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(Photodynamic Therapy : PDT) @, 2 DDV —¥—iGfE: 2 0 L 72 BOEEIRIC O W THRET L,

Meth-A [E%AH L 7z balb/c v 7 AwxfL, I ¥ ba— GRIEGR) B (n=16), Nd-YAG Laser Bl
HEEFEE (1,320nm, 600]) (n=7), PDT BiE{THE (Excimer dye Laser 628nm, 50J/cm? Photofrin 5mg/
kg iv) (n=15), YAG-PDT #fH#& (YAG 600J, PDT Ex50J/cm? Photofrin 5mg/kg) (n=47) %i%&E L
LR BT LT,

ay e —VEOFEFHEIE 28.8 H, 90 HEFEIZ 0%, YAG B TI3&433.6 H, 0%, PDT #
FHEETIX 35.0 H, 0% TH -7z, —7 YAG BEFE# I PDT 25E{T L 8Tk 33.1 H,0%, YAG2 H# PDT
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DRMEZHEL, BEBORE+ERESS 1911 mm O
bOEREERRE L TERALL.

Nd-YAG Laser fE541Z 1% Olympus #8 MYL-1
WRA (1,320 nm) &FEEMAIDT v S ERER L.
HiE~ Y 2 e T — T OVIRRBR, THEE v e A PR
W7 — 7 CEE, FETREOREL LTH1.5cm
DEEHE» S 20 wx 1.0 O WiFiREt #1T- 72, PDT
WCIZEMR 7 + b =27 A8 Excimer dye laser
(EDL-1, 628 nm, 4.0 mJ/pulse, 40 Hz) % F\>,
KR MEYE & U T Photofrin (HA LV ) —#kR
St EEREATRE L 72 b D % PBS 12 TR *{#
ALz, PAEOME, ek Oariro—n
B, @ YAG B, @ PDT ¥, @ YAG-PDT
PEREE O 4B E L EBEET o,

a o VR ESSE 7T HRICEBORE+
HEN19E1mm £ > TH 5, RKEFETEEDOH
RKCE->THTET 2 TCOHKERBELL (n=
16).

YAG BHEETIE, 13U ICRE R L IGESIRED
BfR%E A 5720 700~2,100 ] O CIREE 2% 2
YAGBE 21T-72 (n=11), &I h s & IiH
2, YAG-PDT BfH#E & ORFZIRO DI,
YAG B 600 J DS 21To72 (n=7).

PDT EJR#EECIZ, Photofrin 5 mg/kg 2~ 7 A&
Bk & D AL, 48 F#fHI#2 12 Excimer dye Laser 50
J/cm? OB 21757 (n=15),

YAG-PDT #tH#ETIX, YAG 600 ] DS &,
PDT & L T Photofrin 5 mg/kg &3 48 KfEi#: Ex-
cimer dye laser 50 J/cm? OB 21T >72. YAG &
PDT QOWEEEIREDE NI & 2 MESIROER2 R 3
7z, YAG 5% PDT fEfT OB %, B (n=9),
4 H# (n=8), 8§ H# (n=10), 14 H# (n=11) &
5L, YAG BEHIET E TOHEERE L,

NS A FEDEFER S Kaplan-Meier #:1c L © &
HL, BEMOBREZEREIX—HL Wilcoxon #7E
EHOEREP<0.05 %2 b > THIFHICERE L
L7z,

& S

YAG Bifft 700~2,100 ] DHEE 21T - 72 11 LD
RS R - FHEOEEOBMRER 1R L7z, Ml
YAGBSRE2EL, FhEMENZ 90 HU LR TO
FHRLEFELZDDOTE W), FHRE R 1,583
JThot, AENIEBFERCLIVFECLIZHDT

FHr i 3 % : Nd-YAG Laser & PDT Off
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(715), SEHIESEIT 1,268 ] Thotz, ZDFELS
bbb Lo, BEENSWHIVPEHKID 2 OLER
BAHELNDEHDD, 1,200~1,800 ] ORITIIERT
2bDELEWHDDOESBAS NIz, FEFHIETH
TEIZ & A EDEBERAES, D% D IEFEHERE D5
FAHEX D EREALTED, ZOEWANDORRT
EDEE B Ehlbmolz, &8, 1,000 ] AR
5L 7o 2B CIEE TE I b 2 KERRF O fufE, TR
HEEIHIR 2R 7.

ZD YAG700~2,100 J DR E=2E 1L, YAG B
MTHIBIE L2 T, KERFIFRED & 5 % FBEIE
A OBESEE D5 <, hOLERERDE
BERBOWE N6 5 EEE, £ LT YAG-PDT
PERABEIC B 2 YAG IBETE % 600 J I2f&E L7z,

BIRFEERH O EFER RS LU 90 HEFERS
#F1ZmwLT,

avbu— VO EFHEE 28.8 H, 90 H
EFERIZ 0% TH o7,

YAG 600 J D FEETEET I AR OF#E, ThROE
BRI R S IR+ 2 @R AR O/ IR %
Bz, L LefIESET L, FHEEFERE33.6 H
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1 Therapeutic Results by YAG alone
(700~2100 J)
regrowth (—) : Alive for 90 days or more. Average
energy of irradiation was 1583 J
regrowth (+) :Dead in 90 days by regrowth of
tumor. Average energy of irradiation was 1268 J
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% 1 Survival after Laser Treatment
n average survival (days) 90-day-survival (rate)
control 16 28.8 0%
YAG (600 J) 7 33.6 0%
PDT 15 35.0 0%

Y-O-P 9 33.1 0%

Y-2-P 9 32.9 0%

Y-4-P 8 31.3 0%

Y-8-P 10 35.1 10.0%

Y-14-P 1 40.6 18.2%
“Y-O-P” means PDT was performed immediately after YAG.. “Y-2-P” mens PDT
2 days after YAG. “Y-4-P” means PDT 4 days after YAG. “Y-8-P” means PDT 8
days after YAG. “Y-14-P” means PDT 14 days after YAG.

(%)
100 1
——— Control (n=16)
o4 54K YAG (600J ) alone (n=7)
amemeens PDT alone (n=15)
— Y-14-P  (n=11)
60
40
p<0.01
20 ~
0 -
0 30 60 90 Days
“Y-14-P” means PDT was peformed 14 days after YAG
2 Survival Curve
ThoTe. i&, YAG 14 H# PDT (Y-14-P) © & THEH¥I9E

PDT BhfEX, 15 FleflEEERIc L VFETL,
EEFHBUEL 35.0 HTh o7z,

YAG-PDT #fHE COFEFHE B L 090 H
EFERIF, YAGEEER PDT JEfTHE (Y-O-P) »°
33.1H,0%, YAG2 H# PDT (Y-2-P) #332.9 H,
0%, YAG4 H# PDT (Y-4-P) »331.3 H, 0%,
YAG8 H#PDT (Y-8-P) #¥35.1H, 10%,
YAG 14 H# PDT (Y-14-P) »340.6 H, 18.2%T
bz,

ay hue—EE, YAG (600 ]) HEMHEE, PDT #
HEE, YAG 14 H2 PDT faf78E (Y-14-P) O/ &R
#hfR (Kaplan-Meier #) 2 2 iR L7z, 20D 45
fIC p<0.01 THRETFHWEREZZFH O . YAG
(600 J) & YAG-PDT fH&E L O 2 HEOBWET

BEEzRO (p<0.01).
e =

(1) YAG-PDT ftHNERKE
SOERAEMIEEMREDBEICH > TR LIEL
1¥ Nd-YAG Laser 85I & 2 [EEOEEESTHOI
T& Ve, ZOBE, BEIC & D RIRR 2 EEATED
MBS D e, RiEEIMO RHRE, 7
IR RIERE DSBS TR, 77/ —€Eic
T AMHEHERLEDO VO LD LTERZRES
Thd, Flz, [IEIEE» SHEICEH LR
MERER TN U T IR AR B CHRIBRRR E 2D 5
%,

Lh L—F Tv—9—HE & Rz 601 R
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EH 1 Appearance of Mice in which 90-day-survival was obtained, Treated by YAG alone,

PDT alone, and Combined YAG+PDT.

A : YAG alone: 30 days after YAG (2100 J)
B:PDT alone: 16 days after PDT (Photofrin 5 mg/kg, excimer dye laser 100 J/cm?)
C:YAG+PDT :12 days after PDT (Photofrin 5 mg/kg, excimer dye laser 50 J/cm?)
which was performed 8 days after YAG (600 J)

R S 4t

EFEHEE» BRSNS -0, EEREX
BEEIC & 2 [AEAHI, MRS, S[IEZHe,
EEEEANOIL TR 2 BT & 2%, BED
[E - [EXHEL WO RENRE LT LI,
SR OB B HARRE 253 3 PDT DG i3
ZMESNEPOTLERERTED, IR
B L U ORI R B R Y LR 2 F b LA i
EBOWTHENREBEOVD EDTH B9, 7 PDT
T Nd-YAG Laser BBEf & &\, LRSI E Y
DIAFE NI ERALD AW FMFIZI R 25 & 2 72
®, FFEEFEHEBNOEEFIEE I, IoTl
M, FFL2 EDEHHEIZD WY, L Ly —3—
FREHC AT - T (48~72 HERT) YRR EYE O &
ENLER B, v——REE, ERCEEAED
FE/INEHERDSEN S £ T2 24 BFEL ER B L, 72
—FFIC B R e E O, BB O i X
LREOHWERS|ESEITI N, REARKE
BHEAS LB ERNC T U Tt & 1372 & %20,
SEOEERTIX, YAG BEMES (700~2,100 J)
T—ERIZRHEE] (90 HERR) %2878, EiREE
EHEEL, FORBRBEEDO TREICH 2 KEHOM
i, TEOEBHIRZ & FFER G B
ERIFLI:, UL, Nd-YAG Laser % 600 ] & »
SEBEAEEZIZIZ TS T IENTE, DA

(4)

FIEFHBADOBEEZEZ LIz WEE TS L,
OB —EHE R BV TH» S PDT 2 ME{T L 726
R, BEOD R WERIRIEEREEE.

EHX 112, YAG 8, PDT #5, YAG-PDT #f
R & D SESRRE (90 HAETR) 21871 £H %R L.
ZE1x YAG 2,100 J JB&+ 30 HigT, BATIZE/EL 72
b O DKEEGHIVEIC L 2 ETHROEENEHTDH
%, 4tk PDT 8l (Photofrin 5 mg/kg excimer
dye laser 100 J) #ifT#% 16 HHOEHE T, EHEOD R
1, TEOEEL Rohd, AEOEOEE L BIF
ThH 3. FiE, YAG 600] 5 8 H # & PDT
(Photofrin 5 mg/kg Excimer dye laser 50 J) HifT
L7z#lo, PDT# 12 HHOEETH S, KEODK
RIZIZIZHEEL, AEOELHELBED TWS, K
RREF OIHEIC £ 2 TIRROEF TR Sz,

DX D WIEHOIRAEZ T 2E 2 5 £ PDT 8
DEHTH 30, [NEREZ CERRICH:2E 27235
&, (KRB0 YAG BET & PDT O#t 3, BIERY %)
R & BIFs iBfetREEEIRFIC 8 & h 2 BRI ek
EWVWS T ENTE S,

McCaughan, JS. 501 3 88 D EEFRFHA 111 #A
DRFFLEFEEFIC L, PDT H % i Nd-YAG
Laser iZ & 2 GE 2 AT U 7z, FHEEHRMIE,
PDT &3 (14 4)) »54.8 4 A, YAG 8 (49 #)
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BH 2 A:Pathological findings immediately after YAG vaporization.
B : Pathological findings 4 days after YAG alone.

E®E 3 C:Pathological findings 8 days after YAG alone.
D : Pathological findings 14 days after YAG alone.
Arrows show the area containing viable fibrosarcoma cells
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233.3 A AL, WmEMHE Q58 259.2 7 L
BIFERE2ETHWS, $LHEEHADOS 5 PDT
ERHEATS W IEE 8 F)) OFEFHMIZ 10.9 2 H
T, YAG 2578 BHATH) TIEZI0OAATH
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BEAFEAEHBIL 2o Tz,

BEE 21 YAG BEER L 4 HEOBEEHS DR
HEE G 2R U, REE R L B b h,
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SEOBEIC LD, £ ZEEHEA D Photo-
frin DEFBMHE S NI Z L2 X > T, PDT OFE
BESNEholz LIS,
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CEFOES 2D, SHBLD b 14 HEDOH
NERTHoTz, TRBHIBD & S5 v —¥—0Di
%@ & Photofrin DERMEICZIC L2 EE XS
iz, 2%, 8 HE T £ 2 RALDHEE (R
10~15 HTH%ET 2 2 L h3 %), HBOEE (I
DR 3 FR+9ThHY, PDT %2175 Did YAG
51 14 BEgESREEEZ onle, BE 3 YAG R
58 HHEE 14 HHOBEMEBGHR Z "Lz IZ LA L
DYZEMETERE U 7= A% th T REIDE 5312 & & viable
EERES A SR, ZOH I OIS L AR
FNCIEBOEFE L L TR 5N 5 X 510 b LHEH
ans,
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Combined Nd-YAG Laser and Photodynamic Therapy for Fibrosarcoma in Mice

Koichi TANAKA, Harubumi KATOH, Tetsuya OKUNAKA, Katsuo AIZAWA*

Department of Surgery, Department of Physiology*, Tokyo Medical College

Among the two methods of laser for malignant tumors, one method uses high power Nd-YAG laser
(YAG) to vaporize tumor tissue. Another method is photodynamic therapy (PDT), in which antitumor
effects are obtained by irradiation using a low power laser after administration (intravenous infusion) of
photosensitizer. The purpose of this study is to obtain better effects in cancer therapy by combining these
two methods of laser therapy, using the advantages of each method.

Fibrosarcoma cells were transplanted subcutaneously in BALB/c mice. The average survival interval
of the untreated control group (n=16) was 28.2 days, and the 90-day-survival rate was 09}. The
average survival interval of the YAG-only group (1320 nm, 600 J, n=7) was 33.6 days, and the 90-
day-survival rate was 09}. The average survival interval of the PDT-only group (Excimer dye laser 628
nm 50 J/cm2, Photofrin 5 mg/kg iv, n=15) was 35.0 days, and 90-day-survival rate was 09,. In the
group with YAG-PDT combined therapy (YAG=600 J, PDT =excimer dye laser 628 nm 50 J/cm2,
Photofrin 5 mg/kg iv), the average survival interval and 90-day-survival rate were 33.1 days and 09,
when PDT was performed immediately after YAG (n=9), 32.9 days and 09}, when PDT was performed
2 days after YAG (n=9), 31.3 days and 09 when PDT was performed 4 days after YAG (n=38), 35.1
days and 109}, when PDT was performed 8 days after YAG (n=10), and 40.6 days and 18.29], when
PDT was performed 14 days after YAG (n=11). There was better survival benefit PDT was performed
14 days after Nd-YAG laser irradiation than in cases of Nd-YAG laser alone or PDT alone (p<0.01).

The reason for better effects being obtained with PDT after an interval of 14 days was because
immediately after YAG vaporization the discolored surface of the lesion prevented penetration of the
excimer laser beam.

Thus, there is a significant value derived from combined laser therapy with Nd-YAG laser and PDT
for the treatment of cancer, for example for patients who have obstruction or stenosis caused by
carcinoma in a large bronchus or trachea who require opening of the airway urgently, and with an
appropriate interval between YAG and PDT.

{Key words) Nd-YAG Laser, Photodynamic Therapy, Survival benefit.




