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5

ETTIHEBMOTIR L 5%

EITITFHBEIINT S Y 77 2 = T7OBRE SHOEE

woH & o= %k ok B -
NI 2=
x B’ | 7

w ok W
BOm A OB RO
BOROE &

BE:VSTIZOR, JSEREHERUE 2 DDT VY MELBEEBICBVLWTHSHFESEM
R, ETAEEICNT BB E UCUBMITONE. INF CHEMEREZREL TREDIE
SEEOTERN, VITIZTDES CEGREOELSERMAGTEDLD(CH . V3T
0% EFCERTHDIC. BIb. AERHMPEHERZRHUTCHBLIEDEETHD. &k, V3
JIZUBBRIDSEATIATON TV D HENH ERREALDBH D ITZHONCTDH I EHEET
Hd. BE VISUIZTREMEEROEMEL FEKEEERNCOMBREDRENMTHNT
BD, FHONRICHELDLNSD CENBEFEINTLS. ‘

S\ : R, VST TS, ek

X U®HIC

V57 =7 WO ICIN S § 5 RAF
& BB O mMAYH A C S B AT P R A b
AT Z %4k (vascular endothelial growth factor
receptor ; VEGFR) %, ML/ sty s I8 <2
75Kk (platelet derived growth factor receptor :
PDGFR) Z @t A2~ F FF—ELHEHR"
Thb IOVITz=TE, BREERELIZ, 8
BRI EE 2 9 e LT T TR E K
L7259 v 7 n4{bkeikall (Sorafenib Hepatocellu-
lar Carcinoma Assessment Randomized Protocol
(SHARP) #IER) #Thh, HEICRE 2w
wMEE WEITONPE AFHEIHRESR
720 F e, hE, #EE, &% O Asia-Pacific 3%

E % dao, SHARP 3 & B oS R LT
VI T 2T e TS5 RERE LS vy AL
BRB b (AsiaPacific I, BEEICE
Fomaslinie, WEF oMM, AR
MESN Z02200F v 7 ALLBERMORE
T Vo7 = = TG ET RN 0 2 Ak
AL E LTHEM T bRz AARTH 2009
5 BIZYI A RE O IR L2 o L TR loE
kR, ThFTITI3000 AEB2 L FHERE
DEEDVVS 72T THIFENTVE, Z0#
TIFIRB ST 5V 9 7 = = TEMORIK (8
&, BB, WER A - x v )
LEBOREZIZOWT, BEUSFANEE Y -0
FT—F b2 OMHT 5.

1) MIVATERIEAE LA v ¥ —EHBIIRN R 2) BVATEEA BN SABIR Y v ¥ — SR BT R
Current status and future perspective of sorafenib for advanced hepatocellular carcinoma

Masafumi IKEDA, Shuichi MITSUNAGA, Satoshi SHIMIZU, Izumi OHNO, Hideaki TAKABASHI,

Hiroyuki OKUYAMA, Akiko KUWAHARA'" and Takuji OKUSAKA?

1) Division of Hepatobiliary and Pancreatic Oncology. National Cancer Center Hospital East, 2) Hepatobiliary and Pan-
creatic Oncology Division, National Cancer Center Hospital
Corresponding author : #ifl A% (masikeda@east.nce.gojp)
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1. V972 =7 DE

V57 x =7, SHARP #? % Asia-Pacific
RBENCBVWTEMRIRIGR SN, Bl#EREL L
THEMT bRz, RS ORBEORGY
72T DBEREEZONE. ITNHDREED
F MR, WP T Y FERENIE (radio-
frequency ablation : RFA), FFIMIRILS:ERM
(transcatheter arterial chemoembolization ;
TACE) % EDORFTHHE DB AS3 W5E E AT
Bl, %7213 TACE % & O RF R BRI 2R
THEATIFHIIRETH Y, BEETHE LTHA
EESPREEMEEETLHANLHEZGE I TY
7=

Barcelona Clinic Liver Cancer Study Group
(BCLC) @B 58" Tid, Stage C (Advanced
stage) OFNEREEZET A0, REEHEL2 AT
%41, performance status(PS)1~2 OJER), Stage
B (Intermediate stage) @ TACE ZAREDE5E
BNV 57 2 = THRPOMIL EBREN TV A,
72, WESE~— a7 VE2RICEB a2
T AT FRHIBRRE TGN T v T ) X 4 2010 4R
HETH T, RS E2E T 50, BILIREL
Wx AT 54, TACERRBIINY I T =2=7F
WO DL 2B E TN ITY XA LIZBEELTY
L. LIzAoT, VI 727 OELEEE LT
&, TACEZ e, IRiTEaM~F 3 540, Mot
EREFTHHPETENS.

1) TACE Al

V57 2= 7R, TACE RIGHICIEHAE
TIEFEE LGRS L fTbCE . BT
WA v 7 — B & PRERE CHE L 72
TACEAREH (n=84) UNTAEYATISF O
FFBE LN Cld, 2886 36%, EIES
M (o) 17 2 B, AFEE (houfE) 7.1
HATHo72P. LIBRARFAREICET 5V X
75 F v ORI FEEO 8 T HEEN (n=280)
DIERIL, BahEE 338%, 1ELFHE675%
& BHRENHRTH o720, TACE AN
RETSEH T BIFRBEDRIIFECELZY
£HTH5.

(21)

1347

TACE RJ5#iix, SHARP 2Ui¥ %> Asia-Pacific
A OWBEBREIIEEINTVELD, VI T
STOMGEERIN TS, LarL, SHARP
HER*e Asia-Pacific BEBOH 77V —THITTO
BELRENTBESLT, ZhI T2 TACE G
CBRELZHmEREBOBREIMESh TR
V. &8, TACE RGNS 5 Biim it %
RTDLZEPVETHS.

2) REZHEHT 55

SHARP 2 B:¥ % Asia-Pacific IR12 B\ T,
S EEOBEETY T 7N~ TN % £l L7 K
WHARESRTEY [IhF— T (5% EEK
B (confidence interval ; CI) : SHARP &5k : Jf
BFEMND D 063 (049~093), RERHE AR L 074
(054~1.00), Asia-Pacific i Wi: REB®EH Y
0.63 (0.39~1.03), Ik & & % L 064 (042~
096)], MEBBOFEIZPHPDOT, V7=
STWRAERTHD I EDIRBENRT VS,

IRELLEZ AT A LTIE, kLD EAR
TRIFEE TR T bR, BT PuEEsh T
PHEEINRLTWVE CREFTRYATSF
YR g v F a9 b (5fluorouracil ; 5-
FU)+ v AT S5F "R 5FU+4 v ¥ — Tz
O 7 T BRI A R BT T i R B S
WHEENTWD (Tablel) 2%, KB 2B &
Mize s v ¥ aLEBRABRZ SixfibhTB 5
T, AT LN ER TV R WS,
BE LTOa ey FRAREBELRTH RN,
UL, BREEALSIE O MG N4 2% BT 7
ZERBEWMPITORMAEFEIBEONTHE I &
L, VI 7z THREESNLBETSH, HAET
BIFBNE LR LI Lidfrbh T s, B
£, VI 72T+ Y AT5F VEIEBRNE
VI THME DS v MMELEERR, 2
TSF VENENMERITV I T SRSV S
Tz T HE DT Yy AR, VI T
=7 +5FU+ T AT 5 F ViliEgEREEY S 72
ZTHEBE DT T ALIERN, 5FU BhEN
FEAA VI =T PRELE YT 2 T HE
DG v ¥ IMERBRANRE, VI 7T LI
LR EO LB RBI L o fThhTHE Y
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Table 1. EFFHEBICHTA Y I 7 2 =7 LRI LEREOWEBERGE G
WEITO
IS L EAVEIE REGIE MM/ EmE pacyen Gl oy, S (e .
*}Lﬁﬁj HEFIEL (%) E (00) ity ed il (fryjefli - A ) 1fm3§ WEE ()Cﬁk) R
(defls - A)

Sorafenib 137 22 36 42 9.2 Phase I Abou-Alfa GK (5) 2006
Sorafenib 51 8.0 26 30 5 Phase I Yau T (6) 2009
Sorafenib 296 8.1 81 9.2 105 Phase I lavarone M (7) 2011
Sorafenib 299 2.0 43 55 107 Phase I Llovet JM (3) 2008
Sorafenib 150 30 35 2.8 6.5 Phase I  Cheng AL (4) 2009
Sorafenib 27 40 82 49 15.6 Phase I Furuse ] (8) 2008
Sorafenib 201 25 NA 25 53 Retrospective Baek KX (9) 2011
Sorafenib 267 1.5 47 26 79 Retrospective Kim JE (10) 2011
Sorafenib 108 37 21 32 6.1 Retrospective ChiuJ (11) 2012
CDDP 84 4 49 17 7.1 Retrospective Iwasa S (13) 2011
CDDP 80 34 80 NA 675% (1 4F) Phase I Yoshikawa M(14) 2008
CDDP 67 37 NA NA 10.7 Retrospective Court WS (15) 2002
CDDP* 25 28 72 36 71 Phase I Furuse ] (16) 2008
5-FU/CDDP 41 22 56 7.0 12.0 Phase 11 Park JY (17) 2007
5-FU/CDDP* 52 39 65 41 159 Phase I Ueshima K (18) 2010
5-FU/CDDP 97 28 62 7.0 12.0 Retrospective  Kim BK (19) 2011
5-FU/CDDP 114 36 75 NA 10.2 Retrospective Yamasaki T (20) 2012
5-FU/IFNo.* 55 44 51 52 118 Retrospective Ota H (21) 2005
5-FU/IFNa* 116 52 54 NA 34% (14) Retrospective Obi S (22) 2006
5-FU/TFNo* 55 29 58 75 90 Retrospective Uka K (23) 2007
5-FU/IFNo* 102 39 47 20 9.0 Retrospective Nagano H (24) 2011

=0 0  PIRMER R BT A IFRINEYE, 5-FU ¢ 5fluorouracil, CDDP : cisplatin, IFN © interferon, NA : not available.

(Table4), 4%, MRS 5 FEnELs
PHEDREGR NI SN, S5, VI 7
Z T EDPERGITIZOWTOIRE I N D Z &5
BENTWVS.

3) =R E AT 560

Fpotdads B A p0cx LT, 28 baayik
D BWHEEEE bR L), SHARP RisY %
Asia-Pacific Bl O 7 7N — TEATIZ B W Cik
HEYRFLFEREEBEONTELT [NF— i
(95%Ch "% 5 v SHARP R B : 085
(064~114), Asia-Pacific 3 U @082 (057~
118)], L LAHANER O R IERO KA BT
I TH 5 [NY— K (95%Cl) : FFatnig i
L : SHARP % : 055(0.39~044), Asia-Pacific
Bk 0 045 (025~084)]. T oMM S 21
ENTWRWA, FAEREZETHIILETLL
SEFN LT, SHEPE LY, FELRE

(22)

FRBE Lo TREVWIEEZ TS, T
SEREAHT AEIH L TE, chEM 281
FPEDL BN D, SBIVIT T TICE
LRPEIATON D L BB H, ZLIAERHED
BOH R ERER T A LB LEEEZS
nas.
ZOLIEBNRT»SREZYI 72270
HIS i, TACERIGH, IREEMELET 24,
FREREZETARNETON TV, FFE
B LALYI T 2T OBEBIEEIEAIP?
SHARP #J5#%> Asia-Pacific 25T, Child Pugh
ADFEFIORFEWNGEE L THEMNME & ELEHNH
HINTWABD, Chid Pugh ARV S 7=
TORWHEILE ENRTWA, EBATITORAEY S
7 =7 OE IR TI, Child Pugh BIZB
W, BUNE YO LS, BAKRRIER &K EN
TARELLT L, WEETOHME [Chid Pugh
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Table 2. V77 2= 7 DHERLOFTERE
. FRRAEBER & IR AST ALT
FH OO BRF gm0 AL Grade Al Grade Al Grade Al Grade %
Grade 3 Grade 3 Grade 3 Grade 3
Abou-Alfa GK 2006 WA 137 307%  51% NA NA NA NA NA NA Phase I
(5) (FRK)
Tavarcne M (7) 2011 (&%Q) 206 280% 90% 180% 70% NA NA NA NA Prospective study
Llovet JM (3) 2008 @ 297 21% 8% 5% 2%  17% 17% 07% 07% Phase Tl
(Brk) (SHARP #4)
Cheng AL (4) 2009 f’ﬁ?? 149 450% 10.7% 1883% 20% NA NA NA NA Phase I
(7¥7) (Asia-Pacific 351
Chiu ] (11) 2012 | 172 404% 135% 244% 35% NA NA 677% 124% Retrospective
Furuse ] (8) 2008 Ha 27 444% 74% 185% 185% 37% 37% T4% 74% Phase 1
Kudo M (27) 2011 A7 229 820% 350% 31.0% 150% 250% 120% 21.0% 80% Phase I
& (TACE #li B )
b 2012 A 127 690% 7.0% 350% 120% 57.0% 480% 490% 240% Retrospective

NA, not available.

AST, aspartate aminotransferase : ALT, alanine aminotransferase ; TACE, transcatheter arterial chemoembolization.

A (fPaufl) 2158, B 1338] A& HHN [Chid
Pugh A (Fh9fE) : 4138, B: 14 58] % Child Pugh
ALIRTRRERTHHEDHRE D H. Tz,

IR R R MR EB B2V 772270
BRI E RE T 5 % B kA AN A& R
(Global Investigation of therapeutic DEcisions in
unresectable HCC and Of its treatment with
sorafeNib ; GIDEON) o #1 i f#47* T3, Child
Pugh B i3l % OFEHL T ChildPugh A & H
Wl TR RGP o120, W E R AN

TH Y, AR [Child Pugh A (13ffi) : 103
HHA, B148# Al bARTHo Ll S

Twhb, ZOXHiZ, Chid Pugh AWSEER
BIFFife A BAFRERID Y 57 . = 7 O &
ZibhTwa

2. V57 =7 OPNIEIE & 5w

V57 2 =T DENEE [FEER (complete
response ; CR) & #84Z&%) (partial response ;
PR) DEIETEINE TO®RIREE A5 L, 5%
METHY (Tablel), EUFAMEL Y & -
Fke (n=127) TOMET L FET [EHEE 5%

(95% CI:2~10%)], MGG RITEIFETE
s, 2EL, 5E (stable disease s SD) T

B HMHHEEE TIZ50% AVWREDNSE <,

(23)

FORBED BT D 57% (95%CI : 48~65%) THh o
2. DT ERL, VIT7 2= TIE, B O
R TE LW, BOBTZHHITAZ L TE
WHRPBEONLEEEZZ LN TS, T2, V5
T a7k oT, MIGEIEEN L 2 <THREY
WIEAHRTAERD LNTBY, ZOENH
ReDWREIWFLEZ, WBNAIROBEIE LT
362 &biETHS. Lencioni Hid Z Dy
WD % F i L7z modified response evalu-
ation criteria in solid tumor (modified RECIST)
DM EEFEFELE®. 20 modified RECIST T
VRGN I L 7R 2 e & Az L, "'?E
OEGEMWEL WL I ERRZBEL, M
WARRERNET S, COWMEFHEATELIE
T, V97227 E o TRHIRPBLNT VA
BlELDECABTIENTREL o7z,

VI 77T OWETTONMIE BBLE
3~5 7 ABEEEFLERENT WA (Tablel).
HEREDOENBHITE 36 T H L LWEIRTH
5. %7z, VI 7 x 2 TENBRHBOATIIRIZ
BBLEFT~I0ABETHY (Tablel), MR
BRoEfFHEAFRED 1067 8 &, % gL
WIRILTH 5. 51k, Al & OfFRENGER#HHRGT
RO Z LIZL ) &5 % ARNBEHN O L%
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Table 3. V77 x=7BBIIBT5AALENOEY: (GIDEON OHEIMIFOEE)
et USA EU Latin Asia HA&
(=157 (0=313)  (n=388) TNR (=450)  (a=16D
BEYRET
i (FhsfE) 62 60 67 65 53 69
Performance status 0 40 28 46 25 30 73
1 43 42 39 63 51 26
BCLC stage A 7 12 9 20 2 3
B 19 12 24 36 10 30
C 54 39 53 31 6% 57
Child Pugh A 61 38 66 34 65 84
B 23 32 22 47 20 12
B 19 11 14 7 24 40
BB B IR 55 49 44 29 69 84
FFBhAR L3 2R 46 37 32 15 64 76
5 Uk 15 10 15 15 12 38
WEENES S OB () 4 3 3 1 3 30
V57 2 TR
HIHAR (P ofE) 12 12 14 25 9 13
104 E4 (FpofE) 693 575 746 300 763 489
WEHS G 800mg 74 57 81 98 78 62
: 400mg 22 34 15 2 20 36
C FEHSTORBEWILEG 19 22 20 3 15 32
% Grade DHERG 64 71 66 44 51 89
Grade 3 ~ 4 OH EFIE 25 26 28 8 14 44
B EERS 9 9 10 8 4 17
ATEHAR (Pl A) - 84 94 125 79 93

GIDEON, Global Investigation of therapeutic DEcisions in unresectable HCC and Of its treatment with sorafeNib :
USA, United States of America . EU, European Union : BCLC, Barcelona Clinic Liver Cancer Group.
Kudo et al., Poster presented at AASLD2011. November 4-8, 2011, San Francisco, CA. USA.

HEE Lo,

3. VST T ORENY

V5T =7, FREREN, BSIE, M,
IFHEEERE, WBEO LARZEOBEDOEHEERY
BhAH INoOFENRPORBEEE, FI
Kp D7 V7 Tk, MKREEBLTERTD

BUD (Table 2). Z DRERTFWZN, 7Y7
HECRBROREELIT S L0 0T

PRETHL, T2, INLOFEZFRIILIEL
RO EO—~RE R B0, BEME
EBAETA-TVRA L LTHEZEHICEET
XKLL BIEDRETHS.
BT, [F—2aA2 o3 -] #3bF
W, FAEETYS T TORHERAST A -

(24)

YIMCHEODBATHEY, ZOF—LF 7Y
A-w@$f TR EHMIL, v 727
DRRIEFRN 72T Tle {, FREEFOFH L
Bk, MEREOIESE \ImE, TH, &%&
EEFSEREMER OIS EIC DWW TEEI
W45, skizes EL@/77Y”7®?%E?
T YARWERL, BEREOE=4) ¥ 7 EiTwv,
mwi«74~bhxﬁ 5. 7o, KEMkS
BIETOMI, BRI TEBZORELZHRAL (5
VI3 vy 74xu—7v7), BETOVS 71z
TOT FeT 7 v ARRPEWERE=% ) v or'%
9. ZOXHZ, EHMLEEMEL EmMos
BIZED Y, BWER~A—Y XY F2IEL, 1A
DikFEEE B, RRKBOBEDREZTIEH TS
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Table 4. BEEITHOV S 7 2 = THMND T v ¥ ALILEHRER

1351

BCLC stage BN

VYA

it

B/ TN — T8

BHES

YB/RFA #%
i Bhpe:
TACE & @
Bf Hs

Stage A Early stage

Intermediate
stage

Stage B

VA Ay
DBk R

Advanced
stage

Stage C

V77
BHEO B NE

V5T 22T vs.
AR 4
‘/?7_1’;7“ vs.
VI 7T vs.
75 R
V9T =T Vs
TSR
VI 7T+
FFyr¥yv
ve. V57227
V57T +
VAZAV. S & i
vs, V7727
VI Tz =T+
INIF=T vs.
VST
V57 =T+
IARTY LA vs,
V5 7=
VT T+
NN AT Vs,
VA vy
VI Tz =T+
VAT T F VENE
vs. V77 =
VAT G B EF
FATVTT2T
vs. VI T2 =T
V5T T+
5FU/YATTF
VEIE vs. VT
Tr=T
SFUBNE+ A >
¥ -7 ys.
V5T

5 T AR
o T AR
% IO A3
2 10 A el
55 I AR
% I FH R

43 T AR ZALR

28 T AR EABR

# 1/11 RN

B EY A

25 I AH A

o5 T FE R

4% T A RS

=

STORM
TACTICS
ECOG
TACE-2

CALGB

FFCD

SEARCH

SGCCR

NCCTG

YRR

SCOOP-II trial

SILIUS

]

HE

NCT00692770
NCT01217034
NCT01004978
NCT01324076

NCT01015833

NCT01075555

NCT00901901

NCT01005199

NCT00867321

UMIN000005703

UMINO000006147

NCT01214343

UMINQ0000240

RFA, radiofrequency ablation ; ECOG, Eastern Cooperative Oncology Group . CALGB, Cancer and Leukemia Group
B . FFD, Federation Francophone de Cancerologie Digestive ; SGCCR, Swiss Group for Clinical Cancer Research ;
NCCTG, North Central Cancer Treatment Group.

LEERELLT, HAOBHBICBYBATN S,
Eps, TR TOV S 72 TORENRIZI N
FTOHE L AR, BOREHRTEHEICRD
LN/t (Table2), HENHICEIBY I 7=
TOWEEEIL10% P hdrod. e 20
BHENGOWTIL, FFRE 5%, % 3% & T,
FREGHETHIEIC 2o 2EMZ L AILRDTH
5%, FVBRWYS T THEERHTI ST
R RS Y A

(25)

4, VI 7 2 TR BAERE BN
iy

BARZE&ED-IHAE 3D 2 EYE, 350 Mgk b
BEML-EBEERGHEENIARBKTH 5
GIDEON T, HEBWTOV I 7 22T DR
EWRPHE UL EOBRENEL T SN TE
D, BARLESNE L R BT ORED HE
ENTWVE(Table3). I o EGEROBEY
EPLHBIENLEERADY T 7 2 = THNPIO
WRLE, SisE, PS 0 DEFIESN LTS
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{BDENT=HS, VT 7 2= T O Stage 1
C (Advanced stage) 7%57% T, #yt& RERIC
AT LIERIARERN R TH o7 FIREL LT
12, YIS RFA, TACE 2 EXfTb R Tw 5
BIHEI & HATEETH ), @ oZh s
LY T 7 =T HEERRABE CORMAF0AAL
RLEVI EIERNT, BATRFMEEL R
HMIZBW L, 9K RFA, TACE % £ O RBFTE
EVFMENT LT, VI7 =T ORBEPITON
TWABI EARBENT:, VI T2 TORSH
M O(PofE) 13 B LB ERETH - 7205
BEELFERSORREGILEN LR TEET
Y, BERERTHIEENLEMND 32% &L EF
Thol. EFEMEORREIIIIHA LEIE
WRTIEIER%STh -7z LikdoT, BERTO
V57 2 =T HBMOIRE, BREENS L, A
EHSIIHEBINETH B, BEEEICEL
TN EBELTVERETH Y, RSEORRIN
ffcEarEZONI:.
| V571 7HREOSHOESR

Uk, BREOBEIRO R, F 7230820
f7C & 2o AT BEAD R . BT 4% B8 & Child
Pugh A OFEFIIH LT, VI 7 =7 3EE
M LTI o, S5 h5ENR%E Y
FHLT GATEISLTE, voFo 7R R F
VIVE Y O EMOBUER & O RERSER, W
IR0 FFENE L EANE & O AREORSESE T
TH A (Tabled). T 7, ES RFABOHD
ik, TACE L OfFHBEE b HALNTEY

(Tabled), V9 7 = =7 OBEIBIZETEDOH 7%
53, X BRIH® Stage 12 F THEISAED S W HE

B 5.
BhUIC

TR D& b FNeER, VI 7 22T 0%
WLy, RECHREDLYLTVWE, V5722
T OWEGEEANNRED T T TELR VD, HE
wEsaEEd, BMEITOMBLATNREE
TZIEE S S5 2 EMELMTRY, FFlaEC
T ABEE LTHNERT LN TV T
T2 TR EFERTAEDIL, v 72T
OFWIG, FERRCEMER~Y »— ¥ X 2 b &3R4

(26)

HAML RS SME £109% $£85
LTBLLZENEETHS, T/, V57227
BBE D HERTL (AThbhTw 2 FEiEbeEE
BEEOBAGTLHLICTLILEN S L. B
T, V97 x=7 XS RFA ZOHBIE
%, TACE & O HIBREDORENTOITEY,
LY BHOFRIZLBSIESDL Z EAHESR
T 5.

R LNE BT 5 EE OFRMK
CHBHEARE OS54 DvEGERS), ks
- (FONREERRS ), BIREE (BAA —
740 ) -t PAEERASE, K
Mt & T3k a4t)

X
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Abstract

Background Dysplastic squamous epithelium is a pre-
cancerous lesion for squamous cell carcinoma. It is often
present in the esophagus and head and neck region, and can
be visualized as a Lugol-voiding lesion (LVL) by iodine
chromoendoscopy. However, effective treatment for such
dysplastic epithelia has not yet been developed.

Methods Between March 2008 and July 2011, 40 con-
secutive patients with advanced esophageal squamous cell
carcinoma were treated by two cycles of neoadjuvant
chemotherapy (NAC) (5-fluorouracil, 800 mg/m2, d 1-5;
cisplatin, 80 mg/m?, d 1: q 21 days) at Kyoto University
Hospital, and received iodine chromoendoscopy both
before and after NAC. lodine chromoendoscopy findings
were divided into 4 groups: group A, absence of LVLs;
group B, several (<10/one endoscopic view) small
(<5 mm) LVLs; group C, many (>10/one endoscopic
view) small (<5 mm) LVLs; group D, numerous irregular-
shaped multiform LVLs. Group C and D are defined as
multiple LVLs. Endoscopic changes of LVLs before and
after NAC were investigated retrospectively.
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Results Before NAC, 6, 12, 9, and 13 cases were classi-
fied in group A, B, C, and D, respectively. All cases in
group A before NAC remained in group A after NAC.
Multiple LVLs (group C and D) were significantly
improved in 17 of 22 patients (77.3 %), while several small
LVLs (group B) were improved in only 4 of 12 cases
(33.3 %) (p = 0.025 by Fisher’s exact test).

Conclusions Multiple dysplastic lesions tended to
improve by chemotherapy. In contrast, there was little
change in the mucosa with fewer dysplastic lesions after
chemotherapy. These data show that chemotherapy has the
potential to eliminate precancerous lesions.

Keywords Esophageal cancer - Precancerous conditions -
Chemoprevention

Introduction

There were 462,000 new cases of esophageal cancer and
386,000 patients died of the disease in 2002 worldwide
[1]. Head and neck (H&N) cancer accounted for 643,000
new cases and 349,000 deaths in 2002 worldwide [1].
The prognosis of these cancers remains poor because of
lack of symptoms at early stages and hence difficulty of
early detection, resulting in presentation as advanced
cancer.

Esophageal cancer is divided into two major histological
types, squamous cell carcinoma (SCC) and adenocarci-
noma, with the former being the most common histological
type worldwide. The most common histological type of
H&N cancer is also SCC. Alcohol and tobacco are definite
human carcinogens for both esophageal SCC (ESCC) and
H&N SCC (HNSCC) ({2]. Furthermore, acetaldehyde
derived from ethanol potentially causes the phenomenon of

@ Springer



204

Esophagus (2012) 9:203-209

“field cancerization” [3], whereby multiple SCCs develop
in not only the esophagus but also the H&N regions.

Dysplastic squamous epithelium is recognized as a
precancerous lesion for SCC. These dysplastic lesions are
not visible at routine endoscopy. However, because these
lesions do not stain with Lugol’s iodine solution, they are
visualized as Lugol-voiding lesions (LVLs) by iodine
chromoendoscopy and easily detected [4]. Multiple dys-
plastic lesions often appear in the esophageal mucosa and
have been revealed to be a risk factor for multiple devel-
opment of SCC in both the esophagus and the H&N
regions [5, 6]. Clinically, multiple development of SCC
causes the following critical problems: (1) difficulty in
treatment, (2) poor prognosis, and (3) recurrence after
treatment. If these dysplastic lesions could be eliminated,
multiple SCC development would be prevented. However,
effective treatment for these precancerous lesions has not
yet been established.

Anticancer drugs have strong cytotoxic activity against
cells with malignant potential. 5-Fluorouracil (5-FU) and
cisplatin (CDDP) are key drugs for treatment of ESCC [7].
If these drugs have chemopreventive effect on precancer-
ous lesions, they would be candidate chemopreventive
agents.

In this study, we investigated morphological changes of
Lugol staining patterns in the background esophageal
mucosa before and after neoadjuvant chemotherapy (NAC)
for ESCC and assessed the chemotherapeutic effect on
dysplastic squamous epithelia.

Patients and methods

Between March 2008 and July 2011, 43 patients with
advanced ESCC received NAC at Kyoto University Hos-
pital. NAC comprised 2 cycles of the FP regimen (5-FU,
800 mg/m?, d 1-5; CDDP, 80 mg/mz, d 1: q 21 days) [7).
Among them, three patients did not receive iodine chro-
moendoscopy after NAC. Thus, we analyzed 40 patients in
this study.

Dysplastic epithelia in the esophagus were evaluated by
iodine chromoendoscopy. At the endoscopic examination,
approximately 10 ml 1.5 % iodine solution was sprayed
along the whole length of the esophagus using a spraying
catheter. A well-demarcated unstained area was defined as
a LVL. More than 10 in number LVLs in one endoscopic
view were defined as many occurrences, and ten or fewer in
number as several occurrences. LVLs less than 5 mm in
diameter were defined as small. When several sizes of LVL
with diameters greater than 5 mm were observed, the
esophagus exhibited an irregular-shaped multiform pattern
of LVLs. Lesions diagnosed as definite esophageal cancer
by biopsy were excluded from LVL counts. Filed

@ Springer

endoscopic images were reviewed by two experienced
endoscopists (Y.Y. and M.M.), and endoscopic findings
were categorized into the following 4 groups according to
the previous report [8] (Fig. 1): group A, absence of LVLs;
group B, several (<10/one endoscopic view) small
(<5 mm in diameter) LVLs; group C, many (>10/one
endoscopic view) small (<5 mm in diameter) LVLs;
group D, numerous irregular-shaped multiform ILVLs.
Group C and D are defined as multiple LVLs. When the
LVLs decreased and/or shrunk to former groups (i.e.,
group D to group A, B, or C, group C to group A or B, and
group B to group A) after NAC, it was defined that LVLs
were improved.

TNM classification (version 6) was used for clinical
staging. Histological evaluation of the pathological criteria
for the effects of NAC followed the Japanese classification
of esophageal cancer 10th edition as follows: grade 0, no
recognizable cytological or histological therapeutic effect;
grade 1, apparently visible cancer cells account for 1/3 or
more of the tissue, but there is some effective evidence of
degeneration of cancer tissue or cells; grade 2, visible
cancer cells account for less than 1/3 of the tissue, while
other cancer cells are severely degenerated or necrotic;
grade 3, no viable cancer cells are evident [9].

Statistical analysis was performed using SPSS Statistics
version 17 software (SPSS Inc., Chicago, IL). Continuous
variables are expressed as median and range. The Kruskal-
Wallis test and Fisher’s exact test were used to compare
continuous data and categorical data, respectively. When
post hoc paired comparisons were performed, Bonferroni’s
correction was used to adjust the p value for multiplicity.
p-Value less than 0.05 was considered significant.

Results

For the 40 patients, median age was 65 years (range
50-76 years); 34 (85.0 %) were male and 6 (15.0 %) were
female. Clinical stages of primary ESCC were as follows:
10 (25.0 %) patients at TIA, 17 (42.5 %) at IIB, 11
(275 %) at III, 1 (2.5 %) at IVA, and 1 (2.5 %) at
stage IVB. Nine patients (22.5 %) had another synchro-
nous ESCC, and five patients (12.5 %) had synchronous
pharyngeal SCC. Of them, 2 patients had both another
synchronous ESCC and synchronous pharyngeal SCC.
Thirty-five patients (87.5 %) were habitual drinkers, and
median ethanol amount consumed was 60 g/day (range
0-450 g/day). Thirty-five patients (87.5 %) were smokers,
and median Brinkman index was 600 (range 0-1600).

The dose of 5-FU and CDDP was reduced (80 %) at the
second cycle of the FP regimen in one case, and the second
cycle of the FP regimen was postponed by 2 weeks in
another three cases.
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Fig. 1 Classification of iodine staining patterns of esophageal
mucosa. A well-demarcated unstained area by iodine chromoendos-
copy was defined as a LVL: a group A, absence of LVLs; b group B,
several (<10/one endoscopic view) small (<5 mm) LVLs; ¢ group C,

Among 40 patients, before NAC, 6 cases were classified
in group A, 12 cases in group B, 9 cases in group C, and
13 cases in group D. All 5 patents with synchronous
HNSCC were in group D, and there was significant dif-
ference in the frequency of synchronous HNSCC between
the 4 groups (p = 0.008 by Fisher’s exact test); however,
by post hoc paired comparisons, there was no significant
difference (Table 1).

Endoscopic evaluation for changes in LVLs before and
after NAC are summarized in Table 2. All 6 cases in
group A before NAC remained in that group after NAC. Of
12 cases in group B before NAC, 4 improved and were
reassigned to group A, while 8 remained in group B after
NAC. Of 9 cases in group C before NAC, 8 improved and
were reassigned to group B, and only one remained in
group C after NAC. Of 13 cases in group D before NAC,
9 improved (2 to group B and 7 to group C) after NAC.

Multiple LVLs (group C and D) significantly improved
in 17 of 22 patients (77.3 %), while only 4 of 12 cases

many (>10/one endoscopic view) small (<5 mm) LVLs; d group D,
numerous irregular-shaped multiform LVLs. Group C and D are
defined as multiple LVLs. LVL Lugol-voiding lesion

(33.3 %) improved in group B (p = 0.025 by Fisher’s
exact test) (Fig. 2). Figure 3 shows a representative case.
In this case, primary ESCC shrunk after 2 cycles of NAC.
Furthermore, while the surrounding esophageal mucosa
was classified in group D before NAC, it was apparently
improved and reassigned to group B after NAC. In another
case, similar to the endoscopic improvement of LVLs, one
of the LVLs was histologically improved from high-grade
intraepithelial neoplasia to mild atypical squamous epi-
thelium indefinite for low-grade intraepithelial neoplasia or
reactive atypia (Fig. 4).

In 6 patients who were classified into group A before
NAC, all cases received esophagectomy, and pathological
effects of NAC on the primary ESCC were grade 1 in 4
cases and grade 2 in 2 cases. In 40 patients who had LVLs
(group B, C, and D) before NAC, 3 patients could not
receive esophagectomy after NAC because of distant
metastasis [liver metastasis (1), peritoneal dissemination
(1)] and aortic invasion (1), and 31 patients received
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Table 1 Demographics of the patients (n = 40)

Group A Group B Group C Group D P

Patients, n 6 12 9 13 -
Sex

Male 3 11 9 11 0.075

Female 3 1 0 2
Age (years), median (range) 68.0 (54-72) 63.5 (56-75) 66.0 (50-76) 65.0 (50-74) 0.893
Another synchronous ESCC, n (%) 1(16.7 %) 2 (16.7 %) 1(11.1 %) 5° (38.5 %) 0.513
Synchronous HNSCC, n (%) 0 (0 %) 00 %) 0 (0 %) 5% (38.5 %) 0.008
Habitual drinkers, n (%) 4 (66.7 %) 11 (91.7 %) 8 (88.9 %) 12 (92.3 %) 1; unknown 0.155
Ethanol amount (g/day), median (range) 35 (0-180) 65 (04150) 50 (0-165) 105 (25-450) 0.135
Smokers, 7 (%) 4 (66.7 %) 10 (83.3 %) 9 (100 %) 12 (92.3 %) 0.244
Brinkman index, median (range) 518 (0-1500) 600 (0-900) 300 (40-1600) 600 (0-1600) 0.458

® All of 5 cases had synchronous pharyngeal cancer

® 2 patients had both synchronous another ESCC and synchronous pharyngeal cancer
ESCC esophageal squamous cell carcinoma, HNSCC head and neck squamous cell carcinoma

Table 2 Endoscopic changes of LVLs before and after NAC

Before NAC After NAC Improvement (%)
Group A Group B Group C Group D
LVLs (=)
Group A (n = 6) 6 0 0 0 -
LVLs (+)
Group B (n = 12) 4 0 0 33.3 (412)
Group C (n = 9) 0 8 1 0 88.9 (8/9) 61.8 (21/34)
Group D (n = 13) 0 7 4 69.2 (9/13)
Total (n = 40) 10 18 8 4 -

Number of patients is shown. Before NAC, among 40 patients, LVLs were absent in 6 cases (group A), and LVLs were found in 34 cases
(group B, C, and D). After NAC, LVLs were visually improved in 21 cases (61.8 %) of 34 patients who had LVLs

LVLs Lugol-voiding lesions, NAC neoadjuvant chemotherapy

esophagectomy. In 31 patients who had LVLs before NAC
and received esophagectomy after NAC, the relationship
between the pathological effects of NAC on the primary
ESCC and the endoscopic effects of NAC on the LVLs was
assessed. Among 18 patients who achieved improvement
of LVLs after NAC, pathological effects of NAC on the
primary ESCC were grade 1 in 10 cases, grade 2 in 5
cases, and grade 3 in 3 cases. Among 13 patients who did
not achieve improvement of LVLs after NAC, pathological
effects of NAC on the primary ESCC were grade 0 in 1
case, grade 1in 9 cases, and grade 2 in 3 cases, but grade 3
in no case. Improvement of LVLs was not associated with
chemotherapeutic effects on primary ESCC after NAC
(p = 0.312 by Fisher’s exact test).
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Discussion

The present study is the first report to show that multiple
LVLs tend to endoscopically improve by chemotherapy. In
contrast, there was little change in the mucosa of patients
with fewer dysplastic lesions by chemotherapy. Although
not all LVLs actually represent precancerous lesions, these
data show that chemotherapy has potential to prevent
squamous carcinogenesis.

Since the first report by Voegeli et al. [10], iodine
chromoendoscopy has been the standard method for
detection of early ESCC and evaluation of its extension and
multiplicity. In addition to these uses, iodine chromoen-
doscopy is useful not only to detect precancerous lesions
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with malignant potential to develop into ESCC, but also to
predict risk of ESCC and HNSCC [5, 6, 8, 12, 13].

We previously assessed 434 LVLs in cases with HNSCC
histopathologically, and diagnosed as follows: SCC

p=0.025

O Not improved
f 1

Bimproved

100% 1

75% 1

50% 1

25% 1

Improvent of LVLs after NAC (%)

0% .
B C+D
LVLs pattern before NAC

Fig. 2 Improvement of LVLs of esophageal mucosa before and after
NAC. Black bar improved (%), white bar not improved (%). Multiple
LVLs in group C and D significantly improved in 17 of 22 patients
(77.3 %), while only 4 of 12 cases (33.3 %) improved in group B
(p = 0.025 by Fisher’s exact test). LVL Lugol-voiding lesion, NAC
neoadjuvant chemotherapy

(17.3 %), severe dysplasia (2.5 %), moderate dysplasia
(11.5 %), mild dysplasia (19.6 %), parakeratosis (37.3 %),
and nondysplastic and nonparakeratotic (11.8 %) [8].
Kouzu et al. [11] examined 159 Lugol unstained lesions in
cases with ESCC histopathologically, and reported that
69 % of unstained lesions of more than 10 mm were
diagnosed as cancer, while 72 % of unstained lesions less
than 5 mm in diameter were diagnosed as esophagitis or
normal mucosa. Hori et al. [6] examined 456 LVLs in
cases with ESCC, HNSCC, or both ESCC and HNSCC
histopathologically, and reported that, as LVL size
increased, high-grade intraepithelial neoplasia was signifi-
cantly more frequently detected than nonneoplastic lesions
and low-grade intraepithelial neoplasia. Therefore, we
speculated that, in this study, because a part of small LVLs
less than 5 mm in diameter in group B and group C were
precancerous and improved by chemotherapy, many small
LVLs (group C) improved to several small LVLs
{group B), but several small LVLs (group B) remained in
group B.

We previously reported that presence of multiple
irregular-shaped Lugol unstained lesions in the esophagus
was a significant and independent risk factor for multiple
SCCs in both the esophagus and the head and neck region
[5] and a significant risk factor for synchronous and

Fig. 3 Comparison of iodine
chromoendoscopic images
before and after NAC. A
representative endoscopic view
of primary esophageal cancer
site before NAC (a) and after
NAC (b). Before NAC, this case
was classified in group D (c).
After NAC, primary tumor
showed dramatic shrinkage

(b) and the multiple LVLs
pattern was improved to

group B (d). LVL Lugol-voiding
lesion, NAC neoadjuvant
chemotherapy

Before NAC

After NAC
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Fig. 4 Relationship between
iodine chromoendoscopic
improvement and
histopathological improvement
of LVLs before and after NAC.
LVL pattern was improved from
group D to group C; moreover,
histopathological finding of
LVL was improved from high-
grade intraepithelial neoplasia
to mild atypical squamous
epithelium indefinite for low-
grade intraepithelial neoplasia
or reactive atypia. a Endoscopic
view before NAC; black

Before NAC

Aiter NAC

arrowhead primary ESCC site,
white arrowhead biopsy site of
a LVL. b Endoscopic view after
NAC; black arrowhead primary
ESCC site, white arrowhead
biopsy site of a LVL.

¢ Microscopic view of a LVL
before NAC (Jow power).

d Microscopic view of a LVL
after NAC (low power).

e Microscopic view of a LVL
before NAC (high power).
f Microscopic view of a LVL
after NAC (high power). LVL
Lugol-voiding lesion, NAC
neoadjuvant chemotherapy

metachronous ESCC in patients with HNSCC [8]. Shimizu
et al. [12, 13] also reported that presence of numerous
minute noncancerous Lugol unstained areas was a signifi-
cant risk factor for both metachronous ESCC and
metachronous HNSCC after endoscopic resection of pri-
mary superficial ESCC. Recently, Hori et al. [6] reported
that larger number and size of LVLs in both patients with
ESCC and those with HNSCC increased the risk for second
primary cancer in the other organ. They concluded that
patients with LVLs must be followed closely for devel-
opment of second primary cancer. These results might
strongly indicate that, if patients had multiple LVLs, they
were good candidates to prevent development of SCC or
multiple SCCs.

Furthermore, it is well known that p53 is a tumor-sup-
pressor gene that plays an important role in ESCC carci-
nogenesis. Its point mutation was already present in the
esophageal dysplastic lesions. Therefore, from the biolog-
ical point of view, dysplastic lesions have been considered

to be neoplastic and precancerous [14]. Accordingly,

reduction or elimination of multiple LVLs potentially
paves the way to cancer prevention.

@ Springer

Surgical resection of the organ per se is one possible
approach to prevent development of multiple SCCs.
However, this approach seems to be too invasive, because
these target lesions are not cancerous but precancerous. As
a different approach, endoscopic removal of all multiple
dysplastic lesions is possible. However, excess removal of
the mucosa causes severe stricture, resulting in dysphagia.
Chemoprevention may be a feasible approach to prevent
multiple SCCs. One randomized controlled chemopreven-
tion trial found that selenomethionine supplementation for
10 months favorably effected a change in esophageal
dysplasia grade among participants who started the trial
with mild dysplasia. However, in this trial, moderate dys-
plasia did not show the preventive effect [15]. This result
may show that regression of cell populations already har-
boring high malignant potential is difficult by chemopre-
ventive supplements.

While 5-FU, CDDP [7, 16, 17], docetaxel [18], etc.,
have been used as anticancer drugs in ESCC, a combina-
tion of 5-FU and CDDP remains the standard regimen.
However, adverse events of grade 3 or worse by the
Common Terminology Criteria for Adverse Events
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(CTCAE) are observed in 18-27 % of patients [16, 17].
Such treatment is intolerable for cancer prevention rather
than treatment, because of this severe toxicity. In contrast,
capecitabine and S1 are oral agents and relatively easy to
use; however, their toxicities are also not negligible [19,
20]. As a low-toxicity agent, multivitamin and mineral
supplement use has been tried to prevent esophageal can-
cer. However, data showing chemopreventive efficacy in
esophageal cancer are scarce {15, 21]. Thus, if we consider
the multiple dysplastic lesions as the target to eliminate,
active and low-toxicity anticancer drugs could be candidate
chemopreventive agents.

There is another potential explanation for the present
results. One possibility is that the iodine solution itself
changes the staining properties and results in a reduction of
the number of unstained lesions because iodine solution
irritates the mucosa and causes erosions and edematous
changes. We could not deny the possibility that iodine
solution itself changes the staining properties and results in
a reduction of the number of unstained lesions. However,
we thought that iodine staining itself could not eliminate
multiple LVLs, because all of the cases could not show the
disappearance of multiple LVLs in spite of the iodine
staining.

This study has some limitations. One is its retrospective
nature, and the other is that this study did not examine the
histological change in all cases. However, because the
iodine staining pattern was very sensitive to histological
status, improvement of LVL pattern could be well associ-
ated with histological improvement. To investigate the
difference of changes in the LVLs after NAC, further large-
scale prospective study with histological evaluation is
required.

In summary, in this study, chemotherapy by 5-FU and
CDDP decreased multiple dysplastic lesions in the esoph-
agus. The present results provide a possibility to prevent
development of multiple SCC in the esophagus.
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Case Report

A 58-year-old man who presented with a persistent cough was
admitted to our hospital. Esophagogastroduodenoscopy showed a
slightly depressed type of tumor in the middle esophagus. A biopsy
specimen revealed the presence of squamous cell carcinoma. En-
hanced computed tomography (CT) showed multiple lymph node
metastases, including cervical, mediastinal, and perigastric lymph
nodes. Notably, a metastatic mediastinal lymph node had invaded the
left main bronchus, pericardium, and aorta (Fig 1, arrowheads). A
diagnosis of stage III (TNM classification, cT1bN3MO0) advanced

esophageal cancer was made. The patient received concurrent chem-
otherapy (cisplatin 80 mg/m? on day 1 and fluorouracil 800 mg/m® on
days 1 through 5) and radiation therapy (RT) using 40 Gy at 2.5 Gy per
fraction. On day 22 after the initiation of treatment, the patient had an
episode of high fever. CT findings showed that the patient had devel-
oped pnewmonia and mediastinitis caused by an esophagobronchial
fistula that developed through necrosis of the metastatic lymph node.
A bronchial stent was inserted into the left main bronchus to control
the pneumonia, and a second course of chemotherapy and RT for the
cervical lymphnode (30 Gy at 3.0 Gy per fraction) was introduced. On
day 91 after treatment initiation, the patient exhibited a sudden onset
of dysarthria followed by disturbance of consciousness. Diffusion-
weighted magnetic resonance imaging of the brain revealed the
presence of multiple high-intensity spots, which were consistent with
acute cerebral infarction. A brain CT clearly indicated the presence
of multiple cerebral air embolisms (Fig 2, arrows). A left atrial-
esophageal fistula was suspected from the CT findings. This fistula
may have provided a route of entry for the air into the general circu-
lation (Fig 3, arrow), which might have caused the cerebral air embo-
lism. The intraesophageal pressure varied from —10 to —5 mmHg at
rest and increased to 20 to 30 mmHg during swallowing. The left
atrial pressure was 4 to 12 mmHg. These results suggested that the
increase in intraesophageal pressure during swallowing caused the

Fig 1.
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Fig 3.

development of air embolisms because of the presence of the left
atrial-esophageal fistula, which had developed because of necrosis of
the lymph node. The patient experienced frequent remissions and
exacerbations of the disturbance of consciousness, and he died as a
result of the discase on day 12 after the onset of the neurologic symp-
toms. The left atrial—esophageal fistula was identified at autopsy

(Fig 4).

Discussion

Cerebral air embolism is an unprecedented complication of che-
moradiotherapy for esophageal cancer. To our knowledge, only two
similar cases have been reported in the English literature.? In both
cases, cerebral air embolism developed a few years after completion of

Fig 4.

treatment: one case-involved surgery followed by RT, and the othér
involved stent placement after RT. To our knowledge, this is the first
report of a cerebral air embolism that occurred during treatment.
Because chemoradiotherapy is a potent treatment option, the clinician
should consider the possibility of this lethal complication in patients
with tumor invasion of the left atrial wall,
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The acetaldehyde associated with alcoholic beverages is an evi-
dent carcinogen for the esophagus. Genetic polymorphisms of
the alcohol dehydrogenase 1B (ADH1B) and aldehyde dehydroge-
nase 2 (ALDH2) genes are associated with the risk of esophageal
cancer. However, the exact mechanism via which these genetic
polymorphisms affect esophageal carcinogenesis has not been
elucidated. ADH1B*2 is involved in overproduction of acetalde-
hyde due to increased ethanol metabolism into acetaldehyde,
and ALDH2*2 is involved in accumulation of acetaldehyde due to
the deficiency of acetaldehyde metabolism. Acetaldehyde can
interact with DNA and form DNA adducts, resulting in DNA dam-
age. N-ethylidene-2'-deoxyguanosine (N-ethylidene-dG) is the
most abundant DNA adduct derived from acetaldehyde. There-
fore, we quantified N*-ethylidene-dG levels in blood samples
from 66 lJapanese alcoholic patients using liquid chromatogra-
phy/electrospray tandem mass spectrometry, and investigated
the relationship between N2-ethylidene-dG levels and ADH1B and
ALDH2 genotypes. The median N2-ethylidene-dG levels (25th per-
centile, 75th percentile) in patients with ADH1B*1/*1 plus
ALDH2*1/*1, ADH1B*2 carrier plus ALDH2*1/*1, ADH1B*1/*1 plus
ALDH2#%1/*2, and ADH1B*2 carrier plus ALDH2*1/*2 were 2.14
(0.97, 2.37)/107 bases, 2.38 (1.18, 2.98)/107 bases, 5.38 (3.19, 6.52)/
107 bases, and 21.04 (12.75, 34.80)/10 bases, respectively. In the
ALDH2*1/*2 group, N?-ethylidene-dG levels were significantly
higher in ADH1B*2 carriers than in the ADH1B*1/*1 group
(P < 0.01). N-ethylidene-dG levels were significantly higher in
the ALDH2*1/*2 group than in the ALDH2*1/*1 group, regardless
of ADH1B genotype (ADH1B*1/*1, P < 0.05; ADH1B*2 carriers,
P < 0.01) N-ethylidene-dG levels in blood DNA of the alcoholics
was remarkably higher in individuals with a combination of the
ADH1B*2 and ALDH2*2 alleles. These results provide a new per-
spective on the carcinogenicity of the acetaldehyde associated
with alcoholic beverages, from the aspect of DNA damage.
(Cancer Sci 2012; 103: 1651-1655)

E sophageal squamous cell carcinoma (SCC) occurs 3.7-9.5
times more frequently in East-Asian countries, such as
Japan, China, Taiwan, and Korea, than in Western countries."
Alcohol consumption is a well-established risk factor for
esophageal SCC; moreover, in October 2009, the International
Agency for Research on Cancer certified that the acetaldehyde
associated with alcoholic beverages is an evident carcinogen
for the head and neck region and for the esophagus.”
However, the carcinogenic mechanism of acetaldehyde in these
regions remains unclear.

Oraily ingested ethanol is metabolized to acetaldehyde
mainly by alcohol dehydrogenase 1B (ADHI1B) and alcohol
dehydrogenase 1C (ADHIC) in the liver. Subsequently,

doi: 10.1111/].1349-7006.2012.02360.x
© 2012 Japanese Cancer Association

acetaldehyde is metabolized to acetate by aldehyde dehydroge-
nase 2 (ALDH2) in the liver. The ADHIB and ALDH2 genes
contain single-nucleotide polymorphisms (SNPs) that modulate
the enzymatic activity of their protein products. The variant
ADHIB*2 increases ethanol metabolism to produce acetalde-
hyde by 40 times because of an amino acid substitution of his-
tidine for arginine at position 47 of the protein. The variant
ALDH2*2 is deficient in the activity of acetaldehyde catabo-
lism because of an amino acid substitution of lysine for gluta-
mine at position 487. These variants are thought to play
protective roles against alcoholism because of the unpleasant
flushing response associated with acetaldehydemia after
drinking.®

In East-Asian countries, ADHIB*2 and ALDH2%2 are preva-
lent genotypes found in ayproximately 90% and 50% of these
populations, respectively.”” Despite the protection against alco-
hol intake afforded by these genotypes, continuous alcohol
consumption by these individuals leads to increased exposure
to carcinogenic acetaldehyde. Therefore, this genetic back-
ground is considered a cause of the high incidence of esopha-
geal SCC in East Asia.

Acetaldehyde is a highly reactive electrophile that can
interact with DNA to form DNA adducts, such as N*-ethyl-
2'-deoxyguanosine (N*-Et-dG),>® a-S- and o-R-methyl-y-
hydroxy-1, N*-propano-2'-deoxyguanosine (o-S-Me-y-OH-PdG
and o-R-Me-y-OH-PdG),”"® and N*-ethylidene-2'-deoxyguano-
sine (N*-ethylidene-dG).™ N>-Et-dG blocks DNA synthesis
and induces DNA mutation.®'" ¢-S-Me-y-OH-PdG and o-R-
Me-y-OH-PdG induce DNA-protein or DNA-DNA cross-links
and induce DNA mutation.*® We reported previously that the
levels of the N*-Et-dG, a-S-Me-y-OH-PdG, and o-R-Me-y-OH-
PdG adducts were significantly higher in the leukocytes of
ALDH2-deficient Japanese alcoholics.*¥

Although N?-ethylidene-dG was the most abundant of the
DNA adducts derived from acetaldehyde,”* it was unstable at
the nucleoside level and difficult to measure.” Wang et al.
established a system to quantify N-ethylidene-dG by adding
NaBH;CN, a strong reducing agent that converts N--ethylid-
ene-dG to the stable N°-Et-dG. Since then, the quantification
of N?-ethylidene-dG has become possible. 429

We reported previously that N*-ethylidene-dG levels were sig-
nificantly higher in the liver and stomach of ALDH2-deficient
mice after oral ethanol ingestion.(”'m’ In humans, Nz«ethylid-
ene-dG was detected in liver and lung DNA samples*>'® and
N*-ethylidene-dG levels were significantly higher in the blood
DNA of drinkers” and significantly lower in the leukocyte
DNA of smokers after smoking cessation. However, the
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relationship between N*-ethylidene-dG levels and SNPs of the
ADHIB and ALDH2 genes has not been examined in humans.

N-ethylidene-dG s ploduced from deoxyguanosine and
acetaldehyde. Acetaldechyde is ubiquitous in the environ-
ment®? ‘and alcoholic beverages and cigarettes are major
sources of acetaldehyde for humans. In particular, alcohol con-
sumption may be the most important route of acetaldehyde
exposure in humans, as typical alcohol beverages contain over
10 g of ethanol/glass, much of which may be metabolized to
acetaldehyde, whereas the level of acetaldeh 2yde in cigarette
smoke ranges from 0.6 to 2.1 mg/cigarette.®® N~ ethylidene-
dG levels in the blood of drinkers were 5270 % 8770 fmol/
pmol dG,%” which’ was several times higher than that
observed in the smokers who drink only occasionally or not all
(1310 + 1720 fmol/pmol dG).® Therefore, N-ethylidene-dG
could become a good biomarker of acetaldehyde exposure
associated with alcohol beverages

In this study, we quantified N*-ethylidene-dG levels in the
leukocytes of Japanese alcoholics, as a biomarker of
acetaldehyde-derived DNA damage, and investigated the
relationship between N?-ethylidene-dG levels and SNPs of the
ADHIB and ALDH?2 genes.

Materials and Methods

Patients and ADH1B and ALDH2 genotypes. The participants
in this study were 66 Japanese intoxicated alcoholic men who
came to the Kurihama Alcoholism Center of the National
Hospital Organization. This study was approved by the Ethics
Committee of Kurihama Alcoholism Center for the National
Hospital Organization and informed consent was obtained from
all participating patients. Information regarding drinking
profiles and smoking habm was obtained from the patients, as
described previously.*” Blood samples were obtained from
patients on the day of admission for alcoholism treatment.
ADHIB and ALDH?2 genotyping was per formed on blood DNA
using PCR/RFLP, as described previously.***>

Isolation of DNA. DNA was isolated from 1 mL of whole
blood using the QIAamp DNA Blood Midi Kit (Qiagen, Hilden,
Germany). The procedure was performed according to the
manufacturer’s instructions, with the exception of the addition of
NaBH;CN to all solutions (final concentration, 100 mM). After
the purification step, DNA was dissolved in distilled | water.

DNA adduct standard and its stable isotope. N>-Et-dG and
[u-* NS]-labeled N*-E1-dG were synthesized as described
previously.©

DNA digestion. DNA samples (10-15 pg) were digested to
their corresponding 2'-deoxyribonucleoside-3'-monophosphates
via the addition of 15 pL. of 17 mM sodium succinate and
8 mM CaCl, buffer (pH 6.0) containing micrococcal nuclease
(22. 5 U) and spleen phosphodiesterase  (0.075 U), and
[U-""Ns}-labeled N>-Et-dG. Solutions were mixed and
incubated for 3 h at 37°C, followed by the addition of alkaline
phosphatase (1 U), 10 pL of 0.5 M Tris-HCI (pH 8.5), 5 pL
of 20 mM ZnSO,, and 67 pL of distilled water and incubation
of solutions for an additional 3 h at 37°C. The mixture was
evaporated to 10-20 pL and 100 pL of methanol was added to
precipitate proteins. After centrifugation, the methanol fraction
(supernatant) was transferred to a new Eppendorf tube. The
precipitate was re-extracted using 100 pL of methanol and the
methanol fraction was collected into the Eppendorf tube. This
methanol solution was evaporated to dryness, resuspended in
50 pL of distilled water, and subjected to liquid chromatogra-
phy/electrospray tandem mass spectrometry (LC/MS/MS).

Instrumentation. Liquid chromatography/electrospray tandem
mass spectrometry analyses were performed using a Shimadzu
LC system (Shimadzu, Kyoto, Japan) interfaced with a Quattro
Ultima  triple-stage quadrupole MS (Waters/Micromass,

1652

Manchester, UK). The LC column was eluted over a gradient
that began at a ratio of 5% methanol to 95% water and was
changed to 40% methanol over a period of 30 min, to 80%
methanol from 30 to 35 min, and finally returned to the original
starting conditions (5:95) for the remaining 11 min. The total
run time was 46 min. Sample injection volumes of 20 pL each
were separated on a  Shim-pack XR-ODS column
(3.0 x 75 mam, 2.2 pum; Shimadzu) and eluted at a flow rate of
0.2 mL/min. Mass spectral analyses were performed in a
positive ion mode using nitrogen as the nebulizing gas. The
temperature of the ion source was 130°C, the temperature of the
desolvation gas was 380°C, and the cone voltage was operated
at a constant 35 V. Nitrogen was also used as the desolvation
gas (700 L/h) and cone gas (35 L/h), and argon was used as the
collision gas, at a collision cell pressure of 1.5 x 1073 mbar.
Positive jons were acquired in multiple-reaction monitoring
mode. The multxple-reactlon monitoring transitions monitored
were as follows: [°Ns]-N2-Et-dG, miz 30] — 185 and N*-Et-
dG, m/z 296 — 180. The amount of N>-Et-dG was qua.ntlﬁed
using the ratlo of the peak area of N*-Et-dG to that of [U-* SNs)-
labeled N>-Et-dG. The QuanLynx software (version 4.0;
Waters/Micromass) was used to_create a standard curve and to

calculate the concentration of N*-Et-dG. The amount of deoxy-
guanosine was monitored using a Shimadzu SPD-10A UV-Visi-
ble detector that was set in place before the tandem MS.

Statistical analyses. Statistical analyses were performed using
SPSS statistics software (version 17; SPSS Inc., Chicago, IL,
USA). Values were expressed as means and standard
deviations or medians plus 25th and 75th percentiles (Q1, Q3).
Analysis of variance (anova) and the Kruskal-Wallis test were
used to compare normally distributed data and non-normally
distributed data, respectively, among the groups with different
ADHIB and ALDH2 genotype combinations; in addition, post
hoc paired comparisons were performed using Tukey’s method
for anova and Holm’s method for the Kruskal-Wallis test. @
Because N2 -gthylidene-dG  levels were not normallzy
distributed, the Mann—-Whitney test was used to compare N~
ethylidene-dG levels among genotype groups. Holm’s method
was used to adjust the P-values for multiplicity.®® An
adjusted P-value < 0.05 was considered significant.

Results

Clinical  characteristics. Table | lists  the  patients’
characteristics. There were 50 patients in the ALDH2*]/*]
group, 16 patients in the ALDH2*#1/*2 group, and no patients in
the ALDH2#*2/%2 group. Among the 50 patients with the
ALDH2*1/*] genotype, 13 patients were homozygous for
ADHIB*] (ADHIB*1/*] + ALDH2*]/*1; Group 1) and 37
patients were ADHIB#2 carriers (ADHIB*1/%2, 14, ADHIB*2/
*2, 23) (ADHIB*2 carriers + ALDH2*1/*]; Group 2). Among
the 16 patients with the ALDH2*1/%2 genotype, eight patients
were homozygous for ADHIB*I (ADHIB*1/*] + ALDH2*1/
*2; Group 3) and ecight patients were ADHIB*2 carriers
(ADHIB*1/*2, 4; ADHIB#*2/%2, 4) (ADHIB*2 carriers +
ALDH2#%1/%#2; Group 4).

In the ALDH2*1/*] group, the mean body weight was sig-
nificantly lower in Group 2 than in Group 1 (P < 0.05),
whereas no such difference was observed in the ALDH2*]/%2
group. There were no significant differences among the four
groups regarding age, height, amount of alcohol consumed in
the previous 24 h, interval from the last drink, and number of
cigarettes smoked during the previous 24 h.

Level of the N‘-ethyhdene-dG adduct and combinations of
ADH1B and ALDH2 genotypes. N2-ethylidene-dG was converted
to N*-Et-dG by adding NaBH;CN during the DNA isola-
tion step and the amount of N-Et-dG was measured. Because
the amount of N>Bt-dG is, by far, lower than that of
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