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Abstract: Defining the optimal neoadjuvant strategy in early-stage and locoregional (N2) oncogenic-driven
lung cancer remains a major challenge for the scientific community. Whereas significant advances have been
achieved with the use of personalized medicine and targeted therapies in advanced stages, we are still far
from translating the same magnitude of benefits into an earlier-stage disease. Perioperative strategies with
neoadjuvant and adjuvant tyrosine kinase inhibitors in patients with EGFR and ALK gene alterations have
yielded mixed results and further biomarker-driven trials are needed to shed more light on the significance
of inhibiting the oncogenic signaling addiction at earlier stages of the disease and the conceivable value of
incorporating more potent targeted inhibitors in this setting. Meanwhile, the landscape of early-stage lung
cancer management is progressing rapidly, and we anticipate the incorporation of novel immunotherapeutic
agents on the basis of this promising preliminary activity as induction strategies. Whether the benefits
observed in the overall population can be translated into specific subsets of oncogenic-driven tumors is still
unknown, but it clearly reinforces the importance of incorporating—sooner rather than later—a biomarker-
testing strategy into the routine work-up of early-stage non-small cell lung cancer (NSCLC). There are still
many challenges to overcome such as the need to stablish standardized surrogate endpoints and to define the
optimal duration of perioperative treatment, as well as how to expedite patient recruitment using enrichment
strategies for biomarker stratified trials. Despite the difficulties, we are living in exciting times and coming
up on a new window of opportunities for achieving the ultimate goal of curing early-stage lung cancer
and improving long-term outcomes by eliminating the minimal residual disease and reducing the risk for

metastatic recurrence.
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Introduction

The molecular testing of oncogenic drivers with the
potential for target inhibition, such as epidermal growth
factor receptor (EGFR) and BRAF mutations, as well as
rearrangements involving the anaplastic lymphoma kinase
(ALK) and ROSI gene, is endorsed by several guidelines
and considered mandatory at diagnosis only in advanced-
stage non-small cell lung cancer (NSCLC) (1,2). These
alterations are considered powerful predictive biomarkers
and constitute excellent therapeutic targets in advanced
NSCLC patients.

EGFR mutations constitute the second most common
oncogenic driver, after the Kristen Rat Sarcoma viral
oncogene (KRAS). Unfortunately, KRAS mutations have not
been targeted successfully similar to EGFR mutations (3).
Currently, there are 3 generations of tyrosine kinase
inhibitors (TKIs) approved in the first-line treatment of
patients with advanced NSCLC harboring EGFR-sensitive
mutations at exonl19 (Ex19del) and substitutions in exon 21
(L858R). Trials with first- (erlotinib and gefitinib), second-
(afatinib, dacomitinib) and third-generation (osimertinib)
EGFR-TKIs—the latter specifically designed to selectively
inhibit the resistant EGFR-T790M mutation—have
demonstrated a reduction in the risk of progression in
patients with EGFR mutations (4,5). The substantial
OS improvement seen with first-line osimertinib in the
FLAURA trial (6), with a median overall survival (OS) of
38.6 months compared to 31.8 months with first-generation
TKIs, in addition to the favorable tolerability profile, has
placed osimertinib as one of the preferred options for initial
therapy in patients with EGFR-mutated (EGFR+) advanced
NSCLC.

Conversely, ALK-rearranged (ALK+) adenocarcinoma
constitutes the second most common subset of targetable
oncogenic alterations in advanced non-squamous
NSCLC. Crizotinib, a first-generation ALK-inhibitor,
was the first targeted drug to reach approval in ALK+
disease after a phase III trial demonstrated its superiority
over chemotherapy (7). Since then, second-generation
ALK-TKIs—alectinib, ceritinib and brigatinib—have
demonstrated greater activity and have been incorporated
into the therapeutic arsenal of ALK+ advanced NSCLC
patients (8-11). All of these compounds have prolonged
median OS times of about 7 years in patients with stage
IV ALK+ NSCLC, compared with 4 months among these
patients before these drugs were available. More potent
third-generation ALK-TKIs such as Lorlatinib—approved
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for the treatment of patients with ALK+ and progressive
disease following treatment with two other prior ALK-
TKIs (12)—or ensartinib are currently being studied in
treatment-naive ALK+ patients to see whether they can
improve the survival advantage observed with the newest-
generation ALK-TKIs.

Despite the encouraging results in treating EGFR/ALK+
driven tumors at advanced stages, the clinical value of using
targeted inhibitors in an early-stage context, within surgery,
has not yet been defined. Indeed, there has been little
improvement in the management of resectable NSCLC in
nearly a decade. To date, guideline recommendations for
surgically resectable patients with oncogenic drivers are the
same as for those without driver alterations, and following
surgical resection, adjuvant platinum-based chemotherapy
remains the mainstay treatment (13).

In this review, we aim to provide a comprehensive
overview of current knowledge advances about this distinct
biologic subgroup of NSCLC patients with alterations in
EGFR and ALK but focusing on early-stage and locoregional
(N2) disease. We will put the epidemiology and prognostic
significance of these two molecular entities into context
and we will discuss the opportunity to maximize progress
towards better outcomes by overviewing the results of the
most relevant clinical trials exploring the use of induction/
adjuvant targeted therapies at earlier stages of the disease.
We present the following article in accordance with the
narrative review reporting checklist (available at http://

dx.doi.org/10.21037/tler-20-780).

Methods

We have performed an exhaustive and systematic literature
search using public, published citations for biomedical
literature on PubMed, databases of registered clinical
trials for unpublished results, and abstracts presented at
international conferences.

Occurrence of EGFR/ALK alterations in early-
stage and locoregional (N2) lung cancer

There is no clear data about the real frequency and type of
EGFR mutations and ALK translocations in early-stage or
locoregional (N2) disease, as standard biomarker testing
in this setting is currently not endorsed by molecular
guidelines (13).

Several retrospective studies have reported varying
EGFR mutation rates, ranging between 17% to 20% in
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non-Asian populations (14,15) and 28% to 54% in Asian
populations (16,17). In a large-scale Chinese retrospective
analysis of 790 early-stage resected tumors, the EGFR
mutation rate and mutation type were very similar to
those in the advanced-stage (53.6% vs. 51.4%) with an
incidence comparable among diverse nodal stages (NO:
55.2%, N1: 45.5%, N2: 44.8%) (16). In the ADAURA trial
(NCT02511106), a phase III trial assessing the efficacy and
safety of adjuvant osimertinib in resected stage IB-IIIA
EGFR+ NSCLC, a total of 2447 resected specimens (61%
Asian patients) were screened, for which 44% were EGFR+,
with a higher proportion of Asian vs. non-Asian (63% vs.
37%), and female vs. male (69% vs. 30%) (18,19). The high
incidence of EGFR mutations assigned to the early-stage
disease is confounding, and might reflect a selection bias
result of the retrospective nature of some cohort studies and
the pre-screening process of potential subjects to determine
their initial eligibility in others.

The Lungscape Project, a European multi-institutional
consortium biobank from the European Thoracic Oncology
Platform (ETOP), explored the incidence of gene
alterations in a large cohort of surgically resected stage I-
III NSCLC (20,21). The estimated prevalence of EGFR
mutations was 5.4% (9.7% in adenocarcinomas) (20) and
6.2% and at least 2.2% by either immunohistochemistry
(IHC) or fluorescence in situ hybridization (FISH) for
ALK+, respectively (21). Other recent retrospective cohort
studies have reported similar rates for early-stage ALK+

NSCLC (22).

Prognostic significance and clinical outcomes of
EGFR/ALK alterations in early-stage lung cancer

Based on the revised eighth edition of the TNM staging
system, the 5-year OS for early-stage NSCLC by best-
stage groups (pathological if available, otherwise clinical
stage) ranges from 89% to 71% for stage I, 64% to 55%
for stage 11, and 37% for stage IITA (23). More specifically,
for one single-category N2, disease survival rates are much
poorer with median OS of 17 months and only 23% of
patients alive at 5 years (23). However, the prognosis of
the N2 descriptor strongly differs between the microscopic
N2 involvement and the bulky disease with perinodal
infiltration (24,25).

To date, defining the prognostic impact of molecular
drivers of early-stage and locoregional (N2) disease has
been challenging and inconsistent due to the relative rarity
of these subsets. Additionally, it is unknown whether these
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specific molecular alterations might influence the natural
history of surgically resected NSCLC. Some retrospective
cohorts have shown a significant survival advantage in
surgically resected EGFR+ compared with EGFR wild-type
patients (14,26). However, others could not confirm the
prognostic significance of EGFR mutational status (20,27).
A large meta-analysis which included a large dataset of 9,635
surgically-resected NSCLC patients pooled from 32 studies,
shown a significant advantage in disease-free survival (DFS)
(HR 0.77; 95% CI, 0.66-0.90; P=0.001) and OS (HR 0.72;
95% CI, 0.66-0.80; P<0.00001) in early-stage EGFR+
NSCLC (28). Putting the data together, these findings
might indicate that surgically treated NSCLC patients
with EGFR mutations could be inclined to exhibit better
outcomes after surgery. It cannot be excluded, however, that
the better outcomes result from other frequently associated
good prognostic factors, such as younger age, female sex, or
non-smoking habits.

The prognostic significance of ALK positivity in early-
stage disease is also debatable. Whereas some studies
suggest that ALK positivity confers worse prognostic
outcomes (22,29-31), other studies and meta-analyses have
proven a favorable prognostic association in patients with
surgically resected NSCLC (21,32).

The significance of the genotype status was also evaluated
in a large cohort of locally-advanced NSCLC patients
treated with conventional radiotherapy and chemotherapy
with curative intent (57% stage IIIA) (33). Median OS
was significantly higher for EGFR+ and ALK+ compared
to KRAS+ and wild-type patients (55.8 vs. not reached
vs. 28.0 vs. 33.2 months respectively; P=0.02), with lower
incidence of locoregional recurrence in EGFR+ patients (3-
year estimate freedom of recurrence: 77% wvs. 38% vs. 49%
vs. 46% respectively; P=0.08). No differences in the risk of
distant metastases was observed among the subgroups (33).

Neoadjuvant strategies in locoregional (N2) lung
cancer and surrogate pathological endpoints

The locoregional N2 disease (stage IIIA) accounts for
approximately 15% of NSCLC cases (34). The optimal
treatment modalities for patients with N2 disease
remains a matter of debate in thoracic oncology (35)
and the definition of ‘resectability’ for N2 disease differs
considerably between countries and centers (36,37). For
patients with ‘unresectable’ N2 disease, the standard of
care is less debatable, as concurrent chemo-radiotherapy
followed by maintenance with durvalumab is recommended
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if no evidence of disease progression is observed after the
induction treatment (PACIFIC trial) (38). In potentially
resectable stage IITA (N2) disease—patients in whom
a microscopically margin-negative resection may be
anticipated—diverging trimodality approaches including
surgery, perioperative chemotherapy, and radiotherapy may
be considered within the framework of a multidisciplinary
thoracic team (13).

Neoadjuvant chemotherapy has been shown to be a valid
alternative to adjuvant chemotherapy in early-stage IB-IIIA
NSCLC, with a 13% reduction in the relative risk of death
(HR 0.87; 95% CI, 0.78-0.96; P=0.007) and an absolute
S5-year benefit of 5% in overall survival and 10% in time-
to-distant recurrence (39). More specifically, for stage ITIA
(N2) NSCLC, several randomized-controlled trials and
meta-analyses have also demonstrated a substantial survival
advantage with the use of neoadjuvant chemotherapy
(40,41). Preoperative chemoradiotherapy is an alternative
option to neoadjuvant chemotherapy in patients with
stage IIIA(N2) NSCLC, and it increases the proportion
of complete resections (75% wvs. 60%) as well as the rate
of mediastinal downstaging (46% wvs. 29%, P=0.02) and
pathological responses (60% vs. 20%, P<0.0001). However,
both treatment strategies seem to provide similar benefits in
terms of PFS and OS (42).

Despite all of the controversies over which is the ‘optimal’
treatment approach for N2 disease, the early introduction
of a systemic treatment in patients suitable for surgical
resection seems to be a reasonable approach and poses
several advantages: (I) improves treatment compliance;
(II) enhances local control increasing the likelihood of
a complete resection; (III) has the potential to eradicate
subclinical metastases; (IV) allows an in vivo assessment
of the biological changes in the tumor at resection and
an early readout of efficacy, constituting a more accurate
means of comparing the activity of novel neoadjuvant
therapies within a few weeks from treatment initiation and
last but not least; (V) a patient’s response to neoadjuvant
chemotherapy may provide early prognostic information on
tumor response and downstaging.

Collectively, several trials have demonstrated a
prognostic association of mediastinal pathological lymph
node downstaging (pLND), pathologic responses and
complete tumor resection (RO) in locoregional stage IIIA
(pN2 by mediastinoscopy) following both neoadjuvant
chemotherapy and chemoradiation (43-46).

Complete pathological response (CPR)—defined as the

absence of viable tumor cells in resected specimens—is an
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accepted surrogate measure for survival in patients with
breast cancer following completion of neoadjuvant systemic
therapy, and supports an accelerated drug approval by the
Food and Drug Administration (FDA) (47). However, in
lung cancer no pathologic surrogate following neoadjuvant
therapy has been broadly accepted or defined so far. In
lung cancer, CPR after neoadjuvant chemotherapy is rather
infrequent (about 4-10%) and the utility of mediastinal
downstaging is limited as it depends on the accuracy of
nodal assessment at diagnosis (48). Recently, the concept of
major pathologic response (MPR), which is defined as 10%
or less residual tumor cells after neoadjuvant therapy, has
been proposed as a potential surrogate endpoint for OS in
patients with NSCLC and a conceivable marker to evaluate
the response of novel therapies in biomarker-driven
translational clinical trials (48,49).

In light of the growing need, the International Association
of Lung Cancer (IASLC) has launched a multidisciplinary
recommendation for the pathologic assessment of lung cancer
resection specimens after neoadjuvant therapy to define
pathologic response, including MPR or CPR, after neoadjuvant
therapy in clinical trials and in routine practice (50).
In order to facilitate the comparison of the impact of
pathologic responses between different types of neoadjuvant
therapies, the guidelines recommend using the same
approach be used when evaluating the percentage of viable
tumor cells of resected lung cancers regardless of the type
of neoadjuvant therapy administered, including molecularly
targeted or immunological therapies as well as combination
strategies. Whether these pathological responses can be
used as surrogate endpoints in lung cancer patients treated
with neoadjuvant targeted therapies is presently unknown
but merits further evaluation in prospective trials.

The role of targeted therapies in the
perioperative management of resectable EGFR/
ALK+ NSCLC

Adjuvant targeted trials in EGFR+ NSCLC

Platinum based chemotherapy has been the mainstay
treatment in the adjuvant setting of NSCLC for about two
decades, offering a modest 4-5% absolute benefit at 5 years
for patients with stage II and III (N1 and N2 disease) (51),
and the use of adjuvant targeted therapies is not yet
approved in early-stage NSCLC. Given the demonstrated
efficacy of several EGFR-TKI in advanced disease, it was
reasonable to postulate that perioperative targeted therapies
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might also impact the outcomes of EGFR-mutant NSCLC
patients at earlier stages. Indeed, the use of targeted
therapies as adjuvant treatment of oncogene-driven cancers
is well established in other diseases such as pertuzumab or
trastuzumab in HER2-positive breast cancer, dabrafenib/
trametinib in BRAF-mutated melanoma, or imatinib in
KIT-mutant gastrointestinal stromal tumors (52-55). On
this basis, several studies have been designed to investigate
the role of EGFR-TKIs in the adjuvant setting of EGFR+
NSCLC (Tible 1).

The National Cancer Institute of Canada (NCIC) BR19
trial (61), was the first randomized, placebo-controlled trial
of an EGFR-targeted agent (gefitinib, administered for
two years) delivered in the adjuvant setting in completely
resected stage NSCLC (IB-IITA). When BR19 was
initiated, it was unknown that activating mutations of EGFR
were biomarkers of efficacy for EGFR-TKI and patients
were unselected for the EGFR+ genotype. The trial was
closed prematurely after an interim analysis showed that
maintenance gefitinib was associated with worse outcomes
than placebo (OS HR, 1.24; 95% CI, 0.94-1.64; P=0.14;
DFS HR, 1.22; 95% CI, 0.93-1.61; P=0.15). The molecular
profile was determined as an exploratory analysis in 71%
of tumors (359/503). For the subset of EGFR mutation-
positive tumors, gefitinib also did not demonstrate a
beneficial effect on outcomes, although the interpretation of
the data is limited by the low number of patients included
(n=15).

The second randomized, double-blind, phase III trial for
postoperative EGFR-TKI was the RADIANT trial (62).
Patients with completely resected stage IB to IIIA NSCLC
(n=973) whose tumors expressed EGFR protein (IHC) or
EGFR amplification (FISH) were randomized to receive
erlotinib or a placebo for two years. Adjuvant erlotinib did
not prolong disease-free survival (DFS) over placebo in
patients with EGFR-expressing NSCLC (HR 0.90; 95%
CI, 0.74-1.10; P=0.324). Secondary endpoints included the
evaluation of DFS and OS in patients with EGFR+ (ex19del/
L858R). Although an initial favorable DFS with erlotinib
was observed among the 161 patients (16.5%) with EGFR-
mutations (median 46.4 vs. 28.5 months; HR 0.61; 95% CI,
0.38-0.98; P=0.039), with a longer follow-up at 60 months,
this trend of erlotinib benefit in the EGFR+ subgroup was no
longer apparent (HR 0.75; 95% CI, 0.48-1.15; P=0.19) (63).

Unlike the BR19 and the RADIANT trials, the SELECT
trial evaluated the role of adjuvant EGFR-TKIs specifically
in molecularly selected EGFR+ NSCLC (57). In this phase
II study, one hundred patients with resected stage IA to IITA
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and sensitive EGFR mutations (3 patients with uncommon
mutations G719X and L861Q), were treated with erlotinib
for 2 years after standard adjuvant chemotherapy with or
without radiotherapy. Most patients (69%) consented to
completing up to 2 years of therapy. The study met its
primary endpoint of improving the 2-year DFS (overall
88%; 96% stage I; 78% stage II; 91% stage III) compared
to the historical genotype-matched controls (76%). At
S-years, DFS and OS were 56% and 86%, respectively,
with medians that have not yet been reached. Recurrences
occurred in 40 of patients, mainly in those who received
a significantly shorter duration of adjuvant erlotinib, and
patients rechallenged with erlotinib (n=26) experienced
durable benefit (median 13.1 months) (57). In spite of the
promising overall results, this was a single-arm, phase 11
study so efficacies could not be used for direct comparison.

An updated meta-analysis on adjuvant EGFR-
TKIs (seven trials including the BR19, RADIANT and
ADJUVANT trials) provided strengthened evidence
of adjuvant EGFR-TKI treatment in the EGFR+ sub-
population with a HR for DFS of 0.51 (95% CI, 0.39-0.65),
corresponding to an absolute benefit of 7% at 3 years (48.5%
vs. 55.6%) (64).

The ADJUVANT-CTONG 1104 trial (65) is the
first reported OS result of a phase III randomized trial
of adjuvant EGFR-TKI vs. standard chemotherapy in
resected stage II-IITA (N1-N2) EGFR+ NSCLC. One
of the study limitations is that there were more patients
allocated to the chemotherapy group, who did not receive
treatment, than that of the gefitinib group. The study met
its primary endpoint of improving DFS by 10 months
with adjuvant gefitinib compared with standard doublet
chemotherapy (28.7 vs. 18.0 months; HR 0.60; 95% CI,
0.42-0.87, P=0.0054). A subgroup analysis found that N2
patients retained a higher benefit in DFS (HR 0.52; 95%
CI, 0.34-0.80, P=0.003). The final 3- and 5-year DFS rate
and OS have recently been updated with a median follow-
up of 80.0 months (56). The slight final improvement in
DFS (30.8 vs. 19.8 months; HR 0.56; 95% CI, 0.40-0.79)
could not translate into a significant OS difference, and final
median OS did not differ between groups (75.5 months
in gefitinib group and 62.8 months in control group; HR
0.92;95% CI, 0.62-1.36). Moreover, after 3 years of follow-
up, the curves came together and the benefits initially
achieved were no longer observed (3-year DFS 39.6% uvs.
32.5%). These unfavorable results raise the possibility that
some patients may have had extended disease at the time of
enrollment. Indeed, the trial enrolled a large percentage of
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patients with stage IITA disease (64%) and did not require
fluorodeoxyglucose-positron emission tomography (FDG-
PET) scans at baseline for staging.

Two Asian trials explored the use of adjuvant EGFR-
TKIs specifically in resected locoregional stage IITA (N2)
NSCLC. The phase 2 EVAN trial, compared erlotinib for
2 years vs. four cycles of platinum-based chemotherapy
in 102 resected stage IITA EGFR+ NSCLC patients from
China. The trial met its primary endpoint and confirmed
that adjuvant erlotinib was superior to cisplatin-based
chemotherapy, with an absolute 2-year DFS gain of 36.7%
(HR 0.268; 95% CI, 0.13-0.53, P<0.0001), an absolute
gain that was retained with longer follow up at 3-years
(34.4%) (58). It is worth highlighting that 94% of all
patients (48/51) were stage IITAN2 and received the most
benefit from targeted therapy, which is consistent with
the ADJUVAN'T trial results. The OS of the EVAN trial
remains immature.

The consolidation strategy after chemotherapy using a
shorter maintenance continuation of EGFR-TKI of about
8 and 6 months has been explored in two small phase II
randomized trials (59,60) (Table I). In one of these trials,
patients with resected stage IIIA-N2 NSCLC harboring
EGFR mutations were assigned to receive chemotherapy for
4 cycles, followed with or without gefitinib (250 mg/day),
for 6 months. DFS was significantly longer among those
who received pemetrexed-carboplatin (PC) and gefitinib
than among those who received PC alone (median, 39.8 vs.
27.0 months; HR 0.37; 95% CI, 0.16-0.85; P=0.014). The
rates of 2-year DFS were 78.9% in the PC-gefitinib group
and 54.2% in the PC alone group.

The ADAURA trial (NCT02511106), is the first
randomized phase III trial which has explored a third
generation EGFR-TKI (osimertinib) as adjuvant therapy in
patients with EGFR+ NSCLC. The ADAURA is a double-
blind, randomized, placebo-controlled trial comparing the
efficacy of osimertinib 80 mg daily or placebo for three
years following complete tumor resection in 700 completely
resected EGFR-mutant stage IB-IITA NSCLC patients after
adjuvant chemotherapy. One third of the patients included
in the study were stage IIIA and 61% Asian. The primary
efficacy endpoint was DFS by investigator assessment
in stage II/ITIA patients, designed for superiority under
the assumed DFS HR of 0.70. Following an independent
committee recommendation, the study was unblinded early
due to efficacy, and the results of the unplanned interim
analysis have recently been reported with a follow-up of at
least 1 year (19). The study met its primary endpoint and
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showed a statistically significant and clinically meaningful
improvement in DFS in patients with stage II-IIIA EGFR+
NSCLC treated with osimertinib vs. placebo (median NR
vs. 20.4; HR 0.17; 95% CI, 0.12-0.23; P<0.0001). Overall
(stage IB-IITA), there was a 79% reduction in the risk of
disease recurrence or death with osimertinib vs. placebo (HR
0.21; 95% CI, 0.16-0.28; P<0.0001) and 2-year DFS rates
were 89% vs. 53%, respectively, with curves that separated
early and did not cross over time. The benefit of DFS was
observed in all of the prespecified subgroups regardless of
whether patients had received prior adjuvant chemotherapy
and was high and consistent among all of the different
stages (overall HR for stage IB, II, and IIIA were 0.5, 0.17,
and 0.12, respectively). We do not know whether the use of
a third-generation more potent inhibitor (osimertinib) or
the longer exposition to the inhibitor (3 years) might explain
the improved results. The safety profile was consistent with
the established safety profile of osimertinib, with only mild
EGFR-TKI class effects reported [Grade >3 adverse events
(AEs) 20%]. At the time of analysis, median OS was still
immature to draw any conclusions.

Some of the abovementioned adjuvant clinical trials,
stratified the patients by EGFR mutation status (Ex19del or
L858R) in order to perform subgroup analysis. This is the
case of the adjuvant phase III ADAURA and ADJUVAN'T/
CTONGI1104 trials and the phase II EVAN trial. In the
Li et al. trial analysis of DFS by mutation subtype was
preplanned. All these studies, consistently agree that
patients harboring the exon 19 deletion seem to derive a
major benefit to TKIs than patients with L858R in terms of
DES. On the other hand, whether the duration of adjuvant
TKI therapy might result in distinct efficacy remains
unknown and there is a need for further investigation.
Two years of therapy was selected in the CTONG1104,
SELECT, and EVAN trials, whereas 3 years of osimertinib
was used in the ADAURA trial. The median duration of
exposure to adjuvant erlotinib or osimertinib in the EVAN,
SELECT, and ADAURA trials was very consistent (23.9,
20.0, and 22 months, respectively), whereas a lower gefitinib
exposure was reported in RADIANT (11.9 months). In the
ADJUVANT-CTONG 1104 trial (26), patients with longer
exposure to adjuvant gefitinib for >18 months seemed to
retain a higher OS benefit (HR 0.38; 95% CI, 0.22-0.66;
P<0.001).

There are four phase III trials ongoing in the adjuvant
setting for resected stage II-IIIA NSCLC: the Chinese
ICTAN (NCT01996098), ICWIP (NCT02125240) and
EVIDENCE (NCT02448797) with adjuvant icotinib and the
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Japanese IMPACT (WJOG6401L) with gefitinib (Zable 2).

Neoadjuvant targeted trials in EGFR+ NSCLC

Unlike the adjuvant context, only phase II trials with a
very limited number of patients have evaluated the role
of induction targeted TKI therapies in EGFR+ resectable
NSCLC (Table 3).

There is evidence of the feasibility and activity of using
neoadjuvant targeted modalities in other oncogenic-depend
tumors, such as pertuzumab and trastuzumab in HER2-
positive breast cancer (71,72).

The CSLC-0702 was the first phase II trial of
neoadjuvant treatment stratified by EGFR mutation
status (66). Twenty-four patients with stage IIIA (N2)
NSCLC were randomized according to the status of EGFR
to receive three cycles of gemcitabine plus carboplatin
(EGFR-wild type) or erlotinib (EGFR+) during 42 days
before the surgery. Although the neoadjuvant treatment
with erlotinib in EGFR+ tended to show an improved
response rate (58.3% vs. 25%), the PFS and OS did not
differ significantly between two arms and only 50% (3/6)
EGFR+ patients underwent surgical resection compared
to 71% (5/7) in the chemotherapy arm. However, results
should be taken with caution due to the small number of
patients included in the trial.

Zhong et al. (67) compared the efficacy of erlotinib
vs. gemcitabine plus cisplatin as neoadjuvant/adjuvant
treatment in 72 Chinese patients with stage IIIA (N2)
NSCLC molecularly selected for sensitizing EGFR
mutations in exon 19 or 21 (CTONGI1103-EMERGING
trial). Patients received erlotinib 150 mg/day (neoadjuvant
therapy, 42 days; adjuvant therapy, up to 12 months) or
gemcitabine plus cisplatin (neoadjuvant therapy, two
cycles; adjuvant therapy, up to two cycles). The primary
endpoint of ORR was not met for neoadjuvant erlotinib
vs. chemotherapy (ORR 54.1% vs. 34.3%, OR 2.26; 95%
CI, 0.87-5.84; P=0.092) and no CPR were identified in
either arm. Even so, an MPR rate of 9.7% with erlotinib vs.
0% with chemotherapy was demonstrated, with a pLND
reported in 11% (4/37) in the erlotinib group and 3% (1/35)
in the chemotherapy group. After neoadjuvant therapy,
73% of patients in the erlotinib group and 63% in the
chemotherapy group underwent surgery. Median PFS was
significantly longer with erlotinib versus chemotherapy (21.5
vs. 11.4 months; HR 0.39; 95% CI, 0.23-0.67; P=0.001)
but OS was not significantly different between the two
arms (45.8 vs. 39.2 months; HR 0.77; 95% CI, 0.41-1.45;
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P=0.417).

The ESTERN trial (68), was a small (n=19), single-arm
study, evaluating whether neoadjuvant erlotinib at standard
dose of 150 mg daily for 56 days could improve operability
and OS in patients with stage IITA (N2) EGFR+ NSCLC.
The radical resection rate (RRR) was 68.4% (14/19), 35.7%
of patients (5/14) achieved a pLND following treatment,
with an ORR of 42.1%. Among the 19 patients who
received neoadjuvant therapy, median PFS and OS were
11.2 and 51.6 months, respectively.

Zhang and colleagues conducted a single-arm, small
(n=35) phase II trial (NCT01833572) to evaluate the
efficacy of gefitinib (250 mg once daily for 42 days) as
neoadjuvant treatment in patients with stage II-IIIA EGFR+
NSCLC (69). The ORR, primary endpoint, was 54.5% and
the rate of MPR was 24.2%. The median DFS was 33.5
months (95% CI, 19.7-47.3), whereas median OS was not
reached.

Another ongoing study evaluating a pre-operative
strategy with gefitinib for resectable IA-IIIA EGFR+
NSCLC is the PROGRESS trial NCT02804776) (70).
The primary endpoint was to determine EGFR-TKI
sensitivity biomarkers in responders vs. non-responders,
correlating pathologic responses with serial plasma and
tissue sequencing, and pharmacodynamic changes with
serial FDG-PET scans. Results were recently presented
about sixteen patients who received a minimum of 4 weeks
gefitinib 250 mg once daily. The ORR was 62 %, all patients
underwent resection, 31% (4/13) had pLND and 8% (1/13)
had an MPR. The percentage of residual disease did not
correlate with residual FDG-uptake or tumor response.
Interestingly, by RNA-sequencing, there was a prevalent
upregulation of immune regulatory and inflammatory
response genes, indicating infiltration of fibroblasts and T
cells, providing unique insight into adaptive responses and
for the development of rational combination approaches in
EGFR+ NSCLC.

The role of the newest generation EGFR-TKIs such as
osimertinib as a neoadjuvant therapy in early-stage EGFR+
NSCLC has not been established. To date, there are three
ongoing clinical trials exploring the efficacy of osimertinib
in a neoadjuvant setting: the phase II ChiCTR1800016948
and NCT03433469, and the phase III NeoADAURA
(NCT04351555) (1able 2). Preliminary data from the phase
II NCT03433469 study (comprising data from only 5
patients) indicates that 8 weeks of neoadjuvant treatment
with osimertinib is well tolerated (no serious AEs reported)
with a 60% ORR (no CPR have been observed) (73).
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Table 2 Ongoing perioperative studies in early-stage or locoregional (N2) EGFR/ALK+ NSCLC
. . ) ) ) EGFR-TKI Primary
Trial Driver Setting Phase Population N Study design duration  endpoint
ICTAN (NCT01996098) EGFR A I} A=A 318 CT: icotinib vs. observation 6 vs. 5-year DFS
12 months
ICWIP (NCT02125240) EGFR n 1-11A 124 CT: icotinib vs. placebo - 3-year DFS
EVIDENCE EGFR 1] 1-11A 320 Icotinib vs. CT 2 years 4-year DFS
(NCT02448797)
IMPACT (WJOG6401L) EGFR A n 1-11A 230 Gefitinib vs. CT 2 years 5-year DFS
NeoADAURA EGFR NA 1] 1I-11B 300 CT/placebo: surgery vs. 9 weeks MPR
(NCT04351555) CT/osimertinib: surgery vs.
Osimertinib: surgery
ChiCTR1800016948  EGFR NA Il 1-11A 40 Osimertinib: surgery 8 weeks  ORR
NCT03433469 EGFR NA Il I-lIA 27 Osimertinib: surgery 8 weeks  MPR
ALINA (NCT03456076) ALK n 1B-IIIA 255 Alectinib vs. CT 2 years DFS
ALCHEMIST ALK/EGFR A Umbrella IB-lIIA 360 (ALK); Crizotinib vs. placebo (ALK); 2 years 0s
(NCT02194738) 410 (EGFR) Erlotinib vs. placebo (EGFR)
NCTO03088930 ALK/ROS1/MET NA Il IA-IIIA 18 Crizotinib: surgery 6 weeks  ORR

NA, neoadjuvant; A, adjuvant; N, number; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; ALK, anaplastic lympho-
ma kinase; CT, chemotherapy; ORR, objective response rate; MPR, major pathologic response; DFS, disease free survival; OS, Overall
survival; Shaded in grey, ongoing phase lll trials.

Table 3 Neoadjuvant studies in early-stage or locoregional (N2) EGFR+ NSCLC

. ) EGFR-TKI Primary Results for survival
Trial Phase Stage N Study design duration endpoint Results rates (months)
Zhong et al. (66) llrand IIA 24 Erlotinib (EGFR+) vs. 6 weeks ORR ORR 58.3% vs. 25% (P=0.18); PFS 6.9 vs. 9
CSLC-0702 (N2) Platinum-based CT RRR 50% vs. 71%; MPRno  (HR 2.26); OS 14.5

x 3 cycles (EGFR-WT) reported; CPR no reported;  vs. 28 (HR 1.79)

pLND 17% vs. 25%

Zhong et al. (67) llrand IIA 72 Erlotinib (NA and A) vs. NA: 6 weeks; ORR ORR 54.1% vs. 34.3% PFS21.5vs. 11.4

CTONG1103 (N2) Platinum-based CT A: up to (P=0.092); RRR 73% vs. 63%; (HR 0.39); OS 45.8

(EMERGING) x 2 cycles (NA and A) 12 months MPR 9.7% vs. 0%; CPR 0%; vs. 39.2 (HR 0.77)
pLND 11% vs. 3%

Xiong et al. (68) I A 19 Erlotinib 8 weeks RRR ORR 42.1%; RRR 68.4%; PFS 11.2;

(ESTERN) (N2) MPR no reported; CPR 0%; OS 51.6
pLND 21.1%

Zhang et al. (69) I II-IA 35 Gefitinib 6 weeks ORR ORR 54.5%; RRR 89%; MPR DFS 33.5;

NCTO01833572 24.2%; CPR 12.1%; pLND no OS not reached
reported

Tan et al. (70) Il I-IIA 16 Gefitinib Minimum EGFR TKI ORR 62% (n=16); RRR 100% -

(PROGRESS) 4 weeks sensitivity (n=16); MPR 8% (n=16); pLND

Ongoing data on biomarkers  31% (n=16)

(n=16) determination

N, number; Rand, randomized; CT, chemotherapy; EGFR, epidermal growth factor receptor; EGFR+, EGFR mutated; EGFR-WT, EGFR
wild type; NA, Neoadjuvant; A, adjuvant; ORR, objective response rate; RRR, radical resection rate; MPR, major pathologic response;
CPR, complete pathological response; pLND, pathological lymph node downstaging; DFS, disease free survival; OS, overall survival; HR,
hazard ratio. Shaded in grey, studies only for N2 disease. In bold results for primary endpoint.
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The NeoADAURA trial, will randomize (1:1:1) 300
patients with sensitizing EGFR mutations (Ex19del or
L858R either alone or in combination with other EGFR
mutations) to receive placebo plus chemotherapy (per 3
cycles), osimertinib plus chemotherapy (per 3 cycles) and
osimertinib (9 weeks), duration a bit longer than previous
neoadjuvant trials with EGFR-TKIs.

Perioperative targeted trials in ALK+ NSCLC

In early-stage ALK+ disease, there is no available
information on the role of ALK-TKIs in the adjuvant
setting and only two phase III trials are currently recruiting
participants (Table 2).

The ALINA (NCT03456076) is the only phase III
ongoing trial, investigating the efficacy of adjuvant ALK-
TKI alectinib in resected stage IB-IITA ALK+ NSCLC.
A total of 255 patients will be randomized (1:1) to receive
twice-daily alectinib 600 mg for 2 years or four 21-day
cycles of platinum-based chemotherapy. The primary
endpoint of the study is DFS per investigator and secondary
endpoints include OS, safety, and pharmacokinetics. The
ALCHEMIST (NCT02194738) is another prospective,
randomized, double-blind, placebo-controlled trial
including stage IB-IIIA patients with EGFR+ or ALK
rearrangements after surgical resection. The umbrella
design of the study facilitates targeting several oncogenic-
drivers at a time to subsequently refer them to one of the
treatment trials—the ALCHEMIST-EGFR (A081105) or
ALCHEMIST-ALK (E4512)—which are testing erlotinib
(for EGFR+) or crizotinib (for ALK+) versus observation (74).
The primary objective of the trial is to evaluate whether
drug treatments targeted against those molecular changes
can lead to an improved survival.

Likewise, in the neoadjuvant setting, we do also have very
marginal evidence coming from two small studies and there
is only one small phase II trial (NCT03088930) currently
ongoing evaluating the efficacy of crizotinib (6 weeks as an
induction therapy) in 18 patients with resectable stage IA-
ITITA NSCLC (Tuble 2).

A retrospective case cohort with small sample size (n=11)
reported the efficacy of neoadjuvant crizotinib (250 mg
twice daily for a median duration of 30 days) in ALK+
patients with pathologically confirmed N2 disease (75).
All patients showed promising response to induction
treatment allowing for surgery, and two patients (18.2%)
attained a CPR. Five patients with disease recurrence
were treated with crizotinib achieving a long duration of
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response. The phase II SAKULA (UMIN000017906), is
a Japanese trial that evaluated the efficacy and safety of
neoadjuvant ceritinib (750 mg once daily for 12 weeks)
followed by surgery in patients with ALK+ stage II-III
NSCLC (76). Due to slow accrual, only seven patients
were finally enrolled (all them had stage IIIA disease).
The reported ORR was 100% and surgical resection was
performed in six patients. MPR (the primary endpoint
of the study) and CPR were 57% and 33% respectively.
With a median follow-up of 10 months, one patient died of
disease progression and six patients remain alive, including
four patients who are recurrence-free (76).

Other strategies beyond targeted therapies in
early-stage EGFR/ALK+ NSCLC

Preliminary results of neoadjuvant immunotherapy in
NSCLC are encouraging with CPR and MPR of about
71% and 85% respectively (77), significantly higher
compared with the historical CPR rates of 4-10% reported
with neoadjuvant chemotherapy or chemoradiation (48).

However, the place of immunotherapy in patients with
oncogenic drivers is questioned. In patients with EGFR- and
ALK actionable alterations, a low response rate with the use
of immune checkpoint inhibitors (ICI) as a single agent has
been reported in advanced disease. In a retrospective, multi-
center study for patients with at least one oncogenic driver
alteration receiving ICI monotherapy IMMUNOTARGET
registry), the ORR by driver was 12% for EGFR+ and 0% in
ALK+ patients with a median PFS of 2.1 months for EGFR+
and 2.5 months for ALK+ patients (78). On the other no
additive efficacy but a higher immune-related G3-5 AEs
(including pneumonitis) has been reported with the use of
ICI plus TKIs (79,80).

Although there are several studies exploring neoadjuvant
strategies with immunotherapy, either as monotherapy or in
combination with chemotherapy (81), in the vast majority
of trials, patients with EGFR/ALK alterations are excluded.
Two trials with neoadjuvant atezolizumab as monotherapy
or in combination with chemotherapy, evaluated the
pathological response in EGFR+ and ALK+ patients.
In the LCMC3 trial (NCT02927301) of neoadjuvant
atezolizumab, five patients had known driver mutations (4
EGFR+, 1 ALK+) and were excluded per protocol in the
efficacy-evaluable population. Data on three of these five
patients is available: one patient EGFR+ was no longer
resectable and the other two cases had viable tumor cells at
the time of surgery (90% in EGFR+ and 60% in ALK+) (82).
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The IMpower030 trial, atezolizumab plus chemotherapy
given as neoadjuvant therapy identified four patients (31%)
with EGFR mutations (83). Two of them (L858R and
L858R/S7681 mutations) achieved CPR, and the other two
(ex20Ins and ex19del) did not have an MPR.

Durvalumab is another anti-PD-L1 whose effectiveness
and safety are being tested, alone or in combination,
in the neoadjuvant setting. The AEGEAN trial (84),
will allow researchers to include up to 20% of patients
with EFGR/ALK alterations; and the NeoCOAST trial
(NCT03794544), will not consider the presence of these
biomarkers as an exclusion criteria. We have not been able
to identify other induction trials with immunotherapy
allowing the inclusion of oncogenic-driven tumors. Further
studies should be pursued to evaluate the potential of
neoadjuvant combination strategies with chemotherapy and
immunotherapy in these oncogenic-dependent tumors.

Conclusions

Unlike breast cancer, the use of perioperative targeted
therapies in molecular-driven early-stage NSCLC is
debatable and results have been inconsistent so far.
The rarity of these subsets and the corresponding slow
recruitment have lessened the clinical research development
and the accessibility to randomized control-blinded studies
in early disease. However, the strategy of identifying
and selecting patients for the most appropriate therapy
according to their molecular profile must be pursued
in order to promote the evolution of individualized
perioperative multimodal strategies, so as to understand the
biological changes of the tumor, as well as to have a broad
overview of the genomic landscape in early-stage disease.
This is essential in light of the variety of immunotherapeutic
options that are looming on the horizon in the perioperative
setting.

Although the initial benefits observed with adjuvant
first-second generation EGFR-TKIs are discouraging, new
generation TKIs have awoken researchers’ interest and we
are optimistic that the consistent improvements in DFS
rates at different timepoints in the ADAURA trial with
osimertinib will translate into an overall survival benefit in
the adjuvant setting of EGFR+ NSCLC. However, we will
need to wait patiently until the maturation of the OS curves
and anticipate for the outcomes of other ongoing phase
III trials to know whether adjuvant targeted therapies are
curing more oncogenic patients or rather deferring a disease
relapse that cannot be eradicated.
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There appears to be no appropriate explanations for
why responses with neoadjuvant TKIs in early-stage lung
cancer are of less magnitude than those observed in patients
in metastatic settings. However, a major limitation of the
data interpretation with all of these studies is the lack of
randomized trials and the small populations of patients.
One may question whether the duration of neoadjuvant
TKI is optimal or whether a longer exposure time to the
targeted therapy could potentially translate into a higher
clinical efficacy without impairing the curative intervention.
Meanwhile, we also have the challenge of demonstrating
that neoadjuvant surrogate endpoints can be relied upon
in early lung cancer to predict, or correlate with, clinical
outcomes within molecular subgroups in order to accelerate
drug development. To search for better results, we also
need large-scale randomized-controlled trials with umbrella
designs investigating other thought-provoking approaches
such as combination strategies with chemo-immunotherapy
or chemo-TKIs in this subset of patients with driver
alterations.

We must seize the opportunity to explore the value
of minimal residual disease by using liquid biopsies as
well as multiomics-based assays to identify the predictive
characteristics of patients who would most benefit from
neoadjuvant targeted therapies to finally bring personalized
medicine to an earlier stage of the disease.
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