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ABSTRACT

Introduction: Final overall survival (OS) analyses are pre-
sented for EGFR mutations and liver or brain metastases
subgroups in the phase 3 IMpower150 study
(NCT02366143) evaluating atezolizumab plus bevacizumab
plus carboplatin and paclitaxel (ABCP) or atezolizumab plus
carboplatin and paclitaxel (ACP) versus bevacizumab plus
carboplatin and paclitaxel (BCP).

Methods: Overall, 1202 patients (intention-to-treat popu-
lation) with chemotherapy-naive, metastatic, nonsquamous
NSCLC were randomized to ABCP, ACP, or BCP. Patients
with treated, stable brain metastases were permitted. OS
was evaluated in EGFR mutations and baseline liver me-
tastases subgroups; rate and time to development of new
brain metastases were evaluated in the intention-to-treat
patients.

Results: At data cutoff (September 13, 2019; median follow-
up, 39.3 mo), OS improvements were sustained with ABCP
versus BCP in sensitizing EGFR mutations (all: hazard ratio
[HR] ¼ 0.60; 95% confidence interval [CI]: 0.31–1.14; previ-
ous tyrosine kinase inhibitor [TKI]: HR¼ 0.74; 95% CI: 0.38–
1.46) and baseline livermetastases (HR¼ 0.68; 95%CI: 0.45–
1.02) subgroups. ACP did not have survival benefit versus BCP
in sensitizing EGFR mutations (all: HR ¼ 1.0; 95% CI: 0.57–
1.74; previous TKI: HR ¼ 1.22; 95% CI: 0.68–2.22) or liver
metastases (HR ¼ 1.01; 95% CI: 0.68–1.51) subgroups.
Overall, 100 patients (8.3%) developed new brainmetastases.
Although not formally evaluated, an improvement toward
delayed time to development was found with ABCP versus
BCP (HR ¼ 0.68; 95% CI: 0.39–1.19).

Conclusions: This final exploratory analysis revealed OS
benefits for ABCP versus BCP in patients with sensitizing
EGFR mutations, including those with previous TKI failures,
and with liver metastases, although these results should be
interpreted with caution. The impact of ABCP on delaying
the development of new brain lesions requires further
investigation.

� 2021 International Association for the Study of Lung
Cancer. Published by Elsevier Inc. All rights reserved.

Keywords: Nonsquamous NSCLC; Atezolizumab; Bev-
acizumab; IMpower150; EGFR mutation

Introduction
Advances in first-line treatment options, such as

the inclusion of immune checkpoint inhibitors (anti–
programmed death-ligand 1 [PD-L1]/programmed
death-1 [PD-1]), have improved the clinical outcomes
of patients with metastatic nonsquamous NSCLC.1 The
anti–PD-L1 antibody atezolizumab restores tumor-
specific immunity by blocking PD-L1 from binding to
its PD-1 and B7.1 receptors.2,3 Atezolizumab, as mono-
therapy and in combination with chemotherapy, was
found to have efficacy in patients with NSCLC.4–8 The
recombinant humanized vascular endothelial growth
factor (VEGF) monoclonal antibody bevacizumab was
found to substantially improve overall survival (OS)
when combined with chemotherapy versus chemo-
therapy alone in patients with advanced NSCLC.9 It has
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been proposed that bevacizumab plus chemotherapy
enhances the T-cell–mediated cancer-cell killing action of
atezolizumab by reversing VEGF-mediated immunosup-
pression and chemotherapy-induced cell death.10,11 The
global phase 3 IMpower150 study evaluated atezolizu-
mab plus bevacizumab plus carboplatin and paclitaxel
(ABCP) chemotherapy and revealed significant and
clinically meaningful improvements in progression-free
survival (p < 0.001) and OS (p ¼ 0.02) versus bev-
acizumab plus carboplatin and paclitaxel (BCP) in the
intention-to-treat (ITT) wild-type (WT) population with
chemotherapy-naive metastatic nonsquamous NSCLC
without EGFR/ALK genetic alterations.12 Furthermore,
study results revealed greater survival in the ABCP
versus BCP arm irrespective of PD-L1 expression and
EGFR/ALK status.12

Despite treatment advances in metastatic NSCLC,
patients with sensitizing EGFR mutations inevitably fail
treatment with first-line standard-of-care tyrosine ki-
nase inhibitors (TKIs).1,13,14 Although immune check-
point inhibitor (anti–PD-L1/PD-1) monotherapy was
found to have no superior survival versus chemotherapy
in patients with previously treated EGFR-mutant NSCLC,
PD-L1/PD-1 inhibitors are a recommended second-line
option post-TKI failure.15,16 Prognosis can also be poor
among patients who develop liver or brain metasta-
ses17,18: 13% to 22% or 46% to 57% of NSCLC cases,
respectively.19–22 Therefore, definitive treatment options
are needed to improve outcomes among these difficult-
to-treat patient subgroups with NSCLC. Patients who
develop liver metastases have been found to have poorer
outcomes than those with metastases to other sites,23

and monoimmunotherapies and chemotherapies have
mostly been ineffective in these patients.24–26 In a pre-
vious study, patients with baseline liver metastases were
found to have improved OS with bevacizumab plus car-
boplatin and paclitaxel.9 Therefore, we hypothesized that
the poor treatment outcomes with immunotherapy in
patients with liver metastases could be attributed to
tissue-specific immunoregulation, which might be
reversed by combination treatment with bevacizumab.

In subgroup analyses from the IMpower150 study,
OS benefits were found for ABCP versus BCP in patients
with sensitizing EGFR mutations and baseline liver me-
tastases.27 The sustained benefit of immunotherapy is
debatable in such subgroups because of the lack of
randomized studies, particularly those reporting long-
term data. Therefore, we present final exploratory OS
data with an additional approximately 20 months of
follow-up (for a total median follow-up of 39.3 mo at the
data cutoff [September 13, 2019]) for the ABCP, atezo-
lizumab plus carboplatin and paclitaxel (ACP) chemo-
therapy, and BCP arms in key EGFR mutation and liver
metastases subgroups from the IMpower150 trial.

Bevacizumab was previously found to delay or prevent
progression of brain metastases in NSCLC.28,29 There-
fore, we also present results from exploratory post hoc
analyses evaluating the rate and time to development of
new lesions in the brain in the ABCP or ACP arm versus
the BCP arm, regardless of the presence of brain me-
tastases at baseline.

Materials and Methods
Study Design and Patients

IMpower150 was an international, open-label, ran-
domized, phase 3 trial conducted across 240 study
centers in 26 countries (NCT02366143).12,27 The study
was performed in line with Good Clinical Practice
guidelines and the Declaration of Helsinki, and the study
protocol was approved by independent ethics commit-
tees at each site.

Chemotherapy-naive patients with stage IV metasta-
tic nonsquamous NSCLC, measurable disease at baseline
per Response Evaluation Criteria in Solid Tumors
version 1.1,30 a baseline Eastern Cooperative Oncology
Group performance status of 0 or 1, available tumor
tissue for biomarker testing, and any PD-L1 immuno-
histochemistry status were eligible for inclusion. Pa-
tients with sensitizing EGFR mutations (exon 19 deletion
and Leu858Arg mutations) or ALK translocations were
required to have disease progression or treatment
intolerance with at least one approved TKI therapy. In
cases in which patients with sensitizing EGFR mutations
did not receive an approved TKI therapy (13 of 91 pa-
tients [14%]), this was noted within the study. All pa-
tients underwent a computed tomography or magnetic
resonance imaging scan of the head at screening for
study eligibility determination. Untreated brain metas-
tases led to study exclusion. Detailed information on
patient eligibility criteria and study design methods was
previously published.12,27 All patients provided informed
written consent.

Treatment
Patients were randomized to ACP, ABCP, or BCP and

stratified according to sex, baseline liver metastases, and
PD-L1 expression on tumor cells (TC) and tumor-
infiltrating immune cells (IC; evaluated by the VEN-
TANA SP142 immunohistochemistry assay [Ventana
Medical Systems, Inc., Tucson, AZ]). PD-L1 expression on
SP142-stained TC and IC was based on the percentage of
PD-L1–expressing TC of any intensity or the proportion
of tumor area occupied by PD-L1–expressing IC of any
intensity.31 PD-L1 expression status was defined as fol-
lows: (1) PD-L1 low: greater than or equal to 1% of TC
and IC and less than 50% of TC or less than 10% of IC
(TC1/2 or IC1/2); (2) PD-L1 high: greater than or equal
to 50% TC or greater than or equal to 10% of IC (TC3 or
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Table 1. Baseline Demographic and Clinical Characteristics by Key Patient Subgroups

Characteristics ABCP ACP BCP

Patients with EGFR mutations
N 34 45 44
Median age (range), y 64.0 (37–76) 63.0 (38–82) 61.5 (31–81)
Sex, n (%)
Male 18 (52.9) 17 (37.8) 20 (45.5)
Female 16 (47.1) 28 (62.2) 24 (54.5)

Race, n (%)
Asian 12 (35.3) 20 (44.4) 18 (40.9)
Black or African American 0 0 1 (2.3)
White 21 (61.8) 25 (55.6) 24 (54.5)
Unknown 1 (2.9) 0 1 (2.3)

ECOG PS, n (%)
0 18 (52.9) 20 (44.4) 27 (61.4)
1 16 (47.1) 25 (55.6) 17 (38.6)

Tobacco use history, n (%)
Never 20 (58.8) 29 (64.4) 20 (45.5)
Previous 8 (23.5) 12 (26.7) 20 (45.5)
Current 6 (17.6) 4 (8.9) 4 (9.1)

Liver metastases at enrollment, n (%) 4 (11.8) 9 (20.0) 7 (15.9)
Positive EML4-ALK rearrangement status, n (%) 1 (2.9) 0 0
Positive KRAS mutation status, n (%) 1 (2.9) 1 (2.2) 2 (4.5)
PD-L1 expression, n (%)a

TC3 or IC3 4 (11.8) 4 (8.9) 5 (11.4)
TC1/2 or IC1/2 10 (29.4) 18 (40.0) 11 (25.0)
TC0 and IC0 20 (58.8) 23 (51.1) 28 (63.6)

Patients with baseline liver metastases
N 52 52 57
Median age (range), y 64.5 (39–79) 59.0 (41–81) 63.0 (48–83)
Sex, n (%)
Male 26 (50.0) 28 (53.8) 35 (61.4)
Female 26 (50.0) 24 (46.2) 22 (38.6)

Race, n (%)
Asian 1 (1.9) 2 (3.8) 1 (1.8)
Black or African American 1 (1.9) 1 (1.9) 1 (1.8)
American Indian or Alaskan Native 1 (1.9) 0 0
White 46 (88.5) 48 (92.3) 54 (94.7)
Unknown 3 (5.8) 1 (1.9) 1 (1.8)

ECOG PS, n (%)
0 16 (30.8) 22 (42.3) 22 (39.3)
1 36 (69.2) 30 (57.7) 34 (60.7)

Positive EGFR mutation status, n (%) 4 (7.7) 9 (17.3) 7 (12.3)
Positive EML4-ALK rearrangement status, n (%) 1 (1.9) 2 (3.8) 3 (5.3)
Positive KRAS mutation status, n (%) 8 (15.4) 4 (7.7) 6 (10.5)
PD-L1 expression, n (%)a

TC3 or IC3 5 (9.6) 5 (9.6) 9 (15.8)
TC1/2 or IC1/2 17 (32.7) 20 (38.5) 18 (31.6)
TC0 and IC0 30 (57.7) 27 (51.9) 30 (52.6)

Patients with new metastases in the brain
N 28 48 24
Median age (range), y 62.0 (47–77) 64.5 (32–79) 57.5 (43–81)
Sex, n (%)
Male 16 (57.1) 25 (52.1) 13 (54.2)
Female 12 (42.9) 23 (47.9) 11 (45.8)

Race, n (%)
Asian 8 (28.6) 9 (18.8) 5 (20.8)
White 19 (67.9) 38 (79.2) 19 (79.2)
Unknown 1 (3.6) 1 (2.1) 0

(continued)
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IC3); and (3) PD-L1 negative: less than 1% of TC and IC
(TC0 and IC0).

Patients received induction chemotherapy for four or
six cycles every 21 days, with cycle number determined
by the investigator before randomization. Study treat-
ments were administered intravenously on day 1 of each
21-day cycle at the following doses: atezolizumab 1200
mg, bevacizumab 15 mg/kg of body weight, area under
the concentration–time curve of 6 mg/mL per min car-
boplatin, and 200 mg/m2 paclitaxel (patients of Asian
ethnicity were given 175 mg/m2). Patients continued
atezolizumab, bevacizumab, or both treatments until
unmanageable toxicity or disease progression (per
Response Evaluation Criteria in Solid Tumors version
1.130). Atezolizumab continuation was permitted after
disease progression if eligibility criteria were met,
including clinical benefit as assessed by the investigator.
Crossover to atezolizumab was not allowed.

Outcomes
Results from the primary analysis of the co-primary

end points of progression-free survival and OS were
previously reported in the ABCP versus BCP arm in the
ITT-WT population (excluding patients with EGFR or
ALK genomic alterations) and among key patient sub-
groups in the ITT population.12,27 Final OS was analyzed
for all treatment arms in the following ITT patient sub-
groups: EGFR mutations, sensitizing EGFR mutations (in
the overall subgroup and in patients receiving TKI
therapy previously), and baseline liver metastases.
Additional exploratory end points were the rate and time
to development of new brain metastases in the ITT

population, regardless of the presence of baseline
treated and stable brain metastases.32 Brain scans
(computed tomography or magnetic resonance imaging,
with or without contrast) were performed as clinically
indicated, with analyses of new lesion development on
the basis of investigator assessments.

The incidence, severity, and nature of adverse events
(AEs) in the safety-assessable population and key patient
subgroups were graded according to the National Cancer
Institute Common Terminology Criteria for Adverse
Events (version 4.0).

Statistical Analysis
The statistical analysis plan was reported previ-

ously.12,27 OS was defined as the time from randomization
to death from any cause. Data for patients who were not
reported as having died at the time of analysis were
censored at the date last known to be alive. Data for pa-
tients who did not have postbaseline information were
censored at the date of randomization plus one day. Ana-
lyses of the rate and time to development of new brain
metastaseswerepost hoc analyses. Time todevelopmentof
new brain metastases was defined as the time from
randomization to the time of observed newly developed
brain lesions in brain scans. Median OS and time to devel-
opment of new brain metastases in ITT patients were
estimated from survival curves generated by the Kaplan-
Meier method; corresponding 95% confidence intervals
(CIs)werederived using theBrookmeyer-Crowleymethod.
Hazard ratios (HRs) comparing the treatment effect be-
tween two treatment arms were calculated from unstrati-
fied Cox regression models, and 95% CIs were provided.

Table 1. Continued

Characteristics ABCP ACP BCP

ECOG PS, n (%)
0 11 (39.3) 21 (43.8) 11 (45.8)
1 17 (60.7) 27 (56.3) 13 (54.2)

Tobacco use history, n (%)
Never 7 (25.0) 10 (20.8) 7 (29.2)
Previous 15 (53.6) 29 (60.4) 12 (50.0)
Current 6 (21.4) 9 (18.8) 5 (20.8)

Liver metastases at enrollment, n (%) 6 (21.4) 6 (12.5) 5 (20.8)
Positive EGFR mutation status, n (%) 5 (17.9) 7 (14.6) 5 (20.8)
Positive EML4-ALK rearrangement status, n (%) 1 (3.6) 1 (2.1) 0
Positive KRAS mutation status, n (%) 3 (10.7) 7 (14.6) 5 (20.8)
PD-L1 expression, n (%)

TC3 or IC3 2 (7.1) 9 (18.8) 5 (20.8)
TC1/2 or IC1/2 8 (28.6) 21 (43.8) 6 (25.0)
TC0 and IC0 18 (64.3) 18 (37.5) 13 (54.2)

Note: A total of 123 patients had EGFR-mutated disease, including 91 whose tumors had a sensitizing mutation.
aPer testing with the SP142 PD-L1 assay. TC3 or IC3 equal to TC greater than or equal to 50% or IC greater than or equal to 10%; TC1/2 or IC1/2 equal to TC or IC
greater than or equal to 1% and TC less than 50% or IC less than 10%; TC0 and IC0 equal to TC and IC less than 1%.
ABCP, atezolizumab plus bevacizumab plus carboplatin and paclitaxel; ACP, atezolizumab plus carboplatin and paclitaxel; BCP, bevacizumab plus carboplatin
and paclitaxel; ECOG PS, Eastern Cooperative Oncology Group performance status; IC, tumor-infiltrating immune cell; PD-L1, programmed death-ligand 1;
TC, tumor cell.
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Safety results are presented descriptively. Statistical
tests were conducted with SAS version 9.4, R version
3.3.1, and Spotfire version 7.7.

Results
Patient Populations

Overall, 1202 patients were enrolled in the ITT
population between March 31, 2015, and December 30,
2016. At data cutoff (September 13, 2019), the median
duration of follow-up in the ITT population was 39.3
months (Supplementary Fig. 1).

Overall, 123 patients had EGFR mutations in the ITT
population: ABCP (n ¼ 34), ACP (n ¼ 45), and BCP (n ¼
44). In the subgroup with EGFR mutations, 26 patients in
the ABCP arm, 33 patients in the ACP arm, and 32 pa-
tients in the BCP arm had sensitizing EGFR mutations. Of
those with sensitizing EGFR mutations, 78 had received
previous TKI therapy: ABCP (n ¼ 22), ACP (n ¼ 28), and
BCP (n ¼ 28). A total of 161 patients had baseline liver
metastases: 52 patients each in the ABCP and ACP arms
and 57 patients in the BCP arm. In the ITT population,
100 patients (8.3%) developed new brain metastases
across the ABCP (7.0%, 28 of 400 patients), ACP (11.9%,
48 of 402 patients), and BCP (6.0%, 24 of 400 patients)
arms.

Baseline characteristics were generally balanced be-
tween treatment arms in patient subgroups (Table 1).
Numerical differences in PD-L1 status were observed
between arms. In patients with EGFR mutations, 40% of
patients in the ACP arm had tumors with PD-L1–low
expression (TC1/2 or IC1/2) versus 29.4% in the ABCP
arm and 25% in the BCP arm. Among patients with
baseline liver metastases, 9.6% each in the ABCP and
ACP arms had PD-L1–high tumors compared with 15.8%
in the BCP arm. In patients who developed new brain
metastases, 7.1% in the ABCP arm had tumors with PD-
L1–high expression (TC3 or IC3) compared with 18.8%
in the ACP arm and 20.8% in the BCP arm. In the ACP
arm, 37.5% of patients had PD-L1–negative tumors (TC0
and IC0) versus 64.3% and 54.2% in the ABCP and BCP
arms, respectively.

Updated Exploratory Analyses of OS
Results of exploratory OS analyses are found in

Figures 1 and 2 for the subgroups of ITT patients.
In patients with EGFR mutations, median OS was 26.1

months in the ABCP arm and 20.3 months in the BCP
arm; the HR point estimate for the treatment comparison
was 0.91 (95% CI: 0.53–1.59) (Fig. 1A). In this subgroup,
OS improvement was not found in the ACP arm versus
the BCP arm (median ¼ 21.4 versus 20.3 mo, HR ¼ 1.16,
95% CI: 0.71–1.89) (Fig. 1A).

In patients with sensitizing EGFR mutations, median
OS was longer in the ABCP arm (29.4 mo) than in the
BCP arm (18.1 mo) (HR ¼ 0.60, 95% CI: 0.31–1.14)
(Fig. 1B). In this subgroup, median OS was similar be-
tween the ACP (19.0 mo) and BCP (18.1 mo) arms (HR ¼
1.00, 95% CI: 0.57–1.74) (Fig. 1B). The 3-year OS rates in
patients with sensitizing EGFR mutations were 41.9%
(95% CI: 22.1–61.6) in the ABCP arm, 25.6% (95% CI:
10.4–40.8) in the ACP arm, and 24.6% (95% CI: 9.5–
39.7) in the BCP arm. Among patients with sensitizing
EGFR mutations who had received previous TKI therapy,
median OS was longer in the ABCP (27.8 mo) than in the
BCP (18.1 mo) arm; the HR point estimate was 0.74 for
ABCP versus BCP (95% CI: 0.38–1.46) (Fig. 1C). No OS
benefit was found for ACP compared with BCP in pa-
tients with sensitizing EGFR mutations who had received
previous TKI therapy (14.9 versus 18.1 mo, HR ¼ 1.22,
95% CI: 0.68–2.22) (Fig. 1C). At 3 years, OS rates in
patients with sensitizing EGFR mutations who had
received previous TKI therapy were 35.3% (95% CI:
14.3–56.2) with ABCP, 15.4% (95% CI: 1.6–29.2) with
ACP, and 24.5% (95% CI: 8.4–40.6) with BCP.

Median OS was 13.2 months in the ABCP arm and 9.1
months in the BCP arm in ITT patients with baseline
liver metastases (Fig. 2A). The corresponding HR point
estimate was 0.68 for ABCP versus BCP (95% CI: 0.45–
1.02). No OS benefit was observed in the ACP arm
compared with the BCP arm (median ¼ 7.7 versus 9.1
mo, HR ¼ 1.01, 95% CI: 0.68–1.51) in the baseline liver
metastases subgroup (Fig. 2B). Similar results to those of
the ITT population were found in the ITT-WT patients
with baseline liver metastases in the ABCP (HR ¼ 0.69,
95% CI: 0.45–1.08) and ACP (HR ¼ 1.02, 95% CI: 0.65–
1.60) arms versus the BCP arm.

Time to Development of New Brain Metastases
Among the 100 patients who developed new brain

metastases at data cutoff, median time to development
was not reached in the ABCP (range: 0–45.9 mo), ACP
(range: 0–46.9 mo), or BCP (range: 0–42.3 mo) arm
(Fig. 3A and Fig. 3B). The HR point estimates for time to
development of new brain metastases were 0.68 for
ABCP (95% CI: 0.39–1.19) and 1.55 for ACP (95% CI:
0.95–2.55) versus BCP.

Safety
Overall, 120 patients with EGFR mutations, 154 pa-

tients with baseline liver metastases, and 100 patients
with new lesions in the brain were included in the safety
evaluation at data cutoff (Table 2).

In patients with EGFR mutations, 100% in the ABCP
arm, 88.6% in the ACP arm, and 95.3% in the BCP arm
reported a treatment-related AE. Overall, grade 3/4
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treatment-related AEs were reported in 66.7% (22 of 33
patients) of the patients in the ABCP arm, 56.8% (25 of
44) in the ACP arm, and 55.8% (24 of 43) in the BCP
arm. One patient (2.3%) in the BCP arm and no patient in
the atezolizumab arms experienced a treatment-related
grade 5 AE. AEs led to treatment withdrawal in 42.4%
of the patients in the ABCP arm, 13.6% in the ACP arm,
and 16.3% in the BCP arm.

Most patients in the baseline liver metastases sub-
group reported at least one treatment-related AE (ABCP,

100%; ACP, 94.1%; BCP, 100%); treatment-related
grade 3/4 AEs were experienced by 52.1% of the pa-
tients (25 of 48) in the ABCP arm, 37.3% (19 of 51) in
the ACP arm, and 54.5% (30 of 55) in the BCP arm.
Treatment-related grade 5 AEs occurred in three pa-
tients (6.3%) in the ABCP arm, one (2%) in the ACP arm,
and two (3.6%) in the BCP arm. Overall, 33.3% of pa-
tients in the ABCP arm, 11.8% of patients in the ACP
arm, and 36.4% of patients in the BCP arm discontinued
owing to AEs.

Figure 1. OS in patients with EGFR mutations. Kaplan-Meier analyses of OS in the ABCP or ACP arm versus the BCP arm in (A)
patients with EGFR mutations, (B) patients with sensitizing EGFR mutations, and (C) patients with sensitizing EGFR mutations
who had received previous TKI therapy. ABCP, atezolizumab plus bevacizumab plus carboplatin and paclitaxel; ACP, atezo-
lizumab plus carboplatin and paclitaxel; BCP, bevacizumab plus carboplatin and paclitaxel; CI, confidence interval; HR,
hazard ratio; NE, not estimable; OS, overall survival; TKI, tyrosine kinase inhibitor.
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In the brain metastases subgroup, at least one
treatment-related AE was experienced by 96.4%,
95.8%, and 95.8% of the patients in the ABCP, ACP, and
BCP arms, respectively. Grade 3/4 treatment-related
AEs occurred in 64.3% (18 of 28 patients) of the
ABCP arm, 35.4% (17 of 48) of the ACP arm, and 41.7%
(10 of 24) of the BCP arm. No treatment-related grade
5 AEs were reported in any treatment arm among pa-
tients with brain metastases. Treatment withdrawal
owing to AEs was reported in 42.9% of the patients in
the ABCP arm, 10.4% in the ACP arm, and 33.3% in the
ACP arm.

Discussion
On the basis of IMpower150, ABCP has become a

standard-of-care regimen and is approved for the first-
line treatment of metastatic nonsquamous NSCLC
without EGFR/ALK genetic alterations (United States and
Europe)33,34 or for EGFR/ALK-positive NSCLC after fail-
ure with TKIs (Europe).34 In this analysis, updated final
data with longer follow-up for key patient subgroups
continued to reveal OS benefits in the ABCP arm versus
the BCP arm among patients with sensitizing EGFR mu-
tations (including those with previous TKI failure) and
baseline liver metastases, although the analyses in these

Figure 1. (continued).
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subgroups were exploratory and not powered to draw
definitive conclusions.

The ABCP regimen was found to have unique benefit
among the available evidence for checkpoint inhibitors
in the EGFR-mutant NSCLC patient subgroup with poor
outcomes and limited treatment options. Despite a
greater proportion of patients with PD-L1–positive tu-
mors in the ACP arm than in the ABCP or BCP arm, OS
was not significantly different between the ACP and BCP
arms. The findings in favor of the ABCP regimen support
the reported synergistic action of this combination.10,11

It remains to be determined how this interaction con-
fers the benefits observed with the ABCP regimen in the
key subgroups analyzed here. Nevertheless, it may be
speculated that increased sensitivity to bevacizumab
through promotion of VEGF expression in EGFR-mutant
tumors35 or reversal of immune suppression by bev-
acizumab against a background of reduced CD8þ T-cell
infiltration in patients with EGFR mutations or liver
metastases26,36 may further enhance T-cell–mediated
killing by atezolizumab. Moreover, low PD-L1 prevalence
rates across treatment arms suggest that the observed

Figure 1. (continued).
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clinical benefit of ABCP was not solely driven by PD-L1–
high expression and is consistent with previous evidence
suggesting PD-L1 expression does not predict benefit in
EGFR-mutant NSCLC.37 In this context, both enhanced T-
cell priming through tumor-draining lymph node–
targeted PD-L1 blockade by atezolizumab and inter-
feron gamma–mediated induction of PD-L1 expression
through reprogramming of the tumor microenvironment
to an immune stimulatory state by bevacizumab may
result in increased tumor sensitivity to PD-L1 inhibi-
tion.5,38–43 The observed activity of ABCP in patients
with liver metastases in this study is further supported
by findings from the phase 3 IMbrave150 trial evaluating
atezolizumab plus bevacizumab in unresectable

hepatocellular carcinoma.44 Liver metastases from lung
cancer have been found to respond to treatment in a
manner more similar to liver cancer than lung
cancer.26,45

In this updated exploratory analysis of IMpower150,
the bevacizumab-containing ABCP and BCP arms had
comparable, lower rates of new brain lesion develop-
ment on the study versus the ACP arm, supporting the
previously reported benefit of bevacizumab plus
chemotherapy in reducing the risk of brain metastases
development.29 Furthermore, our analyses revealed an
improvement toward delayed time to development of
new brain lesions with ABCP versus BCP, which is
unlikely to be PD-L1 driven given the lower frequency

Figure 2. OS in patients with baseline liver metastases. Kaplan-Meier analyses of OS in the (A) ABCP versus the BCP arm and
(B) in the ACP arm versus the BCP arm in patients with baseline liver metastases. ABCP, atezolizumab plus bevacizumab plus
carboplatin and paclitaxel; ACP, atezolizumab plus carboplatin and paclitaxel; BCP, bevacizumab plus carboplatin and
paclitaxel; CI, confidence interval; HR, hazard ratio; OS, overall survival.
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of patients with PD-L1–high tumors in the ABCP arm
versus the other arms. Notably, immune checkpoint
blockade has been proposed to enhance T-cell migra-
tion to brain tumors,46 which may provide a mecha-
nistic explanation for the observation that adding
atezolizumab to BCP, while not reducing the rate of
brain lesion development, delayed the time to devel-
opment of new lesions. Given the small sample size and
the exploratory nature of the analyses, these pre-
liminary findings require further confirmation within a
study design incorporating routine brain imaging
assessments.

No new safety signals were identified in this
exploratory analysis. Safety profiles of the treatment
regimens among the patient subgroups were consis-
tent with safety data reported at the second interim
OS analysis27 and with current experience with each
medicine.

Small sample sizes between subgroups and the
exploratory nature of the subanalyses, although pre-
specified, did not allow for formal statistical testing.
Therefore, the current findings should be interpreted
with caution. In addition to EGFR and ALK genetic al-
terations, ROS1, BRAF, RET, and KRAS mutations or

Figure 3. Kaplan-Meier curves revealing the time to development of new brain lesions in the ITT population. Kaplan-Meier
analyses of time to development of new brain metastases in (A) the ABCP versus the BCP arm and (B) the ACP arm versus the
BCP arm in the ITT population. ABCP, atezolizumab plus bevacizumab plus carboplatin and paclitaxel; ACP, atezolizumab plus
carboplatin and paclitaxel; BCP, bevacizumab plus carboplatin and paclitaxel; CI, confidence interval; HR, hazard ratio; ITT,
intention to treat.
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rearrangements, among others, have been identified as
oncogenic drivers that can coexist in NSCLC tumors.47,48

Until recently, TKIs targeting these driver mutations
were not part of the treatment landscape; therefore,

further studies may be warranted to elucidate clinical
benefits with the ABCP regimen after targeted therapy in
patients with tumors harboring oncogenic drivers, such
as ROS1, BRAF, RET, and KRAS.

Table 2. Safety Summary in Key Patient Subgroups

Safety Characteristic ABCP ACP BCP

Patients with EGFR mutations
N 33 44 43
Median treatment duration (range), mo

Atezolizumab 9.7 (0–45) 6.4 (0–43) —

Bevacizumab 8.8 (0–45) — 5.5 (0–28)
Patients with �1 AE, n (%)

Any AE 33 (100) 43 (97.7) 43 (100)
Grade 3/4 22 (66.7) 31 (70.5) 27 (62.8)
Grade 5 0 0 1 (2.3)

Treatment-related AE, n (%)a 33 (100.0) 39 (88.6) 41 (95.3)
Grade 3/4 22 (66.7) 25 (56.8) 24 (55.8)
Grade 5b 0 0 1 (2.3)

Serious AE, n (%) 14 (42.4) 16 (36.4) 9 (20.9)
Treatment related 8 (24.2) 9 (20.5) 4 (9.3)

AE leading to any treatment discontinuation, n (%) 14 (42.4) 6 (13.6) 7 (16.3)
AE leading to any dose modification/interruption, n (%) 23 (69.7) 23 (52.3) 21 (48.8)

Patients with baseline liver metastases
N 48 51 55
Median treatment duration (range), mo

Atezolizumab 7.8 (0–44) 4.9 (0–44) —

Bevacizumab 6.5 (0–44) — 3.5 (0–19)
Patients with �1 AE, n (%)

Any AE 48 (100) 48 (94.1) 55 (100)
Grade 3/4 28 (58.3) 28 (54.9) 35 (63.6)
Grade 5 7 (14.6) 1 (2.0) 4 (7.3)

Treatment-related AE, n (%)a 43 (89.6) 44 (86.3) 51 (92.7)
Grade 3/4 25 (52.1) 19 (37.3) 30 (54.5)
Grade 5 3 (6.3) 1 (2.0) 2 (3.6)

Serious AE, n (%) 24 (50.0) 25 (49.0) 27 (49.1)
Treatment related 7 (14.6) 12 (23.5) 18 (32.7)

AE leading to any treatment discontinuation, n (%) 16 (33.3) 6 (11.8) 20 (36.4)
AE leading to any dose modification/interruption, n (%) 28 (58.3) 21 (41.2) 26 (47.3)

Patients with new metastases in the brain
N 28 48 24
Median treatment duration (range), mo

Atezolizumab 8.4 (1–35) 7.3 (0–43) —

Bevacizumab 6.1 (1–23) — 5.7 (1–13)
Patients with �1 AE, n (%)
Any AE 28 (100.0) 48 (100.0) 24 (100.0)

Grade 3/4 21 (75.0) 27 (56.3) 14 (58.3)
Grade 5 0 1 (2.1) 1 (4.2)

Treatment-related AE, n (%)a 27 (96.4) 46 (95.8) 23 (95.8)
Grade 3/4 18 (64.3) 17 (35.4) 10 (41.7)
Grade 5 0 0 0

Serious AE, n (%) 15 (53.6) 20 (41.7) 4 (16.7)
Treatment related 7 (25.0) 8 (16.7) 0

AE leading to any treatment discontinuation, n (%) 12 (42.9) 5 (10.4) 8 (33.3)
AE leading to any dose modification/interruption, n (%) 21 (75.0) 28 (58.3) 16 (66.7)
aRelated to any study treatment.
bPulmonary hemorrhage.
ABCP, atezolizumab plus bevacizumab plus carboplatin and paclitaxel; ACP, atezolizumab plus carboplatin and paclitaxel; AE, adverse event; BCP, bevacizumab
plus carboplatin and paclitaxel.

320 Nogami et al Journal of Thoracic Oncology Vol. 17 No. 2



ABCP is advocated as a standard-of-care regimen for
the first-line treatment of metastatic nonsquamous
NSCLC.1,15 This updated analysis reveals possible sur-
vival gains with ABCP in key patient subgroups, high-
lighting this regimen as a potential new treatment option
for difficult-to-treat patients with poor prognostic out-
comes, such as those with liver metastases or sensitizing
EGFR mutations for whom TKIs have failed.
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