.8)
Local oral analgesics/rinses 63 (36.8) 42 (39.6) 28 (52.8) 15 (21.7) 22 (33.9) 6 (25.0)
Analgesics 60 (35.1) 39 (36.8) 25 (47.2) 10 (14.5) 21 (33.3) 5 (20.8)
Steroids 73 (42.7) 44 (41.5) 24 (45.3) 11 (15.9) 18 (28.6) 6 (25.0)
Osmotically acting laxatives 45 (26.3) 39 (36.8) 22 (41.5) 18 (26.1) 15 (23.8) 6 (25.0)

a Intent-to-treat population. b Safety-evaluable population. c A cutoff of ≥40% among patients ≥75 years receiving atezolizumab plus 
bevacizumab was used to select the medication classes shown in this table.
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Efficacy
The median OS for patients treated with atezolizumab 

plus bevacizumab was longer across all age groups com-
pared with the median OS of patients treated with 
sorafenib (<65 years: 18.0 vs. 12.2 months [HR, 0.57; 95% 
CI: 0.40–0.82]; ≥65 to <75 years: 19.4 vs. 14.9 months 
[HR, 0.80; 95% CI: 0.52–1.23]; ≥75 years: 24.0 vs. 18.0 
months [HR, 0.72, 95% CI: 0.37–1.41]) (Fig. 2). Addition-
ally, median PFS was longer in all age groups receiving 
atezolizumab plus bevacizumab than in those receiving 
sorafenib (<65 years: 6.8 vs. 3.9 months [HR, 0.56; 95% 
CI: 0.41–0.77]; ≥65 to <75 years: 7.7 vs. 5.3 months [HR, 
0.67; 95% CI: 0.46–0.98]; ≥75 years: 9.6 vs. 4.5 months 
[HR, 0.77; 95% CI: 0.43–1.38]) (Fig.  3). Objective re-
sponse rate was also greater in patients treated with at-
ezolizumab plus bevacizumab than in patients treated 
with sorafenib across all age groups (<65 years: 30.0 vs. 
10.0%; ≥65 to <75 years: 27.5 vs. 13.1%; ≥75 years: 33.3 vs. 
10.7%) (Table 4). Furthermore, all age groups receiving 
atezolizumab plus bevacizumab had a greater percentage 

of patients who achieved complete response compared 
with groups receiving sorafenib (<65 years: 9.4 vs. 0.0%; 
≥65 to <75 years: 4.9 vs. 1.6%; ≥75 years: 7.4 vs. 0.0%).

Safety
Of the 336 patients in the intent-to-treat atezolizum-

ab-plus-bevacizumab arm, 329 patients (171 patients <65 
years; 105 patients ≥65 to <75 years; 53 patients ≥75 years) 
were evaluated for safety. Patients treated with atezoli-
zumab plus bevacizumab received median dose intensi-
ties greater than 94.0% and had longer median treatment 
durations than patients receiving sorafenib (≥6.7 months 
vs. 2.8–4.1 months) (Table 5). Rates of dose interruption 
or treatment withdrawal (atezolizumab, bevacizumab, or 
both) were similar between treatment arms.

The incidence of any-grade treatment-related AEs for 
atezolizumab, bevacizumab, or both was similar in all age 
groups (Table 5). While the incidence of treatment-relat-
ed grade 3–4 AEs and serious AEs was higher in patients 
≥75 years, the percentage of treatment-related grade 5 
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Hazard ratio and p value are from stratified analysis.
Stratification factors include geographic region (Asia excluding Japan vs. rest of world). macrovascular invasion and/or extrahepatic spread
(presence vs. absence) and AFP (<400 vs. ≥400 ng/mL) at screening per lxRS.
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Fig. 2. Overall survival, intent-to-treat population. a Patients aged <65 years. b Patients aged ≥65 to <75 years.  
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AEs was less than 4% and comparable across all patient 
groups receiving atezolizumab plus bevacizumab (Ta-
ble 5). Notably, most treatment-related serious AEs and 
all-grade 5 AEs occurring in patients ≥75 years were sin-

gle occurrences spread across several different system or-
gan classes (online suppl. Tables S1, S2). Of all AEs, hy-
pertension was the most common across age groups. 
Other common AEs included fatigue, diarrhea, and de-
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Fig. 3. Progression-free survival, intent-to-treat population. a Patients aged <65 years. b Patients aged ≥65 to <75 
years. c Patients aged ≥75 years.

Table 4. Objective response rate per independent review facility-assessed RECIST 1.1, intent-to-treat population

Response <65 ≥65 to <75 ≥75

atezolizumab + 
bevacizumab

sorafenib atezolizumab + 
bevacizumab

sorafenib atezolizumab + 
bevacizumab

sorafenib

Response-evaluable population 170 70 102 61 54 28
Objective response rate, n (%) 51 (30.0) 7 (10.0) 28 (27.5) 8 (13.1) 18 (33.3) 3 (10.7)
Odds ratio for objective response rate, (95% CI)a 5.09 (2.08, 12.41) 2.78 (1.15, 6.73) 4.04 (1.08, 15.07)
Complete response, n (%) 16 (9.4) 0 5 (4.9) 1 (1.6) 4 (7.4) 0
Partial response, n (%) 35 (20.6) 7 (10.0) 23 (22.5) 7 (11.5) 14 (25.9) 3 (10.7)
Stable disease, n (%) 71 (41.8) 22 (31.4) 52 (51.0) 35 (57.4) 21 (38.9) 12 (42.9)
Progressive disease, n (%) 37 (21.8) 25 (35.7) 17 (16.7) 12 (29.7) 9 (16.7) 3 (10.7)
Not evaluable,bn (%) 5 (2.9) 8 (11.4) 2 (2.0) 3 (4.9) 1 (1.9) 3 (10.7)
Missing,bn (%) 6 (3.5) 8 (11.4) 3 (2.9) 3 (4.9) 5 (9.3) 7 (25.0)

a Confidence interval. b Patients were classified as not evaluable or missing if no post-baseline response assessments were available or all post-baseline 
assessments were not evaluable.
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creased appetite (online suppl. Table S3). While patients 
≥65 years were more likely to experience arthralgia and 
peripheral edema, patients ≥75 years were more likely to 
report general malaise.

Of the 165 patients in the intent-to-treat sorafenib 
arm, 156 patients (69 patients <65 years; 63 patients ≥65 
to <75 years; 24 patients ≥75 years) were evaluated for 
safety. The median treatment duration ranged from 2.8 
months, in patients <65 years and those ≥65 to <75 years, 
to 4.1 months, in those ≥75 years. The incidence of AEs 
was similar to that in previously reported safety profiles 
of sorafenib [5, 8], and there were no clinically meaning-
ful differences in AE incidence or median dose intensity 
between age groups.

Patient-Reported Outcomes
PROs included physical function, role functioning, 

QOL or global health status, appetite loss, diarrhea, 
nutrition, fatigue, and pain (measured by the EORTC 
QLQ-C30 and EORTC QLQ-HCC18). Time to dete-
rioration (TTD) for PROs was longer for patients 
treated with atezolizumab plus bevacizumab com-
pared with sorafenib across all age groups (Table 6). 
Notably, median TTD of physical function was more 
than 4 times greater in patients ≥75 years who received 

atezolizumab plus bevacizumab compared with 
sorafenib (12.09 vs. 3.02 months [HR, 0.51; 95% CI: 
0.21–1.25]).

Discussion/Conclusion

This is the first study to report outcomes from a large 
randomized clinical trial investigating combination im-
munotherapy plus vascular endothelial growth factor 
(VEGF) inhibition in older adults with cancer. We found 
consistent benefit in using atezolizumab plus bevacizum-
ab versus sorafenib even among older adults, with im-
provements in median OS and PFS for patients treated 
with atezolizumab plus bevacizumab across all age groups. 
Additionally, median TTD for multiple PROs was longer 
in patients receiving atezolizumab plus bevacizumab 
across all age groups. Atezolizumab plus bevacizumab 
has a safety profile in older patients (≥65 years) similar to 
that in younger patients (<65 years), despite older pa-
tients having the majority of baseline comorbidities, par-
ticularly vascular comorbidities. There were no clinically 
meaningful differences in ability to tolerate treatment. 
Importantly, even for patients ≥75 years treated with at-
ezolizumab plus bevacizumab, there were no clinically 

Table 5. Safety summary of atezolizumab plus bevacizumab, safety-evaluable population

Atezolizumab + bevacizumab

<65 (n = 171) ≥65 to <75 (n = 105) ≥75 (n = 53)

Median treatment duration, months (range) Atezo = 7.7 (0–28) Atezo = 9.2 (0–26) Atezo = 7.8 (0–24)
Bev = 6.9 (0–28) Bev = 8.4 (0–26) Bev = 6.7 (0–24)

Median dose intensity (%) (range) Atezo = 97.0 (66–104) Atezo = 95.0 (64–102) Atezo = 97.0 (75–100)
Bev = 96.0 (27–104) Bev = 95.0 (39–101) Bev = 94.0 (58–100)

All-grade AEs, any cause, n (%) 165 (96.5) 104 (99.0) 53 (100)
AEs related to any study treatment 150 (87.7) 88 (83.8) 46 (86.8)
AEs related to atezolizumab 137 (80.1) 82 (78.1) 45 (84.9)
AEs related to bevacizumab 136 (79.5) 79 (75.2) 39 (73.6)

Grade 3–4 AEs, n (%) 100 (58.5) 69 (65.7) 38 (71.7)
Treatment-related grade 3–4 AEs 68 (39.8) 46 (43.8) 29 (54.7)

SAEs, n (%) 76 (44.4) 54 (51.4) 30 (56.6)
Treatment-related SAEs 36 (21.1) 24 (22.9) 16 (30.2)

Grade 5 AEs, n (%) 11 (6.4) 7 (6.7) 5 (9.4)
Treatment-related grade 5 AEs 2 (1.2) 2 (1.9) 2 (3.8)

AEs leading to withdrawal from any component, n (%) 31 (18.1) 29 (27.6) 12 (22.6)
AEs leading to withdrawal from atezolizumab, n (%) 16 (9.4) 14 (13.3) 9 (17.0)
AEs leading to withdrawal from bevacizumab, n (%) 29 (17.0) 29 (27.6) 11 (20.8)
AEs leading to withdrawal from both components, n (%) 13 (7.6) 13 (12.4) 8 (15.1)
AEs leading to dose interruption of any study treatment, n (%) 93 (54.4) 67 (63.8) 35 (66.0)

AE, adverse event; atezo, atezolizumab; bev, bevacizumab; SAE, serious adverse event.
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meaningful changes in the overall safety profile, includ-
ing the incidence of treatment-related AEs leading to 
dose interruption or withdrawal, suggesting there is over-
all tolerance of atezolizumab plus bevacizumab, even 
among the elderly population.

In this analysis, atezolizumab-plus-bevacizumab com-
bination treatment showed the longest OS reported in 
older adults with HCC, compared with what was previ-
ously reported for single-agent treatment with either pro-
grammed cell death 1 protein (PD-1)/PD-L1 immuno-
therapy or VEGF inhibition in older adults. We found 
that patients with HCC treated with atezolizumab plus 
bevacizumab who were ≥65 to <75 years had a median OS 
of 19.4 months and patients ≥75 years had a median OS 
of 24.0 months. In contrast, Melero et al. [36] reported 
that among patients with HCC treated with nivolumab in 
the CheckMate 040 study the median OS was 17.0 months 
in patients ≥65 to <75 years and 19.9 months in patients 
≥75 years [37]. In the field of single-agent VEGF inhibi-
tion, Kudo et al. [4] reported that among patients with 
HCC treated with ramucirumab in the second-line set-
ting median OS was 7.6 months in patients ≥65 to <75 
years and 8.9 months in patients ≥75 years.

Interestingly, compared with younger patients, older 
adults treated in IMbrave150 had strikingly longer OS. 
One possible reason for the superior OS seen in older pa-
tients is that patients <65 years have poorer prognostic 
features of more extrahepatic disease, macrovascular in-
vasion, and AFP ≥400 ng/mL. Additionally, although the 
HR for OS increased with age, this was possibly due to the 
reduced prevalence of older HBV-positive patients re-
ceiving sorafenib (<65 years: 58.0%; ≥65 to 75 years: 
20.6%; ≥75 years: 20.8%). Sorafenib is potentially less ef-
ficacious in patients with HBV [38], which could have 
contributed to the increased OS seen in the older adult 
population treated with sorafenib in IMbrave150 (<65 
years: 12.2 months; ≥65 to 75 years: 14.9 months; ≥75 
years: 18.0 months).

PROs and other QOL measures are increasingly being 
regarded as important prognostic factors for response to 
treatment and disease progression [39, 40], particularly in 
older patients. A noninferiority trial of lenvatinib versus 
sorafenib noted that while both treatments resulted in de-
terioration of QOL measures, this deterioration was de-
layed in patients receiving lenvatinib [8]. In a post hoc 
analysis of the REACH and REACH-2 trials, Kudo et al. 
[4] reported that patients receiving ramucirumab as sec-
ond-line treatment displayed a trend toward a delay in 
deterioration; this benefit was consistent for all age 
groups, including patients ≥75 years. We showed that pa- Ta
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tients treated with atezolizumab plus bevacizumab expe-
rienced a delay in TTD of various QOL measures [33]. In 
this study, TTD for QOL measures was consistently de-
layed across all age groups receiving atezolizumab plus 
bevacizumab versus sorafenib, indicating that atezoli-
zumab plus bevacizumab can prolong TTD even in el-
derly patients.

In addition to increased efficacy and delayed TTD of key 
PROs, including physical functioning, role functioning, and 
global health status, treatment safety is of particular concern 
for elderly patients because age-related changes, such as in-
creased comorbidities and concomitant medications [41, 
42], may reduce treatment tolerance. In the landscape of 
PD-1/PD-L1 monotherapy, Melero et al. [36] reported that 
22.5% of patients ≥65 years with HCC treated with nivolu-
mab experienced grade 3–4 treatment-related AEs. For 
VEGF inhibition, Kudo et al. [4] reported that 60.2% of pa-
tients with HCC ≥65 to <75 years and 61.5% of patients ≥75 
years who received ramucirumab experienced at least one 
grade ≥3 AE. In IMbrave150, the incidence of grade 3–4 AEs 
in patients treated with atezolizumab plus bevacizumab was 
58.5% in patients <65 years, 65.7% in patients ≥65 to <75 
years, and 71.1% in patients ≥75 years; the incidence of treat-
ment-related grade 3–4 AEs was 39.8%, 43.8%, and 54.7%, 
respectively. The median number of comorbidities and con-
comitant medications increased with age (<65 years: 6 co-
morbidities, 14 concomitant medications; ≥65 to <75 years: 6 
comorbidities, 16 concomitant medications; ≥75 years: 7 co-
morbidities, 17 concomitant medications), which could ex-
plain the higher incidence of grade 3–4 AEs observed in pa-
tients ≥75 years who received atezolizumab plus bevacizum-
ab versus that in patients <75 years. Despite this, all age groups 
were able to tolerate a dose intensity of at least 94.0% for each 
component, and only 21 of 158 older patients (13 patients ≥65 
to <75 years, 8 patients ≥75 years) discontinued both atezoli-
zumab and bevacizumab as a result of AEs. Importantly, there 
were no clinically meaningful differences between age groups 
in the incidence of AEs related to atezolizumab (<65 years: 
80.1%; ≥65 to <75 years: 78.1%; ≥75 years, 84.9%) or bevaci-
zumab (<65 years: 79.5%; ≥65 to <75 years: 75.2%; ≥75 years, 
73.6%), suggesting that neither atezolizumab’s nor bevaci-
zumab’s safety profile is negatively affected by advanced age.

Limitations to our study include the post hoc retro-
spective nature of the analysis and small sample size of 
individual subgroups. This limited our potential to per-
form additional subgroup analyses with significant power. 
Although our use of 3 subgroups reduced the size of each 
population, it allowed us to generate data that are more 
clinically relevant to this vulnerable patient population 
(i.e., the impact of treatment on patients ≥75 years). Only 

patients with preserved liver function (Child-Pugh class 
A) and minimized risk of variceal bleeding (having un-
treated esophageal, gastric varices, or both was an exclu-
sion criterion) were eligible for IMbrave150, and therefore 
these patients may not be completely representative of the 
clinical older adult patient population with HCC (e.g., pa-
tients with Child-Pugh B/C, untreated active varices, or 
additional autoimmune comorbidities). Additionally, re-
stricting enrollment to patients with an ECOG perfor-
mance status of 0 or 1 and adequate hematologic/organ 
function may have further limited the diversity of our old-
er adult patient population. However, the inclusion of pa-
tients with main portal vein (or contralateral main branch) 
invasion (Vp4) or bile duct invasion, who are usually ex-
cluded from phase 3 trials of HCC treatments [8, 43], in-
creased the diversity of our patient population. Moreover, 
additional baseline characteristics of patients in our study, 
such as comorbidities and concomitant medications, are 
similar to those expected in the general patient popula-
tion, increasing the validity of our results.

In this post hoc subgroup analysis, atezolizumab plus 
bevacizumab increased median OS and PFS and delayed 
TTD for multiple PROs over those with sorafenib for pa-
tients <65 years, ≥65 to <75 years, and ≥75 years. Even 
among the most elderly patients in this trial population, 
who have more comorbidities and concomitant medica-
tions, treatment with atezolizumab plus bevacizumab was 
well-tolerated with no clinically meaningful differences 
between age groups in treatment-related AE incidence or 
discontinuation. Atezolizumab plus bevacizumab should 
be considered a first-line treatment option even for older 
adults with unresectable HCC.
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