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Abstract

A4

Background: The purpose of this study was to
evaluate the new lymph node map proposed by
the International Association for the Study of
Lung Cancer (IASLC) from the point of prognosis,
and to identify the significant prognostic factors
in each pathological N stage.

Methods: We reviewed 647 consecutive patients
with surgically resected non-small cell lung can-
cers. Survival was analyzed according to N stage
and three prognostic subgroups: N1a (single N1
zone), N1b (multiple N1 zones) or N2a (single N2
zone), and N2b (multiple N2 zones). The follow-
ing prognostic factors were evaluated for each N
stage: location of involved zones, number of in-

volved lymph nodes, stations and zones, and the
presence of skip metastases.

Results: (1) The survival curves showed a step-
wise deterioration as the N stage increased. (2)
No significant difference was observed in survival
between the different locations of involved zones
in each N stage. (3) In N2 patients, the presence of
skip metastases was a significant prognostic fac-
tor in multivariate analysis.

Conclusions: The proposed IASLC map is valid for
prognostic stratification. The prognostic impact
of the presence of skip metastases on N2 disease
should therefore be taken into consideration
when carrying out the forthcoming revision of
the TNM staging system.

Introduction

v

An appropriate staging system is indispensable,
not only for predicting prognosis but also for
planning the treatment strategy for lung cancer
patients. The current tumor node metastasis
(TNM) staging system for lung cancer was last re-
vised in 1997 [1], with only a minor revision in
2002 (2]. The International Staging Committee
(ISC) of the International Association for the
Study of Lung Cancer (IASLC) has proposed a new
TNM staging system for the next revision (7th ed-
ition) published in 2009 | 3]. Although the Tand M
descriptors were newly defined based on differ-
ences in survival, the N descriptor remained un-
changed (3].

The 7th edition of the TNM Classification for Lung
Cancer [3] was established based on 67725 cases
of non-small cell lung cancer (NSCLC) treated by
all modalities of care between 1990 and 2000. Of
these patients, a total of 38 265 patients had infor-
mation on their clinical N status, and 28371 pa-
tients who underwent surgical treatment had in-
formation on their pathological N status. The

Takamochi K et al. Prognostic Evaluation of ...

pathological N staging data was collected mainly
from Japan (n=1721, 60%), with the remaining
data taken from Europe (n=701, 24%), North
America (n=380, 13.2%), and Australia and Tai-
wan (n=74, 2.6%) [4]. Since Naruke et al. pro-
posed the first lymph node map in 1967 [5,6],
the Naruke map has been used to describe the
anatomic locations of intrathoracic lymph nodes
in Japan. However, the Mountain-Dresler modifi-
cation of the American Thoracic Society (MD-ATS)
map [7] has been widely used in North America
and Europe. To achieve uniformity and promote
future analyses of a planned prospective interna-
tional database, the IASLC proposed a new lymph
node map which reconciles the differences be-
tween the currently used maps (8]

One of the most important issues concerning the
current N staging system is that the N stage is de-
fined based only on the anatomical extent of the
involved lymph nodes. It is not surprising that a
higher N stage disease tends to show a worse
prognosis than the earlier N stage disease consid-
ering the lymphatic stream. However, numerous
researchers have reported that both N1 and N2
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disease represented heterogeneous groups in terms of survival.
Therefore, it is important to identify the significant prognostic
factors in each pathological N stage which deserve being included
in a forthcoming revision of the TNM staging system.

The purpose of this study was to evaluate a proposed IASLC
lymph node map from the point of prognosis and to identify sig-
nificant prognostic factors in each pathological N stage.

Material and Methods

v

We reviewed 647 consecutive patients who underwent major
lung resection (at least lobectomy) for NSCLC between Septem-
ber 1999 and December 2007 in our department. Conventional
ipsilateral mediastinal lymph node dissection (SND: systematic
nodal dissection or sampling) was performed in 528 patients. Ex-
tended radical lymph node dissection (ERD: cervical and bilateral
mediastinal lymph node dissection) through a median sternoto-
my [9,10] was performed in 119 patients. Induction chemother-
apy and/or radiotherapy were not routinely performed if com-
plete resection was possible based on the radiological findings.
In this series, no patient received induction therapy.
Preoperatively, the mediastinal and hilar lymph node status was
defined as positive if the chest computed tomography showed
that the shorter axis of any node was larger than 1 cm. Mediasti-
noscopy, positron emission tomography, and endobronchial ul-
trasound were not performed routinely in this series. However,
scalene node biopsy was performed in patients with suspicion
of N3 (supraclavicular) involvement at the time of physical ex-
amination, When N3 involvement was confirmed pathologically,
the patients did not undergo surgery. The number of patients
classified by clinical N status was 512 NO, 47 N1, 85 N2, and
3 N3 (contralateral), respectively.

Histological tumor type was determined according to the World
Health Organization classification [11]. All dissected lymph
nodes were pathologically examined and classified according to
the anatomical location on the Naruke map [6]. Involved node
levels were reclassified according to a new IASLC lymph node
map [8]. In brief, lymph nodes at stations 1 to 4 were grouped to-
gether into the upper zone, stations 5 and 6 into the aortopulmo-
nary zone, station 7 into the subcarinal zone, stations 8 and 9 into
the hilar zone, and stations 12 to 14 into the peripheral zone. Sta-
tion 10 on the Naruke map indicates the lymph nodes around the
main bronchus. It was impossible to retrospectively differentiate
station 10 lymph nodes located in the subcarinal area from those
located adjacent to the upper border of the main bronchus be-
cause they were not described separately. Therefore, some pa-
tients with subcarinal station 10 involvement on the Naruke
map might be understaged as N1, which corresponds to station
7 (N2) on the new IASLC lymph node map. For N3 disease, we
compared the patients with supraclavicular zone involvement
and those with either contralateral hilar or mediastinal zone in-
volvement.

The survival time was defined from the date of surgery to the
date of death by any cause or the last follow-up date. The median
follow-up period for surviving patients was 45 months (range 0-
133 months). The survival curves were estimated by the Kaplan-
Meier method and the difference in survival was tested by the
log-rank test. Multivariate analyses were performed using the
Cox proportional hazards model. The following variables were
analyzed for each pathological N stage: the location of involved
zones, number of involved lymph nodes, stations and zones, and

Table 1 Patient characteristics.

o LR

. Characteristi
Gender
> male/female 432(67%)/215 (33%)
Extent of lung resection
» lobectomy 601(93%)
» bilobectomy 25(4%)
» pneumonectomy 21(3%)
Mode of lymph node dissection
» sampling 34(5%)
> SND 494 (76%)
» ERD 119(18%)
Tumor side
> left/right 256 (40%)/391 (60 %)
Histology
» adenocarcinoma 455 (70%)
» squamous cell carcinoma 143 (22%)
* large cell carcinoma 22 (3%)
» adenosquamous carcinoma 8(1%)
» others 19(3%)
Pathological stage
* A 223(34%)
» 1B 143 (22%)
> lIA 26 (4%)
» 1B 75 (12%)
» A 100 (15%)
» 1B 66(10%)
IV 14(2%)
Pathological N status
» NO 427 (66%)
= N1 91 (14%)
> N2 101 (16%)
- N3 28 (4%)

SND = systematic nodal dissection or sampling; ERD = cervical and/or bilateral medi-
astinal lymph node dissection

"

the presence of skip metastases. In N2 patients, “skip metastasis
was defined as any N2 node metastasis without N1 node involve-
ment. In N3 patients, “skip metastasis” was defined as any N3
node metastasis without either N1 or N2 node involvement. The
ISC of the IASLC suggested that nodal disease involvement could
be subdivided into three distinct prognostic groups: N1a (single
N1 zone), N1b (multiple N1 zones) or N2a (single N2 zone), and
N2b (multiple N2 zones) [4]. Survival was also analyzed accord-
ing to the proposed three prognostic subgroups. A p value of less
than 0.05 was considered significant.

Results

v

There were 432 males and 215 females, ranging in age from 23 to
86 years with a median age of 65 years. The histological classifi-
cation was adenocarcinoma in 455 patients, squamous cell carci-
noma in 143, large cell carcinoma in 22, adenosquamous carcino-
ma in 8, and others in 19, respectively. The number of patients
classified by pathological N status was 427 NO, 91 N1, 101 N2,
and 28 N3, respectively. Patient characteristics are summarized
in G Table 1.

The overall survival rate at 3 years and 5 years was 76% and 69%,
respectively. The survival curves according to the pathological N
status are shown in © Fig. 1. The overall 5-year survival rate/me-
dian survival time was 84%/not reached in NO patients, 52%/62

Takamochi K et al. Prognostic Evaluation of ... Thorac Cardiov Surg 2010; 58: 345-349

Downloaded by: Juntendo University, Hongo Campus. Copyrighted material.



Survival probability
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NO 427 304 191 108 41 16 5 0
N1 91 53 28 18 7 S 1 0
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N3 28 12 S 2 0

Fig. 1 Survival curves for patient subgroups as stratified by the N descrip-
tors. The p value for the ordered log-rank test is less than 0.0001.

months (95% confidence interval [95% CI], 31-94 months) in N1,
36%/36 months (95% Cl, 20-52 months) in N2, and 20%/22
months (95% CI. 10-34 months) in N3, respectively. The p value
for the ordered log-rank test was less than 0.0001.

The median survival time was not reached in patients with single
hilar zone involvemnent (n = 27), and was 84 months in those with
single peripheral zone involvement (n =43), respectively. There
was no significant difference in survival between patients with
single N1 zone disease (p=0.8). The median survival time was
72 months in patients with single upper mediastinal zone in-
volvement (n=43), 17 months in those with single aortopulmo-
nary zone involvement (n=9), 26 months in those with single
subcarinal zone involvement (n=12), and 50 months in those
with single lower mediastinal zone involvement (N =5), respec-
tively. No significant differences in survival were identified
among patients with single N2 zone disease (p=0.4). The median
survival time was 23 months in N3 patients with single contra-
lateral hilar/mediastinal zone involvement (n=16) and 12
months in those with single supraclavicular zone involvement
(n=10), respectively. There was no significant difference in sur-
vival between patients with single N3 zone disease (p=0.1).
Therefore, no significant differences were observed in survival
between locations of involved zones in each pathological N stage.
In N1 disease, patients with single N1 lymph node involvement,
single N1 station involvement, and single N1 zone involvement
tended to have a better prognosis than those with multiple N1
involvement. However, their differences were not statistically
significant (© Table 2). In N2 disease, the number of involved sta-
tions and the presence of skip metastases were significant prog-
nostic factors in univariate analysis (& Table 3 and Fig.2A-D).
Multivariate analysis showed that the presence of skip metasta-
ses alone was significant (p=0.005). In almost all of the N3 pa-
tients, lymph nodes were involved in multiple lymph nodes
(n=27), stations (n=27), and zones (n=26). There was no pa-
tient with skip metastases in the group with N3 disease. The
group of N3 disease patients was a homogeneous population
with regard to the pattern of lymph node metastases.

The number of patients following the classification according to
the proposed N subgroups was 70 N1a, 21 N1b, 69 N2a, and 32

Number of involved N1 lymph nodes

» single/multiple 54/37 82/40 0.2
Number of invalved N1 stations

* single/multiple 58/33 82/48 0.4
Number of involved N1 zones

» single/multiple 70/21 82/48 0.5

MST = median survival time

Table 3 Univariate analyses for prognostic factors in pathological N2 patients.

Number of involved N2 lymph nodes

» single/multiple 19/82 NR/31 0.1
Number of involved N2 stations

» single/multiple 53/48 72)31 0.02
Number of involved N2 zones

» single/multiple 69/32 44/34 0.5
Presence of skip metastases

» yes/no 30/71 NR/26 0.004

MST = median survival time; NR = not reached

N2b, respectively. The median survival time was 82 months
(95% Cl, 37-128 months) in N1a patients, 44 months (95% Cl,
22-65 months) in N1b or N2a (48 months [95% CI, 32-63
months] in N1b and 44 months [95% CI, 1-87 months] in N2a),
and 34 months (95% Cl, 26-41 nionths) in N2b, respectively. The
survival curves according to the proposed three prognostic sub-
groups are shown in © Fig. 3. The p value for the ordered log-rank
test was less than 0.0001.

Discussion

¥

In the revision of the current TNM staging classification for lung
cancer, the T and M descriptors were subclassified based on dif-
ferences in survival. In contrast, there was no change in the N de-
scriptors [12]. For over three decades, the N descriptors have re-
mained unchanged. In this study, the survival curves also showed
stepwise deterioration as the N stage increased. However, nu-
merous researchers have reported that both N1 and N2 disease
patients were heterogeneous populations [13-15]. The number
of involved lymph nodes [ 16}, stations [16-18], and the presence
of skip metastases [19-21] have been described as prognostic fac-
tors. Using these prognostic factors, it may be possible to stratify
patients in each N stage into several homogeneous subgroups.
Therefore, we evaluated whether these factors have a prognostic
impact in each pathological N stage.

We could not identify any prognostic factors in N1 patients. The
sample size may have been too small to reveal statistically signif-
icant differences. In N2 patients, the number of involved stations
and the presence of skip metastases were significant prognostic
factors in univariate analysis. Only the presence of skip metasta-
ses was significant in multivariate analysis. The existence of lym-
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Fig.2A  Survival curves for N2 patient subgroups stratified according to
the number of involved lymph nodes (p=0.1).
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Fig.2B Survival curves for N2 patient subgroups stratified according to
the number of involved lymph node stations (p = 0.02).
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Fig.2C  Survival curves for N2 patient subgroups stratified according to
the number of involved lymph node zones (p = 0.4).

phatic channels going directly to the mediastinum was suggested
to be a possible mechanism for skip metastasis [22]. If this is true,
N2 disease with skip metastasis may be equal to N1 disease in
terms of the extent of lymph node metastases. In the present
study, the survival curve of N2 patients with skip metastasis was
similar to that of N1 patients. The ISC of the IASLC evaluated pa-
tient survival based on the presence or absence of skip metasta-
ses, but no meaningful difference was identified [4]. The pres-
ence of skip metastases can be found after SND; however, we
were unable to accurately identify skip metastases after sam-
pling. The prognostic impact of skip metastases should be vali-
dated prospectively in a larger number of patients who have
undergone SND. In the present series, 119 (18%) of 647 patients
underwent ERD, which is an extension of the dissected area to
the bilateral and/or cervical mediastinum through a median ster-
notomy. Although there seems to be little survival benefit of ERD
for pathologic N3 patients, at least ERD would result in accurate

Fig.2D  Survival curves for N2 patient subgroups stratified according to
the presence or absence of skip metastasis (p = 0.004).

lymph node staging by reducing the possibility of stage migra-
tion. Because there is little prognostic data on patients with sur-
gically resected N3 disease [9,10], we believe that this study is
valuable to clarify the nature of N3 disease. In the present study,
almost all N3 patients had lymph node involvement in multiple
lymph nodes, stations and zones, and no N3 patients had skip
metastases. We concluded that N3 disease patients were a popu-
lation with a homogeneously poor prognosis with regard to the
extent and pattern of lymph node metastasis, even if completely
dissected.

We validated the new IASLC map from the point of postoperative
prognosis. Because survival differences between different zones
were not statistically significant within each pathological N stage,
the proposed IASLC map was valid for prognostic stratification.
The ISC of the IASLC identified three different prognostic groups
according to the number of involved zones: single N1 zone (N1a)
with a 5-year survival rate of 48%; multiple N1 zones (N1b) or
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Patient at risk
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N2b 2 18 8 1 1 0
0
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Fig.3 Survival curves for patient subgroups stratified by N status and the
number of involved zones. The p value for the ordered log-rank test is less
than 0.0001.

single N2 zone (N2a) with 5-year survival rates of 35% and 34%;
and multiple N2 zones (N2b) with a 5-year survival rate of 20%.
The survival differences between these groups were statistically
significant [4]. In the present study, a similar trend for this nodal
paradigm was observed. The proposed subdivision of the current
N descriptors is worth validating prospectively in larger numbers
of patients.

For complete resection of NSCLC, SND or lobe-specific SND is rec-
ommended [23]. Technically, both procedures mean en bloc re-
moval of lymph nodes and the surrounding mediastinal fat tissue
in each nodal zone [23]. It is almost impossible to classify lymph
nodes accurately according to the station numbers after SND or
lobe-specific SND. Therefore, labeling lymph nodes according to
“nodal zones” is simpler and more useful than according to sta-
tion numbers in a clinical setting.

There were some limitations associated with the present study.
First, this study was a retrospective analysis based on a relatively
small number of patients in a single institution. Second, there
were some discrepancies in the anatomical definitions between
the Naruke map and the new IASLC map. It was impossible to
completely translate the nodal stations on the Naruke map into
nodal zones on the IASLC map. To overcome these problems, a fu-
ture prospective validation study for the N staging system ac-
cording to the new IASLC map in a large number of patients is re-
quired.

In conclusion, the proposed IASLC map offers a valid prognostic
stratification. The prognostic impact of the presence of skip me-
tastases in N2 disease should therefore be taken into considera-
tion when carrying out the forthcoming revision of the TNM stag-
Ing system.
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A Phase |ll study was started in Japan to evaluate the non-inferiority in overall survival of
segmentectomy compared with lobectomy in patients with small-sized (diameter <2 cm) per-
ipheral non-small cell lung cancer, excluding radiologically determined non-invasive cancer.
This study began in August 2009, and a total of 1100 patients will be accrued from 71 insti-
tutions within 3 years. The primary endpoint is overall survival. The secondary endpoints are
post-operative respiratory function, relapse-free survival, proportion of local recurrence,
adverse events, proportion of patients who complete segmentectomy, duration of hospitaliz-
ation, duration of chest tube placement, operation time, blood loss and number of auto-
sutures used. This study is one of the first intergroup studies in Japan between the Japan
Clinical Oncology Group and the West Japan Oncology Group.

Key words: non-small cell lung carcinoma — thoracic surgery — pneumonectomy — clinical trial —
Phase II1

INTRODUCTION as limited resection; and (iii) additional eligibility of non-

Lung cancer is the leading cause of cancer death worldwide
for both men and women (1). Among patients who under-
went surgery for this condition, 36.5% were diagnosed as
clinical stage IA (2). Lobectomy with lymph node dissection
remains a standard initial therapy even in clinical stage IA
non-small cell lung cancer (NSCLC) (3). The Lung Cancer
Study Group (LCSG) performed a pivotal study comparing
limited resection (segment or wedge) with lobectomy for
clinical stage IA NSCLC and found inferior overall survival
and three times the local recurrence rate in the limited resec-
tion arm (4). However, the LCSG study suffered from issues
such as (i) eligibility of tumors with diameter >2 cm; (ii)
wedge resection without lymph node dissection performed

peripheral NSCLC, causing higher local recurrence rates in
the limited resection arm. Therefore, we have conducted a
Phase III trial to evaluate the non-inferiority in overall survi-
val of segmentectomy compared with lobectomy in patients
with small-sized (diameter <2 cm) peripheral NSCLC.
Patients with radiologically determined non-invasive lung
cancer are excluded, because in these cases, there is a
minimal likelihood of having lymph node metastasis and
therefore lobectomy with nodal resection is considered to be
overly invasive (5).

The Protocol Review Committee of the Japan Clinical
Oncology Group (JCOG) and the West Japan Oncology
Group (WJOG) approved this protocol in January 2009 and

() The Author (2009). Published by Oxford University Press. All rights reserved.
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the present study was activated in August 2009. This trial
was registered at the UMIN Clinical Trials Registry as
UMINO000001272 [http:/www.umin.ac.jp/ctr/index.htm].

PROTOCOL DIGEST OF THE JCOG 0802/
WJOG4607L

OBIECTIVES

The aim of this study is to evaluate the non-inferiority in
overall survival of segmentectomy compared with lobectomy
in patients with small-sized (diameter <2 cm) peripheral
NSCLC, excluding radiologically determined non-invasive
cancer.

STUDY SETTING

The study was a multi-institutional randomized Phase III
study.

RESOURCES

The study was supported in part by Grants-in-Aid for Cancer
Research (20S-2, 20S-6) from the Ministry of Health,
Labour and Welfare of Japan.

ENDPOINTS

The primary endpoint is overall survival in all eligible
patients. Overall survival is defined as days from randomiz-
ation to death from any cause, and it was censored at the last
day when the patient was alive. The secondary endpoints are
post-operative respiratory function, relapse-free survival,
proportion of local recurrence, adverse events, proportion
of patients who successfully undergo segmentectomy,
duration of hospitalization, duration of chest tube
placement, operation time, blood loss and number of auto-
sutures used.

Relapse-free survival is defined as days from randomiz-
ation to relapse or death from any cause, and it was censored
at the latest day when the patient was alive without any evi-
dence of relapse. Local recurrence is defined as tumor recur-
rence in the ipsilateral thorax, which includes the resection
margin of the lung or bronchus, hilar lymph nodes, mediast-
inal lymph nodes and malignant pleural effusion. As for
post-operative respiratory function, the difference between
baseline respiratory function and that assessed 6 and 12
months after surgery is evaluated.

ELiGBILITY CRITERIA

Two-step registration is applied because the imaging eligi-
bility criteria are complicated and histological type of the
tumor is to be confirmed intra-operatively in most patients.

IncLusion CRITERIA FOR THE PRIMARY REGISTRATION

For inclusion in the primary registration, patients are
required to fulfill all of the following pre-operative criteria.
(i) Contrast-enhanced thoracic computed tomography (CT)
fulfills all of the following conditions: (a) single tumor, (b)
NSCLC suspected, (c) center of tumor located in the outer
third of the lung field, (d) tumor not located at middle lobe,
and (e) no lymph node metastasis. (ii) Thin-section CT ful-
fills both of the following conditions: (a) maximum tumor
diameter of <2 c¢m and (b) not ‘radiologically determined
non-invasive cancer’ (i.e. the proportion of the maximum
diameter of the tumor itself to consolidation is >25%). (iii)
Patient age 20—79 years old. (iv) No prior ipsilateral thora-
cotomy (prior diagnostic thoracoscopy is allowed). (v) No
prior chemotherapy or radiation therapy for any malignant
diseases. (vi) Expected post-operative FEV1.0 > 800 ml and
Pa0, > 65 torr. (vii) Performance status of 0 or 1. (viii)
Sufficient organ function. (ix) Written informed consent.

Excrusion CRITERIA FOR THE PRIMARY REGISTRATION

Patients are excluded from the primary registration pre-
operatively if they meet any of the following criteria: (i)
active bacterial or fungous infection; (ii) simultaneous or
metachronous (within the past 5 years) double cancers; (iii)
women during pregnancy or breast-feeding; (iv) interstitial
pneumonitis, pulmonary fibrosis, or severe pulmonary
emphysema; (v) psychosis; (vi) systemic steroidal medi-
cation; (vii) uncontrollable diabetes mellitus; (viii)
uncontrollable hypertension; (ix) history of severe heart
disease, heart failure, myocardial infarction within the past 6
months or attack of angina pectoris within the past 6 months.

INcLUsiON CRITERIA FOR THE SECONDARY REGISTRATION

After the confirmation of the inclusion and exclusion criteria
for the primary registration, patients are required to fulfill all
of the following criteria for inclusion in the secondary
registration.

Pre-operative criteria: (i) sufficient organ function and (ii)
pre-operative body temperature of <38°C.

Intra-operative criteria: (i) date of surgery within 28 days
of initial registration; (ii) histologically confirmed adenocar-
cinoma, adenosquamous carcinoma, large cell carcinoma or
NSCLC (detailed category unknown); (iii) neither malignant
pleural effusion nor pleural dissemination; and (iv) techni-
cally possible to perform lobectomy, segmentectomy and
nodal dissection.

RANDOMIZATION

After the confirmation of the inclusion criteria for the sec-
ondary registration, registration is made by telephone or fax
to the JCOG Data Center or WJOG Data Center. Patients are
randomized in each group, JCOG or WJOG, by minimization
method balancing the arms with institution, histologic type

1102 ‘62 Aienuep uo g ony) n ewiysodiH () 1e Bio"sjewinolpioyxo-ooll wolj pepeojumoq



