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INTRODUCTION

Surgical resection is potentially curative in the minority of
patients with non–small-cell lung cancer (NSCLC).1,2

Despite surgery, approximately 40% of the patients
with early-stage NSCLC experience recurrence within the
first year.3 Cisplatin-based adjuvant chemotherapy in
stage II or IIIA resected NSCLC is the standard of care
based on overall survival (OS) benefit in randomized
controlled trials.4-6 A subset of patients with resected stage
IB NSCLC with high-risk features may also benefit from
adjuvant chemotherapy.7 Postoperative radiation therapy
(PORT) in stage IIIA-N2 remains controversial because of
conflicting evidence.8-12 Most recent data from the
LungART study, a phase III randomized clinical trial (RCT)
in completely resected stage IIIA N2 NSCLC, suggested
no survival benefit of PORT.13

NSCLC is a heterogeneous disease with distinct land-
scapes of genomic alterations identified in adenocarci-
noma versus squamous cell histology and smokers
versus never-smokers.14-16 Activating EGFR mutations
were the first genomic biomarkers with clinical impact for
targeted therapy selection in patients with lung adeno-
carcinoma. EGFR tyrosine kinase inhibitors (TKIs)
markedly increase progression-free survival in advanced
disease.17,18 This discovery opened a new era of precision
medicine leading to accelerated development and sub-
sequent approval of drugs for several actionable genomic
alterations in NSCLC. While the molecular profiling of
NSCLC is considered a standard of care in the advanced
setting, the utility of molecular testing and targeted
therapies in the adjuvant setting in early-stageNSCLChas
yet to be established. In this manuscript, we discuss
some of the important controversies surrounding the
ADAURA phase III RCT of adjuvant osimertinib versus
placebo in patients with stage IB-IIIA EGFR-mutant
NSCLC after complete resection. The trial results were
initially presented at ASCO 2020 and recently published,
followed by US Food and Drug Administration (FDA)
approval of the osimertinib in the adjuvant setting.19,20

OVERVIEW OF TARGETED ADJUVANT THERAPIES IN
EGFR-MUTANT NSCLC

Before ADAURA, three phase III RCTs of adjuvant therapy
with EGFR-TKI have been published.21-23 The RADIANT

trial compared erlotinib versus placebo in unselected
patients with completely resected stage IB-IIIA NSCLC.23

No significant differences in disease-free survival (DFS) or
OS were detected in the overall population. However,
in patients with EGFR sensitizing mutation (N = 161 or
16.5%), DFS favored the erlotinib (hazard ratio [HR], 0.61;
95% CI, 0.38 to 0.98; P = .039) in the absence of
an OS benefit. Erlotinib dose reduction was common
(44.4%), and only 40.6%of patients randomly assigned to
erlotinib completed 2 years of planned treatment. The
BR19 trial compared gefitinib versus placebo in a similar
population.21 The trial closed prematurely after results of
another trial showed detrimental effect of gefitinib after
chemoradiation in stage III NSCLC.23 However, EGFR-
mutant NSCLC accounted for only 4% (N = 15) of the
patients. Both the RADIANT and the BR.19 studies
allowed adjuvant chemotherapy but were underpowered
for subgroup analysis in EGFR-mutant NSCLC population.
Before ADAURA, ADJUVANT/CTONG 1104 (N = 222)
was the only phase III RCT that exclusively included
EGFR-mutant stage II-IIIA (N1 and N2) NSCLC. The trial
randomly assigned patients to 2 years of adjuvant gefitinib
or four cycles of cisplatin-based adjuvant chemotherapy
after complete resection.22 Despite the significant DFS
benefit (30.8 v 19.8 months [HR, 0.56; 95% CI, 0.40 to
0.79; P = .001]), OS was not significantly different in the
two arms (medianOS75.5 v62.8months [HR, 0.92; 95%
CI, 0.62 to 1.36; P = .674]).24 These trials of first-
generation EGFR-TKIs were not practice-changing and
up until now, the molecular stratification of early-stage
NSCLC is not recommended for postoperative targeted
therapy selection. Other key completed or ongoing trials
with EGFR-TKIs in the adjuvant setting are shown in
Table 1.

ADAURA—OSIMERTINIB IN THE ADJUVANT SETTING
FOR EGFR-MUTANT NSCLC

Osimertinib is a third-generation irreversible EGFR-TKI
approved for first-line treatment of metastatic EGFR-
mutated NSCLC based on significant improvement in
progression-free survival (PFS) (HR, 0.46; 95% CI,
0.37 to 0.57; P , .001) and modest improvement in
OS (HR, 0.80; 95% CI, 0.64 to 1.00; P = .046)
compared with first-generation EGFR-TKIs.25,26

ADAURA was first presented at ASCO 2020 plenary
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session and subsequently published.19,20 ADAURA is a
global multi-institutional phase III randomized double-blind
placebo-controlled study. The study was designed as a
superiority trial with primary end point DFS, as assessed by
the investigator, in stage II or IIIA patients. Patients with

resected stage IB-IIIA (American Joint Committee on
Cancer [AJCC] 7th edition) adenocarcinoma with sensitizing
EGFR mutation were randomly assigned 1:1 to adjuvant
osimertinib at the standard dose of 80 mg/d or matching
placebo. Standard of care adjuvant chemotherapy was

TABLE 1. Key Completed and Ongoing Trials of Adjuvant EGFR-Targeted Therapies in NSCLC

Study Name and Phase Setting or Stage Study Arm(s)
Duration
of TKI

Primary End
Point Results

RADIANT23

ClinicalTrials.gov identifier:
NCT00373425
Phase III

Unselected, resected,
stage IB-IIIA

Erlotinib v placebo 2 years DFS Negative
HR, 0.90; 95% CI, 0.74
to 1.10; P = .324
In EGFR-mutant group
HR, 0.61; 95% CI, 0.38
to 0.98; P = .039

BR1921

ClinicalTrials.gov identifier:
NCT00049543
Phase III

Unselected, resected,
stage IB-IIIA

Gefitinib v placebo 2 years OS Negative
HR, 1.24; 95% CI, 0.94
to 1.64; P = .14

ADJUVANT-CTONG24

Phase III
EGFR-mutant,

resected,
stage II-IIIA

Gefitinib v four cycles
of cisplatin-based
adjuvant
chemotherapy

2 years DFS Positive for DFS
HR, 0.56; 95% CI, 0.40
to 0.79; P = .001
Negative for OS
HR, 0.96, 95% CI, 0.64
to 1.43; P = .823

ADAURA20

ClinicalTrials.gov identifier:
NCT02511106
Phase III

EGFR-mutant,
resected,
stage IB-IIIA

Osimertinib v placebo 2 years DFS in stage
II or IIIA

Positive
HR, 0.17; 99.06% CI,
0.11
to 0.26; P , .001

Pemetrexed-carboplatin adjuvant
chemotherapy with or without
gefitinib in resected stage IIIA-N2
non–small-cell lung cancer
harboring EGFR mutations: a
randomized, phase II study37

Phase II

EGFR-mutant,
resected,
stage IIIA N2

Gefitinib v observation
following four cycles of
adjuvant platinum-
based
chemotherapy

6 months DFS Positive
HR, 0.37; 95% CI, 0.16
to 0.85; P = .014

EMERGING-CTONG 110338

Phase II
EGFR-mutant,

resected,
stage IIIA N2

Erlotinib v platinum-based
chemotherapy in
neoadjuvant or
adjuvant setting

42 days ORR Negative for ORR
OR, 2.26; 95% CI, 0.87
to 5.84; P = .092
Positive for DFS
HR, 0.39; 95% CI, 0.23
to 0.67; P , .001

EVAN39

ClinicalTrials.gov identifier:
NCT01683175
Phase II

EGFR-mutant,
resected, stage
IIIA NSCLC

Erlotinib v adjuvant
platinum-based
chemotherapy for
four cycles

2 years 2-year DFS Positive
RR, 1.82; 95% CI, 1.19
to 2.78; P = .0054

SELECT40

ClinicalTrials.gov identifier:
NCT00567359
Phase II

EGFR-mutant,
resected, stage
IA-IIIA NSCLC

Erlotinib after standard
adjuvant chemotherapy
with or without radiation

2 years 2-year DFS Positive
2-year DFS 88%; 95%
CI, 80 to 93; P = .06

ALCHEMIST-EGFR (A081105)
ClinicalTrials.gov identifier:
NCT02193282
Phase III

EGFR-mutant,
resected,
stage IB-IIIA

Erlotinib v placebo 2 years OS Ongoing

EVIDENCE (CCTC-1501)
ClinicalTrials.gov identifier:
NCT02448797
Phase III

EGFR-mutant, resected,
stage II-IIIA

Icotinib v four cycles of
adjuvant platinum-
based
chemotherapy

2 years DFS Ongoing

Abbreviations: DFS, disease-free survival; EGFR, epidermal growth factor receptor; HR, hazard ratio; NSCLC, non–small-cell lung cancer; OR, odds ratio;
ORR, objective response rate; OS, overall survival; RR, relative risk; TKI, tyrosine kinase inhibitor.
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optional, and PORT was not allowed. Patients were ran-
domly assigned after completion of adjuvant chemotherapy
(if received) but within 26 weeks following surgery. Random
assignment was stratified by Stage (IB v II v IIIA), type of
EGFR mutation (exon 19 del v L858R), and race (Asian v
non-Asian), but not based on receipt of adjuvant chemo-
therapy. Patients received assigned treatment for a planned
3-year duration or until disease recurrence, completion
of treatment, or if they met predetermined criteria for
discontinuation.

Six-hundred eighty-two patients were randomly assigned
to osimertinib (N = 339) or placebo (N = 343). Baseline
clinical characteristics were well balanced between the
two arms. Approximately 60% of the patients in each arm
received adjuvant chemotherapy. The published data are
an unplanned interim analysis with the DFS data being
only 33% mature (11% in osimertinib and 55% in pla-
cebo) at the data cutoff date of January 17, 2020. After a
median follow-up of 18.5 months, median DFS for the
primary efficacy population (stage II or IIIA) in the osi-
mertinib was not reached (95% CI, 38.8 to not reported),
whereas it was 20.4 months (95% CI, 16.6 to
24.5 months) with placebo. In the osimertinib arm, 90%
(95% CI, 84 to 93) of patients were alive and disease-free
at 2 years compared with 44% (95% CI, 37 to 51) in the
placebo group (HR, 0.17; 99.06% CI, 0.11 to 0.26; P ,
.001). Similarly, DFS in the overall population (including
stage IB) was also significantly longer with a consistent
benefit seen across all predefined subgroups (age,
smoking, race, stage, and type of EGFR mutation). Stage
IIIA benefited the most (HR, 0.12; 95% CI, 0.07 to 0.20),
whereas stage IB benefited the least (HR, 0.39; 95% CI,
0.18 to 0.76). The benefit was seen irrespective of ad-
juvant chemotherapy.

Overall, osimertinib was well tolerated with no new safety
signals. Diarrhea (46%), paronychia (25%), and dry skin
(23%) were the most common adverse events. Patients in
the osimertinib arm witnessed 9% dose reductions and
11% dose discontinuation from adverse events. At the
time of publication, OS data were only 5%mature. Median
follow-up for OS was 26.1 and 24.6 months in the osi-
mertinib group and placebo group, respectively. The HR
for OS among patients with stage II or IIIA disease was
0.40 (99.98% CI, 0.09 to 1.83), which did not reach
statistical significance. The OS rate at 24 months was
100% with osimertinib and 93% (95% CI, 88 to 96) with
placebo. Across the study population, locoregional (7% v
18%) and distant recurrence (4% v 28%) was more
common in the placebo arm compared with osimertinib.
CNS recurrence or death occurred in 45 patients (2% in
the osimertinib arm versus 11% in the placebo arm; HR,
0.18; 95% CI, 0.10 to 0.33). Following the independent
data monitoring committee (IDMC) recommendation, the
trial was unblinded early because of significant DFS
efficacy.

ADAURA—TAKING A DEEPER DIVE AND UNDERSTANDING
THE STUDY LIMITATIONS

Soon after the ASCO plenary presentation, these data
generated controversial debates within the thoracic on-
cology community, particularly on social media platforms.
Following the full publication of the manuscript, we eval-
uate and elaborate on some of the immediate shortcomings
that need to be acknowledged before implementing this
approach in the clinics. First, positron emission
tomography-computed tomography (PET-CT) scan and
brain MRI were not mandated at screening in the study
protocol.27 In the United States, PET-CT scan and brain
MRI are considered the standard of care for the complete
staging of early-stage NSCLC.28 Data on proportion of
patients with complete staging information (PET-CT and
brain MRI) in either arm are not available. In the ADURA
trial, the median DFS and 2-year DFS rate in the placebo
arm are significantly lower than those reported in historical
trials, suggesting that suboptimal staging at baseline could
have contributed to higher proportion of patients being
understaged.29,30 Compared to control arm, osimertinib
showed an 82% reduction in risk for CNS recurrence or
death. However, this should be interpreted with caution,
given limited follow-up and patients with occult intracranial
metastatic disease missed on brain CT scans who get
osimertinib are at an advantage because of potent CNS
activity. Therefore, it is critical to assess rates of CNS and
distant relapse in the context of having complete baseline
staging. Data regarding the recurrence rates adjusted by
country or region of enrollment may be important as PET-
CT and brain MRI are not readily available worldwide in
resource-limited settings.

Second, about 40% of the patients did not get adjuvant
chemotherapy. Adjuvant chemotherapy for stage II or IIIA is
considered a standard of care based on high-level evidence
from multiple randomized trials and meta-analyses. Al-
though adjuvant chemotherapy offers modest survival
benefits, the magnitude of this benefit can be significant in
higher-stage disease. The benefit of osimertinib was seen
irrespective of chemotherapy, and the stage breakdown of
the patients receiving chemotherapy in either arm was well
balanced. However, the benefit of adjuvant osimertinib
might be overestimated in patients who did not get che-
motherapy and who may have been inadequately staged at
baseline. To accurately assess the benefit of adjuvant
osimertinib, adjuvant chemotherapy should have been
offered to all patients in the control arm and not just left to
the discretion of the attending physician. In the ADAURA
trial, at data cutoff, HR for 2 year-DFS was superior in
patients who received adjuvant chemotherapy versus who
did not (0.16 v 0.23), suggesting some incremental benefit
of chemotherapy in addition to osimertinib.

Third, PORT for stage IIIA-N2 disease may not be an im-
portant consideration, notwithstanding the negative results
of the LungART study. However, at the time of study
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enrollment, PORT was considered a valid treatment option
for resected stage IIIA N2 disease. In retrospect, not
allowing PORT and not mandating standard of care ad-
juvant chemotherapy with proven OS benefit among par-
ticipants in the placebo arm may be more of an ethical
consideration for patients and investigators rather than a
confounding variable. Finally, osimertinib is considered to
be a well-tolerated drug in themetastatic setting when there
is high disease and symptom burden. In the adjuvant
setting, in an asymptomatic context, daily treatment with
osimertinib for up to 3 years can lead to considerable
toxicity, especially if we consider that some patients have
been already cured with surgery with or without adjuvant
chemotherapy.

In addition to some of the limitations mentioned above,
several important aspects related to study outcomes remain
to be defined. In the adjuvant setting, it is not known
whether the 2-year DFS superiority with EGFR directed
therapy will translate into an OS benefit with osimertinib.
Data from ADJUVANT/CTONG 1104 trial suggest that the
substantial DFS benefit did not translate into OS, a gold-
standard measure of patient impact in the adjuvant setting.
Although PFS may be a reasonable surrogate for OS in the
metastatic setting, higher level of evidence is needed before
advocating for DFS as a proxy for OS benefit in patients
receiving adjuvant cancer therapies. Unlike ADAURA, the
ALCHEMIST trial is testing adjuvant EGFR- and ALK-
directed therapy using OS as the primary end point.

Furthermore, it has been suggested that targeted therapies
as cytostatic agents suppress micrometastatic disease
progression, thereby delaying recurrence but not elimi-
nating the disease completely. Despite multiple studies
across solid tumors, to our knowledge, imatinib is the only
TKI that has shown improved OS when given in the ad-
juvant setting of high-risk GI stromal malignancies,31 a
disease with completely different molecular background
compared with lung adenocarcinomas. Of note, in the
osimertinib arm of the ADAURA trial, about 15% of the
patients who stopped the drug at 3 years experienced DFS
event in the 6-9 months after drug discontinuation. By
contrast, patients in the placebo arm experienced stepwise
and gradual DFS events throughout follow-up. This might
suggest that recurrence-free survival is directly related to
the length of drug exposure, and therefore adjuvant osi-
mertinib might only delay recurrence and not cure the
disease. In ADAURA, at the data cutoff, approximately 46%
of patients in the placebo arm experienced disease re-
currence. It will be critical to know the post-protocol
treatment patterns, specifically the proportion of patients
in the placebo armwho received osimertinib at progression.
If this percentage is lower than expected, then the DFS
benefit seen in ADAURA might only reflect the suboptimal
treatment of control arm upon progression. Similarly, it will
also be important to note if patients in the osimertinib arm
can be re-treated successfully upon recurrence. If similar

OS can be achieved in the placebo arm with osimertinib
treatment on recurrence, one can speculate that osi-
mertinib has minimal effect on the natural history of the
disease and is only delaying the inevitable relapsed dis-
ease. In addition, in the metastatic setting, the OS benefit
with osimertinib in the first-line setting has been ques-
tioned, given the fact that only a small proportion of patients
randomly assigned to control arm eventually received
osimertinib as cross-over or off-protocol therapy.26

THE ROLE AND IMPLICATIONS OF MOLECULAR PROFILING IN
THE ADJUVANT TARGETED TREATMENT OF NSCLC

Remarkably, lung adenocarcinomas exposed to EGFR-
TKIs evolve under selective targeted treatment pressure
with multiple different resistance mechanisms, including
transformation to small-cell lung cancer.32 In this context,
patients taking osimertinib in the adjuvant setting who
subsequently develop recurrence will likely undergo tumor
or liquid biopsy to evaluate for acquired resistance
mechanisms. One can anticipate that having a non–NGS-
based molecular testing at the time of initial detection of the
EGFR mutation will make it hard to tease out the acquired,
potentially actionable mechanisms of resistance at the DFS
event. In such a scenario, providers may be inclined to
incorporate broad-panel NGS testing at baseline in all
patients with resected NSCLC. Implementing this approach
in the earlier-stage setting will add to the financial toxicity
when the true survival benefit of therapy is yet to be de-
termined. Furthermore, development of acquired resis-
tancemechanisms at relapse on osimertinib in the adjuvant
setting could result in these patients missing the window of
opportunity to receive osimertinib in the metastatic setting.

Robust biomarkers to predict durable clinical benefit to
adjuvant therapy are lacking. This is where technological
advancements in blood-based sequencing approaches will
have significant implications in improving long-term patient
care. Assessments of circulating tumor DNA (ctDNA) are
showing promise for detection of minimal residual disease
(MRD) and may offer important insights into identifying
patients with a high risk of recurrence who deserve active
treatment versus close monitoring.33 For instance, in the
TRACERx study, phylogenetic serial ctDNA profiling and
MRD detection was carried out in 78 patients with stage I-III
NSCLC following surgical excision.34,35 ctDNA was detected
at or before clinical relapse in 82% of patients with median
ctDNA lead-time (time from ctDNA detection to clinical
relapse) of approximately 5 months (range 0 to approxi-
mately 32 months) and the median time to relapse from
surgery of approximately 13 months (range 1-41 months).
Of 23 patients who remained relapse-free, ctDNA was
detected in 1 of 199 time-points analyzed. These data
suggest that ctDNA is emerging as a promising adjuvant
biomarker capable of identifying a high-risk patient pop-
ulation where the escalation to adjuvant treatment such as
EGFR-directed therapies might add value.

Commentary

JCO Precision Oncology 411

Downloaded from ascopubs.org by 54.85.209.252 on November 17, 2021 from 054.085.209.252
Copyright © 2021 American Society of Clinical Oncology. All rights reserved. 



FINANCIAL CONSIDERATIONS AND FUTURE DIRECTIONS

In the United States, adjuvant osimertinib will cost ap-
proximately 220,000 in US dollars per year per person.
Depending on insurance plans, the out-of-pocket costs for
osimertinib might be prohibitive for a significant proportion
of patients. Thus, it might not be as cost-effective to justify
the use of osimertinib in the absence of an OS benefit, an
issue that is contentious but is an important consideration
from a societal healthcare perspective. Furthermore, a
proportion of patients who are probably cured of lung
cancer with surgery alone may have unnecessary exposure
to osimertinib and its toxicities with added hospitalizations.
Low- and middle-income countries might be affected the
most because of lack of access to testing and drugs, as well
as prohibitive costs. Assessment of the quality of life (QoL)
while on therapy and beyond will also be a crucial pa-
rameter to consider the overall benefit of treatment.

In conclusion, OS is the most important and clinically
meaningful end point in the adjuvant setting. Given the lack
of evidence to demonstrate DFS as a validated surrogate
end point with targeted therapy in the adjuvant setting,
mature OS data are recommended before a definitive
statement on adjuvant osimertinib in EGFR-mutant NSCLC.
We also worry that wide adoption of ADURA in the com-
munity might lead to lower use of adjuvant chemotherapy in
favor of osimertinib. With the IDMC decision to unblind and

terminate the study early based on the perceived DFS
benefit, we might never know whether adjuvant osimertinib
leads to a superior OS versus treatment with osimertinib
upon first evidence of relapse. The proponents of ADAURA
might argue that waiting for the OS data will likely take years
to mature. The detrimental effect on quality of life from
osimertinib in some patients who are cured by surgery
alone cannot be justified without improvement in OS.

Although the recent US FDA approval of osimertinib in
the adjuvant setting has a broad label (without specifying
stage)36 and National Comprehensive Cancer Network
guidelines endorse it28 in all patients with resected stage
IB-IIIA, until more mature OS data are available, one
might consider adjuvant osimertinib in addition to ad-
juvant chemotherapy in resected stage IIIA, where most
of the benefit was seen. We believe that it is imperative for
clinicians to understand and discuss some of the caveats
of this approach with patients to guide an informed
decision. In time, if this approach does prove to be
successful based on the speculated improvement in OS,
validation and incorporation of ctDNA-based strategies
to monitor MRD status over time will likely have an im-
portant role in escalation, de-escalation, and determin-
ing duration of targeted treatments in the adjuvant
setting.
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