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Summary
Background Novel adjuvant strategies are needed to optimise outcomes after complete surgical resection in patients 
with early-stage non-small-cell lung cancer (NSCLC). We aimed to evaluate adjuvant atezolizumab versus best 
supportive care after adjuvant platinum-based chemotherapy in these patients.

Methods IMpower010 was a randomised, multicentre, open-label, phase 3 study done at 227 sites in 22 countries and 
regions. Eligible patients were 18 years or older with completely resected stage IB (tumours ≥4 cm) to IIIA NSCLC per 
the Union Internationale Contre le Cancer and American Joint Committee on Cancer staging system (7th edition). 
Patients were randomly assigned (1:1) by a permuted-block method (block size of four) to receive adjuvant atezolizumab 
(1200 mg every 21 days; for 16 cycles or 1 year) or best supportive care (observation and regular scans for disease 
recurrence) after adjuvant platinum-based chemotherapy (one to four cycles). The primary endpoint, investigator-
assessed disease-free survival, was tested hierarchically first in the stage II–IIIA population subgroup whose tumours 
expressed PD-L1 on 1% or more of tumour cells (SP263), then all patients in the stage II–IIIA population, and finally 
the intention-to-treat (ITT) population (stage IB–IIIA). Safety was evaluated in all patients who were randomly 
assigned and received atezolizumab or best supportive care. IMpower010 is registered with ClinicalTrials.gov, 
NCT02486718 (active, not recruiting).

Findings Between Oct 7, 2015, and Sept 19, 2018, 1280 patients were enrolled after complete resection. 1269 received 
adjuvant chemotherapy, of whom 1005 patients were eligible for randomisation to atezolizumab (n=507) or best 
supportive care (n=498); 495 in each group received treatment. After a median follow-up of 32·2 months 
(IQR 27·4–38·3) in the stage II–IIIA population, atezolizumab treatment improved disease-free survival compared 
with best supportive care in patients in the stage II–IIIA population whose tumours expressed PD-L1 on 1% or more 
of tumour cells (HR 0·66; 95% CI 0·50–0·88; p=0·0039) and in all patients in the stage II–IIIA population (0·79; 
0·64–0·96; p=0·020). In the ITT population, HR for disease-free survival was 0·81 (0·67–0·99; p=0·040). 
Atezolizumab-related grade 3 and 4 adverse events occurred in 53 (11%) of 495 patients and grade 5 events in 
four patients (1%).

Interpretation IMpower010 showed a disease-free survival benefit with atezolizumab versus best supportive care after 
adjuvant chemotherapy in patients with resected stage II–IIIA NSCLC, with pronounced benefit in the subgroup 
whose tumours expressed PD-L1 on 1% or more of tumour cells, and no new safety signals. Atezolizumab after 
adjuvant chemotherapy offers a promising treatment option for patients with resected early-stage NSCLC.
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Introduction
Among patients diagnosed with non-small-cell lung 
cancer (NSCLC), approximately 50% have localised 
(stages I and II) or locally advanced (stage III) disease.1 
Curative surgery is the treatment of choice for 
stages I and II and select cases of stage IIIA NSCLC.2 
However, 5-year survival rates decrease from 92% in 
patients with resected stage IA1 disease to 36% in patients 
with stage IIIA disease,3 suggesting the presence of 

micrometastases in some patients at surgical resection. 
Adjuvant platinum-based combination chemo therapy, 
the current standard of care for completely resected 
early-stage NSCLC (stage IB [tumour ≥4 cm] to IIIA),4,5 
results in a modest 4–5% improvement in survival versus 
observation.6,7 The Japan Intergroup Trial of Pemetrexed 
Adjuvant Chemotherapy for Completely Resected 
Nonsquamous Non-Small-Cell Lung Cancer trial showed 
that pemetrexed plus cisplatin had utility and tolerability 
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as an adjuvant regimen, but it was not superior to 
vinorelbine plus cisplatin in this setting.8 In the 
E1505 trial,9 adding bevacizumab to adjuvant cisplatin-
based chemotherapy did not improve disease-free 
survival nor the primary endpoint of overall survival.

The ADAURA trial showed a disease-free survival benefit 
with osimertinib in patients with resectable tumours 
harbouring EGFR mutations.10 However, for most patients 
with early-stage NSCLC who have EGFR wild-type 
tumours, there remains a pressing unmet need for novel 
adjuvant strategies that will extend patients’ survival after 
complete surgical resection beyond the modest benefit 
offered by adjuvant chemo therapy. Immune checkpoint 
blockade inhibition has revolutionised the treatment of 
unresectable locally advanced or metastatic NSCLC, with 
several inhibitors of the PD-L1 and PD-1 pathway currently 
approved for the treatment of advanced NSCLC.4,11,12 These 
agents have shown efficacy and tolerability as monotherapy 
and in combination with chemotherapy across treatment 
lines, with some phase 3 trials showing an association 

between increasing PD-L1 expression and treatment 
benefit.13–19

The PD-L1 inhibitor atezolizumab has shown clinical 
benefit and a tolerable safety profile in metastatic NSCLC 
and has been approved for use as first-line and second-
line or later treatment in this setting.19–22 Based on these 
positive outcomes, there is increasing interest in the use 
of this agent to treat early-stage NSCLC. In this 
randomised, open-label, phase 3 IMpower010 trial, we 
aimed to evaluate adjuvant atezolizumab versus best 
supportive care after cisplatin-based adjuvant chemo-
therapy in patients with completely resected stage IB–IIIA 
NSCLC. Here we report primary efficacy and safety data 
from the pre-planned interim analysis of IMpower010.

Methods
Study design and participants
IMpower010 is a randomised, multicentre, open-label, 
phase 3 study of atezolizumab versus best supportive 
care after adjuvant cisplatin-based chemotherapy in 
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Research in context

Evidence before this study
The use of adjuvant chemotherapy for resected early-stage 
(IB–IIIA) non-small-cell lung cancer (NSCLC) to improve long-
term outcomes became standard practice in 2004, but the 5-year 
survival benefits were modest. Immunotherapy has changed 
NSCLC treatment practice in the advanced and metastatic 
setting; accordingly, immune checkpoint inhibitors are being 
investigated in early-stage NSCLC, with promising data emerging 
from neoadjuvant studies. The fact that several phase 3 studies of 
adjuvant checkpoint inhibitors are ongoing indicates enthusiasm 
for evaluating their efficacy in early-stage NSCLC after complete 
resection. We searched PubMed on April 20, 2021, using the 
search terms “adjuvant”, “early-stage”, “stage IB–III”, “NSCLC”, 
“resected”, “PD-1 inhibitor”, “PD-L1 inhibitor”, “atezolizumab”, 
“pembrolizumab”, “durvalumab”, and “nivolumab” for full 
manuscripts published during the past 10 years that described 
results of phase 3 trials of checkpoint inhibitor therapy in the 
adjuvant setting after complete resection of early-stage NSCLC. 
Full data for these studies have not yet been published. These 
findings were supplemented by searching ClinicalTrials.gov with 
the same search terms. In addition to our study, IMpower010, 
other phase 3 trials are ongoing in patients with surgically 
resected, stage IB–IIIA NSCLC: ANVIL, an ALCHEMIST trial 
(EGFR-negative or ALK-negative non-squamous and squamous 
NSCLC; 1 year of adjuvant nivolumab or observation after 
standard of care adjuvant chemotherapy or radiation); PEARLS 
(1 year of pembrolizumab vs supportive care after standard of 
care adjuvant therapy); and the Canadian Cancer Trials Group 
study BR31 (durvalumab vs placebo). Disease-free survival is the 
primary endpoint in all these studies; overall survival is a 
coprimary endpoint in ANVIL. MERMAID-1 (adjuvant durvalumab 
or placebo plus chemotherapy in stage II–IIIA, EGFR-wild-type or 
ALK-wild-type NSCLC) and MERMAID-2 (durvalumab vs placebo 

after neoadjuvant or adjuvant therapy in patients with stage II–III, 
EGFR-wild-type or ALK-wild-type NSCLC who become positive for 
minimal-residual disease within 96 weeks) started recruitment in 
the second half of 2020.

Added value of this study
To our knowledge, the data from IMpower010 are the first to 
emerge from the phase 3 studies of adjuvant immunotherapy 
in stage IB–IIIA NSCLC. Patients with completely resected 
stage II–IIIA NSCLC after a median four cycles of adjuvant 
platinum-based chemotherapy, plus up to 1 year of adjuvant 
atezolizumab, had significant improvements in disease-free 
survival compared with best supportive care, particularly in 
patients with tumours expressing PD-L1 on 1% or more of 
tumour cells. Compared with best supportive care, the risk of 
recurrence, new primary NSCLC, or death was reduced with 
atezolizumab by 34% in patients in the stage II–IIIA population 
whose tumours expressed PD-L1 on 1% or more of tumour cells, 
and by 21% in all patients in the stage II–IIIA population.

Implications of all the available evidence
Overall survival data were not mature at this cutoff, and 
longer follow-up will be needed to show a survival benefit for 
adjuvant atezolizumab following adjuvant chemotherapy in 
completely resected early-stage NSCLC. Nevertheless, the 
positive primary endpoint results, along with a safety profile 
consistent with previous reports and no new safety signals, 
suggest that atezolizumab after adjuvant chemotherapy 
might offer a promising treatment option that extends 
disease-free survival in patients with stage II–IIIA resected 
early-stage NSCLC, specifically in patients whose tumours 
express PD-L1 on 1% or more of their tumour cells and 
especially in patients whose tumours express PD-L1 on 50% or 
more of tumour cells.
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patients with completely resected stage IB–IIIA NSCLC, 
done at 227 sites in 22 countries and regions.

The study was done in two phases: enrolment and 
randomisation. The study protocol and full eligibility 
criteria can be found in the appendix (pp 20–343). The 
protocol was approved by an institutional review board or 
an independent ethics committee at each participating 
site.

Briefly, eligible patients were 18 years or older, had 
an Eastern Cooperative Oncology Group (ECOG) 
performance status of 0 or 1, had completely resected 
stage IB (tumours ≥4 cm) to IIIA (T2–3 N0, T1–3 N1, 
T1–3 N2, and T4 N0–1 NSCLC, per the Union Internationale 
Contre le Cancer and American Joint Committee on 
Cancer staging system, 7th edition),23 and were able to 
receive cisplatin-based chemotherapy. Patients whose 
tumours were positive for EGFR or ALK alterations could 
enrol. Complete resection (lobectomy, sleeve lobectomy, 
bilobectomy, or pneumonectomy) of NSCLC with 
negative margins, done 28–84 days before enrolment, 
was required. Additionally, mediastinal lymph node 
dissection at specified levels (levels 7 and 4 for right-sided 
tumours, or levels 7 and 5 or 6 for left-sided tumours) or 
sampling had to be done where required (appendix p 217). 
A representative formalin-fixed paraffin-embedded 
resected tumour specimen was also required.

The second phase, randomised evaluation of 
atezolizumab versus best supportive care, started after 
completion of cisplatin-based chemotherapy (one to 
four cycles) in patients without disease recurrence who 
were still eligible. All patients provided written informed 
consent to participate.

Randomisation and masking
Study investigators identified and enrolled patients into 
the trial. 3–8 weeks after the last dose of adjuvant 
chemotherapy, patients were randomly assigned (1:1) by 
a permuted-block method with a block size of four to 
either the atezolizumab arm or best supportive care 
arm with an interactive voice-web response system. 
Randomisation was stratified by sex (female vs male), 
tumour histology (squamous vs non-squamous), extent 
of disease (stage IB vs stage II vs stage IIIA), and 
PD-L1 expression status (tumour cell [TC] 2/3 and any 
tumour-infiltrating immune cells [IC] vs TC0/1 and IC2/3 
vs TC0/1 and IC0/1 with the SP142 immunohistochemistry 
assay). Masking was not done as the study had an open-
label design.

Procedures
Patients entered the enrolment phase 28–84 days after 
complete resections of their NSCLC, and eligible patients 
received the investigator’s choice of one of four adjuvant 
cisplatin-based chemotherapy regimens for up to 
four 21-day cycles: cisplatin 75 mg/m² intravenously on 
day 1 of each cycle plus either vinorelbine 30 mg/m² 
intravenously on days 1 and 8, docetaxel 75 mg/m² 

intravenously on day 1, gemcitabine 1250 mg/m² intra-
venously on days 1 and 8, or, in the case of patients 
with non-squamous NSCLC, pemetrexed 500 mg/m² 
intravenously on day 1.

After randomisation, patients received either 1200 mg 
atezolizumab intravenously on day 1 of each 21-day cycle 
for up to 16 cycles (or 1 year), or best supportive care. Best 
supportive care included observation and regular scans 
for disease recurrence. No crossover from best supportive 
care to atezolizumab was allowed.

EGFR mutation and ALK rearrangement status were 
assessed locally or centrally in patients with non-
squamous NSCLC; central testing was not required for 
patients with squamous NSCLC. Brain imaging was 
required for all patients at screening and during the 
study to rule out CNS metastasis. Tumours were assessed 
with CT of the chest and upper abdomen in all patients at 
baseline, and every 4 months in the first year and every 
6 months in the second year. Patients without disease 
recurrence continued disease status assessments with 
alternating chest CT and x-ray every 6 months during 
years 3–5, and annually by x-ray thereafter.

Tumour specimens were analysed at screening for 
PD-L1 expression with the SP142 immunohistochemistry 
assay (Ventana Medical Systems; Tucson, AZ, USA).24 On 
the basis of emerging biomarker data and the evolving 
PD-L1 diagnostic testing landscape, the protocol was 
subse quently amended so that the primary efficacy 
endpoint was assessed in the population with tumours 
expressing PD-L1 on 1% or more of tumour cells, defined 
with the SP263 immunohistochemistry assay (Ventana 
Medical Systems).25

Outcomes
Investigator-assessed disease-free survival was the 
primary endpoint and was evaluated in the subpopulation 
of patients in the stage II–IIIA population whose 
tumours expressed PD-L1 on 1% or more of tumour cells 
by the SP263 immunohistochemistry assay, in all 
patients in the stage II–IIIA population, and in the 
intention-to-treat (ITT) population, defined as all patients 
randomly assigned in the stage IB–IIIA population.

Secondary efficacy endpoints were overall survival in 
the ITT population; disease-free survival in the patients 
in the stage II–IIIA population whose tumours expressed 
PD-L1 on 50% or more of tumour cells per the 
SP263 assay; and 3-year and 5-year disease-free survival 
rates in patients in the stage II–IIIA population whose 
tumours expressed PD-L1 on 1% or more of tumour cells, 
in all patients in the stage II–IIIA population, and in the 
ITT population. Prespecified exploratory subgroup 
analyses of disease-free survival and overall survival 
included baseline demographics (eg, age, sex, and race 
and ethnicity) and baseline prognostic characteristics 
(eg, tumour stage, PD-L1 expression, chemotherapy 
regimen before randomisation, histology, smoking 
history, and ECOG performance status).
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All adverse events were recorded during both study 
phases and for 30 days (90 days for serious and immune-
mediated adverse events, with no time limit for events 
related to study treatment) after the last dose of study 
treatment (atezolizumab) or the last study assessment 
(best supportive care) or until the initiation of another 
anticancer therapy, whichever occurred first.

Statistical analysis
IMpower010 was designed to enrol 1005 patients to 
evaluate the primary endpoint, investigator-assessed 
disease-free survival. Randomisation was stratified on 
the basis of PD-L1 expression per the SP142 assay 
throughout the study. Up to June 29, 2016, the protocol 
included disease-free survival analysis in patients 
irrespective of PD-L1 expression and in the PD-L1 
subpopulation defined as TC2/3 or IC2/3 by SP142 in 
the stage II–IIIA population. In a protocol amendment 
on Feb 11, 2020, almost 1 year before this interim 
analysis was done and after all patients had been 
randomly assigned, the PD-L1 subpopulation to be 
analysed for disease-free survival was amended to 
patients whose tumours expressed PD-L1 on 1% or more 
of tumour cells as defined by the SP263 assay in the 
stage II–IIIA population (appendix p 342).

The primary endpoint of investigator-assessed disease-
free survival and the secondary endpoint of overall survival 
were tested hierarchically to control the overall type I error 
rate at a two-sided significance level of 0·05: first disease-
free survival in patients in the stage II–IIIA population 
whose tumours expressed PD-L1 on 1% or more of tumour 
cells, then disease-free survival in all patients in the 
stage II–IIIA population, then disease-free survival in the 
ITT population, and finally overall survival in the 
ITT population (appendix p 10). The trial had 90% power 
for the primary analysis of disease-free survival in the 
stage II–IIIA population with tumours expressing PD-L1 
on 1% or more of tumour cells, with a hazard ratio (HR) 
for disease recurrence or death of 0·65 (corresponding to 
median disease-free survival durations of 52 months in 
the atezolizumab group and 34 months in the best 
supportive care group). The trial had 91% power for the 
primary analysis of disease-free survival in all patients in 
the stage II–IIIA population, with an HR for disease 
recurrence or death of 0·73 (corresponding to median 
disease-free survival durations of 46·6 months in the 
atezolizumab group and 34 months in the best supportive 
care group). The trial had 76% power for the primary 
analysis of disease-free survival in the ITT population, 
with an HR for disease recurrence or death of 0·78 
(corresponding to median disease-free survival durations 
of 48·7 months in the atezolizumab group and 38 months 
in the best supportive care group). Full details of the 
statistical analysis plan are provided in the protocol 
(appendix pp 277–286).

Disease-free survival was defined as the time from 
randomisation to the date of first NSCLC recurrence, 

occurrence of new primary NSCLC, or death from any 
cause, whichever occurred first. Data for patients who 
did not have any disease-free survival events were 
censored at the date of the last tumour assessment. If no 
post-baseline data were available, disease-free survival 
was censored at the date of randomisation. If recurrence 
of disease or new primary NSCLC before randomisation 
was documented, disease-free survival was censored at 
randomisation. The interim disease-free survival analysis 
was planned when approximately 190 disease-free 
survival events had occurred in the subpopulation of the 
stage II–IIIA population whose tumours expressed 
PD-L1 on 1% or more of tumour cells.

HRs for disease-free survival were estimated by a 
Cox regression model, including two-sided 95% CIs. 
Treatment comparisons were based on the stratified 
log-rank test. Median disease-free survival and 3-year 
and 5-year landmark disease-free survival rates were 
estimated by Kaplan-Meier methodology, and the 
Brookmeyer-Crowley method and Greenwood’s formula 
were used to establish their respective 95% CIs. 
Prespecified subgroup analyses to assess the consistency 
of the treatment effect on disease-free survival were 
done with unstratified HRs estimated from a Cox 
proportional-hazards model. Safety was analysed in the 
safety population, defined as all patients randomly 
assigned who received atezolizumab or best supportive 
care. Statistical analyses were completed with 
SAS version 9.4.

The study was done in accordance with the guidelines 
for Good Clinical Practice and the principles of the 
Declaration of Helsinki. An independent data monitoring 
committee periodically reviewed the safety data. This 
study is registered with ClinicalTrials.gov, NCT02486718.

Role of the funding source
F Hoffmann-La Roche and Genentech sponsored the 
study, provided the study drugs, and collaborated with 
the study investigators on the study design and the 
collection, analysis, and interpretation of the data. All 
authors contributed to drafting the manuscript with 
editorial and writing assistance funded by the sponsor, 
had access to all the data in the study, provided final 
approval to publish, and agreed to be accountable for all 
aspects of the manuscript.

Results
Between Oct 7, 2015, and Sept 19, 2018, 1280 patients 
were enrolled following complete resection with negative 
margins, including a protocol-specified mediastinal 
lymph node evaluation, and 1269 of these patients 
received adjuvant chemotherapy (figure 1). During the 
enrolment phase, 472 patients received cisplatin plus 
pemetrexed, 406 received cisplatin plus vinorelbine, 
205 received cisplatin plus gemcitabine, and 186 received 
cisplatin plus docetaxel. The median number of 
adjuvant chemotherapy cycles received was four (range, 



Articles

www.thelancet.com   Published online September 20, 2021   https://doi.org/10.1016/S0140-6736(21)02098-5 5

Figure 1: Trial profile
ITT=intention-to-treat. NSCLC=non-small-cell lung cancer. TC=tumour cells.

498 assigned to best supportive care group and 
included in the ITT efficacy population

495 received best supportive care and were included 
in safety analysis

3 did not receive assigned 
treatment

 2 withdrew
 1 protocol deviation

1600 patients assessed for eligibility
 

1280 with stage IB-IIIA NSCLC enrolled after resection

1269 received adjuvant chemotherapy

331 ineligible
 227 did not meet eligibility criteria
 48 withdrew
 30 disease progression
 3 non-evaluable PD-L1
 3 withdrawn by physician
 2 lost to follow-up
 1 adverse event
 17 other reasons
 

11 rescreened and enrolled

1 rescreened and enrolled

11 did not receive chemotherapy
 3 withdrew
 2 withdrawn by physician
 1 protocol violation
 1 disease relapse
 4 other reasons

1070 assessed for randomisation

1005 with stage IB-IIIA NSCLC were randomly assigned and 
included in the ITT population

199 discontinued the study
 69 withdrew
 30 adverse events
 27 disease relapse
 19 died
 17 protocol deviations
 15 withdrawn by physician
 4 lost to follow-up
 1 symptomatic deterioration
 17 other reasons

66 ineligible at randomisation screen
 26 disease relapse
 14 withdrew
 4 adverse events
 1 died
 1 withdrawn by physician
 20 other reasons
   

373 completed treatment 

440 had stage II–IIIA NSCLC and were included in 
randomised stage II–IIIA efficacy population

228 had PD-L1 TC ≥1% per SP263 and were included 
in PD-L1 TC ≥1% stage II–IIIA efficacy population

122 discontinued treatment
 90 disease relapse
 18 withdrew
 5 adverse events
 3 protocol deviations
 3 withdrawn by physician
 1 lost to follow-up
 2 other reasons
 

507 assigned to atezolizumab group and included 
in the ITT efficacy population

495 received atezolizumab and were included in 
safety analysis

12 did not receive assigned 
treatment
11 withdrew 

1 protocol deviation

323 completed treatment

442 had stage II–IIIA NSCLC and were included in 
randomised stage II–IIIA efficacy population

248 had PD-L1 TC ≥1% per SP263 and were included 
in PD-L1 TC ≥1% stage II–IIIA efficacy population

172 discontinued treatment
 92 adverse events 
 55 disease relapse
 22 withdrew 
 2 protocol deviations
 1 withdrawn by physician
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one to four; appendix p 13). In the randomisation phase, 
507 patients were assigned to receive atezolizumab and 
498 were assigned to receive best supportive care, 
making up the ITT population; 882 patients who were 
randomly assigned had stage II–IIIA disease, and of 
these, 476 had tumours expressing PD-L1 on 1% or 
more of tumour cells per SP263; these groups formed 
the three primary efficacy populations. Tissue for 
SP263 testing was available for 979 patients (97%). 
Baseline characteristics were generally balanced between 
treatment groups (table 1). 

At the data cutoff (Jan 21, 2021), the median duration 
of follow-up for the disease-free survival analysis was 

32·8 months (IQR 27·6–39·0) in patients in the 
stage II–IIIA population whose tumours expressed 
PD-L1 on 1% or more of tumour cells (SP263), 
32·2 months (27·4–38·3) in all patients in the 
stage II–IIIA population, and 32·2 months (27·5–38·4) 
in the ITT population.

In patients in the stage II–IIIA population whose 
tumours expressed PD-L1 on 1% or more of tumour 
cells, 88 (35%) of 248 patients in the atezolizumab 
group and 105 (46%) of 228 patients in the best 
supportive care group had disease-free survival events; 
the stratified HR for disease-free survival was 0·66 
(95% CI 0·50–0·88; p=0·0039; figure 2A). In all patients 

PD-L1 TC ≥1% stage II–IIIA group 
(SP263)

All stage II–IIIA group Intention-to-treat group 
(stage IB–IIIA)

Atezolizumab 
(n=248)

Best supportive 
care (n=228)

Atezolizumab 
(n=442)

Best supportive 
care (n=440)

Atezolizumab 
(n=507)

Best supportive 
care (n=498)

Age, years 61 (56–67) 62 (56–68) 62 (56–67) 62 (55–68) 62 (57–67) 62 (56–68)

Age group

<65 years 156 (63%) 131 (57%) 281 (64%) 263 (60%) 323 (64%) 300 (60%)

≥65 years 92 (37%) 97 (43%) 161 (36%) 177 (40%) 184 (36%) 198 (40%)

Sex

Male 171 (69%) 147 (64%) 295 (67%) 294 (67%) 337 (66%) 335 (67%)

Female 77 (31%) 81 (36%) 147 (33%) 146 (33%) 170 (34%) 164 (33%)

Race

White 162 (65%) 166 (73%) 307 (69%) 324 (74%) 362 (71%) 376 (76%)

Asian 78 (31%) 56 (25%) 121 (27%) 106 (24%) 130 (26%) 112 (23%)

Black or African American 2 (<1%) 0 4 (1%) 1 (<1%) 5 (1%) 1 (<1%)

Native Hawaiian or other Pacific Islander 1 (<1%) 1 (<1%) 1 (<1%) 1 (<1%) 1 (<1%) 1 (<1%)

Multiple 0 1 (<1%) 0 1 (<1%) 0 1 (<1%)

Unknown 5 (2%) 4 (2%) 9 (2%) 7 (2%) 9 (2%) 7 (1%)

ECOG performance status*

0 140 (56%) 125 (55%) 239 (54%) 252 (57%) 273 (54%) 283 (57%)

1 107 (43%) 102 (45%) 201 (45%) 187 (43%) 232 (46%) 214 (43%)

2 1 (<1%) 1 (<1%) 2 (<1%) 1 (<1%) 2 (<1%) 1 (<1%)

Histology

Squamous 96 (39%) 85 (37%) 150 (34%) 144 (33%) 179 (35%) 167 (34%)

Non-squamous 152 (61%) 143 (63%) 292 (66%) 296 (67%) 328 (65%) 331 (67%)

Tobacco use history

Never 51 (21%) 41 (18%) 100 (23%) 96 (22%) 114 (23%) 108 (22%)

Previous 163 (66%) 146 (64%) 277 (63%) 270 (61%) 317 (63%) 304 (61%)

Current 34 (14%) 41 (18%) 65 (15%) 74 (17%) 76 (15%) 86 (17%)

Stage

IB ·· ·· ·· ·· 65 (13%) 58 (12%)

IIA 85 (34%) 76 (33%) 147 (33%) 148 (34%) 147 (29%) 148 (30%)

IIB 46 (19%) 37 (16%) 90 (20%) 84 (19%) 90 (18%) 84 (17%)

IIIA 117 (47%) 115 (50%) 205 (46%) 208 (47%) 205 (40%) 208 (42%)

Type of surgery

Lobectomy 186 (75%) 173 (76%) 335 (76%) 340 (77%) 394 (78%) 391 (79%)

Sleeve lobectomy 3 (1%) 3 (1%) 4 (1%) 4 (<1%) 4 (<1%) 4 (<1%)

Bilobectomy 15 (6%) 9 (4%) 30 (7%) 17 (4%) 31 (6%) 19 (4%)

Pneumonectomy 43 (17%) 42 (18%) 72 (16%) 78 (18%) 77 (15%) 83 (17%)

Other 1 (<1%) 1 (<1%) 1 (<1%) 1 (<1%) 1 (<1%) 1 (<1%)

(Table 1 continues on next page)
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in the stage II–IIIA population, 173 (39%) of 442 patients 
receiving atezolizumab and 198 (45%) of 440 receiving 
best supportive care had disease-free survival events, 
and the HR for disease-free survival was 0·79 
(0·64–0·96; p=0·020; figure 2B). In the ITT population, 
187 (37%) of 507 patients receiving atezolizumab and 
212 (43%) of 498 receiving best supportive care had 
disease-free survival events. In the ITT population, 
which comprised patients with stage IB–IIIA disease, 
the boundary for statistical significance for disease-free 
survival was not crossed (appendix p 284), with an HR 
of 0·81 (0·67–0·99; p=0·040; figure 2C).

In patients in the stage II–IIIA population whose 
tumours expressed PD-L1 on 1% or more of tumour cells, 
the 3-year disease-free survival rates were 60% in the 
atezolizumab group and 48% in the best supportive care 
group. In all patients in the stage II–IIIA population, 
the 3-year disease-free survival rates were 56% in the 
atezolizumab group and 49% in the best supportive care 
group, and in the ITT population, they were 58% in the 
atezolizumab group and 53% in the best supportive care 
group. The 5-year disease-free survival rates were not 
estimable in either treatment group in any study 
population at this interim analysis.

For the secondary endpoint of disease-free survival in 
patients in the stage II–IIIA population whose tumours 
expressed PD-L1 on 50% or more of tumour cells, the 

unstratified HR was 0·43 (95% CI 0·27–0·68; figure 3B). 
In post-hoc exploratory analyses, in patients in the stage 
II–IIIA population whose tumours expressed PD-L1 on 
1–49% of tumour cells, the unstratified HR was 0·87 
(0·60–1·26). In patients in the stage II–IIIA population 
whose tumours expressed PD-L1 on less than 
1% of tumour cells, the unstratified HR was 0·97 
(0·72–1·31). A disease-free survival benefit in favour of 
atezolizumab versus best supportive care was generally 
seen across most patient subgroups in the stage II–IIIA 
population with tumours expressing PD-L1 on 1% or 
more of tumour cells (figure 3A) and the stage II–IIIA 
population (figure 3B), although these exploratory 
analyses should be interpreted with caution.

Overall survival was not formally tested according to 
the statistical hierarchy, because statistical significance 
for disease-free survival was not met in the ITT 
population and the overall survival data were immature, 
with only 187 (19%) of 1005 death events having 
occurred in the ITT population at the cutoff date: 
97 patients (19%) in the atezolizumab group and 
90 patients (18%) in the best supportive care group. 
The stratified HR was 1·07 (95% CI 0·80–1·42) in the 
ITT population, 0·99 (0·73–1·33) in all patients in the 
stage II–IIIA population, and 0·77 (0·51–1·17) in 
the stage II–IIIA population with tumours expressing 
PD-L1 on 1% or more of tumour cells  (appendix pp 11–12).

PD-L1 TC ≥1% stage II–IIIA group 
(SP263)

All stage II–IIIA group Intention-to-treat group 
(stage IB–IIIA)

Atezolizumab 
(n=248)

Best supportive 
care (n=228)

Atezolizumab 
(n=442)

Best supportive 
care (n=440)

Atezolizumab 
(n=507)

Best supportive 
care (n=498)

(Continued from previous page)

EGFR mutation status†

Yes 23 (9%) 20 (9%) 49 (11%) 60 (14%) 53 (10%) 64 (13%)

No 123 (50%) 125 (55%) 229 (52%) 234 (53%) 261 (52%) 266 (53%)

Unknown 102 (41%) 83 (36%) 164 (37%) 146 (33%) 193 (38%) 168 (34%)

ALK rearrangement status†

Yes 12 (5%) 11 (5%) 14 (3%) 17 (4%) 15 (3%) 18 (4%)

No 133 (54%) 121 (53%) 251 (57%) 256 (58%) 280 (55%) 294 (59%)

Unknown 103 (42%) 96 (42%) 177 (40%) 167 (38%) 212 (42%) 186 (37%)

PD-L1 status by SP263‡

<1% ·· ·· 181 (41%) 202 (46%) 210 (41%) 234 (47%)

≥1% 248 (100%) 228 (100%) 248 (56%) 228 (52%) 283 (56%) 252 (51%)

PD-L1 status by SP142§

TC0/1 and IC0/1 77 (31%) 66 (29%) 198 (45%) 198 (45%) 231 (46%) 231 (46%)

TC0/1 and IC2/3 66 (27%) 61 (27%) 127 (29%) 132 (30%) 146 (29%) 145 (29%)

TC2/3 and any IC 105 (42%) 101 (44%) 117 (26%) 110 (25%) 130 (26%) 122 (25%)

Data are median (IQR) or n (%) unless otherwise specified. ECOG=Eastern Cooperative Oncology Group. IC=tumour-infiltrating immune cells. NSCLC=non-small-cell lung 
cancer. TC=tumour cells. *At randomisation; patients with ECOG performance status 2 had protocol deviations. †Assessed locally or centrally for patients with 
non-squamous NSCLC. 89% of patients with unknown EGFR status and 81% of patients with unknown ALK status in the intention-to-treat population had squamous 
NSCLC and were not required to undergo local or central testing. ‡26 patients in the intention-to-treat population (14 in the atezolizumab group and 12 in the best 
supportive care group) had unknown PD-L1 status as assessed by SP263. Of these, 23 patients (13 in the atezolizumab group and ten in the best supportive care group) 
had stage II–IIIA disease and were included in the stage II–IIIA population. §PD-L1 expression on TC or IC was scored as: TC0/1 and IC0/1 was <5% TC and IC; TC0/1 and 
IC2/3 was <5% TC and ≥5% IC; TC2/3 and any IC was ≥5% TC and any IC status. 

Table 1: Baseline characteristics
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Figure 2: Disease-free survival 
in the atezolizumab and best 

supportive care groups
Kaplan-Meier estimates of 

disease-free survival are 
shown for patients whose 

tumours expressed PD-L1 on 
1% or more of tumour cells 

(per the SP263 assay) in the 
stage II–IIIA population (A), all 

patients in the stage II–IIIA 
population (B), and the 

intention-to-treat 
population (C).
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(Figure 3 continues on next page)
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Figure 3: DFS in key patient 
subgroups

Forest plots of disease-free 
survival in subgroups with a 

total of ten or more patients 
in the stage II–IIIA population 

whose tumours expressed 
PD-L1 on 1% or more of 
tumour cells (A) and all 

patients in the stage II–IIIA 
population (B). DFS=disease-

free survival. ECOG=Eastern 
Cooperative Oncology Group. 

NE=not estimable. 
TC=tumour cells.
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57 patients (11%) in the atezolizumab group and 
82 patients (16%) in the best supportive care group 
received subsequent radiotherapy for recurrent or new 
disease (postoperative radiotherapy was not permitted 
per the protocol; appendix p 14), 27 (5%) in the 
atezolizumab group and 36 (7%) in the best supportive 
care group had subsequent surgery, and 102 (20%) in the 
atezolizumab group and 131 (26%) in the best supportive 
care group received systemic non-protocol anticancer 
therapies after recurrence (appendix pp 15–16).

The safety population included 990 patients: 495 each 
in the atezolizumab and best supportive care groups. 
The median duration of atezolizumab treatment was 
10·4 (IQR 4·8–10·6) months. The median number of 
atezolizumab cycles was 16 (IQR 7–16), with 323 patients 
(65%) completing 16 cycles, 125 (25%) completing zero to 
seven cycles, and 47 (9%) completing eight to 15 cycles.

Adverse events of any grade occurred in 459 (93%) of 
495 patients receiving atezolizumab and in 350 (71%) of 
495 receiving best supportive care; grade 3 or 4 events 
occurred in 108 patients (22%) receiving atezolizumab 
and 57 patients (12%) receiving best supportive care, 
and grade 5 events in eight patients (2%) receiving 
atezolizumab and three patients (1%) receiving best 
supportive care (table 2). Serious adverse events 
occurred in 87 patients (18%) in the atezolizumab 
group and 42 patients (8%) in the best supportive care 
group. The most common grade 3 or 4 adverse events 
in the atezolizumab group were increased alanine 
aminotransferase (in eight patients [2%]; table 3) and 
pneumonia and increased aspartate aminotransferase 
(each in seven [1%]). In the best supportive care group, 
only grade 3 or 4 pneumonia occurred in more than two 
patients (three patients [1%]).

Treatment-related adverse events occurred in 335 (68%) 
of 495 patients, and at grade 3 or 4 severity in 53 patients 
(11%) in the atezolizumab group. The most common 
atezolizumab-related adverse events were hypothyroidism 
in 53 patients (11%), pruritis in 43 patients (9%), and rash 
in 40 patients (8%; appendix p 17). Treatment-related 
serious adverse events occurred in 37 patients (7%) in the 
atezolizumab group. Grade 5 atezolizumab-related 
adverse events occurred in four patients (1%; myocarditis, 
interstitial lung disease, multiple organ dysfunction 
syndrome, and acute myeloid leukaemia; table 2). 
Atezolizumab discontinuation due to adverse events 
occurred in 90 patients (18%; table 2), most frequently 
due to pneumonitis, hypothyroidism, and increased 
aspartate aminotransferase (1% each).

256 patients (52%) in the atezolizumab group and 
47 patients (9%) in the best supportive care group had 
immune-mediated adverse events (appendix p 18). These 
events occurred at grade 3 or 4 severity in 39 patients (8%) 
in the atezolizumab group and three patients (1%) in the 
best supportive care group. Grade 5 immune-mediated 
adverse events included pneumonitis and myocarditis, 
which each occurred in one patient (<1%) in the 

atezolizumab group. Immune-mediated adverse events 
requiring systemic corticosteroid treatment occurred in 
60 patients (12%) treated with atezolizumab and in 
four patients (1%) who received best supportive care 
(appendix p 19).

Discussion
The IMpower010 study met its primary endpoint of 
disease-free survival in patients receiving adjuvant 
atezolizumab versus best supportive care in the 
stage II–IIIA population with tumours expressing PD-L1 
on 1% or more of tumour cells (assessed by the 
SP263 assay) and in all patients in the stage II–IIIA 
population. The risk of recurrence, new primary NSCLC, 
or death with atezolizumab versus best supportive care 
was reduced by 34% in the stage II–IIIA population 
whose tumours expressed PD-L1 on 1% or more of 
tumour cells and by 21% in all patients in the stage II–IIIA 
population. To our knowledge, IMpower010 is the 
first randomised phase 3 study to show significant 
improvement in disease-free survival with adjuvant 
immunotherapy following adjuvant chemotherapy in 
patients with early-stage resected NSCLC. The disease-
free survival benefit with atezolizumab was specifically 
seen in patients with tumours expressing PD-L1, 
particularly in patients in the stage II–IIIA population 
whose tumours expressed PD-L1 on 50% or more of 
tumour cells. Consistent disease-free survival benefit in 
favour of atezolizumab was also seen in key clinical 
subgroups in the stage II–IIIA population with tumours 
expressing PD-L1 on 1% or more of tumour cells and in 
all patients in the stage II–IIIA population. The benefit 
was not pronounced in patients whose tumours 
expressed PD-L1 on 1–49% of tumour cells, but these 
exploratory subgroup analyses should be interpreted 
with caution. Overall survival was not formally tested 

Atezolizumab 
group (n=495)

Best supportive care 
group (n=495)

Adverse event

Any grade 459 (93%) 350 (71%)

Grade 3–4 108 (22%) 57 (12%)

Serious 87 (18%) 42 (8%)

Grade 5 8 (2%)* 3 (1%)†

Led to dose interruption of atezolizumab 142 (29%) ··

Led to atezolizumab discontinuation 90 (18%) ··

Immune-mediated adverse events

Any grade 256 (52%) 47 (9%) 

Grade 3–4 39 (8%) 3 (1%)

Required the use of systemic corticosteroids‡ 60 (12%) 4 (1%)

Led to discontinuation 52 (11%) 0

Data are n (%). *Interstitial lung disease, multiple organ dysfunction syndrome, myocarditis, and acute myeloid 
leukaemia (all four events related to atezolizumab), and pneumothorax, cerebrovascular accident, arrhythmia, and 
acute cardiac failure. †Pneumonia; pulmonary embolism; and cardiac tamponade and septic shock in the same patient. 
‡Atezolizumab-related. 

Table 2: Safety summary in the safety evaluable population
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because statistical significance for disease-free survival 
was not met in the ITT population (which included 
patients with stage IB disease) and the overall survival 
data were immature at this interim analysis and should, 
therefore, be interpreted with caution.

The rate of discontinuation before randomisation was 
higher than anticipated (about 20% vs about 10%), with 
patient withdrawal (31%) and disease recurrence (20%) 
as the most common reasons for discontinuation, and 
might be reflective of the adjuvant setting and the early-
stage disease state. The planned 16-cycle period of 
atezolizumab treatment was consistent with that used in 
other adjuvant studies,7,11,26,27 and nearly two-thirds (65%) 
of the study population received all 16 doses. No 
new safety signals were detected, and the toxicity 
profile was consistent with that previously reported with 
atezolizumab monotherapy.19–22,28 Immune-mediated 
adverse events occurred more frequently in the patients 
treated with atezolizumab, which was expected as these 
are known risks with checkpoint inhibitors.28 The most 
common immune-mediated adverse events were hepatic 
laboratory abnormalities, rash, and hypothyroidism. 
Most immune-mediated adverse events were mild 
grade 1 or 2 events that were manageable with treatment 
interruption or appropriate treatment. Immune-
mediated adverse events were treated with corticosteroids 
in 12% of patients in the atezolizumab group, which was 
proportional to the overall rate of immune-mediated 
adverse events. Approximately half of the adverse events 
that led to discontinuation were grade 1–2, which might 
indicate that investigators had a lower threshold for 
discontinuing treatment in patients with early-stage 
NSCLC due to treatment-related toxicity than might be 
seen in the metastatic setting. Overall, more toxicity was 
observed in the atezolizumab group than in the 
observational best supportive care group. However, these 
risks should be weighed against the degree of treatment 
benefit, and within this context, the overall benefit–risk 
ratio with atezolizumab in the stage II–IIIA population 

with tumours expressing PD-L1 on 1% or more of tumour 
cells appears to be favourable.

Since the landmark 2004 International Adjuvant Lung 
Cancer Trial study6 showed the efficacy of adjuvant 
chemotherapy for NSCLC with a disease-free survival 
HR of 0·83 (95% CI 0·74–0·94) and an overall survival 
HR of 0·86 (95% CI 0·76–0·98), no improvements on 
this standard were achieved for more than 15 years, until 
findings from the ADAURA trial10,29 of 3 years’ adjuvant 
osimertinib treatment in patients with EGFR-driven 
NSCLC led to its being approved as adjuvant NSCLC 
treatment in patients whose tumours harbour EGFR 
mutations. The results from our study (IMpower010) now 
provide another positive outcome with adjuvant treat-
ment in patients with resected stage II–IIIA NSCLC. All 
patients received chemotherapy as part of the protocol, 
which remains an important part of adjuvant therapy.

The IMpower010 subgroup analyses showed that in 
patients in the stage II–IIIA population whose tumours 
expressed PD-L1 on 1% or more of tumour cells, the 
disease-free survival benefit of adjuvant atezolizumab 
appeared to be similar in patients with EGFR-positive, 
EGFR-negative, and unknown status. However, these 
data should be interpreted with caution due to the small 
number of patients with a positive EGFR status (n=43). 
Most patients with unknown EGFR (89%) or 
ALK status (81%) had squamous NSCLC, as testing was 
not required in these patients.

The findings from IMpower010 also supplement 
positive results with other checkpoint inhibitors in 
adjuvant melanoma trials,30 and support the promise of 
immunotherapy in the adjuvant setting. Data from other 
randomised phase 3 adjuvant studies of PD-L1 and PD-1 
inhibitors (PEARLS,27 BR31 [NCT02273375], ANVIL, an 
ALCHEMIST study,26 MERMAID-1,31 and MERMAID-232)
might further elucidate the role of these agents in the 
adjuvant setting in early-stage resectable NSCLC. Whether 
PD-L1 and PD-1 inhibitors will be safer and more effective 
at extending survival when used in the neoadjuvant 

Atezolizumab group (n=495) Best supportive care group (n=495)

All grades Grade 3–4 Grade 5 All grades Grade 3–4 Grade 5

Any cause 459 (93%) 108 (22%) 8 (2%)† 350 (71%) 57 (12%) 3 (1%)‡

Cough 66 (13%) 0 0 46 (9%) 0 0

Pyrexia 65 (13%) 4 (1%) 0 11 (2%) 1 (<1%) 0

Hypothyroidism 55 (11%) 0 0 3 (1%) 0 0

Alanine aminotransferase increased 53 (11%) 8 (2%) 0 16 (3%) 1 (<1%) 0

Aspartate aminotransferase increased 53 (11%) 7 (1%) 0 16 (3%) 0 0

Arthralgia 52 (11%) 2 (<1%) 0 26 (5%) 0 0

Pruritus 51 (10%) 0 0 3 (1%) 0 0

Nasopharyngitis 33 (7%) 0 0 50 (10%) 0 0

Data are n (%). *Includes all-grade adverse events occurring in 10% or more of patients in either group, along with corresponding frequencies for grade 3–4 and grade 5 events. 
†Interstitial lung disease, multiple organ dysfunction syndrome, myocarditis, and acute myeloid leukaemia (all four events related to atezolizumab), and pneumothorax, 
cerebrovascular accident, arrhythmia, and acute cardiac failure. ‡Pneumonia; pulmonary embolism; and cardiac tamponade and septic shock in the same patient. 

Table 3: Most commonly reported adverse events in the atezolizumab or best supportive care groups*
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setting (ie, when the tumour and lymph nodes are intact—
important for T-cell priming enhanced by PD-1 blockade—
and when micrometastases are more likely to be 
eradicated) remains to be seen.33 Phase 2 studies have 
shown promising efficacy and safety for neoadjuvant PD-L1 
and PD-1 inhibitors in early-stage NSCLC and several 
phase 3 studies are ongoing.33–35 CheckMate 816,36 a 
phase 3 study of neoadjuvant nivolumab plus chemo-
therapy in stage IB–IIIA NSCLC, met its primary endpoint 
of pathological complete response in the ITT population. 
The results of the event-free survival endpoint for 
CheckMate 816 and IMpower030,34 and other randomised 
studies of neoadjuvant strategies, are awaited.

Study strengths include the large global patient 
population, the standardisation of the adjuvant chemo-
therapy, and the standardised endpoints powered to 
show differences between treatment arms. Study 
limitations include the open-label design and lack of 
placebo control. The open-label study design was chosen 
for safety considerations, in the context of the standard 
of care at the time. Good Clinical Practice and National 
Comprehensive Cancer Network4 and European Society 
of Medical Oncology5 guidelines were adhered to in this 
study to ensure standard patient care and minimise the 
potential bias of the open-label design. The frequency 
and types of scans were consistent with those of a global 
trial, and the study protocol allowed for any patient to 
have additional scans as clinically indicated, done 
according to the protocol. A placebo arm was not 
included in the adjuvant setting to avoid placing the 
burden of 1 year of 3-weekly intravenous treatment 
visits on patients who had undergone potentially 
curative resection and adjuvant chemotherapy. Although 
the SP142 assay, which measures PD-L1 expression in 
both tumour-infiltrating immune cells and tumour 
cells, has shown predictive value for atezolizumab, it 
might be less sensitive on tumour cells in NSCLC than 
other PD-L1 assays.15,35 Therefore, although the 
SP142 assay was used during screening and enrolment, 
in line with the changing landscape of PD-L1 testing, 
the SP263 PD-L1 immunohistochemistry assay was 
used to define the primary analysis population. As 
IMpower010 did not combine adjuvant immune 
checkpoint inhibitor therapy with chemotherapy, 
whether combining atezolizumab and chemotherapy 
might have further extended the observed clinical 
efficacy is unknown. Adjuvant chemotherapy might also 
prime the response to adjuvant immunotherapy.

In conclusion, adjuvant atezolizumab was associated 
with significant improvement in disease-free survival 
versus best supportive care after adjuvant chemotherapy 
in the stage II–IIIA population with tumours 
expressing PD-L1 on 1% or more of tumour cells and in 
all patients in the stage II–IIIA population. These 
positive findings, along with a safety profile consistent 
with previous reports and no new safety signals, 
suggest that atezolizumab after adjuvant chemotherapy 

might offer a promising treatment option that extends 
disease-free survival in patients with resected 
stage II–IIIA NSCLC whose tumours express PD-L1 on 
1% or more of tumour cells, and especially in those 
with PD-L1 expression on 50% or more of tumour cells.
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