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Simple Summary

Non-small-cell lung cancer is a leading cause of morbidity and mortality worldwide. The
landscape of early non-small-cell lung cancer treatment is currently undergoing a massive
paradigm shift. Chemoimmunotherapy has revolutionized perioperative management of
non-oncogene addicted early disease. Concerning oncogene-driven early non-small-cell
lung cancer, adjuvant treatment with osimertinib in EGFR-mutant disease and alectinib in
ALK-rearranged disease is considered a standard of care option for patients after complete
resection. Ongoing studies—at different stages—evaluate targeted approaches in the
perioperative setting of EGFR-mutant, ALK-rearranged, and other actionable molecular
alterations. This comprehensive review aims to summarize the major breakthroughs in
the perioperative management of oncogene-driven non-small-cell lung cancer and give an
overview of promising ongoing efforts.

Abstract

Surgical resection remains the cornerstone of curative-intent treatment for both onco-
gene and non-oncogene addicted early-stage non-small cell lung cancer, with neoadju-
vant/adjuvant chemotherapy providing only a modest benefit in terms of disease-free
survival and overall survival. Currently, in non-small-cell lung cancer without actionable
molecular alterations, the addition of neoadjuvant or perioperative immunotherapy to
chemotherapy has become the standard of care for resectable disease, with significant
improvements in the rates of complete pathological response, major pathological response,
and event-free survival. In terms of oncogene-addicted non-small-cell lung cancer, adju-
vant treatment of completely resected disease with the third-generation EGFR inhibitor
osimertinib in patients harboring activating EGFR mutations or the second-generation
ALK inhibitor alectinib in patients with an ALK fusion/translocation has brought about a
paradigm shift by significantly improving event-free survival and, in the case of osimertinib,
overall survival. A glimpse into the future management of patients with early-stage disease
and a common EGFR mutation or an ALK fusion/translocation may reveal a perioperative
use of the respective targeted treatment. Data for the rest of the actionable molecular
alterations remain limited, and those tumors are usually treated with algorithms used for
non-oncogene-addicted non-small-cell lung cancer. This review aims to summarize all
existing evidence about the current management of patients with early-stage non-small-cell
lung cancer and actionable molecular alterations and to examine the future directions in
this rapidly evolving field.
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1. Introduction
Lung cancer represents a major global health challenge, ranking first in both incidence

and mortality with an estimated 2.5 million new cases and over 1.8 million deaths in 2022 [1].
Non-small-cell lung cancer (NSCLC) accounts for up to 85% of the lung cancer burden and is
in turn divided into two major subgroups: (1) non-squamous, encompassing the histological
subtypes of adenocarcinoma, large-cell carcinoma, and others, and (2) squamous cell
carcinoma [2,3]. The stage and extent of disease at diagnosis continue to be one of the
most important prognostic factors of NSCLC. Despite advances in treatment with the
advent of immunotherapy (IO) and targeted therapy, 5-year survival rates for advanced
and metastatic NSCLC are lower compared to early-stage disease, which represents less
than half of new diagnoses [4].

In the era of precision medicine and personalized treatment, performing a comprehen-
sive molecular testing for the assessment of the programmed death-ligand 1 (PD-L1) status
and for several oncogenic alterations is considered the standard of care (SoC), at least in
the advanced and metastatic NSCLC and in the case of non-squamous histology [5–7]. This
testing can preferably be performed on the tissue of the biopsy because of a lower rate of
false negative results and more reliable assays [8,9]. However, in cases where tissue is not
available, it can also be performed via a liquid biopsy in the blood; in fine needle aspiration
(FNA) samples, e.g., from a lymph node; or in body fluids with a positive cytology, e.g.,
from a malignant pleural effusion [8,9].

The identification of oncogenic alterations in somatic testing has prognostic im-
plications as the genes or proteins involved have, in most cases, a driver role and
contribute to tumor aggressiveness, proliferation, and progression [10]. More im-
portantly, they are significant as predictive biomarkers as the patients bearing them
may have a favorable response in tailored treatment with targeted agents while be-
ing unsuitable candidates for other therapeutic tools like chemoimmunotherapy [11].
These “actionable” alterations encompass epidermal growth factor receptor (EGFR)
common—and lately uncommon—mutations; anaplastic lymphoma kinase (ALK) rear-
rangements/translocations; proto-oncogene tyrosine-protein kinase ROS (ROS1) rearrange-
ments/translocations; the v-Raf murine sarcoma viral oncogene homolog B (BRAF) V600E
point mutation, rearranged during transfection (RET) rearrangements/translocations; hu-
man epidermal growth factor receptor 2 (HER-2) amplification or mutations; the Kirsten
rat sarcoma virus (KRAS) G12C mutation; neurotrophic tyrosine receptor kinase (NTRK)
1/2/3 gene fusions/translocations; and mesenchymal–epithelial transition (MET) factor
exon 14 (METex14) skipping mutations.

Targeted agents—mostly tyrosine kinase inhibitors (TKIs) but also newer molecules
like antibody-drug conjugates (ADCs) or bispecific antibodies—that are specific for all the
aforementioned alterations are approved by the Food and Drug Administration (FDA)
and the European Medicines Agency (EMA) in the advanced-metastatic setting, either
as first-line therapy or in previously treated patients, alone or in combination with other
modalities like chemotherapy (ChT) [5,6,11]. Furthermore, concurrently with the endeavor
to bring already approved agents to earlier lines or stages, there is also a plethora of new
molecules that are currently investigated in late-phase clinical trials.

Regarding early-stage NSCLC, complete resection (R0) remains the cornerstone of
curative-intent treatment for both oncogene and non-oncogene addicted cases [5,6]. Com-
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pleteness of resection has been defined as the co-existence of four criteria (microscopically
free margins, performance of a systematic lymph node dissection, absence of extracap-
sular node extension, and no tumor in the highest mediastinal node that was removed)
by the International Association for the Study of Lung Cancer (IASLC) [12]. Incomplete
or uncertain resection has been recognized as an adverse prognostic factor compared to
complete resection [13]. For patients who are unwilling to undergo surgery or are medically
inoperable due to age and comorbidities, curative radiotherapy (RT) by means of concur-
rent chemoradiotherapy (CRT), hypofractionated high-dose RT, or lately stereotactic body
radiation therapy (SBRT), especially in peripheral Stage I lesions, emerges as an alternative
solution to surgery [5,7,14–17].

Despite advances in surgical management, 19% of Stage I and 50% of Stage II operated
patients experience disease recurrence within 5 years, while the 5-year recurrence-free
survival (RFS) rate of Stage III patients with complete resection of their tumor is less than
40% [18,19]. Adjuvant cisplatin-based ChT, the SoC until several years, brought about
a modest 5.4% absolute 5-year benefit in overall survival (OS) of Stage II–III completely
resected disease, as demonstrated in the LACE meta-analysis of five trials [20]. A similar 5%
5-year OS improvement with neoadjuvant ChT in Stage I–III NSCLC patients in a 15-trial
meta-analysis further consolidated the limited benefit of ChT in early-stage NSCLC [21].

The landscape of perioperative management of non-oncogene-addicted early NSCLC
has witnessed a massive paradigm shift in recent years with the addition of IO into the
ChT backbone, mostly in resectable disease. In terms of oncogene-addicted early NSCLC,
adjuvant treatment of completely resected disease with the third-generation EGFR inhibitor
osimertinib in patients harboring activating EGFR mutations or the second-generation ALK
inhibitor alectinib in patients with an ALK fusion/translocation has rejuvenated the effort
of enhancing patient outcomes and reducing disease recurrence. This narrative review
aims to give an overview of the current situation in the perioperative management of early
NSCLC with actionable oncogenic alterations, summarize all the experience in this field,
and offer a glimpse into future perspectives.

2. The Rationale Behind the Neoadjuvant and Perioperative Approach in
Early NSCLC and the Paradigm of Chemoimmunotherapy

Not many years ago, the necessity for effective strategies to lower the potential of
cancer to relapse and increase the possibility of cure with surgery was more evident
than ever before in the management of early and resectable NSCLC. The advent of IO and
targeted agents has paved the way towards achieving these goals. One of the first dilemmas
that naturally occurred was the optimal placement of the adjunct treatment methods in the
therapeutic algorithm. Is the classic adjuvant strategy able and sufficient to move the field
forward? Or will the administration of systemic therapy preoperatively prevail, following
the paradigm of breast cancer and allowing an extra window for adjuvant treatment in a
perioperative-sandwich approach?

The neoadjuvant approach has multiple advantages. Firstly, it is better tolerated com-
pared to adjuvant therapy, and thus, more patients comply with and are able to receive the
whole course of treatment, bearing in mind that patients with early and resectable NSCLC
do not have an extensive disease burden and are generally asymptomatic or oligosymp-
tomatic and thus have an acceptable performance status [20–22]. Furthermore, the earlier
initiation of systemic therapy may eradicate micrometastatic disease, which is responsible
for distant disease relapses [23–28]. The adequate control of micrometastatic disease can be
effectively assessed with circulating tumor DNA (ctDNA) clearance [23,24]. Achieving a
downstaging of tumor burden, leading to a less extensive surgery and an increase in the R0
rate, is also considered as one of the merits of the neoadjuvant approach [22,26,29].
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Neoadjuvant treatment elicits pathologic responses besides its clinical and radiological
impact. Major pathologic responses (≤10% residual cancer cells in the surgical specimen,
MPR)—and pathologic complete response (pCR) to a greater extent—are closely associated
with survival in various cancers, including NSCLC [30,31]. This correlation has enabled the
utilization of pCR as a surrogate biomarker in lieu of survival endpoints like OS, event-free
survival (EFS), or disease-free survival (DFS). Importantly, MPR and pCR are included as
endpoints in all early NSCLC trials with a neoadjuvant therapy component, and notably,
preoperative CIT has led to a striking increase in pCR compared to the rarity of its existence
with ChT [25,27,32–34]. Moreover, the preoperative approach enables in vivo evaluation of
treatment efficacy and may be used as a guide for tailored adjuvant treatment by means
of (de)escalation. One extra argument for the neoadjuvant approach regarding IO and its
mechanism of action is the presence of the whole intact tumor, which allows exposure of a
more extensive neoantigen repertoire to the unrestrained primed immune system [35,36].

On the other hand, despite the short duration of neoadjuvant treatment (two to
four cycles in most ChT and three to four cycles in all CIT trials), some patients with
early NSCLC may experience disease progression during the prolonged interval from
diagnosis to curative-intent surgery [37]. Apart from that, another subgroup of patients
with resectable disease may experience significant adverse effects owing to IO or targeted
therapy, leading to postponement of surgery, impediment to its execution due to technical
difficulties, or significant perioperative morbidity. Some of these adverse effects are as
follows: impaired wound healing with RET inhibitors pralsetinib and selpercatinib [38,39];
pneumonitis and interstitial lung disease owing to EGFR, ALK, and MET inhibitors [40,41];
cardiotoxicity with EGFR inhibitor osimertinib and BRAF/MEK inhibitors [42–44]; hepato-
toxicity with KRAS-G12C inhibitor sotorasib [45]—especially if it is given sequentially after
IO—and various autoimmune conditions affecting all systems, including the infamous and
dreadful triple M syndrome (combination of myocarditis, myositis, and myasthenia gravis)
secondary to immune checkpoint inhibitor (ICI) treatment [46].

Following the success of IO in the metastatic setting, its integration into the treatment
of early-stage, non-oncogene-driven NSCLC has triggered a paradigm shift from upfront
surgery to perioperative chemoimmunotherapy. The pioneering Phase 2 NADIM trial
first demonstrated a numerically high pCR of 63.4% along with a 5-year progression-free
survival (PFS) of 65% and a 5-year OS rate of 69.3% by adding anti-programmed death-1
(PD-1) inhibitor nivolumab to the three-cycle neoadjuvant ChT backbone with carboplatin
and paclitaxel and continuing it postoperatively for 1 year in resectable Stage IIIA dis-
ease [47]. Soon after, a wave of Phase 3 approvals followed. Current standards of care
include adjuvant atezolizumab or pembrolizumab following ChT based on Phase 3 trials
IMpower 010 and KEYNOTE-091, respectively; purely neoadjuvant nivolumab with ChT
according to Phase 3 trial CheckMate-816; and “sandwich” perioperative approaches utiliz-
ing nivolumab, pembrolizumab, or durvalumab based on Phase 3 trials CheckMate 77T,
KEYNOTE-671, and AEGEAN, respectively [25–27,29,34,48,49]. While global approvals
vary by PD-L1 expression levels and regional regulatory bodies, these regimens—including
the China-approved toripalimab and tislelizumab based on Phase 3 trials NEOTORCH
and RATIONALE-315—collectively represent the new standard of care for resectable non-
oncogene-driven NSCLC [32,33]. The key characteristics of the major Phase 2 and 3 IO
trials in resectable non-oncogene-driven NSCLC are included in Supplementary Table S1.

3. Resectable NSCLC with Actionable Genomic
Alterations—Important Considerations

The frequency of targeted genomic alterations, which constitute the majority of NSCLC
across all stages, varies across the globe. Namely, it is estimated to be around 60% in Western
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populations, while in Asian populations, the percentage may approach 80% [11]. According
to retrospective real-world patient series, their prevalence appears to be statistically not
different across stages except for KRAS mutations, which are more frequent in earlier
stages [11,50,51]. Oncogene-driven NSCLC has a distinct clinical course compared to
non-oncogene-driven disease. Moreover, oncogene-driven NSCLC does not constitute a
single entity. Alterations like EGFR mutations or ALK translocations in NSCLC confer
unique properties upon the corresponding molecular subtypes. This leads to distinguishing
biological behaviors, including a differential response to various treatment modalities [10].

The existence of an EGFR mutation or ALK fusion translates into increased OS across
all stages or only in the advanced stage, respectively, while the presence of a KRAS mutation
is linked to a worse prognosis [10,52]. However, these data reflect the improvement in
each target’s therapeutics, as EGFR mutations or ALK translocations were historically
associated with increased disease aggressiveness, resistance to conventional ChT, and
inferior patient outcomes until the advent of a grand repertoire of targeted agents against
them [53]. Concerning early NSCLC, the existence of a frequent alteration like a common
EGFR mutation or a rare one like RET fusion or METex14 skipping mutation leads to
aberrant and mostly discordant post-operative outcomes (RFS, OS) compared to “wild-type
NSCLC” in various retrospective patient series [54–56].

Both EGFR-mutant and ALK-positive NSCLC have a higher risk for brain metastases
and osteolytic bone involvement, with a higher percentage of sclerotic bone lesions in
patients with ALK translocations. ALK-positive disease has a predilection for lymphangitic
carcinomatosis, extensive hilar lymphadenopathy, and involvement of the lower lung lobes
compared to EGFR-mutant disease, which follows a more hierarchical metastatic progres-
sion along lymph node stations and predominantly involves the upper lung lobes [57,58].
While both subtypes are regarded as relatively chemoresistant, the efficacy of various
chemotherapeutic drugs varies between them. Namely, pemetrexed leads to a higher
response rate and PFS in the case of ALK-positive NSCLC compared to EGFR-mutant
disease [59]. On the other hand, the presence of EGFR mutations may be linked to a higher
sensitivity to radiation, leading to superior locoregional control of disease after RT, with or
without concomitant ChT in early or locally advanced NSCLC [60]. However, this does
not translate to a survival benefit, most likely due to a higher rate of out-of-field failure
and distant metastases [61]. The presence of ALK translocations does not seem to influence
patient outcomes after RT or CRT in locally advanced disease [62].

The similar prevalence of molecular alterations in early compared to advanced NSCLC,
along with their influence on patient outcomes, incited the efforts for a tailored man-
agement of resectable oncogene-driven NSCLC besides advanced disease. One extra
argument supporting this differential approach is the limited efficacy of IO—especially
monoimmunotherapy—in these patients, excluding KRAS G12C mutation, BRAF non-
V600E mutation, and MET amplification [63]. This could be explained by low PD-L1
expression, tumor mutational burden and an immune-suppressive tumor microenviron-
ment (TME), features consistent with poor response to ICIs [64,65]. With respect to the
perioperative CIT trials, patients with EGFR mutations or ALK translocations, which are the
only oncogenes included in the compulsory molecular testing of early disease as per most
guidelines, were underrepresented. Specifically, CheckMate-77T excluded patients with
EGFR alterations while AEGEAN enrolled 51 patients with EGFR alterations, which were
characterized by a trend toward improved EFS and pCR with perioperative CIT compared
with ChT alone but were later excluded from the intention-to-treat analysis [25,34,66]. In
KEYNOTE-671, 33 patients with confirmed EGFR mutations were included and had an
improved EFS, with only 1/14 patients in the CIT arm experiencing recurrence compared
to 10/19 in the ChT arm [27,29]. Meanwhile, an additional 66% of the study population had
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unknown EGFR status due to EGFR testing not being a prerequisite for enrolment [27,29].
Regarding patients with ALK fusions/translocations, these patients constituted only 5.2%
of the KEYNOTE-671 population and were excluded from the intention-to-treat analysis of
the AEGEAN trial due to the limited efficacy of both arms, despite the initial allowance of
their enrolment [27,29,34,66].

Following the paradigm of non-oncogene-driven early disease, pCR and MPR have
been heavily used as endpoints in all major trials of neoadjuvant or perioperative treatment
of early NSCLC with actionable alterations. A 2025 systematic review and meta-analysis,
which included 14 trials with ChT, ChT with RT or ICI, and ICI only, demonstrated a strong
correlation between pCR and EFS and a moderate correlation between pCR and OS [67].
The moderate association of pCR with OS, the wide 95% CI (0.04–1.00) reflecting real-world
heterogeneity, a more rigorous statistical interpretation, and the role of adjuvant treatment
may temper the enthusiasm for the use of pCR and MPR as sole primary endpoints in
major perioperative or adjuvant trials [68]. In the case of oncogene-addicted NSCLC,
the relationship between pathological response and long-term outcomes is less strong.
Specifically in EGFR-mutant disease, pCR and MPR rates with EGFR inhibitors are lower
compared to ChT-ICI combinations in non-oncogene-driven disease or ALK inhibitors in
ALK-positive disease, which is most likely attributed to their cytostatic rather than cytotoxic
or immune-modulating mechanism of action [37,69]. Lower pathological response rates,
along with the fact that patients who do not achieve MPR or pCR can still have excellent
long-term survival by continuing highly effective adjuvant TKI treatment, limit the use of
MPR or pCR as robust surrogate endpoints in early oncogene-addicted NSCLC [70,71].

Minimal residual disease (MRD) assessment via circulating tumor cells (CTCs), ctDNA,
or other tumor-related material strongly correlates with survival outcomes and recurrence
in NSCLC according to accumulated evidence and thus is regarded as an emerging prognos-
tic indicator [72]. Following curative-intent therapy, non-detectable MRD has been linked
to prolonged survival, while detectable—especially when persistently detectable—has been
linked to an increased risk for disease relapse and death [73]. These correlations have
been confirmed in several prospective studies, including Phase III trials of perioperative
ChT-ICI or TKIs [74,75]. Important points for consideration and limitations include its
low negative predictive value (a large portion of disease recurrence takes place in patients
with non-detectable MRD after curative-intent treatment) compared to a high positive
predictive value, the undetermined timepoint for post-operative MRD assessment, and the
lack of an optimal threshold due to a multitude of options and assays [73]. Specifically for
early NSCLC, another limitation lies in the fact that the low shedding of CTCs or ctDNA
in early-stage disease requires assays with ultra-high sensitivity to avoid false negatives.
Furthermore, different oncogenic alterations and anatomical sites (e.g., CNS) exhibit differ-
ential shedding patterns that may decouple the MRD status from actual tumor burden [73].
Thus, MRD assessment has not yet earned its place in the treatment algorithm of early
NSCLC, regardless of the presence of actionable alterations.

Despite the limitations, a dynamic longitudinal monitoring of MRD with an approved
method or assay preoperatively, postoperatively, and after adjuvant therapy could emerge
as a useful strategy for treatment personalization after validation in prospective trials.
Detectable CTCs or ctDNA in the preoperative period could be used as a decision tool for
the administration of preoperative treatment, which should not follow a “one-size-fits-all”
approach. Likewise, CTCs or ctDNA beyond a prespecified threshold in the preoperative
period could be a signal for the intensification of preoperative treatment, e.g., with the
addition of ChT or RT or with the prolongation of systemic therapy. Moreover, disease
progression via MRD assessment could prompt surgery or definitive RT along with a
change in the systemic treatment component. In the postoperative period, non-detectable
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MRD could contribute to the avoidance of overtreatment by enabling a safe treatment
deintensification in terms of dosage and duration or the complete omission of adjuvant
treatment and radiologic surveillance. On the other hand, detectable levels of CTCs or
ctDNA could bring about treatment escalation by prolonging the duration, increasing the
dose of the standard of care regimen, or introducing extra treatment modalities like ChT or
RT [73].

Beyond molecular, pathological, and radiological responses and survival outcomes,
neoadjuvant therapy may introduce unique surgical considerations like dense nodal fibro-
sis, inflammation, and adhesions induced by neoadjuvant chemoimmunotherapy, which
increase the extent and complexity of the operation [76]. Neoadjuvant treatment with an
EGFR inhibitor led to no delays in planned surgery. Only one patient receiving afatinib
passed away in the postoperative period due to respiratory failure, with the necropsy anal-
ysis indicating tumor replacement by fibrotic scar tissue and lymphocyte infiltration [77].
Intra- and postoperative complications occurred in less than 15% in all neoadjuvant EGFR
TKI trials, were up to Grade 3 and reversible in most cases, could not be attributed solely
to neoadjuvant treatment, and included pulmonary embolism, pneumothorax, chylotho-
rax, respiratory failure, prolonged air leakage, bronchopleural fistula, and subcutaneous
emphysema, among others [77–84]. R1/R2 resection was mostly an issue with first- and
second-generation inhibitors (12–31%), while the corresponding rates for osimertinib and
aumolertinib were 5.3% (2 studies) and 0%, respectively [77–79,81–84]. Conversion to pneu-
monectomy was a rare phenomenon, taking place only in 2/27 patients (7.4%) receiving
osimertinib [83].

Neoadjuvant treatment with ALK inhibitors leads to a potentially steeper surgical
pathway, most likely due to more extensive hilar/mediastinal lymphadenopathy and
treatment-induced changes. Up to 10% of patients experienced a delay in surgery due
to treatment-related adverse events (AEs). However, no deaths or significant intra- or
postoperative complications were reported. R0 rates were higher compared to neoadjuvant
EGFR TKI, ranging from 86% to 100% [85–89]. In total, 3/29 (10.3%) patients receiving
alectinib or crizotinib and 1/11 (9%) patient, who received lorlatinib, had to convert from a
minimally invasive lobectomy to open thoracotomy [85,86]. All patients in the lorlatinib
study faced surgical difficulties due to adhesions and fibrosis, ranging from mild (3/11,
27.2%) to moderate–severe difficulties (8/11, 72.8%). However, the lorlatinib study enrolled
only patients with locally advanced Stage III NSCLC [85]. Taking all this into account, it
is imperative that thoracic surgeons are involved in a multidisciplinary decision-making
approach for the optimal management of early oncogene-driven NSCLC.

4. EGFR
The prevalence of EGFR alterations and mutations in NSCLC varies significantly

according to ethnicity. In Western populations, it is estimated to be around 15–20%, while it
can surpass 50% in Asian populations [11]. The presence of an EGFR mutation is identified
more frequently among female, non-smoker, or adenocarcinoma patients [90]. Moreover,
there are various classifications of the different EGFR mutations. Classical or common
mutations include deletions in exon 19 (Ex19del) and exon 21 codon p.Leu858Arg (L858R)
point mutations, which comprise 85–90% of the entirety of this group and are sensitive to
first-, second-, or third-generation inhibitors, with the latter being able to overcome the
resistant T790M point mutation [91]. On the other hand, atypical mutations constitute
10–15% of all EGFR mutations; include exon 20 insertions, G719X, S768I, and L861Q,
among others; express reduced and variable sensitivity to EGFR inhibitors; and need
specific management like the second-generation afatinib for G719X, S768I, and L861Q or
the bispecific antibody amivantamab for exon 20 insertions [91]. A more contemporary
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classification distinguishes EGFR mutations on the basis of structure differences and drug
sensitivity into four groups: (i) “classical-like” (distant from the ATP-binding pocket),
(ii) “T790M-like” in the hydrophobic core, (iii) “Ex20ins-L” (insertions in the loop at the C-
terminal end of the αC helix in exon 20), and (iv) “PACC”, which are mutations recognized
as P-loop and αC-helix compressing [92]. Concerning influence on prognosis, there is a
discrepancy in data regarding the role of EGFR mutations in completely resected NSCLC.
Several studies report a protective role in EGFR mutations; others report a higher risk of
metastatic recurrence, including intracranial progression, while more recent patient series
report no association between EGFR mutations and DFS or OS in the era before adjuvant
osimertinib [93–97].

4.1. Adjuvant Approaches

The first evidence of the protective role of EGFR inhibitors in the adjuvant setting of
completely resected early EGFR mutant NSCLC was observed in two retrospective patient
series from the early 2010s, where the use of first-generation agents erlotinib or gefitinib
resulted in significantly improved DFS or 2-year DFS with a trend toward improved OS
or 2-year OS compared to placebo [98,99]. Another retrospective study, which compared
adjuvant gefitinib (median duration of treatment 20.7 months) with four cycles of two-drug
platinum-based adjuvant ChT in completely resected Stage II–IIIA (7th TNM Edition)
NSCLC with common EGFR mutations, conferred a statistically significant benefit with the
EGFR inhibitor in median DFS, with 34.9 versus 19.3 months (HR: 0.36, 95% CI 0.19–0.68,
p = 0.001) and less frequent Grade 3 or higher AEs [100]. With respect to randomized studies
on adjuvant administration of EGFR inhibitors, the first two Phase 3 trials investigated the
use of first-generation agents for two years versus placebo on all-comers with completely
resected Stage IB–IIIA disease according to the 6th TNM classification and did not focus on
EGFR mutation carriers. Namely, in the prematurely terminated North American NCIC
CTG BR19 (NCT00049543), with only 4% of patients harboring an EGFR mutation, there
was no improvement with gefitinib in OS (HR: 1.24, 95% CI 0.94–1.64, p = 0.14) or DFS (HR:
1.22, 95% CI 0.93–1.61, p = 0.15) in the whole study population, with similar observations in
the 15 EGFR mutant patients (OS → HR: 3.16, 95% CI 0.61–16.45, p = 0.15; DFS → HR: 1.84,
95% CI 0.44–7.73, p = 0.395) [101]. Similarly, only 161 of the 973 enrolled patients (16.5%) in
the international RADIANT trial (NCT00373425) harbored a mutation or amplification in
EGFR. This led to a non-significant difference in median DFS in the unselected population
with erlotinib compared to placebo (50.5 vs. 48.2 months, HR: 0.90, 95% CI 0.74–1.10,
p = 0.324), while in the EGFR+ group, a clinically meaningful but not statistically significant
difference in median DFS with erlotinib (46.4 vs. 28.5 months) was observed because of
hierarchical testing procedure (HR: 0.61, 95% CI 0.38–0.98, p = 0.039) [102]. OS was not
statistically significant in the EGFR+ group (HR: 1.09, 955 CI 0.54–2.16) [102]. Adjuvant
ChT was allowed in both trials, with the respective rates being 17% and 53% [101,102].

The next step was to evaluate first-generation EGFR inhibitors in a population with
classical EGFR mutations. Adjuvant erlotinib for 2 years in IA-IIIA patients (7th TNM
Edition) yielded a 5-year DFS of 56% and 5-year OS of 86% in the North American single-
arm Phase 2 SELECT study (NCT00567359), which were improved compared with a historic
matched population [103]. Four Chinese randomized, open-label Phase 2 trials further
assessed first-generation agents. In GASTO1003-CORIN (NCT02264210), post-operative
icotinib in Stage IB patients without prior ChT led to a significantly improved 5-year DFS
compared to another observation (88.5% vs. 67.7%, respectively; HR: 0.38, 95% CI 0.18–0.83,
p = 0.012), with a marginal improvement in 5-year OS due to the small sample size and 83%
crossover rate (98.3% vs. 90.5%, respectively; HR: 0.15, 95% CI 0.02–1.27, p = 0.045) [104].
Icotinib for a duration of 4 to 8 months after four cycles of platinum-based ChT failed to
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improve 12-month (100% vs. 88.9%, p = 0.122), 18-month (95.2% vs. 83.3%, p = 0.225), and
24-month DFS (90.5% vs. 66.7%, p = 0.066) vs. another observation in 41 patients with IB
(with high-risk features) to IIIA in the NCT02430974 study [105]. Meanwhile, 2 years of
adjuvant erlotinib compared to four cycles of cisplatin/vinorelbine in completely resected
Stage IIIA disease improved the median DFS (HR: 0.38, 95% CI 0.20–0.70, p < 0.001) and
median OS (84.2 vs. 61.1 months, respectively; HR: 0.37, 95% CI 0.19–0.73, p = 0.003) in the
EVAN trial (NCT01683175) [106]. The EVAN study, which included mostly N2 patients
(94.1% in the erlotinib and 100% in the ChT arm), was the first to demonstrate a clinically
meaningful improvement in OS with targeted treatment compared to ChT in completely
resected Stage III EGFR mutant NSCLC. Finally, in another sequential approach, 6 months
of gefitinib after four cycles of adjuvant ChT with carboplatin/pemetrexed in 60 patients
with an R0 resection of Stage IIIA-N2 NSCLC harboring common EGFR mutations yielded
an improvement compared to observation in 2-year DFS (78.9% vs. 54.2%; HR: 0.37, 95%
CI 0.16–0.85, p = 0.014) but not in 2-year OS (92.4% vs. 77.4%; HR: 0.37, 95% CI 0.12–1.11,
p = 0.076) [107].

Subsequently, three Phase 3 randomized studies evaluated 2 years of a first-generation
EGFR inhibitor vs. four cycles of platinum-based ChT after a complete resection of Stage
II–IIIA (N1–N2) NSCLC with EGFR exon 19 or 21 mutations with DFS as the primary end
point [108–110]. In the Chinese ADJUVANT/CTONG1104 trial (NCT0140579), gefitinib
significantly prolonged the median DFS (28.7 vs. 18 months; HR: 0.60, 95% CI 0.42–0.87,
p = 0.0054) without an improvement in the median OS (75.5 vs. 62.8 months; HR: 0.92, 95%
CI 0.62–1.36, p = 0.674), which was attributed mostly to subsequent therapy, while achieving
a favorable safety profile [108]. Gefitinib failed to corroborate its activity by not prolonging
median DFS compared to ChT (35.9 vs. 21 months; HR: 0.92, 95% CI 0.67–1.28, p = 0.63)
and 5-year OS (78.0% vs. 74.6%; HR: 1.03, 95% CI 0.65–1.65, p = 0.89) in the Japanese
IMPACT/WJOG6410L study with a crossover rate of 52% [109]. However, in the Chinese
EVIDENCE trial (NCT02448797), icotinib led to a median DFS of 47 months compared to
22.1 months in the ChT arm (HR: 0.36, 95% CI 0.24–0.55, p < 0.0001), with immature OS data
at the time of the publication and only 1% serious treatment-related adverse events [110].
Two different duration regimens for icotinib after ChT were compared to a placebo in the
same population as the aforementioned studies in the early-terminated Phase 3 randomized
GASTO1002/ICTAN trial (NCT01996098) with recently published results [111]. Both 6 and
12 months of adjuvant icotinib led to significant prolongation of DFS (HR: 0.41, 95% CI
0.27–0.62, p < 0.001 and HR: 0.40, 95% CI 0.27–0.61, p < 0.001, respectively) and OS (HR:
0.56, 95% CI 0.32–0.98, p = 0.038 and HR: 0.55, 95% CI 0.32–0.96, p = 0.032, respectively)
compared to placebo while 6 additional months of icotinib does not provide extra benefit
and thus is not recommended [111].

Before GASTO1002/ICTAN, improvements in DFS with a first-generation EGFR TKI
did not translate into an OS benefit, which could be attributed to subsequent treatment
with an EGFR TKI post-progression. Furthermore, DFS curves converged after cessation
of adjuvant treatment, possibly due to a lack of protective action in the central nervous
system (CNS), as demonstrated by the increased rate of brain relapse in all Phase 3 trials
before GASTO1002/ICTAN [108–110]. The main difference between GASTO1002/ICTAN
and the rest of the Phase III first-generation EGFR TKI trials was that it tested a combined
sequential approach post-ChT instead of evaluating targeted therapy versus ChT. The
mechanism of action of targeted treatment with TKIs is mainly cytostatic through applying
selective pressure to cancer cells, which is evident during the resurgence of disease or flare
after treatment interruption with an EGFR TKI in the metastatic setting. On the other hand,
ChT’s benefit is primarily driven by cytotoxicity [112]. Thus, sequential use of ChT and
EGFR inhibition and exploiting the merits of both modalities, as well as their synergistic
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effect, as demonstrated in in vitro studies, could be a rational strategy as adjuvant treatment
for high-risk resected EGFR mutant NSCLC [113]. However, the use of first-generation
EGFR inhibitors precludes inhibition of the T790M mutation, which is responsible for up
to 60% of acquired resistance and treatment failure, while it also demonstrates inferior
intracranial activity compared to third-generation inhibitors like osimertinib [69,114,115].

Following improvement in efficacy and safety with osimertinib compared to first-
generation EGFR inhibitors in advanced metastatic disease, owing to its aforementioned
qualities of effectively inhibiting T790M mutation and penetrating–exerting its effect in
the CNS, it was also assessed in the adjuvant setting [116,117]. In the groundbreaking
Phase 3 ADAURA trial, following complete resection of Stage IB–IIIA NSCLC (7th TNM
Edition) with common EGFR mutations and optional post-operative ChT, 682 patients
were randomized across 3 years with osimertinib or placebo, with investigator-assessed
DFS among patients with Stage II–IIIA disease as the primary end point and secondary
endpoints including DFS among patients with Stage IB–IIIA disease, OS, and safety. At
44.2 months, the median DFS for Stage II–IIIA disease for osimertinib was 65.8 months vs.
21.9 months with placebo (HR: 0.23, 95% CI 0.18 to 0.30), while a 4-year DFS rate was 70%
with osimertinib vs. 29% with placebo [70]. The median DFS in the overall population was
also improved with osimertinib vs. placebo (65.8 months vs. 28.1 months, HR: 0.27, 95% CI
0.21–0.34) without an overwhelming impact on quality of life, as observed with first- and
second-generation inhibitors. The beneficial effect of osimertinib on DFS increased with
stage (IB → HR: 0.41, 95% CI 0.23–0.69; II → HR: 0.34, 95% CI 0.23–0.52; and IIIA → HR:
0.20, 95% CI 0.14–0.29) [70].

ADAURA was the first Phase 3 trial with adjuvant EGFR TKI inhibition that led to CNS
protection and improvement in OS and remained the only one until the recently published
results of GASTO1002/ICTAN. Namely, CNS DFS HR with osimertinib compared to
placebo was 0.24 (95% CI 0.14–0.42) in Stage II–IIIA disease and 0.36 (95% CI 0.23–0.57) in
the overall population, while the estimated probability of a CNS relapse at the timepoint of
3 years was 2% with osimertinib vs. 13% with placebo [118]. Concerning OS, the 5-year
OS in Stage II–IIIA patients was 85% with osimertinib compared to 73% with placebo (HR:
0.49, 95% CI 0.33–0.73, p < 0.001), while in the overall population, the corresponding rates
were 88% and 78%, respectively (HR: 0.49, 95% CI 0.34–0.70, p < 0.001). Similarly with
DFS, the benefit increased proportionately with respect to the stage (IB → HR: 0.44, 95% CI
0.17–1.02; II → HR: 0.63, 95% CI 0.34–1.12; and IIIA → HR: 0.37, 95% CI 0.20–0.64) [118].
Based on findings from the ADAURA trial, adjuvant osimertinib for 3 years after complete
resection of Stage IB–IIIA NSCLC with common EGFR mutations is currently approved in
the US, EU, China, and Japan. Interestingly, osimertinib’s benefit is independent of ChT
administration (ChT → DFS HR: 0.29, 95% CI: 0.21–0.39; OS HR: 0.49, 95% CI: 0.30–0.79
and no ChT → DFS HR: 0.36, 95% CI: 0.24–0.55; OS HR: 0.47, 95% CI: 0.25–0.83) [112].
Furthermore, the trial was unblinded after superiority in terms of DFS was ascertained,
which could affect OS estimates. The OS could also be influenced by the fact that only 43%
of the patients (75/205) in the control arm received osimertinib as subsequent treatment,
despite 85% of participants in the control arm (174/205) receiving anticancer treatment
after confirmation of progression [112].

There are many challenges and unanswered questions regarding the optimal adjuvant
treatment of patients with completely resected NSCLC with EGFR mutations. The 5-year
DFS rate of EGFR-positive NSCLC patients from Stage IB to IIIA, who underwent complete
surgical excision and did not receive a TKI post-operatively, reached 37.2%, suggesting
that more than one-third of candidates for adjuvant targeted therapy could be cured
without adjuvant osimertinib or icotinib [94]. By estimating this “favorable” subgroup,
we could avoid overtreatment, increased healthcare burden, and the negative impact on
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patients’ lives from unwanted—and useless—toxicity. MRD is strongly associated with
recurrence and could be utilized to identify those who would benefit most from post-
operative treatment, as indicated by retrospective and prospective studies like the Phase
2 CELEBRATE-NSCLC [74,119–121]. MRD negativity at baseline and conversion from
preoperative ctDNA positivity to postoperative MRD negativity led to improved outcomes,
including DFS, compared to baseline MRD positivity and non-conversion, respectively, in
multiple studies [122,123]. In an exploratory analysis of the ADAURA trial, MRD preceded
most radiographic DFS events in both arms during adjuvant treatment and follow-up
period by a median of 4.7 months (95% CI 2.2–5.6), similarly to previous retrospective and
prospective studies [74,124,125]. Furthermore, the status of negativity in MRD and the
absence of a DFS event were maintained for most patients in the osimertinib arm during
treatment and follow-up after its cessation compared to placebo (86% vs. 36% at 36 months,
HR: 0.23, 95% CI 0.15–0.36), and the majority of MRD or DFS events took place after and
within one year of osimertinib discontinuation or completion (19/28, 68% and 11/19, 58%,
respectively) [124]. Future studies could include MRD detection as a decision-making tool
for personalization of adjuvant treatment after identification of the optimal technique for it,
taking into account that, due to lower disease burden in early NSCLC, the cut-off limit is
low, and increased sensitivity is needed.

The presence of co-mutations could further expand the personalization of treatment.
For instance, TP53 mutations in advanced EGFR mutant NSCLC are linked to resistance
to EGFR inhibition and a higher mutation burden, while the concomitant existence of
mutations in TP53 and RB1 is a risk factor for SCLC transformation [126–128]. Ongoing
clinical trials explore the feasibility of treatment escalation strategies in patients with
these co-mutations [129,130]. In early-stage EGFR mutant NSCLC, the TP53 mutation
is observed in up to 70% of patients and is also an adverse prognostic factor [131]. In a
retrospective subgroup genomic analysis from the ADJUVANT trial, the identification of
five predictive biomarkers, namely TP53 mutations, RB1 alterations, and amplification of
NKX2-1, CDK4, and MYC, led to three prognostic subgroups based on efficacy of different
treatment modalities (highly TKI-preferable, TKI-preferable, and ChT-preferable) [132].
Similar strategies could be implemented in the future following validation in prospective
trials. Regarding ChT with stage as the only criterion, 5-year OS was improved in patients
who received it compared to those who did not in Stages II–IIIA (87% vs. 80% in the
osimertinib arm and 75% vs. 66% in the placebo group), suggesting that it can be omitted
in Stage IB [118].

Patients with tumors less than 4 cm or with uncommon mutations were not represented
in the ADAURA trial or the already completed aforementioned studies. Thus, caution
should be exercised when treating patients with uncommon EGFR mutations or smaller
tumors. Extrapolation of accumulated evidence from EGFR inhibitors in the adjuvant
treatment of patients with >4 cm tumors with common EGFR mutations should not be
encouraged without prospective validation. The prospective Phase 2 two-arm APPOINT
study (NCT04922138) enrolled completely resected Stage IA patients with common and
uncommon EGFR mutations and high-risk factors (≥10% of solid, micropapillary, and/or
complex gland components) and evaluated the adjuvant treatment with 3 years of third-
generation aumolertinib vs. the placebo with a 2-year DFS rate as primary endpoints, and 3-,
4-, and 5-year DFS rates and a 5-year OS rate were evaluated as secondary endpoints [133].
At a median follow-up time of 20 months, no patient in the aumolertinib arm and 4 out
of 51 patients in the placebo arm experienced disease recurrence (2-year DFS → 100%
vs. 75%; HR: 0.116, 95% CI 0.016–0.838, p = 0.033), with no ≥Grade 3 AEs or unexpected
toxicity in the experimental arm [134]. The ongoing randomized Phase 3 ADAURA2
(NCT05120349) will address 3 years of adjuvant osimertinib vs. the placebo after R0
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resection in patients with Stage IA2–IA3 (8th TNM Edition) non-squamous NSCLC and
common EGFR mutations; will enroll Chinese, non-Chinese Asian, and non-Asian patients;
and will stratify them according to race, EGFR mutation, and risk (high-risk when ≥1 of the
following risk factors is present: largest diameter of invasive component of primary tumor
>2 cm, lymphovascular invasion, and/or high-grade histology with ≥20% micropapillary,
solid, or complex gland adenocarcinoma) [135]. The primary endpoint will be DFS in the
high-risk subgroup, while secondary endpoints include DFS in the overall population,
OS, CNS DFS, and safety [136]. Furthermore, a sub-cohort of the Phase 3 PACIFIC-4
trial (NCT03833154) will evaluate the efficacy of 3 years of osimertinib as consolidation
treatment in medically inoperable Stage I/II EGFR mutant NSCLC after curative SBRT,
with 4-year PFS as the primary endpoint and only common mutations allowed [137].

The maximum duration of adjuvant treatment with osimertinib was three years,
while first-generation inhibitors were administered for up to two years in Phase 3 trials,
with the exception of six months of icotinib in the GASTO1002/ICTAN trial [70,108–111].
Kaplan–Meier curves for DFS began to converge after discontinuation of treatment, follow-
ing the same pattern with both intracranial and extracranial DFS events [70,108–110,118].
This feature fits the mechanism of action of EGFR TKIs, which cannot completely eradi-
cate micrometastatic disease and quiescent cancer cells and thus can only delay disease
relapse [112]. One possible course of action could be to prolong the duration of adjuvant
treatment or increase the dose, or even continue until progression or unacceptable toxicity,
following the paradigm of other solid tumors like gastrointestinal stromal tumors. Patients
with a higher Stage (IIIA) and thus a higher recurrence rate could derive the greatest benefit
from this approach. Extended by a definite amount of time, adjuvant treatment could also
potentially prevent progression to metastatic disease and the personal, psychological, and
financial cost of lifelong treatment for a subgroup of patients. However, balance with toxic-
ity has to be maintained as only 66% in the ADAURA trial succeeded in completing 3 years
of treatment with osimertinib [118]. Prolonged treatment could potentially lead to the
development of drug resistance mutations like the C797S [138]. Another argument against
prolonged treatment—and adjuvant TKI treatment by extension—is the contingency of
overtreatment in patients already cured by surgery, a scenario that occurs most frequently
in Stage IB patients. The appropriate use of MRD monitoring after prospective validation
could emerge as an invaluable tool to help answer who to treat and for how long.

The respective rates of treatment completion for six months of icotinib, twelve months
of icotinib, two years of icotinib, and two years of gefitinib in the IMPACT and the
CTONG1104 trial were 78.5%, 77.3%, 45.6%, 60.3%, and 61.2%, respectively [108–111,118].
Specifically, for icotinib, the results are conflicting. Despite no extra benefit with twelve vs.
six months in the GASTO1002/ICTAN trial, two years of adjuvant icotinib yielded a signifi-
cant improvement in both median DFS (HR: 0.51, 95% CI 0.28–0.94, p = 0.029) and median
OS (HR: 0.34, 95% CI 0.13–0.95, p = 0.0317) compared to one year in Stage II–IIIA disease in
the exploratory, randomized, open-label Phase 2 ICOMPARE study (NCT01929200) [139].
The ongoing single-arm Phase 2 TARGET study (NCT05526755) will explore adjuvant
treatment with five years of osimertinib in a resected Stage II–IIIB population [140]. All
EGFR mutations will be included, and the option of adjuvant ChT will be allowed. The
primary endpoint is investigator-assessed 5-year DFS in the common mutation cohort,
and secondary endpoints include 3-, 4-, and 5-year DFS and OS in both the common and
uncommon mutation cohorts, safety, and CNS DFS [140].

One unmet need concerning the adjuvant treatment of EGFR-mutant NSCLC is unrav-
eling the mechanisms of resistance in third-generation inhibitors in early disease and either
preventing or tackling it, following the footsteps of advanced disease management, with
new targeted molecules like the EGFR-MET bispecific antibody amivantamab and com-
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bination approaches like amivantamab plus third-generation irreversible EGFR inhibitor
lazertinib or osimertinib plus ChT in first-line (prevention) treatment or amivantamab
plus ChT with or without lazertinib post-osimertinib (tackling) [141–143]. The optimal
strategy at disease progression after post-operative osimertinib, whether it is a rechallenge
or the offer of a subsequent monotherapy or treatment combination, has yet to be defined.
Furthermore, in the era of potent TKIs, adjuvant ChT could be made redundant following
the paradigm of the Phase 3 ALINA trial and taking into account the distinct clinical history
and biological course of EGFR-mutant and ALK-positive NSCLC. In ALINA, which will be
discussed in the section devoted to adjuvant approaches for ALK-positive NSCLC, 2 years
of adjuvant treatment with the ALK inhibitor alectinib after complete resection of Stage
IB–IIIA ALK-positive NSCLC outperformed platinum-based ChT in terms of PFS, with OS
data still being immature [144]. The omission of ChT could concern only patients with
a lower risk for recurrence, e.g., Stage IB, a larger subgroup, or even the whole cohort
of patients with early, completely resected EGFR-mutant NSCLC. Emerging screening
techniques, like MRD kinetics, could guide pertinent decision-making. Lastly, the key
characteristics of ongoing adjuvant trials in early EGFR-mutant NSCLC are summarized in
Table 1.

4.2. Neoadjuvant and Perioperative Approaches

The timeline of neoadjuvant administration of EGFR inhibitors followed the same
hierarchical process as the evolution of adjuvant treatment. The first agents that were
evaluated were first-generation inhibitors. The feasibility and efficacy of neoadjuvant
gefitinib in EGFR-mutant early NSCLC were observed for the first time in a single-arm
Phase 2 study (NCT00188617) in 36 unselected patients with Stage I disease (6th TNM
Edition) [78]. Up to 28 days of gefitinib led to an objective response rate (ORR) of 11% (4/36
with partial response), and 3/4 responding patients received adjuvant gefitinib for up to
two years. The only significant predicting factor of objective response was the presence
of an EGFR mutation. Grade 3 toxicity was observed in three patients without a need for
dose reduction or discontinuation. Despite 3 patients (8%) having progressive disease (PD),
all 36 of them proceeded to curative surgery. At a median follow-up of 2.1 years, 28 pa-
tients (78%) remained disease-free, including all four responders [78]. In a retrospective,
single-center study, 10 patients with borderline resectable NSCLC with common EGFR
mutations (all were either T2-T3N2M0 or T4N0M0 according to the 6th TNM Edition)
received neoadjuvant gefitinib for three to five months followed by “salvage surgery” and
at least six months of adjuvant gefitinib along with other modalities (4/10 patients received
adjuvant ChT and 1 patient underwent post-operative radiation therapy) [77]. Clinical
downstaging took place in every patient, while pathological downstaging happened in
9/10 patients. All of them underwent complete surgical excision, with pneumonectomy
taking place in only one patient, who passed away on post-operative day 7 due to respi-
ratory failure. A median PFS of 14 months and median OS of ≥36 months showed that
neoadjuvant EGFR TKI treatment was a feasible and effective option [77]. Neoadjuvant
gefitinib was also administered for 42 days in 33 patients with Stage II–IIIA NSCLC (7th
TNM Edition) with EGFR exon 19 deletion or exon 21 L858R point mutation in the Chinese
single-arm, Phase 2 ECTOP-1001 (NCT01833572) [79]. All patients received adjuvant ChT.
The primary endpoint, ORR, was 54.5% (18/33, all of them with partial response), the MPR
rate was 24.2% (12.1% pCR), the median DFS was 33.5 months, and the median OS was
not reached at data cut-off. A prolonged DFS with no difference in OS was observed in
patients with MPR compared to those with no MPR (p = 0.015 and 0.134, respectively) [79].
These promising efficacy results coexisted with a heavy toll in terms of toxicity. Moreover,
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68.6% of patients experienced skin toxicity, and 48.6% experienced gastrointestinal toxicity,
raising concerns about tolerability [79].

Another first-generation EGFR inhibitor tested in the neoadjuvant setting was erlotinib.
In the prospective, single-arm, Chinese NCT01217619 trial focusing on Stage IIIA disease
(7th TNM Edition), 56 days of neoadjuvant erlotinib in NSCLC with common EGFR
mutations was compared to 2 weeks of platinum-based ChT in EGFR-wild disease [145].
In total, 80% and 50% of patients proceeded to surgery, respectively. Concerning patients
where surgical excision was undertaken, the TKI cohort had a higher ORR (66.7% vs. 18.7%,
all PR, p = 0.018), MPR (66.7% vs. 37.5%), and OS (51 vs. 20.9 months, p = 0.12) compared
to the ChT cohort [145]. A perioperative approach was utilized in the randomized, Chinese
Phase 2 EMERGING-CTONG 1103 trial (NCT01407822) in patients with Stage IIIA-N2
NSCLC with common EGFR mutations only [146]. Erlotinib, administered for 6 weeks
preoperatively and up to 1 year postoperatively, was compared to 2 weeks of cisplatin-
gemcitabine both pre- and postoperatively. The ORR was not significantly improved with
erlotinib (54.1% vs. 34.3%; OR: 2.26, 95% CI 0.87–5.84, p = 0.092) compared to ChT. MPR
was 9.7% and 0%, respectively, with no pCR in either of the arms [146]. The median PFS
was significantly longer with erlotinib (21.5 vs. 11.4 months; HR: 0.39, 95% CI 0.23–0.67,
p < 0.001) [146]. At 62.5 months, the median OS was 42.2 months with erlotinib and
36.9 months with ChT (HR: 0.83, 95% CI 0.47–1.47, p = 0.513), with 5-year OS rates being
40.8% and 27.6%, respectively (p = 0.252) [147]. 13.5% of patients had Grade 3–4 AEs with
erlotinib postoperatively, while the corresponding rate for postoperative ChT was 29.4%.
At the time of relapse, 71.9% of patients in the erlotinib arm received subsequent treatment,
while the corresponding rate in the ChT arm was 81.8%. Subsequent targeted therapy,
which had the greatest contribution to OS (HR: 0.35, 95% CI 0.18–0.70), was given to 46.9%
and 69.7% of the two arms, respectively, either alone or in combination with ChT or other
modalities [147].

Following the modest results with gefitinib and erlotinib, the activity of second-
generation afatinib in the neoadjuvant-perioperative setting was investigated. The Chinese
single-arm Phase 2 TEAM-LungMate004 (NCT04201756) assessed neoadjuvant afatinib for
8–16 weeks (2–4 cycles) and postoperative administration for up to 1 year in 33 Stage III
resectable and potentially resectable patients with EGFR mutations excluding T790M point
mutation and exon 20 insertions [148]. The ORR with neoadjuvant afatinib was 70.2%
(all were partial responders), while MPR, pCR, and pathological downstaging rates were
9.1% (three patients), 3.0% (one patient), and 57.6%, respectively. Remarkably, more than
two cycles of preoperative afatinib were linked to a higher ORR and rate of pathologic
tumor regression compared to just two (94% vs. 69% and 59% vs. 41%, respectively) [148].
Toxicity was an issue, with 6.4% (three patients) experiencing treatment-related Grade 3/4
AEs, including diarrhea, interstitial pneumonia, and hepatotoxicity, one patient discon-
tinuing due to Grade 4 diarrhea, and most patients experiencing diarrhea (78.7%), rash
(78.7%), and stomatitis (68.1%) [148]. The perioperative approach was explored in the US
single-arm Phase 2 ASCENT trial (NCT01553942) with afatinib induction for two months
followed by concurrent chemoradiotherapy, surgical excision of resectable disease, and
finally, consolidation afatinib for up to two years in both resectable and unresectable Stage
III NSCLC with EGFR alterations (common mutations and one patient with an exon 18 dele-
tion delE709_T710insD) [82]. ORR to afatinib induction was 63%, and MPR reached 50% in
those patients who underwent surgery (10% pCR). At 5 years of follow-up, the median PFS
was 2.6 years, and the median OS was 5.8 years [82]. The benefit from this perioperative
approach was limited by the fact that most patients had a disease recurrence (82%) with a
short median time to progression after adjuvant afatinib cessation (2.8 months), similarly
to the convergence of DFS Kaplan–Meier curves after discontinuation of adjuvant first-
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and third-generation EGFR inhibitors [70,82,108–110]. Another adverse feature was the
high rate of intracranial-only relapses (38%), highlighting the inadequate CNS penetration
and activity of first- and second-generation EGFR inhibitors compared to osimertinib and
third-generation EGFR inhibitors [69,149]. Even though there are multiple ongoing trials
with first- and second-generation inhibitors in the neoadjuvant and perioperative setting,
which are included in Table 1, the success of osimertinib in the adjuvant setting fueled the
interest and expectations in this field.

The US single-arm Phase 2 NCT03433469 study evaluated up to two months of os-
imertinib preoperatively in resectable Stage I–IIIA (7th TNM Edition) with EGFR common
mutations [80]. In total, 24/27 (89%) patients underwent surgical excision, while 3/27 (11%)
received definitive chemoradiotherapy because of disease progression (one patient) and
refusal due to a requirement for pneumonectomy (two patients). Moreover, 6/24 surgi-
cal patients (25%) received adjuvant osimertinib, and 9/24 (37.5%) experienced disease
recurrence [80]. The ORR was 52%, and the MPR rate was 14.8% (pCR 0%), which did not
meet the prerequisite target of 50% achieved with afatinib. The median DFS in the surgical
population was 40.9 months, which was not influenced by MPR [83]. Up to two months
of neoadjuvant osimertinib was considered safe and feasible with no delays in surgery.
The rate of treatment-related Grade 3/4 AEs was 11.1% (stomatitis, pulmonary embolism,
and atrial fibrillation); two patients (7.4%) discontinued treatment; the occurrence of main
toxicities—diarrhea and rash—was lower compared to previous generation agents (52%
and 40.7%, respectively) [83]. Furthermore, the efficacy and safety of six weeks of neoadju-
vant osimertinib were assessed in resectable Stage II–IIIB (T3-4N2) NSCLC with common
EGFR mutations in the Chinese, single-arm, Phase 2b NEOS (ChiCTR1800016948) [150].
In total, 32/38 patients proceeded to surgical resection, with 30 (93.8%) having complete
resection. The ORR was 71.1%, which was the highest observed among all preceding
efforts. However, the MPR and pCR rates were 10.7% and 3.6%, respectively, and fell
short of expectations. In total, 50% of patients had a rash, 30% had diarrhea, and 30% had
stomatitis. Moreover, 3/38 patients (7.5%) had a preoperative treatment-related Grade 3
AE, including hypertension, rashes, and nephrotic syndrome, which did not compromise
surgery feasibility. Eight weeks of neoadjuvant osimertinib followed by surgical resection
and up to three years of adjuvant osimertinib were evaluated in the Korean, single-arm,
Phase 2 NORA study (NCT04816838) in patients with Stage IA–IIA (8th TNM Edition)
NSCLC with either EGFR exon 19 deletion or L858R point mutation [151]. At a median
follow-up of 31 months, the ORR was 44% (11/25, all partial responders), which did not
reach the pre-specified cut-off [84]. All participants had R0 resection, and none of them
received adjuvant ChT. MPR and pCR rates were 24% (6/25) and 0%, respectively, with
no Grade 3 treatment-related AEs during preoperative treatment. The median DFS, EFS,
and OS were not reached. Regarding ctDNA and response to treatment, six patients (30%)
achieved seroconversion after ctDNA positivity at baseline after one cycle of neoadjuvant
osimertinib [84].

Another Chinese, single-arm, Phase 2 trial, the LungMate 007 (NCT04685070), evalu-
ated the efficacy and safety of neoadjuvant third-generation aumolertinib for 8–24 weeks in
unresectable Stage III EGFR-mutant NSCLC (uncommon mutations were included) with
ORR as the primary endpoint [152]. In total, 23/51 (45.1%) of study participants had their
disease converted into resectable, underwent complete surgical excision, and received
additional therapy post-operatively, either EGFR-TKI monotherapy (20/23), or ChT (2/23)
or a combination of the two (1/23) [81]. ORR in the intention-to-treat (ITT) population was
70.6%. In patients with completely resected disease, MPR and pCR rates were 21.7% (5/23)
and 13% (3/23), respectively. At 24 months, the median EFS and OS were not reached,
while 1-year EFS and OS and 2-year EFS and OS were 88.2%, 98%, 58.8%, and 90.2%,
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respectively. The most common treatment-related AEs in the ITT population were fatigue
(49%), transaminasemia (39.2%), and rash (35.3%), with Grade 3/4 treatment-related AEs
occurring in 9.8% of patients [81]. A post hoc analysis of both the ITT and the completely
resected population revealed that patients with an exon 19 deletion had a significantly
higher ORR and residual tumor cells on pathologic evaluation compared to their L858R
point mutation counterparts, highlighting differences in the pathways involved and TME
composition between these two major subgroups of EGFR alterations [81]. Moreover,
a median of 16 weeks of neoadjuvant treatment was the longest among all prospective
neoadjuvant–perioperative EGFR-TKI trials. Some patients received up to 24 weeks of
treatment of neoadjuvant therapy, and this prolongation beyond 4 months enabled radi-
cal surgery in four more participants (17.3% of the surgical population). This improved
rate of conversion to resectable disease could be a sign that prolonging the duration of
neoadjuvant therapy in EGFR-mutant resectable–borderline resectable NSCLC could lead
to an improvement in MPR-pCR and thus cure rates, despite the concern of potentially pro-
moting EGFR-TKI resistance and adversely influencing the technical feasibility of surgical
excision [81]. The optimal number of cycles of neoadjuvant therapy remains an active field
of discussion.

The conclusion stemming from all neoadjuvant EGFR TKI trials is that despite im-
provements in safety and feasibility with newer-generation agents, monotherapy may not
be the optimal approach to improve MPR and pCR rates and, by extension, the likelihood
of cure. Specifically, the pathological response rates elicited are rather disappointing when
compared to the corresponding ones from the major perioperative CIT trials. MPR ranges
from 30.2% with pembrolizumab–ChT in KEYNOTE-671 to 56.2% with tislelizumab–ChT in
RATIONALE-315, while pCR ranges from 17.2% with durvalumab–ChT in the AEGEAN to
40.7% again in RATIONALE-315 [27,32,34]. The cytostatic rather than cytotoxic identities of
TKIs are most likely responsible for this outcome [112,113]. In light of this “failure” and con-
sidering the improved ORR, PFS, and OS rates in advanced disease when other modalities
like ChT or the bispecific antibody amivantamab are added to TKIs, combination strate-
gies are currently being evaluated in the next era of ongoing neoadjuvant–perioperative
trials for resectable–borderline resectable EGFR-mutant NSCLC and are summarized in
Table 1 [141–143]. However, it is important to emphasize once again that the associa-
tion between pathological responses and long-term outcomes appears to be less potent
in oncogene-driven NSCLC, as patients who do not achieve MPR or pCR can still have
excellent long-term survival by continuing highly effective adjuvant TKI treatment [70,71].

An example of a combination strategy in the perioperative setting is currently be-
ing evaluated in the ongoing, randomized, multinational (in both Western and Asian
populations), Phase 3, NeoADAURA study (NCT04351555) in patients with resectable
Stage II–IIIB N2 NSCLC (8th TNM Edition) with common EGFR mutations, alone or in
combination with uncommon mutations [153]. Patients were randomized with respect to
neoadjuvant treatment, with either three cycles of platinum-based ChT plus placebo for
≥9 weeks (comparator arm), osimertinib for ≥9 weeks (experimental arm 1), or osimer-
tinib for ≥9 weeks along with three cycles of platinum-based ChT (experimental arm 2).
After surgical resection, osimertinib will be given for up to three years with permission of
adjuvant RT and CT [154]. Patients will be stratified by stage, race, and common mutation
type. The primary endpoint of NeoADAURA is centrally assessed MPR, while secondary
endpoints include EFS, pCR, nodal downstaging, DFS, OS, safety, and quality of life [154].
In total, 92%, 97%, and 89% of the patients who received the combination regimen, os-
imertinib monotherapy, and ChT only proceeded to surgical resection, respectively. The
MPR with the combination approach was 26%, while osimertinib monotherapy has an
MPR of 25%. Both were significantly improved compared to the MPR rate of ChT only,
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which was 2% (difference 24%, OR: 19.82, 95% CI 4.60–85.33, p < 0.0001; difference 23%, OR:
19.28, 99.9% CI 1.71–217.39, p < 0.0001, respectively) [155]. pCR and 12-month EFS rates
were 4%, 9%, and 0% and 93%, 95%, and 83% in the combination, osimertinib, and ChT
arm, respectively (EFS osi/ChT vs. ChT HR: 0.50, 99.8% CI 0.17–1.41, p = 0.0382). Patients
with MPR had significantly fewer EFS events compared to the non-MPR group (2% vs.
18%) [155]. Furthermore, the role of MRD and MRD clearance as potential biomarkers or
surrogate endpoints in future studies emerged through the first results of NeoADAURA.
In an exploratory analysis, the baseline MRD (before starting neoadjuvant treatment) was
significantly correlated with disease extent and EFS as patients with non-detected baseline
MRD had less extensive disease and longer EFS compared to their counterparts with de-
tected baseline MRD (12- and 18-month EFS → 96% vs. 89% and 96% vs. 82%, respectively;
median DFS HR: 0.24, 95% CI 0.07–0.80) [156]. Patients who received osimertinib, either as
monotherapy or as a combination with ChT, had higher rates of pre-surgical MRD clearance
compared to patients who received only ChT (84% and 83% vs. 58%, respectively). Finally,
pre-surgical MRD clearance was significantly associated with MPR rates (MRD clearance
24% vs. non-clearance 6%, p = 0.0378) [156]. These early results from the NeoADAURA
trial raised expectations for significant progress in the perioperative management of re-
sectable EGFR-mutant NSCLC while awaiting the maturation of data; results from other
combination approaches; and the development of fourth-generation EGFR inhibitors in
order to overcome resistance to osimertinib and other third-generation inhibitors, as well
as agents targeting new molecules like TROP-2, HER-2, and HER-3.

5. ALK
The prevalence of ALK rearrangements/translocations is estimated to be approxi-

mately 3–7% of all NSCLC cases, with no significant or consistent variation due to ethnicity,
despite occasional case series reporting a percentage as high as 13% in Asian popula-
tions [157–159]. These alterations are typically found in younger patients, are strongly
associated with adenocarcinoma histology—particularly the acinar variation and the rare
signet ring cell pattern—and a never or light-smoker status, and are generally mutually
exclusive with other common driver mutations like EGFR and KRAS [160–163]. They are
also strong predictors of targeted treatment with ALK inhibitors [164,165]. More than
20 fusion partners with ALK have been identified. The most common fusion, accounting for
most cases (ranging from 54% to 87% in studies), is the intrachromosomal inversion known
as Echinoderm microtubule-associated protein-like 4 (EML4)-ALK, which was reported
by Soda et al. in 2007 [162,166–170]. At least 15 variants of EML4-ALK fusion have been
described and named according to the exons of EML4 that are fused to ALK [171–173]. The
two most common variants are variant 1 (V1, EML4 exon 13-ALK exon 20) and variant
3a/b (V3a/b, EML4 exon 6-ALK exon 20), with a frequency of 33% and 29%, respectively.
Emerging evidence suggests that variants differ in terms of prognosis and responsiveness
to targeted treatment with ALK inhibitors [172–174]. For instance, V3a/b may be associated
with more aggressive features compared to V1 or V2, including a higher propensity for
CNS metastasis, poorer prognosis, greater resistance to ALK inhibitors in cell lines, and
worse ORR and PFS rates in patient series [174,175].

ALK inhibitors are classified in generations according to their features, like CNS pene-
tration and activity, spectrum of targets, efficacy against resistance mutations, and toxicity
profile [176]. Agents belonging to the first three generations are currently approved as a first
or subsequent line treatment in advanced or metastatic ALK-rearranged NSCLC [5,6]. The
first-generation inhibitor crizotinib was revolutionary when compared to ChT in advanced
ALK-rearranged or positive NSCLC but had poor CNS penetration, inhibited a multitude
of tyrosine kinase receptors besides ALK (including MET and ROS-1), which translated
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into a plethora of AEs, and had limited efficacy against acquired resistance mutations, with
resistance developing rapidly in the first two years [177–179]. The subsequent develop-
ment of second-generation ALK inhibitors (e.g., alectinib, brigatinib, ceritinib, ensartinib),
which were more selective against ALK rearrangements, offered superior systemic efficacy,
significantly improved CNS penetration and activity (alectinib, brigatinib, and ensartinib),
and the ability to overcome many acquired single-resistance mutations with respect to
crizotinib, like the L1196M gatekeeper mutation, G1269A, and S1206Y, despite significant
toxicity, especially with ceritinib [178,180–184]. The third generation of ALK inhibitors,
represented mainly by lorlatinib, further improved CNS penetration and activity, was
more potent than earlier-generation agents, and retained its efficacy against an even wider
range of single-resistance mutations, including the highly refractory to treatment G1202R
point mutation [185–189]. A fourth generation of ALK inhibitors, including neladalkib
(NVL-655), zotizalkib (TPX-0131), and gilterinib, is currently under investigation and has
shown promising results in preclinical and early clinical trials [190–192]. Fourth-generation
inhibitors, in comparison to earlier molecules, are characterized by an even increased
CNS penetration ability, a higher potency and selectivity for ALK by not inhibiting the
structurally related tropomyosin receptor kinase (TRK) family, and activity against multiple
mutations in the same allele, also known as compound mutations [190–192].

Regarding the prognostic influence of EML4-ALK rearrangements/translocations in
completely resected NSCLC, data are conflicting. Some studies report an unfavorable
prognostic effect, with a higher recurrence risk and a trend towards inferior disease out-
comes, like a preponderance for CNS relapse [193]. Other studies confer a protective role
on the existence of an EML4-ALK rearrangement in terms of RFS and OS in the era before
ALK inhibition [194], while others report no significant association with DFS or OS [195].
Nonetheless, the recent introduction of adjuvant treatment with an ALK-TKI in completely
resected ALK-positive NSCLC has reinvigorated the strive for better outcomes in this
subgroup of patients, following the paradigm of advanced disease.

5.1. Adjuvant Approaches

The advantages gained through the use of first-, second-, and third-generation ALK
inhibitors in the advanced setting, along with the insight provided by preceding attempts
and lessons in EGFR-mutant early NSCLC, prompted the evaluation of these agents in
Phase 3 trials. Before the publication of the first successful results with adjuvant alec-
tinib, a small Chinese retrospective study compared adjuvant first-generation crizotinib for
two years with adjuvant platinum-based ChT for four cycles in 30 and 29 patients with com-
pletely resected Stage IB–IIIA (8th TNM Edition) ALK-positive disease, respectively [196].
Importantly, patients with small-cell lung cancer were included, and patients in the ChT
group received crizotinib at disease recurrence. Crizotinib led to a statistically significant
improvement in DFS (44.5 vs. 14 months, HR: 11.58, 95% CI 5.64–23.76, p < 0.0001) and OS
(70 vs. 45 months, p = 0.021). DFS improvement with crizotinib was significant regardless
of the N stage (N0 → HR: 40.58, 95% CI 6.6–249.52, p < 0.001; N1-2 → HR: 9.14, 95%
CI 4.38–19.08, p < 0.001). Targeted therapy with crizotinib was associated with a lower
incidence of hematologic toxicity but a higher incidence of QT prolongation, interstitial
lung disease, and visual impairment [196].

The Phase 3, open-label, randomized ALINA trial (NCT03456076) evaluated two years
of adjuvant second-generation ALK inhibitor alectinib compared to four cycles of platinum-
based ChT in patients with completely resected Stage IB–IIIA (T1-3N1-2 or T4N0-1) ALK-
positive NSCLC according to the 7th TNM Edition [197]. The primary endpoint of the study
was the hierarchical estimation of DFS in the II-IIIA and in the ITT population, while the
secondary endpoints included CNS DFS, OS, and safety. Unlike the GASTO1002/ICTAN
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and the ADAURA trial, where all patients received adjuvant ChT before being randomized
with respect to EGFR inhibition or a placebo, the ALINA trial juxtaposed alectinib and ChT
as sole modalities after surgical resection [70,111,197]. In patients with Stage II–IIIA disease,
the 2-year DFS rate was 93.8% with alectinib and 63% with ChT, while the corresponding
3-year DFS rates were 88.3% and 53.3%, respectively [144]. In the ITT population, the 2-year
and 3-year DFS rates were 93.6% and 88.7% with alectinib and 63.7% and 54% with ChT,
respectively. At the most recent data-cutoff date, the median DFS with alectinib was not
reached in either the Stage II–IIIA or the ITT population, while the respective median DFS in
the ChT group was 44.4 (HR: 0.24, 95% CI 0.13–0.45, p < 0.001) and 41.3 months, respectively
(HR: 0.24, 95% CI 0.13–0.43, p < 0.001) [144]. The DFS benefit with alectinib was evident
across all subgroups according to age, sex, race, and smoking status. In total, 15 patients
(11.5%) from the alectinib arm and 49 patients (38.6%) from the ChT arm suffered a disease
recurrence, with 4 and 14 participants relapsing in the CNS, respectively. Thus, the 2-year
CNS DFS was significantly superior with alectinib compared to ChT (98.4% vs. 85.8%, HR:
0.22, 95% CI 0.08–0.58). In a more recent analysis, adjuvant alectinib keeps conferring a
CNS survival benefit in the ITT population with a 4-year CNS DFS rate of 90.4% compared
to 76.1% with placebo (HR: 0.37, 95% CI 0.19–0.74) [71]. Toxicity was also improved in the
alectinib arm. In total, 18% participants had Grade 3/4 treatment-related AEs with alectinib
compared to 27.5% with ChT, with fewer patients discontinuing treatment in the alectinib
arm compared to the ChT arm (5.5% and 12.5%, respectively) [144]. Finally, regarding OS
results, there was a positive trend in the ITT population with adjuvant alectinib compared
to placebo with 4 years of median follow-up (4-year OS 98.4% vs. 92.4%, HR: 0.40, 95% CI
0.12–1.32) [71]. While more mature OS results are pending, alectinib is currently approved
in the US, EU, Canada, Japan, and Taiwan for the adjuvant treatment of completely resected,
ALK-positive Stage IB–IIIA NSCLC, based on the findings of the ALINA trial.

The recently reported interim results from another Phase 3, which evaluated a second-
generation ALK inhibitor in the adjuvant setting, corroborate the activity of this subgroup
of molecules in early ALK-positive NSCLC. In the Chinese double-blind, randomized,
ELEVATE trial (NCT05341583), 2 years of adjuvant ensartinib were assessed vs. placebo
in patients with completely resected Stage IB–IIIB (only T3N2, 8th TNM Edition) ALK-
positive NSCLC [198]. Adjuvant ChT was permitted; DFS in the Stage II–IIIB population
was the primary endpoint; secondary endpoints included DFS in the ITT population,
3- and 5-year DFS rate, OS, and safety. In a pre-specified interim analysis, with ChT
administered postoperatively in 94/137 (68.6%) patients of the experimental arm and in
97/137 (70.8%) patients of the placebo arm, ensartinib led to a significant improvement in
the median DFS compared to the placebo in the Stage II–IIIB population (not reached vs.
24.8 months, HR: 0.20, 95% CI 0.11–0.38, p < 0.0001) and in the ITT population (not reached
vs. 24.8 months, HR: 0.20, 95% CI 0.10–0.37, p < 0.0001) [199,200]. The 2-year DFS in patients
with Stage II–IIIB disease was 86.4% with ensartinib compared to 53.5% with placebo, while
the corresponding rates in the ITT population were 87.3% and 57.2%, respectively. The
most common AEs with ensartinib were rash, transaminasemia, constipation, pruritus, and
increased creatinine, creatine kinase, lactate dehydrogenase, and alkaline phosphatase. The
frequency of Grade 3/4 treatment-related AEs was 35% in the ensartinib arm and 16.8% in
the placebo arm, with one Grade 5 event in the ensartinib arm (cerebral hemorrhage) not
deemed as treatment-related. Despite dose reduction or treatment interruption occurring
in 29.9% and 35% of study participants receiving ensartinib, only 3/137 patients in the
ensartinib arm discontinued adjuvant treatment [199,200]. Thus, adjuvant ensartinib after
ChT emerges as another option of adjuvant treatment in completely resected early ALK-
positive NSCLC while we are waiting for DFS results after a longer follow-up period, as
well as OS results.
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A Chinese real-world retrospective study of alectinib until disease progression or
significant toxicity vs. four cycles of platinum-based ChT (68 patients: 19 received alectinib
and 49 received ChT) led to less astonishing results when comparing targeted therapy to
ChT [201]. The 3-year DFS was 91.7% in the alectinib group and 60.7% in the ChT group,
albeit with a borderline significant benefit in DFS (HR: 0.17, 95% CI 0.02–1.28, p = 0.051),
most likely due to the small sample size. The 5-year OS rate was not reached with alectinib,
and 85.2% was reached with ChT, with no significant difference between the two groups
(HR: 0.86, 95% CI 0.10–7.63, p = 0.89), possibly reflecting the majority of patients in the
ChT group receiving an ALK inhibitor upon recurrence. In the IIIA-N2 subgroup, again,
alectinib led to a borderline significant improvement in DFS (HR: 0.18, 95% CI, 0.02–1.41,
p = 0.068) and had a detrimental effect on OS (HR: 1.43, 95% CI 0.13–15.85), which was
confounded by the aforementioned factors [201]. However, this retrospective study is not
the single counterargument to the favorable results of the ALINA and the ELEVATE trial.

The Adjuvant Lung Cancer Enrichment Marker Identification and Sequencing Trials
(ALCHEMIST) screening platform (A151216-NCT02194738) is an umbrella trial undertaken
by the ECOG-ACRIN Cancer Research Group, where different strategies are explored as
adjuvant treatment for Stage IIA–IIIB (8th TNM Edition) completely resected NSCLC, after
optional adjuvant ChT with or without post-operative RT [202]. About 2% of the unselected
ALCHEMIST population were ALK-positive and were enrolled in the E4512 Phase 3 branch
trial [203]. The enrollment in E4512 stopped by the time of the US FDA approval of adjuvant
alectinib for completely resected ALK-positive NSCLC. In total, 166 patients were recruited
in E4512 and were randomized 1:1 to receive either two years of adjuvant crizotinib or
a placebo (154 patients were included in the data analysis). The primary endpoint was
DFS, and the secondary endpoints included OS and toxicity. The N stage, whether they
received radiation, and sex were used as stratification factors. Most patients in both arms
underwent a lobectomy and adjuvant ChT. Namely, 58/75 (77%) and 65/75 (87%) in
the crizotinib arm underwent a lobectomy and received ChT, while the corresponding
numbers in the placebo arm were 66/79 (88%) and 74/79 (95%). The median DFS was
72.8 months with crizotinib and 75.1 months with placebo, with an HR of 1.06 (90% CI
0.63–1.77, p = 0.86), and the Kaplan–Meier curves converged and interwined almost from
the beginning [203]. Despite immature data, OS was also not significantly improved (HR:
0.49, 90% CI 0.18–1.37, p = 0.26). In total, 34/75 (43%) patients in the crizotinib arm had
treatment-related AEs (mostly diarrhea, edema, and eye disorders, as well as a Grade 4
stroke). The median duration of treatment with crizotinib was 13.5 (3.4–23.9) months, with
only 40% of participants completing the treatment with crizotinib per protocol and 27% of
them discontinuing because of toxicity [203].

The underperformance of crizotinib, contrary to the success of alectinib—and most
likely of ensartinib—could be explained by a variety of reasons. Firstly, second-generation
inhibitors outperform crizotinib in terms of PFS, OS, ORR, and toxicity in the advanced
setting due to improved potency and systemic efficacy, greater selectivity for ALK, im-
proved CNS penetration and activity, and delay in the onset of resistance [178,180,181].
Furthermore, the observation-placebo arm in the E4512 trial had an impressive median
DFS of 75.1 months, which surpassed the median DFS of the control arm in the ALINA trial
by 33.8 months [144,203]. This could be attributed to several factors. The most important
among them is the fact that 95% of the placebo arm in the E4512 trial received ChT, which
can eradicate micrometastatic disease compared to the cytostatic targeted ALK inhibition,
while in the ALINA trial, targeted therapy is tested against ChT. This observation is an argu-
ment for a combination–sequential approach in future adjuvant trials with next-generation
ALK inhibitors, like in the ELEVATE trial. However, the 2-year DFS rates are comparable
in the investigational arm of the ALINA and the ELEVATE study (ITT → 87.3% with ensar-
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tinib and 93.6% with alectinib) [144,199]. These rates could render the utility of adjuvant
ChT in early ALK-positive NSCLC doubtful despite the fact that inter-trial comparison
is an improper strategy, mostly because of differences in study populations (ALINA trial
used the 7th TNM Edition, participants’ stage ranged from IB to IIIA, and ~55% of the ITT
population were of Asian origin, while the ELEVATE trial used the 8th TNM Edition and
enrolled only Asian patients of Stage IB–IIIB).

Going back to potential confounding factors responsible for the remarkably better
control arm of E4512 compared to ALINA, the baseline scan requirements in the ALINA
trial included imaging of the chest, upper abdomen, and CNS, while only chest imaging was
compulsory in the E4512 trial, raising suspicion that clinical understaging may have taken
place in the latter. Moreover, the interval from surgical resection to randomization in the
ALINA trial was 4–12 weeks, while in the E4512 trial, it was significantly longer (4 weeks-
11 months), which may have acted as an additional confounding factor. Postoperative
treatment with an ALK inhibitor for two years could be regarded as arbitrary, and thus,
the optimal duration of adjuvant treatment needs to be defined in future trials. The
use of the third-generation lorlatinib could also be explored in the postoperative setting,
considering its improved performance compared to older-generation agents [185–188].
Lastly, (de-)intensification strategies must be deployed in order to avoid unnecessary
toxicity in patients potentially cured with surgery only and treat only those at a higher risk
for recurrence or those who will truly relapse. The MRD could emerge as a valuable tool
in this direction. Some of these issues could be answered in the ongoing Phase 2 and 3
trials, which are summarized in Table 1 and include agents from the first two generations
of ALK inhibitors.

5.2. Neoadjuvant and Perioperative Approaches

The first evidence concerning the activity of ALK inhibitors in the neoadjuvant–perio-
perative setting of early ALK-positive NSCLC comes from retrospective studies. Zhang et al.
evaluated neoadjuvant administration of first-generation crizotinib in Chinese patients with
Stage IIIA (N2) ALK-positive disease [86]. All 11 patients underwent a surgical resection
(lobectomy in 10 and pneumonectomy in 1), 5 patients received adjuvant ChT with or
without RT, and 4 patients received adjuvant crizotinib for up to one year. The median
duration of neoadjuvant crizotinib was 30 days. In total, 10/11 (91%) had PR, 10/11 (91%)
underwent an R0 resection, and 2/11 (18%) had a pCR (one of them suffered Grade 4
hepatotoxicity while on treatment). Six patients had a disease recurrence (two of them
after 1 and 2 months of stopping adjuvant crizotinib), with a median DFS of 10.1 months.
First-line crizotinib was used in five out of six relapsing patients, with their PFS ranging
from 5 to 26 months [86]. Another Chinese single-center study compared “induction”
treatment with alectinib to crizotinib in 39 patients with Stage IIIA–IIIB ALK-positive
NSCLC [204]. Neoadjuvant TKI was given for a median duration of 95 days. In total,
29 patients proceeded to an R0 surgical excision, while 10 had either definitive CRT or
continued ALK inhibition as unresected disease. In the surgical cohort, alectinib led to
numerically improved pathologic responses compared to crizotinib (MPR → 9/16, 53%
vs. 4/13, 30.8%, p = 0.26; pCR → 6/16, 37.5% vs. 2/13, 15.4%, p = 0.24). At a median
follow-up of 3 years, patients treated with alectinib had a significantly longer PFS compared
to those who received crizotinib (not reached vs. 17.9 months, p = 0.002) and a numerically
improved OS (not reached vs. 62.6 months, p = 0.226) [204].

Initial efforts for the evaluation of neoadjuvant or perioperative use of ALK inhibitors
in prospective trials were hindered by the lack of generalizability of testing for ALK
rearrangement–translocation in early NSCLC, which, along with their rarity, led to a small
number of candidates for enrollment and, thus, a low accrual. The US Phase 2 ARM trial
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(NCT03088930) aimed to investigate 6 weeks of crizotinib given preoperatively in patients
with resectable Stage IA–IIIA (8th TNM Edition) NSCLC with an ALK rearrangement, ROS1
rearrangement, or a METex14 skipping mutation, with ORR as the primary endpoint [205].
However, only three patients were enrolled, which led to the study’s termination with-
out the publication of results. Likewise, the Japanese, single-arm, Phase 2 SAKULA trial
(UMIN00017906), which explored the neoadjuvant use of the second-generation ALK in-
hibitor ceritinib for three 28-day cycles in patients with Stage IIIA ALK-positive disease
and had MPR as its primary endpoint, enrolled only seven patients [206]. In total, six out
of seven patients (85.7%) managed to complete all three cycles of neoadjuvant treatment,
with five out of seven patients (71%) requiring a dose adjustment of ceritinib, which is a
second-rate choice due to its high toxicity. ORR was 100%, six out of seven patients (85.7%)
proceeded to surgery, and five out of seven (71%) had a complete resection. MPR and pCR
were achieved in four (57%) and two (29%) patients, respectively. One patient died because
of disease progression, and at a median follow-up of 3 years, the RFS rate was 57% [206].

Early struggles with ALK inhibitors in the neoadjuvant–perioperative setting gave
way to progress in the last two years through the report of interim or final results of
five prospective Phase 2 studies with second- or third-generation agents. The feasibility
of “induction” treatment in locally advanced, Stage III (8th TNM Edition), ALK-positive
NSCLC with third-generation lorlatinib was proven during the first phase of the Chinese,
single-arm LORIN trial (NCT05740943) [207]. The primary endpoint was pCR, and sec-
ondary endpoints included PFS, EFS, OS, safety, and ctDNA clearance. In total, 11 out
of 13 enrolled patients completed the induction treatment with lorlatinib (10/11 received
three 30-day cycles while 1/11 received four cycles) and proceeded to surgical resection
(lobectomy) [85]. Four patients had Stage IIIA, eight patients had Stage IIIB, and one patient
had Stage IIIC disease. In total, 6/13 (46.2%) of study participants had baseline-detected
levels of ctDNA, and all 6 achieved clearance after induction completion. Moreover, 7/13
(53.8%) had N3-unresectable disease at baseline (6 → Stage IIIB, 1 → Stage IIIC). Conver-
sion to resectable disease took place in 6/7 (85.7%) after induction with lorlatinib. ORR was
76.9% (10/13, all partial response). MPR and pCR were encountered in 76.9% (10/13) and
23.1% (3/13) in the ITT population and 90.9% (10/11) and 27.3% (3/11) in the per-protocol
population, respectively [85]. The most frequent treatment-related AEs were, as expected,
hypercholesterolemia, hypertriglyceridemia, and weight gain, with surgical resection being
moderately or severely difficult due to fibrosis or adhesions in 8/11 (72.7%) of patients who
proceeded to surgical resection [85]. Currently, the study is recruiting participants for its
second phase.

The neoadjuvant use of second-generation ALK inhibitor brigatinib was assessed
in the Korean, single-arm, window-of-opportunity WILDERNESS trial (NCT05361564),
which was designed with the aim of investigating molecular mechanisms of resistance to
ALK inhibition [208]. In total, 12 patients with resectable Stage I–IIIA (8th TNM Edition)
ALK-positive NSCLC received brigatinib for a median duration of 45 days [89]. All patients
proceeded to curative surgery without significant perioperative morbidity. The ORR was
83.3% (10/12), while MPR and pCR were achieved in 58.3% (7/12) and 17% (2/12) of study
participants, respectively [89]. Creatine phosphokinase elevation was encountered in six pa-
tients (50%). At a median follow-up of almost 2 years, three patients had a disease relapse,
with the corresponding 2-year EFS being 70.1% [89]. Furthermore, the Chinese, single-arm,
two-stage Neo-INFINITY study (NCT05765877) evaluated the second-generation ALK and
ROS1 inhibitor iruplinalkib as perioperative treatment in resectable Stage IB–IIIB (T3N2
only, 8th TNM Edition) ALK- or ROS1-rearranged NSCLC [209]. The primary endpoint of
the study was MPR, and secondary endpoints included pCR, resectability, R0 resection rate,
ORR, EFS, DFS, and OS. Iruplinalkib would be administered for 8 weeks preoperatively
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and for up to 2 years postoperatively [209]. In the first stage of the study, 10 patients were
enrolled. An ALK rearrangement was found in six out of eight enrolled patients (75%),
who completed neoadjuvant treatment and proceeded to surgical resection [210]. All eight
patients achieved an objective response and an R0 resection. Concerning the ALK-positive
participants, an MPR was obtained in 67% (four patients), while a pCR was achieved in
33% (two patients) of the subgroup. Grade 3 transaminasemia was observed in 2/8 (25%)
of the whole study population. Based on these promising safety and efficacy data, the
second stage of NeoINFINITY is currently ongoing [210].

Alectinib, already established as an adjuvant treatment of surgically resected ALK-
rearranged NSCLC, was also evaluated in the perioperative setting of early resectable
disease. The Italian, single-arm ALNEO trial (NCT05015010) investigated 8 weeks of neoad-
juvant and up to 2 years of adjuvant administration of alectinib in potentially resectable,
Stage III (N2 or T4N0-1, 8th TNM Edition) ALK-positive NSCLC with MPR as the primary
endpoint and pCR, ORR, EFS, DFS, OS, and safety included as secondary endpoints [211].
All 33 patients who were enrolled completed the 8 weeks of neoadjuvant treatment, 28 (85%)
proceeded to surgery (21 → lobectomy, 3 → pneumonectomy, and 4 → other surgery), 26
(79%) started receiving adjuvant treatment with alectinib, and 5 (15%) managed to complete
all 2 years of adjuvant treatment [87]. R0 resection was accomplished in 24/28 (86%) of the
surgical cohort. ORR was 67% (22 patients), MPR was observed in 45.4% (15 patients), and
pCR was achieved in 12% (4 patients) of the ITT population [87]. At a median follow-up
of 15.2 months, 6 (18%) patients experienced a disease recurrence, and 31 (94%) were
alive. The median EFS and OS were not reached, and ≥Grade 3 toxicity was limited to
three (9%) and two (8%) patients in the preoperative and postoperative phase, respectively,
supporting the perioperative use of alectinib despite the noted difficulty in adhering to
treatment during the adjuvant phase [87].

Perioperative administration of alectinib is currently explored in the Phase 2 NAU-
TIKA1 trial (NCT04302025), which is a US umbrella study investigating the tailored use
of multiple targeted approaches in resectable Stage IB–IIIB (T3N2 only, 8th TNM Edition)
NSCLC harboring actionable molecular alterations [212]. Neoadjuvant treatment with
the corresponding targeted agent(s) for 8 weeks is followed by surgical resection, up to
four cycles of platinum-based ChT, and up to 2 years of adjuvant targeted therapy with the
same agent(s). The molecular alterations used for stratification into each one of the seven
included experimental arms were as follows: ALK rearrangement, ROS1 rearrangement,
NTRK1/2/3 fusion, BRAF V600 point mutation, RET rearrangement, PD-L1 expression in
≥1% of tumor cells, and KRAS G12C mutation. The corresponding targeted agents were as
follows: alectinib, entrectinib, vemurafenib/cobimetinib, pralsetinib, atezolizumab, and di-
varasib [212]. In the TKI arms, the primary endpoint is MPR, and the secondary endpoints
include pCR, ORR, DFS, EFS, OS, safety, nodal downstaging, and ctDNA clearance rate.

Focusing on the alectinib arm, 33 patients were enrolled, with 69.7% (23) and 6.1% (2)
of the participants having Stage IIIA and IIIB disease, respectively [88]. In total, 30 patients
received neoadjuvant alectinib, 27/30 (90%) underwent surgical resection (25 had R0
resection), and 21/30 (70%) received adjuvant treatment. ORR was 63.3% (19/30 patients),
while MPR and pCR were observed in 60.7% (17) and 25% (7) of the surgical cohort,
respectively [88]. Moreover, 33.3% (10/30) of patients from the ITT population achieved a
pathologic nodal downstaging. Regarding toxicity and tolerability, only two patients (6.1%)
experienced a Grade 3/4 treatment-related AE, and three patients (9.1%) discontinued
neoadjuvant treatment with alectinib before its completion [88]. The solely neoadjuvant,
Chinese, umbrella Phase 2 NUMER study (NCT06563999), which has a similar design to
NAUTIKA-1, is currently ongoing for patients with unresectable Stage III NSCLC with
actionable molecular alterations and focuses on resectability rates [213].
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The publication of the final survival results of the ALNEO and ALINA trials, as well
as the survival results of the NAUTIKA1 study, could possibly assist in defining whether
the optimal position of alectinib in resectable ALK-positive NSCLC is in the adjuvant
or perioperative setting. One of the main advantages of the neoadjuvant-perioperative
approach is that it is easier to incorporate (de-)escalation strategies compared to the upfront
surgical approach. The main reason for this is that their deployment is based on the
achievement of MPR/pCR, which are—at least at the moment—determined with more
reliable methods compared to MRD/ctDNA clearance, which could be used to guide the
design of these strategies in the adjuvant setting. Moreover, the role of ChT, whether pre-
or postoperatively, must be clarified in the algorithm of perioperative management of
early ALK-positive NSCLC. Contrary to preoperative TKI monotherapy for EGFR-mutant
resectable NSCLC, the pCR and MPR rates with ALK inhibitor monotherapy range from
12% to 33% and from 45.4% to 67%, respectively, which are comparable to results with
perioperative CIT. However, the fact that these rates originate from non-randomized, single-
arm Phase 2 trials must be taken into account. Adjuvant ChT could be potentially omitted
as well, but there is a lack of pertinent evidence. The arbitrariness of 8 weeks as neoadjuvant
treatment with an ALK inhibitor, which is most frequently used across the aforementioned
trials, is highlighted in addition to the rest of the points for discussion. The major ongoing
perioperative studies in early ALK-positive NSCLC are summarized in Table 1.

6. The Rest of Actionable Molecular Alterations
The remaining actionable molecular alterations constitute a significant subgroup of

the entire NSCLC—mostly adenocarcinoma—cohort, with a cumulative incidence of up
to 60% in Western populations and 80% in Asian populations [11,214]. The KRAS G12C
point mutation occurs in approximately 13% of patients [215], while KRAS mutations
are identified in up to 30% of NSCLC (the frequency may rise up to 40% in Western
populations) [11,214]. The dysregulation of the MET gene concerns up to 6% of NSCLC,
with the METex14 skipping mutation occurring in 4% and MET amplification in 2% of
patients [214,216]. HER-2 mutations and amplification occur in around 3% and 1%, re-
spectively [214,217,218]. ROS1 rearrangements/translocations are identified in 1–2% of
the NSCLC population [214,219,220]. Less frequent actionable molecular alterations in-
clude BRAF V600E point mutation (1–2% with the overall BRAF mutation rate reaching
5%), RET rearrangements/translocations (1–2%), and NTRK1/2/3 fusions/translocations
(0.3–0.5%) [11,214,221–223].

When encountered in the advanced metastatic setting, all aforementioned molecular
alterations have one or more approved therapeutic choices as a first or subsequent line of
treatment, either as monotherapy or in combination with other modalities like ChT, which
leads to optimism regarding their potential use perioperatively [5,6,11]. However, there
is currently no approved agent or strategy for any of them in the perioperative setting,
meaning that the CIT approach is preferred upon occurrence, if indicated. Considering the
absence of approved treatment options for early NSCLC besides common EGFR mutations
and ALK rearrangements/translocations, comprehensive testing for the identification of the
remaining actionable molecular alterations is currently neither warranted for an optimal
management plan nor included in the guidelines of major societies and associations, nor
financially compensated according to governmental policies [5,7]. There is currently a
significant number of ongoing studies for the perioperative management of NSCLC with
alterations other than EGFR or ALK, with agents being investigated either in single-arm
Phase 1 or 2 trials or in larger Phase 3 trials or even in umbrella studies with multiple
cohorts, including a multitude of targets like the NAUTIKA1 and NUMER studies [212,213].
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The most promising—and anticipated—approaches are encountered in patients with
RET rearrangements/translocations or a KRAS G12C point mutation. The international, ran-
domized Phase 3 LIBRETTO-432 trial (NCT04819100) investigates the adjuvant use of RET
inhibitor selpercatinib vs. a placebo after the complete resection—and ChT if needed—of
Stage IB–IIIA (8th TNM Edition) RET-rearranged NSCLC (EFS as primary endpoint),
while cohort 7 of the international, Phase 2, basket trial LIBRETTO-001 (NCT03157128)
is still ongoing and aims to evaluate 56 days of neoadjuvant selpercatinib in patients
with resectable stage IB-IIIA (8th TNM Edition) RET-rearranged NSCLC (MPR as primary
endpoint) [224–226]. Concerning KRAS G12C, its inhibition in preclinical studies led to
remodelling of the TME, increased immune activity against the tumor, and synergy with
ICIs [227]. These features provide a strong rationale for combination strategies of KRAS
G12C inhibitors with IO, some of which are investigated in ongoing studies. The inter-
national, randomized, Phase 3 SUNRAY-02 trial (NCT068890598) evaluates the addition
of KRAS G12C inhibitor olomorasib for 3 years to PD-1 inhibitor pembrolizumab, with
DFS as the primary endpoint, in patients with either completely resected Stage II–IIIB (N2,
8th TNM Edition) KRAS G12C-mutant NSCLC with no pCR after preoperative CIT or
with the upfront complete resection of Stage II–IIIB disease [228]. There is also a cohort of
patients with unresectable Stage III KRAS G12C-mutant NSCLC treated with CRT in the
SUNRAY-02 trial, where consolidation treatment with 3 years of olomorasib and 1 year of
PD-L1 inhibitor durvalumab is compared to the SoC of 1-year consolidation treatment with
durvalumab, with PFS as the primary endpoint [228]. Regarding the neoadjuvant setting,
the US, single-arm Phase 2 NCT05400577, which evaluated 4 weeks of KRAS G12C inhibitor
sotorasib in resectable Stage IB–IIIA (8th TNM Edition) KRAS G12C-mutant NSCLC, was
terminated due to slow accrual without results [229]. Another neoadjuvant approach with
6 weeks of KRAS G12C inhibitor adagrasib, with or without PD-1 inhibitor nivolumab, in
resectable Stage IB–IIIA (8th TNM Edition) KRAS G12C-mutant disease is investigated in
the ongoing US, open-label Phase 2 Neo-Kan trial (NCT05472623), with pCR as the primary
endpoint [230]. Ongoing trials for early NSCLC with molecular alterations besides EGFR
and ALK are included in Table 1.

Table 1. Ongoing neoadjuvant, adjuvant, and perioperative Phase 2 and 3 trials in early oncogene-
addicted resectable NSCLC.

Study, Phase Stage, Population Mutation-Target Strategy Study Arm(s) Primary
Endpoint

TARGET
(NCT05526755),

2 [140]

II–IIIB (8th TNM
Edition), Asian and
non-Asian, adjuvant

ChT allowed

All EGFR
mutations apart

from exon
20 insertions

Adjuvant

5 years of
osimertinib 80
mg vs. placebo

after
optional ChT

5-year DFS in the
common

mutation cohort

APPOINT
(NCT04922138),

2 [133,134]

IA, Chinese, ≥1
high-risk factor
(≥10% of solid,

micropapillary, or
complex

gland components)

All EGFR
mutations Adjuvant

3 years of
aumolertinib 110
mg vs. placebo

2-year DFS
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Table 1. Cont.

Study, Phase Stage, Population Mutation-Target Strategy Study Arm(s) Primary
Endpoint

ADAURA2
(NCT05120349),

3 [135,136]

IA2–IA3 (8th TNM
Edition), Asian and
non-Asian, high-risk
when ≥1 of: >2 cm,

LVI, high-grade
histology with with

≥20%
micropapillary,

solid, or complex
gland components

EGFR common
mutations Adjuvant

3 years of
osimertinib 80
mg vs. placebo

DFS in the
high-risk
subgroup

PACIFIC-4
(NCT03833154),

3 [137]

Medically
inoperable I/II (7th

TNM Edition),
Asian and
non-Asian

(sub-cohort)

EGFR common
mutations Consolidation

3 years of
osimertinib 80

mg (single-arm)
sub-cohort after
curative SBRT

4-year PFS

ICWIP
(NCT02125240),

3 [231]

II–IIIA, Chinese (7th
TNM Edition)

EGFR common
mutations Adjuvant

3 years of
icotinib 125 mg

three times daily
vs. placebo after

ChT

3-year DFS

APEX
(NCT04762459),

3 [232]

II–IIIA, Chinese (8th
TNM Edition)

EGFR common
with/without

uncommon
mutations

Adjuvant

3 years of
almonertinib 110
mg + 4 cycles of

ChT vs.
almonertinib 110
mg vs. 4 cycles

of ChT

DFS

FORWARD
(NCT04853342),

3 [233]
II–IIIA, Chinese

EGFR common
with/without

uncommon
mutations

Adjuvant

Furmonertinib
80 mg vs.

placebo after
optional ChT

DFS

BD-BF-III01
(NCT06041776),

3 [234]

IB–IIIB, Chinese (8th
TNM Edition)

EGFR common
mutations Adjuvant

3 years of
befotertinib 100

mg vs. 2 years of
icotinib 125 mg

three times daily

5-year DFS

UPLIFT
(NCT06955325),

3 [235]

IA–IB (8th TNM
Edition), Chinese,

high-risk when ≥1
of: low

differentiation,
solid/

micropapillary/
complex glandular
pattern, vascular or

visceral pleural
invasion, alveolar
space spread, or

intermediate/high
risk on 14-gene test

EGFR common
mutations or ALK
rearrangement–
fusion or ROS1
rearrangement–

fusion

Adjuvant

1 year of icotinib
125 mg three
times daily or

rezivertinib 100
mg or ensartinib
225 mg or 3 years
of benmelstobart

DFS
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Table 1. Cont.

Study, Phase Stage, Population Mutation-Target Strategy Study Arm(s) Primary
Endpoint

NEOpredict-
EGFR

(NCT06784791),
2 [236]

Resectable IB–IIIA,
European (8th
TNM Edition)

EGFR common
and uncommon
mutations with
susceptibility to
amivantamab

Neoadjuvant

4 weeks of
amivantamab +
ChT vs. 4 weeks
of amivantamab

Feasibility

NOCE01
(NCT05011487),

2 [237]

Resectable IIIA–IIIB
(T3-4N2), Chinese
(8th TNM Edition)

EGFR common
with/without

uncommon
mutations

Neoadjuvant

8 weeks of
osimertinib 80
mg + 2 cycles

of ChT

ypN0 (complete
LN clearance)

NeoIpower
(NCT05104788),

2 [238]

Resectable IIA–IIIB
(N2), Chinese (8th

TNM Edition)

EGFR common
mutations Neoadjuvant

8 weeks of
icotinib 125 mg

three times daily
+ 2 cycles of ChT

MPR

NCT01470716, 2,
[239]

Resectable II–IIIA,
Korean (8th TNM

Edition)

EGFR common
mutations Neoadjuvant 8 weeks of

erlotinib 150 mg PFS

NCT05987826, 2
[240]

Resectable II–IIIB
(N2), Chinese (8th

TNM Edition)

EGFR common
with/without

uncommon
mutations

Neoadjuvant
8 weeks of

furmonertinib 80
mg

MPR, DFS

FORESEE
(NCT05430802),

2 [241]

Resectable IIIA–IIIB,
Chinese (8th TNM

Edition)

EGFR common
with/without

uncommon
mutations

Neoadjuvant

9 weeks of
furmonertinib 80

mg + 3 cycles
of ChT

ORR

ANSWER
(NCT04455594),

2 [242]

Resectable-
potentially

resectable IIIA–N2,
Chinese (8th

TNM Edition)

EGFR common
with/without

uncommon
mutations

Neoadjuvant

8 weeks of
almonertinib 110

mg vs.
investigator’s

choice between 8
weeks of

erlotinib 150 mg
or 3 cycles

of ChT

ORR

NCT03203590, 3
[243]

Resectable II–IIIA
(7th TNM Edition),

Chinese

EGFR common
and uncommon

mutations
Neoadjuvant

8 weeks of
gefitinib 250 mg

vs. 2 cycles of
ChT

2-year DFS

NeoLazer
(NCT06268210),

2 [244]

Resectable IB–IIIB,
Korean (8th

TNM Edition)

EGFR common
mutations Perioperative

9 weeks of
lazertinib 240 mg
+ 3 cycles of ChT

vs. 9 weeks of
lazertinib 240 mg
→ surgery → 3

years of
Lazertinib

240 mg

Primary
pathological

response (MPR)
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Table 1. Cont.

Study, Phase Stage, Population Mutation-Target Strategy Study Arm(s) Primary
Endpoint

NEOAFA
(NCT04470076),

2 [245]

Resectable IIA–IIIB,
Chinese (8th TNM

Edition)

All EGFR
mutations Perioperative

8 weeks of
afatinib 40 mg +
3 cycles of ChT
→ surgery → 2
years of afatinib

40 mg

MPR, ORR

NCT03349203, 2
[246]

Potentially
resectable IIIB or
oligometastatic,

Chinese (7th NTM
Edition)

EGFR common
mutations Perioperative

8 weeks of
icotinib 125 mg

three times daily
→ surgery →

2 years of
icotinib 125 mg

three times daily

ORR

NeolazBAL
(NCT05469022),

2 [247]

Resectable I–IIIB or
single metastasis
IVA, Korean (8th

TNM Edition),
liquid biopsy

for EGFR

EGFR common
with/without

uncommon
mutations

Perioperative

9 weeks of
lazertinib 240 mg
→ surgery →

3 years of
Lazertinib

240 mg
(≥Stage II)

ORR

NCT03749213, 2
[248]

Resectable IIIA–N2,
Chinese (8th TNM

Edition)

EGFR common
mutations Perioperative

8 weeks of
icotinib 125 mg

three times daily
→ surgery →

2 years of
icotinib 125 mg

three times daily

ORR

NCT05132985, 2
[249]

Resectable II–IIIB
(N2), Chinese (8th

TNM Edition)

EGFR common
with/without

uncommon
mutations

Perioperative

8 weeks of
icotinib 125 mg

three times daily
+ 2 cycles of ChT
→ surgery →

2 cycles of ChT +
2 years of

icotinib 125 mg
three times daily

MPR

NeoADAURA
(NCT04351555),

3 [153]

Resectable II–IIIB
N2 (8th TNM

Edition), Asian and
non-Asian

EGFR common
with/without

uncommon
mutations

Perioperative

9 weeks of
osimertinib

80 mg + 3 cycles
of ChT vs.
9 weeks of
osimertinib

80 mg vs.
3 cycles of ChT
→ surgery →

3 years of
osimertinib

80 mg

MPR

https://doi.org/10.3390/cancers18030493

https://doi.org/10.3390/cancers18030493


Cancers 2026, 18, 493 29 of 49

Table 1. Cont.

Study, Phase Stage, Population Mutation-Target Strategy Study Arm(s) Primary
Endpoint

NEOLA
(NCT06194448),

2 [250]

Unresectable III,
Asian and
non-Asian

EGFR common
mutations

Induction-
consolidation

8 weeks of
osimertinib
80 mg → 6

weeks of CRT →
osimertinib

80 mg
maintenance

until progression
or unacceptable

toxicity

PFS

BD-EN-IV006
(NCT05241028),

2 [251]

IB–IIIA (8th TNM
Edition), Chinese

ALK
rearrangement–

fusion
Adjuvant

3 years of
ensartinib

225 mg
3-year DFS

NCT05186506, 2
[252]

IIA–IIIA (8th TNM
Edition), Chinese

ALK
rearrangement–

fusion
Adjuvant

3 years of
ensartinib 225
mg vs. 4 cycles

of ChT

DFS

MOTION-
NSCLC

(NCT06709274),
2 [253]

IA–IB (8th TNM
Edition), Chinese

ALK
rearrangement–

fusion
Adjuvant

2 years of
alectinib 600 mg

twice daily
guided by MRD

3-year DFS

NCT06780839, 2
[254]

IA3 with high-risk
recurrence

factors-IIIB (T3N2
only, 8th TNM

Edition), Chinese

ALK
rearrangement–

fusion
Adjuvant

3 years of
ensartinib 225
mg +/− ChT
according to

MRD

DFS

NCT06772610, 2
[255]

I with high-risk
recurrence factors

(8th TNM Edition),
Chinese

ALK
rearrangement–

fusion
Adjuvant

2 years of
ensartinib

200 mg
2-year DFS

NCT02201992
(sub-trial of the
ALCHEMIST), 3

[256]

IB–IIIA (7th TNM
Edition), US

ALK
rearrangement–

fusion
Adjuvant

2 years of
crizotinib 250 mg

twice daily
vs. placebo

OS

ELEVATE
(NCT05341583),

3 [198]

IB–IIIB (8th TNM
Edition), Chinese,

adjuvant
ChT allowed

ALK
rearrangement–

fusion
Adjuvant

2 years of
ensartinib 225
mg vs. placebo

after
optional ChT

DFS

E4512
(NCT02194738,
sub-trial of the

ALCHEMIST), 3
[202]

IIA–IIIB (8th TNM
Edition), US,

adjuvant
ChT allowed

ALK
rearrangement–

fusion
Adjuvant

2 years of
crizotinib 250 mg

twice daily vs.
placebo after
optional ChT

DFS

ALINA
(NCT03456076),

3 [197]

IB–IIIA (T1-3N1-2 or
T4N0-1, 7th TNM

Edition), Asian and
non-Asian

ALK
rearrangement–

fusion
Adjuvant

2 years of
alectinib 600 mg
twice daily vs. 4

cycles of ChT

DFS in Stage
II–IIIA and ITT

population
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Table 1. Cont.

Study, Phase Stage, Population Mutation-Target Strategy Study Arm(s) Primary
Endpoint

NCT06862869, 4
[257]

II–IIIB (8th TNM
Edition), Chinese

ALK
rearrangement–

fusion
Adjuvant

2 years of
alectinib 600 mg

twice daily
Real-world DFS

HORIZON 2
(NCT06624059),

3 [258]

Resectable II–IIIB
(T3N2 only, 8th
TNM Edition),

Asian and
non-Asian

ALK
rearrangement–

fusion

Adjuvant-
perioperative

Surgery → 12
weeks of

alectinib 600 mg
twice daily + 4

cycles of ChT →
5 years of

alectinib 600 mg
twice daily (B1
cohort) vs. 12

weeks of
alectinib 600 mg
twice daily + 3

cycles of ChT →
surgery → 5

years of alectinib
600 mg twice

daily (B2 cohort)

Safety (B1
cohort) and pCR

(B2 cohort)

LORIN
(NCT05740943),

2 [207]

Unresectable III (8th
TNM Edition),

Chinese

ALK
rearrangement–

fusion
Neoadjuvant 12 weeks of

lorlatinib 100 mg pCR

WILDERNESS
(NCT05361564),

2 [208]

Resectable I–IIIA
(8th TNM Edition),

Korean

ALK
rearrangement–

fusion
Neoadjuvant

1 week of
brigatinib 90 mg
→ 3–9 weeks of
brigatinib 180

mg

Identification of
resistance

mechanisms

NUMER
(NCT06563999),

2 [213]

Unresectable III (8th
TNM Edition),

Chinese

ALK or ROS1 or
NTRK1/2/3 or RET

rearrangement–
fusion; BRAF

V600E or KRAS
G12C point

mutation; HER-2
mutation or MET
exon 14 skipping

mutation or EGFR
exon 20 insertion

mutation

Neoadjuvant

12 weeks of
ensartinib 225

mg or crizotinib
250 mg or

larotrectinib 100
mg twice daily

or pralsetinib 400
mg or dabrafenib

150 mg twice
daily +

trametinib 2 mg
or glecirasib 800
mg or pyrotinib

400 mg or
savolitinib

400–600 mg or
sunvozertinib

300 mg

Resectability rate

NEOEAST
(NCT05380024),

2 [259]

Resectable IIA–IIIB
(T3N2 only, 8th
TNM Edition),

Chinese

ALK
rearrangement–

fusion
Neoadjuvant

8 weeks of
ensartinib 225

mg
MPR
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Table 1. Cont.

Study, Phase Stage, Population Mutation-Target Strategy Study Arm(s) Primary
Endpoint

CLOG-003
(NCT06779539),

2 [260]

Resectable II–III (8th
TNM Edition),

Chinese

ALK
rearrangement–

fusion
Neoadjuvant

12 weeks of
ensartinib 225

mg
pCR

NEOLORA
(NCT06682884),

2 [261]

Resectable IB–IIIB
(including T4N2, 8th

TNM Edition),
Chinese

ALK
rearrangement–

fusion
Neoadjuvant 6–8 weeks or

lorlatinib 100 mg pCR

NCT06785584, 4
[262]

Resectable-
potentially

resectable IIA–IIIB
(8th TNM Edition),

Chinese

ALK
rearrangement–

fusion
Neoadjuvant

8 weeks of
ensartinib 225

mg
MPR

NCT06736561, 4
[263]

Resectable-
potentially

resectable IIA–IIIB
(including T4N2, 8th

TNM Edition),
Chinese

ALK
rearrangement–

fusion
Neoadjuvant

Received
neoadjuvant

ensartinib in the
past or about to

receive 6–12
weeks of

ensartinib 225
mg

MPR

Neo-INFINITY
(NCT05765877),

2 [209]

Resectable IB–IIIB
(T3N2 only, 8th
TNM Edition),

Chinese

ALK or ROS1
rearrangement–

fusion
Perioperative

1 week of
iruplinalkib 60

mg → 7 weeks of
iruplinalkib 180
mg → surgery
→ 2 years of

iruplinalkib 180
mg

MPR

ALNEO
(NCT05015010),

2 [211]

Potentially
resectable III (N2 or
T4N0-1, 8th TNM
Edition), Italian

ALK
rearrangement–

fusion
Perioperative

8 weeks of
alectinib 600 mg

twice daily →
surgery → 2

years of alectinib
600 mg twice

daily

MPR
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Table 1. Cont.

Study, Phase Stage, Population Mutation-Target Strategy Study Arm(s) Primary
Endpoint

NAUTIKA1
(NCT04302025),

2 [212]

Resectable IB–IIIB
(T3N2 only, 8th

TNM Edition), US

ALK or ROS1 or
NTRK1/2/3 or RET

rearrangement–
fusion; BRAF V600

or KRAS G12C
point mutation;

PD-L1 ≥ 1%

Perioperative

8 weeks of
alectinib or

entrectinib or
pralsetinib or
vemurafenib +
cobimetinib or
divarasib or 4

cycles of
atezolizumab +
low-dose SBRT
→ surgery → 4

cycles of ChT + 2
years of alectinib
or entrectinib or

pralsetinib or
vemurafenib +

cobimetinib or 3
years of

divarasib or 16
cycles of

atezolizumab

MPR for TKIs,
pCR for

checkpoint
inhibitor, 3–5

Grade 3–5 AEs
and delay of
surgery for
divarasib

LungMate-018
(NCT06282536),

2 [264]

Potentially
resectable III–IVA

(8th TNM Edition),
Chinese

ALK or ROS1
rearrangement–

fusion
Perioperative

1 week of
iruplinalkib 60

mg → 11 weeks
of iruplinalkib

180 mg →
surgery → 2

years of
iruplinalkib 180

mg

ORR

NCT05118854, 2
[265]

Resectable IIA–IIIB
(T3-4N2, 8th TNM

Edition), US

KRAS G12C point
mutation Neoadjuvant

12 weeks of
sotorasib 960 mg
+ 4 cycles of ChT

MPR

Neo-Kan
(NCT05472623),

2 [230]

Resectable, IB–IIIA
(8th TNM Edition),

US

KRAS G12C point
mutation Neoadjuvant

6 weeks of
adagrasib 600
mg twice daily
vs. 6 weeks of
adagrasib 400

mg twice daily +
3 cycles of

nivolumab 240
mg

pCR
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Table 1. Cont.

Study, Phase Stage, Population Mutation-Target Strategy Study Arm(s) Primary
Endpoint

CCTG I242
(NCT05714891),

2 [266]

Resectable IA2–IIIA
(8th TNM Edition),

Canadian

KRAS G12C point
mutation

Periope-
rative

6 weeks of
opnurasib 200
mg twice daily
→ surgery → 52

weeks of
opnurasib 200
mg twice daily

after SoC
treatment

EFS, MPR

SUNRAY-02
(NCT06890598),

3 [228]

II–IIIB/III
unresectable (N2,
8th TNM Edition),

Asian and
non-Asian

KRAS G12C point
mutation

Adjuvant/
consolida-

tion

1 year of
olomorasib 100

mg twice daily +
pembrolizumab
→ 2 years of

olomorasib 100
mg twice daily

vs. 1 year of pem-
brolizumab/1

year of
olomorasib 100

mg twice daily +
durvalumab → 2

years of
olomorasib 100
mg twice daily

vs. 1 year of
durvalumab

DFS/PFS

ECTOP-1033
(NCT07156604),

2 [267]

Resectable IIA–IIIB
(N2, 8th TNM

Edition), Chinese

METex14 skipping
mutation Neoadjuvant

8 weeks of
vebreltinib 200
mg twice daily

MPR

NEORM
(NCT05800340),

2 [268]

Resectable IIB–IIIB
(8th TNM Edition),

Chinese

METex14 skipping
mutation or MET
amplification or
HER-2 exon 20

insertion or RET
rearrangement–
fusion or BRAF

(V600E or
non-V600E)

mutation

Neoadjuvant
3 cycles of

toripalimab 240
mg + ChT

pCR

LungMate-025
(NCT06644313),

2 [269]

Resectable-
potentially

resectable IIIA–IIIB
(N2, 8th TNM

Edition), Chinese

METex14 skipping
mutation or MET

amplification
Perioperative

8–16 weeks of
vebreltinib 200
mg twice daily
→ surgery → 2

years of
vebreltinib 200
mg twice daily

ORR
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Table 1. Cont.

Study, Phase Stage, Population Mutation-Target Strategy Study Arm(s) Primary
Endpoint

GEOMETRY-N
(NCT04926831),

2 [270]

Resectable IB–IIIB
(T3-4N2, 8th TNM

Edition), US

METex14 skipping
mutation or MET

amplification
Perioperative

8 weeks of
capmatinib 400
mg twice daily
→ surgery → 3

years of
capmatinib 400
mg twice daily

MPR

128TiP
(NCT06054191),

2 [271]

Resectable IB–IIIB
(T3-4N2, 8th TNM
Edition), Chinese

METex14 skipping
mutation or BRAF

V600 mutation
Perioperative

8 weeks of
capmatinib 400

mg twice daily or
dabrafenib 150

mg twice daily +
trametinib 2 mg
→ surgery → 2

years of
capmatinib 400

mg twice daily or
dabrafenib 150

mg twice daily +
trametinib 2 mg

pCR

Beamion
LUNG-3

(NCT07195695),
3 [272]

II–IIIB (8th TNM
Edition), Asian and

non-Asian
HER-2 mutations Adjuvant

3 years of
zongertinib

120–180 mg vs. 1
year of

pembrolizumab
or atezolizumab
or durvalumab
or nivolumab

DFS

NEOVISION
(NCT06734182),

2 [273]

Resectable II–IIIB
(9th TNM Edition),

Chinese
HER-2 mutations Neoadjuvant

4 cycles of
enfavolimab 300
mg + disitamab

vedotin 2.5
mg/kg plus ChT

MPR

LIBRETTO-432
(NCT04819100),

3 [224]

IB–IIIA (8th TNM
Edition), Asian and

non-Asian

RET
rearrangement–

fusion
Adjuvant

3 years of
selpercatinib
120–160 mg

twice daily vs.
placebo

EFS

LIBRETTO-001
(NCT03157128),

2 [225,226]

Cohort 7, resectable
IB–IIIA (8th TNM

Edition), Asian and
non-Asian

RET
rearrangement–

fusion
Neoadjuvant

8 weeks of
selpercatinib 160
mg twice daily

MPR

Abbreviations: AE → adverse event; ALK → anaplastic lymphoma kinase; BRAF → v-Raf murine sarcoma viral
oncogene homolog B; ChT → chemotherapy; CRT → concurrent chemoradiotherapy; DFS → disease-free survival;
EFS → event-free survival; EGFR → epidermal growth factor receptor; HER-2 → human epidermal growth factor
receptor 2; ITT → intention-to-treat; KRAS → Kirsten rat sarcoma virus; LN → lymph node; LVI → lymphovascu-
lar invasion; MET → mesenchymal–epithelial transition; METex14 → MET exon 14; MPR → major pathological
response; MRD → minimal residual disease; NTRK → neurotrophic tyrosine receptor kinase; ORR → objective
response rate; pCR → pathologic complete response; PD-L1 → programmed death-ligand 1; PFS → progression-
free survival; RET → rearranged during transfection; ROS1 → proto-oncogene tyrosine-protein kinase ROS;
SBRT → stereotactic body radiation therapy; SoC → standard of care; TKI → tyrosine kinase inhibitor.
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7. Conclusions—Future Perspectives
In summary, the landscape of the management of early NSCLC with actionable molec-

ular alterations has entered a breakthrough era. More than one choice is—or will be
soon—available as adjuvant treatment options for common EGFR mutations and ALK
rearrangement–fusion, with the neoadjuvant–perioperative approach gradually gaining
ground. Simultaneously, advances in the field of the remaining actionable alterations are
eagerly awaited, taking into account that the benefit of targeted approaches in the advanced
setting has reinvigorated the strive for success in the early setting as well, leading to a
multitude of ongoing trials. A glimpse into the future may reveal rapid and accurate
comprehensive molecular testing for all patients with early NSCLC, a new age of peri-
operative clinical trials with surrogate biomarkers like pCR, MRD, and ctDNA clearance
replacing the “old” survival endpoints, the elimination of upfront surgical resection from
the algorithm of resectable NSCLC, and neoadjuvant–perioperative strategies employed
for the conversion of unresectable disease to resectable. Lastly, concerning the periopera-
tive “sandwich” approach, the rationale for mandatory adjuvant therapy after achieving
pCR warrants critical reevaluation. Future efforts must distinguish patients who are truly
cured by neoadjuvant intervention, which could allow treatment de-escalation, from those
who harbor occult micrometastatic disease and thus would benefit from adjuvant therapy,
whether it is standard or intensified.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/cancers18030493/s1. Table S1: Major Phase 2 and 3 trials of
neoadjuvant, adjuvant and perioperative use of immunotherapy (checkpoint inhibitors) in early
resectable NSCLC.
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