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Background:  At Juntendo University Hospital, Japan, two patients with complete resection 
of bulky N2 non-small cell lung cancer (NSCLC) has survived over the long term. Therefore, 
we decided to retrospectively study patients who also had a complete resection of the tumor 
including the “bulky” superior mediastinal node for the purpose of reviewing covariates that 
might be related to the favorable outcome.
Methods:  We retrospectively analyzed the relation between covariates and survival after 
complete lobectomy and mediastinal lymph node resection (from April 1997 to August 2007) 
in 15 patients with bulky N2 NSCLC, lymph nodes greater than 2 cm in short-axis diameter 
(bulky nodal disease) measured on preoperative chest computer tomography. 
Results:  Of 15 patients, 5 with bulky N2 single station had survival after the resection. Uni-
variate analysis revealed that the postoperative stage significantly affected overall survival 
(p = 0.0101). Single-station node involvement in bulky N2 disease was the covariate associated 
with overall survival (p = 0.0150) and disease free survival (p = 0.0052). 
Conclusions:  In the complete resection of bulky N2 NSCLC in patients with lymph nodes mea-
suring more than 2 cm in short-axis diameter, single-station node involvement suggests a favor-
able outcome and long-term survival, compared to patients with multi-station involvement.
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Introduction

Non-small cell lung carcinomas (NSCLC) featuring 
clinical mediastinal disease are often not amenable to 
complete resection. If complete surgical resection is done, 
the outcome is usually poor, especially for patients with 
bulky N2 disease. Therefore, these patients are usually 
treated with chemotherapy or chemoradiotherapy without 
resection. However, some patients with significant N2 

disease have favorable outcomes. Roy et al. reported that 
patients with micrometastatic disease and single-station 
node involvement have the greatest chance for cure, and 
surgery has a significant role in their treatment.1, 2)

We experienced a case of a patient with long-term sur-
vival, in whom a complete resection of tumor with bulky 
mediastinal N2 dissection was performed. A characteris-
tic of this case was swelling of a superior mediastinal 
node which was more than 2 cm in short-axis diameter, 
as measured by preoperative chest computed tomography 
(CT). 

In order to identify subpopulations of patients with 
NSCLC who may have better prognoses, we retrospec-
tively examined the outcomes of patients with superior 
mediastinal nodal metastasis, and determined whether 
the presence of bulky disease (>2 cm in short axis diam-
eter) is predictive of long-term survival in patients under-
going complete resection.
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Patients and Methods

From April 1997 to August 2007, 15 patients with 
NSCLC featuring bulky N2 disease who had a complete 
resection including lobectomy and mediastinal lymph 
node dissection were included in the retrospective review. 
“Bulky” N2 disease was defined as involvement of medi-
astinal lymph nodes that were greater than 2 cm in short-
axis diameter, as measured by chest CT. Patients with 
multiple positive smaller lymph nodes and extranodal 
involvement were excluded from the review. Preoperative 
work-up included chest x-ray (CXR), CT scan of the chest 
and abdomen, magnetic resonance imaging (MRI) of the 
brain, and bone scintigram. The regional lymph node 
classification of Naruke was used. Postoperative work-up 
included CXR every three months, chest CT twice every 
year, and MRI of the brain, abdominal CT and bone 
scintigram once a year. Tumor markers were measured at 
least four times a year. 

Statistical analysis of the data was carried out with Dr. 
SPSSII for Windows program (SPSS, Inc, Chicago, Illi-
nois, USA). The survival curves and disease free survival 
curves were estimated by the method of Kaplan-Meier. 
Differences were evaluated with the log-rank test. Results 
with a P value of less than 0.05 were considered to be 
statistically significant.

Results

Median patient age was 55 years (range 34–70), and 
the male-to-female ratio was 12:3 (Table 1). Preoperative 
T stage based on the chest CT was T1 in 7 patients (47%), 
T2 in 4 patients (27%), and T3 in 4 patients (27%). The 
histological type was adenocarcinoma in 10 patients 
(67%) and squamous cell carcinoma in 5 patients (33%). 
Primary location of lung carcinoma was right upper lobe 
in 11 patients (73%), left upper lobe in 3 patients (20%), 
and left lower lobe in 1 patient (7%). Postoperative lymph 
node metastasis was N2 in 9 patients (60%) and N3 in 6 
patients (40%). Postoperative stage was IIIA in 8 patients 
(53%) and IIIB in 7 (47%) patients.

Lymph node dissection was ND3 in 10 patients (67%) 
and ND2 in 5 patients (33%). Adjuvant chemotherapy fol-
lowed by operation was performed in 8 patients and 
operation alone in 7 patients (Table 2). Location of the 
bulky N2 node was #3 in 11 patients, #4 in 3 patients and 
#5 in one patient (Table 3). Bulky N2 single nodal station 
was present in 5 patients, and they all survived. 

Disease-free survival rate was 33% (Fig. 1). The overall 

survival rate was 47% (Fig. 2). The 5-year disease-free 
survival rate for single-station node involvement was 80% 
versus 10% in 2 years for multi-station cases (Fig. 3). The 
5-year overall survival rate for single-station node involve-
ment was 100% versus 18% in 4 years for multi-station 
cases (Fig. 4). Of 5 patients with single-station node 
involvement, 2 patients had 114 and 117 months of disease-
free survival. Treatment for these patients was only the 
surgical resection without adjuvant chemotherapy.

By univariate analysis, disease free survival (p = 
0.0052, Table 4) and overall survival (p = 0.0150, Table 
5) of the complete resection in patients with single station 
bulky N2 were statistically significant. The relation 
between overall survival and postoperative stage (p = 
0.0101, Table 5) was statistically significantly. 

Comments

Bulky N2 nodal disease is generally defined as 
involvement of lymph nodes with greater than 2 cm 
short-axis diameter as measured by chest CT, and gener-
ally implies extranodal involvement, multistation nodal 
disease, and/or groupings of multiple positive smaller 
lymph nodes.3) It is thought that bulky N2, stage IIIA 
diseases cannot be resected, and these cases are tradition-
ally treated with conventional radiotherapy alone. 

In patients with NSCLC who have bulky N2 disease 
and a good performance status, ACCP evidence-based 
clinical practice guidelines recommend combination plati-
num-based chemotherapy and radiotherapy.3) In patients 
with a good performance status and minimal weight loss, 
the guidelines recommend concurrent chemoradiotherapy 
over sequential chemoradiotherapy and do not recom-
mend local treatment, including surgical resection, or 
radiation without chemotherapy.

Recently, induction chemotherapy or induction 

Table 1   Patient characteristics

  N = 15

Age (median), years 34–70 (55)
Gender (male/female) 12/3
Histology (ad/sq) 10/5
Preoperative T1/2– 7/8
Primary anatomical location: 
 RU/LU/LL 11/3/1
Postoperative N2/N3 9/6
Postoperative stage IIIA/IIIB 8/7

RU, right upper lobe; LU, left upper lobe; LL, left lower lobe;
ad, adenocarcinoma; sq, squamous cell carcinoma
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Table 2   Surgical characteristics of tumor, lymph node, and outcome

 Case Primary site Histology Bulky LN station p-stage Operation Adjuvant Outcome (months)

 1 RU Ad #4 Single IIIA lob+ND2a  117 alive
 2 RU Ad #3 Single IIIA lob+ND3γ  114 alive
 3 RU Ad #3 Multi IIIB lob+ND2a  3 death
 4 RU Ad #3 Multi IIIA lob+ND2a  9 death
 5 LU Sq #3 Multi IIIB lob+ND3α  30 death
 6 LU Ad #3 Multi IIIA lob+ND3α＋PA UFT 52 alive
 7 LL Ad #4 Multi IIIA lob+ND3α＋PA UFT 21 alive
 8 RU Ad #4 Multi IIIB lob+ND3γ CDDP+ADR+MMC 22 death
 9 RU Sq #3 Multi IIIB lob+ND3α CDDP+VP16+RTX 15 death
 10 RU Sq #3 Multi IIIB lob+ND3γ  22 death
 11 RU Sq #3 Multi IIIB lob+ND3γ  12 death
 12 RU Ad #3 Single IIIA lob+ND2a＋PA CBDCA+GEM 32 alive
 13 RU Ad #3 Single IIIA lob+ND3γ GEM 27 alive
 14 LU Sq #5 Single IIIA lob+ND2a CBDCA+GEM 27 alive
 15 RU Ad #3 Multi IIIB lob+ND3α CBDCA+GEM 25 alive

RU, right upper lobe; LU, left upper lobe; LL, left lower lobe; Ad, adenocarcinoma; Sq, squamous cell carcinoma; Single, single 
station; Multi, multiple station; lob, lobectomy; ND, node dissection; PA, pulmonary artery plasty; UFT, tegaful-uracil; CBDCA, 
carboplatin; GEM, gemcitabine; ADR, doxorubicin; MMC, mitomycine C; VP16, etoposide; RTX, radiation therapy 

Table 3   Surgical characteristics of lymph node station

 Case Neck #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12–

 1  -  - #   -   - - 
 2  -  # - -  -   - - -
 3  +  # -   -    - -
 4  +  # -   - - + - + +
 5  - + # - - - -   - - 
 6  - - # - - - + -  - - +
 7  -  + # - - +  -  - 
 8 + - + + #   - -  - + 
 9  + - # + - -     + 
 10  + - # -   -   + + 
 11 + +  # - -  -   - + 
 12  -  # -   -   - - +
 13 - - - # - -  -   - - -
 14      #     - - 
 15  + - # + - - -   - - +
#, bulky lymph node; +, positive lymph node; -, negative lymph node

chemoradiotherapy followed by surgery has been 
reported for patients with N2 disease added bulky N2 
stage IIIA disease.4) Yokomise and colleagues reported a 
series of patients who underwent induction chemoradio-
therapy followed by surgery for bulky cN2 and cN3 
NSCLC.5) Thirty of 41 patients had bulky cN2 single-sta-
tion disease. Histologic response rate was 78%, and 24 of 
30 patients with cN2 disease underwent lobectomy or 
pneumonectomy. The overall 5-year survival rate was 
48%. However, pneumonectomy was required in 13 cases. 
Pneumonectomy after induction chemotherapy has high 
morbidity and mortality. Kim and colleagues reported a 

series of patients with N2 disease treated with concurrent 
chemoradiotherapy and surgery.6) The overall 5-year sur-
vival rate was 27% at most. 

On the other hand, not all N2 disease necessarily por-
tends an equally poor prognosis. Patients with micromet-
astatic disease and single-station nodal involvement have 
the greatest chance of being cured, and surgery has a sig-
nificant role in their treatment.1, 7–10) Riquest et al. report 
that involvement of only one mediastinal lymph node 
station is the main factor in offering a chance for a cure, 
with a 5-year overall survival of 29.6%, which is not the 
case when two or more chains are involved, which has a 
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Fig. 1 Disease free survival rate of 15 patients. Fig. 2 Overall survival rate of 15 patients.

Fig. 3 Disease free survival rate according to lymph node station. Fig. 4 Overall survival rate according to lymph node station.

Table 4   Univariate analysis comparing disease free survival rates according to prognostic factors

  n P value

Age
	 ≥60, <60 10/5 0.9412
Gender
 Male/Female 12/3 0.9452
Histology
adenocarcinoma/squamous cell carcinoma  10/5 0.8281
Preoperative T stage
 1/2- 7/8 0.8876
Postoperative T stage
 1/2- 5/10 0.3945
Postoperative stage
 IIIA/IIIB 8/7 0.0752
Lymph node station
 single/ multiple 5/10 0.0052
CEA
	 ≤3, >3 5/10 0.4689
Smoking (B.I.)
	 <1000, ≥1000 11/4 0.5659

CEA, carcinoembryonic antigen; B.I., Brinkman’s index 
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5-year overall survival of 19%.11) Misthos et al. report that 
one-station mediastinal lymph node metastasis in patients 
with NSCLC who underwent lung resection with com-
plete mediastinal lymph node dissection proved to be a 
favorable prognostic factor.12) However, patients with 
lymph nodes that are more than 2 cm in short-axis diam-
eter, classified as bulky metastasis, have a poor prognosis. 
In our study, we noted long-term survival of patients with 
single-station bulky N2 lymph nodes metastasis, and in 4 
of them, the primary lung carcinoma occupied the right 
upper lobe. Single-station node involvement in bulky N2 
lymph node metastasis proved to be a favorable prognos-
tic factor in patients with NSCLC who underwent lung 
resection with complete mediastinal lymph node dissec-
tion. 

Regarding NSCLC lymphatic spread, the mediastinal 
lymph node chains drain the lymph into the blood circu-
lation, either at the venous confluences of the neck or 
through the thoracic duct in the mediastinum, and simul-
taneously into neighboring ipsilateral and contralateral 
mediastinal lymph node chains by anastomotic lymphat-
ics.13, 14) When disease is located in only one lymph node 
chain, tumor cells with potentially metastatic properties 
may be absent or controlled within the lymph nodes. If 
this is the case, lymph node size by itself should not 
impact the prognosis. In fact, bulky N2 single-station 
metastasis may indicate a better prognosis. 

In our study of 15 patients, we expected a poor prog-
nosis for 6 with clinical stage IIIA disease (stage IIIB, 

according to postoperative staging) and a favorable out-
come for 8 with clinical stage IIIA disease. Of these 8 
patients, 5 had single station bulky N2 disease. By uni-
variate analysis, postoperative stage and single station 
disease were significantly associated with overall sur-
vival. However, it is difficult to identify patients with sin-
gle-station bulky N2 disease preoperatively. For surgery 
to be indicated, it is necessary to prove no metastasis to 
other mediastial lymph nodes except for the single-station 
bulky N2 lymph node metastasis. Although preoperative 
diagnostic capability has improved with refined imaging 
techniques, the preoperative diagnosis of lymph node 
metastasis is not accurate. Recently, PET-CT has become 
popular. Videtic et al. have reported that overall PET 
sensitivity was 61%, and positive predictive value was 
94% in patients with NSCLC stage III.15) PET generally 
tends to underestimate the extent of involved nodes. Until 
now, we have aggressively operated on patients with 
unclear mediastinal lymph node involvement apart from 
a bulky N2 lymph node, as determined from the results 
of chest CT.

The present study has several limitations. As the for-
mat is retrospective, this could have resulted in selection 
bias. Although all case had received more than standard 
lymph node dissection, extent of lymph node dissection 
is different for each case. In left lung cases, three cases 
had received extended lymph node dissection and one 
case had standard lymph node dissection. In patients with 
right lung disease, 7 had received extended lymph node 

Table 5   Univariate analysis comparing survival rates according to prognostic factors

  n P value

Age
	 ≥60, <60 10/5 0.6698
Gender
 Male/Female 12/3 0.161
Histology
adenocarcinoma/squamous cell carcinoma  10/5 0.136
Preoperative T stage
 1/2- 7/8 0.1721
Postoperative T stage
 1/2- 5/10 0.6644
Postoperative stage
 IIIA/IIIB 8/7 0.0101
Lymph node station
 single/ multiple 5/10 0.015
CEA
	 ≤3, >3 5/10 0.5751
Smoking (B.I.)
	 <1000, ≥000 11/4 0.9775

B.I., Brinkman’s index
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dissection and 4, standard lymph node dissection. Also, 
the period of observation was relatively short; mean 
observation time was 35.2 months.

We suggest that a favorable outcome may be had by a 
subgroup of patients with complete resection of single-
station N2 disease involving a node that has a greater 
than 2 cm short-axis diameter. The prognosis after resec-
tion in patients with single-station bulky N2 disease was 
better than in those with multi-station bulky N2 disease 
or N3 disease.  
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