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ABSTRACT

BACKGROUND
The efficacy and safety of the anti—programmed death ligand 1 (PD-L1) monoclonal
antibody atezolizumab, as compared with those of platinum-based chemotherapy,
as first-line treatment for patients with metastatic non—small-cell lung cancer
(NSCLC) with PD-L1 expression are not known.

METHODS

We conducted a randomized, open-label, phase 3 trial involving patients with
metastatic nonsquamous or squamous NSCLC who had not previously received
chemotherapy and who had PD-L1 expression on at least 1% of tumor cells or at
least 1% of tumor-infiltrating immune cells as assessed by the SP142 immunohis-
tochemical assay. Patients were assigned in a 1:1 ratio to receive atezolizumab or
chemotherapy. Overall survival (primary end point) was tested hierarchically ac-
cording to PD-L1 expression status among patients in the intention-to-treat popu-
lation whose tumors were wild-type with respect to EGFR mutations or ALK trans-
locations. Within the population with EGFR and ALK wild-type tumors, overall
survival and progression-free survival were also prospectively assessed in subgroups
defined according to findings on two PD-L1 assays as well as by blood-based tumor
mutational burden.

RESULTS

Overall, 572 patients were enrolled. In the subgroup of patients with EGFR and ALK
wild-type tumors who had the highest expression of PD-L1 (205 patients), the
median overall survival was longer by 7.1 months in the atezolizumab group than
in the chemotherapy group (20.2 months vs. 13.1 months; hazard ratio for death,
0.59; P=0.01). Among all the patients who could be evaluated for safety, adverse
events occurred in 90.2% of the patients in the atezolizumab group and in 94.7%
of those in the chemotherapy group; grade 3 or 4 adverse events occurred in 30.1%
and 52.5% of the patients in the respective groups. Overall and progression-free
survival favored atezolizumab in the subgroups with a high blood-based tumor
mutational burden.

CONCLUSIONS
Atezolizumab treatment resulted in significantly longer overall survival than
platinum-based chemotherapy among patients with NSCLC with high PD-L1 expres-
sion, regardless of histologic type. (Funded by F. Hoffmann-La Roche/Genentech;
IMpower110 ClinicalTrials.gov number, NCT02409342.)
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NHIBITORS OF PROGRAMMED DEATH 1 (PD-1)

and its ligand PD-L1, either as monotherapy

or combined with chemotherapy, with or with-
out bevacizumab, have emerged as a new stan-
dard of care for the first-line treatment of pa-
tients with advanced non—small-cell lung cancer
(NSCLC) without mutations of epidermal growth
factor receptor (EGFR) or translocations of ana-
plastic lymphoma kinase (ALK).” Pembrolizumab
monotherapy has been approved as a first-line
treatment for patients with tumors with high
PD-L1 expression (tumor proportion score [the
fraction of tumor cells expressing PD-L1], >50%)
in the United States and European Union.®’ In the
United States, this approval has been extended
to patients with advanced NSCLC with a tumor
proportion score of at least 1%; however, most
of the clinical benefit appears to be limited to
the subgroup with the highest PD-L1 expression.?
The phase 2 BIRCH and POPLAR trials as well
as the phase 3 OAK trial showed an overall
survival benefit with atezolizumab, an anti-
PD-L1 monoclonal antibody,” as a monotherapy
in patients with NSCLC with high PD-L1 expres-
sion (as assessed by the SP142 PD-L1 immuno-
histochemical assay) across multiple lines of
therapy.1012

Despite advances in the landscape of first-line
treatment for metastatic NSCLC, additional treat-
ment options are needed. IMpower110 is a global,
randomized, open-label, phase 3 trial designed to
evaluate the efficacy and safety of atezolizumab
as compared with platinum-based chemotherapy
in PD-L1-selected patients (positive for PD-L1 on
the SP142 assay) with EGFR and ALK wild-type
metastatic NSCLC who had not previously re-
ceived chemotherapy.

Currently, several PD-L1 immunohistochemi-
cal assays are routinely used to guide decisions
about immune-checkpoint inhibitor treatment.'®
We performed prespecified efficacy analyses of
subgroups defined with the use of other fre-
quently used PD-L1 immunohistochemical assays
(22C3 and SP263),4*> allowing for their evalua-
tion within the enrolled population. In addition,
we performed efficacy analyses in subgroups
defined according to blood-based tumor muta-
tional burden, which is a noninvasive approach
for identifying patients who may benefit from im-
munotherapy.’®® Here, we report primary effi-
cacy and safety results of the interim analysis of
overall survival among patients with high PD-L1
expression as assessed by the SP142 immunohisto-
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chemical assay, as well as efficacy in subgroups
defined according to additional biomarkers.

METHODS

PATIENTS

Eligible patients were 18 years of age or older; had
stage IV nonsquamous or squamous NSCLC, mea-
surable by Response Evaluation Criteria in Solid
Tumors (RECIST), version 1.1; had a baseline East-
ern Cooperative Oncology Group (ECOG) perfor-
mance-status score of 0 or 1 (on a 5-point scale in
which higher scores indicate greater disability); and
had not previously received chemotherapy. PD-L1
expression on at least 1% of tumor cells or tumor-
infiltrating immune cells covering at least 1% of the
tumor area as determined by the SP142 assay was
required.” Immunohistochemical analyses were
conducted by a central laboratory on archival tumor
tissue or tissue obtained through biopsy at the time
of screening. Full details on eligibility are provided
in the protocol, available with the full text of this
article at NEJM.org. Initially, patients with a known
sensitizing EGFR mutation or ALK translocation
were eligible provided they had received previous
targeted therapy. The protocol was subsequently
amended to exclude these patients from the analy-
sis (18 patients) because emerging data suggested
that they may not benefit from immune-checkpoint
inhibitor monotherapy.?’* All the patients were
evaluated for central nervous system (CNS) metas-
tasis at the time of screening with the use of com-
puted tomography, magnetic resonance imaging,
or both; patients with active or untreated CNS me-
tastases were ineligible for enrollment in the trial.

TRIAL DESIGN AND OVERSIGHT

Patients were randomly assigned in a 1:1 ratio to
receive atezolizumab (1200 mg intravenously) or
platinum-based chemotherapy (4 or 6 cycles) once
every 3 weeks. In the chemotherapy group, patients
with nonsquamous NSCLC received either cisplatin
(75 mg per square meter of body-surface area) or
carboplatin (area under the concentration—time
curve [AUC], 6) in addition to pemetrexed (500 mg
per square meter) intravenously; patients with
squamous NSCLC received a regimen of cispla-
tin (75 mg per square meter) plus gemcitabine
(1250 mg per square meter) or a regimen of car-
boplatin (AUC, 5) plus gemcitabine (1000 mg per
square meter) intravenously. Randomization was
stratified according to sex (male vs. female), ECOG
performance-status score (0 vs. 1), histologic type
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(nonsquamous vs. squamous), and PD-L1 status
(>1% PD-L1 expression on tumor cells and any
level of PD-L1 expression on tumor-infiltrating
immune cells vs. <1% PD-L1 expression on tumor
cells and >1% PD-L1 expression on tumor-infiltrat-
ing immune cells). Continuation of atezolizumab
after disease progression was allowed in patients
who had continued clinical benefit. No crossover
to the atezolizumab group was permitted.

Genentech (@ member of the Roche Group)
funded the trial, provided the trial treatments,
and collaborated with the academic authors on the
design of the trial and the collection, analysis,
and interpretation of the data. The trial was con-
ducted in full accordance with Good Clinical Prac-
tice guidelines and the Declaration of Helsinki
or the laws and regulations of the country in which
the research was conducted, whichever afforded
the most protection. Written informed consent
was obtained from all the patients. Safety data
were regularly reviewed by an independent data
monitoring committee. The committee was also
responsible for evaluating efficacy data at the
prespecified interim analysis of overall survival.
The protocol was approved by independent ethics
committees for each site. All the authors vouch
for the accuracy and completeness of the data
and for the adherence of the trial to the proto-
col. Earlier versions of the manuscript were de-
veloped by the authors, with editorial and writ-
ing assistance funded by the sponsor.

END POINTS AND ASSESSMENTS

Overall survival was the primary end point in the
PD-L1-selected population that excluded patients
with EGFR mutations or ALK translocations. Sec-
ondary efficacy end points included investigator-
assessed progression-free survival according to
RECIST, version 1.1; the occurrence and dura-
tion of a response; and overall and investigator-
assessed progression-free survival according to
RECIST, version 1.1, in prespecified subgroups
with respect to PD-L1 expression (defined by the
SP263 immunohistochemical assay) and blood-
based tumor mutational burden. Safety was as-
sessed in all the patients who received a trial
agent regardless of PD-L1 expression status or
status with respect to EGFR or ALK alterations.
Exploratory end points included overall and in-
vestigator-assessed progression-free survival ac-
cording to RECIST, version 1.1, in prespecified
subgroups with respect to PD-L1 expression de-
fined by the 22C3 immunohistochemical assay.

Tumor assessments were conducted at base-
line, every 6 weeks for 48 weeks, and every
9 weeks thereafter, until radiographic disease
progression (or loss of clinical benefit for pa-
tients in the atezolizumab group who were
treated beyond disease progression), withdrawal
of consent, or death, whichever occurred first.
Adverse events were reported according to Na-
tional Cancer Institute Common Terminology
Criteria for Adverse Events, version 4.0, and
coded according to the Medical Dictionary for Regu-
latory Activities, version 22.0.

The scoring algorithm of the SP142 immuno-
histochemical assay (Ventana) measures PD-L1
expression on tumor cells and tumor-infiltrating
immune cells; the algorithms of the 22C3 assay
(Dako) and SP263 assay (Ventana) specifically mea-
sure PD-L1 expression on tumor cells.>>?° The
cutoffs of a tumor proportion score of at least 1%
and at least 50% were evaluated for the 22C3 assay,
and the cutoffs of at least 1% of tumor cells and
at least 50% of tumor cells were evaluated for the
SP263 assay. The blood-based tumor mutational
burden assay (Foundation Medicine) identifies
single-nucleotide variants at a variant allele fraction
of at least 0.5% across 394 genes and estimates the
tumor fraction according to maximum somatic
allele frequency, filters out germline events, and
counts nondriver somatic mutations to generate a
score.”® The cutoff scores for blood-based tumor
mutational burden that were evaluated were at least
10, at least 16, and at least 20. A score of 16 (16
mutations per 1.1 megabases) equates to approxi-
mately 14.5 mutations per megabase.'®*

STATISTICAL ANALYSIS

Full details of the statistical analyses, including
sample size and power, are provided in the pro-
tocol. To control for the overall type I error rate
at a two-sided significance level of 0.05, the pri-
mary end point of overall survival was tested hier-
archically in the population with EGFR and ALK
wild-type tumors: high PD-L1 expression (>50%
of tumor cells or 210% of tumor-infiltrating im-
mune cells), then combined high and intermediate
PD-L1 expression (25% of tumor cells or tumor-
infiltrating immune cells), and then any PD-L1
expression (21% of tumor cells or tumor-infil-
trating immune cells; intention-to-treat popula-
tion) (Fig. S1 in the Supplementary Appendix,
available at NEJM.org). If the results for the pri-
mary end point of overall survival were signifi-
cant in all three primary analysis populations, a
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two-sided significance level of 0.05 would be
passed down to compare progression-free survival
between the atezolizumab and control groups.
An interim analysis of overall survival was
conducted when approximately 96 deaths and an
event—patient ratio of 45% had occurred among
patients with EGFR and ALK wild-type tumors who
had high PD-L1 expression. Analyses of overall
and progression-free survival were performed with
the use of a stratified log-rank test. Hazard ratios
and 95% confidence intervals were estimated with
a stratified Cox regression model. The Kaplan—
Meier method was used to estimate medians, and
the Brookmeyer—Crowley method was used to
generate 95% confidence intervals for the medians.
The percentages of patients with a response and
95% confidence intervals were calculated with
the Clopper—Pearson method. Response duration
was estimated with the Kaplan—Meier method.
We performed prespecified subgroup analyses to
assess the consistency of the treatment effect
using unstratified hazard ratios that were esti-
mated from a Cox proportional-hazards model.

RESULTS

PATIENTS

Between July 21, 2015, and February 20, 2018, a
total of 572 patients underwent randomization
at 144 centers in 19 countries, with 285 patients
assigned to receive atezolizumab and 287 assigned
to receive chemotherapy (Fig. S2). The popula-
tion with EGFR and ALK wild-type tumors com-
prised 554 patients (277 patients in each group).
A total of 18 patients with an EGFR mutation or
ALK translocation were enrolled and were ex-
cluded from the primary analysis population but
were included in the safety population.

The baseline characteristics of the patients
were generally balanced between the treatment
groups (Table 1 and Table S1). Overall in the
population with EGFR and ALK wild-type tumors,
107 patients (38.6%) in the atezolizumab group
and 98 (35.4%) in the chemotherapy group had
high expression of PD-L1; 166 patients (59.9%)
in the atezolizumab group and 162 (58.5%) in
the chemotherapy group had high or intermediate
PD-L1 expression (Table 1, Table S1, and Fig. S3).

INTERIM ANALYSIS OF OVERALL SURVIVAL

At the data cutoff date (September 10, 2018), the
median follow-up times for survival among pa-
tients with EGFR and ALK wild-type tumors who

had high PD-L1 expression, high or intermediate
PD-L1 expression, and any PD-L1 expression were
15.7 months (range, 0 to 35), 15.2 months (range,
0 to 35), and 13.4 months (range, 0 to 35), respec-
tively. In the specified population, 101 of 205 pa-
tients (49.3%) who had high PD-L1 expression, 154
of 328 patients (47.0%) who had high or intermedi-
ate PD-L1 expression, and 253 of 554 patients
(45.7%) who had any PD-L1 expression had died.

Among patients with EGFR and ALK wild-type
tumors who had high PD-L1 expression, the
median overall survival was significantly longer
— by 7.1 months — in the atezolizumab group
than in the chemotherapy group (20.2 months vs.
13.1 months; stratified hazard ratio for death,
0.59; 95% confidence interval [CI], 0.40 to 0.89;
P=0.01) (Fig. 1A). The effect of the treatment in
patient subgroups is shown in Figure S4.

The results for overall survival among patients
with EGFR and ALK wild-type tumors who had high
or intermediate PD-L1 expression did not cross the
prespecified alpha boundary (median, 18.2 months
in the atezolizumab group and 14.9 months in the
chemotherapy group; stratified hazard ratio for
death, 0.72; 95% CI, 0.52 to 0.99; P=0.04) (Fig. 1B);
therefore, in accordance with the statistical analy-
sis plan, overall survival among patients with EGFR
and ALK wild-type tumors who had any PD-L1 ex-
pression was not formally tested. The median
overall survival among these patients was 17.5
months with atezolizumab and 14.1 months with
chemotherapy (stratified hazard ratio for death,
0.83; 95% CI, 0.65 to 1.07) (Fig. 1C). The results of
an exploratory sensitivity analysis of overall sur-
vival with adjustment for patients whose data were
censored owing to early withdrawal are shown in
Table S2.

Among patients with EGFR and ALK wild-type
tumors who had high PD-L1 expression, 2 patients
(1.9%) in the atezolizumab group and 29 patients
(29.6%) in the chemotherapy group received subse-
quent immunotherapy (Table S3). Across sub-
groups with respect to PD-L1 expression, the
percentage of patients receiving different classes
of subsequent anticancer therapies was similar.

ANALYSIS OF PROGRESSION-FREE SURVIVAL

At data cutoff, 146 of 205 patients (71.2%) with
EGFR and ALK wild-type tumors who had high
PD-L1 expression had had disease progression or
had died. Progression-free survival was 8.1 months
in the atezolizumab group and 5.0 months in
the chemotherapy group (stratified hazard ratio
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline (Population with EGFR and ALK Wild-Type Tumors).*

High or Intermediate PD-L1

Characteristic Any PD-L1 Expression Expression High PD-L1 Expression
Atezolizumab  Chemotherapy  Atezolizumab  Chemotherapy Atezolizumab Chemotherapy
(N=277) (N=277) (N=166) (N=162) (N=107) (N=98)

Median age (range) — yr 64 (30-81) 65 (30-87) 63 (33-81) 65 (33-87) 63 (33-79) 66 (33-87)
Male sex— no. (%) 196 (70.8) 193 (69.7) 122 (73.5) 107 (66.0) 79 (73.8) 64 (65.3)
Race — no. (%) T

White 227 (81.9) 240 (86.6) 133 (80.1) 139 (85.8) 37 (81.3) 32 (83.7)

Asian 45 (16.2) 30 (10.8) 31 (18.7) 20 (12.3) 20 (18.7) 15 (15.3)

Black 2(0.7) 2(0.7) 1(0.6) 0 0 0

Unknown 2(0.7) 5(1.8) 1(0.6) 3(1.9) 0 1(1.0)
ECOG performance-status score

—no. (%)

0 97 (35.0) 102 (36.8) 60 (36.1) 62 (38.3) 35 (32.7) 38 (38.8)

1 180 (65.0) 175 (63.2) 106 (63.9) 100 (61.7) 72 (67.3) 60 (61.2)
History of tobacco use — no. (%)

Never 37 (13.4) 35 (12.6) 21 (12.7) 17 (10.5) 9 (8.4) 15 (15.3)

Current 74 (26.7) 81(29.2) 38 (22.9) 52 (32.1) 20 (18.7) 29 (29.6)

Previous 166 (59.9) 161 (58.1) 107 (64.5) 93 (57.4) 78 (72.9) 54 (55.1)
Histologic type at diagnosis — no. (%)

Nonsquamous 192 (69.3) 193 (69.7) 122 (73.5) 116 (71.6) 80 (74.8) 75 (76.5)

Squamous 85 (30.7) 34 (30.3) 44 (26.5) 46 (28.4) 27 (25.2) 23 (23.5)

* This population comprised the patients whose tumors were wild-type with respect to EGFR mutations or ALK translocations. Any pro-
grammed death ligand 1 (PD-L1) expression indicates PD-L1 expression on at least 1% of tumor cells or tumor-infiltrating immune cells as
assessed by the SP142 assay. High or intermediate PD-L1 expression indicates PD-L1 expression on at least 5% of tumor cells or tumor-
infiltrating immune cells. High PD-L1 expression indicates PD-L1 expression on at least 50% of tumor cells or at least 10% of tumor-infil-
trating immune cells. Percentages may not total 100 because of rounding.

i Race was reported by the patients. One patient in the atezolizumab group with any PD-L1 expression was categorized as having multiple

races (not shown).

Eastern Cooperative Oncology Group (ECOG) performance-status scores range from 0 to 5, with 0 indicating no symptoms and higher

scores indicating greater disability.

Figure 1 (facing page). Overall Survival in the Atezolizumab Group and the Chemotherapy Group.

Shown are Kaplan—Meier estimates of overall survival among the patients whose tumors were wild-type with respect
to EGFR mutations or ALK translocations. High expression of programmed death ligand 1 (PD-L1) indicates PD-L1 ex-
pression on at least 50% of tumor cells or at least 10% of tumor-infiltrating immune cells as assessed by the SP142
immunohistochemical assay (Panel A). High or intermediate PD-L1 expression indicates PD-L1 expression on at
least 5% of tumor cells or tumor-infiltrating immune cells (Panel B). Any PD-L1 expression indicates PD-L1 expres-
sion on at least 1% of tumor cells or tumor-infiltrating immune cells. Stratified hazard ratios are given according to
the level of PD-L1 expression. Treatment comparisons (atezolizumab vs. platinum-based chemotherapy) for the pri-
mary end point of overall survival were based on a stratified log-rank test. Medians were estimated with the use of
the Kaplan—Meier method. A stratified Cox regression model was used to estimate hazard ratios, and 95% confi-
dence intervals (Cls) were calculated with the use of the Brookmeyer—Crowley method. The results for overall sur-
vival among patients who had high or intermediate PD-L1 expression did not cross the prespecified alpha bound-
ary, so overall survival among patients who had any PD-L1 expression was not formally tested. Tick marks indicate
censored data. NE denotes could not be estimated.
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Overall Survival (%)

No. at Risk
Atezolizumab
Chemotherapy

Expression
100+ 6-Mo Overall 12-Mo Overall
904 No. of Survival Survival
%0 Patients  (95% Cl) (95% ClI)
70- Atezolizumab percent
Atezolizumab 107 76.3 (68.2-84.4) 64.9 (55.4-74.4)
60 Chemotherapy Chemotherapy 98 70.1 (60.8-79.4) 50.6 (40.0-61.3)
S0q-mmmmm e o Hazard ratio for death, 0.59 (95% Cl, 0.40-0.89)
40 : | P=0.01
1
30 X X
20 ) ) : : ) ) L Median follow-up, 15.7 mo (range, 0-35)
lo- Median overall survival, |  Median overall survival,
13.1 mo (95% Cl, 7.4-16.5) 1 120.2 mo (95% Cl, 16.5-NE)
0 T T T T ! !

T T T T T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
Months

107 94 85 80 66 61 48 40 34 25 18 16 11 7 6 5 2
98 89 75 65 50 40 33 28 19 12 9 7 6 4 3 3 3 1

B High or Intermediate PD-L1 Expression

Overall Survival (%)

No. at Risk
Atezolizumab
Chemotherapy

100 6-Mo Overall 12-Mo Overall

90 No. of Survival Survival

%0 Patients  (95% Cl) (95% ClI)

70 Atezolizumab percent
Atezolizumab 166 79.3 (73.1-85.5) 60.7 (52.6-68.7)

60 Chemotherapy Chemotherapy 162 76.1 (69.3-82.8) 56.0 (47.7-64.3)

S0q-mmmmmmm s Hazard ratio for death, 0.72 (95% Cl, 0.52-0.99)

404 X P=0.04

30 : )

204 ! ! L Median follow-up, 15.2 mo (range, 0-35)

lo- Median overall survival,: :Median overall survival,

14.9 mo (95% Cl, 10.8-16.6) | 118.2 mo (95% Cl, 13.3-NE)
0 T T T T .

T T T T T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
Months

166 151 139 128 108 92 66 54 42 30 19 17 11 7 6 5 2
162 150 131 117 95 75 57 46 32 17 9 7 6 4 3 3 3 1

C Any PD-L1 Expression

Overall Survival (%)

No. at Risk
Atezolizumab
Chemotherapy

100 6-Mo Overall 12-Mo Overall
904 No.of  Survival Survival
%0 Patients  (95% Cl) (95% CI)
) percent
70 Atezolizumab .
Atezolizumab 277 76.2 (71.1-81.3) 57.6 (51.2-64.0)
01 Chemotherapy Chemotherapy 277 75.7 (70.5-80.9) 54.3 (47.7-60.8)
R Hazard ratio for death, 0.83 (95% Cl, 0.65-1.07)
1
40+ X X
1
30+ 1 :
20 : ! Median follow-up, 13.4 mo (range, 0-35)
104 Median overall survival, | : Median overall survival,
14.1 mo (95% Cl, 11.0-16.6) 1 1 17.5 mo (95% Cl, 12.8-23.1)
O T T T ! T .

T T T T T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
Months

277 252 226 204 170 134 93 74 58 37 22 17 11 7 6 5 2
277 254 223 199 153 108 79 63 43 24 10 7 6 4 3 3 3 1

N ENGL) MED 383;14 NEJM.ORG OCTOBER 1, 2020 1333

The New England Journal of Medicine

Downloaded from nejm.org at F. Hoffmann-La Roche Ltd on February 4, 2021. For personal use only. No other uses without permission.

Copyright © 2020 Massachusetts Medical Society. All rights reserved.




1334

The NEW ENGLAND JOURNAL of MEDICINE

for disease progression or death, 0.63; 95% CI,
0.45 to 0.88) (Fig. S5A). Among patients with
EGFR and ALK wild-type tumors who had high or
intermediate PD-L1 expression, progression-free
survival was 7.2 months in the atezolizumab group
and 5.5 months in the chemotherapy group
(stratified hazard ratio for disease progression
or death, 0.67; 95% CI, 0.52 to 0.88) (Fig. S5B).

OCCURRENCE AND DURATION OF RESPONSE

Among patients with EGFR and ALK wild-type
tumors who had high PD-L1 expression, the
percentage of patients who had an investigator-
assessed confirmed response was 38.3% in the
atezolizumab group and 28.6% in the chemo-
therapy group (Table S4). At data cutoff, con-
firmed responses were ongoing in 68.3% of the
patients in the atezolizumab group and 35.7% of
those in the chemotherapy group. Among pa-
tients with EGFR and ALK wild-type tumors who
had high or intermediate PD-L1 expression, the
percentage of patients who had an investigator-
assessed confirmed response was 30.7% in the
atezolizumab group and 32.1% in the chemother-
apy group, with confirmed responses ongoing in
70.6% of the patients in the atezolizumab group
and 34.6% of those in the chemotherapy group.
Among patients with EGFR and ALK wild-type tu-
mors who had any PD-L1 expression, the percent-
age of patients who had an investigator-assessed
confirmed response was 29.2% in the atezolizu-
mab group and 31.8% in the chemotherapy
group, with confirmed responses ongoing in
70.4% of the patients in the atezolizumab group
and 33.0% of those in the chemotherapy group.

PD-L1 IMMUNOHISTOCHEMICAL ANALYSES

Of the 554 patients with EGFR and ALK wild-type
tumors who had any PD-L1 expression, 534 could
be evaluated by the 22C3 assay and 546 by the
SP263 assay. Key baseline characteristics for each
biomarker subgroup were consistent with those
for the patients with EGFR and ALK wild-type
tumors who had any PD-L1 expression (Table
S5). The prevalence of PD-L1 expression as deter-
mined by the 22C3 and SP263 assays was similar
(Fig. S6). High overlap was observed between
the subgroup with a tumor proportion score of
at least 50% on the 22C3 assay and the subgroup
with PD-L1 expression on at least 50% of tumor
cells on the SP263 assay (Fig. 2A). In addition,
approximately 30% of the patients with EGFR
and ALK wild-type tumors who had high PD-L1

expression as assessed by the SP142 assay were
encompassed within the subgroup with a tumor
proportion score of at least 50% on the 22C3 or
the subgroup with PD-L1 expression on at least
50% of tumor cells on the SP263 assay (Fig. 2A).

Among patients with high PD-L1 expression
as assessed by the SP142 assay, the median over-
all survival was 20.2 months in the atezolizumab
group and 13.1 months in the chemotherapy group
(stratified hazard ratio for death, 0.59; 95% CI,
0.40 to 0.89) (Fig. 1A). Patients with a tumor
proportion score of at least 50% on the 22C3
assay had an overall survival of 20.2 months in
the atezolizumab group and 11.0 months in the
chemotherapy group (unstratified hazard ratio
for death, 0.60; 95% CI, 0.42 to 0.86) (Fig. 2B),
and patients with PD-L1 expression on at least
50% of tumor cells on the SP263 assay had val-
ues of 19.5 months and 16.1 months, respectively
(unstratified hazard ratio for death, 0.71; 95% CI,
0.50 to 1.00) (Fig. 2C).

In the population of patients who could be
evaluated for biomarker levels, those who were
PD-L1-positive as assessed by the SP142 assay had
a median overall survival of 17.5 months in the
atezolizumab group and 14.1 months in the che-
motherapy group (stratified hazard ratio for death,
0.83; 95% CI, 0.65 to 1.07). Patients who had a
tumor proportion score of at least 1% on the 22C3
assay had an overall survival of 17.8 months in the
atezolizumab group and 14.0 months in the che-
motherapy group (unstratified hazard ratio for
death, 0.73; 95% CI, 0.55 to 0.97), and patients who
had PD-L1 expression on at least 1% of tumor cells
on the SP263 assay had values of 17.8 months and
14.0 months, respectively (unstratified hazard ratio
for death, 0.77; 95% CI, 0.58 to 1.02) (Fig. S7).
Among patients who had intermediate or low
PD-L1 expression as assessed by the SP142 assay,
the median overall survival was 12.9 months in the
atezolizumab group and 14.9 months in the che-
motherapy group (unstratified hazard ratio for
death, 1.04; 95% CI, 0.76 to 1.44). Patients with
a tumor proportion score of 1 to 49% on the 22C3
assay had an overall survival of 16.5 months in the
atezolizumab group and 15.7 months in the che-
motherapy group (unstratified hazard ratio for
death, 1.00; 95% CI, 0.63 to 1.58), and patients
with PD-L1 expression on 1 to 49% of tumor cells
on the SP263 assay had values of 13.3 months and
10.6 months, respectively (unstratified hazard ratio
for death, 0.94; 95% CI, 0.58 to 1.53) (Fig. S8).
Progression-free survival with atezolizumab as
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compared with chemotherapy across subgroups
of patients who could be evaluated for PD-L1
biomarker levels is shown in Figure S9.

ANALYSES OF BLOOD-BASED TUMOR MUTATIONAL
BURDEN

Of the 554 patients with EGFR and ALK wild-type
tumors who had any PD-L1 expression, 389 could
be evaluated for blood-based tumor mutational
burden. Baseline characteristics were consistent
between the patients with EGFR and ALK wild-type
tumors who had any PD-L1 expression and those
who could be evaluated for blood-based tumor
mutational burden (Table S6). A total of 22.4% of
the patients with EGFR and ALK wild-type tumors
who could be evaluated for mutational burden had
a blood-based tumor mutational burden score of at
least 16, and this burden level appeared to identify
a distinct population as compared with the popu-
lation identified as having high PD-L1 expression
on the SP142 or 22C3 immunohistochemical assay
(Fig. 3A). The median overall survival among pa-
tients with a blood-based tumor mutational bur-
den score of at least 16 was 13.9 months in the
atezolizumab group and 8.5 months in the chemo-
therapy group (unstratified hazard ratio for death,
0.75; 95% CI, 0.41 to 1.35) (Fig. S10). The median
progression-free survival among patients with a
blood-based tumor mutational burden score of at
least 16 was 6.8 months in the atezolizumab
group and 4.4 months in the chemotherapy group
(unstratified hazard ratio for disease progression
or death, 0.55; 95% CI, 0.33 to 0.92) (Fig. 3B).

SAFETY

Safety analysis was performed in all the patients
who received a trial agent, including patients who
received any amount of atezolizumab (286 pa-
tients) and those who received chemotherapy
only (263 patients). The median treatment dura-
tion for atezolizumab was 5.3 months. In the
chemotherapy group, the median treatment du-
ration was 2.1 months for cisplatin, 2.3 months
for carboplatin, 2.6 months for gemcitabine, and
3.5 months for pemetrexed.

Adverse events occurred in 90.2% of the pa-
tients receiving atezolizumab and in 94.7% of
those receiving chemotherapy (Table 2 and Ta-
bles S7 and S8). Adverse events with a 5-percent-
age-point difference in incidence between the
treatment groups are described in Figure S11.
Grade 3 or 4 adverse events occurred in 30.1% of
the patients in the atezolizumab group and in

N ENGL J MED 383;14

52.5% of those in the chemotherapy group (Ta-
ble 2), with the most common (>5% in either
group) being anemia, neutropenia, and thrombo-
cytopenia (all with chemotherapy). Serious ad-
verse events occurred in 28.3% of the patients in
the atezolizumab group and in 28.5% of those
in the chemotherapy group (Table S7). A total of
11 patients (3.8%) in the atezolizumab group and
11 patients (4.2%) in the chemotherapy group had
a grade 5 adverse event (Table 2 and Table S7).

Immune-mediated adverse events, which were
defined according to a list of sponsor-specified
terms, regardless of whether these events led to
use of systemic glucocorticoids, endocrine ther-
apy, or other immunosuppressants, occurred in
40.2% of the patients in the atezolizumab group
and in 16.7% of those in the chemotherapy group;
grade 3 or 4 immune-mediated adverse events
occurred in 6.6% and 1.5% of the patients in the
respective groups (Table S9). No grade 5 immune-
mediated adverse events were noted. Hepatic
laboratory abnormalities, rash, and hypothyroid-
ism were the most commonly reported immune-
mediated adverse events (25% in either group)
(Table S9). Immune-mediated adverse events that
resulted in systemic glucocorticoid treatment are
reported in Table S10.

DISCUSSION

We conducted a phase 3 trial of atezolizumab
monotherapy as a first-line treatment in patients
with nonsquamous or squamous metastatic
NSCLC who had not previously received chemo-
therapy. The median overall survival was signifi-
cantly longer — by 7.1 months — with atezoliz-
umab than with chemotherapy among patients
with EGFR and ALK wild-type tumors who had
high PD-L1 expression. The observed safety pro-
file was consistent with that observed in previ-
ous studies of atezolizumab monotherapy across
indications, histologic type, and lines of therapy.

The testing boundary for overall survival was
not crossed among patients with EGFR and ALK
wild-type tumors who had high or intermediate
PD-L1 expression; therefore, patients with EGFR
and ALK wild-type tumors who had any PD-L1
expression could not be formally tested. The
trial is ongoing to provide data on the final
analysis of overall survival. Among patients with
EGFR and ALK wild-type tumors who received
atezolizumab, observed results for overall sur-
vival according to level of PD-L1 expression were
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Figure 2. Overall Survival among Patients with High PD-L1 Expression, According to Immunohistochemical Assay.

Panel A shows the overlap among patients with a tumor proportion score of at least 50% as assessed by the 22C3
assay, patients with PD-L1 expression on at least 50% of tumor cells as assessed by the SP263 assay, and patients
with PD-L1 expression on at least 50% of tumor cells or at least 10% of tumor-infiltrating immune cells as assessed
by the SP142 assay. Each percentage in the Venn diagrams reflects the percentage of that specific subgroup out of
the total population of patients who could be evaluated for biomarker levels: 534 patients for the 22C3 and SP142
overlap, 546 for the SP263 and SP142 overlap, and 530 for the 22C3 and SP263 overlap. Panel B shows Kaplan—Meier
estimates of overall survival among patients with a tumor proportion score of at least 50% on the 22C3 assay, and
Panel C shows Kaplan—Meier estimates of overall survival among patients with PD-L1 expression on at least 50%
of tumor cells on the SP263 assay. Medians were estimated with the use of the Kaplan—Meier method. Unstratified
hazard ratios are shown for 22C3 and SP263 subgroup analyses. Tick marks indicate censored data.
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Figure 3. Progression-free Survival in Subgroups Defined According to Blood-Based Tumor Mutational Burden (TMB).

Panel A shows the overlap between patients with a blood-based TMB of at least 16 (16 mutations per 1.1 megabase, equivalent to approxi-

mately 14.5 mutations per megabase) and patients with high PD-L1 expression. Each percentage in the Venn diagrams reflects the percent-
age of that specific subgroup out of the total population of patients who could be evaluated for biomarker levels: 375 patients for the 22C3

assay and blood-based TMB overlap and 389 for the SP142 assay and blood-based TMB overlap. Panel B shows progression-free survival in
subgroups defined according to blood-based TMB. Any PD-L1 expression was defined as PD-L1 expression on at least 1% of tumor cells or
tumor-infiltrating immune cells as assessed by the SP142 assay. A total of 165 patients could not be evaluated for blood-based TMB: 88 pa-
tients had a blood-based TMB result with a maximum somatic allele frequency of less than 1%, 39 patients had a sample that failed quality
control at the testing vendor or had a median exon coverage of less than 800, and 38 patients had not provided a baseline plasma sample.

A stratified hazard ratio is shown for any PD-L1 expression, and unstratified hazard ratios are shown for the other subgroups.

similar to those seen in the phase 3 KEYNOTE-042
trial comparing pembrolizumab with chemo-
therapy; in both trials, the patients with high
PD-L1 expression had the most benefit.?

Our trial evaluated as exploratory end points
how different PD-L1 scoring methods perform
to predict the activity of atezolizumab as com-
pared with chemotherapy. The analytic perfor-
mance and concordance of the different assays
were evaluated previously®?; these analyses have
shown that the 22C3 and SP263 PD-L1 assays
were highly concordant, whereas the SP142 as-

N ENGL J MED 383;14
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say was less sensitive for staining of both tumor
cells and tumor-infiltrating immune cells. In the
clinical setting, the 22C3 and SP263 assays
evaluate PD-L1 expression on tumor cells only,
whereas the SP142 assay evaluates expression on
both tumor cells and tumor-infiltrating immune
cells.31520 Qur trial selected patients who had
any level of PD-L1 expression as assessed by the
SP142 assay. Hence, the assessment of addi-
tional biomarkers provided results from a double-
selected patient population, which is a limitation
of the analysis. A benefit favoring atezolizumab
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Table 2. Reported Adverse Events (Safety Population).*
Adverse Event Atezolizumab (N =286) Chemotherapy (N=263)

All Grades ~ Grade 3 or 4 Grade 5 All Grades ~ Grade 3 or4 Grade 5

number (percent)

Any adverse event 258 (90.2) 86 (30.1) 11 (3.8) 249 (94.7) 138 (52.5) 11 (4.2)
Anemia 44 (15.4) 5(1.7) 0 125 (47 5) 48 (18.3) 0
Decreased appetite 44 (15.4) 2(0.7) 0 0 (19.0) 0 0
Nausea 9 (13.6) 1(0.3) 0 (33 8) 5(1.9) 0
Asthenia 7 (12.9) 2 (0.7) 0 6 (17.5) 5(1.9) 0
Fatigue 7 (12.9) 2(0.7) 0 6 (17.5) 6 (2.3) 0
Constipation 5(12.2) 3 (1.0) 0 7 (21.7) 2 (0.8) 0
Hyponatremia 17 (5.9) 6 (2.1) 0 2 (4.6) 6 (2.3) 0
Pneumonia 14 (4.9) 7 (2.4) 0 7 (6.5) 9 (3.4) 1(0.4)
Hyperkalemia 12 (4.2) 6 (2.1) 0 8 (3.0) 3 (1.1) 0
Thrombocytopenia 7 (2.4) 1(0.3) 0 44 (16.7) 19 (7.2) 0
Neutropenia 4 (1.4) 2 (0.7) 0 74 (28.1) 46 (17.5) 0
Death 2 (0.7) 0 2(0.7) 3(1.1) 0 3(L.1)
Decreased platelet count 1(0.3) 0 0 22 (8.4) 11 (4.2) 0
Decreased neutrophil count 0 0 0 19 (7.2) 10 (3.8) 0
Febrile neutropenia 0 0 0 9 (3.4) 9 (3.4) 0

* The safety population comprised all the patients who received atezolizumab or chemotherapy, regardless of PD-L1 ex-
pression or EGFR and ALK alterations. Shown are adverse events with an incidence of at least 15% in any group, events
of grade 3 or 4 severity with an incidence of at least 2% in any group, and events of grade 5 severity with an incidence

of at least 1% in any group.

was observed in patients with high PD-L1 ex-
pression across all three assays, despite different
analytic sensitivities and scoring algorithms.
The role of tumor mutational burden (in blood
and tissue) as a predictive biomarker of response
to cancer immunotherapy in patients with meta-
static NSCLC remains uncertain. Although the
predictive value of tumor mutational burden in
patients receiving the cancer immunotherapy—
chemotherapy combination appears to be limit-
ed,” recent data suggest its predictive value in
the context of immunotherapy without chemo-
therapy. Various cutoffs (>20 and >10 mutations
per megabase and >175 mutations per exome)
have been used retrospectively across cancer im-
munotherapy studies and have been shown to be
predictive of overall survival, progression-free sur-
vival, or both in this context.'”'%?"2° It is difficult
to compare results across trials owing to differ-
ences in the assays and cutoffs used. The pro-
spective, phase 2 B-F1RST trial examined blood-
based tumor mutational burden as a potential
biomarker in patients with metastatic NSCLC
receiving atezolizumab monotherapy as a first-

line treatment. The median progression-free sur-
vival was 5.0 months among patients with a blood-
based tumor mutational burden score of at least
16 and 3.5 months among those with a blood-
based tumor mutational burden score of less
than 16 (unstratified hazard ratio for disease pro-
gression or death, 0.80; 90% CI, 0.54 to 1.18),
and the median overall survival was 23.9 months
and 13.4 months, respectively (unstratified haz-
ard ratio for death, 0.66; 90% CI, 0.40 to 1.10).*
In our trial, outcomes also favored atezolizumab,
with an apparent plateau of clinical benefit in
the subgroup with a blood-based tumor muta-
tional burden score of at least 16; the greatest
magnitude of benefit was seen for progression-
free survival, a finding consistent with those
of previous trials.”® The ongoing randomized,
phase 3 Blood-First Assay Screening Trial (BFAST;
ClinicalTrials.gov number, NCT03178552) is pro-
spectively evaluating first-line treatment with
atezolizumab monotherapy as compared with plat-
inum-based chemotherapy in patients with ad-
vanced or metastatic NSCLC who have a positive
blood-based tumor mutational burden score.
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We found that atezolizumab monotherapy re-
sulted in longer overall survival than platinum-
based combination chemotherapy among patients
with previously untreated metastatic NSCLC with
high expression of PD-L1. Toxic effects were consis-
tent with those that have been reported previously.
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