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Stage IIIA-N2 non-small cell lung cancer (NSCLC) is a heterogeneous group with
different potential therapeutic approaches. Treatment is typically multimodal
with either surgical resection after neoadjuvant chemotherapy and/or radiation
or concurrent chemotherapy and radiation if unresectable. Despite the
multimodal treatment and early stage, cure rates have traditionally been low.
The introduction of immunotherapy changed the treatment landscape for
NSCLC in all stages, and the introduction of immunotherapy in early-stage
lung cancer has improved event free survival and overall survival. Tyrosine
Kinase inhibitors (TKIs) have also improved outcomes in early-stage mutation-
driven NSCLC. Optimal treatment choice and sequence is increasingly becoming
based upon personalized factors including clinical characteristics, comorbidities,
programmed death-ligand 1 (PD-L1) score, and the presence of targetable
mutations. Despite encouraging data from multiple trials, the optimal
multimodal sequence of stage IlIA-N2 NSCLC treatment remains unresolved
and warrants further investigation. This review article summarizes recent major
clinical trials of neoadjuvant and adjuvant treatment including stage IlIA-N2
NSCLC with a focus on immunotherapy and TKiIs.

KEYWORDS

lung cancer, immunotherapy, tyrosine kinase inhibitors, adjuvant, neoadjuvant, early-
stage, resectable

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1373388/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1373388/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1373388/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1373388/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1373388/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1373388/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2024.1373388&domain=pdf&date_stamp=2024-03-27
mailto:Sawsan.rashdan@utsouthwestern.edu
https://doi.org/10.3389/fonc.2024.1373388
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2024.1373388
https://www.frontiersin.org/journals/oncology

Hopson and Rashdan

1 Introduction

Lung cancer was the third most diagnosed cancer and the
cancer with the highest mortality rate in 2020 (1). Stage ITIA-N2
NSCLC is considered regional disease, which comprises 21% of new
lung cancer diagnoses, with a 5-year overall survival (OS) rate of
34.8% (2). Optimal management of stage IITA-N2 non-small cell
lung cancer (NSCLC) has recently evolved into a heterogeneous
group of treatment strategies. Stage IIIA-N2 NSCLC is classified as a
primary lung tumor < 5 cm in its greatest dimension with no further
metastases than the ipsilateral mediastinal and/or subcarinal lymph
nodes. At presentation, this group of tumors is classified as either
incidental N2 discovered during surgery, potentially resectable after
induction therapy, or unresectable. Unresectable tumors are
generally tumors with bulky N2 involvement or with T4
involvement (tumor size > 7 cm, direct tumor invasion of
surrounding anatomical structures, or a separate tumor in a
different lobe of the ipsilateral lung) (3). Tumor resectability is
typically determined within a multidisciplinary committee. Based
on current NCCN guidelines, peri-operative management consists
of 3-4 cycles of neoadjuvant platinum-doublet chemotherapy (with
immunotherapy in patients who are candidates for immune
checkpoint inhibitors), followed by adjuvant chemotherapy, and
subsequent immunotherapy or tyrosine kinase inhibitor (TKI) in
appropriate candidates (4). With the introduction of
immunotherapy and targeted molecular therapies, the choice of
which agents to select for these treatment modalities remains
debated. In addition to OS, event-free survival (EFS), and disease-
free survival (DFS), major pathologic response (MPR) is also used
to determine which combination of these modalities is most
beneficial. MPR is traditionally defined as the presence of < 10%
viable tumor after surgical resection and is frequently used as a
surrogate marker for OS (5).

Immunotherapy first revolutionized treatment for NSCLC in
the metastatic setting and has progressively been incorporated into
all stages of treatment (6). Current immunotherapy agents used in
NSCLC inhibit the checkpoint proteins that down-regulate T cells,
including programmed death-1 (PD-1)/PD-L1 and cytotoxic T-
lymphocyte associated protein 4 (CTLA-4) (7). PD-1 and PD-L1
inhibitors have traditionally been used independently, or in
combination with CTLA-4 inhibitors due to improved survival
outcomes (8). TKIs target certain driver mutations in protein
kinases that promote tumor growth, progression, and regulation
(9). Some of the most common and targetable mutations in NSCLC
include epidermal growth factor receptor (EGFR) mutations,
anaplastic lymphoma kinase (ALK) rearrangements, ROSI
rearrangements, rearranged during transfection (RET)
rearrangements, BRAF mutations, and Kirsten rat sarcoma viral
oncogene homolog (KRAS) mutations (10).

This review article will summarize the relevant clinical trials
that include treatment for stage IIIA-N2 resectable or potentially
resectable NSCLC. It will examine the different immunotherapy and
TKI treatment options with the goal of identifying patients in this
stage who may benefit from these regimens.
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2 Methods

Included articles were found through a review of databases,
such as PubMed and Google Scholar. Search terms included, “stage

»

IITA non-small cell lung cancer,

»

cancer,

stage IITA-N2 non-small cell lung
perioperative immunotherapy in stage IIIA-N2 non-small

cell lung cancer,
N2 non-small cell lung cancer,” and “neoadjuvant tyrosine kinase

adjuvant tyrosine kinase inhibitors in stage ITIA-

inhibitors in stage IITA non-small cell lung cancer”. Prior review
articles on the topic also served as a substrate for compiling the
major clinical trials referencing this topic. All studies that had
outcome evaluations of perioperative chemotherapy in combination
with or compared to immunotherapy or TKIs in patients with
resectable, stage III NSCLC were included. Included studies were
not limited to patients only with stage IIIA-N2 NSCLC as long as
this subgroup was included in the overall outcome.

3 Neoadjuvant strategies
3.1 Neoadjuvant immunotherapy

The safety and feasibility of neoadjuvant nivolumab was
initially shown in patients with resectable, stage I-IIIA NSCLC
with the CheckMate 159 study published in 2018. Nivolumab was
given at a dose of 3 mg/kg of body weight every 2 weeks for 2 cycles
and achieved a MPR in 9 (45%) of 20 resected tumors (11). MPR
was seen almost equally in both PD-L1 positive and negative
tumors, although some of the PD-LI negative tumors had
infiltrating immune cells that were PD-L1 positive, suggesting a
possible predilection for PD-L1.

Since then, multiple other studies have evaluated the safety and
efficacy of neoadjuvant immunotherapy in resectable NSCLC with
variable but encouraging results (Table 1) (12). The ChiCTR-OIC-
17013726 trial (2020) had similar MPR rates with 2 cycles of
neoadjuvant sintilimab with 15 (40.5%) of 37 patients with stage
IA-IIIB resectable NSCLC achieving a MPR (13). Interestingly, the
MPR was only seen in patients with squamous cell NSCLC
compared to adenocarcinoma (MPR 48.4% vs. 0%, respectively).
However, sintilimab is not currently approved for use in the United
States (14). In the LCMC3 trial (2021), 2 cycles of neoadjuvant
atezolizumab achieved a MPR in 30 (20%) of 147 patients with stage
IB-IIIB resectable NSCLC (15). Despite the lower MPR rate in the
atezolizumab study, patients experienced no major delays to
surgery, only 5% of patients had grade >3 treatment-related
adverse events (TRAEs), and the 3-year OS rate was 80% (16). In
the IONESCO (IFCT-1601) trial (2022), 3 cycles of neoadjuvant
durvalumab (750 mg every 2 weeks) resulted in a MPR in 8 (18.6%)
of 43 patients with stage IB-IIIA, resectable NSCLC, with a 12-
month median OS rate of 78% (17). In the TOP1501 phase II trial
(2022), patients with stage IB-III resectable NSCLC who received 2
cycles of pembrolizumab (200 mg) had a MPR in 7 (28%) of 25
patients, primarily occurring in patients with adenocarcinoma
histology (18). The NEOMUN trial is a recently completed trial
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TABLE 1 Review of neoadjuvant immunotherapy trials.

10.3389/fonc.2024.1373388

Number
NSCLC Treatment of Comparison Grade>3
Phase Stage Arm Cycles Arm AEs (%)
IONE,SCO (2022) 2 IB-IIIA Durvalumab 3 - 18.6 17 11
Wislez et al.
LEMC3 (2021) 2 IB-I1IB Atezolizumab 2 - 20 6 5
Chatft et al.
TOPI501 (2022) 2 IB-III Pembrolizumab 2 - 28 12 -
Tong et al.
NEOSTAR (2021) 2 I-1IA Nivolumab and 3 Nivolumab 38 29 10
Cascone et al. Ipilimumab
ChiCTR-OIC-17013726
(2020) 1b TA-IIIB Sintilimab 2 - 40.5 16.2 10
Gao et al.
CheckMate 159 (2018) Pilot LA Nivolumab 2 - 45 10 45
Forde et al.

NSCLC, Non-small cell lung cancer; MPR, Major pathologic response; PCR, pathologic complete response; AE, adverse event.

-, no data.

with results still pending that also evaluated neoadjuvant
pembrolizumab, but specifically in patients with stage II/IIIA
resectable NSCLC (19).

In 2021, the NEOSTAR trial was the first trial to test
combination neoadjuvant immunotherapy. It showed that
neoadjuvant nivolumab and ipilimumab in patients with stage I-
ITTIA resectable NSCLC had a greater number of patients with a
MPR than with neoadjuvant nivolumab alone [8 (38%) of 21
patients vs. 5 (22%) of 23 patients, respectively] (20). Six (29%) of
21 patients in the combination group achieved a pathologic
complete response (PCR). Disease stage was not significantly
related to recurrence-free survival (RFS) rates, but patients with
stage IITA disease had worse lung-cancer related RFS rates
compared to stage I or II disease. Nivolumab was given at a dose
of 3 mg/kg every 2 weeks for 3 doses and ipilimumab was given at a
dose of 1 mg/kg for 1 dose. Importantly, grade 3-5 immune-related
adverse events (IRAEs) only occurred in 2 (10%) of 21 patients
given both nivolumab and ipilimumab, which was similar to the
IRAE rate of nivolumab alone. PD-L1 expression correlated with
improved pathologic responses, but there were many tumors
without PD-L1 expression that also showed a pathologic
response. This suggests PD-L1 expression is a sufficient but not
necessary characteristic for treatment response.

3.2 Neoadjuvant immunotherapy
and chemotherapy

Historically, induction chemotherapy alone has resulted in a
median survival rate of 15.9 to 33 months in stage III NSCLC, with
the addition of induction radiotherapy not significantly benefiting
median EFS (21).

In 2020, the NADIM trial was one of the first trials to show that
the addition of 3 cycles of neoadjuvant nivolumab with platinum-
based chemotherapy followed by adjuvant nivolumab for 1 year had
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a progression-free survival of 77.1% at 2 years in patients with
resectable stage IITA NSCLC (22). OS data at 3 years follow-up is
encouraging at 81.9% (23). 34 (83%) of 41 patients achieved a MPR,
with 26 (63%) patients achieving a PCR. Patients with a PD-L1
tumor proportion score (TPS) > 25% were more likely to have a
MPR or PCR, but 58% of patients with a PD-L1 TPS <25% still had
a MPR or PCR, suggesting PD-L1 was not a sensitive marker of
response. PD-L1 expression was also not associated with OS.
Additionally, STK1I and EGFR mutations were associated with
reduced PFS.

Similar results were seen in the Columbia trial, a phase II trial in
which patients with stage IB-IITA NSCLC were given up to 4 cycles
of neoadjuvant atezolizumab and platinum-based chemotherapy.
While not exclusively focusing on stage IIIA disease, 23 (77%) of the
30 patients included had stage IIIA disease. In this study, 17 (57%)
of 30 patients achieved a MPR, with 10 (33%) of 30 patients
achieving a PCR (24). Of the 10 patients who achieved a PCR, 6
of them had stage IIIA disease at presentation. No significant
association was seen between PD-L1 expression and MPR or
PCR. However, a post hoc analysis showed a median best
percentage change of MPR of 6% in patients with a PD-L1
expression of >1% (40% vs. 34% in patients with PD-L1
expression < 1%), however this finding was non-significant. Post
hoc analyses also showed more patients with squamous histology
than adenocarcinoma histology had a MPR and PCR, none of the
patients with STK1I tumor mutations had any response, and 2 out
of 4 patients with EGFR mutations had PCRs.

The SAKK 16/14 trial (2021) showed that neoadjuvant
durvalumab and chemotherapy in patients with stage IITA-N2
NSCLC had a MPR in 34 (62%) of 55 patients, a PCR in 10
(18%) of 55 patients, and a 1-year EFS of 73% (25). There were no
significant effects of PD-L1 expression on MPR, nodal downstaging,
or 1-year EFS. Fifty-five (82%) of 67 patients made it to surgery,
with 3 (4%) patients unable to make it to surgery because of
treatment discontinuation due to toxicity.
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The CheckMate 816 trial (2022) was one of the first trials to
compare the use of neoadjuvant immunotherapy and
chemotherapy to the traditional use of neoadjuvant chemotherapy
alone. In this randomized, phase III trial, patients with stage IB-IIIA
resectable NSCLC who received neoadjuvant nivolumab and
platinum-based chemotherapy had a greater MPR (36.9% vs.
8.9%), greater PCR (24% vs. 2.2%), longer median EFS (31.6 vs.
20.8 months), and higher 2-year EFS (63.8% vs. 45.3%) compared to
neoadjuvant chemotherapy alone (26). This benefit was greatest in
patients with stage IIIA disease (HR for disease progression,
recurrence, or death of 0.54), a tumor PD-L1 expression of > 1%
(MPR of 44.9%, PCR of 32.6%), and in patients with non-squamous
histology. 83.2% of the patients in nivolumab-plus-chemotherapy
group underwent surgery, which was not statistically different than
in the chemotherapy-alone group (75.4%). Patients in the
combination group had fewer overall AEs (92.6% vs. 97.2%),
fewer grade > 3 TRAEs (33.5% vs. 36.9%), fewer AEs leading to
surgical delays (3.4% vs. 5.1%), shorter median durations of surgery,
more commonly used minimally invasive surgical approaches, and
fewer pneumonectomies compared to the chemotherapy alone
group. In a recently published 3-year follow-up exploratory
analysis, patients who were treated with neoadjuvant nivolumab
and chemotherapy had 3-year OS rates of 85% (vs. 66% with
chemotherapy alone; however, this data was a trend as the
OS was still immature) and 3-year EFS rates of 57% (vs. 43%
with chemotherapy alone) (27). Higher PD-L1 expression
continued to demonstrate increased benefits with patients with
PD-L1 expression = 1% achieving a 3-year OS of 85% and a 3-year
EFS of 72% (compared to 66% and 47%, respectively, with
chemotherapy alone) (28). This trial led to the FDA approval of
neoadjuvant nivolumab with platinum-doublet chemotherapy in
early-stage NSCLC (29).

The AEGEAN trial (2023) was a randomized, phase III trial that
showed that patients with stage II-IIIB (N2) resectable NSCLC who
received 4 cycles of neoadjuvant durvalumab with chemotherapy
followed by 1 year of adjuvant durvalumab had a higher PCR (17.2%
vs. 4.3%) and increased 2-year EFS (63.3% vs. 52.4%) compared to
neoadjuvant chemotherapy alone (30). At baseline, 338 (45.7%) of
740 patients in the trial had stage IIIA disease. Patients with all levels
of PD-L1 expression derived benefit from the durvalumab and
chemotherapy combination, but the magnitude of benefit was
greatest in patients with PD-L1 expression > 50%. The benefit was
also greatest in current and former smokers. Patients with stage IITA
disease who received durvalumab and chemotherapy had the greatest
EFS benefit. The trial had 51 patients with known EGFR mutations
but a subgroup analysis showed no clear evidence of clinical benefit
with durvalumab compared to placebo (however, the subgroup
analysis was not sufficiently powered) (31).

The NADIM II trial (2023) was a randomized phase II trial that
showed that patients with resectable stage IIIA or ITIB NSCLC who
received neoadjuvant nivolumab and platinum-based chemotherapy
compared to neoadjuvant chemotherapy alone had a greater PCR
(37% vs. 7%), greater MPR (53% vs. 14%), overall response (75% vs.
48%), improved 2-year PES (67.2% vs. 40.9%), and greater 2-year OS
(85% vs. 63.6%) (32). Patients who were treated with the
combination neoadjuvant nivolumab and chemotherapy and who
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had PD-L1 expression of > 1% had the greatest improvement in PCR
rates. Neoadjuvant nivolumab and chemotherapy also resulted in
more patients undergoing surgery than in the chemotherapy-alone
group (93% vs. 69%). Notably, the NADIM II trial used a carboplatin
dose of area under the concentration-time curve of 5 mg/ml,
compared to the 6 mg/ml used in the NADIM trial.

The KEYNOTE-671 trial (2023) was a randomized phase III trial
that showed that patients with resectable stage II-ITIIB (N2) NSCLC
who received 4 cycles of neoadjuvant pembrolizumab (200 mg every
3 weeks) and cisplatin-based chemotherapy, followed by surgery and
up to 13 cycles adjuvant pembrolizumab had an improved 2-year
EFES (62.4% vs. 40.6%), higher MPR (30.2% vs. 11%), and higher PCR
(18.1% vs. 4%) compared to patients who received only neoadjuvant
cisplatin with placebo, followed by surgery and adjuvant placebo
(33). The EFS benefit was generally consistent across most
subgroups, except for lack of significance in the PD-L1 expression
< 1%, pathologic stage II, and never smoker subgroups; however,
many of these subgroup analyses were not adequately powered. This
suggests that patients with stage III disease derived more benefit
from neoadjuvant chemoimmunotherapy than patients with stage II
disease. This study also did not find a difference in the benefit of
pembrolizumab between squamous and non-squamous histology.
Increased EFS was also seen in patients in the pembrolizumab group
who did not have a MPR or PCR, suggesting that adjuvant
pembrolizumab provided further benefit. OS was not significant in
the interim analysis. The addition of pembrolizumab to neoadjuvant
chemotherapy did not affect the ability to undergo surgery or
increase the rate of surgical complications.

An initial update from the CheckMate 77T trial (2023), a
randomized, phase III trial, showed that patients with stage ITA-IIIB
resectable NSCLC who received 4 cycles of neoadjuvant nivolumab
and platinum-doublet chemo followed by surgery and adjuvant
nivolumab for 1 year had improved median EFS (not reached vs.
18.4 months), 18-month EFS (70% vs. 50%), PCR (25.3% vs. 4.7%),
and MPR (35.4% vs. 12.1%) compared to patients who received 4
cycles of neoadjuvant platinum-doublet chemotherapy with placebo,
followed by surgery and adjuvant placebo for 1 year (34). Benefit was
most pronounced in patients with stage III disease, PD-L1 > 1%,
current and former smokers, those with squamous histology (35).
Definitive surgery rates were similar between both groups (36).

A summary of the reported trials is shown in Table 2. There are
additional ongoing trials looking at the addition of immunotherapy
to neoadjuvant chemotherapy. The IMpower030 trial is an ongoing
randomized, phase III trial looking at the effects of neoadjuvant
atezolizumab plus platinum-based chemotherapy followed by up to
16 cycles of adjuvant atezolizumab compared to neoadjuvant
platinum-based chemotherapy plus placebo followed best
supportive care in patients with stage II-IIIB resectable NSCLC
(37). This trial is estimated to be completed in 2025.

3.3 Neoadjuvant immunotherapy
and radiation

NCT02904954 (2021) was a randomized, phase II trial that
showed that patients with stage I-IIIA resectable NSCLC who were

frontiersin.org


https://doi.org/10.3389/fonc.2024.1373388
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

AB0oj0oUQ Ul SI213U0I4

S0

[SSIRVFETM I

TABLE 2 Review of neoadjuvant immunotherapy and chemotherapy trials.

Phase NSCLC Treatment Arm Number Comparison PCR EFS OS (%) PD- EGFR  Grade >3
Stage of Cycles Arm (VA (VA L1 Benefit = AEs (%)
Conclusions
AEGEAN (2023) 3 1I-11IB Durvalumab + platinum- NA: 4 A: 12 Placebo + platinum- 333 17.2 1-yr:73.4 - Most Benefit: N 424
Heymach et al. based chemotherapy based chemotherapy 2-yr:63.3 PD-LI12 > 50%
KEYNOTE 671 3 II-11B Pembrolizumab + Cisplatin- NA: 4 A: 13 Placebo + Cisplatin- 30.2 18.1 2-yr:62.4 - Most Benefit: - 449
(2023) based chemotherapy based chemotherapy PD-L1 = 50% No
Wakelee et al. Benefit: PD-L1 < 1%
CheckMate 77T 3 IIA-IIIB Nivolumab + platinum- NA: 4 A: 1yr Placebo + platinum- 354 253 1.5-yr:70 - Most Benefit: - 32
(2023) doublet chemotherapy doublet chemotherapy PD-LI > 1%
Cascone et al.
CheckMate 816 3 IB-TIIA Nivolumab + platinum- NA: 3 Platinum- 36.9 24 1-yr:76.1 3-yr: 85 Most Benefit: - 335
(2022) Forde et al. doublet chemotherapy doublet chemotherapy 2-yr:63.8 PD-L1 > 21%
3-yr:57
NADIM II (2023) 2 TIIA-IIIB Nivolumab + Carboplatin (AUC5) NA: 3 A: Carboplatin 53 37 2-yr:67.2 2-yr:85 Most Benefit: - 19
Provencio et al. Paclitaxel (200 mg/m2) 6 mo (AUCS5 Paclitaxel (200 PD-L1 > 1%
mg/m2)
COLUMBIA (2020) 2 IB-IITA Atezolizumab + Carboplatin NA: 4 - 57 33 - - NS - 50
Shu et al. (AUC5) Nab-paclitaxel (100
mg/m2)
SAKK 16/14 (2021) 2 TIIA(N2) Durvalumab + Cisplatin NA:3 A: 1yr - 62 18 1-yr:73 1-yr:91 NS - 88
Rothschild et al. (100 mg/m2) + Docetaxel 2-yr:68 2-yr:83
(85 mg/m2)
NADIM (2020) 2 1A Nivolumab + Carboplatin (AUC6) NA:3 A: 1yr - 83 63 2-yr:77.1 1-yr:97.8 Most Benefit: N 30
Provencio et al. Paclitaxel (200 mg/m2) 2-yr:89.9 PD-L1 > 25%
1-yr:81.9

NSCLC, non-small cell lung cancer; MPR, major pathologic response; PCR, pathologic complete response; EFS, event-free survival; OS, overall survival; AE, adverse event; NA, neoadjuvant; A, adjuvant; yr, year; mo, month; N, no; AUC, area under the ROC curve; NS,

not significant.
-, no data.
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treated with 2 cycles of neoadjuvant durvalumab and stereotactic
body radiotherapy (8 Gy x 3 fractions) had a 16-fold increased odds
of achieving MPR than with neoadjuvant durvalumab alone (ORR
16.0; p<0.0001) (38). Sixteen (53.3%) of 30 patients who received
the neoadjuvant radiotherapy and durvalumab achieved an MPR vs.
2 (6.7%) of 30 patients in the durvalumab-alone group. Pathologic
CR was seen in 8 (26.7%) of the 30 patients in the combination
group. AEs were slightly higher in the combination group with 6
(20%) of 30 patients having a grade > 3 AE compared to 5 (17%) of
30 patients in the durvalumab-only group. No treatment-related
deaths were reported.

However, CASE 4516 was a phase I trial looking at the safety
and feasibility study of neoadjuvant chemotherapy, radiation, and
pembrolizumab in patients with stage IIIA, resectable NSCLC, but
the study was terminated early due to a higher-than-expected
toxicity rate (39).

There are other ongoing trials evaluating the combination of
neoadjuvant radiation, chemotherapy, and/or immunotherapy.
NCT03237377 is a phase II trial looking at the toxicity, feasibility,
and response rate of 2 cycles of neoadjuvant durvalumab with
concurrent standard thoracic radiation (45Gy in 25 fractions) in
patients with resectable NSCLC (40). The study is expected to be
completed in 2024. The SAKK 16/18 trial is a phase II trial
comparing response and survival outcomes in patients with Stage
III-N2 resectable NSCLC who receive neoadjuvant chemotherapy,
neoadjuvant immunotherapy, or neoadjuvant immuno-
radiotherapy (41). Patients assigned to the immuno-radiotherapy
arm will be randomly assigned to 3 different fractionation regimens
to assess optimal dosing. This study is expected to be completed
in 2025.

3.4 Neoadjuvant TKis

A summary of the reported neoadjuvant TKI trials is seen in
Table 3. In 2019, the ML25444 trial was one of the first phase II
trials to test neoadjuvant EGFR TKIs in stage IIIA-N2 EGFR-
mutated NSCLC. Nineteen patients received erlotinib 150 mg
daily for 8 weeks prior to surgery and 13 patients (68.4%)
achieved an RO resection (42). Five (35.7%) of 14 patients with
resectable tumors had pathologic downstaging from N2 to NI or
NO. AEs occurred in 7 (36.8%) of patients, with only one patient
experiencing a grade 4 AE (hepatitis), and no treatment-related
deaths. This study suggested that neoadjuvant TKIs could increase
the number of patients with RO resections and nodal downstaging.

The EMERGING-CTONG 1103 trial (2019) was a randomized,
phase II trial evaluating 6 weeks of neoadjuvant erlotinib vs. 2 cycles
of chemotherapy (gemcitabine 1,250 mg/m” and cisplatin 75 mg/
m?) in patients with stage IIIA-N2 NSCLC with EGFR exon 19 or 21
mutations, followed by 12 months of adjuvant erlotinib vs. 2 cycles
of adjuvant chemotherapy (gemcitabine 1,250 mg/m? and cisplatin
75 mg/m?>). Neither neoadjuvant erlotinib nor chemotherapy
showed a significant ORR and neither treatment achieved a PCR.
MPR was only seen in 3 (9.7%) of the 21 patients in the erlotinib
arm (compared to 0% of patients in the chemotherapy arm) (43).
The erlotinib group did show a significantly longer median PFS
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TKI, tyrosine kinase inhibitor; NSCLC, Non-small cell lung cancer; MPR, Major pathologic response; PCR, pathologic complete response; ORR, objective response rate; PES, progression-free survival; AE, adverse event.
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(21.5 months vs. 11.4 months) compared to the chemotherapy
group. Grade > 3 AEs occurred in 5 (13.5%) of 37 patients in the
erlotinib group vs. 10 (29.4%) of 34 patients in the chemotherapy
group. The lack of significant OS benefit in this trial may be related
to the inclusion of potentially resectable patients as opposed to
clearly resectable patients that are typically used in other
neoadjuvant trials. Studies in metastatic NSCLC have also shown
that the generation of TKI affects survival outcomes, with
osimertinib providing more benefit than erlotinib (44). However,
the EMERGING-CTONG 1103 study does suggest that in patients
with EGFR mutations, there is no apparent increased OS benefit of
neoadjuvant chemotherapy, and that neoadjuvant TKIs show an
improved PFS benefit compared to neoadjuvant chemotherapy,
although this finding was not significant. These findings, along
with a greater number of grade > 3 AEs associated with neoadjuvant
chemotherapy, suggest that treatment with a neoadjuvant TKI
rather than chemotherapy might lead to the same, if not better,
outcomes with decreased treatment-related toxicity.

The ASCENT trial (2021) was a phase II study that showed that
potentially resectable stage IITA patients who received 2 months of
neoadjuvant afatinib and radiotherapy (median dose 54 Gy) had an
ORR of 58% (11 of 19 patients), a MPR in 7 (70%) of 10 patients, a
PCRin 1 (10%) of 10 patients, a median PFS of 34.6 months, and 2-
year OS of 88% (45). One of the patients who was initially deemed
inoperable became operable after response to neoadjuvant afatinib.
Patients also continued either adjuvant afatinib or definitive
chemoradiation. The most common grade >3 toxicities included
rash and diarrhea and 5 patients (26%) needed to dose-reduce
afatinib (46).

The NEOS trial (2023) was a phase II trial evaluating
neoadjuvant osimertinib in EGFR-mutated, resectable, stage IIA-
IIIB NSCLC. At baseline, 22 (55%) of the 40 patients in the trial had
stage IITA disease. Mutations were limited to EGFR exon 19 and/or
21 mutations. Forty patients were assigned to receive 6 weeks of
neoadjuvant osimertinib (80 mg daily) with an overall response rate
of 71.1%, an RO resection in 93.8% of patients, an MPR in 10.7% of
patients, and a PCR in 3.6% of patients (47). Seven (41.2%) of 17
resected patients with baseline N2 disease were downstaged to N1
or NO after neoadjuvant Osimertinib. AEs occurred in 82.5% of
patients, most commonly rash, diarrhea, and oral ulcerations. Three
(7.5%) of the 40 patients had grade 3 AEs, including rash,
hypertension, and nephrotic syndrome. No grade 4 or 5 AEs
occurred, and no patients had to dose-reduce osimertinib. Sixteen
percent of patients did not make it to surgery, primarily due to
patient preference.

NCT03433469 (2023) was a phase II trial that showed that
patients with resectable, stage I-IITA EGFR-mutated NSCLC who
received up to 8 weeks of neoadjuvant osimertinib (80 mg daily)
had a MPR in 4 (15%) of 27 patients, 0 PCRs, and nodal
downstaging in 4 (44%) of 9 patients (48). Median DFS was 32
months with immature OS data. There were two grade 3 AEs
(pulmonary embolism and atrial fibrillation) (49). The study also
noted that in 4 of 6 patients who did not achieve a pathologic
response, there was a loss of function mutation in RBM10 (50).

The NeoADAURA trial is an ongoing, phase III trial that will
look at MPR and survival outcomes in patients with stage II-IIIB,
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N2, EGFR-mutated NSCLC who received neoadjuvant osimertinib
with or without chemotherapy (51). Patients in the osimertinib arm
will receive 9 weeks of osimertinib compared to the 6 weeks received
in the NEOS trial (52). Estimated completion date is in 2029. The
NAUTIKALI trial is an ongoing, phase II trial that will look at the
efficacy of targeted therapies in the neoadjuvant setting for patients
with stage IB-IIIB NSCLC with ALK, ROSI, NTRK, BRAF, RET,
KRAS G12C mutations (53). It is expected to be completed in 2029.

4 Adjuvant strategies
4.1 Adjuvant immunotherapy

The IMpower010 study (2021) was a randomized, phase III
study assessing the effects of 1 year of adjuvant atezolizumab after 1
to 4 cycles of adjuvant cisplatin-based chemotherapy in patients
with stage IB-IITA, completely resected NSCLC. At baseline, 413
(47%) of 882 patients studied in the trial had stage IIIA disease. In
all patients with stage II-IITA NSCLC, especially those with a PD-L1
expression > 1%, adjuvant atezolizumab reduced the risk of
recurrence or death by 34% (21% if not stratified by PD-L1
expression) compared to observation (54). Follow-up data
published in 2023 shows that at a median duration of follow-up
of 45.3 months, 25% of the patient population had died. In patients
who had died, disease progression was the primary cause of death in
63% of the patients in the atezolizumab group and 80% of the
patients in the observation group; the median OS did not meet
significance and the OS remains immature (55). Post hoc
exploratory OS analyses showed that patients with PD-L1
expression > 50% had a decreased risk of death by 57% [HR 0.43
(95% CI 0.24-0.78)]. There was no difference in this outcome
whether an EGFR or ALK alteration was present, however this
subgroup contained a small number of patients. This study led to
the U.S. FDA approval of adjuvant atezolizumab following resection
and platinum-based chemotherapy in stage II-IITA NSCLC with a
PD-L1 expression > 1% (56).

The PEARLS/Keynote091 trial (2022) was a randomized, phase
I trial, that showed that patients with stage IB-IIIA resected
NSCLC and any PD-L1 expression treated with up to 1 year (18
doses) of adjuvant pembrolizumab (200 mg every 3 weeks) after up
to 4 cycles of adjuvant chemotherapy had improved median DFS
compared to placebo (58.7 vs. 34.9 months) with an estimated 18-
month DES rate of 73.8% (vs. 63.1% in the placebo group) (57).
Patients had not received neoadjuvant treatment. Of the 1177
patients enrolled, 339 (29%) had stage IIIA disease at baseline. In
patients with PD-L1 expression > 50%, 54 (32%) of 168 patients in
the pembrolizumab group had a DFS event (compared to 38% in
the placebo group), but median DFS was not reached in either arm
(58). Additionally, patients with EGFR mutations who received
adjuvant pembrolizumab appeared to have a greater DFS benefit
[HR 0.44 (95% CI 0.23-0.84), but the CI overlapped the overall
treatment CI, so no definitive conclusion could be drawn. This trial
led to the U.S. FDA approval of adjuvant pembrolizumab following
resection and platinum-based chemotherapy for stage IB-IIIA
NSCLC (59).
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There are multiple ongoing trials looking at adjuvant
immunotherapy combinations in early-stage, resectable NSCLC.
MERMAID-1 is a randomized, phase III trial primarily assessing
survival outcomes of patients with stage II-III, resected NSCLC who
receive adjuvant chemotherapy with durvalumab or placebo (60).
This study was completed in 2023, but results are pending at the
time of this review. The ACCIO trial is a randomized, phase III trial
comparing survival outcomes in patients with stage ITA-IIIB
NSCLC who receive 4 cycles of adjuvant chemotherapy followed
by pembrolizumab for 16 to 17 cycles compared to concurrent
adjuvant chemotherapy and pembrolizumab for 4 cycles followed
by 12 to 13 cycles of pembrolizumab (61). It is estimated to be
completed in 2024. The ANVIL trial is a randomized, phase III trial
evaluating survival outcomes in patients with stage IB-IIIA, resected
NSCLC who receive adjuvant nivolumab for up to 1 year compared
to active surveillance (62). This trial is estimated to be completed in
2025. The BR31 trial is a randomized, phase III trial evaluating
survival outcomes in patients with IB-IIIA, resected NSCLC who
receive adjuvant durvalumab for up to 1 year compared to placebo
(63). It is estimated to be completed in 2026.

4.2 Adjuvant TKis

The ADAURA trial (2023) was a randomized, phase III trial,
that showed that patients with stage IB to IIIA, resected, EGFR-
mutated NSCLC who received adjuvant osimertinib 80 mg daily for
up to 3 years had a longer DES at 4 years compared to placebo (73%
vs. 38%) and improved 5-year OS compared to placebo (88% vs
78%) (64, 65). Median DFS in the osimertinib group was 65.8
months compared to 28.1 months in the placebo group. This benefit
was consistent in all stages (IB through IITA) and did not differ
based on whether the patient received adjuvant chemotherapy (66).
The hazard ratio for OS for patients with stage IITA disease was 0.37
compared to 0.44 and 0.63 in stage IB and II disease, respectively.
Regarding CNS benefit, the CNS DFS HR was 0.36 with osimertinib
(95% CI, 0.23 to 0.57), with CNS recurrences occurring in 25 (7%)
of 339 patients in the osimertinib group and 50 (15%) of 343
patients in the placebo group. AEs occurred in 98% of patients in
the osimertinib group vs. 90% of patients in the placebo groups.
Diarrhea, paronychia, and dry skin were the most common AEs.
Grade > 3 AEs occurred in 23% of the osimertinib group (compared
to 14% of the placebo group), with no deaths attributed to
osimertinib. Sixty-six percent of patients were able to continue
the osimertinib for 3 years. This study led to the U.S. FDA approval
of adjuvant osimertinib after surgical resection in patients with
NSCLC who have an EGFR exon 19 deletion or exon 21 L858R
mutation (67).

The TARGET trial is an ongoing phase II trial evaluating the
efficacy and safety of adjuvant osimertinib taken for 5 years after
surgical resection in patients with stage II-IIIB NSCLC with
sensitizing-EGFR mutations (68). It will also look at the safety
and efficacy of different doses of osimertinib (80 mg vs. 40 mg). It is
estimated to be completed in 2029.

There are fewer trials evaluating the optimal treatment for
patients with ALK alterations. The ALINA trial is an ongoing,
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phase III trial evaluating 2 years of adjuvant alectinib vs
chemotherapy in ALK-rearranged, stage IB-IIIA, resected NSCLC
(69). An interim analysis from October 2023 showed that adjuvant
alectinib was associated with a significantly higher 3-year DFS than
chemotherapy alone (88.7% vs. 54%) and this benefit was consistent
in the stage II-IITA population (70). It is estimated to be completed
in 2026. The ALCHEMIST trial also has an ALK-rearranged arm, in
addition to an EGFR-mutated arm, primarily looking at improved
DEFS with TKIs (crizotinib and erlotinib, respectively) vs. placebo in
patients with stage IB-IIIA, resected NSCLC that have also
completed adjuvant standard of care treatment (71). It is
estimated to be completed in 2036 (72).

5 Discussion

Treatment of stage IIIA-N2 NSCLC should be individualized
and largely include localized treatment with surgery or radiation to
cure local disease and systemic therapy to reduce the risk of
metastasis. Baseline surgical resectability is also personalized and
mainly depends on the patient’s tumor characteristics, nodal
involvement, the presence of bulky, infiltrative, or multi-station
disease, as well as patient comorbidities and the surgeon’s expertise.
The neoadjuvant and adjuvant treatment options for patients with
stage IIIA-N2 NSCLC have changed over the last several years with
the introduction of immunotherapy. Multiple phase II and III
studies have shown benefit of immunotherapy alone or in
combination with chemotherapy in early-stage NSCLC, leading to
FDA approvals in both the neoadjuvant and adjuvant settings (73).
Treatment advancements have improved PCR, MPR, DFS, and EFS,
which are increasingly being used as surrogates for OS due to their
strong association with improved survival (74, 75). This review
article focused on summarizing some of the prominent research
trials in this topic over the past few years. It is important to note that
none of these studies included baseline unresectable disease with the
goal of transforming it to resectable disease.

In the reviewed studies that evaluated neoadjuvant
immunotherapy alone, the primary endpoint was MPR, which
ranged from 19% with durvalumab to 45% with nivolumab. A
meta-analysis looking at MPR rates in patients who underwent
neoadjuvant immunotherapy showed a similar MPR of 52% (76).
Prior to using immunotherapy in the neoadjuvant setting, the
recommendation was to use neoadjuvant chemotherapy for stage
IITA-N2 prior to surgical resection (6). Studies evaluating MPR in
neoadjuvant chemotherapy have shown a 22% MPR rate (74). This
suggests that neoadjuvant immunotherapy appears to have improved
MPR rates compared to traditional neoadjuvant chemotherapy.

The major trials evaluating neoadjuvant chemoimmunotherapy
had the highest range of MPR rates, with values between 30.2% in
the KEYNOTE 671 trial to 83% in the NADIM trial, which also
specifically focused on stage IIIA NSCLC. The NADIM trial also
used a carboplatin AUC of 6 mg/ml, which was higher than in the
NADIM 1I trial, which may have improved outcomes with a
minimal difference in grade > 3 AEs (30% in the NADIM trial vs.
19% in the NADIM II trial). Also notable is that some of the lower
MPR rates were in studies that included stage IIIB patients,
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including KEYNOTE 671 (MPR of 30.2%) and the CheckMate 77T
trial (MPR of 35.4%). The neoadjuvant chemoimmunotherapy
trials also focused on EFS and OS. In one prior study evaluating
neoadjuvant chemotherapy alone in stage IIIA NSCLC, data
showed an improved median OS of 64 months (compared to 11
months with surgery alone) with 2-year and 3-year OS of 60% and
56% respectively (77). In trials focusing on stage III disease, the 2-
year EFS ranged from 67.2% in the NADIM II trial to 77.1% in the
NADIM trial. The CheckMate 816 trial also showed a 2-year HR for
EES of 0.54 in stage IITA disease, which was improved over the HR
of stage IB or II disease. Regarding OS in trials focusing on stage III
disease, the 2-year OS ranged from 83% in the SAKK 16/14 trial to
89.9% in the NADIM trial, with 3-year OS rates of 81.9% also seen
in the NADIM trial.

Some of the proposed benefits and risks of using
immunotherapy in the neoadjuvant setting are shown in Table 4
(78-80). In the studies reviewed in this paper, surgeries were not
statistically more difficult, did not significantly result in increased
post-operative morbidity, and surgical outcomes were overall
similar between the neoadjuvant chemoimmunotherapy and
chemotherapy alone groups. In the CheckMate 816 trial,
pneumonectomies were even performed less frequently in patients
given neoadjuvant chemoimmunotherapy than in patients given
chemotherapy alone. This finding is consistent with a meta-analysis
by Cao et al. looking at neoadjuvant immunotherapy in resectable
NSCLC, which showed a lower pneumonectomy rate of 8.6%
compared to the 15.8-17.6% rate reported in patients who
received neoadjuvant chemotherapy (76). These results suggest a
benefit of adding immunotherapy to neoadjuvant chemotherapy
with no significant increased surgical delay or risk.

Table 5 displays the patient characteristics that have been
shown to confer an increased or decreased benefit of
immunotherapy in these studies. Adding neoadjuvant
immunotherapy to chemotherapy was shown in multiple trials
(IMpower010, CheckMate816, KEYNOTE 671, NADIM 1II, etc.)
to be especially beneficial in patients with PD-L1 expression > 1%,
due to positive correlation with survival. The benefit of histologic
subtype was inconclusive in these studies, as both squamous and

TABLE 4 Benefits and risks of neoadjuvant immunotherapy.

Benefits Risks

Treatment of micro- Delayed surgery date with possibility of

metastatic disease becoming unresectable

Better drug delivery in untreated Potentially more difficult surgery due to

tissue and vasculature immunotherapy effects on tissue

Increased patient adherence . i L
Increased risk of post-operative morbidity
to treatment

Ability to follow treatment . .
. More narrow patient selection
response with pCR

Ability to study resected tumor for
markers of response

Improved immunotherapy efficacy

with higher antigen load

PCR, pathologic complete response.
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TABLE 5 Characteristics affecting immunotherapy outcomes.

Greater 10 Benefit Less IO Benefit

Higher PD-L1 expression
(NEOSTAR, NADIM, CheckMate 816, AEGEAN,
NADIM II, IMPOWER 010, KEYNOTE 091,
CheckMate 77T)

Targetable driver
mutation
(NADIM, Columbia)

More advanced stage
(CheckMate 816, AEGEAN, KEYNOTE 671,
CheckMate 77T)

STK11 mutation
(Columbia, NADIM)

Non-smokers
(AEGEAN,
KEYNOTE 671,
CheckMate 77T)

Squamous histology
(ChiCTR-OIC-17013726, Columbia, CheckMate 77T)

Non-squamous histology
(TOP1501, CheckMate 816)

10, immunotherapy.

non-squamous histology were associated with increased responses
from immunotherapy depending on the trial (81). A few studies
showed no benefit of perioperative immunotherapy in patients who
harbored an EGFR driver mutation. Neoadjuvant
chemoimmunotherapy might also be less beneficial in patients
with STKII tumor mutations, likely due to the STKII mutation
being associated with reduced expression of the PD-L1 protein (81).
Additionally, some trials also suggested immunotherapy may have
limited benefit in patients without a smoking history. Many of these
studies were insufficiently powered to make definitive conclusions
from their subgroup analyses and further research is needed to
better understand these associations.

In patients with EGFR mutations, neoadjuvant TKIs alone had a
minimal MPR rate (9.7% to 15%), with the EMERGING-CTONG
1103 and NCT03433469 trials showing no patients with PCR.
However, they were able to downstage patients consistently in
various trials (ranging from 35.7% to 44%). When given with
radiotherapy in the ASCENT trial, MPR was 70% with a 2-year
OS of 88%. This suggests that neoadjuvant TKIs may have
additional benefit when used in combination with other
neoadjuvant treatments and may be considered as neoadjuvant
treatment in patients with targetable mutations with potentially
resectable NSCLC. However, further studies are needed to evaluate
neoadjuvant TKI usage, their ability to downstage potentially
resectable patients, and whether the other common targetable
driver mutations in NSCLC might confer the same results.

In the adjuvant setting, cisplatin doublet chemotherapy is the
standard of care for stage IIIA NSCLC patients after surgical
resection based on data from the LACE meta-analysis, which
showed an 11% reduction in risk of death for all patients (HR
0.89; 95% CI, 0.82 to 0.96), with a 17% reduction in risk of death
specifically in stage III patients (HR 0.83; 95% CI, 0.72 to 0.94) (82).
In the adjuvant studies reviewed in this paper in which
immunotherapy followed chemotherapy, the IMpower010 trial
had a HR 0.66, while the KEYNOTE 091 trial showed an 18-
month DFS benefit of 73.8% (compared to 63.1% with
chemotherapy). Both these trials suggest an added benefit of
adjuvant immunotherapy, but they were no subgroup analyses
looking at stage IITA disease and further research is needed
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regarding the timing of adjuvant immunotherapy. Whether to give
sequential vs. concurrent treatment is currently being studied in the
ACCIO trial. Concurrent adjuvant chemoimmunotherapy could be
promising since some data has shown that chemotherapy mutation
of tumor cells may make them more sensitive to concurrent
immunotherapy and may improve outcomes (83).

Despite the encouraging data from the multiple trials reviewed in
this paper, data is still immature regarding the ideal treatment plan
for all newly diagnosed patients with stage IIIA-N2 NSCLC. This
presents the main research gap in this field, which is related to the
optimal sequencing of these multimodal therapies. This includes
whether a patient with resectable, stage IIIA-N2 NSCLC should
receive both neoadjuvant and adjuvant chemotherapy,
immunotherapy, or TKI, and in which combination and which order.

In patients without driver mutations, neoadjuvant
chemoimmunotherapy has been consistently shown to have
superior outcomes compared with chemotherapy alone, even
when focusing on stage III disease, so the former is now
considered standard of care. Many studies have shown the benefit
of neoadjuvant chemoimmunotherapy followed by adjuvant
immunotherapy with good efficacy (NADIM, AEGEAN,
CheckMate 77T). However, the IMpower010 and KEYNOTE 091
trials also show that adjuvant chemoimmunotherapy alone has
improved outcomes which brings into question whether
neoadjuvant therapy may even be needed. A head-to-head
comparison is unlikely to be studied in NSCLC, but SWOG1801
did show that in melanoma, neoadjuvant and adjuvant
immunotherapy had superior 2-year EFS compared to adjuvant
immunotherapy alone (84). Another unanswered question is
regarding the optimal duration of adjuvant immunotherapy since
it is unclear whether there is an additional benefit of continuing
immunotherapy beyond the traditional 1-2 years. Additionally,
whether adding immunotherapy concurrently with adjuvant
chemotherapy will further improve DFS is currently under
investigation. Further subgroup analyses focusing on specific
benefits in stage IITA disease is also warranted.

In patients with driver mutations, we have more data
supporting suboptimal rather than optimal treatment sequencing.
Evidence shows that the risk of IRAEs increases when giving a TKI
as subsequent therapy to an immunotherapeutic agent (85). We also
have data suggesting that patients with driver mutations may be less
likely to even benefit from perioperative immunotherapy (86).
While some trials provide data suggesting neoadjuvant EGFR
inhibitors may downstage potentially resectable patients, this is
preliminary data and should be evaluated in future research. The
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