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Background: The Spanish Customized Adjuvant Therapy (SCAT) trial assessed the role of individualized
adjuvant therapy in clinical NO incidental pN1 and/or N2 non-small cell lung cancer (NSCLC) completely
resected. We assessed surgical topics with an in-depth analysis of quality of lymphadenectomy based on
International Association for the Study of Lung Cancer (IASLC) recommendations.

Methods: Patients with information about lymphadenectomy available were included (N=451).
Prospectively collected data about tumor, type of resection, and postoperative morbidity and quality of
lymph node dissection (LND) were retrospectively evaluated. Role of lymph node assessment on survival was
analyzed using Kaplan-Meier curves, using regression models to identify prognostic factors.

Results: In 33.7%, 17.7% and 49.9% of cases, regions 7, 10 and 11 respectively were not assessed. In
21.1% of patients, less than three lymph node regions were biopsied, while in 19.6% of patients less than
six lymph nodes were assessed. In 53,4% of patients only one N1 region was evaluated. From patients with
positive N2, 8.9% had no N1 regions biopsied. Twenty-nine percent of patients with at least one N2 lymph
node resected shown the highest region involved. Thirty-day postoperative mortality was unknown. Five-
year overall survival (OS) was 61.7% (95% CI: 55.4-67.4%), 51.5% (95% CI: 39.2-62.4%) and 42.3% (95%
CI: 32.1-52.2%) for patients with N1, N2 and N1+N2 disease, respectively (P<0.01). Both number of lymph
nodes resected and number of lymph nodes involved by tumor were significantly related to prognosis.
Conclusions: TASLC recommendations for surgical resections were not followed in a high proportion
of surgical procedures. Hilar and mediastinal lymph node assessment and involvement showed to impact

prognosis. Surgical issues such as postoperative mortality could not be evaluated owing to trial design.
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Introduction

Surgical resection is the standard treatment with curative
purpose for early stage non-small cell lung cancer (NSCLC).
However, published 5-year survival rates following
complete resection (CR) range between 63% in stage IA
and 19% in stage IIIA (1). Chemotherapy (ChT) and/or
radiation (RT) are added to improve survival for patients
with operable NSCLC. Adjuvant ChT seems to offer an
overall absolute benefit of 4-5% (2-4). The Spanish Lung
Cancer Group (SLCG) developed the Spanish Customized
Adjuvant Therapy (SCAT) trial, a multicenter trial in which
500 completely resected p-stage II-IITA NSCLC patients
were randomized to receive standard adjuvant ChT or, in
the experimental arm, three different therapeutic schemes
based on levels of tumor BRCA1 expression (SLCG-SCAT
trial) (5).

CR is a common inclusion condition in most trials
analyzing adjuvant treatment. The International Association
for the Study of Lung Cancer (IASLC) proposed in 2005
a definition of CR for NSCLC (6). Systematic nodal
dissection (ND) or lobe-specific nodal dissection (LSND)
are widely recommended, the latter implying dissection and
histological examination of intrapulmonary (regions 11 and
following) and hilar (region 10) nodes and at least, three N2
regions depending on lobar location of the primary tumor.
Analysis of regions 7 and 10 is mandatory regardless tumor
location. Minimal number of resected lymph nodes is 3
from N1 and N2 regions.

In this study we performed a surgical audit of patients
from the SLCG-SCAT trial database. Our main objective
was the assessment of CR criteria, with an in-depth
analysis of quality of lymphadenectomy. We also analyzed
the pattern of tumor lymphatic widespread according to
location and histologic subtype, and the prognostic role of
different patterns of hilar and mediastinal involvement.

We present the following article in accordance with the
STROBE reporting checklist (available at: http://dx.doi.
org/10.21037/tler-20-1055).

© Translational Lung Cancer Research. All rights reserved.

Methods
SCAT-SLCG trial consisted of a phase III multicenter

prospective randomized trial including patients with CR of
clinical NO NSCLC with incidental pathological hilar and/
or ipsilateral mediastinal lymph node involvement (pN1/
pN2). Patients were operated on between July 2007 and
May 2013. Additional inclusion criteria included: Karnofsky
index (KI) >70, completely recovered from surgery within
6 weeks, no prior RT or ChT, age >18 years and signed
informed consent. Previous oncological disease within
five years before surgery or neoadjuvant ChT and/or RT
were exclusion criteria. Patients were randomized into
two groups: patients in the control arm received adjuvant
treatment with docetaxel-cisplatin while those in the
experimental arm received gemcitabine-cisplatin, docetaxel-
cisplatin or docetaxel depending on tumor BRCA1
expression level. Stratification factors were N1 vs. N2,
histology (squamous/non-squamous), extent of resection
(lobectomy vs. pneumonectomy) and BRCA1 levels and
quartile distribution. Primary endpoint was disease-free
survival (DFS). Secondary endpoints were survival, toxicity
profiles and recurrence pattern. Statistical hypothesis:
randomization 1:3 (control/experimental arms); accrual: 432
patients; 5-year survival rate 45% for the control group,
with an absolute improvement of 20% in the experimental
group; 80% powered; two-sided type I error of 5%; and
anticipated loss of 10% cases.

Patients from SLCG-SCAT trial in whom a complete
pathologic report with information about hilar and
mediastinal lymph node dissection (LND) was available
were included for our study. We retrospectively analyzed
information prospectively collected on the tumor (location,
stage, histological classification), type of resection, and
postoperative morbidity and mortality (30 and 90 days), and
collected a large amount of data related to LND (including
number of lymph nodes assessed and involved by tumor
in each intrapulmonary, hilar and mediastinal region). For
the design of database, surgeons from the SLCG actively
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Table 1 Anatomic and pathological data of the whole series

Variables Number, n (%)
Total 451 (100.0)
Type of resection
Lobectomy 310 (68.7)
Bilobectomy 21 (4.7)
Left pneumonectomy 83 (18.4)
Right pneumonectomy 32 (7.1)
Wedge resection 1(0.2)
Segmentectomy 4(0.9)
Primary tumor location
Left lower lobe 78 (17.3)
Left upper lobe 153 (33.9)
Involving both left lobes 5(1.1)
Right lower lobe 59 (13.1)
Medium lobe 16 (3.5)
Right upper lobe 126 (27.9)
Right medium and lower lobes 9 (2.0)
Right medium and upper lobes 2(0.4)
Right hilum 1(0.2)
Non specified 2 (0.4)
Histology
Adenocarcinoma 223 (49.5)
Squamous carcinoma 198 (43.9)
Undifferentiated NSCLC 23 (5.1)
Adenosquamous 4 (0.9)
Pleomorfic carcinoma 3(0.7)
TNM classification (6" edition)
TIN1MO 51 (11.3)
T1IN2MO 38 (8.4)
T2N1MO 174 (38.6)
T2N2MO 118 (26.2)
T3N1MO 47 (10.4)
T3N2MO 23 (5.1)
Stage
A 51 (11.3)
B 174 (38.6)
A 226 (50.1)

NSCLC, non-small cell lung cancer.
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participated, in order to standardize terminology and variables
amenable to be analyzed. IASLC hilar and mediastinal
classification was used to properly name lymph node regions.

Statistical analysis

Student #-test was used to compare independent means.
Finally, we analyzed estimated overall survival (OS) and
DFS from date of surgery using Kaplan-Meier curves.
Multiple comparisons of survival curves were performed
using Benjamini-Hochberg-Yekutieli correction. Univariate
analysis to identify survival-related factors was performed
using Cox regression test. All patients underwent surgical
resection in high-volume departments of thoracic surgery
by surgeons with expertise in oncological procedures.

Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by institutional/regional/national ethics/
committee/ethics board of every hospital participating in
the trial (2007-000067-15) and informed consent was taken
from all the patients.

Results

Lympb node assessment

A total of 500 patients were included in the SLCG-SCAT
trial. Complete pathologic report was available in 451
(90.2%) of the whole series. Anatomic and pathological data
are summarized in Table 1. Table 2 provides information on
the analysis and involvement of lymph nodes from different
regions (level 1 to 14). On the whole series, in 33.7% of
cases region 7 was not assessed, while in 17.7% region 10
was not evaluated. Only 3.5% of patients had no N1 regions
biopsied. However, interlobar region (number 11) was not
evaluated in 49.9% of patients.

As we can see in Tables S1,5S2, in 19.6% of patdents less
than six lymph nodes were assessed, tearing up one of the
main criteria of quality of LND. Mean number of mediastinal
regions assessed was 3.82 (range, 1 to 10). In 21.1% of patients,
lymph nodes from only one or two regions were obtained.

When we analyzed separately N1 and N2 regions, we
found that in 53.4% of patients only one N1 region was
assessed. The mean number of N1 lymph nodes analyzed
was 5.78, with a median of 5 (range, 0-24).
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Table 2 Number of lymph node regions and lymph nodes resected and involved from hilar and mediastinal regions 1 to 14

LN region
Variables
1 2 3 4 5 6 7 8 9 10 11 12 13 14
No LN resected (NP) 440 404 406 282 271 393 152 361 279 80 225 411 438 450
At least one LN resected (NP) 11 47 45 169 180 58 299 90 172 371 226 40 13 1
Absolute number of LN resected 23 152 113 581 489 107 887 140 257 1,720 675 177 33 1
Medium of LN resected 2.09 323 251 344 272 184 297 156 149 464 299 443 254 1.00
Number of LN involved
0 7 37 32 119 126 51 235 83 157 93 116 14 6 1
1 3 6 10 30 37 6 40 5 15 159 71 17 6 0
2 0 2 1 9 8 1 13 1 0 67 23 5 1 0
>3 1 2 2 11 9 0 11 1 0 52 16 4 0 0
Medium of involved LN 0.64 0.36 0.42 0.57 0.48 0.14 038 0.13 0.09 1.29 0.80 1.30 0.62 0.00
Involved LN/resected LN (%) 304 112 168 165 176 75 130 86 58 279 26.7 294 242 0.0

LN, lymph node/s; NP, number of patients.

Regarding N2 regions, a median of 2 stations were
analyzed (range, 0 to 7). In 42 patients (9.3%) no N2
regions were assessed. In 47.9% of patients, at least three
N2 regions were biopsied, which is a mandatory IASLC
criterion for considering CR. A median of five N2 lymph
nodes were resected (range, 0-28).

In terms of tumor-positive regions and lymph nodes,
we found that 304 patients (67.4%) had one station
involved, and 203 patients (45%) had only one lymph
node affected. A total of 272 patients (60.3%) had only
N1 disease, while 75 patients (16.6%) presented only
N2 involvement (skip metastases). However, 16 patients
without N1 regions assessed had N2 involvement (i.e., 21%
of patients considered as having skip metastases had no N1
regions evaluated). When reviewing 179 patients with N2
involvement, we found that 16 (8.9%) had no N1 regions
biopsied, 98 (54.7%) had only one and 65 (36.4%) had two
or more regions analyzed.

Of 272 patients with N1 disease only, 246 (90.4%) had
only one NI region affected. Furthermore, of 75 patients
with N2 involvement only, 58 (77.3%) presented single-
station disease. We also found that of 409 patients with
any N2 lymph node resected, N2 was the highest region
involved in 120 (29.3%) of them.

The absolute number of lymph nodes resected was
higher among patients undergoing pneumonectomy than
in those undergoing lobectomies or bilobectomy (mean 13

© Translational Lung Cancer Research. All rights reserved.

vs. 11.5 lymph nodes, P=0.03). Likewise, both the number
of regions and lymph nodes affected were higher for
adenocarcinomas (P<0.05).

No differences were found regarding type of resection,
histology and T-stage between patients with only N1, only
N2 and N1+N2 disease. However, both the number of
mediastinal regions assessed and affected, and the number
of lymph nodes resected and affected were significantly
higher in patients with N1+N2 disease than those with
solely N1 or N2 involvement. Moreover, the more number
of lymph nodes assessed, the higher rate of N1+N2 disease.

Next, we analyzed distribution of mediastinal regions
assessed and involved regarding location of primary tumor
(Tables S1,S2). We found different patterns of lymph nodes
dissection. For example, for tumors in the right upper lobe
(n=126), we found that regions 2R, 4R, 7 and 11R were assessed
in 20.6%, 69.9%, 67.5% and 47.6% of patients, respectively.
Similarly, for tumors located in the left lower lobe (n=78), at
least one lymph node from regions 5, 6, 7 and 10 L was resected
in 14.1%, 23.1%, 65.4% and 80.8% of patients, respectively.
The pattern of lymph node region involvement regarding
the location of primary tumor offers useful information about
unsteady loco-regional spread of lung cancer.

Surgical morbidity and mortality

Morbidity rate was 27.7% (125 patients), being air leak
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(5.1%) and arrhythmias (3.8%), the complications most
frequently described. Given that mortality within six weeks
after surgery was an exclusion criterion, we do not have
30-day mortality rate. However, the 42- to 90-day mortality
rate was 1.8% (8 patients, 3 of them due to sudden death).

os

Median follow-up was 52.3 months. A total of 212 patients
(47%) died during the follow-up. Figure I shows the
OS curves for the whole series (Figure 14) and divided
according to N1 and/or N2 involvement (Figure 1B).
Median OS was 79.3 months (95% CI: 63.7-106.4 months).
Two-year OS was 76.7% (95% CI: 72.4-80.3%). Five-year
OS was 55.7% (95% CI: 50.8-60.3%). Differences were
found in OS regarding type of lymph node involvement
(N1, N2 or both). When analyzing these groups in pairs,
differences were found only between N1+N2 involvement
and N1 disease only. The outcome of patients with skip
metastases was similar to those with N1 and N2 disease.
Median survival was 42.7 and 65.2 months for patients with
N1+N2 and N2 only disease, respectively. Median was not
reached among patients with only N1 involvement. Five-
year OS for the three groups was 61.7% (95% CI: 55.4-
67.4%), 51.5% (95% CI: 39.2-62.4%) and 42.3% (95%
CI: 32.1-52.2%) for patients with N1, N2 and N1+N2
disease, respectively (P=0.02). Among patients with one
or more N2 regions biopsied, no differences were found
in survival in terms of the total number of N2 regions
evaluated (P=0.97). Similarly, among patients with at least
one N1 regions biopsied, number of regions did not affect
OS (P=0.25). Table 3 shows the univariate model using Cox
regression to evaluate the impact of pathological factors
on OS. The number of mediastinal regions assessed did
not affect OS. Patients with more than eight lymph nodes
resected showed significant better overall survival (P=0.03).
Both the number of regions involved and the number of
tumor-positive lymph nodes were significantly related
to a worse prognosis. Likewise, multistation N2 disease
indicated a poor prognosis, with a hazard ratio (HR) of 2.16
(1.41-3.32: P<0.001). Type of resection did not appear to
affect prognosis. Histology other than adenocarcinoma
and squamous disease (30 cases) had a better prognosis

(P=0.03).

DFS
Median DFS was 36.6 months (95% CI: 26.7-45.8). Two-
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and five-year DFS was 58.1% (95% CI: 53.3-62.5%) and
41.3% (95% CI: 36.6-45.8%), respectively. During the
follow-up, 222 patients (49.2%) experienced disease relapse,
being lung, lymph nodes and bone the most frequent foci
of progression. In 148 cases (66.7%) progression involved
a single site. No major differences were found in the
pattern of progression regarding lymph node involvement.
However, tumors with only N1 involvement showed
significantly higher lymph node progression than those with
only N2 or N1+N2 disease.

Figure 2 shows DFS curves for the whole series
(Figure 2A4) and for the three groups with N1, N2 and
N1+N2 disease (Figure 2B). As in OS, significant differences
were found between patients with N1+N2 disease and
those with N1 involvement only. No significant differences
were found in other comparisons between groups. Median
DEFS was 44.6, 38.1 and 24.7 months for patients with N1,
N2 and N1+N2 disease, respectively. Five-year DFS was
45.8% (95% CI: 39.7-51.6%) for N1, 40.1% (95% CI:
28.8-51.1%) for N2 and 30% (95% CI: 21.2-39.3%) for
NI1+N2.

Table 4 shows the univariate model using Cox regression
to evaluate the impact of pathological factors on DFS.
Number of mediastinal regions assessed did not affect OS.
The number of lymph nodes resected was significantly
associated with worse DFS (P=0.018). Again three or more
regions involved and three or more lymph nodes with
tumor associated worse prognosis in terms of DFS. Again,
multistation N2 was associated with worse DFS, with an
HR of 1.65 (1.41-2.46; P=0.013). Pneumonectomy was
associated with better DFS rates with an HR of 0.38 (0.20-
0.72; P=0.002). Finally, squamous cell carcinoma and other
histological subtypes had worse prognosis in terms of DFS
compared to adenocarcinoma (P=0.02).

Discussion

Surgery still remains the most effective treatment with
curative purpose for early-stage (IA-IIB) and selected cases
of stage III NSCLC. Adjuvant therapy attempts to eradicate
the remaining cancer cells in a subset of resected patients in
order to achieve cure in a higher number of cases. However,
it is difficult to predict who will benefit from adjuvant
treatment.

Careful pathological staging is mandatory to better
predict prognosis, facilitate patient selection for adjuvant
regimen, avoid biases and permit proper comparisons of
treatment outcomes among trials (7).
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Table 3 Overall survival according to anatomic and pathological characteristics

Variables N Exitus, n (%) HR 95% Cl P value
Total 451 212 (47.0)
Histological subtype 0.089
Adenocarcinoma 223 110 (49.3) (baseline)
Squamous cell carcinoma 198 94 (47.5) 0.906 0.688 1.194 0.485
Others 30 8 (26.7) 0.450 0.219 0.924 0.030
Type of resection* 0.256
Lobectomy 331 162 (48.9) (baseline)
Pneumonectomy 115 48 (41.7) 0.829 0.601 1.145
Assessed regions 0.345
<3 95 50 (52.6) (baseline)
3-4 212 97 (45.8) 0.800 0.569 1.126 0.201
>5 144 65 (45.1) 0.778 0.538 1.125 0.182
Resected lymph nodes 0.073
<8 143 79 (55.2) (baseline)

8-14 184 79 (42.9) 0.708 0.518 0.968 0.030
>15 124 54 (43.5) 0.749 0.529 1.059 0.101
Involved regions <0.001

1 304 132 (43.4) (baseline)
2 112 55 (49.1) 1.245 0.908 1.706 0.174
>3 35 25 (71.4) 2.498 1.621 3.851 <0.001
Involved lymph nodes 0.015
<3 310 135 (43.5) (baseline)
>3 141 77 (54.6) 1.416 1.070 1.875
N-stage 0.002
Only N1 272 113 (41.5) (baseline)
Only N2 75 38 (50.7) 1.298 0.898 1.875 0.165
N1 and N2 104 61 (58.7) 1.739 1.271 2.380 0.001
Involved N2 regions 0.001
0 272 113 (41.5) (baseline)
1 140 73 (52.1) 1.393 1.037 1.872 0.028
>2 39 26 (66.7) 2.162 1.410 3.317 <0.001
Involved regions <0.001
Any N2 272 113 (41.5) (baseline)
One N2/no N1 58 29 (50.0) 1.273 0.846 1.914 0.247
One N2/>1 N1 82 44 (53.7) 1.490 1.050 2114 0.026
>2 N2/no N1 17 9(52.9) 1.385 0.702 2.730 0.348
>2 N2/=1 N1 22 17 (77.3) 3.101 1.853 5.188 <0.001

*, 5 missed cases were sublobar resections. HR, hazard ratio.
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Figure 2 Disease-free survival (DFS). (A) Whole series. (B) Classified by hilar/mediastinal lymph node involvement.

The standard surgical approach to resectable early-
stage NSCLC is anatomical resection and mediastinal
LND. Types of anatomic resection (typical segmentectomy,
lobectomy, bilobectomy or pneumonectomy) are well
defined. However, the approach to mediastinal surgical
staging is rarely established when designing trials.

Most important randomized studies evaluating the role
of ChT in surgical series are imprecise when defining
eligibility criteria with respect to mediastinal LND (2,4,8,9).

The next two steps in the evaluation of the role of
adjuvant ChT were the selection of the subset of patients
who may benefit more, and the selection of targeted
therapies according to patient and tumor characteristics.
In this respect, the SLCG developed the SCAT Ph III
trial, assessing the role of adjuvant Ch'T based on BRCAL1
levels in NSCLC node-positive resected patients, under
the hypothesis that analysis of the expression of the genes
involved in DNA repair could be used to individualize

© Translational Lung Cancer Research. All rights reserved.

optimal ChT drugs and regimens. Patients undergoing RO
major resection (lobectomy/pneumonectomy) of NSCLC
with pathological N1 and/or N2 nodal status were included.
Detailed information regarding the surgical lymph node
approach was available in 90.2% of patients. Insufficient
data was available for 49 patients included for the analysis
of the main trial endpoint (targeted adjuvant treatment
regimens). The first idea to bear in mind is that the trial
analyzed a cohort of patients with preoperative unsuspected
pathological N disease in which LND demonstrated this
involvement. Homogeneous algorithms of preoperatory
mediastinal staging were not mandatory for the inclusion
of patients. Thus, some patients included could have not
been properly staged preoperatively so that they could
be amenable to received neoadjuvant treatment. The
ability of surgeons to identify N disease among patients
with clinical NO NSCLC cannot be evaluated here. LND
among patients of our series had enough quality to detect N
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Table 4 Disease free survival regarding anatomic and pathological issues. Cox univariate analysis

Variables N Progression or exitus, n (%) HR 95% ClI P value
Total 451 272 (60.3)
Histological subtype 0.002
Adenocarcinoma 223 151 (67.7) (baseline)
Squamous cell carcinoma 198 111 (56.1) 0.728 0.570 0.931 0.012
Others 30 10 (33.3) 0.381 0.201 0.724 0.003
Type of resection* 0.041
Lobectomy 331 209 (63.1) (baseline)
Pneumonectomy 115 58 (50.4) 0.829 0.552 0.988
Assessed regions 0.169
<3 95 64 (67.4) (baseline)
3-4 212 128 (60.4) 0.815 0.603 1.100 0.181
>5 144 80 (55.6) 0.731 0.526 1.016 0.062
Resected lymph nodes 0.018
<8 143 100 (69.9) (baseline)
8-14 184 104 (56.5) 0.710 0.539 0.934 0.014
>15 124 68 (54.8) 0.688 0.506 0.937 0.018
Involved regions 0.001
1 304 174 (57.2) (baseline)
2 112 69 (60.7) 1.140 0.861 1.508 0.361
>3 35 30 (85.7) 2.157 1.460 3.187 <0.001
Involved lymph nodes 0.033
<3 310 176 (56.8) (baseline)
>3 141 96 (68.1) 1.311 1.022 1.681
N-stage 0.013
Only N1 272 153 (56.3) (baseline)
Only N2 75 46 (61.3) 1.131 0.813 1.573 0.464
N1 and N2 104 73 (70.2) 1.523 1.151 2.014 0.003
N2 involved regions 0.022
0 272 153 (56.3) (baseline)
1 140 90 (64.3) 1.266 0.975 1.643 0.076
>2 39 29 (74.4) 1.654 1.111 2.462 0.013
Involved regions 0.004
No N2 272 153 (56.3) (baseline)
One N2/no N1 58 36 (62.1) 1.165 0.810 1.675 0.409
One N2/>1 N1 82 54 (65.9) 1.345 0.986 1.835 0.062
>2 N2/no N1 17 10 (58.8) 1.023 0.540 1.940 0.945
>2 N2/>1 N1 22 19 (86.4) 2.462 1.524 3.977 <0.001

*, 5 missed cases were sublobar resections. HR, hazard ratio.
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disease.

The IASLC has established minimum recommendations
regarding surgical evaluation of lymph node involvement in
NSCL (6). Rates of attainment of these recommendations
define nodal staging quality. Analysis of large databases
from different countries and groups are discouraging: 50%
of resections for NSCLC did not include N2 lymph nodes
(10,11). Up to nearly 20% failed to examine any lymph
node (12). Up to 20% showed no N1 regions assessed (13)
and pNO patients did not accomplish the minimum
criteria for mediastinal assessment (14). In our series, if
we focus on lymph node stations whose evaluation is fully
recommended, we find that 33.7% and 17.7% of regions 7
and 10 respectively, were not assessed. Furthermore, 15.4%
of patients with N1 involvement only had no N2 regions
biopsied, and 20.2% had only one N2 region evaluated.
Finally, in less than half of the patients three or more N2
regions were assessed, as recommended.

The role of surgical mediastinal lymph node assessment
has been widely analyzed in early-stage NSCLC. Data
suggest that the higher the number of lymph nodes
evaluated, the better the survival outcomes (15). However,
among patients with hilar and/or mediastinal pathologic
lymph node involvement, the focus moves to the role of
adjuvant therapies, regardless of the extension of lymph
node disease. Beyond N1 (stage II) or N2 (stage IIIA)
disease, further classifications have been proposed for
pathological N-positive NSCLC. Legras et al. [2014]
analyzed patients with NSCLC undergoing curative
resection with complete mediastinal LND in two French
centers over 29 years. Among pN2 patients, the combination
of N1 involvement and number of involved N2 stations
were independent prognostic factors (16). Zheng et al. [2011]
reappraised N2 disease and found differences in survival
regarding lymphatic drainage pattern (17). Finally, Yoo
et al. [2015] found that the number of pathologic lymph
nodes involved was an independent prognostic factor for OS
and DFS among patients with IITA-N2 NSCLC undergoing
CR (18). In our series, survival differences were found
when comparing N1 versus N1+N2 disease. The role of the
type of LND as a confounding factor should be assessed in
clinical trials evaluating outcomes of patients undergoing
surgery for NSCLC. In this respect, Smeltzer et a/. [2018]
analyzed more than two thousand patients undergoing
surgical resection for NSCLC and detected different
patterns of LND, demonstrating that the prognostic
value of pN stratification depends on the thoroughness of
examination (19). The authors recommended that future
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updates of TNM staging system should include more
quality restraints.

The role of skip metastases (i.e., N2 involvement
without N1 disease) has also been widely analyzed. Yazgan
et al. [2018] found similar survival rates among patients
with N1 disease and single-station N2 disease without
N1 involvement (20). The analysis of information from
the IASLC database led it to recommend the recording of
the number of metastatic lymph nodes (or stations) and to
further classify the N category using a new proposal of N1
and N2 sub-classification (21). Even the examination of
regions 13 and 14 (only available in the surgical specimen)
seems to play a role in better selection of N-positive
patients and probably in survival itself (22). In our series,
75 patients (16.6%) were presented as having only N2
involvement. However, when analyzed in detail, 16 of these
patients we could consider having skip metastases (21%)
had no N1 regions evaluated. Furthermore, when reviewing
179 patients with N2 involvement, we found that 16 (8.9%)
had no N1 regions biopsied, 98 (54.7%) had only one
and 65 (36.4%) had two or more regions analyzed. Thus,
we consider that N1 lymph node assessment in particular
was suboptimal in our study. Interlobar region is the most
proximal station that is usually biopsied separately from the
surgical specimen when the surgeon performs a lobectomy.
Stations 12 to 14 are intrapulmonary, so they are completely
resected with the lobe, being frequently identified by the
pathologist in the lab. Therefore, lymph nodes from region
11 are sometimes considered a type of sentinel node.
Moreover, for many authors, assessment of region 11 and
detection of lymph node involvement at this level could
even explain the better results of lobectomy over sublobar
resections (23). In our series, in nearly half of the patients
(49.8%) region 11 was not assessed.

As we have seen, another IASLC requirement for a
surgical CR is the absence of tumor in the highest resected
lymph node (6). Moreover, IASLC recommends the
isolation and specific labelling of the highest resected lymph
node. Despite this is a factor usually overlooked when
analyzing survival in resected NSCLC, it has been properly
validated (24). In our series, nearly 30% of 409 patients
with any N2 lymph node resected showed involvement of
the highest region removed.

In our univariate model, the number of mediastinal
regions evaluated did not affect OS. The number of
resected lymph nodes was associated with a better prognosis
but did not reach statistical significance. The number of
regions and lymph nodes involved was associated with
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lower OS rates. Combined N1-positive and one N2 region
affected had an HR of 1.49 (P=0.026). The HR for N1 and
more than one mediastinal region affected increased to 3.101
(P<0.001). However, in our series, N2 involvement with
negative N1 (skip metastases) did not affect OS. A major
limitation of this finding is the aforementioned rate of
“false-skip metastases”. Furthermore, our cohort of patients
is different from most studies analyzing mediastinal LND,
provided that pNO patients are usually included, being in
many cases the target of those studies.

In our series mediastinal regions examined for location
of the primary tumor did not follow international
recommendations with respect to lobe-specific mediastinal
LND. The heterogeneous pattern of disease spread found
in our study is consistent with that of Liang ez a/. [2018]
showing that, among pN2 patients, each mediastinal region
can be involved in more than 5% of cases, and advocating
systematic mediastinal LND as the preferred procedure for
surgical mediastinal evaluation (25).

Two frequently underestimated cornerstones when
defining lymph node regions are surgical and pathological
issues. A well-defined and widely accepted mediastinal
lymphatic map is based on radiological static anatomic
landmarks. Boundaries in the surgical field are not
so precise, provided that tissue mobilization during
dissection shifts lymph nodes. Moreover, mediastinal tissue
extends as a continuous network without well-defined
boundaries. With respect to the pathological approach, no
universal criteria for measuring the quality of lymph node
examination quality are available. Management and labeling
of samples are not always standardized. Interventions aimed
at surgical and pathology teams have proven to improve
the quality of nodal staging of NSCLC (26). Interesting
findings in our series are those related to N1 evaluation.
The highest number of lymph nodes obtained was from
region 10 (median 4.64). Anatomic landmarks in this region
are limited. The gap between region 11 and region 4R (right
side) and 5 (left side) in which 10 lymph nodes are located
is, in the surgeon’s eyes, quite small (when compared to
other N1 and N2 regions). Another noteworthy finding is
that region 12 was only assessed (usually once the specimen
had been excised) in 9% of resections. However, a mean of
4.4 lymph nodes were separated and almost 30% of them
were positive, suggesting that the more accurately the
specimen is managed, the more information that may be
obtained. Even sublobar node collection (regions 13 and 14)
has been proven to be a prognostic factor for completely
resected pNO cases (22).
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Another major limitation when analyzing a surgical
series is the fact that postoperative mortality cannot
be evaluated. Only patients with a good clinical status
and having properly completed adjuvant treatment
after six weeks were included. Even for surgical
series, the trial design usually focuses on oncological
aspects more than surgical issues that could work as
confounding factors when evaluating outcomes. In
our series, rate of pneumonectomies was 25.5%. A
30-day mortality rate for pneumonectomy of 5-20% has
been classically reported in the literature and thus we
consider it an important confounding bias. A significant
morbidity rate of 27.7% has been reported in the
literature. Furthermore, eight patients died between days
42 (6 weeks) and 90, a period within which first cycle of
adjuvant ChT is usually administered. We think that the
presence of three cases of sudden death requires additional
investigation.

OS and DEFS rates were similar to other comparable
trials. Five-year OS was 55.7% while 5-year DFS was
41.3%. As expected, mediastinal lymph node involvement
was associated with a worse prognosis. OS was 61.7%,
51.5% and 42.3% for patients with N1 only, N2 only
and N1+N2 disease. Five-year DFS was 41.3%. Again,
DEFS rates decreased with lymphatic spread (45.8% for
N1, 40.1% for N2 and 30% for N1+N2). Interestingly,
when analyzing in pairs, only the combination of N1+N2
involvement significantly influenced prognosis. Skip
metastases were not associated with a worse prognosis. The
number of mediastinal regions assessed did not affect OS,
but the number of lymph nodes resected was significantly
associated with a better prognosis in terms of OS and DFS.
This seems to oppose our results showing that the more
accurate the LND, the higher the likelihood of detecting
N1+N2 disease (and therefore, a prediction of worse
prognosis). We found that detection of N positive disease
after resection of less than 8 lymph nodes, was associated
to worse prognosis when compared to DFS of patients
subjected to a more accurate lymphadenectomy, suggesting
that detection of low number of N-positive lymph nodes
after a more accurate LN-dissection (meaning higher
number of lymph nodes resected) may identify a cohort of
patients with better prognosis. The use of the number of
tumor-positive lymph nodes resected as a prognostic factor
in NSCLC patients has been previously reported (27,28).
The lack of a relationship between the type of resection
and prognosis suggests that resection of the primary tumor
is well established and was properly performed. Only
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pneumonectomy was related with better DFS rates, but with
no differences on OS. Nevertheless, we should not forget
that the number of lymph nodes assessed was significantly
higher in pneumonectomies than in lobectomies or
bilobectomies. Adenocarcinoma was associated with better
outcomes than other non-small cell histological subtypes.

In conclusion, after evaluating the quality of surgical
issues relating to hilar and mediastinal examination
in our SCAT trial series, we found that international
recommendations were not considered for the design of
the trial and were not followed in a high proportion of
surgical procedures. Hilar and mediastinal lymph node
assessment and involvement showed to impact prognosis.
Important issues for the analysis of a surgical series, such
as postoperative mortality, could not be evaluated owing
to trial design. Even when it comes to analyze systemic
treatments, in the face of a surgical series, surgical audit of
the minimum quality criteria defined by the IASLC must
be followed. The role of surgeons throughout the design of
trials and control of potential biases in terms of the surgical
procedure itself seems essential.
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