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Abstract

Objective Patients with pathologic N2 non-small cell

lung cancer comprise a heterogeneous group. The objective

of this study was to evaluate which subgroup of patients

with pathologic N2 benefit from surgery in terms of

survival probability.

Methods This retrospective study included 141 patients

who had undergone major resection with pathologically

proven N2 from 1990 to 2006 (103 with adenocarcinoma,

38 with squamous cell carcinoma). Patients undergoing

preoperative induction therapy were excluded. Records

were examined for age, gender, tumor size, surgical pro-

cedure, surgical side, clinical N status, primary tumor lobe,

curative resection, and metastatic N2 stations.

Results In patients with adenocarcinoma, surgical pro-

cedure, clinical N status, curative resection, and metastatic

N2 stations were significant prognostic factors in univariate

analysis. Age and curative resection were significant fac-

tors in patients with squamous cell carcinoma. In multi-

variate analysis, clinical N2 (P = 0.003), incomplete

resection (P = 0.04), and multi-station N2 (P = 0.004)

were significant adverse prognostic factors in patients with

adenocarcinoma, whereas only incomplete resection

(P = 0.002) was significant in patients with squamous cell

carcinoma. For adenocarcinoma patients with pathologic

N2, the 5-year survival rates were 58.8% for clinical N0-1

and single-station N2, 50% for clinical N2 and single-

station N2, 23.9% for clinical N0-1 and multi-station N2,

and 0% for clinical N2 and multi-station N2.

Conclusions Prognosis of patients with pathologic N2

can be grouped according to clinical N status and meta-

static N2 stations in adenocarcinoma, but not in squamous

cell carcinoma. Only adenocarcinoma patients with path-

ologic N2 appear to have heterogeneous subgroups with

different prognoses.

Keywords Lung cancer � Histology � Adenocarcinoma �
Squamous cell carcinoma � Pathologic N2 � Survival

Introduction

Patients with pathologic N2 non-small cell lung carcinoma

(NSCLC) are considered to have a poor prognosis. The role

of surgery in the treatment of these patients remains

ambiguous. However, patients with pathologic N2 com-

prise a heterogeneous group, with different patients having

a range of different prognoses (Ratto et al. 2009; Robinson

et al. 2007; Suzuki et al. 1999; Andre et al. 2000; Inoue

et al. 2004; Sakao et al. 2010), and as such, some of these

patients are candidates for curative surgery. Several prog-

nostic factors have been defined in clinical studies, which

have shown that complete resection, single mediastinal

lymph node metastasis, clinical N0-1, pathologic T1-2, and

small tumor size are predictors of a favorable prognosis in

patients with N2 NSCLC (Suzuki et al. 1999; Andre et al.

2000; Inoue et al. 2004). Patients with preoperatively

diagnosed N2 appear to have a significantly worse prog-

nosis than those whose N2 is diagnosed intraoperatively. In

particular, multi-station N2 is one of the adverse prognostic

factors for N2 patients (Andre et al. 2000). Although many

reports have investigated factors affecting the prognosis of
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patients with pathologic N2, the area remains controversial

and the impact of tumor histology on prognosis for patients

with pathologic N2 remains unclear.

To investigate the prognostic heterogeneity that may

exist among patients with pathologic N2 NSCLC, we ret-

rospectively investigated several clinicopathologic prog-

nostic factors according to tumor histology.

Patients and methods

Patient selection

This retrospective analysis was based on records collected

in a database of patients with primary lung cancer, who had

been histologically diagnosed and had received thoracot-

omy at National Hospital Organization Toneyama Hospital

in Japan. Between 1990 and 2006, a total of 1,247 con-

secutive patients underwent thoracotomy for primary lung

cancer. Among them, 194 patients were diagnosed with

pathologic N2. Of these, 141 patients were enrolled in this

study, excluding 53 patients who were diagnosed preop-

eratively pathologically proven N2 with induction therapy.

In principle, we considered only tumors with single-station

N2 in the upper lobe to be resectable and those with

extranodal or bulky mediastinal node involvement or

multi-station N2 to be inoperable (Inoue et al. 2004; Keller

et al. 2004). These 141 patients had initially undergone

lobectomy or pneumonectomy with systemic nodal dis-

section of the mediastinum and hilum. Mediastinal lymph

node dissection of stations 2R, 4R, and 7 was required

during a right thoracotomy and of stations 4L, 5, 6, and 7

during a left thoracotomy. In case of lower lobectomy,

dissection of stations 8 and 9 was also performed. This

subgroup included 103 patients with adenocarcinoma and

38 patients with squamous cell carcinoma. In our institu-

tion, we adopted adjuvant chemotherapy from 2005. Of

these 141 patients, 19 patients had received adjuvant che-

motherapy mainly using carboplatin–paclitaxel and 6 had

adjuvant radiotherapy.

Methods

The clinicopathologic records were categorized according

to age (B70 years old vs. C71 years old), gender (male vs.

female), tumor size (B3.0 vs. C3.1 cm), surgical procedure

(lobectomy vs. pneumonectomy), surgical side (right vs.

left), clinical N status (clinical N0-1 vs. clinical N2), pri-

mary tumor lobe (upper vs. middle, lower lobe), curative

resection (complete resection vs. incomplete resection),

and metastatic N2 stations (single-station vs. multi-station).

We retrospectively compared these factors with patient

survival and tumor histology.

All patients underwent staging according to the 7th

UICC TNM classification criteria (Detterbeck et al. 2009).

Clinical N status is based on the size of the lymph node as

determined by computed tomography (CT) scan. All

patients had thoracic CT scans preoperatively, with

10-mm-thick contiguous sections to evaluate nodal status.

If lymph nodes were detected, 2-mm-thick sections were

further assessed to detect lymph node involvement. All CT

scans were reviewed by a radiologist, thoracic surgeons,

and pulmonologists preoperatively. Mediastinal or hilar

lymph nodes 1 cm or larger in their shortest axis were

diagnosed as metastatic (Silvestri et al. 2007). Lymph node

stations were classified according to IASLC map (Rusch

et al. 2009). When mediastinal nodal involvements were

found in two or more stations, cases were classified as

multi-station N2. Mediastinoscopy was performed in 124

patients and transbronchial fine needle aspiration was

performed in 138 patients during this period to evaluate N2

status. Among them, 53 patients undergoing mediastinos-

copy and 49 patients undergoing transbronchial fine needle

aspiration were actually diagnosed to have pathologic N2

disease. Among these 102 patients, 53 patients received

preoperative induction therapy followed by surgery and

residual 49 patients received only non-surgical therapy.

Twelve patients undergoing mediastinoscopy and 5

patients undergoing transbronchial fine needle aspiration

had false-negative results. Positron emission tomography

was used since 2005. An institutional review board

approved this retrospective study, and written informed

consent for the surgical intervention was obtained from

each patients.

Statistical analysis

The chi-square method was used to compare differences

between two groups. The Mann–Whitney U test was used

to analyze continuous variables. Survival was defined as

the time between the date of operation and death. The mean

follow-up period was 121.9 months. Survival rates were

calculated using the Kaplan–Meier method and compared

by log-rank test. The relative importance of various prog-

nostic factors for postoperative survival as identified by

multivariate analysis was performed with Cox’s propor-

tional hazards model. A P-value of \0.05 was considered

statistically significant.

Results

The clinical characteristics of patients enrolled in the study

are presented in Table 1. A total of 103 patients had ade-

nocarcinoma, and 38 patients had squamous cell carci-

noma. The mean age of these two groups was
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62.7 ± 9.7 years and 64.9 ± 7.8 years, respectively

(P = 0.21). Over 90% of patients with squamous cell

carcinoma were male (P \ 0.0001). The mean tumor size

of squamous cell carcinoma was significantly greater than

that of adenocarcinoma (4.4 ± 1.8 cm vs. 3.2 ± 1.3 cm;

P \ 0.0001). The distributions of clinical and pathologic T

status were significantly different. In adenocarcinoma, 78%

of patients with pathologic N2 were upgraded from clinical

N0-1, and in squamous cell carcinoma, 66% of those with

pathologic N2 were upgraded from clinical N0-1. The

distribution of clinical stage was significantly different

(P = 0.03); adenocarcinoma patients had lower clinical

stage than squamous cell carcinoma patients. Squamous

cell carcinoma patients were more likely to undergo

pneumonectomy than patients with adenocarcinoma

(P = 0.03).

In univariate survival analysis of patients with patho-

logic N2, surgical procedure (P = 0.008), clinical N status

(P = 0.0002), curative resection (P \ 0.0001), and meta-

static N2 stations (P = 0.0004) were significant prognostic

factors in patients with adenocarcinoma (Table 2). Age

(P = 0.02) and curative resection (P = 0.0002) were sig-

nificant prognostic factors in patients with squamous cell

carcinoma. Clinical N status and metastatic N2 stations

were not significant prognostic factors (Table 3). In mul-

tivariate survival analysis of patients with pathologic N2,

clinical N2 (P = 0.003), incomplete resection (P = 0.02),

and multi-station N2 (P = 0.03) were significant adverse

prognostic factors in patients with adenocarcinoma,

whereas only incomplete resection (P = 0.002) was a

significant adverse prognostic factor in patients with

squamous cell carcinoma (Table 4).

Survival rates of patients with pathologic N2 according

to clinical N status are shown in Fig. 1a and b. Adeno-

carcinoma patients with clinical N0-1 had a significantly

Table 1 Patient characteristics

Ad (n = 103)

(%)

Sq (n = 38)

(%)

P-value

Age

Median ± SD (year) 62.7 ± 9.7 64.9 ± 7.8 0.21

Range (year) 35–81 48–82

Gender

Male 55 (53) 35 (92) \0.0001

Female 48 (47) 3 (8)

Tumor size (cm) 3.2 ± 1.3 4.4 ± 1.8 \0.0001

Clinical T status

1a, b 52 (50) 9 (24) 0.017

2a, b 41 (40) 20 (53)

3 7 (7) 5 (13)

4 3 (3) 4 (11)

Clinical N status

N0 67 (65) 17 (45) 0.09

N1 14 (14) 8 (21)

N2 22 (21) 13 (34)

Clinical stage

I 63 (61) 14 (37) 0.03

II 15 (15) 9 (41)

III 21 (20) 15 (39)

IV 4 (4) 0 (0)

Surgical procedure

Lobectomy 95 (92) 30 (79) 0.03

Pneumonectomy 8 (8) 8 (21)

Pathologic T status

1a, b 44 (43) 7 (18) 0.043

2a, b 42 (41) 19 (50)

3 8 (8) 6 (16)

4 9 (9) 6 (16)

Ad adenocarcinoma, Sq squamous cell carcinoma

Table 2 Univariate survival analysis of adenocarcinoma patients

with pathologic N2

Variables Adenocarcinoma

(n = 103)

P-value

Age 0.94

B70 year 80

C71 year 23

Gender 0.66

Male 55

Female 48

Tumor size 0.14

B3.0 cm 55

C3.1 cm 48

Surgical procedure 0.008

Lobectomy 95

Pneumonectomy 8

Surgical side 0.17

Right 47

Left 56

Clinical N status 0.0002

Clinical N0-1 81

Clinical N2 22

Primary tumor lobe 0.16

Upper 63

Middle, lower 40

Curative resection \0.0001

Complete resection 85

Incomplete resection 18

Metastatic N2 stations 0.0004

Single-station N2 55

Multi-station N2 48
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better survival rate than those with clinical N2 (5-year

survival: 43.2 vs. 15.0%; P = 0.0002), although this was

not the case for patients with squamous cell carcinoma

(5-year survival: 28.7 vs. 30.8%; P = 0.65). Survival rates

of patients with pathologic N2 according to metastatic N2

stations are shown in Fig. 2a and b. Adenocarcinoma

patients with single-station N2 had a significantly better

survival rate than those with multi-station N2 (5-year sur-

vival: 62.8 vs. 14.7%; P = 0.004), although this was not

the case for patients with squamous cell carcinoma (5-year

survival: 32.7 vs. 26.9%; P = 0.18). Finally, survivals of

adenocarcinoma patients with pathologic N2 were com-

pared based on clinical N status and metastatic N2 stations.

The 5-year survival rates were 58.8% for clinical N0-1 and

single-station N2, 50% for clinical N2 and single-station

N2, 23.9% for clinical N0-1 and multi-station N2, and 0%

for clinical N2 and multi-station N2 (Fig. 3a). Patients with

pathologic N2 were divided into 4 subgroups with different

prognoses. The worst survival rates were observed for

patients with both clinical N2 and multi-station N2.

Table 3 Univariate survival analysis of squamous cell carcinoma

patients with pathologic N2

Variables Squamous cell

carcinoma (n = 38)

P-value

Age 0.02

B70 year 31

C71 year 7

Gender 0.64

Male 35

Female 3

Tumor size 0.44

B3.0 cm 8

C3.1 cm 30

Surgical procedure 0.15

Lobectomy 30

Pneumonectomy 8

Surgical side 0.31

Right 27

Left 11

Clinical N status 0.65

Clinical N0-1 25

Clinical N2 13

Primary tumor lobe 0.43

Upper 18

Middle, lower 20

Curative resection 0.0002

Complete resection 32

Incomplete resection 6

Metastatic N2 stations 0.18

Single-station N2 28

Multi-station N2 10

Table 4 Multivariate survival analysis of patients with pathologic

N2

Variables HR 95% CI P-value

Adenocarcinoma

Surgical procedure (pneumonectomy) 1.4 0.59–3.41 0.44

Clinical N status (clinical N2) 2.5 1.37–4.51 0.003

Curative resection

(incomplete resection)

2.2 1.11–4.24 0.02

Metastatic N2 stations

(multi-station N2)

1.9 1.08–3.29 0.030

Squamous cell carcinoma

Age (C71 year) 3.0 0.99–9.26 0.051

Curative resection

(incomplete resection)

5.5 1.85–16.7 0.002

Fig. 1 Survival rate of patients with pathologic N2 according to

clinical N status. Adenocarcinoma patients with clinical N0-1 had a

significantly better survival rate than those with clinical N2

(P = 0.0002) (a), although this was not the case for patients with

squamous cell carcinoma (P = 0.65) (b)
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Conversely, the prognosis was similar in squamous cell

carcinoma patients regardless of clinical N status or met-

astatic N2 stations (Fig. 3b).

Discussion

Patients with pathologic N2 NSCLC comprise a hetero-

geneous group in terms of their prognosis (Ratto et al.

2009; Robinson et al. 2007; Suzuki et al. 1999; Andre et al.

2000, Inoue et al. 2004; Sakao et al. 2010), which stems

from multiple adverse factors such as clinical N2, incom-

plete resection, large tumor size, and number of involved

mediastinal lymph nodes. In a previous study, Andre et al.

(2000) reported four negative prognostic factors: clinical N2,

number of involved mediastinal lymph nodes, pathologic

T3-4, and lack of preoperative chemotherapy. Vansteenkiste

et al. (1997) also noted that survival was poor in patients with

higher T status, lower performance status, involvement

of multi-station N2, non-squamous histology, and clinical

N2. However, few have considered whether the prog-

nosis of patients with pathologic N2 depends on tumor

histology.

Clinical N status is one of the most significant prog-

nostic factors in surgically resected N2 NSCLC (Suzuki

et al. 1999; Andre et al. 2000). Occult N2 (preoperatively

undetectable N2; clinical N0-1) and clinical N2 are two

distinct stages of NSCLC (Andre et al. 2000). In the study

by Andre et al. (2000), the 5-year survival rates of patients

with pathologic N2 were 29, and 7% for clinical N0-1 and

clinical N2 patients, respectively. As many as one quarter

of patients with pathologic N2 are found in surgery to have

occult N2 metastatic disease (Goldstraw et al. 1994;

Misthos et al.2004). The prognosis of patients with occult

N2 metastasis (clinical N0-1) is better than for patients

with clinical N2. Thus, patients with incidental N2 at sur-

gery have the best chance of survival (Andre et al.2000;

Fig. 2 Survival rate of patients with pathologic N2 according to

metastatic N2 levels. Adenocarcinoma patients with single-level N2

had a significantly better survival rate than those with multi-level N2

(P = 0.004) (a), although this was not the case for patients with

squamous cell carcinoma (P = 0.18) (b)

Fig. 3 Survival rate of patients according to clinical N status and

metastatic N2 levels. Patients with pathologic N2 were divided into 4

subgroups with different prognoses (a). Conversely, the prognosis

was similar in squamous cell carcinoma patients regardless of clinical

N status or metastatic N2 level (b)
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Goldstraw et al. 1994). In the present study, however,

clinical N status was a significant prognostic factor only in

patients with pathologic N2 adenocarcinoma. Thus, clinical

N0-1 indicates a better prognosis than clinical N2 only in

adenocarcinoma patients, and not in squamous cell carci-

noma patients.

It has been shown that multi-station N2 patients have

much poorer prognoses than those with single-station N2

(Andre et al. 2000; Goldstraw et al. 1994), although Keller

et al. (2004) documented that this was the case only where

the tumor was detected in the left upper lobe. Ichinose et al.

(2001) also reported that single-station N2 is a good

prognostic factor except for patients with a primary tumor

in the left lower lobe. Misthos et al. (2008) reported that

skip metastasis, regional N2 spread, and single-station N2

all correlated with good survival rates, although multivar-

iate analysis established single-station N2 as the only

independent favorable prognostic factor. Patients with the

involvement of single-station N2 fared significantly better

than patients with multi-station N2 (Ratto et al. 2009;

Inoue et al. 2004; Misthos et al. 2008). Andre et al. (2000)

also reported that the number of involved mediastinal

lymph node levels was an independent prognostic factor. In

this study, multi-station N2 was a significant prognostic

factor only for patients with pathologic N2 adenocarci-

noma, not for squamous cell carcinoma patients. Squamous

cell carcinoma patients with pathologic N2 had a similar

prognosis even if they had clinical N0-1 or single-station

N2.

A preoperative N2 status and the number of involved

lymph node stations are the most relevant prognostic fac-

tors in N2 NSCLC (Andre et al. 2000). Sakao et al. (2010)

also reported that among patients with multi-station N2, the

prognoses were different between those with clinical N0-1

and those with clinical N2. Andre et al. (2000) stated that

surgery was mandatory in patients with clinical N0-1 and

single-station N2. In this study, multivariate analyses

indicated that clinical N2, incomplete resection, and multi-

station N2 were significant prognostic factors for patients

with adenocarcinoma. In adenocarcinoma, patients can be

classified into 4 distinct prognostic subgroups according to

clinical N status and metastasis N2 stations. Clinical N

status and metastasis N2 stations were associated with

prognosis in adenocarcinoma. In our study, the 5-year

survival rate of adenocarcinoma patients with clinical N0-1

and single-station N2 was relatively good: 58.8%. On the

contrary, in squamous cell carcinoma, it is interesting that

patients cannot be classified into these subgroups. The

prognosis was similar in squamous cell carcinoma patients

regardless of clinical N status or metastatic N2 stations.

This result may be due to the different metastatic properties

of the two tumor histologies. We supposed that patients

who discovered surgically positive N2 nodes or those with

single-station N2 in adenocarcinoma patients could benefit

from surgical resection. On the contrary, surgery was not

beneficial to patients with both clinical N2 and multi-sta-

tion N2 in either histologic subgroup.

Limitations of this study, however, are that the analysis

was retrospective and that the exclusion of unresectable N2

led to a bias in the subclassification. In addition, routine

adjuvant chemotherapy for N2 patients was started in 2005.

Therefore, it was difficult to evaluate the effect of adjuvant

chemotherapy on prognosis in this study. Furthermore, the

sample of patients with N2, especially that of squamous

cell carcinoma patients, was small, which restricted our

ability to generalize the results. A greater number of

patients with N2 should be investigated further in future

studies to determine the prognostic heterogeneity of tumor

histology. Finally, irrespective of prior CT or PET scan

finding, transbronchial or endobronchial ultrasound fine

needle aspiration for mediastinal small lymph nodes was

warranted, which might have a substantial impact on fur-

ther management.

In conclusion, adenocarcinoma patients can be grouped

according to their prognoses by clinical N status and

metastatic N2 stations. This was not the case in squamous

cell carcinoma. Tumor histology affects the prognostic

factors of patients with pathologic N2 NSCLC.
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