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Background and Objective: Novel targeted agents represent a paradigm shift in lung cancer management.
Improved response rates and lasting effects provide an attractive option in the neoadjuvant and adjuvant setting,
where cures are possible. However, the permeation of novel targeted treatments into the early-stage lung
cancer setting is also likely to require an adjustment of diagnostic and treatment service provision. An update
for the multidisciplinary team is necessary. The aim of this narrative review is to highlight and contextualize
practice-changing studies with targeted treatments, namely tyrosine kinase inhibitors and immunotherapy,
in resectable non-small cell lung cancer, while highlighting areas for further study, with special emphasis in
diagnostic challenges, patient selection and follow up considerations.

Methods: Medline and Google Scholar searches were made in August 2021 and again in December 2021
including studies between 1970 and 2021, complemented with hand searches of the references of retrieved
literature and updated clinical guidelines. Unreported phase III studies were searched via clinicaltrials.gov.
Priority was given to randomized studies with selection criteria consistent with current practice.

Key Content and Findings: Both tyrosine kinase inhibitor (TKI) and immunotherapy have found a
niche in the standard of care management of patients in the adjuvant setting: Osimertinib in patients with
L858R or dell9 epidermal growth factor receptor (EGFR) mutations and stage IB-IITA (TNM version 7),
and atezolizumab in stage II-IIIA (TNM version 7) programmed death ligand 1 (PD-L1) >50% tumours.
In the neoadjuvant setting, TKI alone or in combination with chemotherapy is being tested. Neoadjuvant
chemo-immunotherapy studies provide high pathological response rates, but further phase III outcome
measures are awaited.

Conclusions: These studies highlight that pre-surgical diagnosis with full molecular profile, and
multidisciplinary management of surgical candidates are key. This may be more relevant in patients with
PDL1 1-49%, whose benefit from exposure to neoadjuvant chemo-immunotherapy still needs to be
reported. Finally, there is a need to report clinical trials so that they convey the necessary information for

follow-up guideline development and have comprehensive subgroup analysis to aid drug choice.
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Introduction

Cancer cells replicate at a faster rate than most normal
tissues. Cytotoxic chemotherapy targets cell replication to
halt cancer growth and reduce its volume, but responses
are short-lived and the toxicity involved can be detrimental

to the patient’s quality of life. The increasing knowledge
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in cancer biology over the last decades led the way to the
introduction of novel targeted therapies in lung cancer,
the tumour type with the highest mortality in the UK and
the world (1). These new therapies target specific cancer
processes, hence have the potential to be more effective and
less toxic. They are designed to target cancer molecules
or key players in communication pathways involved in
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hallmarks of cancer (2).

The therapeutic targets are receptors that are
constitutively active or that are key for cancer survival.
These targets include, on the one hand, mutated or
translocated receptors that drive the growth of lung cancer.
They are inhibited by small molecule drugs that bind to
the intracellular tyrosine kinase domain and are called
tyrosine kinase inhibitors (TKI) (3,4) (i.e., osimertinib,
alectinib or entrectinib). Their drug names always end in
-nib, the shorthand for “inhibitor”. On the other hand,
there are antibodies such as nivolumab, atezolizumab or
pembrolizumab, with the ending-mab for “monoclonal
antibody”. These inhibit the extracellular domain of the
receptor where the interaction between cancer cells and
immune cells occurs. That interaction is called immune
checkpoint, hence these antibodies are called immune
checkpoint inhibitors (ICI) (5). In the advanced setting,
novel targeted therapies can provide higher response rates,
longer benefits and/or improved tolerability when compared
with chemotherapy, although in a group of patients (i.e.,
never smokers or PD-L1 <50%) clinical benefit may be more
evident combining immunotherapy with chemotherapy (6).

To optimize clinical efficacy in the early stage it is
necessary to understand the effects of the drugs in the
cancer tissue learning from the experience of these targeted
treatments in advanced disease. For example, in mutation-
driven lung cancers, TKIs may trigger an initial cytotoxic
(cell-killing) effect with cancer volume reduction within
the first few months. This is followed by a cytostatic
phase, where growth is arrested. This is evident when the
inhibitor is withheld due to toxicity or concurrent illness
for long periods: the cancer will invariably grow again.
When treatment is resumed, disease control is achieved
if resistance has not developed. In these cancers, primary
resistance—cancer growth when patients are first exposed to
TKI—is rare, but acquired resistance, that is symptomatic
cancer growth after an initial response had been observed,
will invariably occur.

The rationale to combine TKIs with chemotherapy in
the advanced setting is that by reducing tumour volume
at the outset, cancer tissue may take longer to develop
acquired resistance through the selection pressures inflicted
by constant drug exposure (7-10). In the neoadjuvant
setting, increasing the number of patients that achieve
volume reduction may also help downstage the disease and
increase cure rates.

Another important consideration is that these cancers are
more common in younger patients and never-smokers (11),
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the prevalence of brain metastases is higher (12) and their
response to single-agent immunotherapy is poor (13). Also,
their post-surgical outcomes may be better than in wild type
tumours (those without a driver mutation) (14). Mutation-
driven lung cancers may represent a separate type of lung
cancer altogether.

It is necessary to understand the meaning of each genetic
anomaly individually. Whereas epidermal growth factor
receptor (EGFR) mutations, or ALK translocations (perhaps
also ROS1, NTRK or RET translocations) may fit the
description above of a mutation-driven lung cancer, it is not
the case in patients with, for example, KRASG12C mutations,
which are more common in smokers and can even predict
a good response to immunotherapy (15) or c-met exon
14 skipping mutation, also more common in smokers (16).

With ICI, PDL1 receptor expression may be a predictive
factor of response [PD-L1 of 50% or more predicts good
response and longer benefit to these inhibitors (17)], but
overall disease control rates are not as high as with TKIs.
Here the target is not a specific mutated receptor present
in all cancer cells, but the dynamic interaction between
the immune system and cancer tissue with heterogeneous
expression of the receptor (18).

Novel targeted therapies have revolutionised lung
cancer care in the advanced disease setting. Exploring
their potential benefits in the early-stage disease, where
cure is possible, was inevitable. As recent publications with
targeted treatment therapy have emerged in early-stage
lung cancer, there is a need to summarize the evidence
for the multidisciplinary community. This review, in
accordance with the narrative review reporting checklist,
shall discuss the evidence available for both treatment types
in the early stage setting and how these treatments may
challenge the current diagnostic pathway, patient selection
and current post-operative follow up guidelines. The
author presents the following article in accordance with the
Narrative Review reporting checklist (available at https://
vats.amegroups.com/article/view/10.21037/vats-21-39/rc).

Methods

Different Medline and Google Scholar searches were made
in August 2021 and again in December 2021 (see Table I)
with a combination of the words “early stage”, “lung
cancer”, “neoadjuvant”, “adjuvant”, “EGFR”, “ALK”,
“mutation-driven”, “oncogene addicted”, “immunotherapy”
and “checkpoint inhibition”. This included studies between

1970 and 2021. Randomized studies were selected, and
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Table 1 The search strategy summary
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ltems

Specification

Date of Search (specified to date, month and year)

Databases and other sources searched

Search terms used (including MeSH and free text
search terms and filters)

Timeframe

Inclusion and exclusion criteria (study type,
language restrictions, etc.)

Selection process (who conducted the selection,
whether it was conducted independently, how

August 15", 2021 and December 22", 2021

Medline and Google Scholar. These searches were complemented by manual
searches from references of retrieved literature and updated clinical guidelines

LTINS

Combination of the words “early stage”, “lung cancer”, “neoadjuvant”, “adjuvant”,
“EGFR”, “ALK”, “mutation-driven”, “oncogene addicted”, “immunotherapy” and
“checkpoint inhibition”

1970-2021

Randomized studies reported in the English language with selection criteria
consistent with current practice were selected. Early-phase studies were referenced
when the author considered they provided a relevant context to the larger study
interpretation or when no large, randomized studies where available

The selection was conducted by the author, using his experience and feedback from
previous public talks and meetings

consensus was obtained, etc.)

early-phase studies mentioned only when they were
considered to inform patient management. Unreported
phase III studies that are recruiting or have completed
recruitment were searched via clinicaltrials.gov. They
were mentioned only when the author considered their
results may answer questions on the data discussed here
or underlined areas where research is ongoing. Clinical
trials with outdated selection criteria (i.e., EGFR inhibitor
studies that did not select patients with EGFR mutations)
were excluded. These searches were complemented with
hand searches of the references of retrieved literature and
updated clinical guidelines.

Results
The adjuvant setting

Systemic treatment after radical surgery offers the
opportunity to increase the disease-free survival (DFS)
or avoid recurrence altogether, at the expense of treating
patients whose cancer would never recur. Clinical trial
recruitment into the adjuvant setting allows, on the one
hand, access to large amounts of tissue from the surgical
specimen, and the possibility to identify the fittest patients
by recruiting within a few weeks after surgery. On the other
hand, recent major surgery may lower the threshold for
subsequent treatment toxicity. More significantly, the lack
of short-term outcomes that correlate with survival requires
long follow up times, even though trial design limitations
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have relegated overall survival (OS) to a secondary objective
in lung cancer subgroups with low incidence, such as
mutation-driven cancers.

Up until recently, the standard of care in the adjuvant
setting has been limited to cytotoxic chemotherapy (19).
Two meta-analyses, one with fifty two studies (20) and a
more recent one with five large studies (21), have shown an
overall 5-year survival benefit of 5% using platinum-based
chemotherapy. The benefit was most obvious in stage II and
III disease, and was detrimental in patients with stage IA or
WHO Performance Status (PS) of 2. The guidelines advise
platinum combination should be considered in patients
with tumours >4 cm (19). Following prospective evidence,
treatment initiation is usually 6-8 weeks after surgery, but in
retrospective studies the benefit of adjuvant chemotherapy
can be identified up to 4 months after surgery (22). The
small benefit that this treatiment offers and individual patient
circumstances (i.e., life priorities, post-operative fitness, and
co-morbidities) means that not all patients that have surgery
for >4 cm tumours have adjuvant chemotherapy.

TKI

Three years of adjuvant osimertinib in patients with
common EGFR mutations (L858R or deletion 19) and at
least 30 mm size tumours (T2aNOMO or stage IB as per
TNM version 7) is currently considered standard of care
following the interim results published for the ADAURA
study (23) (see Figure I). This trial selected 682 patients
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A n=339
Osimertinib Reported after
Phase Ill study Randomized 1:1 a median
g?asg?eQIB—IIIA Starting 10 weeks from surgery or 1 year follow up
PS 0-1 26 weeks from surgery depending Median Treatment:
EGFR del19 or L858R on adjuvant chemotherapy n=343 22.5 months Osimertinib
Placebo 18.7 months Placebo
B C
Stage* 2-year DFS (Osi vs. P)*
1B (n=217 88% vs. 719
(n=217) 6 vs. T1% 2-year CNS DFS (Osivs. P) | 1% vs. 10% (n=45)
HR 0.39 (35% CI 0.18-0.76) HR 0.18 (95% CI 0.10-0.33)
II'(n=231 91% vs. 56%
(n ) o ;-:37 (95;) C10.07-0.31) :_cc));:io‘rseglijc))nal recurrence only | 7% vs. 18% (n=85)
Il (n=234) 88% vs. 32%
HR 0.12 (95% CI 0.07-0.20)

*TNM version 7. n calculated from % figures in the paper
** Osi = Osimertinib; P = Placebo

Figure 1 ADAURA study summary (A) and outcomes (B,C). This study randomized patients to 3 years of osimertinib or placebo. Outcomes

were reported after a median treatment of 22.5 months. PS, performance status; CNS, central nervous system; DFS, disease-free survival.

with PS 0-1, stage IB to IITA, within 10 weeks from surgery
or within 26 weeks if they had had adjuvant chemotherapy.
Patients were randomized 1:1 to either osimertinib or
placebo for up to 3 years. The primary endpoint was
Disease Free Survival (DFS). The unplanned efficacy
interim assessment results were published after completing
recruitment but only a median treatment of less than
2 years [22.5 (range, 0-38) months in the Osimertinib
group and 18.7 (range, 0-36) months in the Placebo
group]. All patients had been followed for at least 1 year.
The median age was young, only 62 and 64 years old in
the treatment and placebo arm respectively, and over 40%
of patients had NO disease in both arms. The number of
patients recruited with tumours <40 mm in size and their
outcome was not described. The DFS Hazard Ration
(HR) for all patients with stage IB-IIIA was 0.2 (99.12%
CI: 0.14-0.3). Forty-five patients out of the 682 had brain
metastases at recurrence, mainly in the Placebo group. The
CNS DFS (the reduction in the risk of recurrence in the
brain) was 0.18 (95% CI: 0.10-0.33). Benefit was evident
regardless of previous adjuvant chemotherapy, but results
were immature to identify the added value of chemotherapy
in osimertinib-treated patients. The lack of data maturity
was evident in the heavily censored Kapplan-Meyer curves,
as expected in an unplanned interim analysis. Interstitial
lung disease was reported in 10 patients in the Osimertinib
group (3%), and none in the Placebo group. Grade 3 or
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higher adverse events were reported in 20% of patients in the
Osimertinib group and 13% in the Placebo group. Eleven
percent of patients discontinued treatment due to adverse
events in the Osimertinib group—a proportion that is
considered acceptable when is less than 20%—and 3% in the
Placebo group. Because of the impressive DFS HR and good
treatment toleration, patients are currently offered adjuvant
osimertinib for 3 years, as advised in updated guidelines (24).
The impact of adjuvant osimertinib on OS (a secondary
objective in the study), remains to be reported. Both
patients and investigators remained unaware of their
allocation and follow up for this study continues.

"To anticipate what may happen when patients complete
the 3 years of osimertinib, it is important to look at earlier
adjuvant studies using EGFR inhibitors in patients with
common EGFR mutations (L858R and deletion 19),
where more mature data is available. Li ez a/. (25) reported
the results of a single-centre study with 60 patients with
stage IIIA-N2 randomized to carboplatin and pemetrexed
followed by 6 months of gefitinib vs. adjuvant carboplatin
and pemetrexed alone. The 2-year DFS was 78.9% in
the gefitinib arm and 54.2% in the control arm. Another
single-centre Phase II study (26) randomized 41 patients
with stage IB to IIIA [17 (43.6%) of them with stage IB],
to four cycles of adjuvant chemotherapy vs. chemotherapy
starting at the same time as icotinib, which continued for up
to eight months. Consistently, the 2-year DFS was 90.5%
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in the TKI group and 66.7% in the control group. These
results suggest that DFS benefit may prevail beyond the
TKI treatment period, but it remains to be seen if this will
translate into survival benefit.

The most mature data in patients with common EGFR
mutations is the CTONG-1104 study (27). Two hundred
and twenty-two patients with stages II to IITA-N2 (all
lymph node-positive) were randomized to receive adjuvant
platinum chemotherapy vs. two years of gefitinib without
chemotherapy. The primary endpoint was DFS. After a
median follow up of 36.5 months the DFS HR was 0.60
(95% CI: 0.42-0.87), with a median DFS of 28.7 (95%
CI: 24.9-32.5) months for the TKI group vs. 18 (95%
CI: 13.6-22.3) months for the chemotherapy group.
Treatment-related discontinuation occurred in 3% of
patients in the TKI group and 6% in the chemotherapy
group. One patient discontinued gefitinib due to grade
4 respiratory failure. A post hoc analysis (28) revealed that
intracranial recurrence was more common in patients
treated with gefitinib [it should be noted that gefitinib
has poorer CNS penetration than osimertinib (29)].
"The highest peak for extracranial recurrence in the Gefitinib
group was between 24 and 30 months from surgery.
When the 5-year updated results were published (27),
the previously identified benefit had vanished. The 5-year
DEFS was 22.6% and 23.2%, and OS HR 0.92 (95% CI:
0.62-1.37). Amongst the patients that underwent further
oncology treatment on recurrence, the median OS of
patients in the Gefitinib group was 57.4 months, and
51.9 months for patients in the chemotherapy group.

Whereas the frequency of EGFR mutations appears to
be similar through all stages (30,31), other genetic drivers
with lower incidence such as ELM4-ALK translocations
are less common in early stage lung cancer (32,33). Hence,
identification of benefit in these less frequent populations can
be more challenging. Nevertheless, the ALINA study (34)
is currently recruiting patients with completely resected
ALK+ tumours, stage IB-IITA and PS 0-1, and randomizes
them 1:1 to receive alectinib vs. cisplatin-based adjuvant
chemotherapy, and the ALCHEMIST study (35) is a basket
study that randomizes patients with stage IB (>4 cm)-
ITTA and ALK translocation to Crizotinib or observation,
patients with EGFR-positive tumours to erlotinib wvs.
observation, and those with wild type tumours to adjuvant
Nivolumab vs. observation.

In patients with RET translocation, another infrequent
event, the LIBRETTO-432 study randomizes patients with
stage IB-IITA to selpercatinib vs. placebo (36).
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Finally, other novel therapies such as the KRASG12C
inhibitor Sotorasib has been approved in the advanced stage
setting as a second-line treatment after immunotherapy or
chemo-immunotherapy (37). This KRASG12C mutation has
a similar prevalence than EGFR (38). Further exploration
of this therapeutic target is needed in the early stage setting,
alone or in combination with other adjuvant treatments
such as chemotherapy and/or immunotherapy.

ICI

One year of atezolizumab immunotherapy after adjuvant
chemotherapy, in stage II-IITA tumours with a PD-L1 of
50% or more, may reduce the risk of disease recurrence
according to the recently reported pre-planned interim
analysis of the Impower 010 study (39,40) (See Figure 2).
This trial selected patients with complete resection (most
had a lobectomy), exposed to at least one cycle of cisplatin-
based chemotherapy, and PS 0-1, without prior exposure
to checkpoint inhibitor therapy, autoimmune disease, HIV
or active hepatitis. Cancers with EGFR mutations (9%)
and ALK translocations (5%) were included in the study.
Patients were consented immediately after surgery and over
4% had disease progression during adjuvant chemotherapy.
One thousand and five patients were randomized after
chemotherapy 1:1 to 16 3-weekly cycles of atezolizumab
(1 year) vs. active monitoring. Randomization took place
3-8 weeks from the last chemotherapy dose. Eight hundred
and eighty-two patients had stage II-IIIA disease, of which
476 had PD-L1 positive disease. The primary endpoint
was hierarchical investigator assessed DFS. The first
effectiveness analysis was performed in 476 patients with
PDL1 >1% and stage II-IITA. This was the population for
which the interim analysis was pre-planned once 190 DFS
events had occurred amongst them, and the subgroup with
most interesting results to date. After a median follow up of
32.2 months, the 3-year DFS was 60% in the Atezolizumab
group vs. 48% in the best supportive care (BSC).

The DFS HR benefit seemed to be driven by the group
with high-PDL1 expression. In an unplanned subgroup
analysis, patients with PDL1 >50% (n=229), the DFS HR
was 0.43 (95% CI: 0.27-0.68), and 0.87 (95% CI: 0.60-1.26)
amongst patients with PDL1 1-49% (n=247). Further
subgroup analysis showed no statistically significant benefit
in patients with squamous cancers (n=294) nor in those
without lymph node invasion (NO). Perhaps this data needs
to mature further, but begs the question if this particular
adjuvant immunotherapy alone is effective in squamous
tumours. 11% of patients in the atezolizumab arm and 16%
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n=507 Reported after DFS
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A
Phase Il study Randomized 1:1 as per PDL1
n=1005 A .
Stage IB-llIA Starting 3-8 weeks from adjuvant

PS 0—1 chemotherapy
EGFR and ALK allowed

Atezolizumab median follow up of 32.8 months

Interim analysis based on
stage II-IlIA PDL1+ subgroup
(n=248 vs. 228; median follow

n=498
Observation

Stage* HR DFS at 32.2 months in stage II-IlIA
PDL1+ cohort

(n=476) (Atezolizumab vs. BSC)**

PDL1 1-49%| 0.87 (95% Cl 0.60-1.26) (n=247)

PDL1 =50%

0.43 (95% Cl 0.27-0.68) (n=229)

C

Locoregional recurrence only 16% vs. 23%

(Atezolizumab vs. BSC)

*TNM version 7
** BSC = Best Supportive Care (active monitoring)

up 32.2 months)

Adverse Events Atezolizumab | BSC (n=495)
(n=495)

Any grade 96%/52% NK/10%

All/lmmune mediated

Grade 3-4 22%/8% 12%/0.6%

All/lmmune mediated

Pneumonitis n (%) 19 (3.8%) 3 (0.6%)

Pneumonitis 4 (0.8%) 0%

Grade 3-4 n (%)

Colitis n (%) 4 (0.8%) 1(0.2%)

Colitis 2 (0.4%) 0%

Grade 3-4 n (%)

Figure 2 IMPOWER 010 study summary (A), outcomes (B,C) and adverse events (D). This study randomized patients after adjuvant

platinum chemotherapy to one year of atezolizumab or placebo. PS, performance status; DFS, disease-free survival.

of those on the BSC group went on to have radiotherapy
for local recurrence, whereas 5% vs. 7% respectively,
had surgery. Although crossover was not allowed, more
patients in the BSC arm (13%) went on to have palliative
immunotherapy on progression than on the atezolizumab
arm (4%), which may need to be considered when mature
survival data is reported.

The treatment appeared tolerable. The safety population
included 990 patients. Twenty-five percent of patients had
0-7 cycles of atezolizumab, 9% had 8-15 cycles and 65%
had the planned 16 cycles. Ninety-five percent of patients
on atezolizumab had adverse events of any grade and 18%
of patients on atezolizumab had adverse events leading to
treatment discontinuation.

As with TKI, the question remains if starting treatment
on progression will have the same effect in patient survival
and reduce the need to treat patients that will never have
disease recurrence. Survival results are eagerly awaited.

EGFR mutations and ALK translocations were allowed
in the study. Consistently with the advanced setting,
subgroup analysis did not show a significant benefit.
Adjuvant immunotherapy patients with non-smoking related
driver mutations such as EGFR, ALK, ROSI1, NTRK
or RET may be futile, may increase TKI-toxicity (41),
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and in certain health systems may deprive them from
accessing effective immunotherapy combination after TKI
treatment (42).

Following the path set by the advanced stage, adjuvant
trials using chemotherapy or targeted therapy combination
with immunotherapy in patients with PDL1 0-49%, are
expected.

Unfortunately, the study design of Impower 010 excluded
patients with Cisplatin contra-indication or those that
declined cytotoxic chemotherapy but may have considered
adjuvant immunotherapy. This would have also helped to
investigate the influence of chemotherapy in the context of
adjuvant immunotherapy. Several phase III studies in this
setting with Pembrolizumab (43) (Keaynote-091 PEARLS),
Nivolumab (44) (ANVIL) and Durvalumab (45) (BR.31)
are awaiting to be reported, all of them also after exposure
to adjuvant chemotherapy. Further studies without adjuvant
chemotherapy, at least in patients with high PDL1, are needed.

The neoadjuvant setting

The pre-operative setting has historically been attractive to
obtain pre and post-treatment biological samples in early-
phase hypothesis-generating studies (46). In chemotherapy
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studies, overall survival has shown good correlation with
pathological complete response (pCR) (47,48) and major
pathological response (47) (MPR; defined as the proportion
of patients with 10% or less viable cancer tissue in the
surgical sample), so clinical benefit could be reported much
earlier than in the adjuvant setting. There has been only one
large phase III study comparing neoadjuvant chemotherapy
vs. adjuvant chemotherapy (49). More patients in the
neoadjuvant group received chemotherapy, and their
response correlated with time to recurrence. Recruitment
in this setting, however, has been challenging. Pre-surgical
biopsies have been historically done at the discretion of the
institution, as retrospective series reported no influence
in patient outcome (50). A delayed time to surgery due
to adverse events from oncology treatment, limitations
in diagnostic service provision, and the possibility of
progression during neoadjuvant treatment may have
challenged recruitment in this setting.

As novel treatments with low short-term toxicity and
higher disease control rates are being tested, the possibility
of increasing the chances of cure have made the neoadjuvant
setting more attractive (51). This has benefited from an
increased trend to perform pre-surgical biopsies, although
assuming that short-term outcomes are still valid surrogate
markers of survival when using novel targeted agents.

TKI

There is no current neoadjuvant standard of care in the
management of mutation-driven lung cancers, but several
studies are now recruiting. The NeoADAURA study (52)
selects patients eligible to surgical resection with a common
EGFR mutation (L858R or deletion 19), stage I1I-111B
N2 [according to the 8" TNM edition (53)] and PS 0-1.
Patients with T4 tumours infiltrating the aorta, oesophagus
and/or the heart, or those with bulky N2 disease, are
excluded. Patients are randomized 1:1:1 to 9 weeks
of osimertinib, vs. 3 cycles of chemotherapy with
osimertinib, vs. 3 cycles of chemotherapy with placebo.
Surgery shall occur within 12 weeks from the start of
neoadjuvant treatment. The primary objective is MPR. This
study will collect samples for MRD [molecular residual
disease (54) or minimal residual disease (55)] and ctDNA
analysis (56) at several timepoints. This may allow short-
outcome comparison between treatment arms—could MRD
be a new short-term outcome in surgical patients?>—as well
as correlation with long term clinical outcomes. Patient
access to 3 years of adjuvant osimertinib is assumed to be
standard of care regardless of the treatment arm. Long-
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term outcomes and recurrence patterns are thus likely to be
influenced by the effect of the adjuvant treatment, but the
set up will allow correlation between post-surgical MRD
results and likelihood of recurrence after adjuvant therapy.

Crizotinib is a multitarget TKI that can inhibit ALK
and ROSI translocations as well as MET exon 14 skipping
mutation. Feasibility has been tested in a small study
(n=11) in the neoadjuvant setting in patients with ALK
translocations (57). Currently, there is a single-arm phase
II study in the neoadjuvant setting recruiting lung cancer
patients with ALK/ROSI translocations and MET exon 14
skipping mutation (58), and stage IA-IIIA, where patients
are exposed to 6 weeks of crizotinib before surgery. The
primary endpoint is objective response rate (ORR). The
study phase, lack of randomization, and multiple mutation
options is an indication of the challenges in early-stage
research for these low-frequency translocations.

ICI

A theoretical advantage of using immunotherapy in the
neoadjuvant setting over the adjuvant setting is that cell
death releases cancer antigens into the bloodstream that
stimulate the immune response. Immune activation may
be more relevant in the longer term if the treatment
is given when the tumour is still iz situ (59). Since the
benefit of adjuvant immunotherapy is most prominent
in patients with high PDLI levels, treatment in the
neoadjuvant setting may be especially relevant in patients
with PDL1 0-49%. There are multiple neoadjuvant early-
phase studies with single-agent immunotherapy and
chemotherapy combination (60). Pathological Complete
Response (pCR) rates of chemo-immunotherapy appear
much higher than with immunotherapy alone. For example,
pCR was achieved in 9% of patients with stages I-IIIA
N2 treated with neoadjuvant Nivolumab (n=2/23), and
29% of those treated with Nivolumab and Ipilimumab
(n=6/21) within the NEOSTAR trial (61). Nonetheless,
combining immunotherapy with chemotherapy before surgical
intervention may be more effective. In the NADIM study (62),
46% of patients with stage IITA (n=21/46) had pCR. This
dramatic increase in pCR explains why most of the ongoing
phase III studies are testing chemo-immunotherapy
combinations.

The Keynote 671 study (63) includes patients with stage
II-ITIB and randomizes them to neoadjuvant chemotherapy
with Pembrolizumab or Placebo. It aims to recruit 786
patients. The primary endpoints are event-free survival
(EFS) and OS. The Checkmate 816 study (64) selects
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patients with stage IB (>4 c¢m)-IIIA and randomizes
them to chemotherapy vs. chemotherapy and nivolumab,
vs. nivolumab with ipilimumab. It aims to recruit 350
patients. The primary endpoints are EFS and pCR.
Surgical outcomes of chemotherapy vs. chemotherapy and
nivolumab (n=179 in each arm) were reported in ASCO
2021 (65). More patients in the chemo-immunotherapy
arm completed the planned neoadjuvant treatment (94%
vs. 85%). Surgery cancellations were lower (16% wvs.
21%), as well as the median duration of surgery (184 vs.
217 min). More patients had minimally invasive surgery
(30% wvs. 22%), and less patients changed from minimally
invasive to open surgery (11% vs. 16%). Consistently,
less patients in the Nivolumab-chemotherapy arm had
a pneumonectomy (17% vs. 25%). Amongst the biggest
differences in 90-day surgery-related complications, pain
(7% wvs. 16%), cough 2% wvs. 4%), nausea (1% vs. 3%),
dyspnoea (1% vs. 4%) and pulmonary fistula (1% vs. 3%)
were more common in patients that received chemotherapy
alone, whereas wound complications (8% vs. 6%) and
pyrexia (5% vs. 2%) where more common in patients
treated with chemo-immunotherapy. pCR rates were 40%
in stage IB and 23-24% in stages II and IIIA, compared
with 0% and 1-9% with chemotherapy alone, respectively.
These numbers put the results of the smaller NADIM study
in a different perspective: not half, but almost a quarter of
patients had no residual disease on pathological assessment
in the Checkmate 816 study after chemo-immunotherapy.

Interestingly, the rest of ongoing neoadjuvant phase III
studies focus on the higher-stage operable disease and do
not include stage I disease. Impower 030 (66) selects patients
with stage II-IIIB and randomizes them to chemotherapy
and atezolizumab vs. chemotherapy and Placebo. Its Primary
Endpoint is MPR and EFS. The Checkmate 77T with
Nivolumab (67) also selects patients with stage IIA-IIIB (13
N2 only), and the AEGEAN study (68) uses Durvalumab and
selects patients with stage ITA-IIIB.

All these phase III neoadjuvant studies, except for the
Checkmate 816 study, have an adjuvant immunotherapy
component of between 6 months to a year.

Another possible strategy in the neoadjuvant setting
that is not possible after surgery, is the combination of
immunotherapy with radiotherapy (69). Radiation may
provide an “abscopal effect” of immunotherapy (70). This
posits that local antigen release promotes immune system
activation, similar to the effect of chemotherapy but with
only local treatment. The main concern of this strategy in
lung cancer patients is pneumonitis (71), but a small real-
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life series (72) showed low rates of pneumonitis (7%),
mainly of grade 1-2, with higher chances of oesophagitis
in doses of >3,000 cGy. Anyhow, scarring, oedema and
delayed radiotherapy toxicity may increase the challenge of
surgical intervention, and previous studies with neoadjuvant
radiotherapy have shown reduction in local recurrence, but
not in improved resectability or long-term outcomes (73,74).
It is apparent that so far this approach has not taken off, as
ongoing phase III studies in the neoadjuvant setting only
appear to combine immunotherapy with chemotherapy,
but with the recent improvement of radiotherapy delivery
options and the increased availability of scans that can
identify metabolically-active areas (PETCT), strategies to
potentiate the abscopal effect and minimize toxicity such
as partial irradiation for large tumours in the neoadjuvant
setting could potentially be integrated into immunotherapy
or chemo-immunotherapy regimens in the future.

Discussion

There are recent excellent reviews of targeted treatments
in this setting (60,75,76), but this is a rapidly evolving field.
We expanded here on studies that have been published
or reported since, and in this Discussion section we aim
to underline the evidence related to the possible impact
on service provision, patient selection and follow up
considerations.

Adjuvant setting

There are many uncertainties around the use of adjuvant
osimertinib in patients with common EGFR mutations.
First, there is a lack of objective patient selection markers.
Efforts are necessary to identify possible predictive
markers of recurrence such as co-mutations [i.e., the
presence of p53 mutations in the advanced setting is a poor
prognostic biomarker (77)], or direct diagnostic markers
such as residual molecular disease and early microscopic
recurrence (54) in these patients, so that cured patients can
avoid treatment exposure and health systems can optimize
expenses. Whether patients with proven molecular residual
disease or early microscopic recurrence will be curable or
not, remains to be seen.

Although the benefit in delaying recurrence is obvious,
as data matures, more evidence may be able to identify
progression patterns to inform patient follow up. In the
meantime, it is not unreasonable to continue as per current
guidelines but including brain imaging, while being mindful
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that, as it happened in the adjuvant gefitinib study (27,28), a
cohort of patients may progress shortly after discontinuation
of the 3-year treatment. Although radical treatment of local
recurrence in this patient group may be possible, ongoing
TKI continuation may be necessary.

Our hospital guidelines indicate 6-monthly CT chest and
liver with brain MRI while the patient is on osimertinib,
followed by 3-monthly imaging for 2 years, but this is a
local choice influenced by our current service provision
limitations. There is a need to provide the evidence to
develop adjuvant follow up guidelines in this patient
population beyond 5 years, who in the absence of smoking-
related co-morbidities and a larger young patient subgroup
at diagnosis, may follow a very different recurrence pattern
than patients with wild type lung cancer.

As it was mentioned earlier, adjuvant early phase studies
(25,26) have shown some prolonged benefit of its cytotoxic
activity beyond the treatment period, but the fact that survival
curves joined back in the large phase III study (28) suggests
that the benefit may be short-lived. OS data of the ADAURA
study is eagerly awaited. Adjuvant osimertinib, nevertheless,
may be particularly attractive in the elderly population, who
may benefit the most from avoiding symptomatic cancer-
recurrence, especially within the CNS. In view of the low
average age of patients within the ADAURA study, further
tolerability and quality of life research in the elderly subgroup
may contribute to inform treatment choice.

To our knowledge, there is no published evidence on
the effect of adjuvant chemotherapy in patients with an
EGFR mutation. As the control arm of the ADAURA data
matures, this may be a helpful question that this study may
also answer—patients could avoid chemotherapy altogether.
Alternatively, if chemotherapy is found to be beneficial,
it could be helpful to test in future studies the effect of
adjuvant osimertinib alongside chemotherapy, which may at
least reduce follow up time and costs.

From now on, all resected tumours with at least pT2a
pNO stage will need EGFR testing, ideally as part of NGS
mutation and translocation panels. In this regard, strategies
to support molecular testing to all patients, such as the
nation-wide genetic service implementation in England (78),
are key. This has centralized molecular testing in seven
Genetic Hubs across England to maximise the possibilities
of molecular testing. The caveat is that as technology
evolves, local testing in the not-so-distant future may be
feasible, reducing resource utilisation, optimizing sample
travel, and providing faster results. Anyhow, a centralized
set up offers the chance of building a consistent, large
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genetic panel data, and the possibility to agree a consensus
for prospective data collection in patients with genetic
drivers that may facilitate further understanding of their
clinical evolution from the early stage setting.

It shall be mentioned that due to the radically different
mechanisms of action between TKI and chemotherapy,
the studies that obviate chemotherapy in the experimental
group such as the reported adjuvant Gefitinib study (27,28)
or the currently recruiting ALINA study (34), are missing
the chance to explore the possibility of cytotoxic synergy.
Their long-term outcomes cannot be directly compared
with randomized studies that allow adjuvant chemotherapy
in both arms.

Adjuvant immunotherapy is now standard of care.
The results of the Impower 010 study (39,40) suggest
that the benefit is driven by patients with high PDL1
expression, hence it will be key to have PDLI results in
all surgical specimens amenable to adjuvant treatment.
Further translational studies may be able to identify the
patient subpopulation within the PDL1 1-49% subgroup
that benefited from adjuvant immunotherapy. In the
meantime, replicating the extensive disease setting, it may
be helpful to explore the benefit of adjuvant or neoadjuvant
concurrent chemo-immunotherapy in patients with PDL1
<50%; or the effect of giving adjuvant immunotherapy
without previous adjuvant chemotherapy in patients with
PDL1 >50%. Other lessons should also be learnt from
the advanced setting, where several immunotherapy drugs
appeared in the market within a short time-period for the
same lung cancer patient population. Due to the lack of
direct immunotherapy drug comparisons, drug choice in
second-line single-agent immunotherapy was based on drug
schedules, price, and indirect subgroup analysis comparison,
rendering choice more susceptible to the efficacy of
marketing campaigns and speed of drug approval instead of
clinical evidence of efficacy. Again, direct immunotherapy
drug comparison studies in the early-stage setting are
unlikely to happen soon. Subgroup analysis, even if it
was not pre-planned, should include outcome results in
patients with PDL1 >50%, 1-49% and 0%, smokers and
never-smokers, as well as in squamous vs. non-squamous
subtypes, and a more extensive description of the timing of
immunotherapy adverse events. Perhaps standardized trial
reporting guidelines for immunotherapy studies may aid
clinicians guide drug choice and follow up arrangements
around high-incidence timepoints.

There are many unanswered questions in this setting
that will be amenable to further research. Early and late
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recurrence patterns of these patients may differ substantially
from those previously treated with chemotherapy. It can be
assumed that local recurrences will be treated with radical
radiotherapy while continuing adjuvant immunotherapy,
but the length of treatment after local recurrence may be
then questioned—should patients with local recurrence
complete a 2-year immunotherapy course? If so, prospective
evidence may be necessary for funding bodies take this
treatment plan switch into account. Finally, patients with
distant recurrence within a year of platinum chemotherapy
may only be amenable to second-line chemotherapy or
BSC. Alternatives in patients with primary resistance to
immunotherapy are needed, and consensus definitions
of primary and acquired immunotherapy resistance may
contribute to focus translational and clinical research.

Overall, in view of the 4.4% progression rate on
chemotherapy, repeat imaging before engaging with
adjuvant immunotherapy may be advisable. To identify early
the 40% of patients that progressed during the first 3 years
and monitor pulmonary toxicity, we propose 3-monthly
imaging during this time. As toxicity and progression data
evolves, and high-risk follow up periods are identified,
evidence-based guidelines will be possible. The projected
service pressures on radiology departments will need to be
considered and funded accordingly.

Again, it is important to underline the need for patient
selection markers in the adjuvant setting such as residual
molecular disease or ctDNA. This will be even more
relevant if neoadjuvant treatment becomes standard of care,
as the proportion of cured patients exposed to unnecessary
adjuvant treatments may increase if neoadjuvant treatments
are successful.

All this suggests that heavy investment in lung pathology
and molecular testing will continue to be key as targeted
treatments continue to invade the early-stage disease.

Neoadjuvant setting

The biggest challenge of the neoadjuvant setting is to obtain
enough tissue for molecular diagnosis in diagnostic samples.
In some cancer types such as the ALK+, the low incidence
in the early stage is an additional challenge. Not all patients
will be amenable to pre-surgical biopsies but for those who
are, if the neoadjuvant setting consolidates within standard
of care, it will be important to increase and homogenise
interventional radiology and diagnostic respiratory service
provision across the health networks. During neoadjuvant
treatment, it is necessary to establish good communication
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channels between the oncology and surgical teams to ensure
optimal treatment support and swift access to surgical
intervention. Multidisciplinary models of care will be key (79).

Finally, it shall be underlined again that most
neoadjuvant chemo-immunotherapy studies have an
adjuvant immunotherapy phase. The argument to continue
treatment after surgery may be to consolidate the treatment
of post-surgical micrometastatic disease, but somehow
this defies the purpose of the neoadjuvant setting, where
surgical cures may be increased and hence a larger amount
of patients may be able to avoid post-surgical treatment.
Biomarkers of residual disease or microscopic recurrence
may contribute to identify this patient population. In the
meantime, indirect comparison of the Checkmate 816
study (65) (without adjuvant immunotherapy) and the
Checkmate 77T (67) (with adjuvant immunotherapy), may
provide an indication of the potential effect of post-surgical
immunotherapy.

Patient selection

While technology evolves and molecular markers of residual
disease develop, we shall focus on the available patient
selection criteria, particularly PS and disease stage.

Most of the neoadjuvant and adjuvant studies select
patients with PS 0-1, but there is a proportion of patients
with PS 2 that are amenable to surgical intervention.
Smoking-related co-morbidities with PS limitations are not
uncommon in the lung cancer population. It is important
to cater for all and ensure that lower-toxicity therapies are
accessible to them, as this subgroup may notice a bigger
benefit in delaying recurrence than patients that will be
amenable to all treatment options on recurrence. Patients
with PS 2 after surgical intervention, for whom adjuvant
chemotherapy was detrimental, represent a population
of unmet treatment need that may benefit the most from
exploring adjuvant single agent immunotherapy or TKI.

Adjuvant studies also excluded patients that had a
segmentegtomy, wedge resection or residual (>R1) disease.
Prospective investigation of adjuvant targeted treatment
(with or without radiotherapy) in these patients may also
identify a possible benefit.

In view of the excellent tumour volume reduction with
neoadjuvant chemo-immunotherapy (65), it may be worth
a further exploration of borderline stage III patients, and
why not, even in local inoperable disease. There is a need
to break down and re-define stage III disease to test these
new therapies, discerning subgroups that may benefit from
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downstaging and accessing surgical options.

Conclusions

Novel targeted therapies represent a paradigm shift in
the management of early-stage lung cancer. Prospective
research is needed to optimize patient selection. Circulating
tumour DNA analysis may play an important part in
identifying residual molecular disease and early recurrence,
which may help select patients that may benefit from
adjuvant treatment. Early-stage studies need to tailor their
follow up considering the need to report on recurrence and
adverse event patterns that may inform follow up guidelines.
Finally, centres may need to adapt their service to optimize
pre-surgical diagnosis and post-surgical molecular
pathology profiling.
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