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Abstract

Purpose To evaluate the prognostic factors associated with survival in patients treated with neoadjuvant treatment [chemo-
radiotherapy (CRT) or chemotherapy] followed by surgery (CRTS) in patients with stage IIIA-N2 non-small cell lung cancer
(NSCLC).

Methods A retrospective study was conducted of 118 patients diagnosed with stage T1-T3N2MO NSCLC and treated with
CRTS at 14 hospitals in Spain between January 2005 and December 2014. Overall survival (OS) and progression-free sur-
vival (PFS) were estimated using the Kaplan—-Meier method and compared using the log-rank test. Cox regression analysis
was performed.

Results Surgery consisted of lobectomy (74.5% of cases), pneumectomy (17.8%), or bilobectomy (7.6%). Neoadjuvant treat-
ment was CRT in 62 patients (52.5%) and chemotherapy alone in 56 patients (47.5%). Median follow-up was 42.5 months
(5-128 months). 5-year OS and PFS were 51.1% and 49.4%, respectively. The following variables were independently
associated with worse OS and PFS: pneumonectomy (vs. lobectomy); advanced pathologic T stage (pT3 vs. pTO—pT2); and
presence of persistent N2 disease (vs. ypNO-1) in the surgical specimen.

Conclusions In this sample of patients with stage IIIA-N2 NSCLC treated with CRTS, 5-year survival (both OS and PFS) was
approximately 50%. After CRTS, the patients with the best prognosis were those whose primary tumour and/or mediastinal
nodal metastases were downstaged after induction therapy and those who underwent lobectomy. These findings provide
further support for neoadjuvant therapy followed by surgery in selected patients.
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Introduction

Patients diagnosed with stage IIIA-N2 non-small cell lung
carcinoma (NSCLC) comprise a heterogeneous group.
Treatment outcomes in patients treated with surgery or radi-
otherapy alone are poor, with 5-year overall survival (OS)
rates of < 10% [1]. The current standard of care, based on
the findings from two meta-analyses [2, 3], is concomitant
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chemoradiotherapy (CRT), which achieves better but still
relatively modest survival outcomes (5-year OS of approxi-
mately 20%) [2, 3]. Given these poor outcomes, numerous
phase II and III trials have evaluated neoadjuvant treatment
followed by surgery in patients with potentially resect-
able N2 disease [4—7]. Although no randomized study has
demonstrated a survival advantage for this approach versus
CRT alone, the results of these trials suggest that a subgroup
of patients could benefit—in terms of local control and sur-
vival—from the addition of surgery [4, 8, 9].

Compared to neoadjuvant chemotherapy alone, CRT
improves downstaging of primary tumour and lymph
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nodes, and also increases complete pathological response
rates. However, surprisingly, these improvements have not
resulted in better OS [8, 10]. In this context, the aim of this
retrospective Spanish multicentre study was to evaluate the
prognostic factors associated with survival in patients treated
with neoadjuvant treatment [chemoradiotherapy (CRT) or
chemotherapy] followed by surgery (CRTS) in patients with
stage IIIA-N2 non-small cell lung cancer (NSCLC).

Materials and methods
Study population

This retrospective study was based on clinical records from
14 hospitals in Spain. The study was approved by the eth-
ics committees of all participating hospitals. The study was
supported by the Radiation Oncology Clinical Research
Group (GICOR) and the GOECP-SEOR (Oncologic Group
for the Study of Lung Cancer-Spanish Society of Radiation
Oncology).

The study sample included patients diagnosed between
the years 2005 and 2014 with potentially resectable stage
IITA-N2 NSCLC (T1-3 N2 MO) and treated with radical
intent induction therapy followed by surgery. Exclusion
criteria were: stage cT4 disease and definitive chemoradio-
therapy (dCRT). Inclusion criteria were: mediastinal lymph
node involvement on imaging studies. Whenever possible,
the mediastinal disease was confirmed histologically by
endobronchial ultrasound (EBUS), endoscopic ultrasound
(EUS), or mediastinoscopy and treated with chemotherapy
or CRT followed by surgery. Clinical staging was based on
thoracic computed tomography (CT), positron-emission
tomography-CT (PET-CT), and brain CT or magnetic reso-
nance imaging (MRI) and classified according to the TNM
staging system (seventh edition).

Treatment scheme and follow-up

Neoadjuvant treatment consisted of three to four cycles of
chemotherapy alone (platinum-based doublets) or concomi-
tant CRT. The radiotherapy dose ranged from 45 to 66 Gy
and was delivered with a conventional fractionation scheme
(1.8-2 Gy/fraction) to the tumour volume. No elective nodal
irradiation was performed. The radiotherapy technique was
three-dimensional radiotherapy (3D-RT).

Response to neoadjuvant treatment was evaluated
using the Response Evaluation Criteria in Solid Tumours
(RECIST) based on either CT or PET-CT. In some cases—
depending on the specific protocol at the participating hos-
pital—the mediastinal nodes were reassessed histologically
by EUS, EBUS, or mediastinoscopy after induction therapy.
The time elapsed from finalization of neoadjuvant treatment
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until surgery was recorded in days. Surgical treatment con-
sisted of lobectomy or pneumonectomy, with homolateral
hilar and mediastinal lymphadenectomy.

Pathologic complete response (pCR) was defined as the
absence of viable tumour in the resected specimen. Deliv-
ered adjuvant treatment depended on the specific protocol
of each centre. Follow-up was performed weekly during
neoadjuvant treatment, postoperatively every 3—6 months
for the first 2 years, every 6 months for the next 3 years,
and annually thereafter. Acute and chronic haematologi-
cal, gastrointestinal, thoracic, and pulmonary toxicity were
recorded according to the Common Toxicity Criteria for
Adverse Events (v. 4.0).

The date of recurrence was defined as the day an abnor-
mal imaging test result was detected during follow-up.
Locoregional relapse was defined as a recurrence to the
ipsilateral lung and/or nodal regions (hilum, mediastinum,
supraclavicular fossa). Distant relapse was defined as a
recurrence in other locations according to the staging cri-
teria of the American Joint Committee on Cancer (AJCC).

Statistical analysis

OS was defined as the time elapsed from the date of path-
ological diagnosis until the date of death or last follow-
up. PFS was calculated from the date of the pathological
diagnosis until first recurrence, death from any cause, or
last final follow-up. OS and PFS were estimated using the
Kaplan—Meier method. The log-rank test was used to com-
pare survival curves between groups. Multivariate analysis
was performed using the Cox proportional hazards model
to determine the variables significantly associated with sur-
vival. Statistical significance was set at p <0.05. Statistical
analyses were performed using SPSS statistical software,
version 22.0 (SPSS statistics for windows, IBM Corpora-
tion, Armonk, NY).

Results
Patient characteristics

The initial database search identified 294 patients diag-
nosed with stage IITA-N2 NSCLC. Of these, 176 patients
had received dCRT and were excluded from the study. A
total of 118 patients were included. Patient characteristics
are described in Table 1. In 69 cases (58.5%), mediastinal
involvement was confirmed histologically at diagnosis.
Median age was 62 years (range 41-78) and 94 patients
(79.7%) were men. The Eastern Cooperative Oncology
Group (ECOG) score was 0 or 1 in nearly all cases (99.2%).
In most cases (72 patients; 61%), only a single mediastinal
lymph node station was involved at diagnosis. The clinical
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Table 1 Baseline characteristics of the study population

Variable Surgery N=118 (%)
Age

>60y,n (%) 68 (57.6)

<60y, n (%) 50 (42.4)

Median (range) 62 (41-78)
Sex

Male, n (%) 94 (79.7)

Female, n (%) 24 (20.3)
ECOG

1-0 117 (99.2)

2 1(0.8)
Smoking status

Never, n (%) 4(3.4)

Former, n (%) 55 (46.6)

Current, n (%) 59 (50.0)
T stage

T1,n (%) 30 (25.6)

T2, n (%) 41 (35.0)

T3, n (%) 46 (39.3)
Number of positive nodal stations

1, n (%) 72 (61.0)

>1,n (%) 46 (39.0)
Mediastinal bulk

<3 cm, n (%) 110 (93.2)

>3 cm, n (%) 8 (6.8)
Histology

Adenocarcinoma and others, n (%) 66 (57.4)

Squamous, n (%) 49 (42.6)

ECOG Eastern Cooperative Oncology Group

T stage was as follows: c¢T1 in 30 patients (25.5%), cT2 in
41 patients (35%), and cT3 in 46 patients (39.3%). Histo-
logically, adenocarcinoma accounted for just over half of
the cases (50.4%).

Neoadjuvant and postoperative treatment

Neoadjuvant treatment consisted of CRT in 66 patients
(56%) and chemotherapy alone in 52 patients (44%). Neo-
adjuvant radiotherapy doses were over 50 Gy in 47 patients
(71.2%). The most common fractionation schedule (69.7%)
was 2 Gy/session. Radiotherapy was delivered using the 3D
technique in 97% of patients who underwent radiotherapy.
In most cases (93.2%), the chemotherapy regimen consisted
of three cycles with a platinum-based doublet. Postopera-
tively, 51 patients received adjuvant treatment: 20 (39.2%)
received only adjuvant chemotherapy, 20 (39.2%) underwent
only radiotherapy (45-50 Gy). and 11 (21.6%) received both
treatments.

Neoadjuvant and postoperative therapy were well tol-
erated. Toxicity > grade three was uncommon. Grade >3
haematological toxicity was observed only in two patients
(1.9%) (one in the neoadjuvant chemotherapy group and one
in the neoadjuvant CRT group) and grade >3 esophagitis
toxicity was observed in four patients (3.6%) (one in the neo-
adjuvant chemotherapy group and three in the CRT group).
No other severe toxicities were observed.

Surgery

Response to neoadjuvant treatment was assessed by PET-CT
in 55 patients (46.6%) and by CT in 63 patients (53.4%).
Most patients had partial radiological response to neoadju-
vant treatment (86.4%), with 11 patients (9.3%) achieving a
complete response. The mediastinal nodes were histologi-
cally re-evaluated prior to surgery by EBUS and/or medi-
astinoscopy in 47 patients (39.8%), with negative findings
in most cases (89.3%). The median time interval from com-
pletion of neoadjuvant therapy until surgery was 60 days
(Table 2).

The most frequent surgical procedure was lobectomy
(74.6%), followed by pneumectomy (17.8%) and bilobec-
tomy (7.6%). Two deaths (4%), both treated with neoad-
juvant CRT, due to acute respiratory distress syndrome
occurred within 90 days of surgery; of these, one patient
had undergone lobectomy and the other pneumectomy.

Pathologic findings

A complete resection (R0) was achieved in most cases
(95,8%) while three patients (2.6%) presented microscopic
involvement (R1) of the margins and one patient (0.9%) had
macroscopic involvement (R2). The pathological T stage in
the sample was distributed as follows: ypTO in 34 patients
(28.8%), ypT1 in 49 (41.5%), ypT2 in 22 (18.6%), and
ypT3in 13 (11%). The pathological N stage was ypNO in 81
patients (68.6%), ypN1 in 7 (5.9%), and ypN2 in 30 (25.4%).
PCR in the primary tumour and mediastinal nodes (pTOpNO)
was obtained in 32 patients (27.1%), 6 (18.7%) treated with
CHT chemotherapy neoadjuvant vs. 26 (81.2%) treated with
CRT neoadjuvant (p <0.001). A downstaging from N2 to
ypN1-NO was observed in 88 patients (74.6%), 33 (37.5%)
treated with CHT chemotherapy neoadjuvant vs. 55 (62.5%)
treated with CRT neoadjuvant (p <0.001).

Overall survival

The median follow-up time was 42.5 months, with a mortal-
ity rate of 43.2% (51 patients). Median OS was 61 months
(95% confidence interval [CI], 39.9-82.1). 5-year OS was
51.1% (95% CI, 40.1-62.0). By pathological T stage, 5-year
OS rates were: ypTO (65.3%), ypT1 (55%), ypT2 (40.4%),
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Table 2 Characteristics of surgical treatment and postoperative path-
ological stage (n=118)

Variable n (%)

Histopathological mediastinum confirmation before neoadjuvant
treatment

No, n (%) 49 (41.5)

Yes, n (%) 69 (58.4)
Radiological evaluation before surgery

CT 63 (53.3)

PET-CT 55 (46,6)
Clinical response

Complete response, n (%) 11 (9.3)

Partial response, n (%) 102 (86.4)

Stable disease, n (%) 4 (3.4)

Progressive disease, n (%) 1(0.8)
Histopathological evaluation before surgery

Yes, n (%) 48 (40.7)

No, n (%) 70 (59.3)
Histopathological mediastinal status before surgery

Negative, n (%) 42 (87.5)

Positive, n (%) 6 (12.5)

Time between end of neoadjuvant treatment and surgery
Median (days) 67.7

0 to <3 weeks, n (%) 3(2.6)

>3 to <6 weeks, n (%) 28 (23.9)

> 6 to <9 weeks, n (%) 40 (34.2)

>9 to <12 weeks, n (%) 17 (14.5)

> 12 weeks, n (%) 29 (24.8)
Type of surgery

Lobectomy/bilobectomy, n (%) 97 (82.2)

Pneumonectomy, n (%) 21 (17.8)
Pathologic stage pT

pT0, n (%) 34 (28.8)

pT1, n (%) 49 (41.5)

pT2,n (%) 22 (18.6)

pT3,n (%) 13 (11.0)
Pathologic stage pN

pNO, n (%) 81 (68.6)

pN1, n (%) 7(5.9)

pN2, n (%) 30(25.4)
Pathologic complete responses (pCR); (pTO pNO) 32(27.1)
Surgical margins

Positive 434

Negative 113 (96.5)

and ypT3 (23.1%) (p <0.001, Fig. 1). Patients who expe-
rienced nodal downstaging presented a significantly better
S-year OS than patients with persistent N2 disease (59.2%
vs. 28.5%; p<0.001, Fig. 1). The median OS in the lobec-
tomy group was significantly higher than in the pneumonec-
tomy group (82 vs. 35 months; p=0.012), with a significant
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difference in 5-year OS (54.3% vs. 36.6%; p=0.06). 5-year
OS rates were significantly better in patients who achieved
PCR versus those with persistent tumour disease (65.4% vs.
46.3%, p=0.03), although differences in median OS were
not significant (82 vs. 56 months, p =0.12) (Fig. 1).

Based on the univariate and the Cox multivariate analy-
ses, the following variables were independently associ-
ated with worse OS: advanced pathologic T stage (pT3 vs.
pTO-pT1), pneumonectomy (vs. lobectomy), and persistent
N2 (vs. ypNO-1). The type of neoadjuvant treatment (CRT
vs. chemotherapy) was not a prognostic factor associated
with OS (Table 3).

Progression-free survival

During follow-up, 55 patients (46.6%) experienced a recur-
rence. The median time to first recurrence was 32 months.
Locoregional recurrence occurred in 29 patients (24.6%),
distant in 39 (33.1%), and both in 13 patients (11%).

The median PFS was 58 months (95% CI, 22.6-93.4) with
a 5-year PFS of 49.4% (95% CI, 39.0-59.7). By pathological
T stage, 5-year PFS rates were: ypTO (65.4%), ypT1 (55.1%),
ypT2 (32.7%), and ypT3 (15.4%) (p <0.001, Fig. 2). PFS
was better in patients who achieved nodal downstaging
compared with persistent N2 (60.3% vs. 18.4%, p <0.001).
Median PFS was significantly longer in patients who under-
went lobectomy versus pneumonectomy (61 vs. 32 months,
p=0.008), with a non-significant difference in 5-year PFS
in the lobectomy group (51.8% vs. 38.6%, p=0.08). Patients
who achieved pCR presented a better 5-year PFS than those
with persistent disease (68.7% vs. 42.4%), but this difference
did not reach statistical significance (p =0.05).

Based on the univariate and Cox multivariate analyses,
advanced pathologic T stage, pneumonectomy, and persis-
tent N2 were independently associated with worse PFS. The
type of neoadjuvant treatment (CRT vs. chemotherapy) was
not an independent prognostic factor associated with PFS
(Tables 3, 4).

Discussion

The aim of this study was to evaluate treatment outcomes in
a large sample of patients with stage IITA-N2 NSCLC who
received neoadjuvant CRT or chemotherapy followed by
surgery. We also sought to determine predictors of survival.
To our knowledge, this is the largest multicentre Spanish
study to date to specifically evaluate treatment outcomes
in this population of lung cancer patients—that is, patients
diagnosed with stage IITA-N2 NSCLC treated with CRT or
chemotherapy followed by lobectomy or pneumonectomy.
Previous studies that have evaluated a similar treatment
strategy (neoadjuvant therapy followed by surgery) have
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Fig. 1 Overall survival according to: a nodal downstaging, b pathologic T stage, ¢ type of surgery, and d presence of pathological complete

response

reported 5-year OS rates from 14% to 48%, with a median
OS of 16-59 months [4, 5, 7-11]. In this context, the results
of our series—5-year OS of 51.1% and median OS of
61 months—are promising. However, it should be empha-
sized that we included only patients who completed both
neoadjuvant treatment and surgery. This is relevant because
previous studies have shown lower survival rates in patients
who do not undergo surgery as planned after neoadjuvant
therapy [12, 13]. For example, Kim et al. [12] evaluated 664
patients with stage N1 NSCLC, 574 of whom completed
the planned surgery. In that series, 5-year OS was worse in
the patients who did not undergo surgery compared to those
treated surgically (15% vs. 48%, p <0.0001). Nonetheless,

despite the selection bias in our study, we believe that our
findings could potentially be extrapolated to other hospitals
and regions due to the multicentric study design.

A substantial proportion (41.5%) of the patients in our
sample did not undergo invasive mediastinal staging at any
point. In Spain, the usual treatment for patients with N2
disease is neoadjuvant therapy followed by surgery. How-
ever, if the status of the mediastinal nodes is not confirmed
histologically after neoadjuvant therapy, there is a risk of
overdiagnosis as some patients may be diagnosed incor-
rectly with persistent N2 disease [14] or underdiagnosis
(e.g. occult N3 disease) [14], which could ultimately affect
the treatment decision and patient survival. That said, the
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Table 3 Univariate analysis for association of baseline characteristics and treatment-related variables with PFS and OS (n=118)

Variable (0N PFS
HR (95% CI) p HR (95% CI) P

Age, years

<60 (n=50) [ref: > 60 (n=68)] 0.687 (0.386-1.223) 0.202 0.757 (0.437-1.309) 0.319

Sex

Women (n=24) [ref: men (n=94)] 0.449 (0.200-1.007) 0.052 0.853 (0.447-1.627) 0.629
ECOG

2 (n=1) [ref: 0-1 (n=117)] - - - -
Smoking status

Former (n=>55) [ref: never (n=4)] 1.162 (0.275 —4.904) 0.838 0.622 (0.189 -2.046) 0.434

Current (n=59) 0.903 (0.211 -3.861) 0.891 0.442 (0.132-1.479) 0.185
T stage

cT2 (n=41) [ref: cT1 (n=30)] 1.380 (0.657 —2.899) 0.396 1.204 (0.600 -2.415) 0.601

cT3 (n=46) 1.159 (0.549-2.446) 0.699 1.143 (0.566 —1.307) 0.709
Number of positive lymph nodal stations

>1 (n=46) [ref: 1 (n=72)] 1.295 (0.739 -2.269) 0.366 1.320 (0.768 -2.267) 0.315
Mediastinal lymph node size

>3 cm (n=38) [ref: <3 cm (n=110)] 1.647 (0.651 —4.166) 0.292 1.405 (0.506-5.899) 0.513
Histology
Squamous (n=49) [ref: adenocarcinoma and others (n=66)] 1.191 (0.682 -2.080) 0.538 0.913 (0.526 —1.587) 0.748
Histopathological mediastinum confirmation before neoadjuvant treatment

Yes (n=69) [ref: no (n=49)] 1.644 (0.904-2.989) 0.103 1.431 (0.809-2.531) 0.217
Neoadjuvant treatment

CRT (n=66) [ref: CHT (n=52)] 0.856 (0.488-1.501) 0.587 0.744 (0.432-1.283) 0.288
Radiological re-evaluation prior to resection

PET/CT (n=55) [ref: TC (n=63)] 0.770 (0.437-1.357) 0.366 0.679 (0.389-1.186) 0.174
Pathological mediastinal re-evaluation prior to resection

Yes (n=47) [ref: No (n=71)] 0.956 (0.542-1.688) 0.877 0.775 (0.440-1.367) 0.379
Interval to surgery after completion of induction treatment

>3 to <6 weeks, (n=28) [ref: 0-3 wk (n=3)] 0.299 (0.064-1.388) 0.123 0.428 (0.095-1.920) 0.268

> 6 to <9 weeks, (n=40) 0.299 (0.067-1.333) 0.113 0.323 (0.073-1.440) 0.138

>9 to<12 weeks, (n=17) 0.601 (0.130-2.769) 0.513 0.660 (0.144-3.023) 0.592

> 12 weeks, (n=29) 0.400 (0.090-1.784) 0.230 0.476 (0.107-2.109) 0.328
Pathologic stage pT

pT3 (n=13) [ref: ypTO—pT2 (n=105] 3.141 (1.561-6323) 0.001 3.846 (1.954-7.568) <0.001
Nodal downstaging (N2A — NO-1)

Yes (n=288) [ref: no (n=30)] 0.442 (0.250-0.781) 0.005 0.284 (0.164-0.491) <0.001
Margin status

R1/R2 (n=4) [ref: RO (n=113)] 1.100 (0.151-8.022) 0.925 2.143 (0.520-8.833) 0.292
Surgery type

Lobectomy (n=97) [ref: pneumonectomy (n=21)] 0.441 (0.229-0.851) 0.015 0.513 (0.269-0.979) 0.043
Pathologic complete response (pTOpNO)

Yes (n=32) [ref: no (n=86)] 0.569 (0.276-1.174) 0.127 0.495 (0.241-1.016) 0.055
Adjuvant treatment

RT (n=20) [ref: CHT (n=20)] 1.565 (0.618-3.967) 0.345 1.649 (0.709-3.839) 0.246

CRT (n=11) 0.800 (0.278-2.302) 0.678 0.723 (0.255-2.051) 0.542
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Fig.2 Progression-free survival according to: a nodal downstaging, b pathologic T stage, ¢ type of surgery, and d presence of pathological com-

plete response

Table 4 Multivariate analysis for association of baseline characteristics and treatment-related variables with PFS and OS (n=118)

Variable (0N PFS
HR (95% CI) P HR (95% CI) )4

Nodal downstaging (pN2 — pNO-1)

Yes (n=32) [ref: no (n=30)] 0.469 (0.261-0.844) 0.011 0.282 (0.160-0.496) <0.001
Pathologic stage pT

ypT3 (n=13) [ref: ypTO-ypT2 (n=105] 2.414 (1.163-5.011) 0.018 3.006 (1.472-6.141) 0.003
Surgery type

Lobectomy (n=97) [ref: pneumonectomy (n=21)] 0.453 (0.230-0.894) 0.022 0.502 (0.255-0.991) 0.047
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presence or absence of histological confirmation was not a
predictor of survival in our study.

There is some controversy regarding the value of surgery
in patients with multi-station N2 disease and/or bulky dis-
ease (>3 cm) [15]. In our study, multiple nodal stations were
involved in 39% of cases while 6.8% of patients had bulky
disease; however, neither of these two factors was associated
with worse survival, a finding that suggests that surgery may
be feasible in these patients.

The optimal neoadjuvant scheme remains unclear [15].
This controversy is reflected in the neoadjuvant treatment
administered in our multicentric study, which was divided
more or less evenly between CRT (55.9%) and chemother-
apy alone (44.1%). Interestingly, the specific neoadjuvant
therapy scheme, including high-dose induction CRT, was
not predictive of survival on the univariate analysis, per-
haps because most of the patients treated with chemotherapy
alone received postoperative radiotherapy. Although our
study included patients treated with both low (45-50 Gy)
and high doses (60-66 Gy) of radiotherapy, a randomized
trial is necessary to clarify whether the efficacy of high-dose
(60 Gy at 2 Gy/session) CRT is comparable to chemotherapy
alone.

The value of performing invasive mediastinal staging
after induction therapy prior to surgery is also controver-
sial [15]. Yang et al. evaluated 111 patients with stage IITA
pN2 NSCLC who underwent induction therapy followed
by lobectomy, finding that pathologic mediastinal restag-
ing allows clinicians to select those patients most likely
to benefit from surgery; in that study, mediastinal restag-
ing vs. no restaging was associated with better 5-year OS
(45.2% vs. 13.9%, p=0.004). Postoperative downstaging
of the mediastinal nodes based on the surgical specimen
was associated with even better 5-year OS rates (59.2% vs.
28.5%, p<0.001) [16]. In our study, pathologic mediastinal
restaging following induction therapy was not a predictor of
survival, perhaps due to the delayed response to neoadjuvant
radiotherapy, which could explain why early mediastinal
restaging after induction therapy may not correlate closely
with the mediastinal downstaging observed in the surgical
specimen.

We found no association between survival and the time
interval from induction therapy to surgery. This finding
contrasts with the results of a recent study [17] in which
patients who underwent surgery > 6 weeks after induction
therapy had a worse OS, suggesting that 90-day postopera-
tive mortality rates may increase due to radiation pneumo-
nitis or fibrotic changes. Nonetheless, even though nearly
75% of patients in our sample underwent surgery more than
6 weeks after completing induction therapy, our 5-year OS
rates are comparable to the best outcomes reported to date.
Nonetheless, it should be noted that a large percentage of
our sample (40%) received chemotherapy alone (rather than
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CRT), which could explain the reduced postoperative mor-
tality associated with radiation pneumonitis.

With regard to the impact of the surgical procedure (pneu-
mectomy vs. lobectomy) on treatment outcomes, we found
no association between postoperative morbidity or mortality
in patients who underwent pneumonectomy, probably due
to careful patient selection (young age, good general and
functional status). By contrast—consistent with the find-
ings reported by Marulli et al. [18]—median OS was worse
in the patients in our series who underwent pneumectomy
compared to lobectomy (35 vs. 82 months). For this reason,
as suggested by the findings of the Intergroup 0139 trial [4],
the most appropriate treatment in these patients is probably
dCRT.

Study strengths and limitations

The main limitation of the present study is its retrospective
design, which could have led to a selection bias. In addi-
tion, we included only patients who underwent surgery after
neoadjuvant therapy, and therefore the results cannot be gen-
eralized to all patients with stage IIIA-N2 NSCLC given
that some patients never reach the surgical phase. Another
potential limitation is the heterogeneity of the sample, par-
ticularly the presence or lack of post-induction histologi-
cal confirmation of the mediastinal nodes and differences
among the patients in the specific neoadjuvant regime. How-
ever, a comprehensive regression analysis was performed to
account for differences in those two variables. Although the
heterogeneity in our sample could be considered a limita-
tion, it is important to note that this variability in patient
characteristics reflects the complex and diverse nature of
managing this patient population in routine clinical practice.

Conclusions

In this retrospective, multi-institutional study involving
patients with stage IIIA-N2 NSCLC, neoadjuvant treatment
followed by surgery achieved excellent long-term survival
outcomes with acceptable morbidity. Our findings suggest
that the patients most likely to benefit from multimodal
treatment are: patients who undergo lobectomy (rather than
pneumectomy), and whose primary tumour and/or medias-
tinal lymph nodes are downstaged after induction therapy.
These findings provide further support for the use of neo-
adjuvant therapy followed by surgery in selected patients.
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