Comparative Study of Chemosensitivity Tests for
Bone and Soft Tissue Sarcomas Using Cultivated
TCA and Nude Mice
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BECEEM B X9 2 cultivated tumor clonogenic assay
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(FEF1634F 3 H22H Z4+) ié.

BRRBEER N T 2 LFERECB T, BEOSOHBHIBZERBRIIR ~h 552 DT
5%, In vitro DREZMEREADO— > & L THIII, FIBE, 5EIEICE CERIIE L OEMMESE L & 1
% tumor clonogenic assay (TCA) #HBL T, BHMEMSES CISH L7 (cultivated TCA). L
L, 2O cultivated TCA OREEIC D TE, VW & PR R IMIRE SN T2V, A% 2 0 cultivated
TCA BRI B 2 TBKIOZIR 2 L2 G FRL D 200 % in vivo DRBHRER L L TEEEDOEL
Z=FRU2AERV 2 HETRE L, ®RIE, & b BARESEREEE OST MIf8, ~ ¥ A B i
S-180 8 & U X — ¥ = A ICBABMKAL £ 17z osteosarcoma, synovial sarcoma, ¥ 728 3 EM B
N7z FMis# 28 $ (osteosarcoma 9, chondrosarcoma 6 4, malignant fibrous histiocytoma 4 4,
liposarcoma 3, synovial sarcoma 2 % ¥) ThH 3. Hik 1%, 1§57 JEEIC DWW T cultivated TCA
2177% 5 LARIC, BR COFSAREE2EECRT LS THua R — Ko R FUE IR R & 17
B THEDBME Z HBMRET L7z, £ ORR, & FHAKICE L CIRTIRSESRE L b LPIRZ M ET]
BETH D, cultivated TCA DEEH» S X — F= w2 TRRIRZERBOBE L FHT 5 &, true positive
rate 84.6%, true negative rate 85.1% L% 0, kD FHIZE 85.09% & TR ML BB W B S FEEA R
oz (p<0.01). F T2 F MR BT, cultivated TCA TREZMEHETEER & D 28 KR 15
BfE (53.6%) ThHhorDwstlL, X—F=ev A FURBFIRRSZ M ER OO B2 M E FTREBI3 28 Afhrh 10 #
B (35.7%) Thotz, FE L bIBIUHETLELHIE WHRETHY, 20 10 B DV TR
ABOEBIMEMRE T3 L, true positive rate 78.6%, true negative rate 83.9% & # b , 2EOFHE
i 82.2% LR HEBIESRD S iz (p<0.01). LIk, ABFSRZ XD cultivated TCA % IEREH D pro-
spective (HIM X BIFE) WCFME L, cultivated TCA 23R TS % DHRRIBREERBRTH LI
EREEL 7.

Key words bone and soft tissue sarcoma, human tumor clonogenic assay,
chemosensitivity test, nude mouse, tumor xenograft

BHEEOBRICB T, FUBHOBIRIZERDOR in vitro 8 £ Win vivo JEHIBZESREH S < R
KBS 5% 2, EBORERECEBEL &L EE fT&h T &7z, Invitro T Hamburger 593" H%E
LTEREN TV B, FUBFIRSMEIE, F—RE, R % V> 7z human  tumor clonogenic assay
FA—REARERE T TEB Th-TbZAENEL S (HTCA) #HEIL, 2 OREBFBOBR L R ET
CERBESOMEI D LLHONTVED, 5T BREGIDOMRREE & OBEICE BN A SRS 2 &
{82 DEFI U FIBRIRZ SRS B & 2 WAL EHOPWILL, L LBSREAE I BV TIEEs
RHE2BIRT 2 00BN THY, IOSELELT HL T, HTCA O 2 0= —FRREESE L L K11

Abbreviations: ACD, actinomycin D; ADM, adriamycin; CDDP, cis-platinum ; CMRL-
1066, Connaught Medical Reseach Laboratory Media-1066 ; 40H-CPA, 4-hydroperoxy cyclo-
phosphamide ; CX T, concentration-time product : EDTA, ethylenediaminetetraacetic acid;
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-0, HTCA HUEFIERNHE L LTt
HanTLAEY, % ITHEERID, TR, 20
- R E B B 72 D MEEIRE L & — BB B
F12%77 L 72 £ T tumor clonogenic assay (TCA)

34Tz & 2% (cultivated TCA), Salmon SN H
ErEOHEBEMESNRD 5, &7z Tomita?id
retrospective (%[ X Hi%E) Tlid 578 HTCA L
EEE L OB EVHEEENG R RELTY
3. La L COWRBHIBRESHERBRE BECFHET 57
Wiz 1% prospective (Fir & #i%) 2RHEHLE
hB. kI AHBEBOMBRK TIHFMIC & D B EH

HLTUZ S 73K D prospective ZZREIE I3
RATREL £ 6 DT, ARBREOBME LTI ZENT
VL, —H, invivo EE LTO X — F e AFEH
BEHBR I BEENECHEECRAMEET 5
REDRBERD B, BHEEEEFERE 2 ) BE
WERT 20T, BETOINEFSREFVERTT
HL32HETHRIENASNTRE, TITEE
BABEORARKS L USEOFMMEEAVT
cultivated TCA %1772 5 LREIFIZ, X—F T T AWK
LML TESrER s X — Ny AFEBRIRE M
REETA, PRI RO R & LLBHRE

Table 1. The details of bone and soft tissue sarcomas examined in this study

Case Age/Sex? Type of tumor Slrti?ngl;y tumor sspzlgrcrfe:?*f Surgical procedure

1 7/f Osteosarcoma tibia S Amputation

2 12/f Osteosarcoma fermur S Wide Resection
3 40/m Osteosarcoma pelvis S Wide Resection
4 67/m Osteosarcoma humerus S Amputation

5 8/m Osteosarcoma tibia S Amputation

6 11/m Osteosarcoma femur S Amputation

7 26/m Osteosarcoma tibia S Wide Resection
8 38/m Osteosarcoma sacrum S Wide Resection
9 24/m Osteosarcoma Femur M Resection

10 20/m Chondrosarcoma Fibula S Wide Resection
11 35/m Chondrosarcoma Femur S Wide Resection
12 30/f Chondrosarcoma Femur S Wide Resection
13 19/f Chondrosarcoma Ulna S ‘Wide Resection
14 55/m Chondrosarcoma Tibia S Wide Resection
15 42/f Chondrosarcoma Hand M Resection

16 45/f MFH¢ Poples S Wide Resection
17 63/m MFH Thigh S Wide Resection
18 64/f MFH Leg S Wide Resection
19 75/m MFH Thigh S Resection

20 51/m Liposarcoma Buttock S Wide Resection
21 47/m Liposarcoma Thigh S Wide Resection
22 56/ Liposarcoma Thigh S Wide Resection
23 54/m Synovial sarcoma Thigh S Amputation

24 56/m Synovial sarcoma Thigh S Wide Resection
25 33/m Rhabdomyosarcoma Upper arm S Wide Resection
26 16/m Ewing’s sarcoma Femur B (-)

27 77/f Leiomyosarcoma Buttock S Wide Resection
28 73/f Lymphangiosarcoma Upper arm S Wide Resection

a, m, male; f, female; b, S, surgical material; B, biopsy material ; M, metastatic material from

lung; ¢, MFH, malignant fibrous histiocytoma

FCS, fetal calf serum; HTCA, human tumor clonogenic assay ; MFH, malignant fibrous
histiocytoma ; MTD, maximum tolerated dose; MTX, methotrexate ; OST strain, osteo-
genic sarcoma Takase strain; PE, plating efficiency ; RPMI-1640, Roswell Park Memorial
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L, cultivated TCA OFFfi =& A 7.
ML S UFE

1. *

HEEBRICAVLHRE, #R%KkELTHE VER
R p R b 3 dk OST #iHE, ~ 7 A WMEHREEE S
180, X—FevAcBfEgRtanizboLL TR
osteosarcoma, synovial sarcoma Th 3, ZI:EK
By UCidRE 3 El S8ETER E I FT
I hEBen BEEEMER  osteosarcome 9,
chondrosarcoma 6 #, malignant fibrous histio-
cytoma (MFH) 4 #l, liposarcoma 3 #, synovial
sarcoma 2 $l, rhabdomyosarcoma 1 #l, Ewing’s
sarcoma 1 5, leiomyosarcoma 1, lymphangio-
sarcomal I TH -7 (ER1).

I, i & #

Hi5% & £ L T it adriamycin (ADM), cyclo-
phosphamide (CPA), cis-platinum (CDDP),
vincristine (VCR), methotrexate (MTX)® 5 %%
FAva7e. %3 CPA i in vitro TRTEETH 272D,
in vitro 2 B 12 B L T I 4-hydroperoxy cyclo-
phosphamide (40H-CPA) 2Bz (F&2).

. Cultivated TCA AR 4R

Cultivated TCA HfEHIRZMRER L HEERO
FENC & o7, FEERTE RN THRERNC
HEIL, AR 2L CEEEMREER 2 ER L .
Bohl BB BEEEL, SRy — MR

% o BT, BURBHRIEEREER L, 2
O HEHRREERIC, FUBER RN T 1 REHRE B
i, W74 —F—BLic, FUBR &2 ENEBE
1B s e AR 1 T4 v a®H 2D 5 X1
Opast x5 £ 512 L7z Top layer (FEE) »&
BawT, SPEFETEINBERILCEL3 Ty
v aFODEEREMEBER L . T OTEERE
Hr 2~ 3BEEEL L0 a0 =——DHELRES
Fotz (M1). 2BERLLIRFIRER, BRI
BEESaNBRORBOTBES L CIFERE L
R # (concentration-time product, CXT) D #
W%OERE®AG: (£2). ZOBER, EFNE
BT —8T 2 b Twa™m2 iz, HUEkL
OBEARRERATIE 1 BRI X L omt, [REENFITH 2
MTX Ry L, 79 =—BROFmow
T, MEECBEVLT 1 FyyaX) 5@ Do
——JgEnsonzbDE (oo =—BREEHD] &
L, 0B ED I u=—BEsASRTDE [BR
MREARE) & Lo, & PUERIRZMEIC DL TEN
BEEE D TO% L B> 0 o =—i# % & 7o LB & 5 B
Lk (H),50% Ll Ep o= —MEl%E &l LEEE
e (+4) &Lk,

V. X—F=2 @SR R

1. EBEHY

EREWICE, RESN20g (5~THER) O
BALB/C X —F<=wX (nu/nu) OlfE%A.

2. A

Table 2. Antitumor agents and their concentrations and doses used cultivated TCA (in vitro) and

nude mice system (in vivo)

in vitro in vivo
Agent
Concentration (ug/ml)® Dose {mg/kg)® Route¢
Adriamycin 0.04 15 iv
Cis-platinum 0.20 10 ip
Cyclophosphamide? 3.00 220 ip
Vincristine 0.01 1.6 ip
Methotrexate® 20.00 250 ip

a, Drug concentration was used as approximately 10% of the peak plasma concentration.; b, The
dose of drug was used as maximum tolerated dose.; c, iv, intra-venous ; ip, intra-peritoneal ; d,
4-Hydroperoxy cyclophosphamide in stead of cyclophosphamide i vivo was used for in vitro study;

e, This drug was used as high dose chemotherapy.

Institute Media-1640 ; RW, relative mean tumor weight ; S-180, Sarcoma-180 ; SRC, subrenal
capsular assay; TCA, tumor clonogenic assay ; Taw/Crw, (RW of treated tumor/RW of

control tumor) X100(%) ; VCR, vincristine,
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In vive FBFURSHEERIL, X — K =7 ABEREHE
ps L BERA ) -2 FOtzbOTaka—L
Battelle Columbus Laboratories Protocol!™® 9z i\
L7z, B SR = F 7y ABMEERS X VR
REMEEMIGIE b O A= LI TR — Y AH
g TICBEL, BBk, 83 EEERE (L)
yaER (W) % mm BETREL L, SHERC 70
PO IRI N T O BFHERLXW?/212 49
wEEBER LN L. BB EERER
28100 mg~300 mg {23 L 7o BFECBRgA L 72, Z OFF
HT 10 mg IZEL R o7 b, 513 300mg &
T Al b DIETEAR £ I REMEA L HEL, N
S E OB LIz, BALB/CR—Fv7RAZEBLT, %

. —
3 Leer
:
(Mechanical R
Enzymatical m
4

3. Tumer celi cultivation in X
RPMI 1640 media ith
15% FCS .

Harvest as single

cell suspension i
(Trypsin, EDTA)
o ATTE

(Pronase, DNase 1.
Collagenase 1)

(37°C. Ihr)

5 Wash cell &
’ plate in agar % %

( 35mm petri dish ) Top layer: Enriched CMRL +0.3% agar +tumeor cells
5% 10° cells/dish Eﬁ

4

6. [ incubate dishes for 14 days
1. Coleny count {microscope or automatic colony counter)

Fig.1. Method for the cultivated TCA of bone and
soft tissue sarcomas.
(1) Fresh tumor specimens were obtaind from
nude mice, clinical biopsy, or surgery. (2) A
single cell suspension was prepared by mechanic-
al and enzymatic disruption. (3) The tumor cells
were cultured in RPMI-1640 medium with 15%
fetal calf serum (FCS) until a cell sheet formed in
the bottle. The cells were harvested as a refined
single cell suspension by trypsin and EDTA or an
enzyme cocktail. (4) The tumor cells were
incubated in test tubes with drugs or control
medium at 37°C for 1 hour. (5) The tumor cells
were washed and plated in soft agar in 35 mm
Petri dish. (6) The dishes were incubated at 37°C
in 7-7.5% CO,-humidified air for 14 days. (7) The
number of colonies in each dish was counted
under a microscope or with an automatic particle
counter, and the percent colony inhibition was
calculated.

Under layer: Enriched McCoy's +0.5% agar

| @7e. 7% co

EE|D 72 NEFNORSHR CEHWERBD &k SR RIR
DB TELE, vAbbRAME (maximum
tolerated dose, MTD'® : {BEIEDIEER D H 20% LA
HWTEEHED SNEWREAR) 2 ERBSREED,
IOBOHEH RS L, Tibb ADM 15mg/
kg, CPA 220 mg/kg, CDDP 10 mg/kg, VCR 1.6 mg/
kg, MTX I22WW Tk 250 mg/kg # 1 EE L LT, W
Thd 0. 2mlOEBEREKIERLTCIERE L
(F2), BE5ERRIIIEREPIR S & RA & Lios, ADM
BEEARS T, BINSTRTEERE L LTOR
KB TEL LR OBIRPICERS Ui, 23T HEEE
IR AEEAEK 0.2 ml ERERERNERS UL, BEEHER
MRBCIFAEREEEHEE (mean tumor
weight at any given time, wi) & BZHERBRARE
HEEEEESE (mean tumor weight at the initial
treatment, wo) DLt (HWMFEHEKEE, relative
mean tumor weight, RW =wi/wo) %X{#EEEE X f
EHERIRERIC DKL SETOEH L, FIRY
IS R E R Y A TTo e, TR G
2B R E R B AR T 1.0 R &
ot BE, ThbbEBBRENREEDLBEE
(), PUBKIRSEE L MBI ICB ) 2B TERE
o [(RW of treated tumor/RW of control
tumor) X 100(%), (Tww/Crw) X 100(%) ] #sEREHAM
FUZ 2% AT & o> B E T 7% b b BRI FIZ
BrEsi-Bar (+), 2alse () LHEL R,
HBEEEENGMROMEEEL L THRABLL
42%13, FIEKIBESHIC BT A EEEESWREICE
JARED BRI - BEOHEEEESR, (0.75
L) x (0.75 W)2/2=(0.75)* XL X W?/2=0.42 % (X} }§
BATEEER) LDEMIREETHZ Y,
V. MEBOI—F I ABHEBEBELLNT S
cultivated TCA & X— F= = BHIMEZHE
SER MBI 2B T 5 RER
X — R v AFEFIRE AR & cultivated TCA
OB £ U cultivated TCA 28 1 3 HifEsizhR
® cut-off point ZHET 272D AT O FHEREZ
fToie. Tbb b EAREHIEER OST M, ~
v A PIRE D e Bk S-180 ¥ L UL iz X —F
< v A W] 4 1% BB % osteosarcoma 1, synovial
sarcomal fflE X — Fo AHHETICHEL 2. B
PR L THERHE T trypsin FRBHIAE IR & L
EEENC T, 72X — N AARAEER T IREA
ANY IICTHRYIE L v A — BN TAT o T, DR —
kv ARAEIES 2 DV T cultivated TCA B & U
X — e AGERIRZERBEERVEL SEfTo 7
(B2).
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VI. BRERFHAIEHZH T 5 cultivated TCA & X—
For RS ARRMRROEME 8T s X
53

Hial U 72 BRER M EHT D W T cultivated TCA %
T LA —Fe Y ACEEEBHEL in vivo i
ERIRZHRBR 2T (3).

VIl #ERHERA9RTE &

Cultivated TCA & X — F < 7 AHBHIRZ H5E
EDHEBMEOREIIZ DL TR X BER, T2 2B
o =—-BRROLBE IEHER (/X)) ODbt
BEZ1TRW, p<0.05 #HEL L1z,

57 1

I. BARBRNI—F <) 2BHERE 2HT 5 culti-
vated TCA X U X — F 27 R BAIK S
HEo®E

1. Cultivated TCA @ 2 0 = —HiEE

Cultivated TCA 261} 3 0 o= —ELlx, 3@
b 4tk AR (100%) 124 s htz, RBHEHE

transplanted tumor
1

TRERI S 3@ & b 4 MfEA 4 ik (100%) TH-1e,
2 . Cultivated TCA PIEFIRZMFHEBROER
KA efficacy rate ld, 7T0%MHEHDRETH S L

40H-CPA Tt 33.3%, ADM, CDDP, VCR BX 1

MTX T 0%TH D, 50%MEDFHETH 2 &

40OH-CPA T 58.3%, CDDP T41.7% L &fE%:RL,

VCR Ti% 8.3%, ADMBLUMTX TR 0%Tho

7o, E1-BEERIO efficacy rate id 70%3ME| D&

i osteosarcoma B L Ufsynovial sarcoma T it

13.3%, S-180 BX UOST T2 0RTH Y, EKTl

6.7% T -7z, 50%IMEIDEMETD efficacy rate i3

osteosarcoma T 40%, synovial sarcoma T 26.7%,

S-180 ©13.3%, OST T6.7% T H n, &4, T3

21.7%ThHotz (F3).

3. X—F = v ATBRIRZERBRORER
KBTI, efficacy rate 13 CPA T 58.3%, CDDP

T 58.3%, ADM T 33.3%,VCR £« MTX T0%Th

D, CPA, CDDP k B\ IHEMERE» -7z, 18

% Bl @ efficacy rate i osteosarcoma T 60%,

/ in vitro . Qx, ,

cultivated TCA

nude mice sensitivity test

Fig.2. In vitro and in vivo chemosensitivity test for the tumors transplanted into
nude mice.

OST cells, sarcoma-180 cells, osteosarcoma and synovial sarcoma transplanted into
nude mice were resected and minced, and followed by the cultivated TCA as iz vitro
method or by the nude mice chemosensitivity test as iz vivo.

cultivated TCA

mincing

clinical material

nude mice sensitivity test
Fig.3. In vitro and in vivo chemosensitivity test for clinical specimens.
The sarcomas obtained by surgery were minced, and single cell suspensions were
prepared. This specimens were followed by the cultivated TCA as i vitro method
or by the nude mice chemosensitivity test as i vivo.
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Table 3. Effect of the agents on nude mice tumors iz vitro (cultivated TCA)*

Agent
Type of tumor Efficacy rateb
ADM CDDP  40H-CPA VCR MTX
Osteosarcoma
Exp. 1 —(28.9)  +(53.7)  H#(713.7) —(45.3) —(27.7) 2/5
2 —(38.6)  —(40.2)  +(83.6)  +(67.3)  —(38.6) 2/5
3 -(19.2)  +(51.8)  +(62.5)  —(30.2) —(10.2) 2/5
Synovial Sarcoma
Exp. 1 ~(27.5)  —(34.2)  #(70.5) —(32.5) —(0.0) 1/5
2 —(28.6) +(0.8) +(62.5) —(10.8) —(10.8) 2/5
3 -(8.2) —(20.7)  #(68.2) —(23.6) —(2.3) 1/5
S-180
Exp. 1 —(4.7)  +(61.5) —(28.5) —(16.7)  —(39.6) 1/5
2 —~(10.6) +(50.8) —(8.2 —(2.20 —(10.2) 1/5
3 —(23.8) —(42.6) —(10.8) —(8.5)  —(11.8) 0/5
OST
Exp. 1 —(42.4) —(19.8)  +(51.8) —(6.2) ~—(17.6) 1/5
2 —(3.2) —(20.8) —(30.5  —(30.8) —(28.3) 0/5
3 —-(2.1) —@10.2) —(10.2) —(2.2)0 ~(8.2) 0/5
Efficacy rate 0/12 5/12 7/12 1/12 0/12  21.7%(13/60)
a, Figures in parentheses are percentage colony inhibition; —, effect less than 50% inhibition; -,

effect more than 509 inhibition; 4, effect more than 7094 inhibition; b, Efficacy rate was shown
in more than 509% inhibition.

Table 4. Effect of the agents on nude mice tumors iz vivo (nude mice system)

Agent
Type of tumor Efficacy rate®
ADM CDDP CPA VCR MTX
Osteosarcoma
Exp. 1 +(89.1) +(74.9) +(73.6) —(25.5) —( 4.9 3/5
2 +(70.8) +(92.3) +(73.9) —(30.8) —( 8.9 3/5
3 +(75.7) —+(80.2) +(60.2) —(23.3) —(13.2) - 3/5
Synovial Sarcoma
Exp. 1 —(22.2) —(37.5) +(69.5) —(10.8) —( 1.9 1/5
2 —(21.6) +(60.2) +(70.2) —(20.2) ~(3.8) 2/5
3 +(62.8) -(38.6) —(40.2) —(9.2) —( 2.9 1/5
S-180
Exp. 1 —(56.5) +(91.5) —(30.8) —(3.0 —(1.9) 1/5
2 ~-(14.3) +(80.3) —(40.2) —(2.6) —( 3.2) 1/5
3 —(20.3) +(72.1) —(20.8) —(10.8) —(1.9 1/5
OST .
Exp. 1 —(3.8) —(10.8) +(59.8) —(8.0) (1.9 1/5
2 —(8.2) —(20.3) +(70.2) —(20.8) —(1.2) 1/5
3 —(1.2) —(18.2) —(54.3) —(10.2) —(10.8) 0/5
Efficacy rate 4/12 7/12 7/12 0/12 0/12  30.09%(18/60)

a, Figures in parentheses are the tumor inhibition ratio (%) which was calculated by the formula of
(I-T/C ratio)x 100, where C is the average tumor weight of the control group and T is that of the
treated group -+, effect more than 58% inhibition, —, effect less than 58% inhibition; b, Efficacy
rate was shown in more than 58% inhibition.
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Table 5. Predictability of antitumor effect of the agents from cultivated TCA (in vitro) to nude

mice system (in vivo)

709% inhibition® 509 inhibition®
in vitro in vitro
in vivo — - in vivo
positive negative total positive negative total
positive 3 15 18 positive 11 7 18
negative 1 41 42 negative 2 40 42
total 4 56 60 total 13 47 60

a, Cut-off point on 709 inhibition, true positive rate 75%/(3/4), true negative rate 73.2%(41/56), pre-
dlctal?le rate 73.3%(44/60); b, Qut-off point on 50% inhibition, true positive rate 84.69%(11/13), true
negative rate 85.19%(40/47), predictable rate 85.09%(51/60). Association between i vitro and i vivo

test was significant (p <0.01).

Table 6. Growth of colonies and nude mice sensitivity test

Cultivated TCA

Nude mice sensitivity test

Case Type of tumor No. of colonies/dish(mean)® PE(%)b

1 Osteosarcoma 20.3 0.0041 possible

2 Osteosarcoma 51.2 0.0102 possible

3 Osteosarcoma 107.0 0.0214 possible

4 Osteosarcoma 80.6 0.0161 possible

5 Osteosarcoma 15.2 0.0030 impossibe

6 Osteosarcoma 32.0 0.0064 impossibe

7 Osteosarcoma no growth - impossibe

8 Osteosarcoma 12.6 0.0025 impossibe

9 Osteosarcoma 11.0 0.0022 impossibe
10 Chondrosarcoma 88.8 0.0178 possible
11 Chondrosarcoma 119.0 0.0238 possible
12 Chondrosarcoma 101.0 0.0202 possible
13 Chondrosarcoma no growth — impossible
14 Chondrosarcoma no growth — impossible
15 Chondrosarcoma 31.0 0.0062 impossible
16 MFH:¢ 84.0 0.0062 possible
17 MFH no growth - impossible
18 MFH 100.0 0.0220 possible
19 MFH no growth — impossible
20 Liposarcoma 115.0 0.0230 impossible
21 Liposarcoma no growth — impossible
22 Liposarcoma no growth — impossible
23 Synovial sarcoma 67.7 0.0135 impossible
24 Synovial sarcoma 111.7 0.0223 possible
25 Rhabdomyosarcoma 115.0 0.0230 impossible
26 Ewing’s sarcoma no growth — impossible
27 Leiomyosarcoma 120.0 0.0240 impossible
28 Lymphangiosarcoma no growth — impossible

Mean+SD 72.791%40.38 0.0141%0.0085

a, 5x10° cells plated per dish; b, plating efficiency, number of colonies/number of nucleated celis

platedX100% ; c, MFH, malignant fibrous histiocytoma.
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synovial sarcoma T 26.7%, S-180 T 20%, OST T
13.3%THY, &ETIE0.0%TH 7. LBEER
maR e Bl kot (F4).

4. Cultivated TCA & X — F = AFURKIBZ %
SRER D AEBAME

2—F o7 ARZHEFRBR T Tew/Caw 422%LAT D
#E% (+) &L, cultivated TCA TiX T0% LA LD
e () 2ERE LEE e, 50% A Lol (
REME LIS CH T T, cultivated T‘CA [N )
R — R AREHRBRAO FRIE R LB L 2. 0%
ME (+) DFE true positive rate i3 75%, true
negative rate 13 73.2%TH 0, 2H 0O FHE I
73.3% Thot. ZHIEFLTS50%IMFITTFRAT S &
true positive rate 3 84.6%, true negative rate i&
85.1% L7 D, ED TR 85.0% LMHECER R
R (p<0.01) @SN (FS5).

II. BERRFEMEHINT % cultivated TCA £ & U

X — K2 BRI MRBR OMRET

1. Cultivated TCA ® 2 v =—TERREES & TR
®

Cultivated TCA 12817 % 0 u=—TKEER, 284R
R 19k (67.9%) A, BREUHEAET
otz bDik, 28 WA 15 1k (53.6%) Th-7-,
1, au=—FE =K (plating efficiency, PE) i
0.0141+0.0085% TdH -7z (F6).

2 . Cultivated TCA FiBXIRZ B ORKR

HHIA efficacy rate 13 T0%IMB O FETH S &
MTX T 30%, ADM, 40H-CPA & £ ' VCR T iz

x5 5 U EIR = AR 503

10%, CDDP TIZ 0% TH D, 50%ME 0 FRM4:TI3
40H-CPA, MTX T 40%, CDDP T 30%, ADM T
20%, VCR T 0% TH -7z, £ 72MEBRID efficacy
rate 1 70% IO & Tid MFH (case 16) T 40%,
osteosarcoma (case 1), osteosarcoma (case 2),
osteosarcoma (case 3) ¥ X U chondrosarcoma
(case 10) T 20%, #holATORTHD, &4
T 12%TH o 72, 50%MEIDFRMETO efficacy rate
1 osteosarcoma (case 2) Tik 60%, osteosarcoma
(case 1), osteosarcoma (case 3) ¥ & U' MFH
(case 16) T 40%, osteosarcoma (case 4 ), chondro-
sarcoma (case 10), chondrosarcoma (case 12),
MFH (case 18) ¥ X U synovial sarcoma (case 24)
Ti3 &% 20%, chondrosarcoma (case 11) T 0% T
By, LETIZ28.0%THok (7).

3. X— Ky AFEFARZERBROBR

ZHAEATRER IS 28 MiER 10 8k (35.7%) T

% D N 5113 osteosarcoma 9 fl F* 4 #l, chondro-
sarcoma 6 & 3 &, MFH 4 $l 2 #, synovial
sarcoma 2 fflth 1 i TH - 72, liposarcoma, rhabdo-
myosarcoma, Ewing’s sarcoma, leiomyosarcoma,
lymphangiosarcoma C 132 ¥ E FTRERIE & 220
2. ZEFIBD efficacy rate i¥ CPA T 66.7%, CDDP
T 44.4%, MTX T30%, ADM T22.2%, VCRT
12.5%THY, £ET3H.6%THo (F8).

4 . Cultivated TCA® 2 =—BERKE X —F~
v AR B TTHES & OREEN

Osteosarcoma 9 Flth in vivo FiEFIRRZ BT

Table 7. Effect of the agents on human tumors in vitro (cultivated TCA)

Agent Efficac
Case Type of tumor ratez
ADM CDDP 40H-CPA VCR MTX

1 Osteosarcoma —(31.5) +(57.4) H#(74.8) —(49.9) —(29.7) 2/5

2 Osteosarcoma +(54.8) —( 4.8) —(19.9) 1(84.8) +(52.8) 3/5

3 Osteosarcoma ~(41.0) —(46.0) +(67.9) —( 4.0) $(93.7) 2/5

4 Osteosarcoma —(19.0) —(39.8) +(58.8) —(42.0) —(37.7) 1/5

10 Chondrosarcoma —(46.3) —(48.4) —(46.3) —(0.2) H(74.4) 1/5

11 Chondrosarcoma —(19.9) —(44.8) —(29.0) —(44.5) —{(2.4) 0/5

12 Chondrosarcoma —(2.2) —(39.5 +(54.8) —(37.7) —(0.2) 1/5

16 MFH* 1H(83.2)  —(2.0) —(48.0) —(34.0) +(91.8) 2/5

18 MFH —(19.8)  +(63.5) —(29.8) —(28.7) —(44.8) 1/5

24 Synovial sarcoma —( 3.8 +(66.5 —(24.5) —(10.8) —(34.5) 1/5
Efficacy rate 2/10 4/10 1/10 4/10 28.0% (14/50)
a, Figures in parentheses are percentage colony inhibition. —, effect less than 50% inhibition; +, effect

more than 50% inhibition; +, effect more than 70% mhxbltlon

b, Efficacy rate was shown in more

than 50% inhibition; ¢, MFH, malignant fibrous histiocytoma.
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BEF 4 BUD cultivated TCA 2B} 2 PE i3 0.0130+
0.0075%, FETTEER 5 B PE 13 0.0028+0.0023% T
HY, X—F=UAHBAIRSHERC BT 5 HET
BEBIDIE 5 HSFEATRER & U cultivated TCA 2B 3
PE @057z (p<0.05). [FE#%iC chondrosarcoma
6 FIRHIERTEER 3 M PE X 0.0206+0.0030%, JE
TEER 3 B D PE IZ 0.0021+0.0036% T H -7, &
7z, MFH 4 §lid¥ 27T REF 2 §1 D PE 3 0.0141+
0.0112%TH Y, FEHEFI 2D PEIR 0% TH o7z,
synovial sarcoma @ 2 | f ¥ % 7] §E % D PE &
0.0223%TH Y, FEFREMFDZ X 0.0135%TH-»
fz. LA EERER T4 28 Bl in vivo DLEAIRRZ M
BRI 4E) 10 1D PE 13 0.0164+0.0071% TH 3 DIz
L CIHERTRES 9 #1D PE 1 0.0115+0.0095% T &
D, PEHRZHRRAEAO PE BERCEE (p<

0.05) ®:RL7: (K6).

5. Cultivated TCA & X — F = v AFUEFIRZMH
HERDFHBAME

ERRZ OO RBEZHEE & FRHIZIT VL8710 615 &)
ZOWTREI L7, 50%2 0 =—iMEl 0 &ETn
vitro 2% in vivo DFER %2 FHT % &, true positive
rate 78.6%, true negative rate83.9% &, £
DFHRUIZEIL 82.2% & WF B E LMY (p<0.01)
BEH oI (F£9).

% =

BEEER - CCBERABECERETIE, MTX,
ADM, CDDPOEBEHIz LD, Zho DEXDOEY
PN ERE X N B LS it o, L L, WER YD
EOBBAEL, FOEFEFERT2O08KLRELS

Table 8. Effect of the agents on human tumors iz vivo (nude mice system)?

Case Type of tumor Agent Efﬁca(ﬁy
ADM CDDP CPA VCR MTX  rate
1 Osteosarcoma +(89.1) +(74.9) +(73.6) ~(25.5) —(4.9 3/5
2 Osteosarcoma —(39.8) —(49.5) +(74.5) +(89.8) —(37.2) 2/5
3 Osteosarcoma —(19.5) —(27.4) -+ (59.9) —(49.7) +(67.4) 2/5
4 Osteosarcoma —(39.8) +(91.8) +(88.9) —(19.8) — (5.7 2/5
10 Chondrosarcoma —(36.2) —(25.5) —(2.1) —( 8.0) +(74.5) 1/5
11 Chondrosarcoma —(26.6) —(49.8) —(53.2) —(56.2) —(50.8) 0/5
12 Chondrosarcoma —(49.4) +(71.9) +(67.5) —(39.8) ~(51.4) 2/5
16 MFH: +(74.8) —(19.8) +(89.7) 2/3
18 MFH —(54.7) +(92.8) —(4.8) —(1.9 1/4
24 Synovial sarcoma —(37.5) +(69.5) -(1.9 1/3

Efficacy rate 2/9 4/9 6/9 1/8 3/10  35.6%(16/45)

a, Figures in parenthese are the tumor inhibition ratios (%) which was calculated by ty the formula of
(1-T/ C ratio) x100, where C is the average tumor weight of the control group and T is that of the treat-
ed group. +, effect more than 589 inhibibition, —, effect less than 589 inhibition; b, Efficacy rate was
shown in more than 589 inhibition; ¢, MFH, malignant fibrous histiocytoma.

Table 9. Predictability of antitumor effect of the agents from cultivated TCA
(in vitro) to nude mice system (in vivo) by the cut-off point on 509%

inhibition
in vitro
in vivo Total
Positive Negative
Positive 11 5 16
Negative 3 26 29
Total 14 31 45

true positive rate 78.6% (11/14), true negative rate 83.9% (26/31)predictable rate
82.2% (37/45) Association between in vitro and in vivo test was significant (p<
0.01).
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grEn TRy, E2ZOMOFBEERICE LT
pHEROEMERERE IR, —7, KEERE
FizBW» T VAC (VCR+ACD+CPA) FE®,
CYVADIC (CPA+VCR+ADM +dimethyl
triazeno imidazole carboxamide) L9 % EHH A
SnTWLABH, ZhsETEEOEBOEME B
B, BEBESSIKICHR S oL FRER ORA &
T A EREBON TV, ZORDEIERLH
CHHEL, BEDHRSEAD SNEVEHEY o, £
&L DIEBI O THEARZURBRETWERS
FEFIBRET 2 2 L STUERIOBERRIRETH 5
7.
FuEHRIRZ M RER I I AFI L T in vitro assay & in
vivo assay #iH %78, BB IERIRZERRL L
TO&EEBLTHEHERERETHD, ThEILO
FENEF L EREEhEb > T3, £ I THRIRH
CIREERSR L RO HESROAEEEILT S 2 A
BE—HOHKNE RS, ZORDICEFE—REIINL
TR NS 2 RO TL THERN T 2 L
BRAXRTH B LR REHRRT 2, Lo LERER
% VT in vivo, in vitro ZEORREFBR 21T
WA ERLBR L EREIREO L ZAELALALN
¥, subrenal capsular assay (SRC) D#REETH 2
Bogden 52028 SRC 8 & UF TCA O T assay # I #&
BEL, TEOBESMEEE L SHEEL, oMk
BEERARE b L CHEBEL L L BRTW BT &R
v, %7 Von Hoff 5207 5 X 5 W HHIHRAR
i % T T \» 3 34 retrospective @ 7l T i true
positive FliZ BV TE 453 L b in vitro T [BERHE
Hy| LHESNHBEOMRERL T3 LIIR
51\, # 2 cultivated TCA I2 813 2 FHIEL D
FEFRIEYRY IV ERCTFET 2 20l
prospective O St HE & % 5. Von Hoff 52213
246 f5lo> & FEE M REE & XY &R IZ prospective  clinical
trial #1T\y, true positive rate 60%, true negative
rate 85% T4k % THIE I 80.5% & L T prospec-
tive clinical trial K 8T H HTCA ORBELE WL C
LRWBELL, Lil, BRABREEICSLTE, ¥
Wi L O LEEYIR R COFEMC X VEEERT 2 &
BLTRTYIRT 2720, ol B2 HET
O REE TR b T IR T 2 2 L3 ATRET
HD, BRI prospective DBIRHERZIF LA LR
AEISECORRRTH S, £ I THRARTIIERERM
EEX—FevAcBEL TEEXEREE, In%
W cultivated TCA 8 & X — I~ v AFiEAIR
ZERE xBTS WIS R HUERET L e,
X—R=wRAEBALEIn vivo FURFIRZESER

Rygaard 55t MEBEO X —F v 7 ANDBHE
CETHME, B oBEMEBTREA oL, BETR
R —F vy AR L ES T REEOREERE
ROFR R SRR DS 2 D 2 ERRF IR TH Y, il
o T 2 RSB OVTHLRBTHZ EEZSNT
VB, F1X— Ry AR RBREEREDH
SEREE Y EEERTIE L ORI IZ B VRSB D, X —
R A —EERE EEEBCEREO RS E
FLLENTWE2S Ups UERICE, ZOBEENE
Ebhizin vivo HEFIRZERRC bEFBDH 5.
2OV EDXRBRERIESTRFLLBE BV
raspiFens, EBCEERERERVLEERR
30%~40%Th2 LRENDH DD, FRBRIZBWTY
28 FIth 10 B (35.7%) LEETH o7z, FLEELRK
WREERTECCREMEEL, BAXOBBEOERR
o X — R R EAOLERNER RO E T
Byal L EHTEHETHS, HoTX—FTTVA
FENRZHRRIERNERTRACIRETH
2, EEBEEERTS LV EREBVLTHEECER
RERLBEbNS,

R—Few ABHEESOGEL L TREELD
TCAZBI 2 a0=—ERENHEL %2 & Tveit
53 7R~, Selby 5% Rl BHEBED I v =—
HEREREREICEL, BRicLzs i ERLEHRE
LTwa, Zhit, #isERIRE iR clonogenic
cell DELRMIEMNT 2728 TH 5 & Selby 520 M
L, ¥ 7-JEEE AR CRE R EREI I b D FEERE
B\ DIz L9~ R — ¥ 7 A B AERE I i x4
SEREARIC B 1 HEFERIAE D LIRSS E > 72 8 L AKEF S 3R
ELTWEY, ZhHOBRE, KRERTLEOX—F
< A SHEE S 2 D\ T cultivated TCA W B35 2
o= —FEEED 100% TH o T fERE—BL T3,

Rz X — R ABEEBOREURBICE T 21
M U THERRSEOFUENMISNTW ™, Ih
BSHOMBOLEDHEIMIXIZbDL Zzroh
23999 T DG, BBMARY T AR, BEA g
Ll &880z L5 icX— P28
MRS, TUERIcHNT 2 BRHOTTEIRD 5D
5, BEMHANT + I LRBIFRERLTVWHDT,
R — ¥ ABHEES BV - EREERER, 20
M e 23 S P hE, BEERBLCFREOR
BrEBRETVERDNLS,

AP —Fev ATBHEE: PERBCDE
TCA BLURX— vy AfiBARRERRE B 2
vy, R X -5 Tk in vivo & in vitro OEAERICHEE
sty G EOMBE YD, in vitro FUEFIRZER
BORKE» S in vivo CETEHREFRTE LM
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TRETH B E RTINS, F I AR b FHRIC X~
Mo AABHEEE MEKEL BT TCA EX—F
v 7 AFEHBREE R KL, TCA BT 2HZM
HBROBFEWCODWTHRE L7, ZOFKER, X—F~<v
AFROFHEZIE TCA BT 50% 2 0 =—FEH
HIREMEDD (+) LLAEERAVS LETFH
EHREND LIBT3, Z I THEFRICBLT
b FEEREMIERE I B\ CRIRZEHBOHERM S X
VZOHRYEHMELED LD LD —-F=Y
ABHEERE BT, cultivated TCA L X—F~< v
R FUEFIRS ERER & 21TOHEBMRET L 72, cultivat-
ed TCA BWTIX50% 2 o= —HEIMEOEET
40H-CPA, CDDP k@ WIREERIR 2 =~ L 7225,
ADR, VCR, MTX BFiEBFREREah o7, %
7 IEER T3 OST, S-180 12 kb~ T osteosarcoma,
synovial sarcoma i B\ TERRZEEFHNE (ED S
iz, ELX—F= 7 ATEHREERBRICBVTY
CPA, CDDP kB HEBZRE R, BEHNTY
osteosarcoma K BW TREZUER8S {FEoH o N
AR
Cultivated TCA & X — F <= 7 R HifEXIRZ tHE
DB T, 70%2 v =—FEAHORET TETHl
EH73.3%TH D, 50% 3 0= —FEERIGFIORET T
TR 85.0% L HmEERL, HEFFHICTRZYE
SHECEEOEESED s, 16k, ERFMHE
%Wz colony assay I & 5 B RTTEBLIR O FH
B, 70%BAED 0= —FEHIE LS &z
T, true positive rate 60%, true negative rate 90%
LHESNT VLAY, SEHOERT 50% 3 0 =—K
W v S b2 BV IBE I8 TR SRR
IOBOHEIRD SN DE, X—FIV7ARICE
FREHORESEIBEARMETHY, b OERRS
BIDORDBENILER, X—FV ABEEBEORE
KBS WD FFH DT 03930, EERICBIT2EFOER
BINDXR—FITARRBIL2ENENE 22120
FRIENG, EHE, oo=—BRIMEIE0%T
false negative TH -7 8 fl»3 2 v =—FEINGIE
50% Ti% true positive IZ ko7, M EX D, REE
A= R ANOEHEEXHER, BLUX—F~<v
ARD¥|EEHE, DY Tew/Crw B 2% LT OIE
EHEIZIR & colony assay D 50% 7 0 = — TR
E ORAFRIZEA & TR, cultivated TCA 1 50%
a0 = RIS D&M BT in vivo 2B 2
BEBRETATFHAL S 5 /FETHDL EEZ SR,
FERFEMTHEHTNT 5 cultivated TCA £ X—F <
U AFUEHIRE MR O LB Tid, cultivated TCA
B W TRBEHETEER b D3 28 Bk 15 #ik

(53.6%) TH>LDIRHLT, X—F 7Y AFEHR
FHFERIC BV TS EHETREGNI 28 8k 10 #
& (35.7%) LB TH HFHEREML 37 A~6 77
PEL.

Cultivated TCA O#ER % EAIBNIZ A3 £ MTX,
40H-CPA>CDDP>ADM>VCRODIEWZ BRI T 5
D, EREE A3 L osteosarcoma T i3 40%,
MFH T R3%DERMER B H 2Dt LT
chondrosarcoma Tl 13.3%DEMEL »EH &1
Thote, I ORRIIEREKRIIC osteosarcoma i
BWTIE, ADM, MTX, CDDP DERIE»ED s h
%—FT, chondrosarcoma IZXL TidH v ER %
ERPRBDONTHROEELE—HL TS, X—F
<7 AHBHURS B BV TIZEERIFI Tk CPA
>CDDP>MTX>ADM>VCR QIEWHEITH D,
BRI T3 cultivated TCA & [AIKRIC osteosarcoma
KBV THBBOEHNERANTENLZOEHLT
chondrosarcoma T 20. 0% DEZHE L 1B s h
ot

% X — R ey AFUEFI RS AR T s 10 4
WOWLWTHRHET 2L, BOBOEAREGIHLT
cultivated TCA @ PE #3% £, #Z cultivated TCA
TREWHERITRET X — F w7 AFUBAIRZ EHR
NEEETH -7 FE % »->7. Zhid, cultivated
TCA DN & &k 2 EHOERES L iR & HCH
39 % clonogenic cell=self renewal potential cell
BHVIE Y, EBEENR— RV REET BE
BWLHTHIEELO>ND.

WIS MR 2 T E7 1041, 5Fhco>»TH
g T 5 & 50% 2 o =—Fp il © S {4 T true
positive rate 78.6%, true negative rate83.9%,
predictable rate 82.2% £ B W iHRE (p<0.01) »#o
51, cultivated TCA %4 BAIZBET 2 21
Br L CEEENBV I EMNTRENL, MELD
cultivated TCA |3 EEEIIRERER 2 F» 2 1 HEHR
OMIBAREEEE L DN B 58, BKICE T 2 kA
R &+ Tl LD 2RZERBRTH L & Bbni

&

Cultivated TCA & & 3 in vitro O HUFEEFIRZ R
BRI B I 2 IERIOMRE LN LT THILS S
PEET 2 BT, 4EEDOMARYES & UFMHE 28
% AT cultivated TCA %177 2 L[RBRC, BRK
TOFBHBREZUERBRIRTLENEX—FTTA
FERIRZHRBR 2 1TR W, UToMREEL.

1. #RMRIC B L TIE, TRZEREE b 100%
LML ERBE T H o7z, cultivated TCAIZ BT

B
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509% 2 0 =—iMEIOEFETHEREED D LHEL 25
&, R— K% AVEHIRZ R L MM true
positive rate 84.6%, true negative rate85.1% & 7%
N, £EO TR 85.0% L EELMEMYE (p<0.01)
B LT, & o T cultivated TCA WEWT, 50%
L9 cut-off point Vi in vivo W BT 2 HikE
MR ABEICTHIL S 3 b,

9. FHHMEHC TR — v v ATUERIREERHBR S
AEeTH -7 W0 FITF R TICBWT, cultivated TCA
ok R HESEEETH 7. £ 7 cultivated
TCA O plating efficiency iZ, X —F= v R FUEFR%
SHREIEAAERE (PE: 0.0115£0.0095%) & ¥ & 7]
g3 (PE: 0.0164+0.0071%) BV CHEICHEE
(p<0.05) ®&RLT.

3. FHBCB L TREEHERERZ LDOR
cultivated TCA T 28 # f& 1 15 M & (53.6%) T
Hol:DIRL, X— Ry APEFIRESERRTI
28 itk 10 Bk (35.7%) ThHo7e,

HREZHRBR L L IHETR TH - 10 Fliz D0
THMEM 2 WAL THD &, true positive rate
78.6%, true negative rate 83.9%, &k LTFH
#82.2% L HELMBEE (p<0.0D) 2G50/ Lo
7 cultivated TCA 2% prospective i & W {E M %
Yo TFHfi &, BMERHMRERSCFRLD BHET
HHIENEESINT

il 53

MERABIIHI Y, Y, HRMERD & LI BATE
RE#E, 2o G &RREN ARRITER REREHIE I
FRS2HERRL 7. 7, KGHESHETERE 2
L7 S REIEIE L S BV L & T, HEE THET
RRITICHEUEI S 2 L w B, TRmELEOMm, B
A BHEEIE O S LTI L & T,

kB, ARXOBEEE, #65E, 66 HFHERERIE
REABESICBWTHRL,
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Abstract

In chemotherapy for bone and soft tissue sarcomas, an accurate chemosensitivity test has been
greatly desired. Yokogawa and Shimozaki modified the original method of the human tumor
clonogenic assay (HTCA) which has been regarded as a useful chemosensitivity test for
carcinomas, and used this modified method of HTCA (cultivated TCA) in a chemotherapy for
bone and soft tissue sarcomas. The accuracy of the cultivated TCA, however, has not been
completely elucidated. The present study demonstrates the ability of the cultivated TCA to
predict the effects of antitumor agents 7% vivo in bone and soft tissue sarcomas. This cultivated
TCA was compared with the nude mice chemosensitivity test, using the same sarcoma cells, which
were human osteosarcoma cell line (OST), mouse sarcoma cell line (S-180), osteosarcoma and
synovial sarcoma strains serially transplanted into nude mice, and 28 specimens of osteosarcoma,
chondrosarcoma, malignant fibrous histiocytoma (MFH), liposarcoma, synovial sarcoma obtained
by surgery in the past three years. In these cell lines, the success rate for the chemosensitivity test
was 100% in both methods. The cultivated TCA highly correlated with the nude mice
chemosensitivity test. The true positive and the true negative rates were 84.6% and 85.1%,
respectively, and the all predictive rate was 85.0%. The association between the results of both
chemosensitivity tests was significant {(p<0.01). In the sarcomas obtained by surgery, on the
other hand, the success rate for the cultivated TCA and the nude mice chemosensitivity test was
64.3% and 35.7%, respectively. Ten specimens were evaluable in both chemosensitivity tests, and
the true positive and the true negative rates were 78.6% and 83.9%, respectively. The all predictive
rate was 82.2%. The association between the results of these two tests was significant (p<0.01)
as well. These results show that cultivated TCA can predict the effects of antitumor agents i#
vivo with a high accuracy. Therefore, cultivated TCA would be a useful chemosensitivity test in
the field of bone and soft tissue sarcomas.



