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Abstract: Management of early-stage non-small cell lung cancer (NSCLC) consists in multimodal
treatment, including surgery, radiotherapy and chemotherapy. The mainstay of treatment is radical surgery.
Definitive radiotherapy using stereotactic techniques can provide adequate local disease control, and is
the treatment of choice in medically inoperable patients. Most early-stage patients are at significant risk of
disease relapse after local treatment. Adjuvant platinum-based chemotherapy has demonstrated to provide an
absolute survival benefit of 5% compared to observation. However, unlike advanced/metastatic disease, little
progress has been made in the treatment of early-stage NSCLC over the past decade. In recent years, plenty
of research has focused on the optimization of adjuvant and neoadjuvant treatment. Several trials with novel
drugs, such as targeted agents and immune-checkpoint inhibitors are currently underway, with preliminary
positive results. Customization of treatment on patients’ characteristics before, and major pathological

response after therapy, will further improve survival outcomes in this subset of patients.
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Introduction (3-4). Early-stage disease, including stage I and stage II with
negative nodes (NO), accounts for only 19% of NSCLC at
diagnosis, whereas locally advanced [including stage II with

nodal involvement (N+) and stage III] and metastatic disease,

Non-small cell lung cancer (NSCLC) is the most common
type of lung tumors, and one of the leading causes of cancer
deaths. The estimated number of new NSCLC cases in

account for 24% and 55% of new cases, respectively (2).
the United States (US) for year 2019 was 228,150, with

The 5-year overall survival (OS) rates range from 60% for

an expected 142,670 deaths (1). Survival of patients with
NSCLC dramatically differs according to disease stage
at diagnosis. Recently, the updated 8" edition of NSCLC
staging system has been released by the American Joint
Committee for Cancer (AJCC), with significant revisions
regarding both tumor (T) and node (N) descriptors (2).
The lung cancer staging system was revised and validated

by the International Association for the study of Lung
Cancer (IASLC), and subsequently adopted by the AJCC
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localized disease, 33% for regionally spread disease, and
drops down to 5.5% for subjects with distant metastases (5).

Multimodal approach, including surgery, radiotherapy
and medical treatment, either alone or in combination
(depending on disease status), can provide successful
outcomes for early-stage disease. The mainstay of treatment
for stage I and II tumors is radical surgery, which provides
the best chance to cure (6). Patients who are deemed
medically inoperable [unresectable stage I or stage II (T'1-3
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NO)] and/or refuse surgery, can be treated with definitive
radiotherapy (7). Survival outcomes with radiotherapy is
somehow similar to those obtained with surgery, with 5-year
OS around 55% across different case series, even though
with higher rates of locoregional recurrences (8). Post-
operative radiotherapy can be considered in patients at
high risk of recurrence (e.g., primary tumor >4 cm, positive
margins), or in early-stage patients who are intraoperatively
upstaged to N2 (9). Definitive chemoradiation is the
preferred treatment choice for patients with stage II and III
disease, who are not amenable with surgery.

Multidisciplinary management of patients from diagnosis
is paramount, in order to grant the best treatment plan.
However, unlike advanced/metastatic disease, little progress
has been made in the treatment of early-stage NSCLC over
the past decade. In the last years, efforts have been made
to define the best treatment strategy according to disease
sub-stage, to identify those patients who benefit from local
intervention alone, not needing further medical treatment,
and to explore novel treatment strategies. In this review
we describe the standard treatment strategy according to
disease stage, along with the results of the main clinical
trials which have led to the recommended treatments.
We also provide preliminary results of ongoing clinical
trials exploring new treatment approaches for early-stage
NSCLC, and give an overview of new treatment proposals
that are currently under investigation in this setting.

Standard treatment approach
Adjuvant chemotberapy

Adjuvant chemotherapy has demonstrated to provide a
benefit in disease-free survival (DFS) and OS in early-
stage NSCLC, with an absolute survival benefit of 4-5%
compared to observation or best supportive care (10).
Standard treatment consists of 4 courses of two-drug
combination regimens platinum-based, plus vinorelbine,
or other agents as paclitaxel, docetaxel, gemcitabine or
pemetrexed. However, most of the evidences in NSCLC
adjuvant chemotherapy trials is for the combination of
cisplatin plus vinorelbine. Four large randomized trials
and several smaller trials evaluated the role of cisplatin-
based doublets (mainly cisplatin-vinorelbine), confirming a
consistent benefit across stages II-IITA after radical resection
(11-14). Another trial evaluating the role of adjuvant
carboplatin plus paclitaxel in stage IB resected patients,
failed to demonstrate a survival advantage in this subgroup
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of patients (12). However, a statistically significant advantage
was observed in patients who had primary tumors >4 cm,
suggesting that adjuvant treatment should be considered as a
treatment option in selected high-risk stage IB patients (12).
Similarly, also a post-hoc exploratory analysis of the North
American Intergroup phase III trial of adjuvant cisplatin
plus vinorelbine (JBR-10 trial), showed that stage IB
patients with tumors >4 cm appear to derive a clinically
meaningful benefit from adjuvant chemotherapy (13).
The Lung Adjuvant Cisplatin Evaluation (LACE) meta-
analysis evaluated the role of adjuvant chemotherapy in
more than 4,500 NSCLC resected patients treated within
the largest trials of adjuvant cisplatin-based chemotherapy.
This meta-analysis confirmed an increased survival from
64% to 67% for stage IB, from 39% to 49% for stage II
and from 26% to 39% for stage III NSCLC (10). Besides,
a subgroup analysis of the LACE meta-analysis found that
disease stage is a significant predictor for survival, with a
14.7% 5-year survival benefit for stage III, 11.6% for stage
II, and 1.8% for stage I NSCLC (14). Taken together, these
results suggest not only that patients with stage IA disease
do not benefit from adjuvant chemotherapy but, most
importantly, that adjuvant systemic treatment might be
detrimental in this subset of patients (10). However, results
of a meta-analysis of Japanese adjuvant chemotherapy trials
with tegafur-uracil (UFT), showed that this treatment
was associated with improved 5- and 7-year survival in a
Japanese patient population composed primarily of stage
I NSCLC patients (15). Table 1 displays information
regarding the most relevant clinical trials and meta-analyses
of adjuvant treatment for NSCLC.

On the basis of the above-mentioned results, adjuvant
platinum-based chemotherapy has become the standard
recommended treatment for stage II-1II radically resected
NSCLC. The European Society for Medical Oncology
(ESMO) guidelines for early-stage NSCLC also suggest
to consider adjuvant treatment in stage IB patients with
primary tumor >4 cm (16). Altogether, results from
randomized trials and meta-analyses demonstrated a
detrimental role of adjuvant chemotherapy in stage IA,
which is therefore not recommended in this setting.

Neoadjuvant chemotherapy

Besides its undiscussed benefit on survival, systemic
treatment may be difficult to be delivered in the
postoperative setting due to patients’ comorbidities and
potential late recoveries after surgery. This issue was
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Table 1 Randomized trials and meta-analyses of adjuvant chemotherapy in NSCLC

Study name Study type Setting N:;?ik;i::f D;iae;a:e Drug(s) P value/HR (95% Cl) sa-ci/ve:;t:l;zi\‘l’/aol
BMJ 1995 Meta-analysis ~ Adjuvant 1,394 [-1NA CDDP based 0.08/0.87 (0.74-1.02) 5

IALT Phase llI Adjuvant 1,867 -1l CDDP-VA <0.03/0.86 (0.76-0.98) 4.1
JBR.10 Phase llI Adjuvant 482 IB-Il CDDP-VNB 0.001/0.69 (0.52-0.91) 15
CALGB 9633 Phase IlI Adjuvant 344 B CBDCA-PTX 0.32/NS 3
ANITA Phase llI Adjuvant 840 IB-IIIA CDDP-VNB 0.017/0.8 (0.66-0.96) 8.4
LACE Meta-analysis  Adjuvant 4,584 -l CDDP-based 0.005/0.89 (0.82-0.96) 5.4
WJSG (Il) Phase llI Adjuvant 323 -1l UFT 0.022/0.55 (0.36-0.86) 15
JLCRG Phase llI Adjuvant 979 I UFT 0.04/0.71 (0.52-0.98) 3

NSCLC, non-small cell lung cancer; ANITA, Adjuvant Navelbine International Adjuvant Lung Cancer Collaborative Group Trial; BLT, Big
Lung Trial; BMJ, British Medical Journal; CALGB, Cancer and Leukemia Group B; CBDCA, carboplatin; CDDP, cisplatin; Cl, confidence
interval; CT, chemotherapy; HR, hazard ratio; IALT, International Adjuvant Lung Cancer Collaborative Group Trial; LACE, Lung Adjuvant
Cisplatin Evaluation; NS, not stated; PTX, paclitaxel; UFT, tegafur uracil; VA, vinca alkaloid; VNB, vinorelbine; WJSG, West Japan Study
Group for Lung Cancer Surgery; NSCLC, non-small cell lung cancer.

demonstrated by the NATCH phase III trial, which
compared surgery alone to neoadjuvant or adjuvant
chemotherapy with carboplatin plus paclitaxel (17). In the
cohort of patients receiving preoperative chemotherapy,
90% of subjects completed the pre-planned three cycles
of treatment, compared with only 61% of patients in the
postoperative arm. However, no significant difference
in DFS was observed in the three treatment arms. The
same results emerged from another phase III randomized
trial, which confirmed that preoperative and perioperative
chemotherapy can provide superimposable survival benefit,
response rate and quality of life (18).

In addition to better tolerability, neoadjuvant
chemotherapy conveys several advantages, as the possibility
to reduce tumor size, thus increasing operability rate, and
prevention of micro-metastatic spread. On the other hand,
disadvantages include delays in surgical intervention due to
treatment-related toxicity, and the possibility that the tumor
is still considered unresectable after chemotherapy.

Several trials have assessed the benefit of neoadjuvant
treatment compared with surgery alone. The phase III
trial LU22/NALVT/EORTC, randomized more than
500 patients to receive surgery alone vs. neoadjuvant
chemotherapy followed by surgery (19). This trial
demonstrated that neoadjuvant treatment was feasible, did
not negatively impact on the incidence of post-operative
complications, and had a 49% response rate (95% CI:
43-55%). OS rates between the two arms, however, were
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similar [hazard ratio (HR): 1.02; 95% CI: 0.80-1.31;
P=0.86]. The SWOG 9900 trial had a comparable design,
and randomized 354 patients to receive surgery vs.
neoadjuvant chemotherapy plus surgery (20). The median
OS in the neoadjuvant plus surgery arm was better than
the surgery alone arm (62 vs. 41 months, respectively).
However, this trial closed early since results from ongoing
trials demonstrated higher survival benefit from adjuvant
therapy. Also, the chemotherapy in early-stages NSCLC
trial (ChEST), comparing neoadjuvant gemcitabine/
cisplatin followed by surgery with surgery alone,
prematurely closed, after recruiting fewer than half of the
700 pre-planned patients. Results from this trial, however,
showed that HRs for both PFS and OS favored neoadjuvant
chemotherapy followed by surgery HR for PFS: 0.70 (95%
CI: 0.50-0.97; P=0.003), and HR for OS: 0.63 (95% CI:
0.43-0.92; P=0.02) (21).

The NSCLC Meta-analysis Collaborative Group
provided results of a pooled analysis of 15 randomized trials
of neoadjuvant chemotherapy plus surgery vs. surgery alone,
including nearly 2,500 patients (22). Results from this
meta-analysis suggest that neoadjuvant treatment provides
a significant survival advantage through all patients’
subgroups (regardless of age, and disease stage), with a
13% reduction in the relative risk of death. 7able 2 displays
information regarding the most relevant clinical trials and
meta-analyses of neoadjuvant treatment for NSCLC.

Overall, neoadjuvant treatment for early-stage NSCLC
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Table 2 Randomized trials of main neoadjuvant chemotherapy in NSCLC
. Number of Disease Response P value/HR  3-yr DFS,
Study name Study type Setting patients stage Drug(s) ate, % (95% CI) %
NATCH Phase IlI Adjuvant/ 624 1A CBDCA-PTX 53.3 0.176/0.92 38.3
neoadjuvant (0.81-1.04)
IFCT 0002 Phase llI Neoadjuvant/ 528 111 CBDCA-PTX; 52.3/49.2 0.63/1.06 56.1
perioperative CDDP-Gem (0.84-1.33)
LU22/NALVT/ Phase llI Neoadjuvant 519 -l Platinum-based 49 0.86/1.02 NS
EORTC (0.80-1.31)
ChEST Phase IlI Neoadjuvant 129 [-1NA CBDCA-Gem 35.4 0.03/0.70 52.9
(0.50-0.97)

NSCLC, non-small cell lung cancer; ChEST, chemotherapy in early-stages NSCLC trial; CBDCA, carboplatin; CDDP, cisplatin; Cl,
confidence interval; CT, chemotherapy; Gem, gemcitabine; HR, hazard ratio; NS, not stated; PTX, paclitaxel; yr, years; NSCLC, non-small

cell lung cancer.

has not been evaluated as extensively as postoperative in
randomized trials, however evidence suggest that both
treatments might have the same efficacy on survival
outcomes. Similarly, there are few head-to-head trials
of adjuvant vs. neoadjuvant chemotherapy. The indirect
comparison meta-analysis published by Lim ez /.,
evaluated the relative HRs for survival of neo- and adjuvant
chemotherapy trials. This meta-analysis included 22
trials of adjuvant treatment, and 10 trials of neoadjuvant
treatment, for a total 10,000 patients (23). Relative HR
for OS of adjuvant vs. neoadjuvant was 0.99 (95% CI:
0.81-1.21; P=0.91), while relative HR for DFS was similar
in the two groups of studies. Therefore, the best timing of
chemotherapy delivering remains unclear, however evidence
suggest that this does not significantly impact on survival
outcomes. In clinical practice, pre-operative chemotherapy
might be considered in selected early-stage patients who
might benefit from disease downstaging, potentially
resulting in a less extensive resection.

Open questions and future perspectives

In recent years, most clinical trials in early-stage NSCLC
has focused on moving effective therapies currently in use
for metastatic disease (other than conventional cytotoxic
chemotherapy), in earlier phases of treatment. The
rationale of adjuvant therapy to eradicate the minimal
residual disease, in order to reduce the risk of relapse,
makes the possibility to use more precise drugs particularly
appealing. Similarly, the possibility to use effective
drugs in neoadjuvant setting is appealing, not only to
increase resectability rate, but also to have information on
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pathological response to treatment at the time of surgery (see
further). Here, we will provide the most important evidence
to date and the main ongoing clinical trials of novel drugs
in adjuvant and neoadjuvant setting.

Adjuvant treatment

One of the most important class of drugs to be explored in
the adjuvant setting are tyrosine kinase inhibitors (TKIs)
targeting oncogenic drivers’ mutations, mostly epidermal
growth factor receptor (EGFR) and anaplastic lymphoma
kinase (ALK) inhibitors. Preliminary results from a
randomized trial of adjuvant cisplatin-vinorelbine versus
the TKI gefitinib in EGFR positive NSCLC, suggest that
this treatment might lead to better DFS; however, OS
data for this trial are not mature yet (24). The open-label
phase II SELECT trial evaluated the role of 2 years of
erlotinib treatment after adjuvant chemotherapy (with or
without radiotherapy), showing an improvement in DFS
for patients treated with erlotinib (25). Prospective trials
of adjuvant targeted therapies in patients with radically
resected NSCLC harboring oncogenic drivers are presently
ongoing (26-30) (Table 3). Results from these trials will
help to clarify the potential role of TKIs in the adjuvant
setting, either as exclusive treatment or as a maintenance
after cytotoxic chemotherapy. According to the available
results to date, there is probably a subgroup of patients
who can benefit from the use of adjuvant TKIs, given the
increased DFS, major tolerability and improved quality
of life. However, there is still limited evidence on the role
of adjuvant TKIs in oncogene addicted NSCLC (31),

therefore their use in the adjuvant setting is not
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Table 3 Summary of the main ongoing clinical trials in neoadjuvant and adjuvant setting for early-stage and locally advanced NSCLC

) . ) ) Patients’  Primary
Trial name NCT number  Study design Setting Drug Disease stage selection endpoint(s)
ALCHEMIST/ NCT02595944 Phase llI Adjuvant (after CT Nivolumab vs. 1B (4 cm)-IlIA Any OS, DFS
ANVIL and/or RT) observation PD-L1
Impower 010 NCT02486718 Phase Il Adjuvant (after CT) Atezolizumab vs. IB (4 cm)-lIA PD-L1 DFS

randomized BSC =1%
PEARLS/Keynote NCT02504372 Phase Il Adjuvant (after CT) Pembrolizumab vs. 1B (4 cm)-IlIA Any DFS
091 randomized placebo PD-L1
Adjuvant NCT02273375  Phaselll  Adjuvant (after CT) Durvalumab vs. IB (4 cm)-llIA Any DFS
MEDI4736 randomized placebo PD-L1
Keynote 671 NCT03425643  Phase lll Neoadjuvant Pembrolizumab vs. I-11B Any EFS, OS
randomized (concomitant with placebo PD-LA1
CT) + adjuvant
CheckMate 816  NCT02998528  Phase Il Neoadjuvant Ipilimumab + IB-1IIA Any EFS, pCR
randomized nivolumab vs. CT vs. (resectable) PD-L1
nivolumab + CT
Impower 030 NCT03456063 Phase llI Neoadjuvant Atezolizumab vs. I-11B Any mPR
randomized (concomitant with placebo PD-LA1
CT) + adjuvant
CANOPY-A NCT03447769  Phase lll Adjuvant Canakinumab vs. 1B Any DFS
randomized placebo PD-L1
CANOPY-N NCT03968419 Phase Il Neoadjuvant Canakinumab vs. IB-1IA Any mPR
pembrolizumab vs. (resectable) PD-L1
canakinumab +
pembrolizumab
LCMC3 NCT02927301 Phase Il Neoadjuvant + Atezolizumab IB-11IB Any mPR
single-arm adjuvant PD-L1
AEGEAN NCT03800134 Phase llI Neoadjuvant Durvalumab vs. placebo 110 Any mPR
randomized (concomitant with PD-L1
CT) + adjuvant
CheckMate 77T  NCT04025879 Phase llI Neoadjuvant + Nivolumab/placebo + CT (NA); IIA-11IB Any EFS
randomized adjuvant nivolumab/placebo (A) PD-L1
ALCHEMIST NCT02193282 Phase llI Adjuvant Erlotinib vs. observation IB-IIIA EGFR+ 0s
EGFR randomized
ALCHEMIST ALK NCT02201992 Phase IlI Adjuvant Crizotinib vs. observation IB-1IA ALK+ (O]
randomized
EVIDENCE NCT02448797  Phasel lll Adjuvant Icotinib vs. platinum-based CT I-11A EGFR+ DFS
randomized
Neoadjuvant NCT01470716 Phase Il Neoadjuvant Erlotinib vs. platinum-based 1-11A EGFR+ PFS
erlotinib single-arm CT
Adjuvant NCT03456076 Phase llI Adjuvant Alectinib vs. platinum-based IB-lIA ALK+ DFS
alectinib randomized CT

NSCLC, non-small cell lung cancer; A, adjuvant; ALK, anaplastic lymphoma kinase; BSC, best supportive care; CT, chemotherapy;
DFS, disease-free survival; EFS, event-free survival; EGFR, epidermal growth factor receptor; mPR, major pathological response; NA,
neoadjuvant; OS, overall survival; pCR, pathologic complete response; PD-L1, programmed cell death ligand 1; PFS, progression-free
survival; RT, radiotherapy; NSCLC, non-small cell lung cancer. (Source: www.clinicaltrials.gov, accessed January 2020).
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recommended outside clinical trials.

The second most promising class of drugs is represented
by immune checkpoint inhibitors (ICIs). NSCLC
is an immunogenic tumor, and immunotherapy has
demonstrated a significant clinical activity with 15-20%
durable responses in advanced/metastatic disease (32,33).
The most widely studied ICIs in this setting are the
monoclonal antibodies targeting the anti-programmed cell
death 1 (PD-1), nivolumab, and pembrolizumab; the PD-1
ligand (PD-L1), atezolizumab, and durvalumab; and the
cytotoxic T-lymphocyte antigen-4 (CTLA-4), ipilimumab.
Immunotherapy has been explored both in the adjuvant and
neoadjuvant setting for early-stage NSCLC. Evidence from
cutaneous melanoma suggest that ICIs might be effective in
the setting of minimal residual disease, in which the tumor
microenvironment is immature and therefore easier to
overcome, compared to metastatic disease (34).

Several trials of adjuvant anti-PD-1/PD-L1 in resected
stage IB-IIIA NSCLC are ongoing, all of them investigating
the use of immunotherapy as a maintenance after adjuvant
chemotherapy, either alone or combined with radiotherapy
(35,36) (Table 3). Results from this trial are not available
yet, and will probably help to solve some open questions:
adjuvant immunotherapy might be influenced by previous
treatments (i.e., surgery, radiotherapy, and chemotherapy),
which act on immune cells stimulating an immune-
suppressive or an immunogenic microenvironment.
Moreover, the subset of patients who can benefit more from
adjuvant immunotherapy is yet to be identified, specifically
concerning disease stage and PD-L1 expression. Thus,
patients’ selection, both regarding disease characteristics
and previous treatment, might become an important issue
to select the most appropriate adjuvant treatment.

Neoadjuvant treatment

Immunotherapy for treatment of early-stage NSCLC
is even more promising in the neoadjuvant setting. The
biologic rationale lies in the possibility to turn the in-
place tumor into an “auto-vaccine”, thereby inducing
anti-tumor immune responses that act through the body
against micro-metastases, thus reducing the risk of disease
relapse. More importantly, preoperative systemic treatment
can give information regarding pathological response on
resected tumor at the time of surgery. In the near future,
this might potentially translate in the chance to customize
further adjuvant treatment, defining it on the basis of major
pathological response obtained with preoperative treatment.
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A pilot study of neoadjuvant nivolumab showed that 45%
of patients with surgically resectable stage I-IIIA NSCLC
reach major pathological response with only 2 courses
of preoperative nivolumab, with few treatment-related
side effects and without surgery delay (37). Combination
therapy with nivolumab and ipilimumab in the NEOSTAR
phase II trial has induced 26% major pathological
response and changes in immune infiltrates of stage I-IIIA
resectable NSCLC (38). The combination of preoperative
nivolumab plus chemotherapy (carboplatin-paclitaxel) in
patients with resectable stage IIIA NSCLC was tested in
the phase II NADIM trial, with 80% of patients reaching
major pathological response (39). The LCMC3 phase II
trial is currently evaluating neoadjuvant atezolizumab in
patients with resectable early-stage (IB-IIIB) NSCLC.
Preliminary results from an initial safety analysis of the
first 54 of 180 planned patients was described: 16 patients
had grade 3 or 4 adverse events (AEs) (three of them were
considered treatment-related); surgery was delayed in one
subject because of grade 3 pneumonitis. Major pathological
response rate was 24%, and 58% (11/19) of patients had
less than 50% viable tumor on surgical specimen (40).
Table 2 summarizes the principal studies of adjuvant and
neoadjuvant ICIs for early-stage NSCLC with preliminary
results and trials currently ongoing.

At least two major considerations should be made on
preliminary results of innovative treatments in adjuvant and
neoadjuvant treatment of early-stage NSCLC. First, these
results come from small populations of selected patients:
everyday clinical practice might not always mirror that of
clinical trials, not only for what regards patients’ characteristics,
but also regarding the feasibility of a specific multimodal
treatment. Moreover, clinical trials presented to date widely
differ in type of adjuvant treatment, and the rationale for the
choice of an adjuvant specific systemic treatment on the basis
of major pathological response should be defined. Lastly,
treatment related AEs during immunotherapy, and specifically
with combined ICIs, is a matter of concern in patients
receiving treatment for metastatic disease. An accurate estimate
of risks to benefit ratio should be made considering the early-
stage of disease and the adjuvant setting.

Conclusions

Radical surgical resection followed by observation remains
the best treatment strategy for early-stage NSCLC.
Adjuvant chemotherapy with cisplatin-based doublets
provide an advantage in survival for radically resected

7 Thorac Dis 2020;12(6):3390-3398 | http://dx.doi.org/10.21037/jtd.2020.02.46



3396

stage IB-IIIA and is currently the standard treatment. The
future of adjuvant and neoadjuvant treatment in early-
stages involve combination treatment with targeted agents
and IClIs, and several trials are currently underway with
preliminary promising results. Customization of treatment
on patients’ characteristics before, and major pathological
response after therapy, will further improve survival
outcomes in this subset of patients.
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