7 /INEAREfH FARRRRSE T F 4T D
Fial
FEREIC/NRIRRI 1 AR D &

SORETRT LA

VAT AR 7%, A O PITRERE S HRIE 7 S A S
FEH Hho A LYAOEREE 3o X ) LR TR LVIES
PBERG S L OB DN D BAS, N
A L7 R X BUEDFD N T D IEBREYRE AL E & 72 B FRNIC AT L CREER L ZITH S L2
L7-ER], RIFINGE CRILT Z20BRELEVBETE HETHA,
BIASEEEEA Ly AR 2 IS T A &V sins
LEZ D, BESETRMIEEEL VD & Tl

HALERSIEE H3385510% 20104 9 A 1589

-353-



X B

1) Bastug, D. F. Trammell, S. W., Boland, J. P., Mantz,
E. P. and Tiley, E. H, 3rd. : Laparoscopic adhesiolysis
for small bowel obstruction. Surg. Laparosc. Endosc.,
1:259~262, 1991.

2) Silva, P. D. and Coghill, T. H. : Laparoscopic treat-
ment of recurrent small bowel obstruction. Wis. Med.
J. 90 1 169~170, 1991.

3) #k B, SR RESET A LY AMERE S
LG, HVRE 64 0 177~183, 2002

4) KEZE, E4AE BOKE: BEETA LY A
BBty o FAlF F 5 & Bk, FAF, 58 1157~1161,
2004.

5) ATARIE, MR, AEBOA  BERE T 5
BEgEE AV ERETFAH. BEBREESRE 26:
31~36, 2006.

6) THILfE, PrARERER, IRERM A Ly AT AR
WESE (WEBh) TFM. BEBHRABESRE 2821~
27, 2008.

7) Veldkamp, R, Gholghesaei, M., Bonjer, H. J., Meijer,
D. W., Buunen, M, Jeekel, J., Anderberg, B. Cuesta, M.
A, Cuschierl, A, Fingerhut, A, Fleshman, J. W., Guil-
lou, P. J.. Haglind, E., Himpens, J., Jacobi, C. A., Jakimo-
wicz, J. J. Koeckerling, F., Lacy, A. M., Lezoche, E.
Monson, J. R., Morino, M., Neugebauer, E., Wexner, S.
D. and Whelan, R. L. : European Association of Endo-
scopic Surgery (EAES) : Laparoscopic resetion of co-

lon cancer : Consensus of the European Association of
Endoscopic Surgery (EAES). Surg. Endosc, 18:
1163~1185, 2004.

8) Kirshtein, B, Roy-Shapira, A. Lantsberg, L., Avino-
ach, E. and Mizrahi, S. : Laparoscopic management of
acute small bowel obstruction. Surg. Endosc, 19:
464~467, 2005.

9) Agresta, F, Piazza, A, Michelet, I, Minchelet, I, Be-
din, N. and Satori, C. A.: Small bowel obstruction :
Laparoscopic approach. Surg. Endosc., 14 : 1564~156,
2000.

10) HEEFEE, SPELE, RATER o RELEESR T B ER A RIBEAT
2B B/BE (utility laparotomy) D& R @ HER
FlogEss. F4MF, 60 : 1225~1230, 2006.

11) HSBEEARR, BHEES ILREA, IWEE, LR
£, FINLE : ST A L ZAWERA . BIS e
. HVEHEAMR, 94 1 906~911, 2006.

12) =&k, RHES HEED ALY AHTE
BRESEMB T FROLRNZ XS, Tl 52 711~
715, 1998.

13) /Mate—ER, BREIIE BTES KEEE AZ
HHE, BOKER, ERES HMEL EERKSE,
HRAM, RO BEEE: EEHETALIAF
WORRE ZE L 22 MEFRIEOMES . B
BIESEE 28:29~33, 2008.

14)  PEILfE, ArARTRER, FREREL 0 A LY ASH T B
PegE GEBY) T FEM BEHEREBESREE 2821~
27, 2008.

1590 HALERSEE #33%410%5 20104F 9 A

—-354-



| AT s TGS e R S P T S e AU i 1OVIN U002 U4

LY IBRE D Rk

S BHER R

ﬂﬂ?’?\ﬁfﬂiz’#ﬁ

@SHOMRE
SRRHTFil
(1] 73
@FFRDRE
BHREDH > THELERDH

&) o .



Surgical Therapy

Vol.103 No. 6

O4$BOMED
) Y SETEREOZSE L BLE oo BRNEGM 608

O REFEFE O
SEAEMRBIHT B IEHEH T Wells ZUEBEMEER ---oovveeee K% wE 613
A = B BB RO T Y v ever e Bk Y 619

Ok B O
B BEREIRIT 1503 BRG] < v everrerere ki 634

O REORE O
FETTBREETITLAIL S 7 DB« e e et FH 3% 642

O# FO
INIEREF T V0L O0RE X REIOIRTHE, B5FH/gi23] - - AL Bz 596

O& M 5 ¥ O HesmlFliFHefzne (623)
O $1038MEX - 51O (BF)

-356—



RPESCHIEDECD

AR T 2 BERTFHOIY 619

AR S5 5 kg o 3 Y

Surgical technique of laparoscopic surgery for right side colon cancer

AR EZ™EAEBE E M ®HF £ X
EGI Hiroyuki OKAJIMA Masazumi HINOI Takao
mAE AZ O KX T H %
TAKAKURA Yuji KAWAGUCHI Yasuo SHIMOMURA Manabu
mx BN RE BE R BB
TOKUNAGA Masakazu ADACHI Tomohiro HATTORI Minoru
=0 E®A kB F#T
MIGUCHI Masashi OHDAN Hideki

ERBRRICN T SERE TN, RENRMES YY) RIEEENEE TH5. X8
BEGTZEBIBENIERTE3EOED SR8 % Bt L (modified medial
approach), SMil - Efl - BRIC ORI AED3 C & THREES 8RICES =N,
BOMIFBNBRICES. U/ EERE( Surgical trunk ORISR PENRRE D
BREGHSHUDIBEL, ERVEREDLTOTRICHEL TOKIEHNERTH
3, HLLWPTO—FE LTSI ABERBTFMPORY ~iZEEE i85

LTE

LI
KBRS 2 ERESE T RSB TFM e L
TEMENLZT TR, EITEIOTT 2%2H
ZWEE L 72 B REERIC & ) E A TR IR &
B RIS L CIE R R e o TE AT
AR 2 ST T, mERON
VI—3 3 yASBEETTRL, MKEE%H
WRBD) ¥/ SEEREATL L 225 & & THBBESD
BWEH LB O T A, AR
FTHEEETERCBELT, REFHEEDD
DI ffo T dbhbhdTR%, BEHRMEL

U 2 INEERE IS D WTRT .

72, EEH LT 7u—F & LTI
ETREAPT Ry N EBIESE T FHHEE 21
VT3, KBBICHT2RAbTTIHE-T
By, ThbHIcETAHRGBMET .

I FRFHEEDOTIX
AR XY B UG T FARHRIES, $RED

BEL U NBESEE LR Y ERA
NHOEEETTH ) A ThbhToTwa L

KR RE RS R AT AR E R RS WA S AR A TR PR B B

SR SIEAR AR SRR b L — = ey —

Key words : BRSNS - WRESET 4 - BB T F4 0Ky SRR T F4h

0433-2644,10/¥50. H/JCOPY

-357-



620 4MHE# Vol 103 No.6 (2010 :12)

Bl iR - BRERTE SEOR

3 Surgical trunk DR

*%, UTFD3AF—JIIHTTRT 5.

1. A7 70— FZ & (modified medial
approach)

AT % BEAEAMERAL & L T AHE & BEA TSRS % SR
MG EZERIANGERR L TN 2 RS 5 &, #5
BB+ ZiHBAEISER TE 2 BWEZ ROl
BILHTEL(E1). ZOBEEYRL TEKEO
e (M2), +ZHRBEERICHEET L5128
BEZBARAT 5. T 5 LBREETHENS 4 %7
ETAHIEDNTE, ThEAVII—VELTHE
BB TEER L RIBEE SV - SEE - BINSE
DTV, 975 LHEBEBEIEARY» 527k )

—-358-

= 2
WOBEREOE LTH TR - BREEHAEL T LIl
%Nt HREM RIS RT3 2.

Surgical trunk RTEIDO¥RE (D3 1) 7 SHiERHE) AHE T,

BRETHIEHNTELY, ZOBETERELT
WBDIE, TRVEF—TNL AETHEET A4
BTZHBE28BEL2VI)T62 L Th
5. BEEREUREEBETHNET 2714 7T
— FAMN e VE I, ANRFLTHBEBRART
HIUL o 7 ABEESMH L THEIL TH S #IME
THEHILTWA, F7, HBEHRMez 54T
9 T ETHED O DBIEDFER BRI B, &
IZERBINOFIBE R + 3815 TITHT N CHsE
THRET CHEEL TBL L, Mo
BHEDB TR TR 2D, SOIERLS
L, TTETORELIT) LITE A LDERIT
EFEGERHIROEITZ E - & Y LAETE S L0



3ZETHY, HERECIRCRTTEIEA
T&5.

2. Surgical trunk BIED"Y) >/ EiZEE

B b BB EEAYE < EE 2T Surgical trunk
B DY v 5HiEhiE T 5. Surgical trunk 139
RFZOMFEAEELRBIRTH 0 B L/I3FE1ER
Hiliz X727, CT2oRLNEHEHRED LIS
Surgical trunk OHHRIRCEIIR & DRIFRE H 5
PUDIBEBLTBLI LD, RNHWT29) 2T
EELREZFD, B2 EREBEEROE
TEERLTRBOETEZHEL (K3), HEESR
MR L LT OTHEICHELTW V) T LI
R&5(H4). HIEEREITHEAICEDICONTIR
AL &) BB R o TL B, ZDXI) 2B
TR R ORI 5 7 7 u—F L TR
o DHEE L REE TS HATREIEREAER
B AERATHEY, BERETRECEIZEEI R
WAL, BERET B E U-ETER 22/ R
AEBENT, ERTITIDOL VD EODFELE
ZTWA,

3. SISO

B 1R (A0 50 B % (a5 K o 0 LR A & BRA S
5, AEHETboTETRBER > TWA
I R % BilE S 5 IZERARS D7 Fa—
FTIIRAND 5. ZZ THITRBAID S K80
A& 25 L CRITRIB R 2 4883 5 &, M
BT BRI R FET 52 LASTE, 4)
WYL TR SMBOBEYSE T2
LT E D, B ¥ MINED S O EEE 94T
ITETHA.

II. AfEEECHd smLLnWPyO—F

1. BAIEESETFR

BHITNEL AT v arveS L
DY EBILRIEEE T FMANEE 2 0TV 3,
FRZERE AT & O & Liadd 7225, Advanced
surgery T& 5 KBEIBRMTIR L Clzdfsd 375

ARSI B EEFH 02y 621

i, YBCIIE RSSO L TEAR
FoTBY, ZOFMHFHEEHLIIRY.

bbb OFH ORI Access port & LT
Gelport (Applied Medical, Rancho Santa Mar-
garita, CA, USA)ZfEHALTwaZ LTh5s.
*FREHEIE (3 cm) (2 THIME L T Gelport %%
#%, 12mm by H#—>05cm), 12mm T
#—@10cm), 5mm FTvH—(10cm)D 3 b
Oy A—7TIFH. bavy s —RELOEEZERL,
AEEZOFTIHATAI LATE L0, B
THOFHED% L, Triangulation DHERFD L
R Db, DFD, BB TNA JTBELRL,
BEOBBEFHTFNELFE UFIETFHLEDLZ
ENTE D, TS Gelport 2T 2R ADF]
RTHb, NI TTHORMREMRIH L THE
ARG T RIBRFH 217 o 7o BIRERUTHTE:
BHIEHHEIZ R, BREEICH L TIIREICTE
BLEZTWSE(S).

2. OFy MBS TFE

EREICT 2 uRy b SORBEEE T FiroH
Az BIEL, TIEMBBREICH L TRELZ.
0Ky bARIERESE T KIGUBR #7132 200248 12
HY SNTUSR, H 505 KBER~DEHIH
AHONTE, LeLid s, afy h7—A0
WEBOKBRRLH Ly b7 v TEEOEEEN )
LERIEA TP o7z, Rk y b7y 7
DIRIZEY T Y RF v T TOFEMRHTREE 7
DO FIRHEBAHERTETWA, YRCiE
EABNIHATL, ERICERLTVA, 481G
FREBRBICH LTOEAEZFEL TS, da
Vinci STt =Y AN 25 M3 F/514 2 D8R
WL CTHHEN®E L, 3RTHEEE D & IS8
LEMERATH) T L ATTE B, Surgical trunk B
DEERIED & 3 I 2 BBV LB BT Tl
ESICERTIRZWIAEZEZTVS (6).

-359—



622 SR Vol 103 No.6 (2010 :12)

5 BB T AR

E6 Oy hcEmms T KRR

-360-




E S )
AR RS 2 BEESR T Pl 2 £412179)
loNTHRZ, REHRMEL U NEEREICERL

X [

1) Fleshman ], Sargent D], Green E, et al: Laparoscopic
colectomy for cancer is not inferior to open surgery
based on 5-year data from the COST Study Group trial.
Ann Surg 246 : 655-664, 2007.

2) Jayne DG. Guillou PJ. Thorpe H. et al : Randomized trial
of laparoscopic-assisted resection of colorectal carcinoma :
3-year results of the UK MRC CLASICC Trial Group. ]
Clin Oncol 25 : 3061-3068, 2007.

3) Colon Cancer Laparoscopic or Open Resection Study
Group, Buunen M. Veldkamp R, et al: Survival after
laparoscopic surgery versus open surgery for colon can-
cer: lomg-term outcome of a randomized clinical trial.
Lancet Oncol 10: 44-52, 2009.

4) BRIEM, /NEEA, ZHERIID  AUEBICETRY v
PERIEOTH EMBA. AHENKEE 7:20-24, 2002

5) MRIEM, AHENR, M B3> BT ARG
i3y, Eh 58:472-476, 2003,

6) MOKIEZ, FESIEAL, Mo BRI | A RASIEIT 0

AU S B IESEFROaY 623

TRz, —F, L7y 7Fo—F& LTHILR
JEREE Tl o R v N SURIEHES T Fir0 8%
LThY, SHEETREFETHDLLER D,

HIMERT DI WHO LV RL%LT Tu—FiE FH 59:

1335-1339, 2005.

HAZ, FNES, PRI | GUEEETN T

% ISR T FHIZ B\ T Surgical trunk RO 3 ) 8

ML L W REIIT) oDk, FH 62: 337-341,

2008.

8) Weber PA, Merola S, Wasielewski A, et al : Telerobotic-
assisted laparoscopic right and sigmoid colectomies for
benign disease. Dis Colon Rectum 45 : 1689-1696, 2002.

9) Hellan M, Stein H, Pigazzi A, et al: Totally robotic low
anterior resection with total mesorectal excision and
splenic flexure mobilization. Surg Endosc 23: 447-451,
2009.

10) Yoon Ah Park, Jung Man Kim, Sung Ah Kim, et al:
Totally robotic surgery for rectal cancer : from splenic
flexure to pelvic floor in one step. Surg Endosc 24 : 715-
720, 2010.

3

-361-



JOURNAL OF LAPAROENDOSCOPIC & ADVANCED SURGICAL TECHNIQUES
Volume 20, Number 6, 2010

© Mary Ann Liebert, Inc.

DOI: 10.1089/1ap.2009.0392

A Novel Combined Laparoscopic-Endoscopic
Cooperative Approach for Duodenal Lesions

Masahiro Sakon, MD,' Manabu Takata, MD," Hitoshi Seki, MD,' Ken Hayashi, MD,"
Yasuhiro Munakata, MD,' and Nobuyuki Tateiwa, MD?

Abstract

Purpose: A surgical approach with minimal invasion and excellent outcome for removal of duodenal lesions,
using laparoscopic-endoscopic cooperative surgery (LECS), was established.

Patients and Methods: Two patients underwent the resection of duodenal lesions with our novel LECS ap-
proach. Case 1 (age: 49 years; male) had a 20-mm 0-Ila-like lesion (group IV tumor on biopsy) in the duodenal
bulb. LECS interventions, performed under general anesthesia, employed a total of four trocars. The extent of
lesions was determined with the endoscopic submucosal dissection (ESD) technique. The affected duodenal wall
was then perforated before a one fifth turn resection was performed to expose lesions of the whole layer. A
tumor, confirmed under laparoscopy, was turned over toward the abdominal cavity to facilitate resection. Case 2
(age: 49 years; female) had 20-mm 0-Ilc lesions (group Il adenoma) located at the second portion of the
duodenum. LECS procedures for duodenal resection were performed in a manner similar to case 1. A total of
five trocars were used.

Results: Histologic diagnosis of the tumor in case 1 was tubular adenoma with moderate atypia (size:
20x12mm). As for case 2, histopathologic findings confirmed a tubular adenoma with moderate atypia (size:
18x18 mm) and an adenoma-negative surgical margin. The postoperative courses, in both cases, were un-
eventful.

Conclusions: Although only 2 cases were surgically intervened with limited experience, the present novel LECS
approach allowed a reliable, adequate resection of tumors located in the duodenum, with abbreviated operation
times (156-179 versus 202-229 minutes), minimal bleeding, less postoperative stress imposed on the surgeons,
and an uneventful postoperative course, compared to conventional surgical methods.

Introduction dure appears to be feasible and useful for the resection of

duodenal lesions.
NDOSCOPIC SUBMUCOSAL DISSECTION (ESD) of duodenal

lesions is practically difficult and is occasionally ac-
companied by the perforation of eroded luminal walls.
Particularly in cases where tumor size and margin are un-
defined, the reliable, adequate surgical resection of tumors,
under laparoscopy, remains a critical issue. Accurate
laparoscopic wedge resection of tumors cannot be estab-

Materials and Methods
Patients

Case 1. A 49-year-old male patient was diagnosed as
having a duodenal lesion on a regular medical examination in
2006. He had no familial or past medical history of duodenal

lished as a routine practice because of excessive extent in
resected materials. As such, a novel approach, incorporating
laparoscopic-endoscopic “rendezvous” procedures, was
developed for the reliable, adequate resection of gastric
submucosal masses with minimal invasiveness. Although
our experience has been limited to only 2 patients, our
laparoscopic-endoscopic cooperative surgery (LECS) proce-

lesions. The lesion was located in the duodenal bulb, and a
follow-up examination, in 2008, showed an enlargement in
size. The patient was referred to our hospital. Upon admis-
sion, his medical status and biochemical indices did not
show any particular abnormalities. Endoscopic studies of the
upper digestive tract revealed that there was a 20-mm 0-Ila-
like lesion in the front wall of the duodenal bulb. This was
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histologically diagnosed as a group IV adenoma (Fig. 1) that
required surgical resection.

Case 2. A 49-year-old female was diagnosed as having a
duodenal lesion on a regular medical examination. She had no
familial history of duodenal lesions, although she had previ-
ously undergone a hysterectomy because of a uterine myoma.
A recent endoscopic examination screening identified a 0-Tlc
lesion at the second portion of the duodenum. Because the
lesion was histopathologically diagnosed as a group III ade-
noma, the patient was immediately referred to our hospital
for surgical intervention. A 20-mm 0-IIc lesion was located at
a site opposite the duodenal papilla (Fig. 2). Due to the
anatomy and tumor staging of the affected site, LECS was
adopted as the most practical treatment option.

Setup for the LECS method

All LECS interventions were performed under general an-
esthesia, and the patient was kept supine, with the lower
limbs spread laterally apart and supported by a levitator. The
performing (ie., chief) surgeon always stood between the
expanded legs, while the assisting surgeon stood on the left
side of the patient. The assisting surgeon performed all the
laparoscopic procedures. Endoscopic procedures were per-
formed by the endoscopist from the left side of the patient. To
facilitate laparoscopic performance, a camera holder (AESOP-
9000) was fixed at the right side of the patient (Fig. 3A). A
trocar was initially inserted at a site 122mm to the left-lower
abdominal site from the midline/navel, followed by the in-
sertion of four other trocars (Fig. 3B). The jejunum was first
clamped with a pair of bulldog clamp forceps under lapa-

Perforation site

FIG. 1. Endoscopic findings with laparoscopic procedures
in case 1. (A) A 20-mm 0-Ila type lesion was located at the
duodenal bulb. (B) The whole affected submucosa was dis-
sected, using the ESD technique. A one fifth turn partial
perforation under endoscopy was made.

SAKON ET AL.

Fosrtoion ] Bt .

ESD demarcatién line

FIG. 2. Endoscopic findings with laparoscopic procedures
in Case 2. (A) A 20-mm 0-lIc lesion was located at the second
portion of the duodenum. (B) ESD was performed around
the tumor with a circumferential resection to facilitate sub-
sequent partial perforation.

roscopy. The duodenum was mobilized from the retro-
peritoneum.

Tumor confirmation and endoscopic procedure

The right side of the operating table was tilted upward (30
degrees to the horizontal) to facilitate endoscopic observation,
and the affected mucosal and submucosal layers around the
tumor were circumferentially dissected by using the ESD
technique under intraluminal endoscopy. The lesion-sited
luminal wall was then artificially perforated by a one fifth to
one third turn of the marked line (Figs. 1 and 2).

A

Endoscopemonitor
Monitor

 m—
'S,\/-'%&O Endoscopist B

Monitor

FIG. 3. (A) Setup of the LECS method. (B) Distribution of
trocars: A 12-mm trocar was inserted intra-abdominally in a
supraumbilical position (12mm superior to the navel), fol-
lowed by three or four 5-mm trocars, as indicated.
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FIG. 4. Surgical procedures involving inversely exposing
the lesion intra-abdominally to facilitate tumor resection.

Laparoscopic dissection and closing the duodenal wall

The tumor identified under laparoscopy was intra-
abdominally inversed, and seromuscular dissection was done.
The whole lesion was dissected circumferentially, using an
ultrasonically activated device, along the demarcation line
(Figs. 4 and 5). The ultrasonically activated device could avoid
major bleeding from the resection. The resected tumor was
collected in a retrieval bag for further evaluation. The perfo-
rated portion of the duodenum was closed by the laparoscopic
hand-sewn technique (Fig. 6). A soft tube for drainage was
placed near the duodenum, after the operation, for 5 days.

Results

In case 1, the whole operation lasted 156 minutes, with
limited intraoperative blood loss. The resected specimen in
case 1 measured 30mm in length, with a central 20-mm
0-Ila-like mass. Histopathologic studies of the tumor revealed

Perforation site

FIG.5. Intra-abdominal procedures. (A) Partial perforation
of the proximal (oral direction) and distal (anal direction)
using the ESD technique under endoscopy. (B) the affected
whole layer was dissected circumferentially, using an ultra-
sonically activated device, along the intra-abdominal de-
marcation line.
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a tubular adenoma with moderate atypia and an adenoma-
negative surgical margin. In case 2, the operation time was 179
minutes, and intraoperative blood loss was negligible. The
resected specimen measured 30 mm in size, with an 18-mm
0-TIc lesion in the center. Histopathologic studies confirmed
that the lesion was a tubular adenoma with moderate atypia,
with a size of 18x18mm, and the surgical margin was also
negative.

Before the introduction of LECS, we performed the lapa-
roscopic duodenal resection, using an electrical scalpel and an
ultrasonically activated device, in 2 other cases. Operative
times were 202 and 229, compared with 156 and 179, minutes
in our present 2 cases. If the ranges of operative time were
taken as 202-229 and 156-179 minutes in conventional
methods and our present LECS method, the operative time
was abbreviated by 23-22% with the LECS approach. The
longer operative duration in conventional methods was due
to visual difficulty in discriminating the resection margin only
with the laparoscope and excessive resection of the duodenal
wall. Inaddition, the hand-sewn region induced a large defect
in the duodenal wall. Apart from the operative time, an im-
provement in operative stress imposed on surgeons was also
established.

Discussion

Techniques of focal tumor resection of early-stage and
gastric mucosal lesions, using laparoscopy, have previously
been described.’™ In these surgical procedures, determining
adequate resection (i.e., demarcation line) remains a major
problem. Excessive resection may cause postoperative
transformation of the stomach wall or tissues, while inade-
quate dissection may result in tumor recurrence (secondary
to adenoma-positive margin). Hiki et al. have overwhelmed
this shortcoming with their LECS, where intraoperative
endoscopy is combined with a manual ESD technique.’
The resection margin was markedly visible under endos-
copy, while the perforation under laparoscopy was executed
after the mucosa-submucosa separation to secure a reliable,
adequate resection.

In this study, a LECS approach was employed to remove
lesions of the duodenum. Despite undefined margins,
we achieved preferable focal tumor resection without ex-
cessive removal of the surrounding tissues. Further, our
minimally invasive resection abbreviated operation time.
Previous cases operated on with conventional laparoscopic

FIG. 6. Intra-abdominal procedures. The incision line was
closed by the laparoscopic hand-sewn technique.
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wedge resection required 202 and 209 minutes, compared
with present cases 1 (156 minutes) and 2 (179 minutes).

A size limit of approximately 3cm is considered appro-
priate for duodenal wall resection, because hand-sewing/
stitching would be practically difficult in cases where large
defects of the wall have been inflicted. Additionally, closures
of large defects may also cause postoperative stenosis.
Through our limited experience, the current indication of our
novel LECS approach for duodenal lesions is limited to ade-
nomas and submucosal tumors. Extreme caution should be
exercised for indications other than adenomas and submu-
cosal tumors. In terms of surgical removal adequacy and
reliability, the present LECS procedures were comparable to
those employed for the surgical removal of gastric submu-
cosal tumors.®

This LECS technique was previously performed only
with partial gastric resection. Findings on duodenal lesions
from PubMed, using keyword inputs such as duodenal
local resection, laparoscopy, endoscopy, and cooperative,
revealed that studies on cooperative surgery of laparoscopy
and ESD technique in combination with the application
of endoscopy have not previously been attempted. With
reference to the term cooperative, used by Hiki et al.® in
endoscopic-laparoscopic rendezvous surgery, factors both-
ering the endoscopists (e.g., prevention of hemorrhages and
securing vision field after perforation) are much reduced and
buffered by the supportive use of a clamp from the laparo-
scopic perspective (i.e., from the abdominal side) in our
novel approach.

However, intra-abdominally inversing the tumor raises
concern about possible intra-abdominal dispersion of the
tumor. In a previous study by Ikehara on 90 perforated cases
treated by ESD for gastric carcinoma, recurrence was not
encountered.” Therefore, resection-derived tissue debris,
containing small amounts of tumor cells dispersed intra-
abdominally, is unlikely to induce tumor recurrence and/or
metastasis. As our study was limited to LECS performance
on duodenal lesions diagnosed as adenoma, further studies
are warranted to confirm our finding on possible intra-
abdominal dispersion of tumor-bearing tissues to induce
tumor metastasis or recurrence other than adenoma. Further,
a novel approach to reduce intra-abdominal tumor expo-
sure has to be innovated to ascertain the nondispersal of
tumor debris, which may eventually induce nearby and
remote metastases. When we can resolve this issue of intra-
abdominal dispersal, the present LECS method can be
expanded to cases for the removal of early-stage tumors in
the visceral cavity.

SAKON ET AL.

Conclusions

Using the present novel LECS technique on duodenal le-
sions, it is possible to achieve reliable, adequate resection of
tumors located in the duodenum, with operation time ab-
breviated by 23-22% and less operative stress imposed on
performing surgeons, compared with conventional methods.
The LECS approach for duodenal tumors would be preferable
for resection along a precise cut line, in terms of ensuring
negative margins and avoiding unwanted resection, although
future studies are required to evaluate the reliability and
benefits of LECS in this situation.
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Genetic Alterations of K-ras May Reflect Prognosis in Stage 111
Colon Cancer Patients Below 60 Years of age
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Purpose: Genetic alterations that are closely associated with patient prognosis can be landmarks of definitive therapeutic targets as well as useful

biomarkers in human cancer clinics.

Methods: Three hundred seventy-eight colorectal cancer (CRC) patients were examined for K-ras mutations by single-strand conformation

polymorphism (SSCP), with a subsequent 144 young colon cancer (YCC) patients added to validate its prognostic significance.

Results: K-ras mutations were identified in 161 (43%) of the 378 CRC patients and were significantly associated with tumor location (colon

vs. rectum; 80/218 = 37% vs. 81/160 = 51%; P = 0.0068) and age (=60 vs. <60; 103/220 = 47% vs. 58/158 = 37%; P = 0.049). The incidence of

K-ras mutations was 30% in YCC patients as compared to 55% in elderly rectal cancer patients (P = 0.0004). K-ras mutations significantly

correlated with a worse prognosis (P = 0.0014) only in 73 curatively resected YCC with stages I-III, but not in other CRCs, which was further
li d in the ind dent set of the cor g 144 YCC patients (P = 0.024). Both univariate and multivariate analyses identified K-ras

as an ind d gnostic factor (HR = 5 5, P=0.029; HR =3.6, P=0.011) in both learning and validation sets of the curatively

resected YCC with stages [- ]II pectively, and the prognostic rel was marked in stage III YCC patients (P = 0.002), but not in stages I,

1L, and IV.

Conclusion: In curative YCC, K-ras mutations could have excellent prognostic value. Hence, the K-ras mutation status could be a good indicator

to predict the clinical outcome in curatively resected stage III YCC patients, and K-ras pathway inhibition may be a relevant therapeutic target

in CRC, excluding YCC patients with no K-ras mutation.
J. Surg. Oncol. 2011;103:25-33.  © 2010 Wiley-Liss, Inc.

Key Worbs: colorectal cancer; k-ras mutation; prognosis

INTRODUCTION

Cancer, especially solid tumor, is a dismal disease that can
ultimately lead to death. As the optimal strategy for solid tumors,
attention has recently been focused on molecular therapies, such as the
targeting of c-erbB2/HER2/neu for breast cancer [1,2], c-kit for
gastrointestinal stromal tumors (GIST) [3,4], and epidermal growth
factor receptor (EGFR) for non-small cell lung carcinoma ([5,6].
Genetic alterations of such genes have been occasionally reported to be
of prognostic significance [7-10]. As a result, cancer researchers have
reached the consensus that the DNA status of therapeutic targets has a
prognostic value.

In colorectal cancer (CRC), one of the most frequent causes of
cancer -related deaths world-wide, K-ras is a critical oncogene with a

i K-ras persi ly diverse path

[15-19] and d [20-26]. As a result, the American
Society of Clinical Oncology (ASCO) 2008 update of recommenda-
tions addresses the utility of KRAS gene mutation testing in patients
with metastatic col 1 to predict to anti-EGFR

Additional Supporting Information may be found in the online version of
this article.
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monoclonal antibody (MoAb) therapy with cetuximab or panitumu-
mab but did not acknowledge K-ras mutation as having any clinical
usefulness as a prognostic marker at present [27,28]. We believe that
muumons relevant to CRC should be evaluated for their clinical and

not only for predi but also in
the search for a therapeutic target in CRC. In this study, detailed
clinicopathological analysis was performed with a larger number of
CRC patients than previously evaluated to reach accurate conclusions

ding the clinical signi of K-ras mutations.

MATERIALS AND METHODS

Three hundred seventy-eight patients with CRC were used to
identify a subgroup with definite prognosis in terms of K-ras i

Validation Set for Prognostic Significance of K-ras
Mutations in 144 Patients With Curatively Resected
Young Colon Cancer (YCC) With Stages I-III

An additional and independent set of 144 young colon cancer
(YCC) patients, who had undergone curative resection of the tumors
with stages I-III at the Kitasato University Main Hospital between
1995 and 2006 was prospectlvelv registered for further validation of
the p of K-ras i They were funher
analyzed in terms of K-ras gene and clinicop
factors, including patient survival. The 144 patients were observed
for 1-60 months, with a mean follow-up period of 42.0 months, and
the 5-year disease-specific survival (DSS) rate was calculated.

and definition of clinicopathological factors.

From among CRC patients surgically resected at Kitasato
University East Hospital between 1995 and 2004, 378 cases were
investigated. Data on the CRC patients are shown in Supplemental
Table I, in which the 6th Japanese Classification of Colorectal Cancer
(JCCC), equivalent to the Dukes’ stage, was applied.

Patients were divided into two groups, categorized as either elderly,
>60 years old or young, <60 years old. If 40, 50, 60, and 70 years old
were used to define young age, patient numbers below the cut-off
were 8 (2.1%), 48 (12.6%), 158 (42.0%), and 281 (74.0%) in 378
CRC patients, respectively (Supplemental Table II). K-ras mutation
exhibited the most imense association with age at a cut-off value of 50
(relative ratio=2.2, P=0.02), followed by 60 (RR 1.5, P =0.049),
when significant associations were found, but patients younger than
50 years of age were too few (13% of all CRC patients). We thus used
60 years old as the cut-off. Moreover, CRC was divided into either
colon or rectal cancer, with colon cancer further divided into cecal,

di ding, and sigmoid.

Accordmg to the JCCC, pT was designated as follows: pTO
(mucosal invasion, M), pT1 (submucosal invasion, SM), pT2
(muscularis propria invasion, MP), pT3 (subserosal invasion or serosal
exposure, SS/SE or A1/A2), and pT4 (invasion to the surrounding
organs, SI or Al). Factors pN, H, LM, and P represented lymph
node hepatic is, lung and peritoneal
dissemination, respectively. pN was defined as pN1/N2, the first/
second tiers of lymph node metastasis, respectively. pN1 was defined
as the first tier (Pericolic lymph nodes), and pN2 was defined as
the second tier (Intermediate lymph nodes). CRC was classified into
JCGC stages 0, L, II, I, and IV, based on pT, pN, and pM. Stages 0 and
I were equivalent to pTONOMO and pT1/T2NOMO, respectively. Stage
II was characterized by pT3NOMO. Stage III was defined by the
presence of lymph node metastasis without distant metastasis (MO).
Finally, stage IV featured distant metastases.

All cases were informative regarding the preoperative values of
tumor markers CEA and CA19-9. The cut-off value determined
by BRL Laboratory (Tokyo, Japan) was 2.5ng/ml and 37.0U/ml,
respectively. Patients were followed up for at least 5 years, or until
death. Follow-up was at least every 3 months during the first year, and
then every 6 months Assessmem included medical history-taking,
physical i logical tests, determination of serum CEA
and CA19-9 levels (evaluated at every visit), colonoscopy, chest

di hy, and chest graphy (CT; once yearly),

bdominal ull h I CT (every 6 months).

ult and
Recurrence was diagnosed on the basis of imaging and, if necessary,
either cytological analysis or biopsy findings. T of

Adj t ct h was ded largely for
msecled stage IIT patients, although it was heterogeneous as slandard
therapy had not been developed, but administration was carried out for
patients who agreed to the anti-cancer drug administration protocols
approved by the authors institution, which were 5-FU-based regimens
-+/— leucovorin (isovorin) or CPT-11, orally or intravenously. None of
the rectal patients in the current study underwent adjuvant radiotherapy
either pre- or post-operatively.

The current study was performed in accordance with the clinical
research guidelines of the ethics committee of the Kitasato University
School of Medicine. All patients gave written informed consent.

DNA Extraction

After taking fresh samples, surgically resected materials were fixed
in 20% buffered formalin for 2448 hr, routinely processed, embedded
in paraffin wax, and cut into 4-pm thick sections. Histological sections
were stained with hematoxylin—eosin for histological typing and
staging. For simultaneous DNA analysis, the procedures summarized
in previous articles were conducted [29-32], as shown below.
(1) Sampling of specimens from surgical materials: fresh non-
neoplastic colonic mucosa and colorectal/gastric tumors were scraped
with disposable bamboo combs (rods made of bamboo with a spatula-
like end, 3mm x 3mm x 120mm) to prevent cross-contamination.
(2) Extraction of DNA: tissue samples were transferred from the
disposable bamboo combs into 400-ul aliquots of lysis buffer,
containing 35 mmol/L Tris—HCI (pH 8.8), 175 mmol/L KCL, 300 pg/
mL proteinase K, 0.45% Nonidet P-40, and 0.45% Tween 20 (PNT
buffer), in 1.5-ml Eppendorf tubes, which were then incubated for 1 hr
at 55°C. To inactivate proteinase K, each sample was then incubated
for 10min at 95°C, and 1ml distilled water was added. After
centrifugation (12,000 rpm x 1 min), 5-ul aliquots of supernatant were
used for PCR.

Search for Mutated K-ras Genes Using Single-Strand
Conformation Polymorphism (SSCP)

Mutations in K-ras gene exon 1 (including both codon 12 and 13)
and exon 2 (codon 61) were initially screened by non-radioactive
single-strand conformation polymorphism (SSCP) analysis [33]: PCR
product samples of 10 pl were diluted threefold with gel-loading buffer
(95% deionized formamide, 20mmol/L EDTA, 0.01% bromophenol
blue, and 0.01% xylene cyanol) and heated to 95°C for 10 min,
followed by quenching on ice. Aliquots of 3 pl were applied to

dified polyacrylamide gels [PAFG: 18% polyacrylamide-bis (49:1),

or metastasis included surgical resection (if possible), or 5-FU-based
chemotherapy or radiotherapy.
All 378 cases were further analyzed for K-ras gene mutations and
li hol, | factors, including patient survival. The observation
period ranged from 1 to 60 months, with a mean follow-up period of
42.7 months.

Journal of Surgical Oncology

0.5x TBE, 10% glycerol, 10% formamide, 0.05% ammonium
persulfate, and 30pl TEMED] of 120mm x 150 mm x 0.35 mm.
Electrophoresis was performed with 1.5x TBE running buffer at
500V and 30mA for 1hr at room temperature. Detection: Gels were
stained using a silver stain plus kit (Bio-Rad, Hercules, CA), with
fixation, rinsing, development, and stopping of the reaction. In this

-367-



analysis, mutated bands with PCR-SSCP were evident at 1:64 dilution
of mutated alleles [30).

Direct Sequencing

Direct sequencing of 50 DNA samples, 30 with likely and

Prognosis in Stage III Colon Cancer Patients 27

presumed K-ras mutation and 20 putative cases of no K-ras mutation
by SSCP analysis were randomly selected to assess the actual mutation
using direct sequencing, which confirmed an actual K-ras mutation
(Fig. 2B). Clinicopathological analysis was performed in the 378 CRC
patients to identify basic clinical factors according to the K-ras

20 with a likely wild-type, was performed to confirm the K-ras
mutational status, as previously described [32]. Briefly, amplified DNA
was purified from a 4% agarose gel using a QIA Quick Gel Extraction
Kit (QIAGEN, Hilden, Germany) and sequenced using a dRhodamine
dye terminator cycle sequence kit and 310 Genetic Analyzer
(PE Applied Biosystems, Foster City, CA).

Statistical Analysis

Clini bolooical  of istics across CRC groups were

analyzed usmg the %* test, and logistic regresswn was used for
multivariate analysis, with P < 0.05 indicating a

The Kaplan—Meier method was used to estimate cumulative survival
rates, and differences in survival rates were assessed using the log-rank
test. All patient deaths were cancer-related, and DSS was measured
from the date of surgery to the date of death or the last follow-up. On
S-year DSS, patients who survived for more than 60 months were
analyzed as survivors.

RESULTS

A flow chart of our current research, including the learning and
lidation sets of prognostic rel in terms of K-ras mutation, is
shown in Figure 1.

K-ras Mutations Identified in CRC

K-ras mutations were identified in 161 of 378 CRC patients (43%)
by SSCP analysis (Fig. 2A), consistent with previous reports on CRC
[24). From among the DNA samples examined, 30 CRC cases of

status (. Table I), which revealed that K-ras
was significantly d with tumor location (colon vs.
rectum; 80/218 =37% vs. 81/160 = 51%; P =0.0068), age (=60 vs.
<60; 103/220=47% vs. 58/158 =37%; P =0.049), and histology
(degree of differentiation; well/moderate differentiation vs. poor
differentiation; 155/353 =44% vs. 6/25=24%; P=0.05). On the
other hand, K-ras was not d with such as
TNM factors or tumor markers predicting patient prognosis (Supple-
ment Table I). K-ras mutation was found 90.1% in exon 1 (codon 12 or
13) among the 378 cases, and this tendency was preserved in
subpopulations such as 90 YCC learning sets (96.3%) and 27 stage
I YCC leaning sets (90%).

Univariate Prognostic Analysis Including K-ras
Mutational Status in CRC

Univariate prognostic analysis was performed using the log-rank
test and revealed that the poor prognosis of CRC patients was
significantly associated with pT factor (P<0.0001), pN factor
(P <0.0001), histology (P=0.019), H (hepatic metastasis) factor
(P <0.0001), LM (lung metastasis) factor (P < 0.0001), P (peritoneal
dissemination) factor (P < 0.0001), vascular invasion (P < 0.0001),
preoperative serum CEA value (P <0.0001), preoperative serum
CA19 9 value P< 00001) and operauve curability (P < 0.0001).
gl g to lymphatic invasion could not be
assessed using StatView 5.0 softwaxe because there was no excluded
case with an absence of lymphatic invasion. The presence of K-ras
mutations did not have any prognostic significance (Fig. 3A) and
Lherefore more detailed sub-analysls was perfomed to elucidate the

hip between K-ras and thological factors,
including patient prognosis.

Supplemental Tablel
Supplemental Table2

Abbresiation: YCC, Young age colon cancer
Fig. 1.

Journal of Surgical Oncology
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Flow chart of our analytical process. [Color figure can be viewed in the online issue, available at wileyonlinelibrary.com.]
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Exon2

Case2

mut

Exonl
Case3

mut

Fig. 2. Detection of K-ras mutation in colorectal cancer (CRC)
tissues. A: Non-RI-SSCP analysis of amplified products of exons 1 and
2 of the K-ras gene in CRC. Lane 1, wild-type case; Lane 2, mutant
case: Lane 3, mutant case. Arrows indicate mutant alleles. B: Direct
sequencing of the corresponding cases in Figure 1A. Case 1 shows the
wild-type sequence (GGT) of the K-ras gene (WT), while cases 2 and 3
have a mutant K-ras gene (mut), GTT and GAT, respectively. [Color
figure can be viewed in the online issue, available at wileyonlinelibrary.
com.]
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K-ras Mutation Frequency According to

Tumor Location and Age
K-ras was significantl with tumor location and
patient age (Suppl 1 Table I), gradual ion of

CRC pathogenesis, which could be defined based on these clinical
factors. The relationship of K-ras mutations with clinical character-
istics determined by both location and age revealed that K-ras
mutations are found significantly less often in YCC (27/90, 30%) than
in other CRCs, especially elderly rectal cancer patients (50/89, 55%:
P=0.0004).

Univariate and multivariate Prognostic Analysis,
Including K-ras Mutations in Curatively
Resected YCC With Stages I-III in
Both Learning and Validation Sets

The of a K-ras had a signi di
value for the 90 YCC patients (P =0.0038; Fig. 3B), wlu.le it was
not iated with patient p is in the other cases of CRC
(Fig. 3C,D). Both univariate and mu.lnvanate prognostic analysis
revealed that K-ras was an ind gnostic factor in
the 90 YCC cases (Supplemental Table IIl') Such pmgnosuc relevance
was (P=0.0014), especially in the 73 YCC patients
curatively resected with stages I-III (no significant difference in
stage IV YCC; Fig. 4A). The presence of a K-ras mutation was not
associated with any prognostic factors in the 73 YCC (Table I,
suggesting that mutated K-ras is an independent prognostic factor in
curatively resected YCC with stages [-IIL.

B Young age colon cancer

survival s K-ras mutation (-)(n=63)
rate (%) T
o8 ,'\__\i
0.8
K-ras mutation (+)@=27)
0.2
p=0.0038
L] 10 20 30 40 S0 7
term (month)
D Rectal cancer
survival ! K-ras mutation (-)(n=79)
rate (%) o, B
0.6
0. K-ras mutation (+)(n=81)
0.2
NS
o
. 10 20 30 ) 30 0 i
term (month)

Fig. 3. K-ras mutation and prognosis in CRC. A: No significant difference in survival between the presence and absence of K-ras mutation

in 378 CRC cases. B: Survival K-ras

revealed a significant difference in young colon cancer patients

(YCC; P=0.0038). C: No significant difference in survival between the presence and absence of K-ras mutation in elderly colon cancer patients,

and (D) rectal cancer irrespective of age.
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Prognosis in Stage Il Colon Cancer Patients
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Fig. 4. K-ras mutation and prognosis in young colon cancer (Y_CC) A:

K-ras mutation (+)(n=11)

K-ras mutation (+)(n=22)
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Slgmﬁcant difference in survival between presence and absence of K-ras

mutation in 73 curative YCC (leamu:g set; P 0.0014). B:
(validation set; P=0.0236). C: Si in survival

in survival ding to K-ras in curative YCC

to K-ras in stage [II YCC (learning set; P =0.0109).

D: Significant difference in survival according to K-ras mutation in stage IIl YCC (validation set; P = 0.0242).

To confirm these results, an additional 144 cases (validation sets) of
curatively resected YCC with stages [-III were newly analyzed as
independent cases. The results again confirmed that the presence of a

other parameters predicting outcome (Table I), suggesting that they are
not related to carcinoma progression but rather represent definite
pathways in YCC. Univariate and multivariate prognostic analyses

K-ras still had ic value for YCC patients  of the 73 learning sets and 144 validation sets revealed that K-ras
(P =0.0236; Fig. 4B). K-ras were not iated with any could be a potent prognostic factor (HR =5.5; P=0.0289
TABLE L K-ras and Its Cli and Prog| Relation YCC
K-ras mutational state (%)
Mutation (—) Mutation (+)
Number (%) (n=163) (m=87) P-value

Learning set (73 curative YCC)

Sex M/F 42 (58)/31 (42) 32 (76)120(65) 10 24)111 35 NS

pT factor pT0, |, 2/pT3, 4 18 (25)/55 (75) 15(83)/37(67) 3 (1718 (33) NS

pN factor Absence/presence 47 (64)/26 (36) 37 (719)/15 (58) 10 (21)/11 (42) NS (0.057)

Histology Differentiated/poorly differentiated 69 (95)/4 (5) 48 (70)/4 (100) 21 (30)/0 (0) NS

Lymphatic 12 (16)/61 (84) 10 (83)/42 (69) 2 (1719 (31) NS

Vascular 12 (16)/61 (84) 9 (75)/43(70) 3 (25)/18 (30) NS

Preoperative CEA value Low/high 52 (71)/21 (29) 38 (73)/4 (67) 14 (27)17 (33) NS

Preoperative CA19-9 value Low/igh 65 (89)/8 (11) 47 (12)/15 (63) 18 (28)/3 (37) NS
Validation set (144 curative YCC)

Sex M/F 81 (56)/63 (34) 54 (67)/34 (54) 27 (33)129 (46) NS

pT factor pT0, 1, 2/pT3, 4 50 (35)/94 (65) 28 (56)/60 (64) 22 (44)/34 (36) NS

PN factor Absence/presence 89 (62)/55 (38) 56 (63)/32 (58) 33 (3723 (42) NS

Histology Differentiated/poorly differentiated 141 (98)13 (2) 85 (60)/3 (100) 56 (40)/0 (0) NS

Lymphatic 43 (30)/101 (70) 27 (63)/61 (60) 16 (37)/40 (40) NS

‘Vascular i 47 (33)/97 (67) 27 (57)/61 (63) 20 (43)/36 (37) NS

Preoperative CEA value Low/high 117 (81)/27 (19) 74 (63)/14 (52) 43 (37)/13 (48) NS

Preoperative CA19-9 value Low/high 133 (92)/11 (8) 84 (63)/4 (36) 49 (37)/7 (64) NS (0.079)

Family history Absence/presence 124 (86)/20 (14) 74 (60)/14 (70) 50 (40)/6 (30) NS

DSS, disease-specific survival; NS, not significant; NA, not assessible.
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TABLE II. Univariate and Multivariate Prognostic Analysis in (A) 73 Curative YCC (Learning Set) and (B) 144 Curative YCC (Validation Set)

Univariate analysis Multivariate analysis

Variables DSS (5 years) P-value HR 95% C1 P-value

(A)
Histology Differentiated/poorly differentiated 83%/50% 0.0247 71.8 6.372-810.327 0.0005
PN factor Absence/presence 98%/50% <0.0001 603 5.658-643.017 0.0007
K-ras mutation Absence/presence 90%/57% 0.0014 55 1.192-25.480 0.0289
PreoperativeCA19-9 value Low/high 839%/62% NS 11 0.210-6.113 NS
Preoperative CEA value Low/high 83%/76% NS 09 0.244-4.036 NS
Sex M/F 79%/84% NS 0.7 0.196-2.646 NS
Vascular 92%/79% NS 04 0.041-4.431 NS
pT factor pT0, 1, 2/pT3, 4 100%/75% NA
Lymphatic 100%/77% NA

(B)
PN factor Absence/presence 96%/69% <0.0001 43 1.090-17.131 0.0373
Preoperative CA19-9 value Low/high 87%/62% 0.0041 39 1.119-13.720 0.0326
Vascular permeation Absence/presence 97%/80% 0.0144 37 0.453-31.022 NS
K-ras mutation Absence/presence 90%/16% 0.0236 36 1.339-9.948 00114
Sex M/F 84%/87% NS 13 0.559-4.291 NS
Preoperative CEA value Low/high 87%/79% NS 0.7 0.204-2.409 NS
pT factor pT0, 1, 2/pT3, 4 98%/79% 0.0064 03 0.032-3.370 NS
Family history Absence/presence 87%/86% NS
Histology Differentiated/poorly differentiated 85%/100% NA
Lymphatic permeation Absence/presence 100%/79% NA

DSS, disease-specific survival; NS, not significant; NA, not assessible.

and HR = 3.6; P = 0.0114, respectively) independently of TNM factors DISCUSSION

and/or tumor markers, respectively (Table II).

Curatively Resected Stage III YCC Patients
With K-ras Mutations Included More
Patients With Metachronous
Distant Metastasis of CRC

The current study separated YCC patients without a K-ras mutation
from other CRC patients from a prognostic viewpoint, and found that
they showed the best prognosis among all CRC. This finding was
unlikely to have resulted from the different distribution of stages within
each group that were separated in terms of age and tumor location,
because the prognostic relevance of K-ras mutation was proven
even after adjusting for stage in multivariate analysis (Table II). In

Since K-ras mutations were as a factor
ind dent of TNM stag mining factors, sub—analysns was
performed by stage. As a result, K-ras mutations had prognostic
relevance only in stage III in both learning sets (n=26, P=0.011,
Fig. 4C) and validation sets (n =55, P=0.024, Fig. 4D). In the 81
stage III YCC patients who were curatively operated (learning plus
validation sets), the presence of a K-ras mutation had significant
predictive value in prognosis (P = 0.002; Fig. 5B). Even when stage IIT
YCC patients were subdivided into JCCC N1 and N2 cases, patients
with no K-ras mutation showed ~80% survival rate (Fig. 5C,D), a
result much better than expected for ordinary stage IIl CRC.

In the 81 stage Il YCC cases, K-ras mutation was not associated
with the i ion of adjuvant ch apy; 75 patients (93%)
underwent 5-FU-based adjuvant chemotherapy (concomitant admin-
istration of leucovorin/isovorin, n=16 or CPT-11, n=1), orally
(n=59), or intravenously (n=16). Twenty-nine of the 75 patients
had a K-ras mutation (39%), while six patients who did not undergo
adjuvant chemotherapy included four patients with K-ras mumhon
(67%; no statistical difference), and there was no signi

, stage IIl YCC patients without K-ras mutations clearly
showed the best prognosis (~80%) as compared to other stage Il CRC
patients (50-60%; Figs. 2 and 3). On the other hand, in stage I YCC,
a mutated K-ras indicated a poorer prognosis (90%) than wild-type
K-ras (98%), with very rare recurrence (only 3 patients) among the
69 cases. For stage II YCC patients, we could not find a significant
difference in the prognostic value, putatively due to the small number
tested and small number of events included, and this should be
confirmed in the future. Prognostic markers of stage II CRC, such
as DNA ploidy [34], genomic imbalance [35], and microsatellite
instability (MSI) [36], have been recognized as vntal indicators in
patient selection for post-operative adjuvant ct

Stage III YCC patients without K-ras mutations had a S-year
survival rate of about 80% after surgery, comparable to that of stage I
CRC patients [35]. This finding suggested that stage III YCC without a
K-ras mutation can be recognized as stage I CRC from a prognostic
viewpoint, and treated similarly, including adjuvant ct t For
stage III CRC, oxahplatm-mclud.mg regimens (FOLFOX or FLOX)
were d to be more effective than surgery alone in the

in prognosis between the patients with adjuvant chemotherapy and
without it (the follow-up periods ranged from 2 to 60 months).

K-ras mutations did not have any predictive value in stage 0/I/II/IV
patients examined in the current study. Among the 66 stage 0/ YCC
patients, only one with a K-ras mutation died due to recurrence. Of the
70 stage II YCC patients, 3 died due to recurrence, in which 20 (10%)
had a K-ras mutation, and 1 of 49 (2%) did not (not statistically
significant). In the 19 stage IV YCC patients, K-ras mutation was not
associated with the survival status (data not shown).
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MOSAIC trial [37] and the NSABP C-07 trial [38]; however, an
adjuvant effect was achieved in only 6-7% of stage III patients or
possibly in high-risk stage II patients [37]. As FOLFOX is expensive
and labor-intensive, and also has serious complications, the selection
of patients who truly need potent adjuvant chemotherapy is eagerly
anticipated. The present study indicates that K-ras mutations could be
a biomarker for patient selection in stage IIl CRC. RASCAL-2 is a
larger version of RASCAL [39], the largest survey (at that time) of K-
ras mutations in primary tumor tissues, which included data collected
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~70% survival rate.

by groups from 13 countries on the prognostic importance of K-ras
mutations. RASCAL-2 exa.mmed over 4 000 CRC patients and
revealed that K-ras had p in stage III
CRC [40]. RASCAL-2 may be so huge that K-ras mutations would
have a prognostic impact even if patients were not limited to YCC;
however, our results revealed that K-ras mutations did not have any
significant impact on prognosis in CRC other than YCC (data not
shown). RASCAL-2 showed that only one mutation on codon 12,
glycine to valine, found in 8.6% of all patients, had a statistically
significant impact on failure-free survival (P=0.004, HR 1.3) and
overall survival (P=0.008, HR 1.29), ing that this i

dominant phenotype for aneuploidy [46], which is why K-ras mutation,
due to its phenotypic dormancy, clearly showed a poor prognosis in
YCC in the current study. We are interested in the relationship of both
K-ras mutation and the MSI status with patient prognosis in YCC. On
the other hand, even in YCC without a K-ras mutation, several patients
had a poor prognosis. This may have been caused by B-raf mutation,
which has a dismal prognosis in microsatellite-stable CRC [47], and
such cases can be included in YCC without K-ras mutation. K-ras
mutation might be a marker for MSI and not a prognostic indicator
itself. Allowmg for these findings, we are planning to profile MSI/B-raf

in ion with the K-ras mutational status in order to

appeared to have a greater impact on outcome in stage [II CRC cancers
(failure-free survival, P=0.008, HR 1.5; overall survival P=0.02, HR
1.45) than in stage II tumors (failure-free survival, P =0.46, HR 1.12;
overall survival P=0.36, HR 1.15). Our SSCP analysis did not reveal
the full profile of each mutation, and we would like to elucidate such
associations in the near future.

CRC has been recently proposed to originate in two pathways, MSI
and chromosomal instability (CIN) [41]. MSI shows a diploid pattern
of DNA content, while CIN has an aneuploid pattern. MSI is more
characteristic of proximal colon cancer [42] and young CRC [43],
which made us speculate that YCC includes more MSI cases than other
CRC. Moreover, a K-ras mutation was found in only 13% of MSI
CRCs [44], i ing that the ion is more ic of CIN
than MSI. Hence, we suppose that YCC without a K-ras mutation and
with a good prognosis largely reflects MSI, consistent with a report that
MSI showed a better prognosis than non-MSI [45]. Nevertheless, CRC
sometimes harbors both phenotypes (MSI and CIN), and CIN is the
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clearly explain the prognostic status of YCC in stage IIL.

We interpreted our results to mean that YCC without a K-ras
mutation represents patients with a normal K-ras pathway. K-ras
pathway activation may be closely associated with prognosis in CRC,
and could be a therapeutic target for most CRC cases (except YCC
without K-ras mutation). Patients with an abnormal K-ras pathway
through the activation of either up or
such as EGFR [48], PI3K [49], and B-raf 501, are similar mthose with
K-ras from a point because the K-ras
pathway is similarly activated. On the other hand, patients with a
normal K-ras pathway may show biologically different behavior from
those with K-ras mutations because the K-ras pathway is not activated.

As an optimal strategy for solid tumors, attention has recently
focused on molecular therapies by identifying genetic alterations that
have been of prognostic value [7-10). On this basis, the authors
suggest the K-ras pathway as a therapeutic target for CRC. On the
other hand, the K-ras mutational status was recently demonstrated to
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