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To reduce or omit a mediastinal lymph node dissection in the patients with clinical stage |
non-small cell lung cancer (NSCL C), several authors examined the prevalence of metastatic
sites of lymph nodes. Because lymphatic drainage usually heads for the upper mediastinum
in upper lobe cancer and for the lower mediastinum in lower lobe cancer, upper and lower
mediastinal lymph node dissection could bereduced in lung cancers of lower lobe and upper
lobe.

By using sentinel node (SN) navigation surgery, it is possible to omit mediastinal lymph node
dissection. Radiological findings are also useful to deter mine reduction of mediastinal lymph
node dissection. In clinical stage |a adenocarcinomasthat show ground glass opacity (GGO)
findings on computed tomography (CT) or negative for fluorodeoxyglucose accumulation on
positron emission tomography (PET), mediastinal lymph node dissection can be omitted,
because these types of adenocarcinomas rarely metastasize to the lymph nodes. By using
these procedures, mediastinal lymph node dissection can be reduced or omitted with little
risk of local recurrence. (Ann Thorac Cardiovasc Surg 2006; 12: 83-8)
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I ntroduction

Mediastinal lymph node dissection is a procedure used
to secure complete local control of non-small cell lung
cancer (NSCLC), with subsegquent improvement in sur-
vival as well as nodal staging.*® However, how many
patientswith clinical stage | will be advantaged by medi-
astinal lymph node dissection? It has been stated that 20-
25% of patients with clinical stage | disease have medi-
astina lymph node metastases™> and that 20-25% of them
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may be cured by mediastinal lymph node dissection.®
Hence, only 5% of patients with clinical stage | disease
may benefit from mediastinal lymph node dissection.

To minimize damage caused by mediastinal node dis-
section in patients with clinical stage | NSCLC, several
authors examined the characteristics of lymphatic drain-
age, as well as the incidence of lymph node metastasis.
This was undertaken with respect to the location of the
primary tumor and it indicated the possibility of reduc-
tion in dissection of mediastina lymph nodal stations. In
1960, Cahan reported that the upper mediastinal lymph
nodes should be dissected for patients with upper lobe
cancer and the lower mediastinal lymph nodes should be
dissected for those with lower or middle lobe cancer.”
Recently, the concept of Cahan has been revisited, and
some authors have omitted dissection of lower and upper
mediastinal lymph node stationsin upper and lower [obec-
tomy &Y

To expand the possibility of reduction of mediastinal
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Table 1. Lymph node nomenclature

Station Name
Superior mediastinal
1 Highest mediastinal®
2 Paratracheal®
3 Pretracheal®
4 Tracheobronchial?
Aortic
5 Botallo?
6 Para-aortic?
Inferior mediastinal
7 Subcarinal®
8 Paraesophageal®
9 Pulmonary ligament?
Hilar
10 Hilar?
1 Interlobar?
12 Lobar?
Intrapulmonary
13 Segmental®
14 Subsegmental®

2 N2 node; °, N1 node.

lymph node dissection, the availability of intraoperative
sentinel lymph node (SN) biopsy has been examined,
using radio-isotope mapping.1#19

Here, we examine reduction of lymph node dissection
of clinical TINOMO lung cancer via literature review.

Reduction of M ediastinal Lymph Node Dissection
by the L ocalization of Lung Cancer

In 1999, Naruke et al. examined the incidence of lymph
node metastasis in each lobe from the data of 1,815 pa-
tientswith T1 NSCL C who had major lung resection with
mediastinal lymph node dissection.?) Table 1 shows the
lymph node nomenclature used in the original lymph node
map for lung cancer reported by Naruke et al.¥ They re-
ported that, while the frequencies of metastases of hilar
lymph nodes (#10-13) were almost same in each lobe,
those of each mediastinal lymph node stations were de-
pendent on the lobe; i.e. the usual metastatic sites of me-
diastinal lymph node in each lobe were as follows: right
upper lobe, #3 —12.3% (80/648) and/or #4—8% (52/6438);
right middle lobe, #3 or #7-16.4% (13/79); right lower
lobe, #7-13.7% (13/79); |eft upper lobe, #5-12.3% (60/
489); and left lower lobe, #7—11.9% (26/219). As based
on these data, they concluded that, while hilar lymph
nodes were usually SNsin lung cancer, the following me-
diastinal lymph nodes could be SNs. #3 and/or #4 in right
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Table 2. Residual mediastinal lymph node metastasisin T1 pa-
tientswith negative mediastinal lymph nodes (Nar uke
T et al., Eur J Cardiothorac Surg 1999; 16: S17-24)%

Lobe Mediastinal SNs Residual metastasis (%)

RUL  #3andior #4 2/249 (0.8)
RML  #3and/or #7 0/38 (0)
RLL #7 5/147 (3.4)
LUL  #5and/or #6 3/186 (1.6)
LLL #7 3/75 (4.0)

SN, sentinel node; RUL, right upper lobe; RML, right middle
lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left
lower lobe.

upper lobe, #3 and/or #7 in right middle [obe, #7 in right
lower lobe, #5 and/or #6 in left upper lobe, and #7 in left
lower lobe. Therefore, they described that, in clinical
TINOMO lung cancer, if the hilar lymph nodes and those
mediastinal SNs were negative of metastasis by intraop-
erative pathological diagnosis, complete mediastinal
lymph node dissection could be omitted with little risk of
residual metastasis (Table 2). The other authors also re-
ported similar results, i.e. (1) if the hilar and upper medias-
tinal lymph nodes were negative for metastasis in the up-
per lobe NSCLC, the lymph node dissection for lower
mediastinum could be omitted; and (2) if the hilar and lower
mediastinal lymph nodes were negative in the lower lobe
NSCLC, the lymph node dissection for upper mediasti-
num could be omitted.®*® However, Asamura et a. de-
scribed that #7 could be a SN in the left lingual lobe
NSCLC.? Consequently, several ingtitutions have already
initiated selective mediastinal lymph node dissection for
clinical TINOMO lung cancer.

Omission of Mediastinal Lymph Node Dissection
by Sentinel Node Navigation Surgery

To reduce the scope of mediastinal lymph node dissec-
tion beyond selective lymph node dissection, SN naviga-
tion surgery has been performed.t2131°20 |n 2000, Liptay
et al. reported the SN identification by using radio-
isotope with an 82% identification rate.*? However, the
previous reports using a radioisotope'?*”? were based on
the data of ex vivo counting, i.e. evaluation of the radio-
activity of the dissected lymph nodes; that is not practi-
cal in SN navigation surgery. Although ex vivo counting
is more accurate than in vivo counting, SN identification
before lymph node dissection by in vivo counting is nec-
essary for SN navigation surgery.

In 2002, we reported the SN identification data in 46
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Fig. 1. Theagorithm for omission of mediastinal lymph node dissection by using sentinel
lymph node identification. The peak of the histogram is at the low CT number.

patients with clinical stages I-111 NSCLC, with the fol-
lowing results: (1) there were no fal se negative SNsiden-
tified by ex vivo counting for patients with N1 or N2 dis-
ease, and (2) although the SN identification with in vivo
counting was not available in hilar lymph node stations
due to shine-through from the tumor radio-activity, it
might be available for the mediastinum because there was
less effect of radio-activity from the primary tumor.*? In
2004, we reported the results of in vivo identification of
SN for 104 patients with clinical stage | NSCLC;® re-
sults were as follows: (1) SNs could be identified in 84
patients (81%); (2) SNs were identified at the hilum by
ex vivo counting in 78 of the 84 patients (93%) and at
the mediastinum by in vivo counting in 40 patients (48%).
While the in vivo counting of the mediastinum showed
some false positive (over diagnosis) for SN identifica-
tion, it missed (false negative) the mediastinal SNs only
in 4 of the 84 patients (5%). From these results, we con-
cluded that mediastina lymph node dissection could be
omitted by the algorithm in Fig. 1. First, patients with
clinical stage | peripheral type NSCL C can be candidates
for sentinel navigation surgery. To identify SNsin the
hilar lymph node stations, segmentectomy or greater re-
section is necessary. Because the in vivo counting is not
available for hilar lymph node stations, their SN identifi-
cation is conducted by ex vivo counting after separating
from the resected lung. The hilar SNs are examined in
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intraoperative frozen sections. If the frozen section of hilar
SNs showed metastases, a mediastinal lymph node dis-
section should be performed because of the high possi-
bility of N2 disease. If it did not show metastasis, the
mediastinal SNs are identified before lymph node dis-
section by in vivo counting. If there were no SNsin the
mediastinum by in vivo counting, a mediastinal lymph
node dissection can be omitted. If thein vivo counting of
the mediastinum showed SNs, they are sampled for fro-
zen sections. If afrozen section of mediastinal SNs did
not show metastasis, the sampling is adequate and a me-
diastinal lymph node dissection can be omitted. If the
frozen section showed metastasis, the mediastinal lymph
node dissection should be performed. The study showed
that N2 disease was shown in 9 of 84 (11%) patients who
were diagnosed as NO in computed tomography (CT) scan
and that overl ooking the mediastinal SNsby in vivo count-
ing was shown in 4 of 84 patients (5%), resulting in the
risk of leaving metastatic lymph nodes in the mediasti-
num to be 0.55% (11%x5%). We believe that thisis an
acceptablerisk in the reduction of mediastinal lymph node
dissection in the patients with stage | NSCLC.

Omission of Mediastinal Lymph Node Dissection
for Stage| Squamous Cell Carcinoma

A skip metastasis, i.e. metastasisto the mediastinal [lymph
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Table3. Correlation between pathological tumor stage and histogram patternin clinical

TINOMO lung adenocar cinomas

Histogram pattern

Tumor stage One peak One peak Two peaks Total
(low) (high)
TINOMO 18 34 27 80
TINIMO 0 4 0 4
T2N1IMO 0 3 0 3
TIN2MO 0 7 1 7
T2N2MO 0 1 0 1
T3N2MO 0 1 0 1
T4ANOMO 0 3 0 3
T4AN1IMO 0 1 0 1
Total 18 54 28 100

node without hilar lymph node metastasis, is one of the
difficulties for omission of mediastinal lymph node dis-
section. The skip metastasisis usually encountered in ad-
enocarcinomas. It has been reported that approximately
25% of adenocarcinomas with N2 or N3 disease are skip
metastases.?Y However, the skip metastasis has been re-
ported to rarely occur in T1 squamous cell carcinomas.
Sakurai et al. reported that, while 19 of 70 patients (25%)
with sgquamous cell carcinomaless than 3 cm had lymph
node metastasis, none of them had skip metastases.??
Besides, Asamura et al. reported that lymph node me-
tastasis was seen in only one of 16 patients (6%) with
squamous cell carcinoma less than 2 cm.?? From their
reports, it could be stated: (1) mediastinal lymph node
dissection could be omitted in sqguamous cell carcinomas
lessthan 3 cm, if the intraoperative frozen section of hi-
lar lymph nodes had no metastasis; and (2) mediastinal
lymph node dissection could be omitted for patients with
squamous cell carcinoma less than 2 cm.

Omission of Lymph Node Dissection from the
CT Findings of Primary Tumor

Because lung adenocarcinomas showing ground glass
opacity (GGO) by CT are usually pathological NO dis-
ease,?*3Y they are good candidates for omission of medi-
astinal lymph node dissection. By using the CT number
histogram, we examined lymph node metastasisin GGO
or solid lesions in 100 patients with clinical TAINOMO
adenocarcinomas. According to the CT number histo-
grams, 18 patients had one peak at alow CT number (pure
GGO), 54 had one peak at ahigh CT number (solid), and
the remaining 28 had two peaks at both low and high CT
numbers (mixed GGO) (Table 3).
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Pathological TNM showed that all (100%) of the 18
adenocarcinomas with one peak at alow CT number were
TINOMO, and 27 of the 28 (96%) ones with two peaks
were TINOMO. While 34 of the 54 (63%) adenocarcino-
mas with one peak at a high CT number were pathologi-
cal TINOMO, but the remaining 20 (37%) had lymph node
metastasis. Lymph node dissection could be omitted for
adenocarcinomas with pure GGO and probably oneswith
mixed GGO, which were defined from CT number histo-
grams.

Omission of Lymph Node Dissection from the
Findingsof Positron Emission Tomography (PET)

According to the meta-analysis by Dwamenaet a., 8F-
fluorodeoxyglucose positron emission tomography (FDG-
PET) has higher sensitivity and specificity than CT.?
However, PET cannot detect small or micro-metastasis
because of lower limits of spatial resolution of aPET cam-
era. We previously reported the size of metastatic foci
yielding false negative lymph node staging with PET in
patientswith lung cancer.® From theresults of 564 lymph
node stationsin 80 patients with peripheral typelung can-
cer, the sizes of metastatic foci within lymph nodes that
showed false-negative (n=8) and true-positive (n=28) with
PET ranged from 0.5 to 9 mm (3+1 mm) and from 4 to
18 mm (1043 mm), respectively (p<0.001) (Fig. 2). None
of the metastatic foci smaller than 4 mm could be de-
tected with PET scanning. Therefore, lymph node dis-
section cannot be omitted for patients who are diagnosed
NO disease by PET scanning.

It has been reported that low grade lung cancers, such as
carcinoid, mucoepidermoid carcinomas, and bronchiolo-
alveolar carcinomas, usually show false-negative by PET

Ann Thorac Cardiovasc Surg Vol. 12, No. 2 (2006)



Omission of Mediastinal Lymph Node Dissection in Lung Cancer: Its Techniques and Diagnostic Procedures

Size of metastases (mm)
p <0.001

20 |

o}

15—

o

10

POMOTD® OO

e}

o0@0O QO

False-negative True-positive

Fig. 2. Thedistribution of sizes of metastatic true-positive
and false-negative lymph nodes with PET scan.

scanning. We examined the correlation between lymph
node metastasis and FDG-uptake in primary tumors, find-
ing that FDG-uptake in primary tumor could predict
lymph node metastasis in lung adenocarcinomas with
clinical TINOMO0.3+%0 FDG-uptake was evaluated by con-
trast ratio (CR) comparing with the FDG-uptake of con-
tralateral lung. The correlation between the CR of the
primary tumor and pathological stage in 52 lung adeno-
carcinomas with clinical TINOM 0 showed that, while all
of the tumors with CR less than 0.4 were pathological
TINOMO, al of the tumors advanced more than TAINOMO
(n=11) showed CR higher than 0.4 (Fig. 3). Therefore,
we concluded that lymph node dissection or mediasti-
noscopy could be omitted for adenocarcinomaswith clini-
cal TINOMO showing CR lessthan 0.4 on PET scanning.

While the standard operation for lung cancer islobec-
tomy and mediastinal lymph node dissection, we con-
sider that mediastinal lymph node dissection may be omit-
ted with use of techniques described.

References

1. Seely M, Mayo JR, Miller RR, Muller NL. T1 lung
cancer: prevalence of mediastinal nodal metastases and
diagnostic accuracy of CT. Radiology 1993; 186: 129—
32.

2. Heavey LR, Glazer GM, Gross BH, Francis IR,
Orringer MB. Therole of CT in staging radiographic
TINOMO lung cancer. AJR AmJ Roentogenol 1986; 146:
285-90.

3. ConcesDJ Jr, Klink JF, Tarver RD, Moak GD. TINOMO

Ann Thorac Cardiovasc Surg Vol. 12, No. 2 (2006)

p<0.0001

FDG-uptake |

CR

0.90

0.80

0.70
0.60 |
050 -
0.40
0.30 |
020 -
010 -
0.00

|
"we B

*e

—H—

HERMNNE S0 W B 4+

Fig. 3. Thedistribution of FDG-uptake of pathological TINOMO and

more advanced stages than TAINOMO in clinical TAINOMO adenocar-
cinomas.
FDG, *®F-fluorodeoxyglucose; CR, contrast ratio.

lung cancer: evaluation with CT. Radiology 1989; 170
(3Pt 1): 643-6.

. Naruke T, Suemasu K, Ishikawa S. Lymph node map-
ping and curability at various levels of metastasisin
resected lung cancer. J Thorac Cardiovasc Surg 1978;
76: 832-9.

. Naruke T, Goya T, Tsuchiya R, Suemasu K. Theim-
portance of surgery to non-small cell carcinomaof lung
with mediastinal lymph node metastasis. Ann Thorac
Surg 1988; 46: 603-10.

. Mountain CF. Revisionsin the international system for
staging lung cancer. Chest 1997; 111: 1710-7.

. Cahan WG. Radical |obectomy. J Thorac Cardiovasc
Surg 1960; 39: 555-72.

. Naruke T, Tsuchiya R, Kondo H, Nakayama H,
AsamuraH. Lymph node sampling in lung cancer: how
should it be done? Eur J Cardiothorac Surg 1999; 16
(Suppl 1): S17-24.

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

NarukeT. L obe-specific extent of systematic lymph node

dissection for non-small cell lung carcinomas accord-

ing to aretrospective study of metastasis and progno-

sis. J Thorac Cardiovasc Surg 1999; 117: 1102-11.

Okada M, Tsubota N, Yoshimura M, Miyamoto Y,

Matsuoka H. Prognosis of completely resected pN2

non-small cell lung carcinomas: what is the significant

node that affects survival? J Thorac Cardiovasc Surg

1999; 118: 270-5.

Graham AN, Chan KJ, Pastorino U, Goldstraw P. Sys-

tematic nodal dissection in the intrathoracic staging of

patients with non-small cell lung cancer. J Thorac

Cardiovasc Surg 1999; 117: 246-51.

Liptay MJ, Masters GA, Winchester DJ, et a. Intraop-

erative radioisotope sentinel lymph node mapping in

non-small cell lung cancer. Ann Thorac Surg 2000; 70:

10.

11

12.

87



Nomori et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

88

384-90.

Liptay MJ, Grondin SC, Fry WA, et a. Intraoperative
sentinel lymph node mapping in non-small-cell lung
cancer improves detection of micrometastases. J Clin
Oncol 2002; 20: 1984-8.

Nomori H, Horio H, Naruke T, Orikasa H, Yamazaki
K, Suemasu K. Use of technetium-99m tin colloid for
sentinel lymph node identification in non-small cell lung
cancer. J Thorac Cardiovasc Surg 2002; 124: 486—92.
Schmidt FE, Woltering EA, Webb WR, Garcia OM,
Cohen JE, Rozans MH. Sentinel nodal assessment in
patients with carcinoma of the lung. Ann Thorac Surg
2002; 74: 870-4.

Mélfi FM, ChellaA, Menconi GF, et al. Intraoperative
radioguided sentinel lymph node biopsy in non-small
cell lung cancer. Eur J Cardiothorac Surg 2003; 23:
214-20.

Sugi K, KanedaY, Sudoh M, Sakano H, Hamano K.
Effect of radioisotope sentinel node mapping in pa-
tients with ¢cT1 NO MO lung cancer. J Thorac
Cardiovasc Surg 2003; 126: 568—73.

OkadaM, TsubotaN, YoshimuraM, MiyamotoY. Pro-
posal for reasonable mediastinal lymphadenectomy in
bronchogenic carcinomas: role of subcarinal nodesin
selective dissection. J Thorac Cardiovasc Surg 1998;
116: 949-53.

Little AG, DeHoyos A, Kirgan DM, Arcomano TR,
Murray KD. Intraoperative lymphatic mapping for non-
small cell lung cancer: the sentinel node technique. J
Thorac Cardiovasc Surg 1999; 117: 220—4.

Nomori H, Watanabe K, Ohtsuka T, Naruke T, Suemasu
K. In vivo identification of sentinel lymph nodes for
clinical stage | non-small cell lung cancer for abbre-
viation of mediastinal lymph node dissection. Lung
Cancer 2004; 46: 49-55.

Asamura H, Nakayama H, Kondo H, Tsuchiya R,
Shimosato Y, Naruke T. Lymph node involvement, re-
currence, and prognosis in resected small peripheral
non-small-cell lung carcinomas: are these carcinomas
candidates for video-assisted |obectomy? J Thorac
Cardiovasc Surg 1996; 111: 1125-34.

Sakurai H, Asamura H, Watanabe S, Suzuki K,
Tsuchiya R. Clinicopathologic features of periphera
sguamous cell carcinomaof the lung. Ann Thorac Surg
2004; 78: 222—7.

Kuriyama K, Seto M, Kasugai T, et al. Ground-glass
opacity on thin-section CT: valuein differentiating sub-
types of adenocarcinoma of the lung. AJR Am J
Roentgenol 1999; 173: 465-9.

Kim EA, Johkoh T, Lee KS, et al. Quantification of
ground-glass opacity on high-resolution CT of small
peripheral adenocarcinoma of the lung: pathologic and
prognostic implications. AJR Am J Roentgenol 2001;
177: 1417-22.

Kodama K, Higashiyama M, Yokouchi H, et al. Prog-
nostic value of ground-glass opacity found in small lung

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

adenocarcinomaon high-resolution CT scanning. Lung
Cancer 2001; 33: 17-25.

Aoki T, TomodaY, Watanabe H, et al. Peripheral lung
adenocarcinoma: correlation of thin-section CT find-
ings with histologic prognostic factors and survival.
Radiology 2001; 220: 803-9.

Kondo T, Yamada K, Noda K, Nakayama H, Kameda
Y. Radiologic-prognostic correlation in patients with
small pulmonary adenocarcinomas. Lung Cancer 2002;
36: 49-57.

Nomori H, Ohtsuka T, Naruke T, Suemasu K. Histo-
gram analysisof computed tomography numbersof clini-
cal T1 NO MO lung adenocarcinoma, with special ref-
erence to lymph node metastasis and tumor invasive-
ness. J Thorac Cardiovasc Surg 2003; 126: 1584-9.
Nomori H, Ohtsuka T, Naruke T, Suemasu K. Differ-
entiating between atypical adenomatous hyperplasia
and bronchioloalveolar carcinoma using the computed
tomography number histogram. Ann Thorac Surg 2003;
76: 867—-71.

Matsuguma H, Nakahara R, Anraku M, et a. Objec-
tive definition and measurement method of ground-
glass opacity for planning limited resection in patients
with clinical stage |A adenocarcinomaof the lung. Eur
J Cardiothorac Surg 2004; 25: 1102-6.

Nakata M, Sawada S, Yamashita M, et a. Objective
radiologic analysis of ground-glass opacity aimed at
curative limited resection for small peripheral non-
small cell lung cancer. J Thorac Cardiovasc Surg 2005;
129: 1226-31.

DwamenaBA, Sonnad SS, Angobaldo JO, Wahl RL.
Metastases from non-small cell lung cancer: mediasti-
nal staging in the 1990s—meta-analytic comparison
of PET and CT. Radiology 1999; 213: 530-6.

Nomori H, Watanabe K, Ohtsuka T, Naruke T, Suemasu
K, Uno K. The size of metastatic foci and lymph node
staging yielding fal se-negative and fal se-positive lymph
node staging with positron emission tomography in pa-
tientswith lung cancer. J Thorac Cardiovasc Surg 2004,
127: 1087-92.

. Nomori H, Watanabe K, Ohtsuka T, et a. Fluorine 18-

tagged fluorodeoxyglucose positron emission tomo-
graphic scanning to predict lymph node metastasis, inva
siveness, or both, in clinical T1 NO MO lung adenocarci-
noma. J Thorac Cardiovasc Surg 2004; 128: 396—401.
Watanabe K, Nomori H, Ohtsuka T, Naruke T, Uno K.
False negative cases of F-18 fluorodeoxyglucose-
positron emission tomography (FDG-PET) imaging in
small lung cancer lessthan 3 cmin size. Nihon Kokyuki
Gakkai Zasshi 2004; 42: 787-93. (in Jpse.)
Watanabe K, Nomori H, Ohtsuka T, et al. [F-18]
Fluorodeoxyglucose positron emission tomography can
predict pathological tumor stage and proliferative ac-
tivity determined by Ki-67 in clinical stage IA lung
adenocarcinomas. Lung Cancer 2006. (in press)

Ann Thorac Cardiovasc Surg Vol. 12, No. 2 (2006)



