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61: 116 i - NEHR 4561% %15
H1 '>FFIY)ISEDOEE
AEOEE»L) Y NEERT, RMIZBEET L) v xE s F 20
) U EEE S
R1 HPFAELF R L INEER DIeasibility study
47 £ ; e 22 [A) 72 28 B WEE 2y FRALOH
wEE % HiE SEH (%) (%) (%) 1 oo B (%)
Giuliano ¢ 1997 BEE 107 93 100 100 67
Galimberti 1998 RI#E 241 99 98 95 36
Borgstein 1998 RIE: 130 94 99 98 59
Cox ? 1998 3% 4+ Rl 466 94 100 99 =
Krag ¥ 1998 RIE 443 93 97 89 53
Veronesi ¥ 1999 JNEES 376 99 96 93 44
Hill 1 1999 BE+RIE 492 93 95 89 61
Imoto 1999 3%+ RIjE 56 96 98 96 48
T2 BLFRINEERICEET 55 I BERREER
R4 Primary endpoint BERIRI FRICET AHE

NSABP B32 pNO(sn) TOERIEDE 3% 56114 #&7T K ’

ACOSOG 20010 WUNZFE DT & Bk 5,539%1 #&T KIRE

EIO (Milan) #14) pNO(sn) TOERFE D HE 3L 5324 #T  pNO& FEDDFS, 0S

ALMANAC ¥ fiT 4 %8 iE & QOLEFAE 1,031%0 #7T  SNBIZ & 2QOLetzE

Cambridge ! it 1% B E & QOLEEM 29861 #T  SNBIZ & 52QOLZ ¥

ACOSOG Z0011 1 pN1(sn) TOFREDEHE 889% il KR

EORTC10981-22023 (AMARQS) **  pN1(sn) T Fhif 17 BB 4t B#F -

IBCSG 23-01 ¥ pNmi (sn) T ik D H 3% B —

IS U 7o 2 B ST S M THEIIH &
NTWabZE, QREFEES LUBRERNETF
BIWCEZBEEPD RN E R EPERE LT
ERAbND. FRI70ERIATONIKE) ~

o /e

1) 2N

) ERiE O 7 % % HBL L 7:National Surgical Ad-
juvant Bowel and Breast Project (NSABP) B04 %>
513, KEShE = ANE L7 BETIE30%IE VIR
ERPTH SN0 Dob b TR
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) RETERII18% TH N ) IR AL T
LY ERRIVICEEEIE L 2w 2 P FRES T
,z) 20)‘

EFRIR TIZSNBIZE DWW REGFEDERIL
DEA TV B, SNIZREIEHEG] AR ) >~/ EigE
2hif (REIRF) 25HER S, SNERFZREIESITiX
BEFa > b=k ) YSELRIRITOIESR D
OB INE A TN TV A, SNIZREPRMEEL A
AZBWTIRE) » NEiZhiEx B L7 5HED
Wams) >/ EIERIEERR0.3% L HEF S o,
—7, SNERFERHFHEFLASA D38~67% ZIESNELFE
PEHETH D, SNEBEEILIA L FRICHKRET
HEDOESRITNS V. T TEBDOHIRPSNOIL
BRKRIZE >, ESNOEREFHTLIZAIT
R/ETTLOHE, RETSNTETVANE
fRR COFEEIEIAT A TH 5.

20024 International Union Against Cancer
(UICC) 5 6 kLA &, B/ ) v/ SEiERFE I D
T, FORAED0.2mmbLLT Disolated tumor cells
(ITC), 0.2mm#*5 2 mmBELT Dmicrometastases
(MIC), 2mm & VK&V ymacrometastases (MAC)

SN ITCIREBTEREICZ L CREE

B89') > SEHEFERETE (n0) 12348 &1, MICIZMAC
& FIRRICERRE G TE (n+) & 48 S MIRESRIELHE
‘Ehs, FOEHE L TSNIZMICZED /-
pN1mi(sn) FLASA D 6 %> 557% TIESNIZELFE
MERDO LN EMESN TV DL THED, L
L, AVEVYHFARIET VAN 2 VIZH »
M & FERR TIRITC &£ MICHI TOIRERFH
BHOLNDDH A, 4HTIIEEREOENRE
WL > TOEYMEEDBILARES NS 20,
ITC*pN1mi(sn) SLASAIZ BT A HEERiE D E 3%
NSV EDEIETPSTH A . EERRTIEISNB
DFEIITRIAFAA DS & 6 % S EICILAAER
ALNTETVE,

SNBORHMFREANDRZE

NSABP B04 T, MREZRIEIIEFEDME LIZHF
ELawnwEENLD, T ) n0EFIZSNBT
HEZEE L TOEFRICIEZBEI N EE L
bhd. L L, ABRORBROAS 7T YR
T, WRERIE BRI L 55.4% DETEERR £
DEGHIEHRE SND, S5 I12IXFHY) » 8 EE

61117

WKIBLTEFENMETE LI HELH N,
WE L REEE, MEBROERICHE L TIM
FEL TWL L EAH AH. Milan trial TIZSNBIZ
EFBRIIEETRIZS BT EEHRE LoD,
EFIBDAA+T53TH 7. SNBORITFZIZH
LT, &) REEDONSABP BI2DFERAFF:
n5b.

SN/ INERFZ I (pN1mi(sn),
pNO[i+]1(sn) JIC &\ BRISES

SNIZEER 2B 5358, K& v/ EiE%E
T DMWER.ETH S, La2L, SNEEBZERD S
BETOFMD38~67%DEE TIISNDADELH
TIESNNDELFE % 52D 72 129,

CDL) GREBEEIIIRE) v/ EiZhEDOENE
WURERI ML, TNEHETHMEIITH
NTWa, 49, EERPSNEZBREFEOKES L L
IESNERFE L R T 5 &L &N 7=2%, FDHZEDIR
FTENLDRFZH VT HIESND13~26% 12
EBSEDOLNEZ ENRE SN, ZOKRET
T, ENLAIER DIk BIZE R IR R E
7 EORF % ERE L TbIESNELFE O Tl 13 Rk
ThbEIN. RELBTREINS L)%
0.2mmbELT OIZEAS AMRE % ITC & 1575, SN
WITCZ 8 5 BETHIESNIZ 5~14% Dinfe %
P B LHESNTVE®2, SNIZMICEITC%
ROLBEFEDIESNERGHEELR I T LD
72® . INLOMENDFIZIESNIZT 7O XS %
ROLEEE D IO TRDLI L IE/TT Y
FO=WEP ) TR EFEEREDIDHD
StagingDEE b bREE 2 5.

20094 American Society of Clinical Oncology
(ASCO) #&&THD+ T » ¥ MIRROR studyH*H D
WEEK AT LD FRIFT1 SV —7D
L b OANRY T 4 75T TSNICITCRMIC %
R, MEEE (HiEH 5\ ILEE) 2BIML T
WRWI =T TEREBEBRED) A 7 HEnt
HELLD, EHILFARY T4 7V—TE, HE
HESEEDEVELAFAIABE TNOESNIZITC
PMICR D 2 BEHOTFHE LI L.
fHBNEE % Z1T T2 WITC/MICFLASA BE I
NOBZ LB L TFHRIARTH B Z LAVRE
7z, %8B, ITCEMICTIRFEIIEN DL



61118 Mmi - BHEH 5E61% £15
=3 SLNIZITC, #hei8 (MIC) 2588 1B NDIESLNERIE =
47 i o - 1TC(+) JESLNREZIE . o MIC(+) JESLNG
HEE TR may B4 * EEn BEY %
Calhoun 2005 61 3 (1 macro, 2 MIC) 4.9 - — -
Gipponi 2006 - - - 116 16 (10 macro, 6 MIC) 13.8
van Rijk 2006 54 4 (2 macro, 2 MIC) 7.4 106 20 (16 macro, 4 MIC) 18.9
Houvenaeghel 2006 187 30 16 301 43 14.3
Cserni 2004 347 38 (H&E)and 10(JHC) 11~14 789 156 (H&E)and 39(IHC) 20~25
Cox 2008 107 10 (9 macro, 1 MIC) 9 97 15 (14 macro, 1 MIC) 16
Reed’ 2008 13 0 0 41 11 (7macro, 4 MIC) 27
(SCHke X b eggE)
%4 MIRROR studylc # |7 3 SNEBRBIOHEBR Y 2 7
IRE G BEYH SEREBEHEE HR 95%CI
pNO(sn) HiE 125 1.6% 1.00 '
pNO(sn) SNB® & 732 2.3% 1.08 0.23~4.98
pPNO(i+) (sn)  ERE 3 7o i3 BRSY 450 0.9% 1.00
pNO{i+) (sn) SNB® & 345 2.0% 2.39 0.67~8.48
pN1mi(sn) ENE F A REST 887 1.0% 1.00
pN1mi(sn) SNBD & 141 5.0% 4.39 1.46~13.24

T\ %0, —75, Hansen 5I13N0&EE L SNIZITC
PMICR RO 2 BEETIITRICEFRDZV
ERELTWBD, 2L, NODEEZD 3 AL
1 APHBEDRELZZIT TR0 LT,
ITC/MICEE TI390% L\ £ BE A7 4 # B3
BEESITTWVAILIRESEELTVSE
EAbND. Thabb, MEkEH»SITC/MICH
W3 LTOEFBELBINT AT &L HNO
EREDTFHRIEFTELLEETESL, WY
UL TH, pNImiBZ I L UMb EF-% %
BLZWRY, BEBEL L GEBINRESEY
BEREREL NS,

ML AR DSNBIZ BT 3
FRIRER & FiE

MEMLFEIEEROSNBIZE L Tla v 72 +4
RICTARELNTWE W, 2T TOHR
FEHI TN OB TOLEBOKETH
D, REREZEBRAEBITOATH 2, B
HABEIIT HSNBE LT 2 &, Hiail
EREROEFOMESL, OEGFEOKE L
BEVARICE D, QWRE) v/ EBinH OFE
TEHIE, FELBENSINSCETINS,
QOMBLFEREDER — ) v/ —) VD

(L™ & b %)

MR ELE 2 2EEEYTH 5, Offaifss
FEIIIREIEIE7Z o /2SN & JESNIZFRREDRRE
BHHOHN? OMBLERERONODESR) T
LM H o Ty, B ENEITLNE,
INL DERVM A LFERIEOSNBOZ L4 %
BT 2 A TCHBEL > TE .

LB ERDOSNBO I N T THESLT
BB OREERS T L i
BT 1560 2> 55160 &£ WD D EBITORE
EpoTwWa, BEXRIIFHTI3cmd 55.5cm
T, TIoT4ETERREL, T2, ) V38
EEFROONIZBEDEDLRBRIKEZN
T, ZNEDSNOFRIEEII84% 1 593%7E
FET, BEIFLPAOBEL ) PR BEVEETH
B, BREMERIL, 0%0633%LIEL0E %D
B, INLTHEROHRELTLHIEEMKLEL
TORIEIEIIL8.7% T, 1ARMFEIISI%TH 5.
7272L, {BREMERIZE L Ti3Nason 5 D156 TD
3BU%L VIIRE L DLHBENRIZLZ0% EW
D EREFRITITI0% D H15%FREE &\ Bligs®
FRIRBOIZ D U2 0TI Z WA E BT S,
WL REROSNBO I N T TliilE sh
LB OBRBEYR 6 12F &0l

~ Mamounas % {3National Surgical Adjuvant Breast
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£5 ME{EEEEBEFRIVY LNEER-BREORE—
fiE 170 55 W FHIEEZE (em) FEER(%) BEER(%)
Breslin, et al. (2000)% 51 I orlII 5.0 43 (84.3) 3 (12)
Miller, et al. (2002) 7 35 T1~3,NO 3.5 30 (86.0) 0 (0)
Stearns, et al. (2000)¥ 34 T3~4,any N 5.0 29 (85.0) 3 (14)
Haid, et al. (2001)® 33 T1~3,any N 33 29 (88.0) 0 (0)
Julian, et al.(2002) 31 Torll NS 29 (93.5) 0 (0)
Tafra, et al.(2001) 'V 29 Any T, NO NS 27 (93.0) 0 (0)
Nason, et al. (2000) 12 15 T2~4, N0 NS 13 (87.0) 3 (33)
Shimazu, et al. (2004) 1 47 I orIII 4.5 44 (93.6) 4 (12)
Kinoshita, et al. (2006) 4’ 77 T2~4, any N 4.8 72 (93.5) 3 (11)
Lee, et al.(2007) 219 N+ 3.4 179 (77.6) 7 (6)
Shen, et al.(2007) ' 69 T1~4,N+ 4.0 64 (92.8) 10 (25)
Gimbergues, et al. (2008)'" 129 T1~3,any N 4.0 121 (93.8) 8 (14)
*6 MAMLEEEER L FRIV L /NEER— S DRME—
REBIEK FH(®FE/RD FERE (%) BEMEZER(%)
Mamounas, et al. 4 428 Blue dye 78 14
(NSABP B-27) Radiocolloid 89 5
Combination 88 9
All techniques 85 11
Krag, et al. ' 443 Radiocolloid 93 11
Tafra, et al. '@ 529 Combination 87 13
McMaster, et al. ' 806 Blue dye or radiocolloid 86 12
Combination 90 6
All techniques 88 7

and Bowel Project randomized trial NSABP B-27)
DAC 4 14 7 )viZdocetaxel & i 2 7= 7RI L&
E1%IZSNBAT KA & N 724286 D FifE & s L T
VB0 SREEASE IR 7 B 7 OSNBRIRIL F
LELTHAHY, &K LTOREEIZ,
BIEMEEII% EVHIFERTHA., TOMDI D
DEHEERD b DHE b FIEEI0W% TR, BIE
PEERATI0% FI 14 & BHIFLASA T T 5 SNBD AL
BEBRBDOLVERPBRESIN TS,
ESHP AR E 2 —DkiE

WIETIE, BEIFLATAIZHY 5 SNB Dfeasibility
study # #& T 1%, 20034 7 B 2 LW AMLERIERER
DA A B E I 5 SNBDfeasibility study &
B L, TOREERE L CEL. KHBRITE
—DHNEHE, FHRICLDEBS ML,

MEEE 3emblEdH A \VISRE Y v/ EhiEi e
RO BINABE I RIMALFEREL LT
(DFEC/ AC =4 % 1 7 v, @weekly paclitaxel
12 A s VEMAEDELLODERFRRIE L,
EEEICOAKRQITER L. WRILERER

WCEBENPRULEDFREZTRL, 22, BER
W) v /SEREERE DSIEE T & - 72881 % SNBD
WMHE L, o DILEEERNOFHERE
134.9cm (2.5cm7*512.0cm) T, T4A%6 6, 16K
BT & 202 v/ SERERfE & BRO 7426 b 3t
Lo TWw5A(R7). SNBix, BEZ—RIEEH
W7z b DABOBIT, BREHEMAIBHIEL-T
WA, FERE LT, SNAREIET & 7-ERIX804]
T, FERIFNR%ERDL. INLLDERIO, SN
CIESNDIBDFEEL T L O/ DERE IR
T. SNIZER#E 2 307, FESNIZEB O
DI 3BITHEERIZIBTHD, &FELT
96% DIEBIIZ B\ TSNANGE ) » /7 3Ehi &k IR
MAEATHEICKMLTWA Z EMEERH SN,
REVEEET L SNDEIER & DELE ©IRET L 727,

IBIERID ) v SERERRE DA E, FBRREIGERIR,

TR ANEE R MES T, ME—, T4d(%
FEMEFLATA) EGID A DSNOFEE % BfEIC L T
BIENEHLELR o —F, SNARIETE
7ofEFIS, 1AREEEIZ R o 7ERIZ 3 FIOATH -
72w, WEMLFEEELEOTINLIIEE



81120 m#g - MHEH $H61% %15
R7 BEEE
EBI %X o 1 4%
& (#) 50.2(27~77) | HFRIMbEESRE
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Abstract

A new type of forceps (NT forceps) was developed in
November 2007, designed for dividing connective tissues
and for holding tissue together, These forceps measure
32 cm in length and are made of stainless steel. The
insides of the forceps have atraumatic dispositions
because longitudinal notches are placed on them, There-
fore, they can grasp important soft organs such as the
lung, azygos, and pulmonary vein. In addition, the acral
forceps also possess carbide chips with cross notches.
They can therefore hold vessel tape, sutures, etc. There
are two types of forceps, which are curved at different
angles, either a sharp angle or a slight angle. The forceps
can be used for dividing and holding tissue whileiper-
forming basic surgical manipulations, especially during
an operation using a video-assisted procedure with a
minithoracotomy. These forceps are useful tools for per-
forming technical manipulations for standard opera-
tions, such as a lobectomy.

Key words Video-assisted thoracoscopic surgery + New
instrument - NT forceps

Introduction

New forceps have been produced by Solve Co. Ltd
(Yokohama, Japan), and these instruments (NT forceps)
are now commercially available in Japan (Fig. 1). The
new instruments were developed in November 2007.NT
forceps are designed for dividing connective tissue and
for holding tissue together. The forceps measure 32 cm
in length and are made of stainless steel, These instru-
ments can therefore be used during a video-assisted
thoracoscopic surgery (VATS) operation with a mini-
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thoracotomy. The insides of the forceps have atraumatic
dispositions because they contain longitudinal notches.
Therefore, they can grasp important soft organs such
as the lung, azygos, or pulmonary vein. In addition,
the acral forceps also possess carbide chips with cross
notches that improve their grasping ability. Therefore,
they can hold vessel tape, sutures, etc. (Fig. 2). There are
two types of forceps curved at different angles, either at
a sharp angle or a slight angle.

Technique

A lobectomy for a cancer patient (stage I) is usually

performed through a minithoracotomy of the ausculta-

tory triangle with a 5-7-cm skin incision using video-
assisted procedures, with two access ports. The forceps
can be used for dividing and holding tissue while per-
forming basic surgical manipulations, especially during
a lung resection using a thoracoscope. The forceps
open automatically and easily with appropriate power
because they are powered by a spring in a “pencil-grip”
manner. Exfoliation of the tissue can be performed
when the closed acral forceps are inserted into soft
areas of some tissue. The exfoliating forces result from
the restitutive spring power of the forceps. The forceps
have been used in combination with other techniques
and instruments such as electrocautery, scissors, and
new devices (e.g., LigaSure; Valleylab, Boulder, CO,
USA, and Harmonic Scalpel; Ethicon Endo-Surgery,
Cincinnati, OH, USA). The apex of the forceps should
alternately be closed and opened while exfoliations are
performed. However, the forceps can be opened natu-
rally at a site of exfoliation, because the forceps utilize
the power of the spring. Atraumatic exfoliations can
also be performed around blood vessels using the
forceps. In addition, the ends of the forceps can also be
used to hold and grasp sutures or vessel tape. Cavitation
trauma can be avoided when using the Harmonic Scalpel
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Fig. 1. The NT forceps

Iig. 2. The insides of the acral forceps have longitudinal
notches and possess carbide chips with cross notches

around important organs by applying the forceps to
sites beside the organs (Fig. 3). The combination of these
new devices might allow useful techniques when cases
are complicated with severe adhesions in an intratho-
racic space. Exfoliation can easily be performed by
repeatedly opening and closing the forceps in a loose
tissue area. The forceps and the new devices provide
effective approaches for a lymphadenectomy and can
spread the mediastinum space using their spring, espe-
cially during a VATS procedure. The forceps and new
devices are repeatedly used for dividing and cutting
connective tissues during such operations. The combina-
tion of the forceps and new devices (such as LigaSure
and Harmonic Scalpel) can be effectively utilized for
the resection of a mediastinum tumor, because the area
surrounding the mediastinum includes many important
organs and vessels associated with the cardiovascular
system (Fig. 4). A tumor resection can be effectively

R. Tanaka et al.; NT forceps for VATS

Fig. 3. A combination of the NT forceps and the Harmonic
Scalpel is used for dividing and cutting connective tissues
during a lymphadenectomy. RUL, right upper lobe; LN, lymph
nodes; Br, bronchus; rtIPV, right inferior pulmonary vein; Es,
esophagus

Fig. 4. A combination of the NT forceps and the LigaSure is
used for dividing and cutting connective tissues between left
upper lobe and lower lobe. LUL, left upper lobe; LLL, left
lower lobe

performed by separating the tumor from those organs
in the area of mediastinum. The forceps are useful tools
for avoiding important organs surrounding the lesion
when there are physical limitations to handling instru-
ments in confined spaces. These forceps have been used
for almost all procedures performed at this institute
since December 2007, and no complications have
occurred as a result of their use.

Discussion

A lobectomy is a standard surgical operation for lung
cancer. Recently, the general surgical approach for this
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operation has been the use of video-assisted procedures.
Almost all thoracoscopic instruments have been devel-
oped based on classical instruments such as scissors or
forceps. However, thoracoscopic instruments are often
limited and difficult to handle, because such procedures
demand a comprehensive understanding of the ana-
tomical variations in the intrathoracic space. Therefore,
the limitations of classical instruments are often frus-
trating when performing VATS procedures. In addition,
almost all currently commercially available thoraco-
scopic devices for the use of video-assisted procedures
were designed to be held by the operator in a “pistol-
grip” manner. When using such pistol-grip forceps, the
movements of the device to produce right-and-left or
up-and-down motions of the acral forceps are mainly
controlled by the senses according to the operator’s own
experience. Precise and accurate movements of the
forceps might therefore often be difficult using the
power of the operator's motor control in a two-
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dimensional view. This drawback motivated the design
of a new instrument for performing VATS. In compari-
son with the pistol-grip forceps, the new pencil-grip
forceps are easier to handle and thereby compensate for
various limitations, especially when performing video-
assisted procedures.

In conclusion, the new forceps are considered to be
a useful tool for performing technical manipulations
during standard operations such as a lobectomy. In addi-
tion, these forceps can also be used with other new
devices (such as LigaSure and Harmonic Scalpel) to
perform effective combination techniques.
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Nuclear Grading of Primary Pulmonary
Adenocarcinomas
Correlation Between Nuclear Size and Prognosis
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BACKGROUND: According to the World Health Organization Classification of Tumors, the prognostic value of mor-
phorrietric cytologic atypia has not been assessed in pulmonary adenocarcinoma. METHODS: Primary tumors of 133
pulmonary adenocarcinomas <2 cm were analyzed Using an image processor for analytical pathology. The results
were evaluated using receiver operator characteristic curve analysis, and survival curves were drawn by the Kaplan-
Meler methad. Furthermore, the results were: applied to routine histological diagnosis. Four pathologists evaluated
the nuclesr factors relative to the size of small lymphocytes as a standard, RESULTS; By using the nuclear area and
ruclear major axis dimension, lung adenocarcinomas were divisible into 2 groups showing extremely favorable prog-
nosis and fairly favorable prognosis, without considering histological features or classification. A nuclear area level of
<67 um? was correlated with fonger survival (P < .0001), and the S-year survival rate was 90.4%. Similarly, a nuclear
diameter level of <0.7 um was correlated with longer survival (P =.0002), and the 5-year survival rate was 88.6%.
The mean (£standard deviation [SDJ) valie of the kappa statistic for the 4 pathologists who evaluated the cases
using the size of smali lymphocytes as a standard was 0.58 £ 0.10, and the mean (£SDj} value of the accuracy metric
was 0.66 + 0.10. CONCLUSIONS: Nuclear area and nuclear major dimension are 2 useful independent markers for
evaluating the prognosis of lung adenocarcinoma. Cancer 2010;116:2011-9. © 2010 Arnerican Cancer Soclety.

KEYWORDS: nuclear grading, prognosis, pulmonary adenocarcinoma, nuclear area, nuclear diameter,

IN continuously dividing normal cells, the cell constituents increase in a progressive and precise manner during the cell
cycle phases to avoid any progressive reduction of daughter cell size. Therefore, cell growth and prollfeianon are tightly
coordinated and subjected to organized biological processes to ensure the generation of normal cells." In cancer cells, how-
ever, these tightly coordinated processes are perturbed, and the nuclei of most cells in solid tumors vary in size, shape, and
chromatin pattern, both in comparison with normal nuclei and also among cancer cells. The features of such morpho-
logic changes in the nucleus have not been explained in terms of conventional concepts of nuclear structure and theories of
carcinogenesis. However, in various cancers such as breast cancer, nuclear atypia has been used clinicopathologically to
evaluate malignancy.

Lung cancer is the most common cancer worldwide (12.6% of all new cancers; 17.8% of cancer deaths).> Among
the histologic types of nonsmall cell carcinoma of the lung, adenocarcinoma has a poor prognosis.* Recently, surgical
treatment of small-sized peripheral lung carcinomas, especially adenocarcinoma, has increased in parallel with improve-
ments in diagnostic radiology.® Noguchi et al® examined many surgically resected adenocarcinomas of the lung at an carly
stage, and proved that some adenocarcinomas have a very favorable prognosis. According to their criteria, localized bron-
chioloalveolar carcinoma (BAC, type A) and localized BAC with alveolar collapse (type B) are defined as in situ adenocar-
cinoma, and localized BAC with foci of active fibroblastic proliferation includes minimally invasive adenocarcinoma (type
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Q). Type C tumors include adenacarcinomas showing
various prognoses, and there are no useful criteria that can
be used to distinguish minimally invasive carcinomas
from type C tumors.

Conversely, the World Health Organization
(WHO) Classification of Tumors of the Lung, Pleura,
Thymus, and Heart states that for evaluation of malig-
nancy, “Grading of pulmonary adenocarcinomas is based
on conventional histological criteria, including the extent
to which the architectural pattern of the tumor resembles
normal lung tissue, and cytologic atypia.”® In other
words, malignant grading depends on the degree of differ-
entiation, including variations in histological archirecture
and cell atypia. The judgment of histological differentia-
tion is difficult. Although the WHO classifies 4 major his-
tological subtypes on the basis of tumor differentiation, it
does not define histological differentiation itself. The eval-
uation of cell atypia is also difficult, and there are no
objective definitions of cell atypia in tumor cells of lung
adenocarcinoma. Furthermore, using the WHO classifi-
cation, it is not possible to distinguish minimally invasive
adenocarcinomas from invasive cancers. Nuclear mor-
phometry is a method for quantitative measurement of
histopathologic changes in the appearance of stained cell
nuclei. Some studies have indicated that such assessments
may provide clinically relevant information related 1o the
degree of progression and malignant potential of various
cancers."% In the present study, we performed nuclear
morphometry and tried to use the results for extracting
minimally invasive adenocarcinomas.

MATERIALS AND METHODS

Patients

Primary tumors were obtained from 139 patients with
pulmonary adenocarcinomas €2 ¢m in maximum dimen-
sion who were treated surgically during the period
between January 1993 and December 2000. These
patients underwent surgical resection of their tumors
along with mediastinal and pulmonary hilar lymph node
dissection art the National Cancer Center Hospital, To-
kyo, Japan. Informed consent for specimen collection was
obtained from all patients. Moreover, none of the patients
selected had received neoadjuvant or adjuvant chemother-
apy or radiotherapy before or after surgery. Six patients
subsequently died of causes other than lung carcinoma.
The study focused on a series of 133 patients, excluding
these 6 patients.

2012

Tissue Specimens and Pathofogic Information
The resected specimens were fixed with 10% to 15%
neutral buffered formalin at room temperature, and then
embedded in paraffin for histologic examination. All of
the sections (4 jtm thick), including the largest cut surface
of the tumor, were stained with hematoxylin and eosin
and elastica van Gieson and examined by light micros-
copy. Tumors were classified according to the criteria of
the WHO International Histological Classification of
Tumors and also the histological criteria proposed by
Noguchi et al.’ Microscopically, the diagnosis was per-
formed by 3 pathologists (Y.N., Y.M., M.N.). If 2 or
more opinions coincided, the diagnosis was considered to
be firm. All patients gave informed consent for specimen
collection. The small-sized lung adenocarcinomas were
classified histologically as described previously (Table 1).°
Lung tumors of types A, B, and C show replacement
growth of the pulmonary alveolar structure, whereas those
of types D, E, and F show nonreplacement growth. This
staging was evaluated according to the International
Union Against Cancer TNM Classification of Malignant
Tumors (fifth edition).

Morphometric Procedure

An Image Processor for Analytical Pathology {Sumitomo
Technoservice Co., Osaka, Japan) was used for morpho-
metric analysis of nuclear size (nuclear area, nuclear major
axis didmeter [nuclear diameter], and nuclear roundness}.
The system was connected to-a BX50 microscope (Olym-
pus, Japan). The instrument was calibrated with a micro-
meter slide before each measurement. All measurements
were performed on the monitor screen using a X40 objec-
tive and a % 10 video ocular. We chose tumor arcas with
the largest available nuclei for morphometric investiga-
tion. On examining the sections for selection of fields, tu-
mor cells from the most cellular area at the center of the
tumor were selected. Necrotic and inflammatory areas
were avoided, and overlapping nuclei were omitted. Five
microscopic fields were screened, 10 cells per field were
selected, and 50 cells per tumor were measured. The
nuclear profile area measurements were assessed by tracing
the nuclear membrane using the computer mouse. Fifty
nuclei of the tumor cells in each specimen were measured
using a computer software package (IPAP-WIN Version
3.0, Sumika Technoservice Co., Osaka, Japan). In each
case, the mean nuclear size (nuclear area, nuclear diame-
ter, nuclear perimeter, and nuclear roundness) was used
for evaluation. The picture on the computer monitor cap-
tured from histologic specimens was manipulated. As a
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Table 1. Patient Characteristics

Characteristics No. of Patients
No. of patients 133
Sex (men/women) 64/69

60.4+9.8 (38-82)
15.9::3.4 (6-20)

Mean age+SD, y (range)
Mean tumor size+:SD, mm (range)

Tumor classification

T 112

T2 7

T3 4

T4 10
Lymph node status

NO 90

N1 18

N2 24

N3 1
Pleural invasion

PO 98

P1 24

P2 8

P3 3
Stage

I (IA/1B) 86 (83/3)

11 {(IA/1IB) 20 (16/4)

11 {(INA/I1B) 26 (17/9)

v 1
WHO histological classification

BAC ' 25

Mixed subtypes 86

Acinar 1

Papillary 5

Solid 16
Noguchi classification

Type A/B/C 12/14/66

Type D/E/F 27/8/6
Type of resection

Lobectomy 126

Pneumonectomy 2

Segmentectomy 4

Wedge resection 1

SD indicales standard deviation; WHO, World Health Organization; BAC,
bronchioloalveolar carcinoma.

result, the nuclei were identified and measured using the
computer software (Fig. 1a-f).

Interobserver Variability and Accuracy

of the Nuclear Factors

We applied the morphological results to routine histologi-
cal diagnosis using the size of small lymphocytes as a
standard. Sixty patients were randomly selected from this
series of 133 patients. A tumor cell was judged to be posi-
tive if its nuclear area and nuclear diameter were 5x and
3% larger than the corresponding values for small lym-
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Figure 1. (a, ¢, e) Histology of small-sized adenocarcinoma of
the lung is shown (H & E; original magnification, x400). (b, d,
f) Karyometric analysis using an Image Processor for Analyti-
cal Pathology is shown. The nucleus in the carcinoma cell was
picked up from the field in each panel. The red area repre-
sents the nucleus. Morphometry was performed on each
area. (a, b) A type A tumor using Noguchi classification is
shown. (¢, d) A type C tumor using the Noguchi classification
is shown. (e, f) A type D tumor using the Noguchi classifica-
tion is shown.

phocytes, respectively. A ficld with >5 positive cells was
considered to be a positive field. If there were >3 positive
fields, we considered the case to be positive. Any case that
did not meet all of these requirements was judged to be
negative. In general, cases with critical nuclear area levels
of >67 ;lm2 tended to be positive, and cases with critical
nuclear area levels <67 pim” tended to be negative. Four
pathologists (M.N., Y.M., H.K., and K.S.) evaluated all
60 cases independently and divided the specimens into 2
groups (positive cases and negative cases). The kappa sta-
tistic value was used for nuclear grading among the 2
groups (positive cases and negative cases) between the 4
pathologists.

Statistical Analysis

Analysis of the correlation between clinicopathologic fea-
tures and nuclear size was performed using F test, Student
t test, and Tukey test. Evaluation of the cutoff point for
nuclear size was performed using recciver operating
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NR 0.578 [0.052 [0.200 0.48-0.68
ND [0.739 [0.048 [0.000 0.64-0.83

Figure 2, Receiver operating characteristic curves of mean
nuclear size (nuclear area [NAJ, nuclear major axis dimension
[ND], nuclear roundness [NR], and nuclear perimeter [NP])
are shown for the diagnosis of malignant stricture. AUC indi-
cates the area under the curve; SE, standard error; Cl, confi-
dence interval.

characteristic (ROC) curve analysis. The survival curves
were drawn by the Kaplan-Meier method. Overall sur-
vival was calculated from the date of primary surgery for
lung tumors to the date of death or last follow-up. The
curves were evaluated by the log-rank test (2 = .05). The
independent staging factors for pulmonary adenocarcino-
mas were evaluated by multivariate analysis for nuclear
size. Interobserver variability and accuracy were evaluated
using kappa statistics. Data were censored when patients
were lost to follow-up. All analyses were performed using
SPSS statistical software (version 12.0; SPSS, Chicago,
1.

RESULTS

Clinical and Histological Findings

The most relevant clinicopathologic features are listed in
Table 1. The tumors were classified according to the his-
tological criteria proposed by Noguchi et al.” Follow-up
was complete for all patients up to January 2005 and
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Figure 3. Five-year recurrence-free survival rates are shown
for all patients, classified using the critical nuclear size. (a) A
nuclear.area (NA) of 67 pym? was used as a cutoff value (P <
.0001). (b) A nuclear major axis dimension (ND) of 10.7 ym
was used as a cutoff value (P =.0002).

ranged from 8 to 150 months (mean, 79.8; median,
84.1). The overall 5-year survival rates for stages [, 11, and
[ were 91.9%, 75.0%, and 38.5%, respectively.

Morphometric Analysis and Qutcome

Mean (+standard deviation [SD]) values of nuclear size pa-
rameters were: nuclear area 64 & 17 pim? (range, 34-130),
nuclear diameter 10.3 = 1.3 ptm (range, 7.4-14.6), and nu-
clear roundness 0.860 + 0.016 (range, 0.812-0.893). The
ROC curve analysis showed that a cutoff nuclear area level
of 67 pm” had a sensitivity and specificity of 75% and 70%,
respectively (area under the curve [AUC], 0.75G; 95% con-
fidence interval [CI], 0.66-0.85) (Fig. 2). The nuclear
dimension level of 10.7 pm had a senssitivity and specificity
of 75% and 65%, respectively (AUC, 0.739; 95% ClI,
0.64-0.83) (Fig. 2). The mean nuclear area and nuclear di-
ameter were significantly higher in patients with malignant
stricture. However, the AUC for nuclear roundness was
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Table 2. Distribution of Clinicopathologic Features and Nuclear Size

Factor NA
<67 pm? >67 pm?

Pathologic stage

Stage | 65 21

Stage 2l 14 33
Tumor classification

T 74 38

T2 5 16
Lymph node status

NO 67 23

=N1 12 31
Pleural invasion

PO 68 30

2P1 1" 24
WHO histological classification

BAC 25 0

Mixed subiypes 46 40

Solid, acinar, papillary 8 14
Noguchi classification®

Types A and B 25 i

Type C 38 28

Types D, E, and F 16 25

ND
P <10.7 pm 210.7 pm P
<.0001 60 26 <.0001
16 31
<.0001 Kl 41 <.0001
5 18
<.0001 62 28 <.0001
14 29
<.0001 64 34 .001
12 23
<.0001 24 & 1 <.0001
254 45 41 .149
7 15
.001 25 1 <.0001
104 36 30 119
15 26

NA indicales nuclear area; ND, nuclear major axis dimension; WHO, World Health Organization; BAC, bronchiocloalvealar carcinoma,

*Table adapted from Noguchi et al.®

<0.6(95%ClI, 0.48-0.68) (Fig. 2). The Kaplan-Mejer sur-
vival curves showed that the 5-year survival rate of patients
whose tumor cells had a mean nuclear area of <67 pm? was
90.4% (Fig. 3a). Conversely, the corresponding survival
rate of those with tumor cells having a mean nuclear area of
>67 pm? was 57.7%. A nuclear area of >67 pm? was
correlated with shorter survival (P < .0001). Similarly,
the S-year survival rate of patients whose tumor cells had a
mean nuclear diameter of <10.7 jtm was 88.6% (Fig. 3b).
The corresponding survival rate of patients with tumor
cells having a mean nuclear diameter of >10.7 pm was
61.8%. A nuclear diameter of >10.7 ptm was correlated
with shorter survival (2 = .0002). The clinicopathological
characteristics and the nuclear size (nuclear area and nu-
clear diameter) were compared in Table 2. All prognostic
factors reported before, such as pathological stage, tumor
classification (T stage), lymph node metastasis, pleural
invasion, WHO histological classification, and Noguchi’s
classification, were significantly associated with the nuclear
size (nuclear area and nuclear diameter). Then, we pet-
formed multivariate analysis to determine the factors con-
tributing most significantly to the 5-year recurrence-free
survival rate using Cox regression analysis. It demonstrated
that nuclear area was 1 of the 4 significant prognostic fac-
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tors including pleural invasion, tumor classification, and
lymph node status (P=.037) (Table 3).

The data from morphometric analysis were then
compared with the WHO classification (Table 4, Fig. 4).
The mean (£8D) value of nuclear area was 48 & 9 pm?in
BAC, 68 + 8 um? in the papillary subtype, 82 % 20 pm?
in the solid subtype, and 65 % 15 pun? in the mixed sub-
type. The nuclear areas of BAC tumor cells were signifi-
cantly smaller than those of the other subtypes except for
the acinar subtype, and the nuclear areas of solid tumor
cells were significantly larger than those of other subtypes
except for the acinar subtype (Fig. 4). The mean (£SD)
value of nuclear diameter was 9.1 £ 0.9 um in BAC, 10.8
+ 0.8 pum in the papillary subtype, 11.4 & 1.3 pm in the
solid subtype, and 10.5 £ 1.2 pm in the mixed subtype.
The mean nuclear diameter of BAC tumor cells was sig-
nificantly smaller than that of the other subtypes except
for the acinar subtype, and the nuclear diameter of solid
tumor cells was larger than that of the other subtypes
except for the acinar subtype. The 5-year survival rate for
all 133 patients was 78.2%. Conversely, the correspond-
ing rates for patients with BAC (n = 25), the solid subtype
(n = 16), and the mixed subtype (n = 86) were 100%,
75%, and 70.9%, respectively (Table 4).
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Table 3. Multivariate Cox Regression Analysis of Pathological Staging Factors

Variable P

Nuclear area: >67 pm? vs <67 ppm? 037
Pleural invasion: PO vs P1-3 .046
Tumor classification: T1 vs >T2 .010
Lymph node status: NO vs >N1 .00t

Relative Risk 95% Cl
0.35 0.13-0.94
2.49 1.02-6.12
0.31 0.12-0.76
0.20 0.08-0.50

Cl indicates confidence interval.

Table 4. Nuclear Size of Histologic Typing in Patients With Small Adenocarcinoma of the Lung

With 5-Year Survival Rate

Type No. of NA, P ND, P 5-Year
Patients Mean=S8D, Mean<=SD, Survival,
pm? pm Y%
Acinar 1 53 9.6 =
Papiltary 5 6848 029 10.8+0.8 .014 100
BAC 25 48+9 <.0001 9.1+09 <.0001 100
Solid 16 82+20 <.0001; 11.4:41.3 <.0001; 75
vs BAC, vs BAC,
<.0001 <.0001
Mixed subtypes 86 B65::15 10.5:+1.2 71

NA indicates nuclear area; SD, standard deviation; ND, nuclear major axis dimension; BAC, bronchioloalveolar

carcinoma.

Adapted from World Health Organization Classification of Tumors,®

The data obtained by morphometric analysis were
then compared with Noguchi’s classification (Table 5,
Fig. 5). The mean nuclear area of type A tumors (mean £
SD, 47 + 7 um?) was similar to that of type B tumors
(mean &+ SD, 51 £ 15 pmz), whereas the mean nuclear
area of type C tumors (mean + SD, 63 £ 15 pmz) was
significantly larger than that of types A and B tumors
(mean £+ SD, 49+ 12 umz) (P < .0001). In addition, the
nuclear area of type D wmors (mean * SD, 77 + 18
jim?) was significantly larger than that of type C tumors
(P = .002). The mean nuclear diameter of type A tumors
(mean % SD, 8.9 + 0.6 pm) was similar to that of type B
tumors (9.4 + 1.4 jim), whereas the mean nuclear diame-
ter of type C tumors (mean & SD, 10.4 & 1.2 pm) was
significantly larger than that of types A and B tumors (9.2
+ 1.1 um) (P < .0001). The 5-year survival rates of
patients with type C tumors (n = 66) and nonlepidic-type
tumors (types D, E, and F) (n = 41) were 72.3% and
73.2%, respectively (Fig. 6). The S5-year survival rate for
patients with types A and B tumors (n = 26) was 100%.
The results of morphometric analysis were compared
between 2 different histological groups: lepidic-type
tumors (types A, B, and C) and nonlepidic-type tumors
(types D, E, and F). The nuclear area of nonlepidic-type
tumors (mean £ SD, 73 £ 17 pum?) was significantly
larger than that of lepidic-type tumors (mean & SD, 59 +
16 pm?) (P < .0001), and the nuclear diamerer of nonle-
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Figure 4. A box plot of the nuclear area in all patients is
shown, classified according to the World Health Organization
(WHO) classification. BAC indicates bronchioloalveolar
carcinoma,

2cinar (n=t)

pidic-type tumors (mean & SD, 11.0 & 1.2 pm) was sig-
nificantly larger than that of lepidic-type tumors (mean +
SD, 10.0 £ 1.2 um) (< .0001).

Interobserver Variability and Accuracy
We then attempted to apply our results to routine histo-
logical diagnosis. As the mean (£SD) values of nuclear
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