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Background. Clinical diagnosis of the nodal status is a
significant factor in determining the treatment and pre-
dicting the prognosis in lung cancer patients. A patient
with clinical N1 (cN1) disease is usually considered to be
a candidate for surgical intervention in the present stag-
ing system in non-small cell lung cancer (NSCLC). How-
ever, cN1 disease is a subset for which the method of
treatment and surgical results are variable, simply be-
cause both upstaging and downstaging can occur. We
gvaluated the surgical and pathologic results of cN1
NSCLC patients to reveal the problems in diagnosis and
surgical management for this subset.

Methods. From January 1998 to March 2003, 1,606
patients underwent thoracotomy for primary lung cancer
at the National Cancer Center Hospital. Among them, the
sub]ects for this study were 168 (10.5%) NSCLC patients
who were clinically diagnosed as having N1 disease and
underwent surgery without induction therapy.

‘Results. The tumor cell types of these 168 cN1 NSCLC
patients were adenocarcinoma in 73 (44%) and squamous
cell carcinoma in 79 (47%). Pneumonectomy was per-
formed in 26% (n = 43) patients, bilobectomy in 15%
(n = 25), and exploratory thoracotomy in 11% (n = 19). Of
19 exploratory thoracotomy cases, 10 cases were due to

In the TNM classification of lung cancer, the preopera-
tive evaldation of tumor (T) status is becoming more
precise with the development of computed tomography
(CT), whereas that of nodal (N) status continues to be
unsatisfactory. Clinical diagnosis of N status is a signifi-
cant factor in-determining the method of treatment and
predicting the prognosis in non-small cell lung cancer
(NSCLC) patients. However, unexpected extensive nodal
involvement is occasionally detected in. the resected
specimen, because the evaluation of clinical N (cN) status
is based on the size of lymph nodes on CT. In contrast,
tumor involvement sometimes can not be detected in
swelling lymph nodes on pathologic examination when
the patient had developed pneumonia due to airway
obstruction by the tumor. Although most patients with
cN1 disease are considered surgical candidates using the
present TNM staging system, surgical results in cN1
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pleural dissemination. The pathologic nodal status of the
135 patients who underwent pulmonary resection and
mediastinal dissection was pNO, 19% (n = 25); pN1, 4%
(n = 59); and pN2-3, 37% (n = 51). Of the 55 adenocar-
cinomas, 60% (n = 33) were revealed to be N2 disease on
pathologic examination. There were no significant differ-
ences in the serum tumor markers between the pN1 and
pN2 groups. Among the 25 patients who were down-
staged postoperatively (cN1- pNO) 21 patients (84%)
showed obstructive pneumonia in the lung.

Conclusions. In the staging process of ¢N1 disease, it
will be helpful to perform mediastinoscopy and thora-
coscopy to avoid unnecessary thoracotomy especially in
adenocarcinoma, even though mediastinal nodes and
pleural dissemination were negative on computed to-
mography investigation. Since extensive pulmonary re-
section (bilobectomy or pneumonectomy) was required
in 41% of the patients, preoperative detailed cardiopul-
monary function tests should be mandatory to reduce
surgical morbidity and mortality ‘On  the- other- hand,
when pneumonia due to airway-obstruction by the tumor
exists, false-positive hilar nodes can be expected.

(Ann Thorac Surg, 2005;79:1682-5)
© 2005 by The Society of Thoracic Surgeons

disease can be variable, simply because both underesti-
mation and overestimation of the N status can occur in
this subset. To reveal the problems in diagnosis and
surgical management for patients with ¢N1 disease, we
retrospectiveély evaluated surgical and pathologic results
of this subset.

Patients and Methods

From January 1998 to March 2003, 1,606 patients under-
went thoracotomy for primary lung cancer at the Na-
tional Cancer Center Hospital. Among them, the subjects
for this study were 168 (10.5%) NSCLC patients who were
clinically diagnosed as having N1 disease and underwent
thoracotomy without induction therapy. Of these, 33
patients were excluded from pathologic nodal evaluation,
consisting of 19 patients who underwent only exploratory
thoracotomy, and 14 patients who did not undergo me-
diastinal nodal dissection because of unfavorable risks.
Basically, only CT was employed to detérmine clinical
N status. Our criterion for lymph node enlargement is
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Table 1. Patient Characteristics in Clinical N1 Nonsmall
Cell Lung Cancer Patients
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Table 2. Surgical Procedures in Clinical N1 Nonsmall Cell
Lung Cancer Patients

Characteristic Number Surgical Procedure Number
Number of patients 168 Pneurﬁonectomy . o 43
Age (years) Bilobectomy 25

Range 26-81 Lobectomy ‘ 80

Mean 625+ 95 With bronchoplasty : 10
Sex With vascular plasty 6

Male 138 (82%) With bronchovascular plasty 3

Female 30 (18%) Segmentectomy or less 1
Histological type Exploratory thoracotomy ) 19

Adenocarcinoma 73 (43%) Due to pleural dissemination 10

Squamous cell carcinoma 79 (47%) Due to aortic invasion S 2

Other 16 (10%) Due to vertebrallipvasion‘ ' 1
Clinical T stage ) Due to extensive nodal involvement 6

T1 ; 27 (16%)

T2 90 (54%)

T3 . 38 (23%)

T4 13 (8%) Preoperative evaluatlon of T status by CT was T1 in 27
Size of primary tumor (cm) : ) cases, T2 in 90, T3 in 38, and T4 in 13. The mean tumor

Range 13-150  diameter was 5.2 2.3 cm.

Mean 52*23

greater than 1.0 cm in the short axis of each nodal station
on CT. Mediastinoscopy or positron emission tomogra-
phy scan was not routinely employed preoperatively.
Pathologic confirmation of lung cancer was not made if
the nodule is highly suspected as lung cancer on CT scan.

Tumors were removed through posterolateral thora-
cotomy. A Naruke map in the classification of lung cancer
issued by the Japan Lung Cancer Society was used for the
designation of dissected nodal stations.

The serum carcinoembryonic antigen (CEA) level was
measured in adenocarcinoma patients, and cytokeratine
fragment (CYFRA) or squamous cell carcinoma antigen
(SCQ), or both, were measured in squamdus cell carci-
noma by enzyme immunoassay. The cut-off value was
5 ng/mL for CEA, 2.2 ng/mL for CYFRA, and 1.5 ng/mL
for SCC.

Mean values are expressed as mean * standard devi-
ation throughout the article. The x* test was used for
statistical analyses, and a value of p less than 0.05 was
considered to be significant.

Results

Patient Characteristics -

The patient characteristics of the 168 patients are shown
in Table 1. The patients consisted of 138 men and 30
women with a mean age of 62.5 years (range, 26 to 81).
The tumor cell types of these 168 ¢N1 NSCLC patients
were adenocarcinoma in 73 (43%), squamous cell carci-
noma in 79 (47%), and other cell types in 16 (10%).

Surgical Procedure

Pneumonectomy was performed in . 43 pahents (26%),
bllobectomy in 25 (15%), lobectomy in 80 (48%), segmen-
tectomy in 1, and exploratory thoracotomy in 19 (11%).
Among the 80 lobectomy patients, 19 (24%) underwent
plasty of the bronchus or pulmonary artety, or both
(Table 2). The reasons for the 19 exploratory thoracoto-
mies were unresectable T4 disease in 13'patients (pleural
dlssemmatlon in 10, aortic invasion in 2; and' vertebral
invasion in" 1) and extenswe nodal mvolvement in 6
(Table 2). : e

Tumor Cell Type and Nodal Status

The tumor cell type, clinical T status, and pathologic

nodal status in the 135 patients who underwent pulmo-
nary resection and mediastinal . nodal dissection are
shown in Table 3. The nodal status of these 135 cases was
pNO, 25 (19%); pN1, 59-(44%); and pN2-3, 51 (37%). The
incidence of pN2-3 was not influenced by T status (T1-2,
38%; T3-4, 37%). Sixty percent of all adenocarcinomas (33
of 55) and 68% of T1-2 adenocarcinomas (27 of 40) were
revealed to be N2 on pathology examination. On the
other hand, among 68 squamous cell carcinomas, 79%
(n = 54) were pNO-1. '

Serum Tumor Markers

Of 55 adenocarcinoma patients, 26 patients (47%) showed
an abnormal level of CEA, and consisted of 3 NO patients
(41%), 7 N1 (44%), and 16 N2 (49%). Among the 68
squamous cell carcinoma patients, 43 patients (63%)
showed an abnormal level of serum tumor marker
(CYFRA or SCC), and consisted of 7 NO patients (41%), 27
N1 (73%), and 9 N2 (64%). There were no significant
differences in the serum tumor markers between the pN1
and pN2 groups in each cell type.
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Table 3. Cell Types, Clinical T Status, und Pathological N Status in 135 Patients Who Underwent Pulmonary Resection and

Mediastinal Dissection

Pathological N Status

Cell Type Clinical T Status No. of Patients ) NO N1 N2,3
Adenocarcinoma All 55 6 (11%) 16 (29%) 33 (60%)
T1, T2 (Stage 2) 40 3 (8%) 10 (25%) 27 (68%)
T3, T4 (Stage 3) 15 3 (20%) 6(40%) 6 (40%)
Squamous cell carcinoma All 68 : 17 (25%) 37 (54%) 14 (21%)
T1, T2 (Stage 2) 46 12 (26%) 126 (57%) 8 (17%)
T3, T4 (Stage 3) 22 : 5 (23%) 11 (50%) 6 (27%)
Other All 12 2 (17%) 6 (50%) 4 (33%)
T1, T2 (Stage 2) 8 2 (25%) 5 (63%) 1(13%)
T3, T4 (Stage 3) 4 0 1(25%) 3(75%)
Total All 135 25 (19%) 59 (44%) 51 (37%)
T1, T2 (Stage 2) 94 17 (18%) 41 (44%) 36 (38%)
T3, T4 (Stage 3) 41 ' 8(20%) 18 (44%) 15 (37%)

Incidence of Obstructzve Pneumonin in Downstaged
Cases

Table 4 shows the incidence of obstructive pneumonia in
patients with false-positive N1 nodes (cN1-pNO). In total,
25 patients (19%) were downstaged postoperatively, and
.23 of these 25 patients (84%) were histologically proven to
have obstructive pneumonia in the resected lungs.

Comment

In the article by Mountain [1] on revision of the lung
cancer staging system, only 5% had cN1 disease in
surgical patients, showing cN1 disease is a minor entity
in surgical candidates. Clinical diagnosis of the nodal
status is a significant factor to decide the treatment and
predict the prognosis in NSCLC patients. In the present
staging system, most of the clinical NO and N1 disease is
basically considered to be a candidate for surgical resec-
tion unless the tumor is unresectable T4 disease, whereas
N2 disease.is to be a candidate for chemoradiotherapy.
Therefore, cN1 disease is a borderline subset for which
the treatment can go different ways, simply because both
underestimation and overestimation of the nodal status
can easily occur in this group of patients.

Computed tomography scan has been used for- the

Table 4. The Incidence of Obstructive Pneumonia in
Downstaged (cN1-pNO) Patients

Patients
Showing
Obstructive
No. of Pneumonia
cN1-pNO
Cell Type Patients No. %
Adenocarcinoma (n = 55) 6 (11%) 4 67
Squamous cell carcinoma 17 (25%) 15 88
(n = 68)
Other (n = 12) 2(17%) 2 100
Total (n = 135) 25 (19%) 21 84

clinical diagnosis of nodal status in the staging system. In
spite of the development of the helical CT scannet, the
preoperative evaluation of intrathoracic nodal status by
CT scan remains difficult, mainly because many cancer-
positive nodes of normal size exist, especially in adeno-
carcinoma cases [2-5]. The overall sensitivities of CT scan
for N factor is reportedly about 64% to 79% [6, 7]. About
20% of false-negative nodes on 'CT scan have been
reported, even in small-sized adenocarcinoma cases (8,
9]. As shown'in Table 3, 60% of all cN1 adenocarcinoma
and 68% of cT1-2N1"adenocarcinoma patients were his-
tologically revealed to be N2 after thoracotomy in our
series. Preoperative evaluation of nodal status by CT scan
is thus not accurate enough to establish the appropriate
therapeutic strategy [5, 6]. Furthermore, 11.3% of c¢N1
patients (19 of 168) in our series undérwent only explor-
atory thoracotomy because of unresectable T4 disease
(n = 13) or extensive nodal involvement (n = 6) as shown
in Table 2. Among the 13 cases of unresectable T4
disease, 10 (77%) were due to pleural dissemination.
Preoperative evaluation of T status is also revealed to be
unsatisfactory, especially for pleural dissemination. Al-
though the clinical N1 NSCLC patient is a candidate for
surgical resection in the present staging system,; it would
be helpful to perform mediastinoscopy and thoracoscopy
for cN1 disease to avoid unnecessary thoracotomy, even
though mediastinal nodes or pleural dissemination were
negative on CT investigation [10].

Riquet and associates [11] reported that lung cancer
easily metastasizes to the mediastinum. Keller and asso-
ciates (Eastern Cooperative Oncology Group) [12] re-
ported that complete mediastinal lymph node dissection
had identified significantly more levels of mediastinal
involvement than systematic sampling. Systematic nodal
dissection will be indispensable in adenocarcinoma pa-
tients for accurate intrathoracic staging [13].

In contrast with the above, the existence of obstructive
pneumonia sometimes caused overestimation of nodal
involvement, that is, a false-positive node, as shown in

. Table 4. Takamochi and coworkers [14] reported that
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smoking history, presence of obstructive pneumonia, or
other factors were significant factors of false-positive
scans in mediastinal nodes on CT. Also regarding the
hilar nodes, we consider that false-positive nodes can be
expected if the obstructive pneumonia exists within the
lung.

Regarding the preoperative serum tumor marker in-
vestigation, we failed to show the usefulness of serum
tumor marker measurement for discrimination of N1 and
N2 disease in all cell types. Carcinoembryonic antigen is
an antibody extracted from colon cancer [15], and has
been used as a specific tumor marker for digestive
cancers and lung cancer [16, 17]. In this study, 49% of pN2
and 44% of pN1 adenocarcinoma patients showed ele-
vated serum CEA levels, with no significant differences.
These incidences are similar to that of stage IIIA patients
with mediastinal involvement reported by Vincent and
coworkers [16]. The combination of SCC and CYFRA also
revealed not to be useful tumor marker for discrimina-
tion of N1 and N2 disease in squamous cell carcinoma.

The type of resection can also be variable in this subset,
such as lobectomy, bilobectomy, or pneumonectomy,
depending on intraoperative findings of nodal status, We
do not perform pneumonectomy when the N1 node is
mobile. In our series of resected cases, 41% of patients (68
of 135) underwent extensive resection of lung paren-
chyma (pneumonectomy, 26%; and bilobectomy, 15%),
despite of our aggressive attitude to perform the plasty of
the bronchus or pulmonary artery as shown in Table 2. In
view of perioperative cardiopulmonary management, pre-
operative meticulous evaluation of pulmonary and cardiac
function test will be mandatory for ¢cN1 disease [18].

Collectively, in staging process of cN1 disease, metic-
ulous evaluation of N and T status using mediastinos-
copy and thoracoscopy will be necessary to avoid unnec-
essary thoracotomy. Because bilobectomy or more
resection is often required, preoperative detailed cardio-
pulmonary function tests will be mandatory to reduce the

_ morbidity and mortality. On the other hand; when the
obstructive pneumonia exists within the lung, false-
positive nodes can be expected.

References

1. Mountain CF. Revision in the international system for stag-
ing lung cancer. Chest 1997;111:1710-7.

2. Oda M, Watanabe Y, Shimizu J, et al. Extent of mediastinal
node metastasis in clinical stage I non-small-cell lung can-
cer: the role of systematic nodal dissection. Lung Cancer
1998;22:23-30.

10.

11.

12.

13.

14.

15.

16.

17.

18.

WATANABE ET AL 1685

cN1 DISEASE IN NONSMALL CELL LUNG CANCER

. Izbicki JR, Thetter O, Karg O, et al. Accuracy of computed

tomographic scan and surgical assessment for staging of
bronchial carcinoma. J Thorac Cardiovasc Surg 1992;104:
413-20.

. Ichinose Y, Yano T, Yokoyama H, Inoue T, Asoh H, Katsuda

Y. The correlation between tumor size and lymphatic vessel
invasion in resected peripheral stage I non-small-cell lung
cancer. ] Thorac Cardiovasc Surg 1994;108:684-6.

. Asamura H, Nakayama H, Kondo H, Tsuchiya R, Shimosato Y,

Naruke T. Lymph node involvement, recurrence, and progno-
sis in resected small, peripheral, non-small-cell lung carcino-
mas: are these candidates for video-assisted lobectomy? J Tho-
rac Cardiovasc Surg 1996;111:1125-34.

. Goldstraw P, Kurzer M, Edwards D. Preoperative staging of

lung cancer: accuracy of computed tomography versus me-
diastinoscopy. Thorax 1983;38:10-5.

. Izbiki JR, Thetter O, Karg O, et al. Accuracy of computed

tomographic scan and surgical assessment for staging of bron-
chial carcinoma. ] Thorac Cardiovasc Surg 1992;104:413-20.

. Watanabe S, Oda M, Go T, et al. Should mediastinal nodal

dissection be routinely undertaken in patients with periph-
eral small-sized lung cancer? Retrospective analysis of 225
patients, Eur J Cardiothorac Surg 2001;20:1007-11.

. Koike T, Terashima M, Takizawa T, Watanabe T, Kurita Y,

Yokoyama A. Clinical analysis of small-sized peripheral lung
cancer. ] Thorac Cardiovasc Surg 1998;115:1015-20.
Dwamena BA, Sonnad SS, Angobaldo JO, et al. Metastasis
from non-small cell lung cancer: mediastinal staging in the
1990s; meta-analytic comparison of PET and CT. Radiology
1999;213:530~6.

Riquet M, Hidden G, Debesse B. Direct: lymphatlc drainage
of lung segments to the mediastinal nodes. ] Thorac Cardio-
vasc Surg 1989;97:623-32.

Keller SM, Adak S, Wagner H, Johnson DH. Mediastinal
lymph node dissection improves survival in patients with
stage II and IIla non-small cell lung cancer. Ann Thorac Surg
2000;70:358 -66.

Graham AN], Chan KJM, Pastorino U, Galdstraw P. System-
atic nodal dissection in the intrathoracic staging of patients
with nohtsmall cell lung cancer. ] Thorac Cardlovasc Surg
1999;117:246-51.

Takamochi K, Naga1 K, Yoshida ], et al. Thé role of computed
tomographic scanning in diagnosing mediastinal node in-
volvement in non-small cell lung cancer. | Thorac Cardio-
vasc Surg 2000;119:1135-40.

Gold P, Freedman SO. Demonstrahon of tumor—spec1ﬁc
antigen in human colonic carcinomata by immunological
tolerance and absorphon techmques ] Exp Med 1969;121:
439-62.

Vincent RG, Chu TM, Lane WW. The value of carcinoem-
bryonic antigen in patients -with carcinoma of the lung.
Cancer 1979;44:685-91.

Concannon JP, Dalbow MH, Hodgson SE, et al. Prognostic
value of preoperative carcinoembryonic antigen (CEA)
plasma levels in patients with bronchogenic carcinoma.
Cancer 1978;42:1477-83. )

Watanabe S, Asamura H, Suzuki K, Tsuchiya: R. Recent
results ‘of postoperative mortality for surgical resections in
lung cancer. Ann Thorac Surg 2004;78:999-1003.



doi:10.1510/icvts.2004.098814

INTERACTIVE
CARDIOVASCULAR AND
THORACIC SURGERY

Interactive CardioVascular and Thoracic Surgery 4 (2005) 106-109
' www.icvis.org

Institutional report - Thoracic general

The new strategy of selective nodal dissection for lung cancer based
" on segment-specific patterns of nodal spread*

Shun-ichi Watanabe*, Hisao Asamura, Kenji Suzuki, Ryosuke Tsuchiya
Division of Thoracic Surgery, National Cancer Center Hospital, Tokyo, Japan

Réceived 13 September 2004; received in revised form 7 December 2004; accepted 13 December 2004

Abstract = ©

A‘“new, ,s,tr;regy {or selective nodal dissection in non-small cell lung cancer (NSCLC) patients according to the segment of primary tumor
was: explored._Data on 504 patients with NSCLC of less than 5 cm, histologically revealed to be N2 disease after thoracotomy, were
analyzed n nght upper lobe (RUL) tumor, when the pretracheal node was negative, the incidence of subcarinal involvement was 3.8%. In

be unnecessary. if subcarinal node is negative.

ar, supenor segment (RLL-Superior and LLL-Superior) tumor showed a significantly higher incidence of superior mediastinal
than basal segment (RLL-Basal and LLL-Basal) tumor (right, P=0.0036; left, P=0.0499). When the subcarinal node was
‘1nc1dence of stperior mediastinal metastasis in RLL-basal and LLL-Basal tumor was 11% and 8%, respectively. In left upper
Uperior segment (LUL-Superior) tumor showed a significantly lower incidence of subcarinal involvement than lingular segment
titar) titnor (P=0.0381). When aortic nodes were negative in LUL- -Superior tumor, the incidence of subcarinal metastasis was 6%.
¥, in RUL and LUL-Superior tumots, subcarinal dissection may be unnecessary if superior mediastinal node is negative. In RLL-
Supenor aiid ‘LLL-Superior tumors, extensive dissection is required. In RLL-Basal and LLL-Basal tumors, supenor mediastinal dlssectlon may

© 2005 Published by European Association for Cardio-Thoracic Surgery. All rights reserved.
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1. ,.In,tr,oduction .

¢ ahan (1960) [1] reported the first 48 cases that
' ‘successfully underwent lobectomy with regional lymph node
dissection;; which was called radical lobectomy, this pro-
cedure has been a standard surgery for lung cancer. In
1978,.Naruke [2] suggested an anatomical map in which
th 'lymph hode stationswere numbered, and since then
thls map has been used for nodal dissection. With this map,
extensive. nodal dissection including the superior and infe-
rior med1ast1num has been universally performed in lung
cancer surgery This technique, termed systematic nodal
dissection (SND) remains an important component of the
1nvest1gat1ve and therapeutic process in all patlents under-
goingsthoracotomy for lung cancer.

Howevet;:as thé number of early-detected lung cancers is
increasing with the recent development of the CT scanner,
the extent of nodal dissection for lung cancer should be
tailored to each case. That is, more selective dissection
should be undertaken especially for early cancer by consid-
enng th 'tumor locahon -specific lymphatic pathway, simply

L Presented at the joint 18th Annual Meetmg of the European Association
for Cardlo thoracic Surgery and the 12th Annual Meeting of the European
Society of Thoracic’ Surgeons, Leipzig, Germany, September 12-15, 2004,

*Carresponding author; Division of Thoracic Surgery, National Cancer Center
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because nodal involvement is not so extensive in many
cases. In this study, a new strategy for selective nodal
dissection in non-small cell ung cancer (NSCLC) patients
based on segment-specific patterns of nodal spread was
explored.

2. Materials and methods

2.1. Patients

Data on 504 patients with NSCLC less than 5.cm, histolog-
ically revealéd to be N2 disease between January 1977 and
October 2003, were analyzed. Tumors invading the other
lobe were excluded. All patients underwent at least lobec-
tomy with hilar and mediastinal lymphadenectomy. The
correlation between the segment of the tumor location and
the involved hilar/mediastinal nodes were investigated in
each case.

2.2. Surgical procedure

Pulmonary resection and SND were performed through
posterolateral thoracotomy. At thoracotomy the diagnosis
was confirmed by frozen-section analysis, if histological
confirmation was not available preoperatively, Systematic
nodal dissection, including the superior to inferior medias-
tinum, was then performed after pulmonary resection. In
left thoracotomy, upper mediastinal dissection indicated
aortic (#5, 6) and tracheobronchial (#4) node dissection.
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Table 1
Patient characteristics in pathological N2 non-small cell lung cancer patients
less than 5 cm in size

Number of patients 504
Histological type :

Adenocarcinoma 367 (72.8%)

Squamous cell carcinoma 99 (19.6%)
Large cell carcinoma 27 (5.4%)
Adenasquamous carcinoma 9 (1.8%)
Others 2 (0.4%)
Tumor location
Right 303
upper lobe 183
middie lobe 25
lower lobe 95
Left 201
upper lobe ) 140
lower {obe 61

2.3. Patient characteristics

Patient characteristics are shown in Table 1. The tumor
cell types were adenocarcinoma in 367 (72.8%), squamous
cell carcinoma in 99 (19.6%), large cell carcinoma in 27
(5.4%) and adenosquamous cell carcinoma in 9 (1.8%). Right
thoracotomy was performed in 303 patients and left in 201.
The lobe of origin was the right upper lobe (RUL) in 183
patients, right middle lobe (RML) in 25, right lower lobe
(RLL) in 95 in 41 of whom it was the superior segment, left
upper lobe (LUL) in 140 in 122 of whom it was the superior
segment, and left lower lobe (LLL) in 61 in 23 of whom it
was the superior segment.

2.4, Statistical analysis

The statistical significance of differences was determined
using the chi-square test for independence. Relative risk
and 95% confidence intervals were calculated. Values of P
less thHan "0.05  were considered to be statistically
significant.

3. Results

3.1. RUL tumor

The incidence of subcarinal involvement in RUL tumor was
18% (33/183). However, when the pretracheal lymph node

Table 2
The incidence of upper mediastinal metastasis in superior and basal segment
tumor of the lower lobe

Side  Location of the primary tumor No. of patients Metastasis to the

superior
mediastinal
nodes
. No. % P value
Right Superior segment 41 ‘26 63 0.0036
Basal segment 54 18  33*
Left  Superior segment 23 15 65 0.0499
- Basal segment 38 15 39*

* When subcarinat lymph node (#7) was negative, the incidence of superior
mediastinal (#1-4) metastasis was 9% (5/54).

** When subcarinal lymph node (#7) was negative, the incidence of superior
mediastinat (#4, 5, 6) metastasis was 8% (3/38).

(#3) was negative, the incidence was only 3.8% (7/183).
There were no significant differences in patterns of lym-
phatic pathway between the apical, posterior and anterior
segments within the RUL.

3.2. RML tumor

The incidence of superior mediastinal (#1-4) and subcar-
inal (#7) involvement was 52% (13/25) and 72% (16/25),
respectively. The incidence of lower mediastinal involve-
ment was 8% (2/25). There were no significant differences
in patterns of lymphatic' pathway between lateral and
medial segment within the RML.

3.3. RLL and LLL tumor

Among all of the segments in the lower labe, 5 segments
in the right lung and 4 in the left, there were significant
differences in patterns of lymphatlc pathway between the
superior and basal segments on both sides, ‘as shown in
Table 2. The incidence of superior mediastinal involvement
in superior segment tumor. (right 65%, 26/41; left 65%, 15/
23) was higher than that in basal segment tumor (right
33%, 18/54; left 39%, 15/38), with significant differences.
(right, P=0.0036; left, P=0.0499). When the subcarinal

‘lymph node (#7) was negative, the-incidence of superior

mediastinal metastasis in RLL-basal and LLL-Basal segment
tumor was 9% (5/54) and 8% (3/38), respectively. -

3.4. LUL tumor

There were significant differences in patterns of lymphat-
ic pathway between the superior and lingular segments
within the LUL, as shown in Table 3. Superior ‘segment
tumor showed a significantly lower incidence of subcarinal
involvement (14%, 17/122) than llngulaf segment tumor
(33%, 6/18) (P=0.0381). When aortic tymph nades (#5, 6)
were negative in superlor segment tumor the mc1dence of
subcarinal metastasis'was 6% (7/122) '

Collectively, the following e1ght segments, four in each
side lung, with specific lymphatlc pathways were identified:
RUL (n=183), RML (n=25), superior segment of the RLL
(RLL-Superior, n=41), basal segment of the RLL (RLL-Basal,
n=>54), superior segment of the LUL '(LUL-Superior,
n=122), lingular segment of the LUL (LUL-Lingular, n=18),
superior segment of the LLL (LLL-Superior, n=23) and basal
segment of the LLL (LLL-Basal, n=38). Based on the abov-
ementioned patterns of nodal spread, the proper strategy
for the selective lymph node dlssectlon of each segment is
shown in Table 4.

4, Discussion

The pathological nodal status in lung cancer patients is
not always the same as that predicted by pre-operative
investigations, For TNM classification, CT scan has been
used in the clinical diagnosis of nodal status, however, the
sensitivity of CT scan for the N factor is reported about 64
to 77% [3]. Since a high incidence of false-negative nodes
on CT scan has been reported [4], systematic nodal dissec-
tion (SND), which means extensive mediastinal dissection
including superior to inferior mediastinum, has been per-
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Table 3

The incidence of supeﬁor mediastinal and subcarinal metastasis in superior and lingular segment tumar of the left upper lobe

Location of the primary No. of patients

Metastasis to the superior

Metastasis to the subcarinal

tumor in the left upper tobe mediastinal nodes (#4,5,6) node (#7)

No. % P value No. % P value
Superior segment 122 118 97 NS 17 A4 0.0381
Lingular segment . . . .18 : 13 72 6 33

* When aortic nodes (#5, 6) were negative, the incidehce of subcarinal metastasis was 6% (7/122).

formed for ylung' cancer patients undergoing thoracotomy.
Pathological evaluation of nodal involvement at the medi-
astinal and hilar levels is essential for detailed assessment
of the disease extent. ' '

Graham' and associates [5] suggested that SND could
dlsclose unexpected N2 disease, irrespective of cell type,
the size, location and lobe of origin of the primary tumor,
and whether prior mediastinoscopy had been performed.
Keller and assoc1ates 6] suggested that cure rates could
be improved by SND. Therefare, SND has been accepted as
an important component of the mvestlgatwe and therapeu-
tic process in NSCLC patients.

With the development of the CT scanner and the increased
1nc1dence of lung cancer, the number of early-stage lung
cancer is rising: The 1nc1dence of small-sized lung cancer
among resected :primary lung cancers in recent years has
exceeded 20% in - Japan'{4,7]. As the number of early-
detected lung cancers is increasing, a new therapeutic
strategy for nodal dlssectlon Jis required. Proposals of lim-
ited surgery for.lung cancer have been undertaken in some
previous reports [8-10]. -

There are’ two-methods of limited surgery, one is lung
parenchyrna preserving’ surgery ‘and the other is limited
nodal dissection. Regar dmg the lung parenchyma-preserving

surgery, Lung Cancer Study Group (LCSG) [11] reported the
results of a randomized trial of lobectomy versus limited
resection for TANO NSCLC. They observed a 75% increase in
recurrence and a 50% increase in_cancer death in the
patients undergomg segmentectomy or wedge resection,
compared- to those -in. the patients who. underwent . lobec-
tomy. It is difficult to select candidate patients for limited
resection, because cT1NO lung cancer patients show nodal
disease with a 15 fo 25/ inciderice [4,7].

As for limited lymph node dissection, quuet and associ-
ates [12] reported that lung cancer metastasizes so easily
to the mediastinum “that selection of the patients for
limited surgery should be discussed carefully. Some previous

Table 4

reports have described the appropriateness of selective
nodal dissection based on the lobe-specific extent of nodal
spread [13-15], In this study, we evaluated more meticulots
data of the lymphatic pathway in not only T1 but also T2
tumors, to collect as much data as possible; and proposed
a method of limited dissection from these results as shown
in Table 4. The strategy of lymph node dissection should
be changed from extensive dissection to selective dissec-
tion especially in early stage cancer or poor risk patients,
because selective dissection will be ‘able-to reduce post-
operative morbidity, such as bronchopleural fistula, chylo-
thorax or recurrent nerve palsy. The estabhshment of a
universally accepted method of selective nodal dissection
for lung cancer would be indispensable,

5. Conclusions

Based on the patterns of nodal spread a proper strategy
for selective ymph hbde dissection of each segment was
proposed .as. shown in Table 4. In RUL .and.LUL-Superior
tumors; subcarinal dissection may: be unnecessary if the
superior mediastinal node is negative on frozen séction. In
RML and LUL-Lingular tumors, superior medlastmal and
subcarinal dissection is necessary. fn RLL- Superlor and LLL-
Superior tumors, extensive systematic dissection:is-routine-
ly required. In RLL-Basal and LLL-Basal tumors, superior
mediastinal dissection may be unnecessary if the subcarinal
node is negative on frozen section.
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Appendix. Conference discussion

Dr. P. van Schil (Edegem, Belgium): | think this is especiatly important
as within the ESTS we are working on guidetines for peroperatwe medrastlnal
staging.

| have two questions for you. Did you observe any difference with the
previous studies performed by Japanaese surgeons; for example, the classical
studies by Naruke? Secondly, you state that you do segment-specific nodal
dissection. On the ather hand, you consider the upper lobe and the middle
lobe just as 1 segment, but, in fact, anatomically there are 3 segments in
the upper lobe and 2 in the middle lobe, or doesn't it matter for those 2
lobes?

Dr. Watanabe: Let me anaswer the second question first. | checked alt
of the segments in the right upper lobe and middle lobe, that is, the apical,
posterior and anterior segment in the upper lobe, and the lateral and medial
segment in the middle lobe. But there are no specific pathways amang those
segments, so | divided just the right upper lobe and the right middle lobe.

I’m sarry, what was the first question?

Dr. van Schil: Did you observe any differences with previous studies
performed by the Japanese surgeos; for example, the studies by Naruke7

Dr. Watanabe: Unfortunately, no.

Dr. D. Branscheid (Grosshandsdorff, Germany): Do you think that there
are sometimes reasons why the lymph nodes are flowing mare in a certain
direction and all of a sudden there are 2 or 3 and the flow is to another
side? Did you check if they have had tuberculosis or other infections? Have
those lymph nodes been entarged or have they been normal on the CR scan?
Can you give us something about that? : "

Dr. Watanabe: 1 didn’t check all of your suggestlons We bastcaly do
surgery only for clinical NO and N1 patients.

Dr. Branscheid: Let me just ask another question. When the srtuatlon is
like that, isn’t it just an argument to do a complete dissectin and not say,
okay, this node is not involved, therefore | probably do not need to take the
next one? This is the consequence that | take out of your presentatron Is
that wrong, or do you see it like that also a little bit?

Dr. Watanabe: Your question is why we are exploring the selectwe nodal
dissection, why we don’t do systematic nodal dissection?

Dr. Branscheid: 'No, Is the consequence to do a complete dlssectlon7 Is
this your consequence out of that?

Dr. Watanabe: No. Recently, with the development of the CT scanner
in Japan, we are getting a large number of early lung, cancers. Basically we
need to do systematic nodal dissection for lung cancer. patients, but for,
early stage lung cancer we don’t think systematic dissection is required for
all of the tumors. -This is the reason why we started.this study. But " the
candidate in this study was the patients who undérwent systematic dissec-
tion. So basically we think that systematic dissection is very lmportant for
tung cancer. 3

Dr. §. Elia (Rome, Italy): You said that in 8 of 12 cases, actually y V66%,
you would advice lymph node dissection. So you leave only 33% of lymph
nodes that are actually doubtful. Would you feel safe in"not performlng
complete lymphadenectomy in these patients? What is your conclusion?

Dr. Watanabe: | just taok only pathological N2 patients: But among all
patlents, I'mean NO, N1 and N2, if we included those patients, the incidence...
is going down, and | think ‘the incidence will be one-third of this f\gure So
| think if the incidence is less- thatn 10% the mc1dence among all the lung

* cancer patients will be a few percent.”

Dr. A. Turna- (Istanbul, Turkey): Could you ‘tell us how many of yaur
patients had mediastinoscopy before resection? D1d you perform medlastt-
noscopy in these patients? -

Dr. Watanabe: Very few: Basrcally we do medx
N2 patients,” and they are actually N2 on thé met
excluded those patiefits. In this: study, the numher of patlents who under-
went mediastinoscopy is very few. ;

Dr. B. Passlick (Freiburg, Germany):: What is your strategy for thef
future? Witl you leave the upper mediastinal nodes in place if, you hav,
right lower lobe tumor and a negatlve forzen sectron on the No §
nodes?

Dr. Watanabe: We are now studying that kind of selective dissection. If
the hilar tymph node and the .No. 7 lymph.node “are .nagative: in ‘basal -
segment tumor, we can omit the upper mediastinal dissection;,;lzautvnow we -
are conducting only for poor-risk patients or very early lung cancer patients.
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Background. A new radiologic classification for small
adenocarcinoma is necessary for discussions of limited
surgical resection for peripheral lung cancer.

Methods. Between 1999 and 2003, 1,697 consecutive pa-
tients underwent pulmonary resection for lung cancer.
Three hundred forty-nine of these patients with clinical
stage IA lung cancer who had lung peripheral adenocarci-
noma, 2 cm or less in size, were investigated retrospectively.
Radiologic classification was based on the findings of
thin-section computed tomographic scan such as the pres-
ence of solid and ground-glass opacity (GGO). Type 1 (n =
22), type 2 (n = 26), type 3 (n = 25), and type 4 (n = 43) show
a simple GGO, an intermediate homogeneous increase in
density, a halo, and a mixed area of GGO and a solid,
respectively. Type 5 (n = 54) shows a solid tumor with
GGO, and type 6 (n = 179) shows a solid tumor.

Several authors have reported that the incidence of
adenocarcinoma of the lung has been increasing [1,
2]. The introduction of computed tomography (CT) for
screening of lung cancer has made it possible to detect
smaller pulmonary nodules. Most of those pulmonary nod-
ules are peripherally located adenocarcinoma of the lung,
and such early detection may be associated with attainment
of cure through early intervention [3, 4. Although there is a
general consensus regarding the pathologic diagnosis of
early adenocarcinoma of the lung [5-8], the clinical and
radiologic diagnosis of early adenocarcinoma with favor-
able prognosis is still controversial. Several authors have
reported that adenocarcinoma of the lung that shows a
wide area of ground-glass opacity (GGO) has a good
prognosis [4, 9-15]. However, there is no generally accepted
method for measuring the area of GGO, as it is sometimes
difficult to divide peripherally located adenocarcinomas
according to the existing classification. Thus, a new classi-
fication of peripherally located adenocarcinoma of the lung
is necessary, and in this study we sought to determine how
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Results. There was no difference in the maximum tumor
dimension among the six groups. All but 1 patient had no
lymph node metastases among type 1 to 4 tumors, whereas
these were found in 5% and 24% of the patients with type
5 and 6 tumors, respectively. Lymphatic invasions were
rarely found in patients with type 1 to 4 tumors (p < 0.001).

Conclusions. Types 1, 2, 3, and 4 are considered to be
radiologic early adenocarcinoma of the lung, and their
pathologic features were minimally invasive. On the
other hand, type 5 and 6 tumors could have lymph node
metastases and are considered to be invasive adenocar-
cinoma. Although limited surgical resection may be
enough for type 1 to 4 tumors, anatomic pulmonary
resection should be recommended for type 5 or 6 tumor.

(Ann Thorac Surg 2006;81:413-20)
© 2006 by The Society of Thoracic Surgeons

to best classify peripherally located adenocarcinoma of the
lung retrospectively.

Patients and Methods

Patient Characteristics

Between January 1999 and December 2003, 1,697 consec-
utive patients underwent pulmonary resection for lung
cancer. Among them, 349 patients with clinical stage 1A
lung cancer who had peripherally located adenocarci-
noma of the lung 2 cm or less in size were investigated in
this study. Patients who received preoperative treatment,
such as radiotherapy or chemotherapy, or who had
multiple lung cancers were excluded from the study.
Informed consent was obtained from the patients. Of
these, 167 were men and 182 were women. Their ages
ranged from 23 to 89 years, with a median of 64 years.

Radiologic Evaluation

Contrast-enhanced CT scan was performed using a TCT
9005 or X-Vigor (Toshiba, Tokyo, Japan), and 10-mm-thick
contiguous collimation was used to evaluate the entire lung
for preoperative staging. The size of tumors was deter-
mined digitally based on the findings of thin-section CT

0003-4975/06/$32.00
doi:10.1016/j.athoracsur.2005.07.058
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Table 1. Radiologic Classification of Small Adenocarcinoma
of Lung by Means of Thoracic Thin-Section Computed
Tomography

Class Radiologic Findings

Type 1 Pure (simple) GGO

Type 2 Semiconsolidation (an area of intermediate
homogeneous increase in density)

Type 3 Halo (area consisting of solid part and
surrounding GGO halo)

Type 4 Mixed (an area consisting of GGO and
solid part having air-bronchogram)

Type 5 Solid pattern with GGO?

Type 6 Solid pattern

? The area of GGO should be less than 50%.
GGO = ground-glass opacity.

scan. We perform thin-section cuts for every lung tumor 2.0
cm or less in maximal dimension. All tumors were subse-
quently evaluated with thin-section CT scan. Helical scans
with 2-mm collimation were performed through a primary
tumor. Images were reconstructed with a high-frequency
algorithm, and photographed with a window level of —600
H and a window width of 2,000 H, as a “lung window.”
Radiologic findings were evaluated by two observers (M.K.
and K.S.), who were not informed of the pathologic and
prognostic outcome, on thin-section CT scan.

Radiologic Criteria for Grouping

The radiologic findings evaluated were as follows: the
maximal tumor dimension, the presence and extent of solid
or GGO component in tumor, and homogeneity of tumor.
The solid (or consolidation) component was defined as an
area of increased opacification more than 5 mm in diame-
ter, which completely obscured underlying vascular mark-
ings. Ground-glass opacity was defined as an area of a
slight, homogeneous increase in density, which did not
obscure underlying vascular markings. Semiconsolidation

Fig 1. Flow chart for the new clas-
sification of small adenocarcinoma
of the lung. (GGO = ground-glass
apacity; w/o = without.)

Ann Thorac Surg
2006;81:413-20

was defined as an area of an intermediate homogeneous
increase in density, which did not obscure underlying
vascular markings. A halo was an area that consisted of a
solid part and a surrounding GGO halo. Mixed was an area
with a heterogeneous increase in density, which consisted
of GGO and a solid part with an air-bronchogram. We
divided the 373 small adenocarcinomas of the lung into six
groups based on the extent of the solid component, pres-
ence of GGO, and homogeneity of the tumors (Table 1, Fig
1). Type 1 and 2 tumors are homogeneous in density, and
lack a solid component (Figs 2, 3). The density of the tumor
distinguishes type 1 from type 2. Type 3 and 4 tumors are
heterogeneous in density, and the solid component com-~
prises less than 50% of its diameter. The patterns of the
solid component and GGO distinguish type 3 from type 4
(Figs 4, 5). Type 5 and 6 tumors are those that predomi-
nantly have a solid component. The presence of GGO
distinguishes type 5 from type 6 (Figs 6, 7).

Clinicopathologic Factors and Statistical Consideration

The medical record of each patient was examined for age,
sex, histologic tumor type, mode of surgery, serum carcino-~
embryonic antigen (continuous variable; nanograms per
milliliter), pathologic nodal status, lymphatic invasion, vas-
cular invasion, pleural invasion, and intrapulmonary me-
tastasis. Skip metastasis was defined as any mediastinal
lymph node involvement by lung cancer without N1 dis~
ease. The relationships between these pathologic factors
and radiologic classification were investigated in this study
to elucidate the prognostic significance of our radiologic
classification of peripherally located adenocarcinoma of the
lung. To compare two factors, Fisher’s exact test was used
for statistical analysis. Univariate and multivariate analyses
were used to determine which clinical factors predict nodal
involvement, such as N1 disease or skip metastasis. Uni-
variate and multivariate analyses were performed by logis~
tic regression analysis using StatView 5.0 (SAS Institute,
Inc, Cary, NC). Forward and backward stepwise procedures

v
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Fig 2. Type 1 humor is homogeneous in density, and this tumor has
been called “pure GGO” or “simple GGO.” (GGO = ground-glass

opacity.)

were used to determine the combination of factors that
were esgential in predicting prognosis, Statistical analysis
was considered to be significant when the probability value
was less than 0.05. Although survival data are shown in this
study, this information is considered to be merely sugges-
tive because of the short median follow-up period (just 30
months) for the 341 surviving active patients.

Fig 4. Type 3 tumor is heterogeneous in density, and the solid com-
ponent comprises less than 50% of its diameter, and is composed of
solid and surrounding GGO. (GGO = ground-glass opacity.)

Results

Clinical Characteristics by Radiologic Classifications

Patients with resected adenocarcinoma of the lung 2 cm
or less in size were divided into six groups (Table 2). Type
1, 2, 3, 4, 5, and 6 tumors were found in 22 (5.9%), 26
(7.4%), 25 (7.2%), 43 (12.3%), 54 (15.5%), and 179 (51.3%)

Fig 3. Type 2 tumor is homogeneous in density. It is too dense to
call it “pure GGO.” The density is much denser than type 1 tumor.
(GGO = ground-glass opacity.)

Fig 5. Type 4 tumor is heterogeneous in density, and the patterns of
the solid component and GGO distinguish type 3 from type 4.
(GGO = ground-glass opacity.)
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Fig 6, Type 5 tumor predominantly has a solid component and sur-
rounding GGO. (GGO = ground-glass opacity.)

patients, respectively. With regard to sex differences,
women outnumbered men in each category except type
6. The radiologic maximal tumor dimension ranged from
0.6 to 2.0 cm, with a mean of 1.5 cm, and there were no
significant differences among the six categories. Al-
though approximately 20% of patients with type 5 or 6
tumors did not have stage I disease, all but 1 patient with
tumors in the other types had stage I disease (p < 0.001).

Pathologic Characteristics by the Radiologic
Classifications

No nodal involvement was observed among patients
with type 1, 2, or 4 tumors. One (4%) patient in type 3 had

Ann Thorac Surg
2006;81:413-20

Fig 7. Type 6 tumors predominantly have a solid component. This
tumor is so-called pure solid.

N1 disease, and 3 patients (5.6%) with type 5 tumors had
nodal disease; one N1 and two N2. Type 6 tumors
frequently metastasized to regional lymph nodes (43
[24%] patients). Lymphatic invasion was rarely found in
patients with type 1, 2, 3, or 4 tumors, whereas this was
frequently found in patients with type 5 or 6 tumors (p <
0.001). Similar findings were observed for vascular and
pleural invasion (Table 3). There were 7 overall deaths,
and all died of cancer. All of these patients had lung
adenocarcinoma, which showed just a solid component
on thin-section CT scan, ie, type 6 tumors. There were no
deaths in patients in types 1 to 5, although the median
follow-up period for surviving patients is just 30 months.

Table 2. Radiologic Classification and Clinicopathologic Features in Adenocarcinoma of the Lung

Type 1 Type 2 Type 3 Type 4 Type 5 Type 6

Variable Pure GGO sC Halo Mixed Solid & GGO Solid
Number of cases 22 (6.3%) 26 (7.4%) 25 (7.2%) 43(12.3%) 54 (15.5%) 179 (51.3%)
Mean age (y) 58.6 56.4 64.1 62.3 62.9 62.9
Sex (men/women) 9/13 7119 11/14 19/24 22/32 99/80
CEA > 5 ng/mL 1 0 1 3 3 40
Radiologic tumor size (cm)

Range 0.6-1.9 0.8-2.0 0.8-19 0.9-2.0 0.9-2.0 0.8-2.0

Mean 1.2 1.4 15 14 15 15
Pathologic stage

1A 21 25 24 43 51 130

B 1 1 0 0 0 5

IIA 0 0 1 0 0 19

1B 0 0 0 0 0 4

IIA 0 0 0 0 2 18

1B 0 0 0 0 1 3

v 0 0 0 0 0 0

CEA = carcincembryonic antigen; ~ GGO = ground-glass opacity;

SC = semiconsolidation.
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Table 3. Relationship Between Radiologic Classification and Pathologic Characteristics in Resected Adenocarcinoma of the =
Lung g
Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 é -
Variable Pure GGO sC Halo Mixed Solid & GGO Solid *
Total cases 22(6.3%) 26 (7.4%) 25(7.2%) 43 (12.3%) 54 ( 15.5%) 179 ( 51.3%)
pTi/pT2-T4 21/1 26/0 25/0 43/0 53/1 165/14
Lymph node metastasis 0(0%) 0(0%) 1(4%) 0(0%) 3(5.6%) 43 (24%)
pN1/pN2 0/0 0/0 1/0 0/0 112 23/20
Skip metastasis 0(0%) 0(0%) 0(0%) 0(0%) 1(1.9%) 7 ( 4.0%)
Lymphatic invasion 1(5%) 0(0%) 1(4%) 0(0%) 10 (18.5%) 84 (47%)
Vascular invasion 1(5%) 0(0%) 0(0%) 1(2%) 5(9.3%) 86 ( 48%)
Pleural invasion 2(9%) 0(0%) 0(0%) 1(2%) 4(7.4%) 48 (27%)

GGO = ground-glass opacity; SC = semiconsolidation.

Clinical Predictors for Nodal Involvement, N1 Disease,
and Skip Metastasis

On the basis of multivariate analysis, preoperative carcino-
embryonic antigen (nanograms per milliliter; continuous
variable) and radiologic findings (types 1 through 4 versus
types 5 and 6) were significant predictors for nodal involve-
ment (Table 4). As to N1 disease, preoperative carcinoem-~
bryonic antigen (nanograms per milliliter; continuous vari-
able), and radiologic findings (types 1 through 4 versus
types 5 and 6) were again significantly associated with
pathologic N1 disease (Table 5). None of the clinical factors
were detected to be predictors for so-called skip metastasis.

Comment

Recent investigation of small adenocarcinoma of the lung
has revealed the pathologic characteristics of these tumors
detected by CT scan. Several authors insisted that the
prognosis of lung adenocarcinoma with a large area of
GGO on thin-section CT scan was much better than that of
conventional adenocarcinoma of the lung regardless of the
maximal tumor dimension (Table 6} [4, 9-15]. These reports
provide interesting material for discussion. If adenocarci-
noma with a good prognosis can be diagnosed preopera-
tively, major lung resection might not be required. Some
authors have already adopted segmental resection for
small-sized lung eancer, and have reported that it might be
acceptable for patients with a tumor of 2.0 ecm or less in
diameter without nodal involvement [16, 17]. From these
reports, a peripherally located lung cancer with no lymph
node metastasis is the optimal indication for a more limited
anatomic resection. However, it is difficult to determine the
pathologic nodal status during surgical resection, and there
could be some discrepancy between the results of intraop-
erative frozen-section diagnosis and the final pathologic

diagnosis of lymph node metastasis. Locoregional recur-
rence has been noted after extended segmental resection,
and it is possible that such local recurrence might have
been prevented by pulmonary lobectomy. Thus, the preop-
erative diagnosis of the biologic invasiveness of a hung
cancer is crucial whenever surgeons dare to adopt a lesser
anatomic resection for a resectable lung cancer, which
could raise the question of compromised patients.

According to previous data, lung adenocarcinoma with a
large area of GGO shows a good prognosis, and one of the
most important prognostic factors is the extent of GGO.
However, how can the extent of GGO be evaluated in
patients with type 4 adenocarcinoma? Inasmuch as type 4
tumor is made up of a heterogeneous mixture of GGO and
a solid part, it is difficult to measure the size of the solid
part. As a result, there is considerable disagreement among
physicians on the diagnosis. Some may diagnose such
tumors as “noninvasive,” and others may diagnose them as
“invasive” based on CT findings. The reason for this incon-
sistency is probably that the former radiologic classification
is ill-suited for evaluating peripheral lung adenocarcinoma.
The extent of GGO is insufficient for the evaluation of all
adenocarcinoma of the lung. It may still be difficult for some
surgeons to classify small adenocarcinoma of the lung
based on our classification.

Among the six types of peripheral small-sized adenocar-
cinoma, women were predominant in all types except
among patients with type 6 tumors. This is an unexpected
finding, Traditionally, lung cancer is found more often in
men than women. There was no significant difference
among the types with regard to the maximal tumor dimen-
sion. Regarding small-sized adenocarcinoma of the lung,
Noguchi and colleagues [6] investigated prognostic factors
based on the findings of central fibrosis. They stated that
type A or B tumors should be considered “in-situ” adeno-

Table 4. Results of Multivariate Analysis for Predictors of Nodal Involvement

Variable Risk Ratio 95% Confidence Interval p Value
CEA (continuous variable; ng/mL) 1.088 1.025-1.155 0.0059
Radiologic classification (type 1-4 vs 5-6) 0.057 0.008-0.427 0.0052

CEA = carcinoembryonic antigen.
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Table 5. Results of Multivariate Analysis for Predictors of N1 Disease

Variable Risk Ratio 95% Confidence Interval p Value
CEA (continuous variable; ng/mL) 1.092 1.029-1.158 0.0037
Radiologic classification (type 1-4 vs 5-6) 0.074 0.010-0.554 0.0112

CEA = carcinoembryonic antigen.

carcinoma of the lung. It is probably safe to say that
segmental resection or wide wedge resection is sufficient for
such tumors because of their minimally invasive nature.
Type 1 tumor is also known as pure GGO or simple GGO
[18]. Among 22 type 1 tumors, there was no lymph node
metastasis, and pathologic findings showed minimal inva-
sion. There were 15 (68%) tumors that were equivalent to
the type A or B tumors of Noguchi and colleagues [6], ie,
roughly bronchioloalveolar carcinoma. Type 2 tumor is
denser than type 1 tumor on thin-section CT scan. This
tumor is not a solid tumor because we can see the under-
lying bronchovascular structure. No lymph node metastasis
was noted, and 11 tumors were similar to the type A or B
tumors of Noguchi and colleagues [6]. The difference in
their density is probably related to the difference in the
amount of air contained in the tumor, ie, differences in
alveolar space histologically. Type 3 tumor is also known as
GGO halo. One tumor had metastasized to the intrapulmo-
nary lymph node, ie, N1 node, but 15 tumors were still
diagnosed as being equivalent to the type A or B tumor of
Noguchi and colleagues [6]. Type 4 tumor is actually de-
fined by our original definition. This tumor consists of a
mixture of GGO and a solid part containing air, roughly
air-bronchogram. There was no lymph node metastasis and
no lymphatic invasion. Basically, lung adenocarcinoma in
the above four types is thought to be “minimally invasive”
adenocarcinoma. A limited anatomic resection of the lung
could be the standard surgical procedure for such tumors in
the near future.

Type 5 and 6 tumors are considered to exhibit a “solid”
course, Lymph node metastasis was found in roughly 5% of
type 5 tumors, and 27% of type 6 tumors. Traditionally,
lymph node metastasis is found in approximately 15% of
small adenocarcinoma 2.0 cm or less in size. According to

our results, however, lymph node metastasis was found
mostly in type 6, which meant that if peripheral lung
adenocarcinoma showed GGO on thin-section CT, the
probability of lymph node metastasis was less than 5%.
These “solid” tumors could be divided into several sub-
groups by means of positron emission tomography. If the
solid tumors show positive results by positron emission
tomography, they may be associated with a high frequency
of lymph node metastasis and a poor prognosis.

One of the important objectives of this study is to deter-
mine the indication for limited surgical resection for lung
adenocarcinomas. From this concept, the classification be-
came simpler if the classification was composed with
groups, ie, types 1 through 4 and types 5 and 6. If a tumor
belongs to types 1 through 4, the patient would be a
candidate for limited surgical resection, whereas a tumor
belonging to group 5 or 6 warrants major lung resection
with systematic lymph node dissection necessary. How-
ever, we believe the six classifications proposed in this
study remain important for the surgeon to plan for the
management of peripheral lung cancer. For instance, most
of the type 1 tumors are bronchioloalveolar carcinoma, and
some of them might be indolent tumors. On the contrary,
type 2 tumors tend to be adenocarcinoma with invasive foci
pathologically and grow in size. Actually we made a plan
for a prospective follow-up study for type 1 tumors, not for
type 2 tumors. Thus, clinical strategy depends on the six
classifications, and we hope to leave the classification intact.

As to the surgical indications for pure GGO tumors, we
resected the tumor if it is stable or increased in size.
However, from our data, tumors belonging to type 1 could
be bronchioloalveolar carcinoma, and are sometimes indo-~
lent. Thus, recently we just monitor such type 1 tumors
without surgical interventions if the radiologic maximal

Table 6. Review of Literature Regarding Proportion of Ground-Glass Opacity as Radiologic Prognostic Factors in

Adenocarcinoma of the Lung

Authors Year No. Cases Methods Good Prognosis Analysis
Jang et al. [9] 1996 14 e Focal area of GGO Univariate
Aoki et al. [4]} 2001 127 Ad, cT1 Dimension GGO > 05 Univariate
Kodama et al. [10] 2001 104 Ad, 2 em or less Visual GGO > 05 Multivariate
Takamochi et al. [19] 2001 269 Ad, peripheral TDR TDR & CEA Multivariate
Kim et al. [11] 2001 224 Ad, cT1 Visual GGO extent Univariate
Matsuguma et al. [12] 2002 111 Ad, cIA Visual GGO > 05 Univariate
Takashima et al. [15] 2002 64 Ad, 2 cm or less CT GGO > 0.57 Multivariate
Suzuki et al. [14] 2002 69 Ad, clA Dimension GGO > 50% Univariate
Okada et al, [17] 2003 167 Ad, ¢T1 TDR TDR > 0.5 Multivariate
Ohde et al, [13] 2003 98 Ad, cT1 Dimension GGO > 50% Univariate

Ad = adenaocarcinoma;
ratio.

CEA = carcinoembryonic antigen;

¢T1 = clinical T1;

GGO = ground-glass opacities; ~ TDR = tumor disappearance
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tumor dimension is less than 15 mm. If radiologic findings
suggest the tumor as lung cancer, preoperative CT-guided
fine-needle biopsies are not always performed because of
the high rate of a false-negative result for GGO tumors.

In conclusion, a new radiologic classification of small-
sized adenocarcinoma of the lung has been proposed.
Because this is the retrospective study, there may be nu-
merous levels of bias. Therefore, we are planning to per-
form a prospective study of the management of peripheral
small adenocarcinoma of the lung. Using the classification,
we can easily classify peripheral adenocarcinoma of the
lung into six categories, and the classification is significantly
associated with pathologic prognostic factors. Future treat-
ment strategies for small-sized adenocarcinoma of the lung
may be based on this new radiologic classification.

The authors thank Dr Etsuo Miyaoka, PhD, a professor of Tokyo
University of Science, for his technical support for statistical
analysis. This work was supported in part by a Grant-in-Aid for
Cancer Research from the Ministry of Health and Welfare.
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INVITED COMMENTARY

Anatomical resection is the standard treatment for
early stage nonsmall cell lung cancer. As radiographic
scanning methods are improving and we are identify-
ing cancers at smaller sizes than previously recog-
nized, the issue of limited resection for small periph-
eral cancers is being reinvestigated. Should small size
on computed tomography (CT) be the only criteria with
which to determine the type of resection (ie, anatomi-
cal versus limited [wedge]l) to be performed? The
answer would be no, according to the article by Suzuki
and colleagues [1]. This study is a retrospective review
of a single institutional experience in 349 chemothera-
py-radiotherapy naive patients with small, single pe-
ripheral lung primary adenocarcinomas during a
4-year period of time from 1999 to 2003 to evaluate a

© 2006 by The Society of Thoracic Surgeons
Published by Elsevier Inc

new radiographic classification that may assist in the
future management of patients. From their classifica-
tion, in essence a radiologic Noguchi classification [2],
they were able to identify a group of patients who
might be best treated with limited resection. In their
series, the 42 patients with either N1 or N2 disease
seemed to have a greater solid component and less
ground glass opacification (GGO) features than those
who did not have those features. The authors con-
cluded that their classification may be a useful evalu-
ation system for future trials.

Some articles raise more questions than answers, as
does this article. Clinicians should not be tempted to
follow the authors’ implications (given the retrospective
design of this study) that thin-section CT peripheral lung

0003-4975/06/$32.00
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Neuroendocrine Neoplasms of the Lung:

A Prognostic Spectrum

Hisao Asamura, Toru Kameya, Yoshihiro Matsuno, Masayuki Noguchi, Hirohito Tada, Yuichi Ishikawa,
Tomoyuki Yokose, Shi-Xu Jiang, Takeshi Inoue, Ken Nakagawa, Kinuko Tajima, and Kanji Nagai

A B § T

Purpose

R A C T

Neuroendocrine (NE) tumors of the lung include typical carcinoid (TC), atypical carcinoid (AC),
large-cell NE carcinoma (LCNEC), and small-cell lung carcinoma {SCLC). Their clinicopathologic
profiles and relative grade of malignancy have not been defined.

Patients and Methods

From 10 Japanese institutes, 383 surgically resected pulmonary NE tumors were collected. The
histologic diagnosis was determined by the consensus of & pathology panel consisting of six
expert pathologists as TC, AC, LCNEC, or SCLC on the basis of the WHO classification, and its
relationship to clinicopathologic profiles was analyzed.

Results

Of the 383 tumors, 18 were axcluded because of an improper specimen. The pathology panel
reviewed the remaining 366 tumors, and a diagnosis of NE tumor was made in 318 patients
(87.4%); b5 patients had TC, nine had AC, 141 had LCNEC, and 113 had SCLC. The B-year survival

" rates of patients with all stages were as follows: 96.2% for TC, 77.8% for AC, 40.3% for LCNEC,

and 35.7% for SCLC. There was significant prognostic difference between TC and AC as well as
between AC and LCNEC-+SCLC. However, there was no difference between [ CNEC and SCLC, and
their survival curves were superimposed. The multivariate analysis indicated that histologic type,
completeness of resection, symptoms, nodal involvement, and age were significantly prognostic.

Conclusion

The grade of malignancy of NE tumors was upgraded in the following order: TC, AC, LLCNEC, and
SCLC. No prognostic difference was noted between LCNEC and SCLC. The high-grade NE
histology uniformly indicated poor prognosis regardiess of its histologic type.

J Clin Oncol 24:70-76. © 2006 by American Society of Clinical Oncology
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Normal lung contains a population of neuroendo-
crine cells, where the term neuroendocrine (NE)
defines a specific group of cells based on their secre-
tory products, distinct staining characteristics, and
ability to uptake and decarboxylate amine precur-
sors." Lung tumors originating from NE cells or
differentiating into NE cells have been recognized,
and they are represented by a wide range of patho-
logic entities.>” It is now widely recognized that NE
tumors of the lung include a spectrum, from low-
grade typical carcinoid (TC) to intermediate-grade
atypical carcinoid (AC) to high-grade large-cell NE
carcinomna (LCNEC) and small-cell lung carcinoma
(SCLC).>® LCNEC is a unique tumor that shows
immunohistochemical and morphologic appear-
ance as high-grade NE tumors and non—small-cell
nuclear features. Its clinicopathologic behaviors
have been elucidated only recently.*?

In the recent revision of the WHO classification
of lung and pleural tumors, the same grading was
adopted with detailed criteria for each subtype of NE
tumors, although LCNEC was subcategorized as a
type of large-cell carcinoma."* However, the impot-
tant issues regarding NE tumors of the Jung have not
yet been defined. In particular, the grade of malig-
nancy of each NE subtype has riot been defined:
There is little information available on the relative

grade of malignancy among the several histologi¢ -

types. However, to ensure the appropriate choice
of treatment strategy for patients with various |
types of NE lung tumors, a histology-speciﬁc un-

derstanding of clinicopathologic behavior and
prognosis is indispensable,

Considering the importance of histologic di
agnoses and their reproducibility, this study was
conducted in a retrospective, multi-institutional |
setting with a critical review of histology by an ©

expert panel. The clinicopathologic backgrouﬂd




