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Abstract

Purpose The role of surgery for patients with non-small
cell lung cancer (NSCLC) with clinical mediastinal lymph
node metastasis (N2) remains controversial. We specified
4 criteria for performing initial surgery in these patients
(single-station N2, non-bulky N2, N2 with regional mode
of spread, and N2 without N1) and examined the outcomes
to validate the treatment options.

Methods Between September 2002 and December 2010,
of 1290 patients who underwent complete resection for
NSCLC, 808 patients underwent initial standard resec-
tion, including 779 patients with cNO-1 and 29 with cN2.
We compared the outcomes, and evaluated patients with
cN2-—pN2.

Results The median follow-up was 45.5 months
(3-119 months). Seventy (9.0 %) and 24 (82.8 %) patients
had p-N2 in the c¢cNO-1 and cN2 groups, respectively
(p < 0.0001). The 5-year disease-free survival (DFS)
rates in the cNO-1 and cN2 groups were 73.3 and 50.6 %,
respectively (p = 0.0053), and the 5-year overall survival
(OS) rates were 81.3 and 71.1 %, respectively (p = 0.051).
The 5-year DFS and OS of patients with ¢cN2—pN2 were
52.5 and 72.6 %, respectively.

Conclusions Patients with clinical N2 disease based
on our criteria represent a highly specific group with a
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favorable prognosis. Resection should therefore be the ini-
tial treatment for these patients.

Keywords Lung cancer - Lymph node dissection -
Single station - Fluorodeoxyglucose-positron emission
tomography

Introduction

Most patients with locally advanced non-small cell lung
cancer (NSCLC) with mediastinal lymph node (N2)
involvement develop distant or local relapse shortly after
primary treatment [1, 2]. Surgery alone is not generally
recommended for patients with NSCLC with clinically
manifested mediastinal lymph node metastasis (cN2/pN2).
Instead, induction chemotherapy or chemoradiotherapy fol-
lowed by surgery is the currently accepted regimen for the
treatment of patients with N2 disease. Although some stud-
ies [3-6] have reported the outcomes of chemotherapy or
chemoradiotherapy followed by surgery in clinical trials,
the role of surgery for the treatment of this disease remains
controversial.

Furthermore, several studies have demonstrated that
patients with single-station N2 disease have a better prog-
nosis than those with multiple-station N2 disease [7-10].
However, those studies predominately investigated the
prognosis of patients with pathological single-station N2
disease, and so the prognosis of patients with clinical sin-
gle-station N2 disease has not yet been elucidated. Accord-
ingly, the aim of this study was to examine the outcomes
of initial surgery in patients with NSCLC with clinical N2
disease who met our specific 4 criteria (single-station N2
disease, non-bulky N2 disease, N2 disease with regional
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mode of spread, or N2 disease without N1 disease) and to
validate the treatment options for these patients.

Methods
Patients

Between September 2002 and December 2010, 1290
patients underwent complete resection for NSCLC at the
Shizuoka Cancer Center Hospital. Complete resection was
defined as the removal of the primary tumor and all acces-
sible hilar and mediastinal lymph nodes with no residual
tumor (resection of the macroscopic tumor with tumor-
free resection margins on microscopic analysis). Of these
patients, 809 patients underwent standard resection (lobec-
tomy, bilobectomy, or pneumonectomy). Any patients who
underwent minor resection were excluded. Systematic
lymph node dissection was routinely performed, but lobe-
specific nodal dissection was performed in cases of co-
morbidities [11]. We excluded 1 patient with pN2 who had
received induction therapy prior to surgery. Accordingly,
808 patients were included in the analysis.

Prior to surgery, all patients with potentially resectable
NSCLC underwent fluorodeoxyglucose-positron emission
tomography (PET—CT). The criterion for lymph node posi-
tivity was a shortest nodal diameter of >10 mm on CT and
a metabolic activity of nodes higher than that of adjacent
normal mediastinal and soft tissue on PET-CT. Patients
with N2 disease were diagnosed by thoracic surgeons and a
pulmonary radiologist.

Originally, we specified the following 4 criteria for
performing initial surgery for patients with NSCLC with
clinical N2 disease: single-station N2 disease, non-bulky
N2 disease, N2 disease with regional mode of spread, and
N2 disease without N1 disease. Only patients who fulfilled
all of these criteria underwent initial surgery. According
to these criteria, 29 patients had clinical N2 disease with
unknown pathological N2 status disease.

We compared these 29 patients with cN2 (cN2 group)
to 779 patients with cNO-1 (cNO-1 group). Data on age,
sex, smoking index, histology, carcinoembryonic antigen
(ng/mL), pT status, pN status, surgical procedure, lymph
node dissection, type of resection, disease-free survival
(DFS), and overall survival (OS) were recorded and ana-
lyzed. Additionally, we evaluated the clinicopathological
and prognostic patients with cN2—pN2 disease (cN2—pN2
group).

The indications for adjuvant therapy after surgery were
as follows: an age of less than 75 years, a performance sta-
tus 0—1, no major surgical complications, and no intersti-
tial lung disease. The most common regimen of adjuvant
therapy was cisplatin and vinorelbine.
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Outcomes and statistical analyses

OS and DFS were used as the endpoints. OS was defined as
the time between surgery and death from any cause. DFS
was defined as the time between surgery and locoregional
or distant relapse or death. Data on patients who died due
to causes other than lung cancer were censored.

The associations between variables were analyzed using
the x? test and Student 7 test. Survival curves were gener-
ated using the Kaplan—-Meier method, and differences
between subgroups were examined using the log-rank test.
A probability value of <0.05 was considered significant.
All statistical calculations were performed using JMP for
Windows (SAS Inc., Cary, NC, USA).

Results

The median follow-up time was 45.5 months
(3-119 months). Table 1 shows the comparison of the
patient characteristics between the cN2 group and the
cNO-1 group. The cN2 and cNO-1 groups did not differ
with regard to age, sex, smoking index, or histology. The
presence of pathological T factor was significantly more
frequently observed in the cN2 group than in the cNO-1
group (p = 0.0016; Table 1). There were 70 patients
(9.0 %) with p-N2 in the cNO-1 group and 24 patients
(82.8 %) with pN2 in the cN2 group (p < 0.0001). A sig-
nificantly higher number of patients underwent ND2a-2 in
the cN2 group than in the cNO-1 group. Only 1 patient in
cN2 group underwent pneumonectomy.

Figure 1 shows the 5-year DFS and OS. The 5-year DFS
rates in the cNO-1 and cN2 groups were 73.3 and 50.6 %,
respectively (p = 0.0053). The 5-year OS rates in the
c¢NO-1 and cN2 groups were 81.3 and 71.1 %, respectively
(p =0.051).

Table 2 shows the lymph node involvement in patients
with clinical single-station N2 disease. Of those with clini-
cal N2 disease, 24 patients had cN2—pN?2 disease and 5 had
cN2—pNO disease (false-positive result).

Table 3 shows the patient characteristics of the cN2—pN2
group. There were only 4 patients with pN1 (hilar; #10 or #11)
in the ctN2—pN2 group. There were 16 patients (75 %) with
single-station N2 and only 6 patients (25 %) with multiple-sta-
tion N2 in the cN2-pN2 group. Eleven patients (45.8 %) in the
cN2-pN2 group underwent adjuvant chemotherapy.

Figure 2 shows the 5-year DFS and OS of patients in the
cN2—pN2 group. The 5-year DFS and OS rates of patients
with ctN2-pN2 were 52.5 and 72.6 %, respectively.

Table 4 shows the pattern of recurrence in patients with
cN2—pN2. Of 24 patients with cN2—pN2 disease, 11 had
recurrence. The pattern of recurrence was local and distant
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Table 1 Comparison of the patient characteristics between the cN2
group and the cNO-1 group

cNO-1 group cN2 group p value
(n="1779) (n=29)
n % n %
Age, years; median (range) 66 (20-89) 59 (42-28) 0.97
Sex 0.44
Male 460 59.2 21 70.8
Female 319 409 8 27.6
Smoking index 480 (0-5000) 780 (0-2580) 0.11
Histology 0.84
Adenocarcinoma 523 67.7 18 64.3
Squamous cell carcinoma 157 203 7 25.0
Others 93 120 3 10.7
Others
Carcinoembryonic antigen 2.9 (0.5-604) 4.4 (0.7- 0.076
(ng/mL) 174.0)
pT 0.0016
pT1 387 499 5 17.2
pT2 303 38.7 16 55.1
pT3 83 10.7 8 27.6
pT4 5 0.7 0 0
pN <0.0001
pNO 586 75.7 3 10.3
pN1 117 15.1 2 6.9
pN2 70 9.0 24 82.8
pN3 1 0.1 0 0
Surgical procedure 0.26
Lobectomy 709 92.1 25 86.2
Bilobectomy 26 34 3 10.3
Pneumonectomy 35 4.6 1 35
ND 0.015
ND2a-1 261 337 4 13.8
ND2a-2 511 66.0 24 82.8
ND2b 2 03 1 3.5

in 5 patients, and distant in 6 patients; none of the patients
showed local recurrence only.

We examined the EGFR mutation status for 6 patients
with recurrence and adenocarcinoma in the cN2-pN2
group. Three of these patients received tyrosine kinase
inhibitors after recurrence.

Discussion

Survival after tumor resection is poor in patients with cN2
disease in whom surgical staging is determined by using
CT or PET [1, 2, 8, 9]. Therefore, surgical resection for
patients with cN2 disease does not seem to be justified. The
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Fig.1 The 5-year disease-free survival and overall survival rates of
both groups. a The 5-year disease-free survival rates in the cNO-1
and cN2 groups were 73.3 and 50.6 %, respectively (p = 0.0053). b
The 5-year overall survival rates in the cNO-1 and cN2 groups were
81.3 and 71.1 %, respectively (p = 0.051)

current standard of care for stage IIIA NSCLC is concur-
rent chemoradiotherapy [12], with associated 5-year sur-
vival rates of approximately 15-20 % [13, 14]. Induction
therapy followed by surgical resection is considered a rea-
sonable alternative, although this has not yet been validated
and it should, therefore, be investigated further in a clinical
trial setting. Some studies have reported the outcomes of
chemotherapy or chemoradiotherapy followed by surgery
in a clinical trial setting [3—6]; however, the role of surgery
in the treatment of this disease remains controversial.
Induction therapy has several potential advantages, such
as an increase in the sensitivity of tumors in patients with
early-stage disease, a decrease in the tumor volume to ena-
ble better local control after subsequent surgery, a quicker
eradication of clinically undetected micrometastases, and
better tolerance and compliance than post-surgical treat-
ments [15]. However, induction therapy is also associated
with the disadvantages of increasing the likelihood of post-
operative complications or delaying surgery [5, 15]. These
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Table 2 Lymph node
involvement in the patients
with clinical single-station N2
disease

Station n pN2 p-sN2 p-mN2

4R 13 9 69.2 % 6 46.2 % 3 23.1 %
4L 1 100 % 1 100 % 0 0%

5 3 3 100 % 2 66.7 % 1 333 %
6 4 4 100 % 4 100 % 0 0%

7 8 7 87.5 % 6 75.0 % 1 12.5 %
total 29 24 82.8 % 19 65.5 % 5 172 %

Station lymph node station, p-sN2 pathological single-station N2, p-mN2 pathological multiple-station N2

Table 3 Patient characteristics of the cN2—pN2 group

cN2-pN2 group

(n=24)
n %
Age, years; mean (range) 63 (45-81)
Sex
Male 17 70.8
Female 7 29.2

Smoking index
Histology
Adenocarcinoma
Squamous cell carcinoma
Other
Carcinoembryonic antigen (ng/mL)
pT

880 (0-2580)

14 58.3
7 29.2
3 12.5

4.4 (0.7-174.0)
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pT1 3 12.5

pT2 13 54.3

pT3 8 333
pNI1

Positive 16 75.0

Negative 8 25.0
pN1 (hilar)

Positive 4 16.6

Negative 20 83.4
Station N2

Multiple 6 25.0

Single 18 75.0
Adjuvant chemotherapy

+ 11 45.8

- 13 54.2
Surgical procedure

Lobectomy 21 87.5

Bilobectomy 2 8.3

Pneumonectomy 1 4.2

pNI (hilar) #10 or 11 lymph node

disadvantages may be negated, however, if initial surgery is
performed for patients with cN2 disease.
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Fig. 2 The 5-year disease-free survival and overall survival rates
of the ctN2-pN2 group. a The 5-year disease-free survival rate of
patients with cN2—-pN2 was 52.5 %. b The 5-year overall survival rate
of patients with cN2—pN2 was 72.6 %

Table 4 The pattern of recurrence in the 11 patients with cN2—pN2
disease

Pattern of recurrence Number of patients

Local only 0
Local + distant 5
Distant 6

Since the opening of the Shizuoka Cancer Center in Sep-
tember 2002, we performed initial surgery in patients with
clinical N2 disease who met our specific criteria. Therefore,
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the sample of patients with cN2—pN2 disease who were
evaluated in this study was smaller than that described in
previous reports [7—10]. We only performed initial surgery
for the small number of cN2—pN2 patients who fulfilled our
predefined criteria.

The first criterion was single-station disease. Several
studies have shown that among patients with pN2 dis-
ease, those with pathological single-station N2 disease
have a better prognosis than those with pathological mul-
tiple-station N2 disease [7-10]. However, most of these
studies have investigated the prognosis of patients with
pathological single-station N2 disease and not the prog-
nosis of patients with clinical single-station N2 disease.
The sample of patients with pathological single-station
N2 disease who were evaluated in this study was smaller
than that in previous reports. Patients in the present study
routinely received PET-CT before surgery, whereas
patients in previous reports uncommonly received PET—
CT. PET-CT is very useful when we assess metastasis
of mediastinal lymph node [16, 17]. We believe the sam-
ple of patients with pathological single-station N2 dis-
ease who were evaluated in this study was smaller than
that in previous reports because they routinely received
PET-CT.

The second criterion for performing initial surgery in
patients with NSCLC with N2 disease was the presence of
non-bulky disease. Bulky N2 disease is generally defined as
involvement of lymph nodes with greater than 2 cm short-
axis diameter and implies extra-nodal involvement and
multi-station nodal disease. It is thought that bulky N2 dis-
ease cannot be resected, and therefore, these patients have
traditionally only been treated with conventional chemora-
diotherapy [12].

Our third criterion for surgery was regional mode of
spread. Several investigators [18-20] have reported the
identification of distinct patterns of metastatic spread
through the lymphatic system that are dependent on the
location of the primary tumors. Asamura et al. [18] reported
that tumors of the right lower lobe, with superior medias-
tinal metastasis, were associated with a particularly poor
5-year survival rate of 4.1 %. Aokage et al. [20] reported
that upper lobe tumors, with subcarinal metastasis, were
also associated with a poor 5-year survival of 9.1 %. We,
therefore, consider patients who demonstrate N2 disease
with non-regional mode spread to already have systemic
disease.

The last criterion for surgery was N2 disease without N1
disease, so called “skip N2” disease. Previous reports have
shown that, among patients with pN2 disease, those with
“skip N2” disease have a better prognosis than those with
N1 and N2 disease [21, 22]. Patients with pN1 (hilar) may
require either sleeve resection or pneumonectomy. There
were 4 patients (16.6 %) with pN1 (hilar) in the cN2—pN2

group, and this number was small. As a result, only 1
patient with cN2—pN2 disease underwent pneumonectomy.
Accordingly, we believe that hilar lymph node metastasis
is a poor prognostic factor for patients with pN2 disease,
and among these patients, those with cN2 disease showing
bulky N1 should not undergo initial surgery. Using these
4 criteria, patients with cN2—pN2 are, thus, considered to
have a favorable prognosis.

Previous reports have indicated that endobronchial
ultrasonography (EBUS) is useful for the diagnosis of
pN2 [17, 23]. Of 29 patients with c-N2 disease, 5 had
false-positive N2. If the patients with false-positive N2
had received EBUS of the mediastinal lymph nodes, they
might have been identified with pNO or pN1 before sur-
gery. However, they underwent initial surgery. In this
study, 6 patients (25 %) with cN2—pN2 disease had multi-
ple N2 stations, although this number is small. However,
if these patients had undergone EBUS, they might have
been identified as having multiple N2 station disease.
Subsequently, their therapy plan should include chemo-
radiation or induction therapy after surgery. Furthermore,
we performed initial surgery for a more highly selected
subset of patients with clinical N2 disease who fulfilled
our criteria.

Recently, an improved prognosis has been reported in
patients who are treated with adjuvant chemotherapy [24,
25]. A meta-analysis showed that cisplatin-based chemo-
therapy significantly improved the survival rates of patients
with NSCLC [25]. In our study, no patient had only local
disease at first recurrence, and we think that these patients
thus require adjuvant chemotherapy after initial surgery.
According to the findings of the aforementioned meta-anal-
ysis, 11 patients with cN2—-pN2 disease were not able to
receive adjuvant chemotherapy (5 had severe complications
and a poor performance status, 3 were more than 75 years
old, 3 refused treatment, and 2 did not receive this treat-
ment for other reasons); the 5-year DFS was 60 % for these
patients.

Patients with cN2 disease constitute a heterogeneous
group, and many of these patients may not require induc-
tion therapy prior to surgical treatment or chemoradiother-
apy. We believe that an initial resection should, therefore,
be considered as a treatment option for this specific sub-
set of patients. However, given the relative rarity of these
patients, a multicenter trial is, therefore, required to fully
validate the effect of initial surgery on the survival outcome
of these patients.

Clinical N2 disease cases that fulfilled our specific cri-
teria represent a highly distinct group associated with a
favorable prognosis. We believe that an initial resection
should, therefore, be considered as a treatment option for
these patients.
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