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Abstract

Purpose of Review There remains equipoise regarding the optimal treatment approach for patients with stage IIIA non-small cell
lung cancer (NSCLC). The purpose of this review is to examine the role of surgery as a modality in the management of stage IIIA
NSCLC.

Recent Findings Over the last two decades, several studies including randomized controlled trials have established the impor-
tance of multimodality therapies in the management of locally advanced NSCLC.

Summary Significant disparities exist in the reported advantages of surgery between observational and randomized controlled
studies of stage IIIA patients. While some of these differences are likely due to patient selection bias, differences in the study
design and treatment-related factors may also contribute to these trends. Preliminary results from studies assessing molecular
therapies and immunotherapies in this population indicate a favorable adverse event and clinical response profile. As the
therapeutic armamentarium for stage IIIA disease expands, continued evaluation of surgery within multimodality treatment

protocols will be increasingly important.

Keywords Non-small cell lung cancer - Lung cancer - Stage I[IIA NSCLC - Surgery

Introduction

Lung cancer remains the leading cause of cancer-associated
mortality in the United States and accounts for approximately
136,000 deaths per year [1]. Of the 114,000 patients diag-
nosed with non-small cell lung cancer (NSCLC) annually,
nearly 28% are found to have locally advanced (stage III)
disease at the time of diagnosis [2, 3]. Using the Tumor,
Node, Metastasis (TNM) system, the current American Joint
Committee on Cancer (AJCC) criteria for clinical stage III
lung cancers define a heterogeneous population, and even
within this category of disease, there are subclassifications
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[4]. Historically, stage III disease was divided into stage I1IA
and IIIB, with the former denoting a more favorable burden
and extent of disease and providing an opportunity for surgical
therapy to be considered [5, 6]. In the most recent staging
system, stage III disease has been divided further into IIIA,
[IB, and HIC [4]. The refinement of these stage III disease
subgroups have largely been driven by the differences in out-
comes associated with specific primary tumor characteristics
[7, 8]. The 8th edition of the staging system, as with other past
and future iterations, reflects an effort to better characterize
prognosis associated with the phenotypic presentation of the
disease and, in the process, has resulted in stage migration.
With respect to stage III NSCLC, from the 7th edition to the
8th edition of the staging system, some designated stage 1IB
disease now has shifted to stage IIIA disease, some designated
IITA disease has shifted to stage [IB disease, and some stage
IITA and IIIB disease has shifted to stage I1IB and IIIC disease,
respectively [9]. Despite this stage shifting, surgical therapy
continues to remain a viable modality of therapy now for stage
IITA and IIIB disease, whereas in the past, it was reserved for
the IIIA subset. This fact largely remains an artifact of the
stage shifting as what was once stage IIIA disease and a can-
didate for surgery as a modality may now be stage IIIB, but
still a candidate for surgery as a modality. The implication of
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this fact is that many studies evaluating surgery as a part of
multimodal strategies limited their cohorts to those patients
with stage IIIA disease at most.

Classically, the majority of stage IIIA disease has been
defined as the presence of positive mediastinal lymph nodes
(N2 disease). This definition has largely remained unchanged
for most stage IIIA classifications in the revisions to the stag-
ing system [10]. In this context and in the current staging
system, the phenotypic spectrum of stage IIIA disease in-
cludes smaller tumors (<5 cm) with mediastinal lymph node
involvement (T1-2N2). However, stage IIIA disease also en-
compasses more diverse lesion sets that also include larger
tumors (>5 cm) with limited or absent nodal involvement
(T3N1, TANO-1) [4]. It is worth noting that in the prior itera-
tions of the staging system, even larger tumors (> 7 cm) with
mediastinal lymph node involvement were considered stage
IITA disease [5, 6]. The variability of tumor characteristics
represented by these stage IIIA classifications adds complex-
ity to the evaluation of appropriate treatment options in this
cohort. Consequently, the optimal management of stage I1IA
patients continues to be rigorously debated.

In the current era, guidelines for therapy reflect the hetero-
geneous nature of stage IITA lesions and outline distinct mul-
timodal treatment strategies for various subsets of disease [11,
12]. For patients with operable T3N1 and T4NO-1 tumors,
surgical resection followed by adjuvant chemotherapy is gen-
erally accepted as the primary therapy. More recently, there
has been growing interest in the role of neoadjuvant therapy in
these cohorts as well [13—15]. In contrast, the preferred treat-
ment option in patients with positive N2 lymph nodes is less
clear. Whereas some guidelines recognize definitive concur-
rent chemoradiation therapy as the multimodality treatment of
choice for all IIIA-N2 patients, other guidelines offer a more
nuanced recommendation depending upon the characteristics
and extent of N2 node involvement [11]. For patients with
discrete N2 nodes, either definitive concurrent chemoradiation
therapy or neoadjuvant therapy and surgery are acceptable
with the decision for either ultimately being guided by patient
preference and input from a multidisciplinary treatment team
[12]. These discrepancies in therapeutic options not only re-
flect the challenges associated with the lack of standardized
and objective methods of classifying stage IIIA subgroups but
also contribute to the broader uncertainty regarding the exact
role of surgery in the management of these patients [16¢].
Therefore, it is not surprising that despite evidence demon-
strating surgery to be a robust and guideline-concordant meth-
od of local control for stage IIIA disease, recent studies in
nationally representative samples show that most stage IIIA
patients do not receive any form of surgery in clinical practice
[17, 18].

The central objective of the present review is to provide a
contemporary analysis of the role of surgery in the manage-
ment of stage III NSCLC, but particularly in stage IITA

@ Springer

disease. More specifically, this review is aimed at summariz-
ing the published literature describing clinical outcomes of
stage IIIA patients managed with surgical and non-surgical
methods. Additional perspectives will be provided through a
lens focusing on those patients who receive molecular thera-
pies and immunotherapies as part of multimodal treatment
algorithms.

Methods
Data Source

The MEDLINE (PubMed) database was queried to identify
original articles describing outcomes following the surgical
management of stage I[ITA NSCLC published between
January 1994 and April 2020. The following terms were used
to guide this search strategy: “surgery” or “surgical manage-
ment” combined with “stage IIIA non-small cell lung cancer”
or “lung cancer”. Inclusion eligibility was determined by
reviewing the abstracts and manuscripts when indicated.
Only original articles that focused on outcomes in stage IIIA
NSCLC patients were considered. Systemic reviews and
meta-analyses published on this topic during the same period
were evaluated to contextualize summarized findings and to
perform a secondary search of referenced works. Studies that
were not published in the English language, performed in
preclinical or animal models, or that combined results from
stage IIIA patients with a majority of other stage-specific sub-
groups were excluded. In an effort to draw meaningful con-
clusions and maintain reliability of interpreted results from
published studies, case reports, case series, and studies with
< 20 patients were excluded.

It should be acknowledged that the staging system is a
clustering of lesion sets that share a similar prognosis inde-
pendent of treatments rendered and is not a rigid template for
therapeutic guidelines, per se. Therefore, for the purposes of
this review, the rubric of resectable stage 11 disease or stage
IITA disease will be used in defining the surgical cohort even
in light of the fact that some of the historical stage IIIA disease
now has shifted to being stage IIB, IIIB, or IIIC disease.

General Outcomes

Studies were reviewed to compare the general overall survival
outcomes following different treatment approaches for stage
IIIA NSCLC. For studies that contained a surgical treatment
arm, reports were included if they had > 20 patients undergo-
ing lobectomy. To facilitate accurate extraction of survival
data, studies were included only if they reported 5-year overall
survival (OS) data by Kaplan—Meier analysis segregated by
identifiable treatment groups. For data analysis, OS data were
extrapolated directly from Kaplan—Meier curves using plot
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digitizer software (plotdigitizer.sourceforge.net) at 1-year, 2-
year, 3-year, 4-year, and 5-year time points. Median OS and
range statistics were calculated and plotted at each time point
for the following treatment groups: (I) induction chemothera-
py and/or radiation therapy followed by surgery (C/RT + S);
(II) surgery followed by chemotherapy and/or radiation ther-
apy (S + C/RT); (II) definitive chemotherapy, radiation ther-
apy, or chemoradiation therapy (C/RT); and (IV) surgery
alone. For forest plots, the difference in median OS (Aps)
was calculated for patients undergoing C/RT + S and defini-
tive C/RT according to the following formula: Aqpg=Median
OScrts — Median OS¢ /rt. Hazard ratios for OS were ab-
stracted directly from studies. When not reported, hazard ra-
tios were indirectly calculated from summary statistics.

Molecular Therapies and Immunotherapies

To identify clinical trials investigating the efficacy of molec-
ular therapy and immunotherapies in IIIA NSCLC patients, an
additional search strategy in MEDLINE (PubMed) was
employed and included the following terms: “EGFR inhibi-
tors” or “ALK inhibitors” or “PD1 inhibitors” or “PDLI1 in-
hibitors” or “molecular therapies” or “immunotherapies”
combined with “stage IITIA lung cancer” or “lung cancer”.
When available, preliminary data were abstracted directly
from reports. For unpublished studies, trial characteristics in-
cluding the name, sponsor, phase, target enrollment, and pri-
mary and secondary endpoints were retrieved from
clinicaltrials.gov using clinical trial identifiers.

I. History of Surgery for Stage IlIA NSCLC

Prior to the widespread adoption of multimodality treatment
protocols for stage IITA NSCLC, several institutional reports
had described poor outcomes with unimodal therapies in this
population. For patients undergoing isolated resection, aver-
age five-year OS rates were shown to range from 7 to 16%
[19-21]. Similarly, poor results were observed for patients
with unresectable stage IIIA disease treated solely with radia-
tion therapy [22, 23]. Although surgery was known to offer
improved local control over radiation therapy, the long-term
success of both therapies was limited by exceedingly high
rates of locoregional and distant recurrence. This mechanism
of failure suggested that a significant proportion of stage ITIA
patients potentially harbor micrometastatic disease at baseline
and prompted the study of combination therapies to address
both local and systemic disease burdens.

In 1994, there were two seminal randomized controlled
trials that independently evaluated the therapeutic efficacy of
induction chemotherapy and surgery compared to surgery
alone for stage IIIA patients [24, 25]. Despite minor differ-
ences in their inclusion criteria and experimental design, both

studies demonstrated that the addition of preoperative chemo-
therapy significantly improved 5-yr OS compared to surgery-
only therapy. During the same period, other trials reported OS
benefits when combining chemotherapy and radiation therapy
versus radiation therapy alone [26, 27]. Collectively, these efforts
added validity to the multimodal treatment paradigm for manag-
ing stage IIIA disease and provided the rationale for the contin-
ued assessment of combinational therapies in these patients.

Il. Current Treatment Approaches
and Outcomes for Stage IlIA Disease

Over the past two decades, there have been multiple primary
studies comparing various combinations and sequences of local
and systemic therapies for stage IIIA disease. The search criteria
for the present review identified 9 randomized trials (n = 1424
patients) and 10 observational studies (z = 137,813 patients) that
report long-term OS outcomes following different treatment ap-
proaches in stage IIIA patients (Table 1). To facilitate the pooling
of survival data across various studies, treatments first were de-
fined according to four major categories: (I) induction chemo-
therapy and/or radiation therapy followed by surgery (C/RT + S
or “induction”); (I) surgery followed by chemotherapy and/or
radiation therapy (S + C/RT or “adjuvant”); (II) definitive che-
motherapy, radiation therapy, or chemoradiation therapy (C/RT
or “no surgery”); and (IV) surgery alone (S). Figure 1 shows the
aggregate median OS estimates for each treatment group extrap-
olated from all studies. The calculated 5-year OS rate was
greatest for patients undergoing C/RT + S (36%), followed by
S+ C/RT (30%), C/RT (22%), and S (20%).

As expected, there was a significant variation in the treat-
ment arms compared within randomized and observational
reports. The most common treatment groups compared in ob-
servational studies were induction (C/RT + S) vs. no surgery
(C/RT) (n=28) [17, 28-34]. This was followed by induction
(C/RT +8S) vs. adjuvant (S + C/RT) (n=3) [29, 32, 35], adju-
vant (S + C/RT) vs. no surgery (C/RT) (n=2)[29, 32], and no
surgery (C/RT) vs. surgery alone (S) (z=1) [18]. In the ran-
domized trial setting, there were three studies that each direct-
ly compared induction (C/RT +S) vs. no surgery (C/RT)
[36-38], induction (C/RT + S) vs. surgery alone (S) [24, 25,
39], and adjuvant (S + C/RT) vs. surgery alone (S) [40-42].

Surgery as a Single or Bimodality Therapy

There were 6 studies (all randomized trials) that compared
surgery utilized as a single modality versus as part of a bimo-
dality approach. Bimodality regimens in these studies were
equally split between adjuvant therapy (n=3) [40—42] and
induction therapy (n =3) [24, 25, 39]. Two of the three adju-
vant therapy studies reported no statistically significant differ-
ence in OS when comparing patients undergoing
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Table 1 Overall and progression-free survival outcomes reported in published studies of stage IIIA NSCLC patients

Author Year Intervention Sample size Median OS (months) 5-yr OS (%) Median PFS (months) 5-yr PFS (%)
Control Test Control Test Control Test Control Test Control Test Control Test
Roth® 1994 S C+S 32 28 14 21 15 36 - - - -
Rosell® 1994 S C+S 30 30 10 22 0 17 5 12 0 16
Debevec® 1996 S S+RT 35 39 20.4 28.8 23 28 - - - -
Nagai® 2003 S C+S 31 31 16 17 22 10 9 10 21 10
Tada® 2004 S S+C 60 69 36 36 36.1 28.2 16.1 18.3 - -
Kang 2006 C/RT C/RT+S 15 38 12 27 10 443 - - - -
van Meerbeeck® 2007 C/RT C+S 165 167 17.5 16.4 14 15.7 11.3 9 13 12
Albain® 2009 C/RT CRT+S 194 202 22.2 23.6 20 27 10.5 12.8 11 22
ou* 2010 S S+C 71 79 24 33 19.1 31.1 20 32 14.7 17.9
Koshy 2013 C/RT C/RT+S 9857 564 (L) 14 29 (L) 109 335@L) — - - -
188 (P) 19 (P) 20.8 (P)
S+C 510 (L) 25 (L) 20.3 (L) - -
123 (P) 23 (P) 13.4 (P)
Aggarwal 2014 C/RT C/RT+S 103 146 20.2 309 27 36 - - - -
Patel 2014 C/RT CRT+S 51,979 9360 19.2 37.4 20 38 - - - -
Hancock 2014 C/RT S 57,899 2517 14 31 11.4 30 - - - -
Darling 2015 C/RT CRT+S 111 104 20.4 504 18 45 13.2 48 24 47
Eberhardt” 2015 C/RT C/RT+S 80 81 34.8 49.3 40 44 18 21 35 32
Dickhoff 2016 C/RT C/RT+S 2180 209 20.4 NR 27 51 - - - -
S+C 535 33 36 - -
Counago 2018 C/RT C/RT+S 129 118 29 56 28 38 15 46 20 49
Tao 2019 S+C C+S 535 68 37.5 NR 38 61 14 24 13 41.5
Rajaram 2020 CRT C+S 366 159 27.5 61.2 29.2 50.8 14.6 22.8 20.5 33.1

C/RT: chemotherapy and/or radiation therapy; C: chemotherapy; RT: radiation therapy; S: surgery; L: lobectomy; P: pneumonectomy; OS: overall
survival; PFS: progression-free survival

#Randomized controlled trial

postoperative radiotherapy [40] or chemotherapy [41] to ob-
servation. In contrast, a more recent analysis by Ou et al.

Fig. 1 Median estimates of
overall survival (OS) for stage
IIIA patients treated with aC/

RT+S, b S+C/RT, ¢ C/RT, and

d surgery only in published
studies. Error bars represent the
range of values at each specified

time point. Trend lines are shown

in red
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demonstrated improved 5-year OS and progression-free sur-
vival (PFS) compared to those followed by observation [42].
Although only a few randomized trials specifically have eval-
uated adjuvant chemotherapy following resection for stage
IITA disease, a recent meta-analyses performed by the Lung
Adjuvant Chemotherapy (LACE) collaborative group
assessed stage-specific subgroup results for patients enrolled
in the five largest adjuvant chemotherapy trials conducted to
date [43]. In support of the findings by Ou et al., the LACE
group reported significantly improved 5-year OS and PFS in
the subgroup of patients with stage III cancer [43]. In a follow-
up study, this group also showed that the strongest survival
benefit was observed in patients receiving adjuvant vinorel-
bine and cisplatin [44].

Of the three studies evaluating neoadjuvant chemotherapy
preceding surgery compared to surgery-only therapy, two
were conducted at the start of this analysis period [24, 25].
These studies, led by Roth et al. and Rosell et al., demonstrat-
ed an average 5-year OS advantage of 19% for patients ran-
domized to preoperative chemotherapy compared to surgery
alone [24, 25]. As previously described, these trials helped to
form the evidence base supporting the utilization of
multimodality therapies in the management of stage IITA
patients.

In 2003, Nagai et al. conducted a similar study randomiz-
ing patients with IIIA disease to induction chemotherapy with
cisplatin and vindesine followed by surgery or surgery alone
[39]. Unlike prior reports, Nagai and colleagues did not ob-
serve an OS or PFS advantage with neoadjuvant chemothera-
py. One potential explanation for these disparate results is the
relatively low response to neoadjuvant chemotherapy ob-
served in the study by Nagai et al. (0% complete, 28% partial)
compared to that of Roth et al. (4% complete, 31% partial) and
Rosell et al. (7% complete, 53% partial) [24, 25, 39]. In addi-
tion, when compared to the surgery-only arm, neoadjuvant
patients in the Nagai et al. trial experienced a relatively lower
complete resection rate (65% neoadjuvant vs. 77% surgery
only) and higher rate of exploratory thoracotomy (19% neo-
adjuvant vs. 6% surgery only) [39]. While the authors suggest
that these discrepant results may be due to the greater propor-
tion of non-N2 patients included in previous trials compared
to their own, it is not clear that this fully explains the differ-
ences in outcomes.

Surgery Following Neoadjuvant Therapy or Preceding
Adjuvant Therapy

In total, there were 3 studies (all observational) that directly
compared surgery following neoadjuvant therapy versus pre-
ceding adjuvant therapy [29, 32, 35]. In a retrospective single-
institution analysis, Tao et al. compared outcomes between
patients receiving neoadjuvant chemotherapy and surgery ver-
sus those receiving upfront surgery followed by adjuvant

chemotherapy [35]. The authors performed a propensity-
matched analysis to control for potentially confounding demo-
graphic and clinical factors between these two treatment
groups. In 58 propensity-matched pairs, they found that there
was no statistically significant differences in OS or PFS be-
tween these treatment groups at 5 years [35].

Dickhoff et al. evaluated population-based outcomes of
stage IIIA patients undergoing neoadjuvant and adjuvant ther-
apies within the Netherlands Cancer Registry [32]. Unlike Tao
et al., Dickhoff and colleagues included both chemotherapy
and radiation therapy in their analysis. Their work demonstrat-
ed favorable 5-year OS rates in general and superior outcomes
for patients receiving neoadjuvant therapy and surgery com-
pared to those receiving upfront resection followed by adju-
vant therapy (51% induction vs. 36% adjuvant). However,
there are a few important caveat to these findings. First, the
median age of patients undergoing neoadjuvant therapy and sur-
gery was younger than that of the upfront surgery group (60 years
induction vs. 66 years adjuvant). Second, 49% of patients under-
going upfront surgery for clinical ITIA tumors in their analysis
were found to have incorrectly staged disease at pathologic eval-
uation [32]. Of those upfront surgical patients who had concor-
dant clinical and pathologic IIIA staging, only 34% received
adjuvant chemotherapy and 8% received adjuvant C/RT [32].
As a result, the 5-yr OS rates reported for stage IIIA patients
undergoing upfront resection in this registry cohort should be
interpreted in the context of these staging inaccuracies.

Koshy et al. performed a nationally representative analysis of
long-term outcomes associated with the receipt of neoadjuvant
chemoradiation therapy compared to surgery followed by adju-
vant therapy (chemotherapy, radiation therapy, or chemoradia-
tion therapy) among clinical IITA patients in the United States
[29]. One of the major strengths of this study is that the authors'
segregated neoadjuvant and adjuvant cohorts according to the
type of surgical resection received (lobectomy vs. pneumonecto-
my). They reported statistically significant differences in the 5-
year OS trends across these surgical groups, with neoadjuvant
patients generally faring better than those treated with resection
and adjuvant therapy [29]. The authors suggest that these surviv-
al differences may, at least in part, be due to the treatments
rendered. However, differences in the types and burden of co-
morbidities may have also influenced these results, as 25.5% of
neoadjuvant patients and 38.9% of adjuvant therapy patients had
>1 comorbidity. Unfortunately, due to limitations in the vari-
ables contained within the National Cancer Database (NCDB),
the authors were unable to provide more granular data regarding
the nature of these comorbidities and their potential impact on
treatment decisions.

Multimodality Therapies with or without Surgery

Consistent with the therapeutic principles outlined in current
treatment guidelines, the most frequently compared treatment
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groups in studies of stage IIIA patients are multimodal thera-
pies with and without surgery. Overall, the search methodol-
ogy employed in this review identified 8 observational analy-
ses [17, 28-34] and 3 randomized trials [36—38] comparing
these therapeutic approaches. When measuring the difference
in median OS between treatment arms, there was a striking
difference in the reported survival advantage conferred by
induction therapy (C/RT + S) between observational and ran-
domized analyses (Fig. 2a). In the observational series, the
median OS advantage conferred by C/RT + S treatment over
definitive C/RT was found to be 16.6 months [17, 28-34].
This value is nearly 12-fold greater than that observed in the
trial setting [36—38]. Moreover, while every observational re-
port with such data describes a significantly lower risk of
mortality in patients treated with C/RT + S compared to defin-
itive C/RT, these findings have not been replicated in any
randomized trial to date (Fig. 2B).

There are several potential explanations for these outcome
disparities. The first and most likely explanation is the selec-
tion bias inherent to non-randomized study designs. All ob-
servational reports listed here retrospectively compared out-
comes between similarly staged (IIIA) patients that, for rea-
sons unknown, were managed differently. Therefore, it is
plausible that the same patient and provider factors that influ-
enced individual treatment decisions may also confound long-
term survival endpoints. Evidence of this bias can be appreci-
ated when comparing the relative 5-year OS rates observed
across study designs. For example, the average 5-year OS rate
was significantly lower in C/RT + S patient enrolled in ran-
domized trials compared to those who were included in retro-
spective studies (29% randomized C/RT + S vs. 40% obser-
vational C/RT + S). However, the opposite trend was ob-
served for definitive C/RT patients (25% randomized C/RT
vs. 21% observational C/RT). These data suggest that patient

a
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selection factors may potentially bias retrospective C/RT + S
cohorts toward improved surgical candidacy and possibly
long-term survival.

Another explanation for the disagreement between random-
ized and observational reports may be related to relative differ-
ences in the surgical therapies utilized across studies. It is well
established that patients undergoing pneumonectomy following
induction therapy tend to experience worse outcomes compared
to those undergoing lobectomy. When evaluating the ratio of
pneumonectomies to lobectomies performed in C/RT + S patient
cohorts, it was found that randomized trial participants had a 3.3-
fold greater pneumonectomy-to-lobectomy ratio compared to
those included in observational analyses (Supplementary
Table 1). Although this is not a validated metric, it does reveal
a significant disparity in the utilization of pneumonectomy pro-
cedures in these studies. Whether due to differences in underly-
ing disease burden or complexities in postoperative management,
it is possible that such treatment-related factors may also contrib-
ute to disparate survival outcomes across studies.

Finally, when assessing the differences in median OS between
C/RT +S and definitive C/RT cohorts, it appears that there is a
trend toward a greater survival advantage with C/RT + S over time
(Fig. 2a, Supplementary Fig. 1). This signal may reflect general
improvements in medical and/or surgical therapies or greater col-
lective experience in the appropriate selection and management of
stage IITA patients over the past two decades. Future studies com-
paring the trends and efficacy of specific chemotherapy and radi-
ation regimens during this period are warranted.

lll. Molecular Therapies and Immunotherapies

In the last decade, advances in next-generation sequencing
technologies have expanded our understanding of the
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molecular pathogenesis of lung cancer. Tumor expression
profiling and genetic variant analyses have shown that muta-
tional events in receptor tyrosine kinases (TKR), such as ana-
plastic lymphoma kinase (ALK) and epidermal growth factor
receptor (EGFR), are among the most frequently encountered
in the NSCLC population [45¢¢]. Mechanistic studies have
demonstrated that activating mutations in these oncogenes
can promote tumor initiation, proliferation, survival, or thera-
peutic escape [46, 47]. Clinically, the use of targeted TKR
inhibitors in patients with metastatic NSCLC harboring these
molecular derangements has been shown to be well tolerated
and associated with improved outcomes [48-53]. Given the
known toxicity and therapeutic limitations of existing cytotox-
ic chemotherapeutics, such work has motivated efforts to test
molecular therapies as neoadjuvant and adjuvant agents for
locoregional disease.

There were 12 prospective trials with published results that
evaluated molecular therapies in conjunction with surgery in
participants that include stage IIIA patients [54—65]. Most
studies were phase II in design (n=9, 75%) and tested the
TKR inhibitor erlotinib (n=9, 75%) (Table 2A, B). Long-
term outcomes following the use of TKR inhibitors as adju-
vant therapies in these preliminary analyses were encourag-
ing, with 5-year OS and PFS rates ranging from 53 to 86% and
48 to 56%, respectively. However, one should caution against
the direct extrapolation of these results to the stage IIIA pop-
ulation, as stage IIIA patients currently represent fewer than
one-third of all trial patients with available long-term survival
data. In contrast, stage IIIA patients are more robustly repre-
sented in published neoadjuvant trials. In this setting, treat-
ment with erlotinib or gefitinib has been associated with
mixed major pathologic response rates, but favorable long-
term OS [54-58]. Additional ongoing studies of osimertinib,
crizotinib, gefitinib, and erlotinib in stage IIIA patients are
summarized in Table 2C, D [66-70].

In concert with the study of molecular-based therapies,
there has been increasing interest in understanding the im-
mune system response to cancer tumorigenesis.
Investigations into the programmed cell death protein-1/pro-
grammed death ligand-1 (PD-1/PDL-1) pathway have
established inhibition of PD-1 or PDL-1 as a viable therapeu-
tic mechanism for anti-tumor activity. Since 2014, multiple
immunotherapies have received FDA approval for the treat-
ment of a spectrum of malignancies, including metastatic lung
cancer [71].

To date, 6 prospective trials have published preliminary
data on the use of neoadjuvant immunotherapy in resectable
NSCLC (Table 3A) [72—77]. Major pathologic response rates
have varied across these studies, ranging from 18% to 83%. In
trials with study cohorts primarily represented by stage IIIA
patients, major pathologic response rates have been much
greater (NADIM trial: 100% stage IIIA, 83% MPR; MAC
trial: 77% stage IIIA, 57% MPR). Moreover, these studies

demonstrate relatively low rates of treatment-related adverse
events, suggesting that immunotherapies are well tolerated in
the neoadjuvant setting. To date, there have been no reported
5-year OS or PFS data. Table 3 B and C highlight the ongoing
trials of immunotherapy in both neoadjuvant and adjuvant
protocols [78—89]. Of the 12 trials currently underway, 8
(66.7%) are phase III, 4 (33.3%) are investigating immuno-
therapy as an adjuvant therapy, and only 1 (8.3%) is targeting
only stage IIIA patients. Building upon the latest advances in
tumor molecular genetics, thoracic oncology, and surgery,
these trials hold the promise of providing truly personalized
therapies for the management of this challenging and hetero-
geneous patient population.

Conclusions

In conclusion, the role of surgery in the management of stage
IIIA NSCLC remains controversial. While observational re-
ports have consistently shown a survival advantage with
multimodality therapies that include surgery, due to differ-
ences in study design, patient selection, and treatment-
related factors, these findings have not yet been reproduced
in randomized controlled trials. The development of molecu-
lar therapy and immunotherapies has changed the landscape
of treatment options for stage IIIA disease. Looking to the
future, the basis of multimodality treatment for stage IIIA
NSCLC patients will likely continue to evolve to include med-
ical and surgery therapies tailored to the specific genetic and
clinical characteristics of the patient.
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