HE 1 PRRERER

B1FR-4. BEHEBECH T 2REHHAEOIEITE - IMIREOMRE
2] ol A8 2

' GBM : 64% 2Gy/fr X 1/day 124 ﬁﬁ 11472 i 72 hB
standard dose RT | 94 AA : 36% total 60 Gy AA M | AA:
............................................................................................ 2378 | 47558 | TAR
GBM : GBM : | GBM
high dose %0 GBM : 68% 2Gy./fr X 1/day 162 718 | 38425 | 7HE
conformal RT AA L 32% total 80 ~ 90 Gy AA AA AA
SRERE [ 513/5% | 375 1B
3D conformal 34 GBM : 97% 2Gy/fr X 1/day 17 HE 471/1 &
IMRT AA 3% total 90 Gy ) 1292 &
ACNU X-rayRT : GBM GBM :
+X~ray RT 48 GBM : 67% 2Gy/fr X 1/day 17 hB 7 718
i Y AA 1 33% total 50 Gy AA AA
CRT . 168~248GyE| 35 /18 18 18
BCNU GBM : 96.9% 18Gy/frx 1/day
. sandadfT| % | giosarcoma i 31% | towlsasgy | 104777 | 1682F | 52708 | 204
BCNU GBM : 96.1% 1.6 Gy,/'fr X 2/day
i + accelerated RT 103 gliosarcoma : 39% total 48 Gy 10178 | 91/2% | 5578 167
| cisplatin+BCNU GBM : 99% 1.8 Gy, fr X 1/day :
_tstandadRT_| 1% | gliosarcoma 1% | toraleasGy | ‘..2.9.7_?.'.5.}.. ..’f‘fﬁ’ff 6”]% ...... B
« | cisplatin+B8CNU GBM : 99% 1.6 Gy/fr X 2/day p
-1 +accelerated RT 100 gliosarcoma : 1% total 48 Gy 116 7R |175/2% | 66 71H 17.3

PFS : progression free survival, GBM ! glioblastoma, AA ! anaplastic astrocytoma
IMRT * intensity modulated radiation therapy, CRT : carbon ion radiotherapy

carbon ion % BV 7= EH FHC & A EMMRIBIEOHES I/ 0EBREEOHEH Mizoe 5™ 124 b 2007
FICREEN TS (B15R-4. nimustine 2 & BLFHEE L X MU X 5 50 Gy/25 [ 53-%1/5 #H O MRS
DL BER T LS 16.8~24.8 Gy HEDEME 8 MAH/2 BETEML T 5. EFHHEOPRER
BEREEMBIETIS P ABLUORFRETLT P ATHo 7. SHROMEI L HHEOBIRE KB IEHE
HEORENHFEIN TS,

SEBHFEORE T, 1EHELPL LEFSEEZEMT A LI, EFEHEKOBIEHEIG
PR LBREZEMT 2 0HBHELICHT 2RAAN 1990 EFROBEIVRE S TEL. 20,
BRI 4T 46 % B & U 7= 5 BB AT O [RAR BBRA YN > o 72, 2006 4RI Buckner 5™ 2 & ) 1 B
B4 16Gy & L1 H2EBNTS, M#HEISBINC L 2 BRKRRO#EA North Central Cancer Treatment
Group & Southwest Oncology Group D FFRRAE L L THRE SN TV 5. T ORKRRER CII{LERIEL
BCNU B #I# & cisplatin+BCNU @ 2 ¥k B & U, B RGBSR L 53 B MR 5T 64.8 Gy/36 [E1 5 8l/7.2
T8 &SI R ST 48.0 Gy/30 HI 45 E1/3 B THE L TW5., EMENEMRMELEIE T 2 L FiksHE
SIEDS 77 Gyw B L U104 Gys & 2 B DIHE L, MESEIRREEE Tid 56 Gyw B L T 74 Gys & & ) hnE 58
BB CTLLEWIRE L 22, EFPBORRELFEFRIIMBEHRICHEEL (B1KR-4), cisplatin
EEUCILFBRELTo B THEELPEVE VI FRE G TS ETEHREOFAEICHAL T,
AR ASA 7 E— B OFHI % Z ) TW/ TR C b AR E RN U 7RSS B GT & EERAIET S T
By, FOFRAEIOVTRELERIFLEVWDL I E2HR .
£ BEHMRBIEOMSINAEICH T D IREHAEDIRS

BETRE R, DT IT O TR S & o 722%, BRI {5 B A A B oD b 18 5
i (CT THIDEWIUE, MRI ThIuL T2 BHFHEEOSEHEEFRRE T) 12 1~2 com BESNMI %2 &L H
B LCORFBE TS Z & H %\, Hochberg 5™ 12X % & EMIHLIE Grade 4 DR IZFRE
25 2 cm BHADRFEREI 0% % 05 EHELTWS, JEEEEORMRIEHEICHE L CdliEiao
BiEE L b, mass-effect RMETBUTER EE T EERREHSER LN TV A, MiRIEHESAIA
WIBEIIBEHERELRE L 25700, BREERLE L TORSHIEENME L 2o TL 5.

Emani 57 1%, WBEHE & B AR HUEROSEEEICEEL TV A L OWMERZIToTWA, #
TREH 60 Gy MRS SN2 R KIND 173 DFE, MFHETROWMEREE S ET5%TH Y, RITHH -
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IBE B ASHEINT 2 & & b I IRETUEIE AT 5. N OBER MR ES T H 5 IREHHIEIT I R R
H B2 OBETREL, BEEICE I NBEKO—EY L 38T - BEEiRo T ERERE
L OIS EUE AR LB L o TR 2 8 S RMEBER GER) LEBICL - THEES
XNAFEENETTEERYD 5. BETHEROHEAIVN ST IUSRBBEORXITERT LI L H DD,
— BRI LB E 2B E 0%\, 2R L, R ETRIBEOERLRNT S Z LA RSEER,
BRLAR L TERHMLZUBREELRBL2VEEIH 5.

HE P AR IR IE O TSR IS B W TR CT £ V72 3D-CRT L ETH Y, L VABENTE
7= MRI » & T7% { PET % MR spectroscopy & O fusion {2 & O {EBBREA M LT 5L LoHED STw
%™™_ Radiation Therapy Oncology Group (RTOG) O E&IRFAER T I e Je ik i FHIUE B 2 cm @ margin
FERE LIBEAEIGL, BT GTV ERIC 25 cm @ margin % & o - BEEBEICHNNLTEZ. LaL,
Chang™ & 12 & % & M. D. Anderson Cancer Center T X GTV |2 2 cm @ margin % &% € L i RER B9 R %
(Clinical Target Volume : CTV) & L, & 5125 mm @ margin % &5 L 5 W HZ B9k (Planning Target
Volume : PTV) & LT &7 & 5ICH/NBHEEIX GTV 2 0.5 cm @ margin #FREL PTV & LT&7 &
DOFFETIFEROREARIZGTV XY 3em BE, WA 1comBEL 25, b bFEREE
ZRLAVBEAEORETH A, BRABREME TR LA IARKTHY, MFEERL BREE
RICBEA VT F R LTS ATHEBEE:. M. D. Anderson Cancer Center 752 T 1k BREHMARE H/h &
{7z, BEHERMEEEERBRICERTHLWHREISREINTND (B1E-4).

EMRSHREESESMEBEOREBEBECSH SN LIk, ZLoRESRINTEL L
AL, 2005 4E 1255 & Wiz kBRI IE B 5 4 O evidence-based review Ti3™, BCNU & AHBRREHIE
MEMORE 2 BN L7560 FERLBIHMEE X U QOL ICHT2EBEEHL» TR, AEER
B B & SNz 2004 4E 12 RTOGO3-05 DR Souhami 5™ 12 X Y iy S h7zas, B FAHWIE
HoELTEGHMICAEERLBRERERIED L 2P ok (B1KR-5. £0#HD RTOG00-23 T,
SEBEIT X B A HEHRIAE 2 61T LIBHEO L WEACEEEOERENRE STV AY, BUWE
JEIE OBETHRIEHRIC BT ARENCE LTI, ZORNRPLI [ I V7 EIREPLEL ENTWD.

RTOG97-10 . B9 HAfgPTY
1a

 HENEEPTY

B1HE-4. BHHEREOKSIRGRETE

{(Z£) RTOGI7- 10D BRE{4AIE
(1a) BARARS. BHFFODEdedema+2ecmT—
(1b) FE/MEF. BEBOBBEIGTVER 2y~
(£3) M. D. Anderson Cancer Center (MDA) (DBBBI{E1E
(2a) BRIABED PTV=CTV (GTV+2ecmV— ) +05 cm
BBEIBR OIS PTVIC MLC 97— 2205 emPAM il Y GTV & W3 emé 8D
(2b) Fa/MED PTV=GTV+05cm ¥ —
BRIBFOIDET PTV IC MLIC T — D205 cemB Y GTV & 1 em&E D
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B PIERERER

E1R-s. EEERIEC T SRR OiRE
T .

conventional EBRT 2Gy/fr X1
............................ owle0Gy AR
EBRT : 2 Gy/frX 1/day 21/2 &
-+ conventional EBRT GBM=4cm total 60 Gy 136 1B /3
+BCNU SRT : 15~24 Gy !
. : ffr X2/
conventional EBRT EBRT tc)zt;?(yé()frg/ 2/day
+:S_F;1('::3‘%ost 76 GBM<6cm FSRT boost : 5 or 7 Gy/fr 125 1B 57 hB
total 20~28 Gy

PFS : progression free survival: GBM : glioblastoma, EBRT : external beam radiation therapy
SRS  stereotactic radiosurgery, FSRT : fractionated stereotactic radiotherapy

O IS NEBOMEHREE
TGS 0% 10~30% B MRMIEEAE L5 & S Tw 5, BIREOESRICL ) ETEADOT
%ﬁﬂﬁ?%uon,itMM&E@%@%@@%K;n$é&ﬁ%®%%ﬁﬂﬁt&ot:a%&m
%%ﬁ%@%&%%éﬂ&ﬁ%@ﬁ%bfw&.ﬁ%ﬁ%@%&ﬁﬁm;%%ﬁ®1o@%5at%p
M@Eﬂti%%ﬁ%?ﬁ%&?%:tlb,ﬁk%ﬁ@Qm;%%L(ﬁTé%éEﬂ?%%zkﬁ%
Dk 5. ERMENIEEOERSEOEREE, HAMESRE TRMisA 60.1%, HILIRIES 15.7%,
ﬁﬁﬂuw%,%Mm%%oﬁ%wm,ﬁkﬂ%ﬁﬁmmaénfwé.it,ﬁ@@%&%ﬁd%m
R —E L, KINEIRAH 80% T, /MAHY 15%, MEEdts%REL SN,
%%@%é@?ﬁ?m%%m%m;wﬁmtén,@%ﬁ&m(+ﬁ%%%)itm@%ﬁﬁsmﬂ%
ﬁ@%%,%ﬁﬂ%ﬁ%%ﬁ%ﬁéﬂfwé.%%ﬁ@%ﬁ@ﬁ%mm&f%&ﬁﬁténéﬁ,ﬁ%%
R AR ET B P EES N TV 5. :
RmMﬂMim%ﬁKﬁ%@%%ﬁ%ﬁ%uﬂbf,@%ﬁmwﬁﬂaﬁﬁﬁ&ﬁ+éwﬁ%(m4
(h)Wﬁﬁﬁwmﬁaﬁoﬁ%%W%L%maw.:@%%,éiﬁ%%uﬁﬁﬁm&&n&m§@@
mmﬁ%ﬁﬁﬁﬁmm+@%%%ﬁ(wM)ﬁm%@&otmmﬂt,E%ﬁ&ﬁiﬁﬁ(%ﬂ)ﬁm
0% L Birots. ZOBBELDEESENTY POV ERTVAHE, BREOMIERICH Y 2BRTOR
@ﬁ%m%ﬁﬁ&ﬁ+@%%%k%ianfét.L#L,bﬁﬁ@@@%ﬁ&ﬁ+é%%%é%%éh
CWBERIE ST LS 2, BRI, TR + BATIRST, RS S S 1 AU
ﬁ%%%ﬁb,&E@%ﬁﬁ@%%@ﬁﬁu%dmfﬁbnfﬁb,%ﬁ%ﬁuowf@:yty#Xﬁ
ﬁ&bfw&w.%:faﬁmﬁﬁﬁﬂ%fwwiqum)Mﬁ%fw—ffm,m%@ib@%ﬁ@
%@@ﬁﬁ4@ﬂTf%kﬁ%@ﬁ%@ﬁmmutw%%%ﬁlﬂmﬁmﬁﬁﬁﬁﬁﬁ%ﬂ%tLt
%mﬂﬁ%%%%bfmé.#&b%,%@%ﬁ&fW—fT%i%th%ﬁ&W+§%%%#&pﬁ
%m&w&uéM%%%ﬁbfﬁﬁﬁﬁﬁlw%ﬁ%uﬂbfﬁﬁm%ﬁ%%ﬁi#kfﬁﬁﬁmm@
(#%%)%ﬁ%F%%ﬁwﬁﬁpﬂﬁé,@%mm%+@M%%&Eﬁﬁmw+%m@Rmmmep
@yawﬂw%wmﬁﬁﬁjfﬁb,m%ﬁ&mﬁmﬁﬁmﬁmmiumwtﬁm%mﬁﬁ%&&orm
5.
M%%M@%@%ﬁﬁﬁ%&&%:t@%w%%%%uuéi§i&§%ﬁ%%tfwé.#&ba
E%%@%@?éﬁﬁﬁ,Mﬂﬂ%%.wiﬁﬁﬁlWﬁHmhA%¢X%n4F%ﬁﬁ%%.%LT%
ﬁ@%mx&@%%ﬁﬁ%v%%“.é%%%m%%%%@%.%u%%%mu%ﬁm&%%ﬁ&tbf
m<ﬁméhf%t.Wﬁﬁﬁ@&%tt%ﬂ@ﬁ@&%uﬁmﬁ%b.%&@%&M%ﬁ%%ﬁwm
mﬁ&&Lféﬁﬁﬁiw%tﬁwﬁﬁﬁﬁﬂ%&LT%wénfmé.L#L,bﬁ@?ﬁéﬁ%%%
@@m&&&ﬁdnéwkumﬁb.Wﬁﬁﬁ%&%ﬁ%?éM%ﬂ@%ﬁb%%@é&u.ﬁM%%@'
@Wm%%ﬁbnﬁtli&Té%iﬁ%ﬁﬁ?éténfwéqamMﬁﬁﬁw—fﬁﬁﬁ%.ﬁ
ﬁﬁ%ﬁ%%@#ﬁ&Emﬁmﬁ&km&ué%%%fu%ﬁ?ﬁﬁ&E@%ﬁﬁmﬁﬂ%ﬂfwéﬁ
E%@%%%@m%nfwé“.:nuﬂtlbm%t&%w%@%ﬂmwﬁﬁmﬁﬁb,;Dﬁ%#o
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EITETH Y, AHUOENEETS, I2) VEELIAE T2 AROMENELE & 729720 leu-
koencephalopathy L FiS 11 5. FEBPCHERE, BELLZLR LI VHRPEIEICES & F &F RS
HLIBIEPMONTED, BEEBHEZ6LVL U DAICOEVERTSE. MEREOEEICHS
TE2UHREDOHLEFL LT, LHRBHORBEY 1 EHE - REYHIEHSNTELY, B LM
RENTwH 2B OHEE, 30 Gy/10 BRETH 5725 BRMOFHSHFSNZISESE 1 EAHREE 25
Gy KT 32 EDOREFTONTYS. LB OERBPHREROBLELZLONTVEDE, 20
HEZTFNT BEMERZE LN TV RW™, RTOG0118 135 S B IMIER I3 2 SR & SR
51 + thalidomide #12 & 2 ILISRERCTd 5 2™, FIM X3 L LR L QOL # AL TWa, &%
MEPRFHHTIARELRO TV RV OBRRRBEOHEICB VT, WO QOL DERNTFHIM
BILTWAZ & ERMERESET LT QOLFREL TWAS E A HESNTRY, SBOEREMNIE
B OURRERIC 31T 5 38R L QOL A DN & L THKIEY. BUHIEIIC X 2 Mg ENE &
L Ti3 donepezil” % LEWOBESETHTH Y, SROBRABI L 2 5M2E-1 5.
TEABGIRERATE, FAICHARTREDN D% CH A RMB MBI Y B LT TETH Y, FHIFR
WHERHMLTOIEITTRETH 2 L Vo M EHD S, L LWNEN—FEOKE L2825 LHBOY—1
PRTEL %Y, 3em M EDOKERHETR I VRESHOERSEIEZS 62 5. SEROEE X
B, JEEELAEESGOMBAME SN VL™, IBEABILCREHOEIESHE XT3,
2005 SFITFEFR S N7 R EEHRIER 3 2 O evidence-based review TH", 4 cm LT D 3~4 i & TOiE
BUBIERORE, £BBIICENEHNREZEMT 22210k, BIHHMEZRALESESZ LANRE
N, HEAEOBEIEFFOMECOEE TS, LirL, MRS L SRS BEEOMASbenEE
BIUEED Y 4 3 771220 TiE, 72 controversial 2 RN E Eb X2 2B\, HIER I 220
Wit & AL PO IR O A DB B IEVEBLILIRRERAS RTOG & hhSETEMG S 117z (] 1358-6).
HIC RO TIZ LB = B TN B & OB FEMIY RS = 2REHOVFIICOWT AR
RIIFBELRO LD o7, Andrews 5™ 12X B %, RTOG O 7 7V — ZIRHF CIRIERBEDS 1 B0
B TIRAEFRM ORI 2B 4.9 7 BICH LTl + SLFERYREE 65 7 AL Lo T/ &
Bméwﬁwsﬁﬁﬁﬁmﬁn%mmﬁﬁ-m%%ﬁﬁéMﬁm%KNL@M+%&$W%%%%@%

Bl

g 13 212 813
CBESE WBRT only : SRS only :
: wap - FBER® 1~3 NERTS 1~4 {8
ERRR. - BAZ4cm (IS 3cm) BEES3cm
L T KPSZ70 KPS =70
EBIE ' S 167 : 164 67 i 65
| EHER T e 599 % 5 588 5% 621 7% : 62.5 5%
BRAA o 47% : 51% 64% : 66%
FEREFMN . 75% : 77% 49% : 46%
RS DEIBAE L s 31% ; 32% 57% o 63%
KPS90 ~ 100 S 63% : 57% 66% : 52%
. e WBRTI7S GyAS i/ 3wk ) WBRT30 Gy/10fy 2~25whs
' : s i SRS : ) Co
aEsE L i ~2 cm=24 Gy g5y 130% SRS dose:
o e 2~3cm=18Gy 2 e~ = 18~20 G; reduction
i3~4em=15Gy H
o VEEG ) S7TAR. i 65HB e BOOH G ISHB
BZa) 49 H B : 65 HR - : -
Dl W T2 SO Y1 I R
RPA class1 96 718 116 118 - -
AR e T 4% 385% .
VIEBOREEE N% b 8% 725% i 887% ..
EROMEBEgE | 764% ETTaes%
1R DR - : - 63.7% : 415%
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B ERERIER

LEBIEo TV, BEBEFICHLTE, FEERAVELTVS. $7, HARBSHER#ITES v —
— (JROSG) T & RIS GT B & ol + SERL B ARIRGS D LLBFRER & 17 o /2. Aoyama 5™ DR
ﬁu,1ﬁiﬁ%%u%&ﬂ%ﬁ%%ﬁ%4%&%Lféﬂ+%ﬁﬁ%%%%ﬁ%5%ﬁ%béw+%ﬁ
HOHREREE CAE R R WERL S 2 AN BE L BO b oo, EFHEOHRMES SENLIRC R
G 8 B LA+ SRR MR 75 A B L AEEERO TR, 1 ERIE B EREIIEL
SRS RE 76.4% (2t L C @M + AT AR EHE 46.8% TH Y, SRR & Y FHED HBLARA
LT, FEFREABELVERE SN TV, 2007 £ICME S NAHERECHTZRAT
1% Mini-Mental State Examination (MMSE) OB % T L T\ 5. fafmL L CHE R IR 5 o fh
RO W T RIEBOMEAE L HET 5720, MR OIERE~OBEFH S TRV EHES
NTws, ERUAFEESOENNLBEERE, COBYLEGTELEO TRAOLENHL LV
9.

B AR IR P IR R B 2 0 3 5 MU RO &8, SHREFIRRO-IWELTEHI EEME
B L AR SN B, ERIMU MRS R SRR ZE B ST MG % (Intensity Modulated Radiation Therapy :
IMRT) % &% &t Bl ERSEEOEIE T &, WRORBLEHL 0L, L (R SL RR AR A
BRIZ X D evidence #EB LTV P BEELEILONS.

(B ZE&¥F]
CRESHOEESD )
TEFUAOLNLOBNEDASENEDE, BEESORBERS LIRSS TORBEOSBREHETRT.

[HEEZE]
mam | 28 hOLEAELEIORET
| R ZORICBELERNEIR T & SRR
R [ 28, H2LITEARDDREEM, ORERRRL (0F) METRE LFRA
RRAMMEMIRE | oiicmn (b3 mEe SrmET
e | 2B, B2V ATEERIOREFM,
CEMBIE | e ogE L SHsiRES
rnpEE | 218, DOLVEEAIR DREE IRIREED 19190 RIRMEBIIC FLERAE S
RREBMRE | 2 opm U o MeR S EERE FEETHEL), EOEDGEEIIAIIR
| 2. BolEEELRORET RS R 2 ORE U SEIR R
R ZomicmBmeie RICHEFL T £l
rmp | EARREGLEENET ShEREROBELGS )T Ko MEELEL, SENER
S hOEENEARE DIEBRMBRIEETT, E55I0T SHIENBIHNT 2

(SRAS L RIE ] \
e T e

BB [ EBRE A SRS, CRUST TABFANRAR | WBRT & /IR IBs

KPS>70%, A0 h—Ib | (AB S N/IBE 13 WBRT (SR HRBVICHEST

Anr-ERE BREL | LTL. BERENEET SIHEE WBRT

<ld 2~3 EOREBE | ZEM

FRARE o0 .. | WBRT ENER (2704 FEZD)

KPS<60%, | FHIBID: -
NSRS e

DATEREIER BERDHDEEICIBRIErTAR WBRT, EBHER, BICEMNICISEMES
WBRT : 2 firag
5 1) - temozalomide 75 mg/m: B389 1~2 B5R3AT 1 H ) BIRSIHREREIE dayt PORERTET EHLAVKE LIRS ICERRS (R
* 49 FIf). temozolomide BIASERICIABIE A AT 51, BRI QDITIUIZTORPELTEL.
- REISBFRRE (HESRE) 1B 26y T 606y,
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E2) - LEEREIRT 4 8E%E, WE 150 mg/m ZHEMIEIE S HIC 5 BEERRS. Mxohhd 2/ 20EHS 200 mg'm % 28 B
BT S H10IL (F=F)beHA10)V). EROEMHNBREZEET D0, BEBICRSTIHNEBENSORIRISBELL.
BEBHFEVH 75 mg/m DEELUERERIEUOOT, SHREREEZSOHMRZEEHET2, BBRBOBREEII
B2~3EOAEERESICT, BEOBFITREISENHD. BE A 7IVERSHENS 3B% (day22) ICMmBEEEMLE
BEEZNEL, BHWIDFIOREEF T VvITD. & UHFPIREA 1,500/ ut /2 MEA 10 B I ATFICE 2T LihUE, E0
BEBF I VI LTENEICBETDETRY A 7 ARIBLUGEL, 1FREkE 1000/ 1 Fiz i/ MRS s BUTICE S
RFATIHS 50mg/m RBTS. LHL, 100mg'm BBRIBHERELEOTND. hUZHROFBE 6 U4 ZIWIALES

¥ 3) - {EBEE ¢ temozolomide F7z1d PCV
* temozolomide |3 LEBE B LIRS, ‘
CPOV LU A hHEITIE CONU BV ACNU ICTRBEND &AL,
procarbazine 60 mg/nv ##[1, day8 £\ day 21
ACNU 70 mgs/m: BR5E, day 1
vincristine 14 mg/m? (B 2 mg/body) 9 day8 & day 29
BME AT 6 BREEIZ6 91 U)l. ACNU & procarbazine (M ASE\OTHMBEHBTS. Z OV ILTROBERE
13185 4~6 ZIZBHINFIE S/TOTEE (EXEEHHNF).
3T 4) - BHFEN S Ommays U Y —/N\—D S TEERS:
methotrexate 10~15mg (12 mg #'%(\) /body 8RIE /=13 cytarabine 30~50 mg. body BEI% 18 2 LS. BEARRASHELES
B BICRERE T 4 BT, TORBICI1BEBR 1 EETRELRT. EBR50DF—5I34<, ERSIOEEREEREE
%285, methotrexate DEEEFISSICEEL T, BEHBHINEEESNDIBEIIPYBO leucovorin FISE R IR BN, IL—
FUEREERTIEMARLIVD. 2/ EORREEE ST methotrexate 15 mg, cytarabine 40 mg, /\f FOINLFJ
50 mg DREIRPIPS S A BIBICIRS S WAL U AVEHD. BYEY U /NEORIERSEOFHICIDES 4« BORSHDE.

EEBORIER)

BROWE 7%

EBREEUEERD -+ RERaEHE SCODREIRE) 63,64)

* temozolomide 65)

+ ACNU 62)
IEEEH -+ REaR 66)

- best supportive care
= aasy 83,94)
ELRETIREREY + £ BARe 94,95, 96)
PRS2 INEREY & 7o 1B BRSY F /o IS TE AR IR 83)
best supportive care
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Pulmonary Metastasectomy for Pulmonary Metastases

of Head and Neck Squamous Cell Carcinomas
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Cardiothoracic Surgery, University of Tokyo, Tokyo, Department of Thoracic Surgery, Chiba University, Chiba, Department of
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Background. The lung is the major organ for distant
metastasis from head and neck cancers, and pulmonary
metastasectomy is indicated for selected cases. The efficacy
of surgical treatment for pulmonary metastatic lesions from
head and neck cancers has not been thoroughly examined.

Methods. The database developed by the Metastatic
Lung Tumor Study Group of Japan was retrospectively
reviewed. Between November 1980 and September 2006,
237 patients underwent resection of pulmonary metasta-
ses from primary head and neck cancers. After excluding
nonsquamous cell carcinomas, 114 cases were analyzed,
and the survival and prognostic factors for pulmonary
metastasectomy for metastases from head and neck can-
cers were determined.

Results. The overall 5-year survival rate after pulmonary
metastasectomy was 26.5%, and the median survival time
was 26 months. As determined by univariate analysis, poor

he lung is the major organ of distant metastasis from
head and neck cancers [1, 2]. Although surgical resec-

tion is an important treatment for pulmonary metastasis
[3-5], pulmonary metastasis is commonly considered to
reflect systemic disease, and the prognosis for pulmonary
metastasis from head and neck cancers remains poor. The
incidence of pulmonary metastasis from head and neck
cancers is reported to range from 6.0% to 9.1% [6, 7]. With
regard to pulmonary metastasectomy, Wedman and col-
leagues [6] reported a 5-year survival rate of 59% in a
pulmonary metastasectomy group, but only 4% in a non-
metastasectomy group. Although Yamagata and associates
[7] reported that docetaxel-based chemotherapy had a bet-
ter response rate for pulmonary metastases than non-
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prognostic factors were oral cavity cancers, lymph node
metastasis, a disease-free interval of 24 months or less, and
incomplete resection. Multivariate analysis revealed that
poor prognostic factors were being male, having oral cavity
cancers, lymph node metastasis, and incomplete resection.
When patients were divided into males with oral cavity
cancers (n = 17) and all others (n = 97), the 5-year survival
rates were 0% and 31.6%, respectively. Survival of male
patients with oral cavity cancer that metastasized was
significantly reduced (p < 0.001).

Conclusions. Male sex, oral cavity cancers, lymph node
metastasis, and incomplete resection were poor prognostic
factors for pulmonary metastases, but there is the potential
for a good surgical outcome in carefully selected patients.

(Ann Thorac Surg 2009;88:856—61)
© 2009 by The Society of Thoracic Surgeons

docetaxel-based chemotherapy, the role of chemotherapy
seems to be limited.

The survival rate after surgery for pulmonary metastases
from head and neck cancers is reported to range from 29.0%
to 59.4% |6, 8-10]. However, owing to the small number of
previous studies, prognosis after surgery for pulmonary
metastases from head and neck cancers has not been
thoroughly examined. The 2006 annual report by the Japa-
nese Association for Thoracic Surgery documents 4,912
patients who underwent pulmonary metastasectomy,
among whom were 260 patients (5.3%) with head and neck
cancers [11]. The number of cases of pulmonary metasta-
sectomy for head and neck cancers in a single institution is
limited; therefore, we retrospectively reviewed cases regis-
tered in the database of the Metastatic Lung Tumor Study
Group of Japan of patients who underwent surgical treat-
ment for pulmonary metastases from head and neck squa-
mous cell carcinomas. From this, we identified prognostic
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factors for patients who underwent pulmonary metastasec-
tomy. Furthermore, we identified the surgical indications
for pulmonary metastasis from head and neck squamous
cell carcinomas.

Patients and Methods

The Metastatic Lung Tumor Study Group of Japan devel-
oped a database for registration of lung metastasis cases of
patients undergoing surgical resection. It documents the
following; sex, age, primary tumor histopathology, stage of
the primary tumot, treatment for the primary tumor, date of
primary surgery, type of surgery, curability, date of metas-
tasis, disease-free interval (DFI), side, size, number of re-
sected metastases, date of metastasectomy, relapsed sites,
and follow-up. The DFI was calculated from the date of the
initial treatment for the primary cancer to the date of
diagnosis of pulmonary metastasis. Between March 1984
and September 2006, 237 patients who underwent resection
of pulmonary metastases from head and neck cancers were
enrolled in the database. The endpoint of our retrospective
study was survival after pulmonary metastasectomy. The
Ethics Committees of the affiliated institutions approved
this database study and waived the need for informed
consent from patients as long as patient data remained
anonymous.

Of the 237 patients with pulmonary metastases, 98
patients had nonsquamous cell carcinoma. Because
nonsquamous cell carcinomas have various histological
types and better survival, cases with lung metastasis from
nonsquamous cell carcinoma were excluded from analy-
sis [6, 10]. In addition, because pulmonary metastases
from oral cavity cancers are reported to have a poor
prognosis [8], special emphasis was placed on investigat-
ing the differences between oral cavity and non-oral
cavity cancers. Twenty-five cases were excluded because
of incomplete data, including the number of resected
metastases, age, DFI, or prognosis. A central review of
the pathologic specimens was not carried out by our
study group. The data from the remaining 114 patients
were retrospectively reviewed. Preoperative examina-
tion, surgical indication, operative procedure, and post-
operative treatment were at the discretion of the institu-
tion where the patient was treated. The surgical
procedure depended on the location, size, or number of
metastases. Lymph node dissection was not routinely
performed and depended on the institution. As previ-
ously reported [12], general indications for surgical re-
section of pulmonary metastasis followed the criteria of
Thomford and coworkers [13]: the primary lesion was
under control or was planned to be under control; there
were no metastases to other organs; and the patient’s
general condition was good enough to withstand surgery.

Statistical Analysis

Overall survival was analyzed by the Kaplan-Meier
method, and differences in variables were calculated by
the log-rank test. The date of pulmonary resection was
defined as the starting point. The Cox proportional haz-
ards regression analysis was used for multivariable anal-
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Table 1. Characteristics of Patients Undergoing Surgery for
Pulmonary Metastases From Head and Neck Squamous Cell
Carcinomas

Characteristic Number (%)
Male 93 (82)
Female 21 (18)
Location of primary site
Larynx 32(28)
Oral cavity 27 (24)
Hypopharynx 24(21)
Nasal cavity and paranasal sinuses 9(8)
Mesopharynx 7(6)
Salivary gland 4(4)
Epipharynx 3(3)
Other sites 8(7)
Treatment for the primary tumor
Surgery and radiotherapy 40 (35)
Surgery 30(27)
Surgery and chemoradiotherapy 26 (23)
Surgery and chemotherapy 7 (6)
Radiotherapy 5(4)
Chemoradiotherapy 4(4)
Unknown 2(2)
Surgical procedure
Lobectomy 62 (54)
Wedge resection 37 (33)
Segmentectomy 10 (9)
Pneumonectomy 5(4)
Lymph node dissection
Positive 55 (48)
Negative 40 (35)
Unknown 19 (17)

ysis. The data were calculated using version 5.0 of the
StatView software package (SAS Institute, Cary, NC).
Values of p less than 0.05 were considered statistically
significant.

Results

Patient characteristics and the primary site locations of
head and neck squamous cell carcinomas are listed in
Table 1. The TNM stages for head and neck primary
cancers were not recorded in detail. The patients” mean
age at the time of pulmonary metastasectomy was 63
years (range, 26 to 81). The mean tumor size was 3.3 cm
(range, 0.7 to 11 cm). The median number of resected
metastatic lesions per patient was 1 lesion (range, 1 to 6).
The median DFI was 16 months (range, 0 to 87). The
median follow-up time from the time of metastasectomy
was 120 months.

One patient died of pneumonia during the periopera-
tive period. The operative mortality rate was 0.9%. The
overall 5-year survival rate after pulmonary metastasec-
tomy was 26.5% (Fig 1). The median survival time was 26
months. Survival according to each primary site is shown
in Table 2. The patients with oral cavity cancer showed
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Fig 1. Overall survival of 114 patients after pulmonary metastasec-
tomy for head and neck squamous cell carcinoma. The 5-year sur-
vival rate was 26.5%.

significantly worse prognosis than the other cancer pa-
tients (p = 0.03). Postoperative therapy after pulmonary
metastasectomy was as follows: chemotherapy in 17
patients, chemoradiotherapy in 6 patients, and radiation
in 5 patients. There was no significant difference between
the no adjuvant therapy group and the adjuvant groups.
We assessed the relationship between survival and the
following clinical factors: sex, age (= 75 or < 75 years),
tumor size (> 3 or = 3 cm), number of resected metas-
tases (solitary or multiple), resected side (unilateral or
bilateral), location of primary sites (oral cavity or non-
oral cavity), primary lymph node metastasis, DFI (> 24 or
= 24 months), and curability (complete or incomplete).
Table 3 shows the results of univariate analyses of sur-
vival and clinical factors. Oral cavity cancers, lymph node
metastasis, DFI 24 months or less, and incomplete resec-
tion are poor prognostic factors. Table 4 shows the results
of multivariate analyses of survival and clinical factors.
Male sex, oral cavity cancers, lymph node metastasis, and
incomplete resection were poor prognostic factors.
Because being male and having oral cavity cancers
could be considered preoperative prognostic factors,

Table 2. Five-Year Survival of Patients With Pulmonary
Metastasis According to Primary Site

5-Year
Primary Site Number Survival (%)
Larynx 32 40.9
Oral cavity 27 9.2
Hypopharynx 24 19.8
Nasal cavity and 9 47.6
paranasal sinuses
Mesopharynx 7 28.6
Salivary gland 4 33.3
Epipharynx 3 0
Other sites 8 42,9
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Table 3. Survival of 114 Patients According to Clinical
Variables of Pulmonary Metastases

5-Year
Variables n (%) Survival (%)  p Value
Male 93 (82) 22.9 0.355
Female 21(18) 413
Age, years
=75 17 (15) 43.7 0.234
<75 97 (85) 24.4
Size
=3 cm 70 (61) 318 0.820
>3 cm 44 (39) 233
Number
Solitary 84 (74) 26.0 0.646
Multiple 30(26) 27.3
Resected side
Unilateral 104 (91) 25.8 0.240
Bilateral 10(9) 34.3
Primary site
Non-oral cavity 87 (76) 324 < 0.001
Oral cavity 27 (24) 9.2
Lymph node metastasis
Positive 30 (26) 13.8 0.010
Negative 84 (74) 32.0
Disease-free interval
> 24 months 3127) 40.0 0.044
= 24 months 83 (73) 21.0
Curability
Complete 102 (89) 26.7 0.037
Incomplete 12(11) 25.0

the patients were divided into two groups for further
analysis: males with oral cavity cancers (n = 17), and
others (n = 97). Survival of the male patients with
metastatic oral cavity cancer was significantly worse
(p < 0.001; Fig 2). No male patients with metastatic oral
cavity cancer remained alive 5 years after undergoing
pulmonary metastasectomy.

Table 4. Relationship of Individual Variables to Outcome,
Cox's Proportional Hazards Regression Analysis

Variable Risk Ratio 95% CI p Value
Male 2.93 1.41-6.09 0.004
Age, < 75 years 0.99 0.44-2.23 0.986
Size > 3 cm 091 0.55-1.51 0.715
Multiple lung metastasis 1.70 0.97-3.00 0.066
Bilateral lung metastasis 0.49 0.14-1.65 0.248
Oral cavity origin 3.67 1.99-6.76 < 0.001
Lymph node metastasis 2.09 1.20-3.61 0.009
Disease-free interval = 1.70 0.94-3.07 0.081
24 months

Incomplete resection 247 1.25-4.87 0.009

CI = confidence interval.
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Fig 2. Survival curves based on two groups, males with oral cavity
cancer (dotted line [n = 171) and others (solid line [n = 97]), ob-
tained by dividing by prognostic factors.

Comment

This study revealed a 5-year survival rate after pulmo-
nary metastases from head and neck squamous cell
carcinoma of 26.5%, and showed that male sex, oral cavity
cancer, lymph node metastasis, and curability are prog-
nostic factors., Nibu and colleagues [8] investigated 32
patients with squamous cell carcinoma of the head and
neck who underwent thoracotomy for pulmonary metas-
tases, and reported an overall 5-year survival rate of 32%.
Finley and coworkers [9] reported a 29% 5-year survival
rate for 18 patients who underwent complete resection of
pulmonary metastases from head and neck squamous
cell carcinomas, and showed that the survival of patients
who underwent metastasectomy was significantly better
than that of patients who did not. Wedman and col-
leagues [6] investigated 138 patients with pulmonary
metastases from head and neck cancers, and reported
that the 5-year survival rate for 21 patients who under-
went pulmonary metastasectomy was 59%, compared
with 4% in the nonmetastasectomy group.

Compared with other treatments, we believe that the
role of pulmonary resection for metastasis from head and
neck squamous cell carcinomas has been established.
However, previous studies have been small and of lim-
ited sample size. We analyzed data from a large number
of patients enrolled in a multi-institutional registry and
assessed prognostic factors for pulmonary metastasec-
tomy by multivariate analysis. With regard to prognostic
factors after pulmonary metastasectomy that were deter-
mined by other investigators, oral cavity cancers, medi-
astinal lymph node metastasis, and pleural invasion were
all negative factors [8]. As determined by multivariate
analysis, incomplete resection, complications associated
with surgery, and adjuvant therapy of the primary tumor
were unfavorable prognostic factors [14]. Liu and associ-
ates [15] reported 83 cases of pulmonary metastasis from
head and neck cancers, and demonstrated that incom-
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plete resection, age less than 50 years, and DFI of 2 years
or less were poor prognostic factors. Disease-free interval
is commonly recognized as a significant prognostic factor
in various types of pulmonary metastasis [4]. In other
reports, DFI longer than 12 months and solitary lung
metastasis were favorable prognostic factors for meta-
static head and neck cancers [9, 10]. However, the multi-
variate analysis of this study determined that DFI was not
significantly associated with surgical outcome. Disease-free
interval depends on the follow-up period or accuracy of
diagnostic procedure. Although a short DFI might reflect
aggressive and invasive biological behavior, the evaluation
of DFI remains difficult as a prognostic factor.

In accordance with a report by Nibu and colleagues [8],
our analysis demonstrated that metastatic oral cavity cancer
was a significantly worse prognostic factor. On the other
hand, Leon and associates [16] showed that the primary site
of head and neck cancers is a significant prognostic factor
for distant metastasis, and that cancer in the oral cavity had
the lowest risk for distant metastasis. Distant metastases
originating from oral cavity cancer depend on disease stage
[17). In our multi-institutional study, we could not deter-
mine in detail the stage of primary cancer, and oral cavity
cancer patients with pulmonary metastasis might have
included many advanced stage cases. We investigated the
basis behind why metastasized oral cavity cancer has a
worse prognosis than other types of head and neck cancer,
but unfortunately, could not find the reason. The biological
behavior of oral cavity cancers might be different from that
of other head and neck cancers. Further study is needed to
clarify this issue.

Male sex has been reported to be a prognostic factor in
resected pulmonary metastasis from head and neck squa-
mous cell carcinoma [10]. We did not investigate smoking
behavior or comorbidities in this study, and that is an
important weakness in the study. Smoking status is a
well-known unfavorable prognostic factor and might be
related to the results of this study with regard to male sex.

Head and neck cancers have varying histology and occur
at various primary sites. Some investigators have studied
pulmonary metastasis from nonsquamous cell head and
neck cancers [6, 10, 15]. The benefits of metastasectomy for
nonsquamous cell carcinoma have not been dlarified [15].
Because the biological character of nonsquamous cell car-
cinoma in head and neck cancers is very different from that
of squamous cell carcinoma, we focused our study on
squamous cell carcinoma. There were 98 nonsquamous cell
carcinoma cases registered in our database. The origins of
the metastatic cancers were as follows: thyroid 35, salivary
gland 34, oral cavity 3, epipharynx 2, mesopharynx 2, and
other sites 22. The overall survival of patients with
nonsquamous cell carcinomas was significantly better than
that of patients with squamous cell carcinoma, and the
5-year survival rate of nonsquamous cell carcinoma pa-
tients was 68.4% (data not shown).

In this study, the percentage of lobectomy was relatively
high at 54%. We consider the reason for the high rate of
lobectomy to be the difficulty in the preoperative diagnosis
of pulmonary metastasis from primary lung cancer. In
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addition, as the mean tumor size was 3.3 cm, lobectomy was
a suitable indication for the large tumor size.

Rush [3] has stated that the most important factors for
selecting patients for surgery are control of the primary
tumor, ability to resect all metastatic disease, absence of
extrathoracic disease, and lack of better alternative sys-
temic therapy. Regarding the surgical indications for
pulmonary metastasis from head and neck cancers, Liu
and colleagues [15] gave the following criteria: the me-
tastasis is limited to the lungs, the lesions are all resect-
able, and locoregional control of the head and neck
primary cancer is obtained or obtainable. Complete re-
section and locoregional control of primary sites are
obviously essential. Our data also suggest that metastatic
oral cavitary cancers, especially in male patients, have a
poor prognosis. Therefore, indications for surgery in
metastatic head and neck squamous cell carcinomas
should include consideration of the types of primary
sites.

There are some limitations to our study. First, we
should examine each primary site, but the numbers of
cancers at each site are quite small. Large-scale databases
are needed to clarify each head and neck cancer. Second,
a histopathologic differential diagnosis between head
and neck squamous cell carcinomas and lung squamous
cell carcinomas is often difficult. In general, the patient’s
clinical course and stage of primary sites were used to
help diagnose whether the patient had pulmonary me-
tastasis or primary lung squamous cell carcinoma. Be-~
cause the present study was a retrospective analysis, and
the differential diagnosis was made at the discretion of
each institution, our data might include primary lung
cancer. A report on a loss of heterozygosity analysis
revealed that 18 of 44 cases of squamous cell lung lesions,
which had been clinically interpreted as metastases from
head and neck cancers, were considered to be second
primary lung cancers [18]. Additional advances in molec-
ular techniques and analysis are needed to further elu-
cidate this complicated problem. Third, there is a selec-
tion bias affecting pulmonary metastasectomy outcome
results. Most of the reports of the results of metastasec-
tomy come from thoracic surgery centers [6], and candi-
dates for pulmonary metastasectomy are strictly selected
based on the aforementioned criteria. Therefore, the
present study may be presenting relatively good survival
rates. However, selection bias is unavoidable and is a
difficult problem to resolve. A prospective randomized
trial for pulmonary metastasis treatment is ethically dif-
ficult, and is not practical.

In conclusion, we identified prognostic factors for pul-
monary metastases from head and neck squamous cell
carcinomas. According to multivariate analyses, male
sex, oral cavity cancer, lymph node metastasis, and
incomplete resection are poor prognostic factors, Male
patients with pulmonary metastasis from oral cavity
cancers have a poor prognosis, and pulmonary metasta-
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sectomy for these patients may not be beneficial. Since
there are adequate selection criteria for patients, a good
outcome after surgery is promising, with careful preop-
erative examination, including positron emission tomog-
raphy [17, 19], and selection.
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The ATP-binding cassette (ABC) transporter protein, BCRP (breast cancer resistance protein)/ABCG2
pumps out some types of photosensitizers used in photodynamic therapy (PDT) and causes resistance
to the antitumor effect of PDT. The purpose of this study was to investigate the association between the
expression of BCRP and the efficacy of PDT using Photofrin, or the second-generation photosensitizer,
NPe6, for centrally located early lung cancers.

Using human epidermoid carcinoma cells, A431 cells and the BCRP-overexpressing A431/BCRP cells, we
examined the effects of BCRP expression on the effect of PDT by cell viability assay in vitro, and investigated
the expression of BCRP by immunohistochemical analysis in 81 tumor samples obtained from patients
with centrally located early lung cancers.

The A431/BCRP cells were more resistant to Photofrin-PDT than A431 cells in vitro, and Fumitremorgin
C, a specific inhibitor of BCRP, reversed the resistance.

However, there was no significant difference in the antitumor effect of NPe6-PDT between these cells.
All of the 81 centrally located early lung cancer lesions were BCRP-positive (2+, 45 lesions; 1+, 30 lesions)
and all the patients were male and heavy smokers (>30 pack-years). The expression of BCRP significantly
affected the efficacy of Photofrin-PDT in cancer lesions >10 mm in diameter (P=0.04). On the other hand,

Keywords:

Photodynamic therapy (PDT)

Lung cancer

Centrally located early lung cancer
Breast cancer resistant protein (BCRP)

NPe6-PDT exhibited a strong antitumor effect, regardless of the expression status of BCRP.
Photofrin may be a substrate of BCRP and be pumped out from the cells, therefore, BCRP may be a
molecular determinant of the outcome of Photofrin-PDT.

© 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Photodynamic therapy (PDT), used as a treatment modality for
many cancers, uses a tumor-specific photosensitizer and laser irra-
diation to induce the production of reactive oxygen species in
cancer cells [ 1,2]. PDT is widely used as a treatment option for solid
cancers and also for some non-cancerous diseases [3]. The first
health agency approval for PDT using Photofrin®, the most com-
monly employed photosensitizer, was obtained in Canada in 1993,
and the substance was then approved by the United States Food
and Drug Administration (FDA) for the treatment of early stage lung
cancer as well as advanced esophageal and lung cancers [ 1,3].

* Corresponding author. Tel.: +81 3 3342 6111; fax: +81 3 3349 0326.
E-mail address: jusuda@tokyo-med.ac.jp (J. Usuda).

0169-5002/$ - see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.lungcan.2009.04.002

In Japan, PDT is recommended as a treatment option for cen-
trally located early lung cancers, which are roentgenograhically
occult squamous cell carcinomas located no distal to the segmen-
tal bronchi, that are histologically determined to be carcinoma
in situ or carcinoma showing only limited invasion, with no evi-
dence of invasion beyond the bronchial cartilage, as defined in the
therapeutic guidelines for lung cancer established by the Japanese
Ministry of Health, Labour and Welfare based on the principles of
evidence-based medicine {4,5]. Centrally located early lung cancers
can be detected in patients at high risk by either sputum cytology
or bronchoscopic evaluation [6]. One to 4% of these patients have
a synchronous lung cancer, and the risk of a second lung cancer
ranges from 1% to 25% per year [7]. For the patients with centrally
located early lung cancer, PDT allows preservation of lung function
and effective treatment, and is recommended for treatment in the
American College of Chest Physician (ACCP) evidence-based clini-
cal practice guidelines [3]. The second-generation photosensitizer,
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talaporfin sodium (NPe6, laserphyrin), which has a major absorp-
tion band at 664 nm, was approved by the Japanese government for
use in the diagnosis/treatment of centrally located early lung can-
cer [4,5]. A phase 1I clinical study using NPe6 and a diode laser for
early stage lung cancer demonstrated excellent antitumor effects
and safety, including a significantly lower skin incidence of pho-
tosensitivity as compared to that observed with photofrin [9]. The
Japanese government approved the use of NPe6 for PDTin 2003, and
the product has been available in the Japanese market since June
2004 [4,5]. Recently, we established the autofluorescence diagno-
sis system integrated into a videoendoscope (SAFE-3000) as a very
useful technique for the early diagnosis of lung cancer {10]. The
novel photodynamic diagnosis (PDD) system using SAFE-3000 and
NPe6 improved the quality and efficacy of PDT and avoided mis-
judgment of the dose of the photosensitizer or laser irradiation
in PDT {11]. It has been reported that PDT induces direct tumor
cell kill, as well as indirect effects on the tumor microenviron-
ment {12]. PDT rapidly induces apoptosis, inflammatory reactions,
tumor-specific and/or—non-specific immune reactions and dam-
age to the microvasculature of the tumor bed [13-15]. Sitnik et
al. reported that the microvasculature damage induced by PDT is
readily observable histologically and is associated with a signifi-
cant decrease of the blood flow and severe hypoxia in the tumor
[16]. Recently, we examined the role of immunological reactions
in the antitumor effects of PDT using cytokine-overexpressing cells
[17], and we demonstrated that the extent of photodamage of the
anti-apoptotic protein, Bcl-2, caused by PDT determined the sensi-
tivity of cancer cells to apoptosis and the overall cell killing by PDT
[18-20]. However, the relationship between the anticancer potency
of PDT and the immunological reactions induced by it, is still con-
troversial, and the precise mechanism of the antitumor effect of
PDT remains unclear.

Recently, it was reported that the expression of the ATP-binding
cassette (ABC) transport proteins renders tumor cells resistant
to chemotherapeutic drugs that are substrates of these proteins
[21-23], and the effect of these transporters on the intracellular
accurnulation of photosensitizer has been examined as a poten-
tial cause of resistance to PDT {24]. Several members of the ABC
transporter protein family may be involved in MDR (multi-drug
resistance) in human tumor cells, including P-glycoprotein (Pgp),
MDR protein (MRP)1, MRP2, and MRP3 [20]. Elevated expression
of breast cancer resistant protein (BCRP) in particular, also known
as ABCG2, has been shown to cause resistance to anticancer drugs
in vitro, including to topotecan, irinotecan, mitoxantrone and dox-
orubicin [21,22]. Robey et al. reported that BCRP transported some
photosensitizers out of cells to decrease intracellular photosensi-
tizer accumulation, suggesting that the presence of BCRP might
be a possible cause for cellular resistance to PDT [24]. Jonker
et al. also showed that BCRP-knockout mice were photosensitive
because of increased intracellular protoporphyrin IX (PpIX) levels
[25].

In this study, we examined the association between the expres-
sion of BCRP and the efficacy of PDT by retrospectively examining
the expression levels of BCRP in clinical samples of centrally located
early lung cancers, and investigated whether BCRP expression
might be a determinant of the outcome of PDT in lung cancers.

2. Material and methods
2.1. Cell culture

A431 human epidermoid carcinoma cells were cultured in Dul-
becco's modifided Fagle’s medium (DMEM) supplemented with
10% fetal bovine serum at 37°C in 5% CO; [22]. A431/BCRP celis
were established by the transduction of A431 cells with a HaBCRP
retrovirus vector composed of Myc-tagged human BCRP ¢cDNA in

the Ha retrovirus vector {22,26]. The stably transfected cell line was
maintained in the drug-free medium for up to 3 months,

2.2. Photosensitizer

Photofrin (Wyeth Japan KX, Tokyo, Japan), a hydrophobic
hematoporphyrin derivative, remains in a complex mixture with
inherent variability, and has been shown to exhibit strong tumor
affinity [5,11,17,20]. It is activated by a highly transmissive red
light having a wavelength of 630 nm, to produces a photochemical
reaction {4,5,20]. NPe6 (Meiji Seika, Tokyo, Japan) is a second-
generation water-soluble photosensitizer with a molecular weight
of 799.69 and a chlorine annulus, and has its highest absorption
peak at the wavelengths of 407nm and a second peak at the
wavelength of 664nm. NPe6 exhibits superior in tumor affinity
as compared to Photofrin, and is excited by visible red light with
a longer wavelength of 664 nm, which allows deeper and better
penetration into living tissues [4,5,11,20].

2.3. Laser unit

An excimer dye laser (Hamamatsu Photonics K.K., Hamamatsu,
Japan) emitting pulse-wave laser light at a wavelength of 630 nm
was used as the light source for the excitation of Photofrin [4,5]. A
diode laser (Matsushita Electric Industrial Co., Osaka, Japan) emit-
ting continuous-wave laser light at a wavelength of 664 nm was
used as the light source for the excitation of NPe6 [4,5,11].

2.4. Measurement of the fluorescence intensity of Photofrin and
NPe6 in the cells

Cells were exposed to Photofrin (2.5 p.g/ml) or NPe6 (15 p.g/mi}
for 4 h and washed with phosphate-buffered saline (PBS). The pho-
tosensitizers were used at the ICsy dose. The photosensitizer in
the cells was excited at 405 nm, and the fluorescence was detected
with a charge-coupled device (CCD) camera system (Argus/Hisca,
Hamamatsu Photonics Co. Ltd., Hamamatsuy, Japan) through a
multilaminate interference filter that can select the fluorescence
wavelength at 630 as previous report [27].

2.5. Determination of the cell viability

Celis were seeded into 96-well microculture plates at 1 x 10*
cells/well and allowed to adhere to the dish overnight. The medium
was removed and replaced with that containing or not containing
a specific inhibitor of BCRP inhibitor, Fumitremorgin C (FTC) (Alex
biochemical Inc., CA, USA) [ 24,26,28]. Fifteen minutes later, the pho-
tosensitizer (Photofrin or NPe6) was added to the cells in increasing
concentrations, followed by incubation at 37 °C in the dark for 4h.
The cells were washed with PBS and incubated with 10% FBS-DMEM
for 1h, and then washed again with PBS and irradiated with laser
(33 mW/cm?, total energy 10]/cm?) [27], followed by incubation
for an additional 24 h. Cell viability was measured using the tetra-
zolium salt WST-1 assay, in accordance with the manufacturer’s
instructions [27,29]. Independent experiments were repeated at
least three times to confirm the data.

2.6. Criteria for the diagnosis of centrally located early lung
cancer

Lung cancers located no distal to segmental bronchi, diagnosed
histologically as squamous cell carcinoma and determined to be car-
cinoma in situ or carcinoma showing only limited invasion with no
evidence of invasion beyond the bronchial cartilage were defined
as centrally located early lung cancers, which are roentgenograph-
ically occult [4,5,11]. We routinely determined the tumor depth
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by EBUS (endobronchial ultrasonography), and it was confirmed
that the tumors did not invade the bronchial wall beyond the level
of the carlitage and that they were confined to the basal mem-
brane of the mucosa, submucosa or intracarlitagious layers of the
bronchial wall [4,5,11]. In 2003, the Japan Photodynamic Associa-
tion and Japanese Society of Laser Surgery and Medicine established
the following therapeutic criteria for PDT in cases with centrally
located early lung cancers {4,5,11]; patients with [1] endoscopi-
cally assessable early lung cancer {2}, normal chest X-ray and CT
(roentgenographically occult) [3], no metastasis to lymph nodes or
distant metastasis as revealed by routine clinical diagnostic meth-
ods, including fluorodeoxyglucose-position emission tomography
(FDG-PET) for staging.

2.7. Procedures of PDT and follow-up

PDT was performed using Photofrin or NPe6. Laser irradia-
tion (630 nm) for Photofrin-PDT was transmitted via quartz fibers
inserted through the biopsy channel of the endoscope, 48 h after
the administration of the photosensitizer, Photofrin (2 mg/kg). On
the other hand, for NPe6-PDT, laser irradiation was accomplished
4 h after the administration of NPe6 using a diode laser, the PD laser
(40 mg/m?). The total energy of the laser irradiation was: 100J/cm?,
150 mW/cm? [4,5,9,11].

The Japanese government approved the use of NPe6 for PDT
against centrally located early lung cancers in 2003, and the prod-
uct became available in the Japanese market in June 2004 [4,5,11].
Ever since, we have used NPe6 for PDT. Fiberoptic bronchoscopy
with cytological and histological examination was performed at 1,
2 and 3 months after the PDT, and thereafter, at 3-month inter-
vals during the first year and 6-month intervals during the second
year after PDT. The antitumor effect of the initial treatment was
rated based on endoscopic measurement of the tumor size using
forceps, the morphologic appearance, and the pathological find-
ings of the biopsy specimens, in accordance with the general rules
of the Japan Lung Cancer Society and the Japan Society of Clinical
Oncology {4,5,11]. The antitumor effect was again evaluated at 3
months after the PDT. The tumors were then classified as showing
complete response (CR) (no microscopically demonstrable tumor
in the brushings and or biopsy specimens over a period of 4 weeks)
[5.9.11].

2.8. Patient selection

A total of 110 patients (128 lesions) with centrally located early
lung cancer received PDT at the Tokyo Medical University Hospi-
tal between January 1998 and December 2006. Adequate tumor
biopsy specimens were obtained from 81 of these lesions (57 from
the Photfrin-PDT group and 24 from the NPe6-PDT group, and the
specimens were analyzed retrospectively in this study. The clini-
copathological characteristics of the patients are listed in Table 1.
Their median age at diagnosis was 71 years (range, 56-84). All the
patients were male and heavy smokers with a smoking history of
>30 pack-years. All of the lesions were diagnosed as squamous cell
carcinoma. PDT and tumor biopsy were undertaken in the patients
after obtaining their informed consent in accordance with the insti-
tutional guidelines, on the basis of the criteria for PDT criteria, all
of patients underwent tumor biopsy and PDT.

2.9. Immunohistochemical analysis

Immunohistochemical staining was performed on 4uM
formalin-fixed, paraffin-embedded tissue sections [31]. The slides
were deparaffinized in xylene and dehydrated in a graded ethanol
series. Endogenous peroxidase was blocked with 0.3% H,0; in
methanol for 10 min. All of the slides were heated to 95 °C by expo-

Table 1
Characteristics of centrally located early lung cancer
(January 1998-December 2006).

Characteristics Number of lesions

Patients (lesions) 79(81)
Age 67-83
Gender Male: 79
Female: 0
Histology Sq. cell ca.: 81 lesions
Smoking history Positive: 79
(>30 pack-years)
Negative: 0
PDT
Photofrin: 57 lesions
NPe6: 24 lesions

sure to microwave irradiation for 20 min. The slides were then
cooled for 1 h at room temperature and washed in PBS. Non-specific
binding was blocked by preincubation with 1% BSA for 30 min. After
washing with PBS, the slides were incubated for 1 h at room tem-
perature with anti-BCRP antibody (Bxp-21; Chemicon, Temecula,
CA, USA) [22,26,30-34]. Staining with the antibodies was consid-
ered to be positive if >10% of the tumor cells were stained, based on
the use of the 10% cutoff level in several previous studies {31,33,34].
All of the slides were examined and scored independently by two
observes without knowledge of the patient clinical data.

The immunohistochemical staining was scored based on the
estimated average staining intensity of the tumor cells: (-), neg-
ative; (+), intermediate; and (2+), strongly positive [35,36]. This
study was conducted with the approval of the Ethical Committee
of Tokyo Medical University.

2.10. Statistical analysis

The correlations between immunohistochemical expression and
the clinical variables and response to Photofrin-PDT were evaluated
by x2-test or Fisher’s exact test when required; p-values of less than
0.05 were considered to be significant [31,37}.

3. Results

3.1. Cellular accurnulation of the photosensitizers Photofrin and
NPe6 in the A431 cells and A431/BCRP cells

We examined the cellular accumulation of Photofrin and NPe6in
the A431 cells and A431/BCRP cells based on the fluorescence inten-
sities, because photosensitizer accumulation has been considered
as a factor influencing the cellular sensitivity to PDT [2,19,20}]. As
reported previously, Photofrin localized not only to the mitochon-
dria, but also to the endoplasmic reticulum (ER), Golgi complexes
and possibly other intracellular organelles (Fig. 1A). NPe6 local-
ized not only to the lysosomes, but also to the ER (Fig. 1A) {20].
The photosensitizers did not localize to the plasma membrane or
the nucleus, which was consistent with previous reports [18-20].
We analyzed the fluorescence intensity of the red fluorescence of
Photofrin or NPe6. The fluorescence intensity of Photofrin was sig-
nificantly higher in the A431 cells than in the A431/BCRP cells
(Fig. 1B). The fluorescence intensity of Photofrin decreased in
A431/BCRP cells in the presence of a specific inhibitor of BCRP,
Fumitremorgin C (data not shown). However, there was no differ-
ence of the fluorescence intensity of NPe6 between the A431 cells
and A431/BCRP cells (Fig. 1B). These results suggest that while BCRP
was able to pump out Photofrin from the cells, but not NPe6, and
that Photofrin may thus be a substrate of BCRP.
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Fig. 1. (A) Localization of Photofrin and NPe6 in A431 cells. Cells were exposed to 2.5 pg/ml Photofrin (A) and 15 p.g/ml NPe6 (B) for 4 h and then washed. The photosensitizers
were used at the ICsg dose. The Photofrin or NPe6 in the cells was excited at 405 nm and the fluorescence was detected using a CCD camera system. Scale bar, 5 pm. (B) The
fluorescence intensity per cell. We counted the fluorescence intensity of 10 cells and showed the average intensity per cell. The fluorescence of Photofrin in the A431 cells (i)
and A431/BCRP cells (ii), and the fluorescence of NPe6 in the A431 cells (iii) and A431/BCRP cells (iv). There was a significant difference in the intensity of Photofrin between

the A431 and A431/BCRP cells (P<0.05).

3.2. Growth-inhibitory effect of Photofrin-PDT and NPe6-PDT on
BCRP-overexpressing cells

We evaluated the antitumor effect of Photofrin-PDT and NPe6-
PDT on the BCRP-overexpressing A431/BCRP cells by the WST assay
[28,29]. The survival curves indicate that the A431/BCRP cells were
comparatively resistant as compared to the parental A431 cells
to Photofrin-PDT (Fig. 2A). At the 50% survival level, the pres-
ence of BCRP provided a dose-modifying factor of 1.86. Moreover,
Fumitremorgin C, a specific inhibitor of BCRP, reversed the resis-
tance of the A431/BCRP cells to Photofrin-PDT (Fig. 2A). These
results suggest that Photofrin, a photosensitizer for PDT, may be
transported out of the cells by BCRP and that BCRP expression may
cause resistance to Photofrin-PDT. The survival curves indicate that,
on the other hand, there was no significant difference in the anti-
tumor effect of NPe6-PDT between the A431/BCRP cells and the
parent A431 cells (Fig. 2B). This result suggests that NPe6 is not a
substrate of BCRP and that BCRP expression does not exert any sig-
nificant regulatory effect on the cell survival in NPe6-PDT. These
results indicate that BCRP is a molecular determinant of resistance
to Photofrin-PDT, but not to NPe6-PDT.

3.3. Expression of BCRP in centrally located early lung cancers

Previously we examined the immunohistochemical analysis
of BCRP expression in A431 and A431/BCRP cells. We observed
the negative expression of BCRP on A431 cells using anti-BCRP
antibody, Bxp-21 {30]. Representative immunohistochemical BCRP
staining is shown in Fig. 3A-C. It has been reported that BCRP is
expressed in the normal small intestine, colon, liver, and mammary

gland of the breast but is quite a low level in the lung [ 31,32]. In Fig. 3,
the immunostaining of BCRP was both membranous and cytoplas-
mic as previous reports (Fig. 3) [33,34]. All of the 81 cancer lesions
were BCRP-positive and were examined and scored according to the
intensity of staining as compared with that in the negative control
(+, positive; 2+, strong positive) independently by two observers
[35,36]. In Fig. 3A and B, carcinoma cells showed strong positive
reaction (2+) to anti-BCRP antibody, whereas in Fig. 3C and D, they
showed positive reaction (1+).

3.4. Relationship between the expression of BCRP and the efficacy
of PDT

Evaluation of the efficacy of PDT is shown in Table 2. The com-
plete response rate of the centrally located early lung cancer lesions
to Photofrin-PDT was 73.6% (42/57 lesions, BCRP(+); 24 lesions,
BCRP(2+); 18 lesions). Of the 57 lesions, the remaining 15 showed
PR or recurrence after CR (BCRP(+); 6 lesions, BCRP(2+); 9 lesions).
As shown in Tables 3 and 4, 25 lesions were <1.0 cm in diameter and

;z:);teioznship between expression of BCRP and response to Photofrin-PDT (n=57).
PF-PDT Lesions BCRP

(=) (1+) (2+)
CR 42 0 24 18
“Rec, PR 15 0 6 9
CR rate 736.6% 80.0% 66.7%

2 Rec, recurrence.
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Fig. 2. (A) Growth-inhibitory effect of Photofrin-PDT in A431 cells (®), A431/BCRP
cells (O) and A431/BCRP cells in the presence of Fumitremorgin C (A). Cells were
exposed to Photofrin (0, 2.5, 3.75, 5, 10 p.g/ml) for 4h and then washed twice and
incubated in fresh medium containing or not containing 10 M FTC for 1 h, followed
by laser-irradiation (664 nm)at 10J/cm?. The growth-inhibitory effect was measured
24 after the PDT by WST assay. (B) Growth-inhibitory effect of NPe6-PDT in A431
cells (®), A431/BCRP cells (00) and A431/BCRP cells in the presence of Fumitremorgin
C (a). Cells were exposed to Photofrin (0, 25, 37.5, 50, 75 pg/ml) for 4h and then
washed twice and incubated in fresh medium containing or not containing 10 .M
FTC for 1 h, followed by laser-irradiation (664 nm) at 10 J/cm?. The growth-inhibitory
effect was measured 24 h after the PDT by WST assay.

32 were >1.0cm in diameter prior to the PDT, showing CR rates of
92% (23/25) and 59% (19/32), respectively (significant difference).
As shown in Table 3, there was no difference of CR rate between
BCRP(1+) and BCRP(2+) in tumor lesions <1.0 cm. Especially, among

(A)

(©)

Table 3
Relationship between expression of BCRP and response to Photofrin-PDT in tumor
lesion (<1.0 cm) (1=25).

Size <1.0cm Lesions BCRP

(=) (1+) (2+)
CR 23 0 10 13
iRec, PR 2 0 1 1
CR rate 92.0% 90.9% 92.9%

3 Rec, recurrence.

Table 4
Relationship between expression of BCRP and response to Photofrin-PDT in tumor
lesion (>1.0cm) (n=32).

Size >1.0cm Lesions BCRP

=) (1+) (2+)
CR 19 0 14 5
“Rec, PR 13 0 5 8
CR rate 59.3% 73.7%° 38.5%¢

2 Rec, recurrence.
bestatistically significant difference of CR rate between BCRP (1+) and BCRP (2+)
(P<0.05).

lesions >1.0 cm in diameter, eight lesions that showed recurrence
or only PR were BCRP(2+) and 5 lesions were BCRP(+). The effi-
cacy with a significant difference of CR rate was seen in lesions
with BCRP(2+) (38.5%) compared to lesions with BCRP(1+) (73.7%)
(Table 4). These results, in particular, indicate that the expression
of BCRP can significantly affect the efficacy of Photofrin-PDT for
lesions >1.0cm (Fisher’s exact test; P=0.04). On the other hand,
as shown in Table 5 the CR rate of the lesions to NPe6-PDT was
91.6% (22/24 lesions), and much higher as compared with that to
Photofrin-PDT (73.6%). Of these 24 lesions for which NPe6-PDT
was undertaken, there were 2 BCRP(+) cases that showed PR. All
the remaining 22 lesions were BCRP(1+) or strongly positive for
BCRP(2+). NPe6-PDT achieved CRin all 18 lesions with BCRP(2+), the
CR rate was 100%. These data suggest that NPe6-PDT exerted strong

(B) .

(D)

Fig. 3. Immunohistochemical staining of centrally located early lung cancers with anti-BCRP antibody (Bxp-21). The immunohistochemical staining was scored based on the
estimated average staining intensity as strongly positive (2+) (A, x40; B, x400) and intermediate (14) (C, x40; D, x400).



