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Abstract

The standard of care (SoC) for medically operable patients with early-stage (stages I-111B)
NSCLC is surgery combined with (neo)adjuvant systemic therapy for patients with stages Il to
I11B disease and some stage IB or, rarely, chemoradiation (stage Il disease with mediastinal
lymph node metastases). Despite these treatments, metastatic recurrence is common and
associated with poor survival, highlighting the need for systemic therapies that are more effective
than the current SoC. After the success of targeted therapy (TT) in patients with advanced NSCLC
harboring oncogenic drivers, these agents are being investigated for the perioperative (neoadjuvant
and adjuvant) treatment of patients with early-stage NSCLC. Adjuvant osimertinib is the only TT
approved for use in the early-stage setting, and there are no approved neoadjuvant TTs. We discuss
the importance of comprehensive biomarker testing at diagnosis to identify individuals who may
benefit from neoadjuvant targeted treatments and review emerging data from neoadjuvant TT

J Thorac Oncol. Author manuscript; available in PMC 2024 April 24.
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trials. We also address the potential challenges for establishing neoadjuvant TTs as SoC in the
early-stage setting, including the identification and validation of early response markers to guide
care and accelerate drug development, and discuss safety considerations in the perioperative
setting. Initial data indicate that neoadjuvant TTs are effective and well tolerated in patients with
EGFR- or ALK-positive early-stage NSCLC. Data from ongoing trials will determine whether
neoadjuvant targeted agents will become a new SoC for individuals with oncogene-addicted
resectable NSCLC.

Introduction

Approximately half of all patients with NSCLC present with early-stage disease, and this
figure will increase with the expansion of screening programs for high-risk populations.
Surgery is the primary curative-intent treatment option for patients with resectable NSCLC
(stages I-111B) and is recommended with neoadjuvant or adjuvant systemic therapy for
stages Il to 111B disease and selected stage IB cases or, rarely, chemoradiation for stage

11 disease with mediastinal lymph node metastases.?:3 Despite available treatments, disease
recurrence is common in patients who have undergone resection and is associated with poor
survival and socioeconomic burden.#-” A pooled analysis of five adjuvant chemotherapy
trials in patients with resected NSCLC demonstrated a modest 5.4% improvement in overall
survival (OS) at 5 years compared with surgery alone.8 Similarly, in a meta-analysis

of patients with resectable NSCLC, neoadjuvant chemotherapy improved 5-year OS by

5% compared with surgery alone.? Thus, there is a need for additional treatments that
reduce disease recurrence, prolong survival, and increase cure rates in patients with early-
stage NSCLC (eNSCLC). Recent advances in the eNSCLC setting include the approval

of multiple adjuvant treatment options including the following: osimertinib for patients
with resected NSCLC (stages 1B—111) whose tumors harbor classic EGFR mutations?O;
atezolizumab after platinum-based chemotherapy for patients with resected NSCLC (stages
I1-111) whose tumors have programmed death ligand-1 (PD-L1) expression according

to country-specific thresholds!1:12; and pembrolizumab after optional platinum-based
chemotherapy for patients with resected NSCLC (stage IB [T2a =4 cm], I, or I1IA; seventh
edition of the TNM cancer staging system).13 Ongoing studies may lead to the approval

of additional adjuvant targeted therapies (TTs), including the ALINA trial investigating
adjuvant alectinib for patients with resected AL K-positive NSCLC.14 The neoadjuvant field
is also rapidly evolving with the recent approval of neoadjuvant nivolumab in combination
with platinum-doublet chemotherapy for the treatment of patients with resectable NSCLC.1°
Currently, there are no approved neoadjuvant TTs for resectable NSCLC.

For patients with advanced NSCLC (aNSCLC), it is standard of care (SoC) to perform
comprehensive biomarker testing to assess PD-L1 status and identify the presence of
oncogenic driver mutations (including various EGFR mutations, ALK, RET, NTRK, ROS1,
KRAS G12C, BRAFV600E, METex14 skipping, ERBB2).3 The recommended first-line

J Thorac Oncol. Author manuscript; available in PMC 2024 April 24.
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treatment for patients with oncogene-addicted aNSCLC is TT, except for patients with
KRAS G12C mutation, ERBBZ2 mutation, or EGFR exon 20 insertion mutation where TT
is recommended as a second-line treatment.2 Clinical evidence has shown that patients
with advanced, EGFR-mutant, or ALK-positive NSCLC derive little or no benefit from
cancer immunotherapy (CIT),16-20 and there is no additional benefit from combining CIT
with TT.2! Importantly, both TT in combination with CIT,21-25 and sequential treatment
approaches are associated with increased toxicity in patients with advanced disease.26:27
In the early-stage setting, it is unknown whether the efficacy of CIT is also reduced in
patients with EGFR or ALK alterations; various ongoing perioperative trials have different
criteria regarding whether patients with known EGFR or ALK alterations are permitted and
whether genetic testing is required before enrollment.28-32 Preliminary subgroup analyses
from adjuvant CIT trials have demonstrated efficacy in a small group of patients with
activating EGFR mutation31:32; however, these results should be interpreted with caution
and considered in relation to the impressive OS benefits demonstrated with adjuvant
osimertinib.33

In light of these efficacy and safety considerations and recent approvals in the early-

stage setting that exclude tumors with EGFR and ALK mutations, it is important to test
patients for oncogenic drivers and guide perioperative treatment decisions. We discuss the
importance of biomarker testing to identify patients who may benefit from neoadjuvant
targeted treatments and address the potential challenges for establishing perioperative TT as
standard of care. The objective of this review is to provide a comprehensive summary from
the existing literature and ongoing clinical trials to assess the feasibility, efficacy, and safety
of neoadjuvant TT for patients with eNSCLC.

Materials and Methods

Table 13445 was compiled based on known neoadjuvant clinical trials that have published
results. Associated abstracts and journal articles were reviewed independently by the authors
and the results of these studies were summarized narratively. Given the limited number of
neoadjuvant targeted trials from which results have already been published, a systematic
search was not appropriate. To identify all ongoing clinical trials of neoadjuvant TT in
patients with eNSCLC, we performed a systematic search of clinicaltrials.gov using the
search terms “neoadjuvant” AND “lung cancer.” Trials with terminated and completed
statuses were excluded. Studies were then categorized by study treatment; clinical trials
investigating only CIT and only chemotherapy or radiotherapy or other treatments were
excluded. Resulting trials were further categorized by monotherapy (Table 246-48) and TT
plus chemotherapy (Table 349). Studies were screened a final time for eligibility, and studies
deemed unsuitable were excluded; full details on systematic search and excluded studies are
described in Figure 1. The systematic search was first completed on June 14, 2022, and was
conducted by two independent reviewers. An additional search was conducted on October
19, 2022, to identify any additional studies that had been registered since the first search.

J Thorac Oncol. Author manuscript; available in PMC 2024 April 24.
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Rationale for Neoadjuvant Therapy in eNSCLC

Neoadjuvant treatment of resectable NSCLC has multiple potential benefits, including the
following: neoadjuvant therapy is better tolerated than adjuvant therapy®?; earlier systemic
therapy may control micrometastatic disease; and patients may require less extensive
surgical resection (lung-sparing surgery) and have improved complete (R0) resection rates.30
Neoadjuvant treatment allows for surrogate end point evaluation of survival estimates

(OS, disease-free survival [DFS]) such as clinical, pathologic, or correlative biomarker
assessment of treatment response. A preoperative treatment approach also facilitates
evaluation of in vivo treatment efficacy and may guide adjuvant treatment. Another
anticipated benefit is improved compliance of neoadjuvant versus adjuvant therapy.>! One
common argument against neoadjuvant treatment is that despite a short duration of treatment
(three to four cycles), it may prolong the time from diagnosis to curative-intent surgery,
during which period patients may experience disease progression. However, evidence from
neoadjuvant CIT trials provides confidence that this does not impact patient outcomes.39

Rationale for Biomarker Testing at Time of Diagnosis and Necessity to
Collect Sufficient Biopsy Sample at Time of Diagnosis

As the utility of TTs is explored in eNSCLC, biomarker testing has become critical to guide
treatment selection and optimize clinical outcomes. After recent approvals of perioperative
systemic therapies for patients with eNSCLC, NCCN Clinical Practice Guidelines in
Oncology (NCCN Guidelines) recommend to test patients with stages 1B to I11A and

stage 1B (T3,N2) NSCLC for EGFR mutations, ALK rearrangements, and PD-L1 status
with U.S. Food and Drug Administration—approved tests to inform (neo)adjuvant treatment
decisions.3 In metastatic NSCLC, the NCCN Guidelines recommend molecular testing
before initiation of first-line treatment if clinically feasible.3 Despite this, a real-world
analysis reported that only 46% of patients with metastatic NSCLC were assessed for the
five biomarkers that are recommended for testing.52 This highlights that the barriers to
molecular testing in the advanced disease setting may also limit testing in the early-stage
setting, as the treatment landscape is expected to evolve and require testing beyond EGFR
mutations, ALK rearrangements, and PD-L1 status.

Several considerations exist regarding the integration of preoperative biomarker testing

at diagnosis as part of routine clinical practice and as a guide to neoadjuvant treatment
decisions. Minimizing turnaround times for obtaining test results is important to ensure that
the correct systemic treatment is initiated as soon as possible. Collection of an adequate
biopsy sample is imperative for biomarker testing (PD-L1 expression and oncogenic driver
mutations) and low yields can make testing unfeasible.>3 In the neoadjuvant setting,
treatment may result in pathologic complete response (pCR) and biomarker testing using
resected tissue specimens may not be feasible, emphasizing the importance of collecting
sufficient biopsy tissue at the time of diagnosis.

Comprehensive genomic profiling using next-generation sequencing (NGS) is increasingly
accessible and widely used on tissue and plasma samples to inform treatment decisions
for aNSCLC. However, the routine adoption of NGS in eNSCLC will be dependent on the

J Thorac Oncol. Author manuscript; available in PMC 2024 April 24.
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availability of approved TTs in this setting, the need to exclude patients with oncogenic
drivers before treatment with CIT, and the availability of clinical studies investigating

TTs in early-stage disease.10-12.15 Blood-based biomarker testing for oncogenic drivers in
the preoperative setting has the potential to overcome the inherent limitations of tissue
sampling: it is convenient and minimally invasive, with faster turnaround times.>* Indeed,
the BFAST study (NCT03178552) reported clinical benefit for patients with aNSCLC who
received TTs based solely on the results of blood-based NGS.5%:56 Nevertheless, as disease
burden is lower in eNSCLC versus aNSCLC, plasma samples may not contain sufficient
circulating tumor DNA (ctDNA) for analysis. The detection of genetic alterations in blood
samples from patients with eNSCLC is highly dependent on the assay used, and more
sensitive technologies are required to avoid false-negative results. Furthermore, blood-based
NGS for eNSCLC is not routinely conducted outside of clinical trials at specialized cancer
centers.>7%8 Finally, a limitation of approaches using liquid biopsy only, without tissue
analysis, is the inability to assess PD-L1 expression.

The LEADER trial (NCT04712877) is a diagnostic study with the primary objective of
determining the proportion of patients with early-stage (IA2—111) NSCLC whose tumors
harbor oncogenic drivers (Fig. 2).5° The screening approach taken in this trial will be
considered feasible if oncogenic drivers are identified in more than 35% of enrolled
patients. Assessment of tumor mutational burden is a secondary end point. Approximately
1000 patients will be recruited to undergo NGS (FoundationOne) using tissue and plasma
samples. Results will be shared with treating physicians to guide therapy or permit referral
to neoadjuvant clinical trials and could be an ideal framework for assessing actionable
biomarkers in the neoadjuvant setting. Plasma samples will be collected pre- and post-
neoadjuvant treatment and post-surgery to enable correlative research. Evidence from CIT
trials, CheckMate 816 and IMpower010, demonstrates that not all patients respond to
neoadjuvant or adjuvant CIT and there is a need to test patients for PD-L1 expression

and oncogenic driver mutations, and additional prognostic factors such as co-mutations, to
identify those most likely to benefit from CIT or TT.3%:3260 This emphasizes the need for
comprehensive molecular testing with NGS to guide treatment options in the resectable
NSCLC setting.

Data From Clinical Trials Investigating Neoadjuvant TT

Given the success of TTs in the advanced disease setting and impressive survival benefits
found with adjuvant osimertinib,33 neoadjuvant TTs are being increasingly investigated for
treatment of oncogene-addicted resectable lung cancer. Most neoadjuvant TT trials focus
on EGFR and ALK tyrosine kinase inhibitors (TKIs) as these are the most established

TTs in this landscape (Table 1). It is important to note that patients with EGFR-mutant

and ALK-rearranged NSCLC have inherent differences in tumor biology and the respective
TKIs, of which there are multiple generations, are associated with distinct mechanisms

of resistance.1 As such, EGFR and ALK TKIs and their associated targets are uniquely
distinguished.

To date, the EGFR TKiIs gefitinib, erlotinib, and osimertinib have been explored in the
neoadjuvant setting (Table 1). An open-label, single-arm phase 2 study (NCT00188617)

J Thorac Oncol. Author manuscript; available in PMC 2024 April 24.


https://clinicaltrials.gov/ct2/show/NCT03178552
https://clinicaltrials.gov/ct2/show/NCT04712877
https://clinicaltrials.gov/ct2/show/NCT00188617

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Leeetal.

Page 7

reported that gefitinib was a generally safe and feasible regimen in unselected patients with
stage | NSCLC, with an objective response rate (ORR) of 11%; the strongest predictor

of response was the presence of an £GFR mutation.34 Another single-arm phase 2 study
(NCT01833572) demonstrated that neoadjuvant gefitinib was a viable treatment option for
patients with EGFR-mutant, stages Il to I1IA NSCLC; ORR was 54.5%, major pathologic
response (MPR) was 24.2%, and median DFS was 33.5 months.3% In a retrospective

study of 10 patients who underwent salvage surgery for borderline resectable NSCLC

after neoadjuvant gefitinib, median progression-free survival (PFS) was 14 months and OS
was more than or equal to 36 months.3° Erlotinib was also reported to be an effective
neoadjuvant therapy in a study of Chinese patients with stage I1IA NSCLC (NCT01217619):
erlotinib resulted in a higher ORR (67% versus 19%), pathologic response rate (67% versus
38%), and OS (51.0 versus 20.9 mo) than cisplatin-based doublet chemotherapy.3” The
EMERGING-CTONG 1103 study was a randomized phase 2 trial comparing neoadjuvant
chemotherapy with erlotinib in patients with stages I11A to N2 EGFR-mutant NSCLC. The
primary end point of ORR was not met (54.1% erlotinib versus 34.3% chemotherapy), but
an improvement in median PFS was observed (21.5 versus 11.4 mo, respectively),3° though
this did not translate into an OS benefit.40 Preliminary results from ongoing clinical trials
of osimertinib suggest that this third-generation EGFR TKI is a generally safe and may be
an effective neoadjuvant treatment. In a small phase 2 study of 27 patients with stages |

to IIA EGFR-mutant NSCLC (NCT03433469), neoadjuvant osimertinib-induced pathologic
responses (MPR: 15%) and downstaging of disease before surgery; however, the study did
not meet its primary end point.#! Final results from the NEOS study in 38 patients with
resectable stages Il to I1IB EGFR-mutant NSCLC revealed an ORR of 71.1%, RO surgical
resection rate of 93.8%, and MPR rate of 10.7%.43

In patients with resectable, locally advanced, ALK-positive NSCLC, Zhang et al.* reported
that neoadjuvant crizotinib was feasible and well tolerated (Table 1). Overall, 10 of 11
patients had a partial response and one had stable disease. Ten of the patients received an
RO resection and two achieved a pCR. In a retrospective study of patients with stage 11l
ALK-positive NSCLC who received surgery after induction therapy of alectinib (n = 16) or
crizotinib (n = 13), alectinib was found to have superior efficacy compared with crizotinib
(pPCR: 37.5% versus 15.4%).4%> Multiple ongoing clinical trials are investigating the efficacy
and safety of newer-generation ALK inhibitors in the neoadjuvant setting (Table 2).

The investigation of neoadjuvant TTs is still early, and the optimal duration of treatment

is not yet known. In the ADAURA study, at time of relapse after adjuvant osimertinib

for at least 3 years, 41% of patients were treated with osimertinib; suggesting that some
patients may need more than 3 years of adjuvant osimertinib.33 Treatment duration in the
neoadjuvant setting is constrained by the need to undergo resection limiting the number of
TT cycles and challenges associated with assessing efficacy. Additional data from ongoing
clinical trials will be essential for determining the optimal duration of neoadjuvant TT.

Compared with neoadjuvant CIT trials,30:62-66 preliminary data indicate that MPR or pCR
rates may be lower in neoadjuvant TT trials, whereas other efficacy end points (RO resection
rate, downstaging, event-free survival [EFS], DFS, PFS) are comparable (Table 1). This
may be due to inherent differences in mechanism of action; the antitumor effects of
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chemotherapy are driven by cytotoxic effects and CIT by enhanced immunosurveillance,
whereas TTs are cytostatic which may impact the necessary duration of TT in the
perioperative setting. Until there is better understanding of pathologic response after
neoadjuvant TT, surgical resection should still be conducted in the early-stage setting and
survival assessment remains an essential end point.

Ongoing Trials of Neoadjuvant TT

Most ongoing neoadjuvant (or perioperative) trials are investigating TT for EGFR-mutant
NSCLC, although trials exploring targeted agents against other oncogenic drivers are also
recruiting patients (Table 2). Clinical trial design of the non-EGFR trials is similar between
these studies, with neoadjuvant treatment time proposed to be two cycles (6-8 wk); most
trials also include adjuvant therapy (1-3 y). These trials have a variety of primary end
points, including pathologic response (MPR, complete response), ORR, DFS, EFS, and
PFS. NAUTIKAL1 is an ongoing, phase 2 umbrella trial investigating the efficacy and safety
of multiple therapies as (neo)adjuvant treatments in patients with resectable NSCLC with
specific biomarkers (Fig. 3%7).48 This clinical trial depicts a potential future management
paradigm for directing patients with tumors that harbor oncogenic drivers to perioperative
TT, or patients without to CIT.

Given that TTs are generally well tolerated, multiple ongoing neoadjuvant trials are
assessing the combination of TT with chemotherapy (Table 3). Most are investigating EGFR
inhibitors, but one phase 2 study (NCT05118854) is examining the efficacy of neoadjuvant
sotorasib, a KRAS G12C inhibitor, in combination with chemotherapy for patients with
resectable (stages IIA-I1IB) KRAS G12C-mutant NSCLC. Results from these trials are
highly anticipated and will provide further information on whether neoadjuvant TTs (alone
or in combination with chemotherapy) are feasible and effective treatment strategies for
patients with NSCLC. In future perioperative TT trials, it will be interesting to explore the
interactions of KRAS G12C with co-mutations and to investigate the efficacy and safety of
combinations of TTs in this setting.

End Points Used in Neoadjuvant TT Trials

A range of clinical end points can be used to assess the efficacy of neoadjuvant treatments
for patients with eNSCLC. OS is the principal end point in oncology clinical trials, but time
from enrollment to publication of OS data from neoadjuvant trials takes 10 to 13 years,
suggesting the need for robust surrogate markers to accelerate development and approval
of new therapies in the early-stage setting.68:69 Surrogate markers of drug response are
commonly used in other areas of oncology and have been demonstrated to correlate with
0OS. A meta-analysis of neoadjuvant therapy for early-stage breast cancer showed a strong
association with pCR and long-term survival (EFS and 0S).”? Similarly, in the hallmark
neoadjuvant chemotherapy trials for resectable lung cancer, a robust correlation between
DFS and OS was reported.58 In the CheckMate 816 trial of neoadjuvant nivolumab plus
chemotherapy for patients with resectable NSCLC, EFS seemed to be longer in patients
who achieved a pCR compared with those who did not (median EFS: not reached versus
26.6 mo).39 Additionally, a recent review assessing response evaluations in neoadjuvant
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NSCLC trials identified MPR as a better predictor of long-term OS compared with ORR.”1
Interestingly, digital assessment of pathologic response has demonstrated utility in ongoing
neoadjuvant CIT trials and may also be useful for assessment of similar endpoints in TT
trials.”2

Available results from trials of adjuvant TT for resectable NSCLC suggest that surrogate
markers (pCR, MPR, EFS, and DFS) may correlate with survival; however, these studies are
not designed to assess OS and more data are required to determine a clear association. The
single-arm phase 2 SELECT trial investigating adjuvant erlotinib in patients with EGFR-
mutant eNSCLC demonstrated high DFS and OS rates: 2-year and 5-year DFS, 88% and
56%, respectively; 5-year OS, 86%.”3 The phase 2 EVAN trial assessed adjuvant erlotinib
compared with chemotherapy in patients with EGFR-mutant stage 111 NSCLC and found
that erlotinib improved survival outcomes compared with chemotherapy, and DFS correlated
with OS: 5-year DFS and OS rates with erlotinib were 48.2% and 84.8%, respectively.’*
Results from the randomized, phase 3 IMPACT study revealed an improved 2-year DFS

rate with adjuvant gefitinib compared with chemotherapy, but this advantage was lost at

5 years and did not translate into OS benefit.”® Similarly, a significant improvement in

DFS did not translate into OS benefit in the final analysis of the phase 3 ADJUVANT-
CTONG1104 trial of gefitinib versus chemotherapy for patients with resected stages |

to IIA EGFR-mutant NSCLC.”® The phase 3 ADAURA study demonstrated significant
improvements in DFS with adjuvant osimertinib compared with placebo in patients with
stages 11 to 11IA NSCLC: 3-year DFS rate was 84% versus 34%, respectively.’” Osimertinib
also showed an improvement in DFS in the overall population (stages IB-111A), alongside
decreased locoregional recurrence, distant recurrence, and central nervous system (CNS)
recurrence.””:78 Despite immature OS at time of approval, the U.S. Food and Drug
Administration approved adjuvant osimertinib for patients with resected NSCLC on the
basis of DFS data from this study.1? Updated data from this trial showed that osimertinib
demonstrated a statistically significant and clinically meaningful improvement in 0S.33 This
depicts the first TT to show translation of a DFS benefit into improved OS in this setting and
validating DFS as a surrogate marker for OS.

In the neoadjuvant setting, it is not yet clear whether surrogate markers will correlate with
survival in trials of TT for resectable NSCLC. A phase 2 study of neoadjuvant gefitinib
demonstrated that MPR correlated with DFS but not 0S.36 A small study of erlotinib
compared with chemotherapy showed marginal improvements in ORR and MPR; these did
not correlate with an improvement in DFS or PFS, but there was a trend towards improved
0S with erlotinib.3” Results from the EMERGING-CTONG 1103 study of erlotinib versus
chemotherapy demonstrated that ORR correlated with PFS, but there was no relationship
between pathologic response and PFS, and the PFS advantage did not translate into an OS
benefit.3940 However, it is important to note that these studies were not powered for OS
analysis.

Preliminary findings from neoadjuvant CIT trials have suggested the value of ctDNA
assessment as an early surrogate marker for response and survival, however, more data

are needed. The LCMC3 study showed that ctDNA reductions following neoadjuvant
treatment with atezolizumab correlated with pathologic response and reduced radiographic

J Thorac Oncol. Author manuscript; available in PMC 2024 April 24.
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tumor size.”® An exploratory analysis of the phase 2 NADIM study revealed that pre-
treatment ctDNA levels were associated with long-term survival more accurately than
radiologic assessments in patients with resectable stage 111A NSCLC who received
neoadjuvant nivolumab and chemotherapy.89 In the CheckMate 816 study, EFS was longer
in patients with ctDNA clearance compared with those without in both the nivolumab

plus chemotherapy and chemotherapy alone groups.3? However, there are currently no

data demonstrating the utility of ctDNA as a surrogate marker for response or survival

to neoadjuvant TTs. ctDNA could also be a useful tool to help guide the duration and de-
escalation of (neo)adjuvant therapy. The evidence supporting the feasibility of this approach
is limited and dependent on assay sensitivity, for which technology is rapidly evolving.
One ongoing study investigating this is the APPROACH study (NCT04841811), which will
assess the effectiveness and safety of using ctDNA to guide the duration of (neo) adjuvant
almonertinib, an EGFR TKI, in patients with unresectable stage 111 NSCLC (Table 2).

Safety Considerations of Neoadjuvant TTs

TTs have unique safety profiles, and it is important to consider whether any toxicities

may occur during neoadjuvant treatment which may delay or prevent curative-intent
surgery. For example, the RET inhibitors pralsetinib and selpercatinib are associated with
impaired wound healing, which could impact surgical recovery.81:82 Rare cases of severe
respiratory adverse events (AEs) (including pneumonitis and interstitial lung disease) have
been reported with some ALK, EGFR, and MET inhibitors, which could limit the use of
these therapies before surgical resection.83:84 Other reported rare toxicities that may impact
surgery include the following: cardiotoxicity (osimertinib),8°:86 bradycardia (alectinib and
crizotinib),87:88 thrombocytopenia (osimertinib),8° fever (dabrafenib plus trametinib), 9
hepatotoxicity (sotorasib),%! and CNS toxicity (lorlatinib).2 Preliminary results from the
ALK-positive cohort of the NAUTIKA1 study demonstrated that neoadjuvant alectinib was
well tolerated in patients with resectable NSCLC, and to date, all patients have undergone
surgery without delays or major complications.®7 In addition to surgery, the safety of TTs
in relation to radiotherapy must also be considered. The BRIGHTSTAR study showed that
local consolidative therapy (surgery or radiation or a combination of both) administered after
treatment with brigatinib was feasible and safe in patients with ALK-rearranged, aNSCLC;
however, additional data in the early-stage setting are required.93

When selecting treatments in the curative setting, it is important to consider the sequence in
which treatments may be given, as the sequential administration of CIT followed by TT in
the advanced disease setting has been associated with increased toxicity.16:26.27 An increased
risk of hepatotoxicity has been identified in patients treated with CIT (pembrolizumab,
nivolumab, or atezolizumab) followed by crizotinib.28 CIT (nivolumab, pembrolizumab, or
ipilimumab + nivolumab) followed by osimertinib has also been associated with severe
immune-related AEs2?; in a phase 2 clinical trial of pembrolizumab followed by osimertinib,
a treatment-related death occurred that was attributed to pneumonitis.1® These data reveal
the importance of testing for oncogenic drivers in eNSCLC to ensure that patients receive
appropriate first-line neoadjuvant treatments and avoid toxicity with subsequent therapies.

J Thorac Oncol. Author manuscript; available in PMC 2024 April 24.


https://clinicaltrials.gov/ct2/show/NCT04841811

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Leeetal.

Page 11

Overall, neoadjuvant targeted treatments are expected to be well tolerated and compatible
with curative-intent surgery. The safety and tolerability profile of osimertinib is consistent
in the advanced and early-stage (adjuvant) setting, providing confidence that new safety
concerns related to neoadjuvant osimertinib treatment are unlikely.”89495 Furthermore,
preliminary data from the NAUTIKAL study indicated no new safety concerns for
neoadjuvant treatment with alectinib.8” Ongoing clinical trials will provide further
information on the safety and tolerability of a broader range of TTs for the neoadjuvant
treatment of eNSCLC.

Conclusions

Surgery plus (neo)adjuvant chemotherapy or rarely neoadjuvant chemoradiation for patients
with early-stage, resectable NSCLC is associated with unacceptable rates of recurrence

and poor survival. Given the survival benefits of TT in the advanced disease setting, these
agents are now being investigated in patients with eNSCLC. Results from ongoing clinical
trials indicate that neoadjuvant TTs are likely to be effective and improve outcomes in
patients with EGFR- and ALK-positive eNSCLC. Additional data from ongoing trials are
highly anticipated and will indicate whether neoadjuvant targeted treatments are feasible for
patients with eNSCLC with different oncogenic driver mutations.

As the field moves towards using TTs for eNSCLC, it is essential that molecular testing and
biomarker screening at diagnosis are integrated into clinical practice to optimize treatment
options and clinical outcomes. The need for unified and robust surrogate markers that may
expedite the approval of TTs remains a challenge. Building on the demonstrated efficacy

of TTs in the aNSCLC setting and promising preliminary clinical trial results, neoadjuvant
TT is expected to improve outcomes of patients with eNSCLC with oncogenic drivers and
transform the early-stage treatment landscape.

Acknowledgments

This review article was sponsored by F. Hoffmann-La Roche Ltd./Genentech, Inc. Third-party medical writing
assistance, under the direction of the authors, was provided by Claire White, PhD, of Ashfield MedComms, an
Inizio company, and was funded by F. Hoffmann-La Roche Ltd.

References

1. GlobalData. EpiCast report: non-small cell lung cancer (NSCLC) - epidemiology forecast
to 2025. https://www.reportlinker.com/p04519594/EpiCast-Report-Non-Small-Cell-Lung-Cancer-
NSCLC-Epidemiology-Forecast-to.html. Accessed June 8, 2023.

2. Remon J, Soria JC, Peters S. ESMO Guidelines Committee. Early and locally advanced non-small-
cell lung cancer: an update of the ESMO Clinical Practice Guidelines focusing on diagnosis,
staging, systemic and local therapy. Ann Oncol. 2021;32:1637-1642. [PubMed: 34481037]

3. Referenced with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN
Guidelines) for Non-Small Cell Lung Cancer v.3.2023. National Comprehensive Cancer Network,
Inc. 2023. All rights reserved. Accessed June, 8 2023. To view the most recent and complete version
of the guideline, go online to NCCN. org. NCCN makes no warranties of any kind whatsoever
regarding their content, use or application and disclaims any responsibility for their application or
use in any way.

J Thorac Oncol. Author manuscript; available in PMC 2024 April 24.


https://www.reportlinker.com/p04519594/EpiCast-Report-Non-Small-Cell-Lung-Cancer-NSCLC-Epidemiology-Forecast-to.html
https://www.reportlinker.com/p04519594/EpiCast-Report-Non-Small-Cell-Lung-Cancer-NSCLC-Epidemiology-Forecast-to.html

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Leeetal.

11.

12.

13.

15.

16.

17.

18.

19.

20.

Page 12

. Lou F, Huang J, Sima CS, Dycoco J, Rusch V, Bach PB. Patterns of recurrence and second primary

lung cancer in early-stage lung cancer survivors followed with routine computed tomography
surveillance. J Thorac Cardiovasc Surg. 2013;145:75-81. [PubMed: 23127371]

. Cai B, Fulcher N, Boyd M, Spira A. Clinical outcomes and resource utilization after surgical

resection with curative intent among patients with non-small cell lung cancer treated with adjuvant
therapies in a community oncology setting: a real-world retrospective observational study. Thorac
Cancer. 2021;12:2055-2064. [PubMed: 34028984]

. Andreas S, Chouaid C, Danson S, et al. Economic burden of resected (stage IB-111A) non-small

cell lung cancer in France, Germany and the United Kingdom: a retrospective observational study
(LuCaBIS). Lung Cancer. 2018;124:298-309. [PubMed: 29961557]

. Jeon SM, Kwon JW, Choi SH, Park HY. Economic burden of lung cancer: a retrospective cohort

study in South Korea, 2002-2015. PLoS One. 2019;14:e0212878. [PubMed: 30794674]

. Pignon JP, Tribodet H, Scagliotti GV, et al. Lung adjuvant cisplatin evaluation: a pooled analysis by

the LACE Collaborative Group. J Clin Oncol. 2008;26:3552-3559. [PubMed: 18506026]

. NSCLC Meta-analysis Collaborative Group. Preoperative chemotherapy for non-small-cell

lung cancer: a systematic review and meta-analysis of individual participant data. Lancet.
2014;383:1561-1571. [PubMed: 24576776]

10. European Medicines Agency. Tagrisso (osimertinib): EMA public assessment report https://

www.ema.europa.eu/en/documents/overview/tagrisso-epar-medicine-overview_en.pdf. Accessed
June 8, 2023.

US Food and Drug Administration. Genentech Inc. TECENTRIQ (atezolizumab) https://
www.accessdata.fda.gov/drugsatfda_docs/label/2021/761034s0421bl.pdf. Accessed June 8, 2023.
European Medicines Agency. Genentech Inc.

TECENTRIQ (atezolizumab) https://www.ema.europa.eu/en/documents/smop/chmp-post-
authorisation-summary-opinion-tecentrig-ii-64_en.pdf. Accessed June, 8, 2023.

US Food and Drug Administration. Merck & Co. KEYTRUDA (pembrolizumab) https://
www.accessdata.fda.gov/drugsatfda_docs/label/2023/125514s128Ibl.pdf. Accessed June 8, 2023.

14. Solomon BJ, Ahn JS, Barlesi F, et al. ALINA: A phase 111 study of alectinib versus chemotherapy

as adjuvant therapy in patients with stage IB-I11A anaplastic lymphoma kinase-positive (ALK+)
non-small cell lung cancer (NSCLC). J Clin Oncol. 2019;(37): TPS8569.

US Food and Drug Administration. Bristol-Myers Squibb Company. OPDIVO (nivolumab) https://
www.accessdata.fda.gov/drugsatfda_docs/label/2022/225554s1121bl.pdf. Accessed June, 8, 2023.

Lisberg A, Cummings A, Goldman JW, et al. A phase Il study of pembrolizumab in EGFR-
mutant, PD-L1+, tyrosine kinase inhibitor naive patients with advanced NSCLC. J Thorac Oncol.
2018;13:1138-1145. [PubMed: 29874546]

Borghaei H, Paz-Ares L, Horn L, et al. Nivolumab versus docetaxel in advanced nonsquamous
non-small-cell lung cancer. N Engl J Med. 2015;373:1627-1639. [PubMed: 26412456]

Herbst RS, Baas P, Kim DW, et al. Pembrolizumab versus docetaxel for previously treated,
PD-L1-positive, advanced non-small-cell lung cancer (KEYNOTE-010): a randomised controlled
trial. Lancet. 2016;387:1540-1550. [PubMed: 26712084]

Rittmeyer A, Barlesi F, Waterkamp D, et al. Atezolizumab versus docetaxel in patients

with previously treated non-small-cell lung cancer (OAK): a phase 3, open-label, multicentre
randomised controlled trial. Lancet. 2017;389:255-265. [PubMed: 27979383]

Gainor JF, Shaw AT, Sequist LV, et al. EGFR mutations and ALK rearrangements are associated
with low response rates to PD-1 pathway blockade in non-small cell lung cancer: a retrospective
analysis. Clin Cancer Res. 2016;22:4585-4893. [PubMed: 27225694]

21. Kim DW, Gadgeel S, Gettinger SN, et al. Brief report: safety and antitumor activity of alectinib

plus atezolizumab from a phase 1b study in advanced ALK-positive NSCLC. JTO Clin Res Rep.
2022;3:100367. [PubMed: 35875467]

22. Felip E, de Braud FG, Maur M, et al. Ceritinib plus nivolumab in patients with advanced ALK-

rearranged nonsmall cell lung cancer: results of an open-label, multi-center, phase 1B study. J
Thorac Oncol. 2020;15:392-403. [PubMed: 31634667]

J Thorac Oncol. Author manuscript; available in PMC 2024 April 24.


https://www.ema.europa.eu/en/documents/overview/tagrisso-epar-medicine-overview_en.pdf
https://www.ema.europa.eu/en/documents/overview/tagrisso-epar-medicine-overview_en.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/761034s042lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/761034s042lbl.pdf
https://www.ema.europa.eu/en/documents/smop/chmp-post-authorisation-summary-opinion-tecentriq-ii-64_en.pdf
https://www.ema.europa.eu/en/documents/smop/chmp-post-authorisation-summary-opinion-tecentriq-ii-64_en.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/125514s128lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/125514s128lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/225554s112lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/225554s112lbl.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Leeetal.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 13

Yang JC-H, Shepherd FA, Kim DW, et al. Osimertinib plus durvalumab versus osimertinib
monotherapy in EGFR T790M-positive NSCLC following previous EGFR TKI therapy: CAURAL
brief report. J Thorac Oncol. 2019;14:933-939. [PubMed: 30763730]

Oxnard GR, Yang JC, Yu H, et al. TATTON: a multi-arm, phase Ib trial of osimertinib
combined with selumetinib, savolitinib, or durvalumab in EGFR-mutant lung cancer. Ann Oncol.
2020;31:507-516. [PubMed: 32139298]

Spigel DR, Reynolds C, Waterhouse D, et al. Phase 1/2 study of the safety and tolerability of
nivolumab plus crizotinib for the first-line treatment of anaplastic lymphoma kinase translocation -
positive advanced nonsmall cell lung cancer (CheckMate 370). J Thorac Oncol. 2018;13:682-688.
[PubMed: 29518553]

Lin JJ, Chin E, Yeap BY, et al. Increased hepatotoxicity associated with sequential immune
checkpoint inhibitor and crizotinib therapy in patients with non-small cell lung cancer. J Thorac
Oncol. 2019;14:135-140. [PubMed: 30205166]

Schoenfeld AJ, Arbour KC, Rizvi H, et al. Severe immune-related adverse events are common with
sequential PD-(L)1 blockade and osimertinib. Ann Oncol. 2019;30:839-844. [PubMed: 30847464]

Heymach JV, Harpole D, Mitsudomi T, et al. AEGEAN: a phase 3 trial of neoadjuvant durvalumab
+ chemotherapy followed by adjuvant durvalumab in patients with resectable NSCLC. Cancer Res.
2023;83:CT005.

Wakelee H, Liberman M, Kato T, et al. Perioperative pembrolizumab for early-stage non-small-cell
lung cancer. N Engl J Med. 2023;389:491-503. [PubMed: 37272513]

Forde PM, Spicer J, Lu S, et al. Neoadjuvant nivolumab plus chemotherapy in resectable lung
cancer. N Engl J Med. 2022;386:1973-1985. [PubMed: 35403841]

O’Brien M, Paz-Ares L, Marreaud S, et al. Pembrolizumab versus placebo as adjuvant therapy
for completely resected stage I1B-111A non-small-cell lung cancer (PEARLS/KEYNOTE-091): an
interim analysis of a randomised, triple-blind, phase 3 trial. Lancet Oncol. 2022;23:1274-1286.
[PubMed: 36108662]

Felip E, Altorki N, Zhou C, et al. Adjuvant atezolizumab after adjuvant chemotherapy in resected
stage IB-111A non-small-cell lung cancer (IMpower010): a randomised, multicentre, open-label,
phase 3 trial. Lancet. 2021;398:1344-1357. [PubMed: 34555333]

Tsuboi M, Herbst RS, John T, et al. Overall survival with osimertinib in resected £GFR mutated
NSCLC. N Engl J Med. 2023;389:137-147. [PubMed: 37272535]

Lara-Guerra H, Waddell TK, Salvarrey MA, et al. Phase Il study of preoperative gefitinib

in clinical stage | non-small-cell lung cancer. J Clin Oncol. 2009;27:6229-6236. [PubMed:
19884551]

Ning Y, Bao M, Yan X, Xie D, Jiang G. Surgery for advanced non-small cell lung cancer patient
after epidermal growth factor receptor tyrosine kinase inhibitor neoadjuvant therapy. Ann Transl
Med. 2018;6:407. [PubMed: 30498734]

Zhang Y, Fu F, Hu H, et al. Gefitinib as neoadjuvant therapy for resectable stage 11-111A non-small
cell lung cancer: a phase 1l study. J Thorac Cardiovasc Surg. 2021;161:434-442. [PubMed:
32340810]

Xiong L, Lou Y, Bai H, et al. Efficacy of erlotinib as neoadjuvant regimen in EGFR-mutant
locally advanced non-small cell lung cancer patients. J Int Med Res. 2020;48:300060519887275.
[PubMed: 31885349]

Xiong L, Li R, Sun J, et al. Erlotinib as neoadjuvant therapy in stage I11A (N2) EGFR
mutation-positive nonsmall cell lung cancer: a prospective, single-arm, phase 1l study. Oncologist.
2019;24:157-164. [PubMed: 30158288]

Zhong WZ, Chen KN, Chen C, et al. Erlotinib versus gemcitabine plus cisplatin as neoadjuvant
treatment of stage I1IA-N2 EGFR-mutant non-small-cell lung cancer (EMERGING-CTONG
1103): a randomized phase 11 study. J Clin Oncol. 2019;37:2235-2245. [PubMed: 31194613]

Wu YL, Zhong W, Chen K-N, et al. CTONG1103: final overall survival analysis of the randomized
phase 2 trial of erlotinib versus gemcitabine plus cisplatin as neoadjuvant treatment of stage
IIA-N2 EGFR-mutant non-small cell lung cancer. J Clin Oncol. 2021;39:8502.

Aredo JV, Urisman A, Gubens MA, et al. Phase I trial of neoadjuvant osimertinib for surgically
resectable £EGFR-mutated non-small cell lung cancer. J Clin Oncol. 2023;41:8508.

J Thorac Oncol. Author manuscript; available in PMC 2024 April 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Leeetal.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Page 14

Lyu C, Fang W, Ma H, et al. Osimertinib as neoadjuvant treatment for resectable stage I1-111B
EGFR mutant lung adenocarcinoma (NEOS). J Clin Oncol. 2021;39:8524.

Lyu C, Fang W, Jiao W, et al. 81MO Osimertinib as neoadjuvant therapy in patients with
EGFR mutated resectable stage I1-111B lung adenocarcinoma (NEOS): updated results. Ann Oncol.
2022;33:571-S72.

Zhang C, Li SL, Nie Q, et al. Neoadjuvant crizotinib in resectable locally advanced non-small cell
lung cancer with ALK rearrangement. J Thorac Oncol. 2019;14:726—731. [PubMed: 30408570]

Zhang C, Jiang BY, Yan |.X, et al. Induction ALK-TKIs for

stage 111 non-small cell lung cancer harboring ALK fusion: a single-

center experience with 3-year follow-up. The American Association for

Thoracic Surgery. https://www.aats.org/resources/induction-alk-tk-is-for-stage-iii-non-small-cell-
lung-cancer-harboring-alk-fusion-a-single-center-experience-with-3-year-follow-up. Accessed
June 8, 2023.

Lee JM, Awad MM, Saliba TR, Caro N, Banerjee H, Kelly K. Neoadjuvant and adjuvant
capmatinib in resectable non-small cell lung cancer with MET exon 14 skipping mutation or
high MET amplification: GEOMETRY-N trial. J Clin Oncol. 2022;40: TPS8590.

Rajaram R, Sholl LM, Dacic S, et al. LIBRETTO-001 cohort 7: a single-arm, phase 2 study of
neoadjuvant selpercatinib in patients with resectable stage IB-111A RET fusion-positive NSCLC. J
Clin Oncol. 2022;40:TPS8594.

Lee J, Wistuba I, Ngiam C, et al. P03.04 Phase Il study of TKIs as neo(adjuvant) therapy in stage
11-111 resectable NSCLC with ALK, ROS1, NTRK or BRAF V600 alterations. J Thorac Oncol.
2021,16:5259-S260.

Tsuboi M, Weder W, Escriu C, et al. Neoadjuvant osimertinib with/without chemotherapy versus
chemotherapy alone for EGFR-mutated resectable non-small-cell lung cancer NeoADAURA.
Future Oncol 2021;17:4045-4055. [PubMed: 34278827]

Felip E, Rosell R, Maestre JA, et al. Preoperative chemotherapy plus surgery versus surgery

plus adjuvant chemotherapy versus surgery alone in early-stage nonsmall-cell lung cancer. J Clin
Oncol. 2010;28:3138-3145. [PubMed: 20516435]

Brandt WS, Yan W, Zhou J, et al. Outcomes after neoadjuvant or adjuvant chemotherapy for
cT2-4N0-1 nonsmall cell lung cancer: a propensity-matched analysis. J Thorac Cardiovasc Surg.
2019;157:743-753.€3. [PubMed: 30415902]

Robert NJ, Nwokeji ED, Espirito JL, et al. Biomarker tissue journey among patients (pts)

with untreated metastatic non-small cell lung cancer (MNSCLC) in the U.S. Oncology Network
community practices. J Clin Oncol. 2021;39:9004.

Aggarwal C, Bubendorf L, Cooper WA, et al. Molecular testing in stage I-111 non-small cell lung
cancer: approaches and challenges. Lung Cancer. 2021;162:42-53. [PubMed: 34739853]

Rolfo C, Mack P, Scagliotti GV, et al. Liquid biopsy for advanced NSCLC: a consensus statement
from the International Association for the Study of Lung Cancer. J Thorac Oncol. 2021;16:1647—
1662. [PubMed: 34246791]

Dziadziuszko R, Mok T, Peters S, et al. Blood First Assay Screening Trial (BFAST) in treatment-
naive advanced or metastatic NSCLC: initial results of the phase 2 ALK-positive cohort. J Thorac
Oncol. 2021;16:2040-2050. [PubMed: 34311110]

Peters S, Gadgeel SM, Mok TSK, et al. Efficacy/safety of entrectinib in patients (pts) with
ROSI-positive (ROS1+) advanced/metastatic NSCLC from the Blood First Assay Screening Trial
(BFAST). J Clin Oncol. 2022;40:LBA9023.

Guibert N, Pradines A, Favre G, Mazieres J. Current and future applications of liquid biopsy

in nonsmall cell lung cancer from early to advanced stages. Eur Respir Rev. 2020;29:190052.
[PubMed: 32051167]

Abbosh C, Birkbak NJ, Swanton C. Early stage NSCLC — challenges to implementing ctDNA-
based screening and MRD detection. Nat Rev Clin Oncol. 2018;15:577-586. [PubMed: 29968853]
Sepesi B, Jones DR, Meyers BF, et al. LCMC LEADER neoadjuvant screening trial: LCMC4
evaluation of actionable drivers in early-stage lung cancers. J Clin Oncol. 2022;40: TPS8596.
Zhou W, Liu Z, Wang Y, et al. The clinicopathological and molecular characteristics of resected
EGFR-mutant lung adenocarcinoma. Cancer Med. 2022;11:1299-1309. [PubMed: 35023616]

J Thorac Oncol. Author manuscript; available in PMC 2024 April 24.


https://www.aats.org/resources/induction-alk-tk-is-for-stage-iii-non-small-cell-lung-cancer-harboring-alk-fusion-a-single-center-experience-with-3-year-follow-up
https://www.aats.org/resources/induction-alk-tk-is-for-stage-iii-non-small-cell-lung-cancer-harboring-alk-fusion-a-single-center-experience-with-3-year-follow-up

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Leeetal.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Page 15

Cooper AJ, Sequist LV, Lin JJ. Third-generation EGFRand ALK inhibitors: mechanisms of
resistance and management. Nat Rev Clin Oncol. 2022;19:499-514. [PubMed: 35534623]

Cascone T, William WN Jr, Weissferdt A, et al. Neoadjuvant nivolumab or nivolumab plus
ipilimumab in operable non-small cell lung cancer: the phase 2 randomized NEOSTAR trial. Nat
Med. 2021;27:504-514. [PubMed: 33603241]

Gao S, Li N, Gao S, et al. Neoadjuvant PD-1 inhibitor (sintilimab) in NSCLC. J Thorac Oncol.
2020;15:816-826. [PubMed: 32036071]

Shu CA, Gainor JF, Awad MM, et al. Neoadjuvant atezolizumab and chemotherapy in patients with
resectable non-small-cell lung cancer: an open-label, multicentre, single-arm, phase 2 trial. Lancet
Oncol. 2020;21:786—795. [PubMed: 32386568]

Provencio M, Nadal E, Insa A, et al. Neoadjuvant chemo-immunotherapy for the treatment of
stage I11A resectable non-small-cell lung cancer (NSCLC): a phase Il multicenter exploratory
study—final data of patients who underwent surgical assessment. J Clin Oncol. 2019;37:8509.

Chaft JE, Oezkan F, Kris MG, et al. Neoadjuvant atezolizumab for resectable non-small cell
lung cancer: an open-label, single-arm phase Il trial. Nat Med. 2022;28:2155-2161. [PubMed:
36097216]

Lee J, Sepesi B, Toloza EM, et al. Phase Il NAUTIKAL study of targeted therapies in stage
11-111 NSCLC: preliminary data of neoadjuvant alectinib for ALK+ NSCLC. J Thorac Oncol.
2022;17:5233-5234.

Hellmann MD, Chaft JE, William WN Jr, et al. Pathological response after neoadjuvant
chemotherapy in resectable non-small-cell lung cancers: proposal for the use of major pathological
response as a surrogate endpoint. Lancet Oncol. 2014;15:e42-e50. [PubMed: 24384493]

Blumenthal GM, Bunn PA Jr, Chaft JE, et al. Current status and future perspectives on neoadjuvant
therapy in lung cancer. J Thorac Oncol. 2018;13:1818-1831. [PubMed: 30268698]

Huang M, O’Shaughnessy J, Zhao J, et al. Association of pathologic complete response with
long-term survival outcomes in triple-negative breast cancer: a meta-analysis. Cancer Res.
2020;80:5427-5434. [PubMed: 32928917]

Chen X, Ma K. Neoadjuvant therapy in lung cancer: what is most important: objective response
rate or major pathological response? Curr Oncol. 2021;28:4129-4138. [PubMed: 34677268]

Dacic S, Travis WD, Giltnane JM, et al. Artificial intelligence (Al)-powered pathologic response
(PathR) assessment of resection specimens after neoadjuvant atezolizumab in patients with non-
small cell lung cancer: results from the LCMC3 study. J Clin Oncol. 2021;39, 106.

Pennell NA, Neal JW, Chaft JE, et al. SELECT: a phase Il trial of adjuvant erlotinib in patients
with resected epidermal growth factor receptor-mutant non-small-cell lung cancer. J Clin Oncol.
2019;37:97-104. [PubMed: 30444685]

Yue D, Xu S, Wang Q, et al. Updated overall survival and exploratory analysis from randomized,
phase 1l EVAN study of erlotinib versus vinorelbine plus cisplatin adjuvant therapy in stage 111A
epidermal growth gactor receptor+ non-small-cell lung cancer. J Clin Oncol. 2022;40:3912-3917.
[PubMed: 36027483]

Tada H, Mitsudomi T, Misumi T, et al. Randomized phase 111 study of gefitinib versus cisplatin
plus vinorelbine for patients with resected stage II-111A non-small-cell lung cancer with EGFR
mutation (IMPACT). J Clin Oncol. 2022;40:231-241. [PubMed: 34726958]

Wu Y-L, Zhong W, Wang Q, et al. CTONG1104: adjuvant gefitinib versus chemotherapy for
resected N1-N2 NSCLC with EGFR mutation—final overall survival analysis of the randomized
phase 111 trial 1 analysis of the randomized phase 111 trial. J Clin Oncol. 2020;38:9005.

Tsuboi M, Wu Y, Grohe C, et al. LBA47 - osimertinib as adjuvant therapy in patients (pts) with
resected EGFR-mutated (EGFRm) stage IB-111A non-small cell lung cancer (NSCLC): updated
results from ADAURA. Ann Oncol. 2022;33:5808-S869.

Wu Y-L, Tsuboi M, He J, et al. Osimertinib in resected EGFR-mutated non-small-cell lung cancer.
N Engl J Med. 2020;383:1711-1723. [PubMed: 32955177]

Kris MG, Grindheim J, Chaft JE, et al. Dynamic circulating tumour DNA (ctDNA) response

to neoadjuvant (NA) atezolizumab (atezo) and surgery (surg) and association with outcomes in
patients (pts) with NSCLC. Ann Oncol. 2021;32:51373-S1391.

J Thorac Oncol. Author manuscript; available in PMC 2024 April 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Leeetal.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

9L

92.

93.

94.

95.

Page 16

Romero A, Nadal E, Serna R, et al. OA20.02 Pre-treatment levels of ctDNA for long-term survival
prediction in stage 111A NSCLC treated with neoadjuvant chemo-immunotherapy. J Thorac Oncol.
2021;16:5883-S884.

Kim J, Bradford D, Larkins E, et al. FDA approval summary: pralsetinib for the treatment of lung
and thyroid cancers with RET gene mutations or fusions. Clin Cancer Res. 2021;27:5452-5456.
[PubMed: 34045295]

Bradford D, Larkins E, Mushti SL, et al. FDA approval summary: selpercatinib for the treatment
of lung and thyroid cancers with RET gene mutations or fusions. Clin Cancer Res. 2021;27:2130-
2135. [PubMed: 33239432]

Marjanski T, Dziedzic R, Kowalczyk A, Rzyman W. Safety of surgery after neoadjuvant targeted
therapies in nonsmall cell lung cancer: a narrative review. Int J Mol Sci. 2021;22:12244. [PubMed:
34830123]

Kanemura H, Takeda M, Shimizu S, Nakagawa K. Interstitial lung disease associated with
capmatinib therapy in a patient with non-small cell lung cancer harboring a skipping mutation

of METexon 14. Thorac Cancer. 2021;12:549-552. [PubMed: 33347701]

Patel SR, Brown S-AN, Kubusek JE, Mansfield AS, Duma N. Osimertinib-induced
cardiomyopathy. JACC Case Rep. 2020;2:641-645. [PubMed: 34317311]

Ewer MS, Tekumalla SH, Walding A, Atuah KN. Cardiac safety of osimertinib: a review of data. J
Clin Oncol. 2021;39:328-337. [PubMed: 33356419]

Dziadziuszko R, Peters S, Ruf T, et al. Clinical experience and management of adverse events in
patients with advanced ALK-positive non-small-cell lung cancer receiving alectinib. ESMO Open.
2022;7:100612. [PubMed: 36375271]

Cortot A, Lee X, Smit E, et al. Safety of MET tyrosine kinase inhibitors in patients with MET exon
14 skipping non-small cell lung cancer: a clinical review. Clin Lung Cancer. 2022;23:195-207.
[PubMed: 35272955]

Eide 1JZ, Helland A, Ekman S, et al. Rapid drop in blood platelet count and increase in

creatinine in non-small cell lung cancer (NSCLC) patients treated with osimertinib. J Clin Oncol.
2018;36:€21026.

Schadendorf D, Robert C, Dummer R, et al. Pyrexia in patients treated with dabrafenib plus
trametinib across clinical trials in BRA~mutant cancers. Eur J Cancer. 2021;153:234-241.
[PubMed: 34225229]

Skoulidis F, Li BT, Dy GK, et al. Sotorasib for lung cancers with KRAS p. G12C mutation. N Engl
J Med. 2021;384:2371-2381. [PubMed: 34096690]

Shaw AT, Bauer TM, de Marinis F, et al. First-line lorlatinib or crizotinib in advanced ALK-
positive lung cancer. N Engl J Med. 2020;383:2018-2029. [PubMed: 33207094]

Elamin Y, Gandhi S, Antonoff M, et al. BRIGHTSTAR: a pilot trial of local consolidative therapy
(LCT) with brigatinib in tyrosine kinase inhibitor (TKI)-naive ALK-rearranged advanced NSCLC.
J Clin Oncol. 2020;38:9624.

Ramalingam SS, Vansteenkiste J, Planchard D, et al. Overall survival with osimertinib in untreated,
EGFR-mutated advanced NSCLC. N Engl J Med. 2020;382:41-50. [PubMed: 31751012]

Soria JC, Ohe Y, Vansteenkiste J, et al. Osimertinib in untreated £GFR-mutated advanced non-
small-cell lung cancer. N Engl J Med. 2018;378:113-125. [PubMed: 29151359]

J Thorac Oncol. Author manuscript; available in PMC 2024 April 24.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Leeetal.

Page 17

Records excluded for
inappropriate study
treatment (N = 117)
CIT only (n = 94)
CT/RT only (n = 15)
Other* (n = 8)

Reports excluded (N = 2)
Unknown status (n = 1)
Phase | safety study (n = 1)

—
E Records identified from clinicaltrials.gov: n = 151
=
s
5.% Search terms: neoadjuvant AND lung cancer
= Exclusion criteria: trials with terminated and completed statuses
§ Search date: 06/14/2022
—J
— '
Records screened for appropriate study treatment: neoadjuvant
targeted therapy + CT (n = 151)
2
il |5
[
2 @ v \ 4
2
L I e I pi Records excluded (N = 8)
Records assessed for Unknown status (n = 3) Records assessed for
neoadjuvant targeted Suspended status (n = 2) neoadjuvant targeted
monotherapy Study withdrawn (n = 1) therapy + CT
eligibility (n = 26) Primary outcome safety (n = 1) eligibility (n = 8)
Advanced NSCLC (n=1)

— 4 y
Neoadjuvant targeted Neoadjuvant targeted
monotherapy studies therapy + CT studies
included in review included in review
(n=18) (n=6)

—J

A 4 A 4
—
Additional records identified since 06/14/2022: n = 11
Search terms: neoadjuvant AND lung cancer
Exclusion criteria: trials with terminated and completed statuses
Search date: 10/19/2022
-
=
S v \ 4
£ =)
13 £ Reports assessed
-5 5 Reports assessed for .
2 o A for eligibility as
o 5 eligibility as neoadjuvant
8 n neoadjuvant targeted
@ monotherapy (n = 3) targeted therapy +
CT(n=1)
-
— l A
e Neoadjuvant targeted o .
3 monotherapy studies Slu‘dles included in
k] included in review review
£ (N=21) (N=7)
L
Figure 1.

Records excluded for
inappropriate study
treatment (N =7)
CIT(n=6)

Medical device (n = 1)

PRISMA flow diagram for systematic search of ClinicalTrials.gov. Other reasons for
exclusion include diagnostic clinical trial (n = 3), alternative treatments (vitamin A

and leucoselect phytosome, n = 1 each), bifunctional fusion protein (bintrafusp alfa, n

= 1), proteasome inhibitor (bortezomib, n = 1), unknown drug (n = 1). CIT, cancer
immunotherapy; CT, chemotherapy; PRISMA, Preferred Reporting Items for Systematic
Reviews and Meta-Analyses; RT, radiotherapy.
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cfDNA

Amendments; CT, computed tomography; LCMC, Lung Cancer Mutation Consortium;

MET, c-MET; MPR, major pathologic response; mut, mutation; NGS, next-generation
sequencing; NTRK; neurotrophic tyrosine receptor kinase; pCR, pathologic complete

response; PD-L1, programmed death-ligand 1; PET, positron emission tomography.
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4 cycles of SoC
chemotherapy,*
followed by up to
2 years of TKI

Platinum-based

chemotherapy

options:

« Cisplatin +
pemetrexed

* Carboplatin +
paclitaxel

SoC treatment

NAUTIKAL study schema. Figure adapted from: Lee et al.8” [data presented at WCLC
2022]. *Unless contraindicated or patient refusal. AJCC, American Joint Committee on
Cancer; BID, twice daily; CLIA, Clinical Laboratory Improvement Amendments; ECOG
PS, Eastern Cooperative Oncology Group performance status; LCMC, Lung Cancer
Mutation Consortium; PD-L1, programmed death-ligand 1; Q3W, every 3 weeks; QD, once
daily; SBRT, stereotactic body radiotherapy; SoC, standard of care; TKI, tyrosine kinase

inhibitor.
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