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Surgery for T4 Lung Cancer

Ryosuke Tsuchiya, M.D.
Director
National Cancer Center Hospital, Tokyo, Japan

Stage I and II lung cancers are considered as the most accurate indication for surgery
because 5-year survival rate after surgery of lung cancer of these two stages are over or
close to 50%. 5-year survival rate of stage III and IV are less than 20-30%, therefore,
lung cancers of these stages are considered as contraindication for surgery in general.
However, there is no radical therapy for those advanced lung cancers except surgery.
Complete resection is essential to cure the patients with locally advanced lung cancer.
According to such a status of lung cancer therapy, surgery for T4 lung cancer is a good
candidate to be tried as clinical study of lung cancer treatment.

Most of the T4 lung cancers are not candidate for surgery in practice. Dominic
Grunenwald proposed new classification of T4 definition. He divided T4 into three
categories as T4a, T4b and T4c. T4a is candidate for surgery, T4b is candidate for
induction therapy followed by surgery and T4c is not candidate for surgery.

The results of surgery for T4 lung cancer will be discussed and technique of combined

resection of heart, great vessels, vertebra or tracheal carina by video.
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Advancement of Surgical for Lung Cancer in Japan: Past, Present and

Future

Ryosuke Tsuchiya, M.D. |
Director
National Cancer Center Hospital Japan

Surgery for lung cancer was introduced into Japan in early 1930s,
but we had to wait until 1950s surgical research for lung cancer became
popular in major university hospitals. Surgery for lung cancer became a
daily practice in 1970s for major university hospitals, general hospitals and
sanatorium for patients with tuberculosis. Naruke, T introduced radical
peumonectomy and radical lobectomy proposed by WG Cahan into Japan
with his original lymph node map which is well known as “Naruke Map”. A
quarter century later, Asamura H proposed lobe specific lymph node
dissection for T1 lung cancer according to the results of systematic lymph
node dissection performed by surgeons of Naruke’s generation. Naruke T and
Watanabe Y also introduced broncho-plastic procedure into lung cancer
surgery. Extended surgery for lung cancer invading heart, great vessels,
vertebra, and/or esophagus was aggressively tried in 1980s.

After introduction of CT screening for early detection of lung cancer
by Masahiro Kanko and his colleagues in early 1990s, numerous tiny lung
cancers less than 2cm to 3cm in diameter were detected beyond our
expectations in Japan. Tsubota N introduced “Extended Segmentectomy” to
surgery for those tiny lung cancers. Okada M refined “Extended
Segmentectomy” into “Radical Segmentectomy” for selected tiny lung
cancers with diameter less than 2 cm.

To perform accurate anatomical segmentectoy and/or correct lymph
node dissection, “Navigation Surgery” will be a key technoloéy for future
lung cancer surgery. "
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The Association of
Japanese Thoracic Surgeons

Ryosuke Tsuchiya M.D.
LE TH

Director
National Cancer Center Hospital

200711721 -5 SERKAMNUN 18 THINS

B4 # & Meiji Restoration in 1858

D Before Meiji Restoration (BB:&# %)
K Japan leamed everything from China (P E)

O After Meiji Restoration (BR:A#%7)
B accepted Western Culture (BX# - %B)

200711721 %—5 PERUANDR 18 74235

BR ;A # 37 Meiji Restoration in 1858

DO Before Melji Restoration
m B REEB=DERR
[ After Melji Restoration
B German Medicine

O After World War |l
® American Medicine

2007/1/21 B-R PRAUNKRAN 28 T4I/38

BAESE

[ Japanese Association of Medical Sciences

01902 BXBAEESE
D 1910 BAESE
20001/21 n-3 SERNAMRE A8 THa25

Japanese Medical Associations

O Japanese Association of Medical Sciences

» BXESRE 1902
[ Japanese Society of Internal Medicine
s BAREEE 1903
O Japan Surgical Society
" BRAREE 1898
O Japanese Association for Thoracic Surgery
n BXNESREE 1948

Major Associations (Thracic Surgeons)

O Japan Surgical Society
» BEAREE 1899
49years
D Japanese Association for Thoracic Surgery
s BANSIHEE 1948
36yers
O Japanese Association for Chest Surgery
® BANRENHEE 1984

DO Japanese Association for Chest Surgery 23yers
" BXRNBRENHEE 1884 D Present
20072/1/21 ¥-8 CERUAUNN 18 745738 200272721 F=B SERRAERN 18 THE1S
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Associations for TS (Thoracic Surgeons)

1. Japanese Association for Chest Surpery 1884  4,000A
hittp:/Awww.jacsurg.arip!

Li BXNRENHFS

2, P fation for Th ic Surgery 1848 8,000 A
hitto:/hwww.fpots org/ BANEAESS STS 4,000

3. Japan Lung Cencer Society 1960 8,000A & General Thoracic Surgeons
mmnumm BXBEFS ® di

4. Societyfor Respiratory Endoscopy 1978 5182 Cardiovascular Surgeons
lmummm! BEXZRERARSS : .

b e Bociety 1006 37,8600 2. American Association of Thoracic
bt/ jazoc orpfioumel/surperyiodaviindex htmi Surgery

BEAAHSS

6. Japan Society for Endoscopic Surgery 1888  8,000A AATS 4,000
http:/Awww.ases.or.ipfises/ BEARBEMNHES i

7. Japanese Respiratory Society 1960 10.224A ® General Thoracic Surgeons
http:/iwww jrs.or.io! BXRNREFS ® Cardiovascular Surgeons

2007/1/21 - cERUAURR L8 TIN5 2002/3/21 -5 sERLNnuURR L8 TS

American Associations for TS

1. Society of ;l’horacic Surgeons

Japanese Associations for TS

1. Japanese Association for Chest Surgery
® General Thoracic Surgeons (Lung & Mediastinum)
2. Japanese Association for Thoracic Surgery

e Cardiovascular Surgeons
® General Thoracic Surgeons (Lung & Mediastinum)

® Esophageal Surgeons
3. Japanese Association for Esophagus
® Esophageal Surgeons

2007/1/21 ¥—R PRRuANDR LE THS/5

Education System: Program

[0 Respiratory Surgeon
D Joint Committee
m Jap Ass for Chest Surgery
8 Jap Ass for Thoracic Surgery
O Cardio-vascular Surgeon
D Joint Committee
8 Jap Ass for Thoracic Surgery
B Jap Ass for Cardio-vascular Surgery
® Jap Ass for Vascular Surgery

O Esophageal Surgeons

O Jap Society for Gastro-Enterological Surgery

2007/1/21 F-B SRKNAHDR

48 T40/25

Program

8
Respiratory Cardio-
Vascular Fsophagus

7
6
5
4
3
2
1

General Surgery

Basic Post-Graduate Training
Year after Graduation from Medical School
2002/1/21 K= SERNNURE

18 1431735

Requirement for Title of Res Surg

50 operations
E 30 Open Thoracotomy
B 20 VATS

R 20 Mediastinal Dissection

® 5 Broncho-plastic Procedure

2007/1/21 K-8 TERHNKRE

28 1412138
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L
Instructors, Specialists Lung Cancer i
DOLung Cancer Patients i
. 60,000/year
P Oinstructors 487 DRste of Surgery
T 50%
OSpecialists 1,138 DlLung Cancer Surgery £
30,000/year
o
Lung Cancer Surgery General Thoracic Surgical Club
o
OSurgery i 30,000 © General Thoracic Surgeons
DOSurgery per Surgeon 100 O Lung Cancer + benign
ONo. of Specialists BFiEE 300 O Esophageal Cancer + benign
DWorking Period I5E—55 8 © 300 American Members
o
CNewcomer & FIE 15 @ 50 International Members
®
Japan vs. China Mission of Association AR
DO Population AQO e Practice ESE
[ ® Japan B 120’000’Q00 & Contribution to Community
& China »® 1,300,000,000 e Information
OLung Cancer Surgeons ® Education &%
' ® Japan 8% 300 ® Research %
B China #& 3,000 ¢ Advancement of Thoracic Surgery
‘ 20021721 ¥=F SERHANNE 18 1431738 2007/13/21 K—N SERENNURN A8 T8
3
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JJCLCR MEBESEGEER

Japanese Joint Committee of
Lung Cancer Registry

& The Japanese Associstion for Chest Surgery
e Tne Jepan Lung Cancer Society
e The Japanese Respiratory Society

2002/1721 F-B SERENHEN 48 TRI95

A Japanese Lung Cancer Registry Study

REGISTRY:

« Surgically resected primary lung neoplasms only in 1984
from 303 teaching hospitals in Japan

+ Neoplasms including lung cancer of &ll histologic types
and low-grade malignancy

« Exclusion of exploration case and recurrent tumor

+ Aretrospective questionnaire on 27 items

2002/1/21 A-F SENHNKAR 12 Te2008

A Japanese Lung Cancer Registry Study

7,488 pts. registered from 303 teaching
hospitals

18 ineligible reports

749 histologies of SCLC or tow-grade
malignancy

A 4

6,644 pts. with non-small cell histology

Rare Histological Type

DOSmall cell carcinoma 248
DOCarcinoid 73
DOAdenoid cystic carcinoma 4

DOMucoepidermoid carcinoma 19

(89.9%) for this analysis
OVERALL SURVIVAL 6,644 NSCLC SURVIVAL by c-STAGE

Survivel Function

. -\\\ 5-YSR: 52.6%
P —
§ 5 e
3 ‘Nalirbk:
6,644 5470 4,561 3,907 3,429 3,000

years

2007/1/21 F—F GERHANRA R

Survive! Function

-
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Probabifity
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o
DIFFERENCE between STAGES:
c-STAGE
Lung Cancer (2005) 50:227-234
c-Stage n 5-YSR(%) Difference (P)
1A 2423 | 721
L] 1542 | 489 ::z:g: Prognosis of 6644 resected non-small cell
® A 150 487 lung cancers in Japan:
0.0458 .
B 746 40.6 0.0435 A Japanese lung cancer registry study
A 1,270 35.8 =
me si: 28.0 2.0000
- 0.1877
v 147 20.8 The Japanese Joint Committee of Lung Cancer Registry
2007/1/2) -8 oRRuNUAR L& 7225735 200271721 -5 SERBnELN 18 TR
o
SURVIVAL CURVES BY GENDER SURVIVAL CURVES BY AGE
(] B Survivel Function T Sunvivel Function SYSR: sae%
10 . 3 (]
; s 45.7%
S T 5-YSR: 61.8% :
g T £ <50
£ . e ———— Female s BO=<to <70
g 3 = T g *
3 . " Male 3 . >=70
£ 5-YSR: 48.6% ;e
I P=0.0000 \| P=0.0000, 000
. 00 on
0 1 2 P 4 ' 0 t 2 ) L) ]
years years
2007321 -2 cRRUANRRE L8 THINDS 2002/3/21 -8 CERNAKAR 248 TA25
e
SURVIVAL CURVES BY HISTOLOGY IIASLC Staging Project
Survival Function 5.YSR: 56.0% NSCLC and SCL.C Cases - 2Junzom
1098, 48.6% Primery Reason Excluded
k] 46.7% 8
. 322.;: Total | Inctued | prone, | Surv | Stage Total
% R Total . 48 445 43,455 523 591 | 3,876 4,880
. i - Ld Japan 7256 7,143 [ 09 8 113
g s :: Korea 1,084 B40| 244 0 ) 244
§ 4 s MacCallum 203 183 20 0 [] 20
e 2 U Sydney 2,548 1,609 4] 0 3 837
2 Amsterdam 13,805| 11,346 0 0| 2,549 2,549
0:; P=0.0000 for AD and others ELCWP 2.008 2,067 o 7 o 3
o 7 7 3 ~ 3 Flemish 6768 5180 0] 442] 1,128 1571
Gdansk 1262 1,247 [ 2 13 15
yeers . Grenoble 806 892 178 3 33 214
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[IASLC Staging Project| [IASLC Staging Project|
NSCLC and SCLC Cases  21JuN2004 Clinica ge — NSCLU (Broad inclusion Criterlz)
Total [} 1A 18 2A | 2B 3A 3B 4
Primary Reason Excluded
Total 31580 | 24 4348 | 5726 | 249 | 2730 | 4960 | 5168 8375
Time Surv | Stage Totel
Tota) | included | prame | Dote Japan 6675| 11| 2499 1891 144 | 800| 1283] 384| 156
Heideiberg 5,391 §,391 [} [+] 0 o MacCallum 183 0 8 22 3 19 78 53 [
Jules Bordel 746 697 5 23 21 49 Amsterdam 8500§ © 713| 1184} 30| 395 1111 | 1728 3328
Perugie 110 o4 5 3 B 16 ELCWP 1488{ © 14 s| 1| 63| 3a0] 28] 7es
Spain 2,891 2941 0 18 a2 50 Fiemish 46001 3 374 871 37| 365| 826| 07| 1316
Torino 1,006 918 65 [\) 23 88 Grenoble 78] 0 3 59 3 19 34 23 ]
NCIC 255 25% [ [+] 0 4] Heidetberg 4450| O 183 469) 30 545 646 | 1215] 1062
SWOG/MBLOT 2,900 2.843 [ 0 57 57 Jules Bordet 8501 0 10 31 [+] 14 60 87] 338
Total 48,445 43,455 523 591 3,876 4,990 Spain 25701 10 506! 1423 0| 364 80| 137 40
NCIC LLRE 0 4] 4] 0 35 ] )]
(table continued from previous slide ) SWOG/HBLOT 2041 | 0 0 61 4| 146 147 343 | 1340
20001721 F~-R SRRUANAR A8 1401235 2007/1/2% %~B CRRHNNGRR A8 TeNDS
IASLC Staging Project - NSCLC Database
Nodal station 3 Poles in the World
T4 Subset (T of pT)
Complete- Malignasnt | Sastefite
Size of (TorsD) ness of Nods! dh-h;m u?q:)q
STHM PTNM leaion Resection Stations [\ (+
Totsl 31,480 20822 N34 16,657 14270 8,144 3,043 1456 . Eu ro pe
Japan 6,875 6,753 £.857 8,808 6,744 €899 768 16
Kores 831 T8 120 : -
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m B4 9
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General Thoracic Surgery

Nomori et al

Sentinel node navigation segmentectomy for clinical stage
IA non-small cell lung cancer

Hiroaki Nomori, MD, PhD,” Koei lkeda, MD, PhD,® Takeshi Mori, MD,? Hironori Kobayashi, MD,? Kazunori iwatani, MD,®
Koichi Kawanaka, MD, PhD,” Shinya Shiraishi, MD, PhD,® and Toshiaki Kobayashi, MD, PhD®

From right to left: Drs Nomori, Mori, and Ikeda.
The Bronze statue is Dr Shibasaburo Kitasato
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Objective: Intraoperative frozen section examination of sentinel lymph nodes was
conducted to determine the final indication for segmentectomy for clinical T1 NO
MO non—small cell lung cancer.

Methods: Between April 2005 and July 2006, 52 patients with clinical T1 N0 MO
non—small cell lung cancer were prospectively treated by segmentectomy with
sentinel node identification. The day before surgery, technetium-99m tin colloid was
injected into the peritumoral region. After segmentectomy and lymph node dissec-
tion, sentinel nodes identified by measuring radioactive tracer uptake were exam-
ined for intraoperative frozen sections, which were serally cut 2 to 3 mm in
thickness. When sentinel node metastasis was observed, segmentectomy was con-
verted to lobectomy.

Resuits: Sentinel nodes were identified in 43 (83%) patients. The average number of
sentinel nodes was 1.6 = 0.9 (range: 1-5) per patient. Of 3 patients with metastatic
sentinel lymph nodes, 2 underwent lobectomy and 1 larger segmentectomy. None of
the other 40 patients had metastatic sentinel lymph nodes and therefore they were
treated with segmentectomy. Pathologic staging with permanent sections was NO in
all of the 40 patients. On the other hand, in 9 patients whose sentinel nodes could
not be identified, intraoperative frozen sections were required for 5.4 *+ 2.3 lymph
nodes, which was significantly more than 1.6 = 0.9 in the 43 patients with sentinel
node identification (P < .001).

Conclusion: Sentinel node identification is useful to determine the final indication of
segmentectomy for clinical T1 NO MO non-small cell lung cancer by targeting the
lymph nodes needed for intraoperative frozen section diagnosis.

controlled trial of limited resection versus lobectomy for clinical T1 NO M0

non—small cell lung cancer (NSCLC) and concluded that the former was inferior
to the latter regarding local recurrence and survival. However, the limited resection
group in the study included both segmentectomy and wedge resection, and the
curability for T1 NO MO NSCLC differed between the two procedures. On the other
hand, there have been several reports describing that survivals were similar between
patients treated with segmentectomy and those with lobectomy.>”

The most important issue regarding segmentectomy versus lobectomy is whether
postoperative local recurrence is increased. Whereas Warren and Faber® reported
local recurrence in 15 (22.7%) of 66 patients after segmentectomy versus 5 (4.9%)
of 103 patients after lobectomy, other authors reported that local recurrence after
segmentectomy with complete dissection of hilar and mediastinal lymph nodes was
equal to that after lobectomy.> However, for determining the final indication for
segmentectomy, intraoperative frozen sections must be examined for all of the hilar

In 1995, the Lung Cancer Study Group' conducted a prospective randomized

780 The Journal of Thoracic and Cardiovascular Surgery « March 2007
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General Thoracic Surgery

Abbreviations and Acronyms

cT = computed tomography

FDG-PET = fluorodeoxyglucose—-positron emission
tomography

NSCLC = non-small cell lung cancer

SN = sentinel node

SPECT = single photon emission computed
tomography

and lobe-specific mediastinal lymph nodes to confirm the
intraoperative N staging to be N0.>-¢

A sentinel node (SN) is defined as the first lymph node
within the lymphatic basin reached by lymph draining from
the primary lesion. Recently, SNs have been identified by a
radioactive tracer with or without dye during surgery for
melanoma, breast cancer, gastrointestinal cancer, and lung
cancer to reduce lymph node dissection.’'* We'>'# previ-
ously reported that SN identification with technetium-99m
tin colloid could establish the first site of nodal metastasis in
NSCLC.

In the present study, we used SN identification to target
the lymph nodes submitted for intraoperative frozen section
diagnosis, which might determine the indication of segmen-
tectomy. In addition, unlike Tsubota,® Okada,* Yoshikawa,’
and their associates, who proposed that the indication for
segmentectomy was T1 NO MO NSCLC less than 2 cm in
size, we proposed that it was T1 NO M0 NSCLC without
size limitation. Because SN identification served as the final
indication of segmentectomy, we named the procedure
“sentinel node navigation segmentectomy.”

Patients and Methods

Eligibility

The study protocol for SN navigation segmentectomy was ap-
proved by the Ethics Committee of Kumamoto University Hospital
in March 2005. Informed consent was obtained from all patients
after discussing the risks and benefits of the proposed surgery with
their surgeons. '

Patients

Between April 2005 and July 2006, 103 patients with NSCLC
underwent surgical treatment. Of these, 73 patients had stage c-T1
NO MO cancer according to the findings of both computed tomog-
raphy (CT) and fluorodeoxyglucose—positron emission tomogra-
phy (FDG-PET). SN navigation segmentectomy was prospectively
performed when (1) ¢-T1 NO MO NSCLC was identified in the
peripheral lung; (2) the tumor on CT was more than 2 cm away
from the pulmonary vein running at the boundary of the affected
segment; (3) intraoperative frozen sections of SN showed no
metastasis; (4) the surgical margin was intraoperatively found to
be more than 2 cm from the tumor; and (5) tumors located
centrally within the inner one third of the lung or in the right
middle lobe were excluded. The stage of disease was based on the

TABLE 1. Lymph node nomenclature

N2 node N1 node
Superior mediastinal Hilar
No. 1. Highest mediastinal No. 10. Hilar
No. 2. Paratracheal No. 11. Interlobar
No. 3. Pretracheal No. 12. Lobar
No. 4. Tracheobronchial
Aortic Intrapulmonary
No. 5. Botallo No. 13. Segmental

No. 6. Para-aortic No. 14. Subsegmental
Inferior mediastinal

No. 7. Subcarinal

No. 8. Paraesophageal

No. 9. Pulmonary ligament

TNM classification of the International Union Against Cancer.'’
The lymph node nomenclature used was according to the lymph
node map of Naruke and associates,'S which was approved by the
Japan Lung Cancer Society (Table 1).

Administration of Radioactive Colloid

The day before surgery, a 23-gauge needle was introduced into the
peritumoral region under single photon emission computed tomogra-
phy/computed tomography (SPECT/CT) system guidance, which in-
corporates a gantry-free SPECT with dual-head detectors (Sky-
light; ADAC Laboratories, Milpitas, Calif) and an 8 multidetector
CT scanner (Light-Speed Ultra; General Electrics, Milwaukee,
Wis). Technetium tin colloid (6—8 mCi) suspended in a 1- to
1.5-mL volume was injected in a single shot. SPECT/CT was
performed 5 minutes after the injection and the next morning just
before the operation.

SN Identification

The radioactivity of the resected lymph nodes was counted with a
handheld gamma probe (Navigator; Auto Suture Japan, Tokyo,
Japan). The radioactivity was measured for a 10-second period. SN
was defined as any node for which the count was more than 5 times
the radioactivity of the resected tissue with the lowest count.

SN Navigation Segmentectomy

Under thoracotomy, SN navigation segmentectomy was performed
as follows: (1) Pulmonary arteries and bronchi of the affected
segments were cut at the hilum; (2) pulmonary veins along the
boundary of segments were isolated from the center to periphery;
(3) the affected segments along the pulmonary veins were resected
with staplers; (4) the hilar and systematic mediastinal lymph nodes
were dissected; (5) the radioactivity of dissected lymph nodes was
counted for SN identification; (6) SNs were examined by intraop-
erative frozen sections, which were serially cut 2 to 3 mm in
thickness; (7) if the intraoperative frozen sections of the SN
showed no metastasis, the operation was completed with segmen-
tectomy; (8) if the sections of the SN showed metastasis, lobec-
tomy was performed; and (9) if the SN could not be identified
because radioactivity of the lymph nodes was low, all of the hilar
and lobe-specific mediastinal lymph nodes were submitted for
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TABLE 2. Sites of segmentectomy

No. of No. of
Segment patients Segment patients
Right Left
Upper lobe Upper lobe
S1 3 S1+2 4
S2 2 S3 2
S1 482 2 S1+2+3 9
S3 2 S4+5 7
S3 + S2b 1
'S2 + S3a 1
Lower lobe Lower lobe
'S6 4 S6 3
S7+8 1 S8 1
S8 1 S8+9 2
S9 + S10 2 S9+ 10 1
S7-10 1 S10 1
S6 + S9 + S10 1 S8-10 1
Total 21 31

Right upper lobe: S1, apical; S2 anterior; S3, posterior. Right lower lobe:
S6, apical; S7, medial; S8, anterior; S9, lateral, S10, posterior. Left upper
lobe: S1+2, apical posterior; S3, apical anterior; $4, superior lingular; S5,
inferior lingular. Left lower lobe: S6, apicel; S8, anterior;, S9, lateral; S10,
posterior.

intraoperative frozen section. Lobe-specific lymph nodes were
defined as follows: No. 3 and No. 4 for the right upper lobe, No.
5 for the left upper lobe, and No. 7 for the lower lobe of both
sides.'”

Primary End Points of the Study

Primary end points of the study are as follows: (1) Can SN
identification diagnose pathologic N stage during segmentectomy?
(2) Are the survival and local recurrence after SN navigation
segmentectomy similar to those after lobectomy?

Statistical Analysis
All data were analyzed for significance by the 2-tailed Student
t tests. All values in the text and tables are given as mean + SD.

Results

Operative procedures for the 73 patients with c-T1 N0 M0
were lobectomy in 12 patients, segmentectomy in 52, and
wedge resection in 9. The reasons for conducting lobectomy
in the 12 patients were as follows: (1) tumors in the right
middle lobe in 5 patients; (2) tumors located centrally in 5
patients; (3) multiple lesions in the same lobe in 1 patient;
and (4) thoracoscopic lobectomy as requested by the patient.
As a result, 52 patients were consecutively enrolled for SN
navigation segmentectomy. Table 2 shows the sites of seg-
mentectomy for the 52 patients. The average number of
dissected lymph node stations and lymph nodes per patient
was 6 * 1.8 stations and 12.5 = 5.9 lymph nodes, respec-
tively. Among the 52 patients, SNs could be identified in 43
(83%). The time needed for SN .identification was within 5

TABLE 3. Characteristics of patients with and without
sentinel node identification

Sentinel lymph node
Identifiable Nonidentifiable

Mean age (y) 697 n=1
Sex

Male 26 8

Femsle 17 1
Mean tumor size (cm) 1907 21+07
Histologic type

Adenocarcinoma 37 6

Squamous cell carcinoma 4 2

Adenosquamous carcinoma 2 1 .
No. of lymph nodes submitted 16+09 54 + 2.3*

for intraoperative frozen
diagnosis

Pathologic TNM

Tt NO MO 39 9

T2 NO MO 1 0

T1 N1 MO 1 0

T2 N1 MO 1 0

T1 N2 MO 1 0
Total 43 9
£ < 001,

minutes in each patient. The characteristics of the 43 pa-
tients with SN identification and of the 9 patients without
are shown in Table 3. Average tumor size on CT was 1.9 =
0.7 cm (range: 0.8-3.0 cm) and 2.1 * 0.7 cm (range:
1.4-3.0 cm) in the patients with and without SN identifi-
cation, respectively. Seventeen (40%) of the 43 patients
with SN identification and 4 (44%) of 9 patients without had
tumnors larger than 2 cm. Pathologic tumor stages in the 43
patients with SN identification were T1 NO MO in 39, T2 NO
MOin 1, TINI MOin 1, T2N1 MOin 1, and T1 N2 MO in
1, whereas the stage in all 9 patients without SN identifi-
cation was p-T1 NO MO. The tumors in 2 patients were
pathologically classified as T2; one tumor was spread over
the pleura and the other was more than 3 cm in size in the
permanent section. The average number of lymph nodes
submitted for intraoperative frozen section examination was
significantly less in the 43 patients with SN identification
(1.6 = 0.9 [range: 1-5] per patient) than in the 9 patients
without SN identification (5.4 = 2.3 [range: 3-10] per
patient) (P < .001).

Table 4 shows the SN identified in the hilar lymph node
stations. The number of stations having SN increased in
numeric order from No. 10 to 13 stations. In the mediastinal
lymph node stations, the SN was identified in 15 of the 43
patients (35%). Eleven of the 15 patients had SNs in both
the hilar and mediastinal lymph node stations, whereas the
remaining 4 patients had SNs only in the mediastinum. The
distribution of mediastinal SNs is shown in Table 5, which
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TABLE 4. Sentinel lymph node mapping in the hilar lymph
node stations

TABLE 5. Sentinel nodes at the mediastinum in each lobe
Station of mediastinal SN  No. of patients Percent

Tumor location

Sentinel nodes

Station No. of patients Percent
10 3 163
n /43 163
12 12/43 219
13 2/43 51.2

was lobe-specific; that is, 3 of the 10 patients with primary
tumor in the right upper lobe had SN in No. 3 or 4 stations;
3 of the 9 patients with primary tumor in the right lower
lobe had SN in No. 7, 3, or 4 stations; 8 of the 18 patients
with primary tumor in the left upper lobe had SN in No. 5
station; and 2 of the 6 patients with primary tumor in the left
lower lobe had SN in No. 7 station.

In 3 (7%) of the 43 patients with SN identification,
metastasis was found in the SN by intraoperative frozen
section (Table 6). For 2 of the 3 patients (patients 1 and 2),
operative procedures were converted to lobectomy. The
operative procedure for the remaining patient (patient 3)
was converted from posterior apical segmentectomy to
larger segmentectomy (upper division segmentectomy, but
not to upper lobectomy), because of his age (80 years old).
Pathologic N stages were N1 in 2 patients and N2 in 1
patient. Although both patients 1 and 2 had metastasis only
in the SN, patient 3 had metastasis in both SN (No. 5) and
non-SN (Nos. 12 and 13). Tumors in all of the other 40
patients were classified as p-NO by permanent sections.

There were no complications associated with radioiso-
tope injection necessitating tube drainage, such as bleeding
or severe pneumothorax. One patient had empyema 3 days
after segmentectomy, which was cured by drainage and
antibiotics on the 23rd postoperative day. There were no the
other major complications associated with segmentectomy,
including prolonged air leakage of more than 5 days. The
postoperative follow-up was performed by chest and ab-
dominal CT and brain magnetic resonance imaging every 3
months after the operation. No patients were lost to follow-
up. The mean follow-up period after surgery in the 52
patients was 8 months (range: 1-15 months). Postoperative
recurrence occurred in 1 patient, who underwent an apical
segmentectomy of the right lower lobe for adenosquamous
carcinoma 2.9 cm in size. The recurrence was at 5 months
after segmentectomy, at the extraregional lymph node for
tumor in the right lower lobe, that is, at the interlobar lymph
node (No. 11) between the right upper lobe and middle lobe,
and treated by completion pneumonectomy. During the
segmentectomy of this patient, No. 13 and No. 4 were
identified as SNs, which showed no metastasis in intraop-
erative frozen sections. The patient is now alive 11 months

RUL 3ord 3/10 300
RLL * 3or4 29 222

7and3 19 n.2
LuL 5 8ns 444
LLL 7 2/6 333

SN, Sentine! node; RUL, right upper lobe; ALL right lower lobe; LUL, left
upper lobe; LLL, left lower lobe.

. after the completion pneumonectomy without recurrence.

The other 51 patients are also now alive without recurrence.

Discussion

The present study shows that the SN navigation segmentec-
tomy using radioisotope tracers could increase the accuracy
of intraoperative N staging and could serve as the final
indication for segmentectomy. In the 3 patients with N1 or
N2 disease, intraoperative frozen sections of SNs showed
metastasis, which suggested the need for lobectomy. In 9
segmentectomy-treated patients whose SNs could not be
identified, all hilar and lobe-specific lymph nodes were
required for diagnosis, a significantly larger number than in
the 43 patients whose SNs could be identified. SN identifi-
cation therefore could determine a final indication for seg-
mentectomy by targeting the lymph nodes needed for intra-
operative frozen section diagnosis. In addition, serial
sections of SNs during surgery might find micrometastasis
more easily than single section in each of a larger number of
lymph nodes.

Although the postoperative follow-up period is still
short, 1 patient had local recurrence 5 months after segmen-
tectomy. The recurrence site of this patient, however, was
the extraregional lymph node. In addition, the histologic
type of this patient was adenosquamous carcinoma, which is
known to have poorer prognosis than other types of
NSCLC.'®" We therefore consider that the patients with
clinical T1 NO MO NSCLC of high malignant grade, such as
adenosquamous carcinoma, large cell neuroendocrine car-
cinoma, adenocarcinoma with high FDG uptake on PET,
and NSCLC with high carcinoembryonic antigen serum
level, would be preferably treated by lobectomy rather than
segmentectomy, even if the intraoperative lymph node stag-
ing is NO.

Skip metastasis to the mediastinal lymph nodes has been
reported to occur in 20% to 40% of patients with
NSCLC,'”*® which could be because some lymphatic flow
from the lung goes directly to the mediastinum through the
pleura and not to the hilar lymph node stations.>’ The
present study showed that SNs were identified in the medi-
astinum in 15 (35%) of 43 patients and the lymphatic route
to each mediastinal lymph node station was lobe-specific.
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TABLE 6. Patients who were converted to major lung resection

Histologic SN with Converted
Patient No. Age/sex type Planned segmentectomy metastasis procedure Pathologic TNM
1 70/M Ad Apical segment of RLL No. 13 Lobectomy T1 N1 MO
2 M Ad Apical segment of RLL No. 11 Lobectomy T2N1MD
3 80/M Ad Posterior apical segment of LUL No.5 Upper division T1 N2 MO
segmentectomy

SN, Sentinel node; Ad, adenocarcinoma; RLL, right lower lobe; LUL, left upper lobe.

Therefore, to determine the intraoperative indication for
segmentectomy without using SN identification, not only .
hilar lymph nodes but also lobe-specific mediastinal lymph
nodes should be submitted for intraoperative frozen section
diagnosis. The SN identification can target the lymph nodes
among those.

The identification rate of SNs was 83% in the present
study, as it was in the data of previous reports by several
authors, that is, 63% to 82%.'*'* We'* previously reported
the results of SN identification in 104 patients with clinical
stage I NSCLC. Of the 104 patients, 15 patients had N1 or
N2 disease. Although SN could be found to have metastases
during the operation in 13 (87%) of those 15 patients, it
produced false negative results in the remaining 2 patients.
One of the 2 patients had T2 tumor and metastasis in the No.
12 nodal station, and the other had T1 tumor and metastasis
in the No. 14 nodal station, which could not be identified as
SN by our procedure because of its intrapulmonary location.
We therefore believe that SN could be identified by our
procedure in most of the patients with T1 NO M0 NSCLC.

Although it has been reported that 20% to 25% of pa-
tients with clinical stage I disease have mediastinal lymph
node metastasis,”*** the present study showed only 3 (6%)
of 52 patients with N1 or N2 disease. Our procedure for
lymph node dissection was systematic and then yielded 6 =
1.8 nodal stations and 12.5 *+ 6 lymph nodes to be dissected
per patient. The low number of patients with N1 or N2
disease in the present study is probably due to the institu-
tional setting; that is, most lung cancers in our patients were
found by routine CT examination, resulting in a higher rate
of early-stage NSCLC than usual.

The Lung Cancer Study Group study in 1995 (the only
prospective randomized trial of lobectomy versus limited
resection for T1 NO NSCLC) reported that limited resection
was inferior to lobectomy regarding death rate and local
recurrence.' However, the study included a significant num-
ber (33%) of wedge resections in the limited resection group
and did not analyze the results of segmentectomy. In addi-
tion, compared with clinical staging in 1995 when the Lung
Cancer Study Group study was reported, it is now more
accurate because of improved CT and FDG-PET technol-
ogy. Therefore, a prospective randomized trial of lobectomy
versus segmentectomy should be performed for c-T1 NO

MO NSCLC. The SN navigation segmentectomy, which can
target lymph nodes for intraoperative frozen section diag-
nosis, is a reasonable procedure for determining the final
indication of segmentectomy.
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Tracking Method of Small Receiver Coil Using MR Scanner

Shinya ONoGL,* Hongen L1a0,** Sigeru WATANAEE,*** Etsuko KoBaYasHL** Ichiro Sakuma**

_Abstract MRgmdedsmguqudteeﬁecﬁvemreaHnngaccmtemdsaiemnﬂmaﬂymvamvemgew
" (MIS). The combination of intra-operative MRI, surgical navigation system, and surgical robot should be of prac-
tical use in the field of MIS in the future, When we use flexible endoscope type robotic manipulator, the position
and the orientation of the tip point of the flexible forceps should be navigated and controlled by a robotic
manipulator. However, the conventional position sensor can not be used because of the strong magnetic field and
the limited workspace. We propose a novel tracking method named extended active tracking(EAT), which is
based on the active tracking algorithm. EAT can measure the position and the orientation of the tracking coils
synchronically. The principle of EAT i three points measurement by three series inductance. We can calculate
the orientation of three coils using the measured 3-D positions of coils. In this paper, three experiments was con-
ducted to evaluate the basic performance of the EAT. First experiment is the flip angle adjustment for the reduc-
tion of background noise, which is caused by the proton around each inductance. The experimental results shown
that the inductance positions could be clearly observed without background noise at 6-deg fiip angle with NMR
signal peaks. Second experiment is the reproducibility evaluation. The fluctuation of measurement position and
corientation were less than 0.3 mm (SD)and 1.0 deg(SD)at various positions and orientations. And standard devia-
tion of the distance between the inductances at various positions and orientations is less than resolution (0.78
mm). Third experiment is an accuracy evaluation. The position measurement accuracy was 0.39 mm (RMS) using
an optical tracking device. The orientation measurement accuracy was 35 deg (RMS)when the tracking coil was
rotated 80 degree. Evaluation result suggests that EAT is possible to be used inside a patient body with the re-

quired accuracy.

Keywords: Intra-operative MRL, MR guidance, device tracking,
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