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Experimental and Clinical Study of a New Embolic Material
for Treatment of Malignant Tumor
—Geratine Sponge Containing Carboquone—
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Transcatheter arterial embolization has been widely adopted in the therapy for malignant
tumors as well as benign processes. Many investigators have devised various methods of
embolization and many embolic materials. The author developed a new embolic material to
produce the anti-tumor effect. This material consists of a gelatine sponge containing cristalized
Carboquone (CQ), anti-cancer drug. The new embolic material (CQ sponge) has an advantage of
the prolonged release of an anti-cancer agent in addition to obstruct the infused artery.

Experimentally, CQ sponge revealed prolongation of release of CQ in flowing buffer. Fifty
rabbits were sacrificed after infusion of the CQ sponge into their renal arteries, and tissue
concentration of the drug and the histological effect of the CQ sponge were evaluated. Thirty six
percent of CQ remained in the kidney 4 hours after embolization and 4% after 24hours, and CQ
was constantly present at the level of 20ng/ml in blood during 24 hours. Histologically, wide-
spread infarction of renal parenchyma and necrotizing arteritis were observed in the rabbit
kidneys. Side effects were minimal and there were temporary changes in WBC and RBC counts
in blood.

Clinically, renal arteries of 42 patients with renal cell carcinoma were embolized with the CQ
sponge. We obtained following good results on angiograms and CT scans. On angiograms,
stenosis of the renal arteries and diminution of tumor vessels were observed in all of them
without marked development of collateral arteries. On CT scans, in 61.1% of the cases the newly
developed necrotic changes were observed greater than 50% of tumor area by embolization. In
the histological study of surgically removed kidneys, embolization-induced infarction was demon-
strated in the tumors and the renal parenchyma as seen in the rabbit kidneys The one year
survival rate was 36.4% and the median survival term was 11.1 months in stage IV patients. This
rate was better than the other reports of ordinary emholization. By this procedure, vomiting was
observed in 43.2%, fever over 38°C in 48.4%, severe pain in 63.2% and elevation of blood pressure
over 20mmHg in 46.8%, but these symptoms were all temporary and transient.

HEF624E 9 250 (9)



1128

CQ = # v 2 oHEEHRICBT 5 LR, EReIBE

These results suggest that the CQ sponge can be used as a potent embolic material without
remarkable complications and can be adopted for the therapy of malignant renal tumors.
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Fig. 2 Microscopic appearance of the CQ sponge
(= 80)
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Fig. 3 Experimental method for release of CQ
from the CQ sponge in flowing buffer.
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CQ = # v i H20mg(CQ &E6mg) % HPLC
H 5 AMEH 7 A (ERSMmM, £ 210cm)AIC AR,
EF X b pH7.0V v ERFEEHE % EHRF60m] & 020
ml OEETEHFL, »F 2%8BLEBREY Fh
Fhl10ml, K0USml FoBmL, &40EH CQ
BE Y EEMCHE L (Fig. 3)., ¥, &£XH
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e
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i) Mm#EEFE
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72h CQ A# v 3mg (CQ &HEIN0ug) » F 1
AL, EHEIMEHFELIZELTEETES F v
AR Y ZRBIEA LR (BT CQ A4 v o8,
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creatinine {E % fIE U CRERHEL 2B E LT,

B. ERFREVRTF
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P7E o Xt G KBR AL KF AT B R B gt
RN TBRAISHE 1 A 2 BIEFNS9E 6 A £ To 4
£6 5B CQ ARV IR L HEREEY T
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241, M46, V2FITHS, HHIEF2H6H, &
1661, FIIS0H~T8RTH 5, IeBEIEFDZ
B FEMehc >V CREBENRF L Y, EF
P> CTREMRE, nEEERUCT 28
X - THBERNIT -1,

2) Hik

i) MEEYHE

Seldinger £z X b I H 7 — 7+ (Cook
H6.5FD X BiRAICEA L, KBREYR, B
IR&EE 21T -1, ERAIOEALETKEIREY
TIXT6% 7 » 7% 7 4 v40ml ZHEH20ml T, F
BIRER Tix15ml #ERH6m]l THEA LT, B0
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BOME LT -1, BEIERN L ERERRD

FEFIC & b BAE OBERINCT - 1o,

i) ERHE
MEESHBICL W ERETHIREMELHREL
fo. FERETFCQAXYY (CQEFE3~12
m¥EAL, ThTENOE TEFTICEREL
RWEBE, ¥5F VARV ORMEOERIEDL
NHETEMEA L, FhoiidWwE 2 o BER
ELTHW, BRIESFI Y BLZE 2 THE

Totelihnd 5,
i) BEEE
LI FoEB iw2oWTgE L,

a, I o 1k imighs

MR D HBEF TR, CQ AKXV oEREHED
MROHERDOEFREE BRI LT,

b, Eif& EToEREELR

BiE Lo CQ 2+ voic k 2ERFEOE
g, MESEEROCT T -7, IE&EFE
T, ERFIFOZERMNEOE, BEELOE

(12)
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c. MHEfFRREE

MHBToOWT, @~ F Vv e
o v RE L Weigert Bt SRR E LG L €, A
SRR R IT - T,

d. ElfeH

EFICFIETHEORF OBICHLIHER, &
B, OB, WEZBHYEHE, BREREEOZEL
RERFAICHIE L,

e. HHR

SEF i 7l o e fir s o Az 72 % Kaplan-Meier
BETHEE L,
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A, EERWIMFE

a, CQAEV b0 CQEBEHIE T 5 HE
HYSEER

L EEEERER (Fig O
CQAEvIALD CQ OFEHNIT 1 BF#HI4
BD3B.3BVEH L, 2ERIHIZ60.8%, 4 B
#78.8%, 6 WERI#£1288.1%, B Brf#i294.5%
DEHL BT,

2) WK HRER

CQAAvITR, VVvEBBEROETIE
kb b, BH CQIEBEIR2054 LRI 5wl
CELIEDOBRACETTH 42 —vERLE
(Fig. 5). XEH CQEERY vBREEHKEOWT
HE DS 1EFRI20m] © 55, 60ml X b b EiEx R

.
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i ) 3 4 5 5 7 & rd)

. time
Fig. 4 Release rate of CQ from the CQ sponge in
stirring buffer.
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Fig. 5 Concentration of CQ released from the CQ
sponge in flowing buffer.
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Fig. 6 Release rate of CQ from the CQ sponge in
flowing buffer.

L7, W#EEER20m] & Lcss, Bl CQBE
3305144 1pg/ml, 1 REREIE38.5ug/ml &
MBI & h BHBEEIET LA 108RE T
10.4ug/ml OBWEZHERFL T\ 7,
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% & (Fig. 6), 20ml/hr O FEE CIT 1 BHE#E
13.9%, 3 WFfEI#£34.1%, 5 B:RI4449.29%, 108F
H#T73.8%TH -7z, #TFEE%60ml/hr &% <
Licha, 1KR#23.9%, 3 B5#52.0%, 5
RERI69.6% CTh o fo, Thebb CQ A 4 v s
LD CQ DBEHEIFENEL RIBEHELYRL
REHRIRL o,

b, CQ AR v o DEBIRNIEA T 584
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CQAAVIHETOTHFHFRITIL, 4 RFE%
THEAREDI6%, 8FHEH#115.5%, 24R5HE ©
$4% D CQ HEAFEL Tz (Fig. 7). “hicw L
T CQENERTIL, 4BFRIE T, 0.9% & 3E%
AEME AR LT, FRBCEE L CQ OFIE
BiRmPEE (Fig. )13 CQ A# v U TITEA
B A 2448 ¥ T20ng/ml BB o & 8 4 4
FL, —H CQEERTI, BEABEBCIELCSE
fE(269ng/mD %7/~ L, LI 1 Kif# ©i310ng/ml
ERRCEETETL, 2RHMUSREESRC
BT,

2) MEEYIC X HERDREOBE (Table 1)

ERERRUERL, 38, 1, 2, 4BHORE
REROFEBIREF Y HE L, EREOEEIR

\
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Fig. 7 Residual rate of CQ in rabbit kidney
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Fig. 8 Concentration of CQ in rabhit blood
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Table 1 Obstruction or stenosis of renal arterial B1HE®EMS 4 BB COMADOHTLD AR
branches of rabbit kidneys after embolization BlLinhote, ¥ -ERATE, BHRSHOME
lday 3days 1week 2weeks 4weeks F 7o b efic R ki, C OB iER
severe 4 5 4 5 4 1 8%, 1AERIO4BEBCEREM 1 GT
mild 1 0 1 0 1 Hbhic@Emnd, FhEOFITEVE{LYRI bR
none 0 0 0 0 0 (Table 1, Fig. 9A). BEEHBORGAEE | 3
Total 5 5 5 5 5 &1 B#E» 5 4 8% (Fig. 9B) Fcaflicabh
e
Iy
BEGOTERI L, CQAEV S TERL 3) HFAES (Table 2, 3)
2BE, BERARCO VT efBEL, £ CQAFYIEATFFV ) Vo= F T viff
Fig. 9A Angiography of a renal artery taken four ‘| I | |
weeks after embolization (arterial phase). The Fig. 9B Angiography taken four weeks after em-
branches of a renal artery show stenosis or ob- bolization (parenchymal phass). Renal paren-
struction chyma shows inhomogeneous stain.

Table 2 Localization of the CQ sponge particles in the vessel of rabbit

kidney
im?ﬁgi&te 1day 3day 1week 2weeks 4 weeks

arteriole
of medulla 3 4 5 5 . 0
arteriole
of cortex 3 5 5 5 . 0
glomerulus 0 0 1] 0 0 0
vein 0 0 0 0 0 0

Total 5 5 5 5 5 5

(14) _ BAREMER #47% HO5
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Table 3 Histological findings of rabbit kidney after embolization
Total arterial wall perivascular renal parenchyma B
intima : media
—— g?:gf;%:? - accumulation . proliferation g o .
pfw]l;?r?':l?l} fibrous  elastic . proliferation g - I?W:c - necrosis ﬁhro?)]asls change  caleification
Of kel thickning lamina  necrosis . of ' ypicicning ymphocyte
et 0 0 0 0 0 0 0 0 0 0 0
1day 5 0 0 0 1 0 0 3 5 0 0 0
3 days a 0 0 5 4 1] 0 5 5 0 0 0
1 week 5 4 0 5 1 4 0 5 5 5 0 0
2 veeks 5 3 5 5 0 3 5 2 5 3 5 2
4 weeks 5 3 5 5 0 1 5 0 5 1 5 3

Fig. 10 Histological appearance one day after
embolization (X 100). A particle of the CQ sponge
is seen in an arteriole and inflammatory cells
accumulate around the vessel.

TR E v 7 BIZ, Weigert BT E CIR
WIRERBRWThLBEROWE L LTabh
e, VY FBEHIRAICEAZRICQ AEv oD
RERALLZDHER %5 & (Table 2), CQ = &
Y 2R Y FHERTRBIRE < 0 EESIR 58 b
b EBEDMBIIRIC A7 > TEDOHBERIC A S h i
B, HRERGECBIRAICIZERBES S 4 BEE T
EEBTBLTHLhkd -1, ERBEOEZBE
BT, BAEE,S 1EMEECIZCQ ARy
TREVLOBIRNIZR S h i B8R 2 8%
BHLBEINDCQAXVYCORIBAL, 4
BHRIZIZCQAA Y SRR I AT,
VHFBBIRANICEAZhIZCQAKXVYSOE
CRIETEE Y25 L (Table 3), EREHTIL
BBk B bR R bR o7, ER 1
A# (Fig. 10) T3, BEBOBESEIEERL S
hie, CQARY COERY X7 L-BABIRS

BEF624E 9 4251

(15)

Fig. 11 Three days after embolization (>100).
The CQ sponge is observed in a vascular lumen
and necrosis of media is seen.

ORI Y v IREBEN 3 Flicnbh, 1
BlhR D BIE N BE S hic, ER I3 BH T
(Fig. 1D, BEBOBREWEE L ALK, CQ #
Ry 2 OFLET HBIRE A MO B%, AR
MR OWE, MBS ONEFE~DORE, hiEo
BENB O, ERBEEBIZITY v HREE
A bhic, R 1B%E(Fig 12), Bighc
BEEBRSEHE 235 b h M E RBEES I ek ) v e
RoBHELHE IR, X5BIRFRONELS
% CQ A X v I ~ofEMRORARMAFEED
MRMEIERE S A bhie, Ei2 2 B8% i (Fig
13), BEEOHERHMIC 2 PICHKLEENR LB A
o BONREEWY, PR CD KA itk B B R0 Ak e B L
Bihbh, FE, SEORENTHEEC, M
ECHEABRME ORI b, 4 BEHIIT
(Fig. 14), &\ EEESEFEH A S b BIER I HIKAL
BHE BT, CQ A £ v 24 ZAbh, Bfio



1134 CQ 24 v w oHiE# LRI T 55, ERBE

Fig. 12 One week after embolization (<100).
Growth of fibloblasts into thrombus is observed.

(X 100).
Marked proliferation of endothelial cells is ob-
served.

Fig. 14 Four weeks after embilization (<100).
Severe stenosis of an arteriole and fibrosis around

the vessel are observed.

PIRE O SEAEIC X %8R )Mb & IE SR o ik
A IENY

1%
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Fig. 15 Changes in WBC counts after emboliza-
tion
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Fig. 16 Changes in serum BUN after emblization

4) BRI RIETHEOBE

v F {F EHlkg ¥4 7o D0.7mg & O*l.dmg ©
CQxEHFLECQAEYST, £5LDHED
EREToE2 » AMBRLEHI, T02 7
AR BEBIRER Y0 v 3 F Ik
Mote, BREBEOBETCIRERTIER, WL
TRH, —HOGITIIEEE L BRABER L O
ZRIEN L DN B BE YR Licflil s
tz. 2 » AMORBILO R EHREBOZE(L Y 25
E, FROBBUIMERC—BERDT5 L 00OBRE
TEO—@BMETH -, HMEREE— B LR
R4, 2EBTCRIFERNECEL, ET
AR bhich ot (Fig. 15). B>\ i
BUN (Fig. 16), creatinine fizJc % /e ZE8hid s
ot BREARCHEBHZA LI T, GOT(Fig.
17), GPT & —@tkic EF» R bhtcs 1:EMT
iTRIEE L, LABEIRTiE 24 L e,

B. BREFIC 1T 5 BRIV

1) EES R oM

AARBER &R #4758 HO%
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— O 1L dmg/kg
=== CQO0.Tmg/kg
200
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50 3
U/mg R T =__1E:'.—_'_—.-.—;———-
T ——
4 L 4 \
pre 1d 3d W W W b1
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Fig. 17 Changes in serum GOT after emblization

Table 4 Angiographic appearance afrer arterial
embolization of renal carcinoma using the CQ
sponge (20 cases)

stenosis of =50% 19 cases  (95%)
renal artery <50% 1  5%)
none 0
disappearance of marked 15 (75%)
tumor vesseles  pedium 5 (25%)
none 0 ( 0%)
decrease in tumor =50% 20 (100%)
Stain <50% 0
none 0
development of  developed 5 (25%)
collateal none 15 (75%)

D MR35 1k fmzh R oikst
ERANCMER DS S hic126l4, CQ ARV
DERIC X Y MRDOMEERE IITER L 0idll
BRUTH - 7c, HFEDRIHE T HIMOREREHNEL
L7 1403, BERETEL2CERLLLD
D, EEIKEL, MEIMITERE L T RBIR
CEHERLYRDIMTH -1,

2) EfgTok

i) mMEEE cokiE (Table 4)
EREBENESEINTTRETD - 72206 cHst
1T odc, HEMRIIERES B 52408, F
¥123.2BCH 5, BERABREORMIIL20614
BleHbhic, £0 5 B196IE50% LL o i1k
BEhbh, RMCOBRE R 1 FlBEIA/NE &
B2 MOENAT o 1o fITH o 7e, BEME L1565
(75%) CEM A BRI, 5 FICHER
mECBEEOBHE, ALRI, FDN 2 FILE

BEFN624E 9 A25H

(17)

Fig. 18A Renal arteriography reveals hyper-
vascular tumor of the left kidney

Fig. 18B  The tumor vessels are significantly
diminished 3 weeks after embolization.

BOATEERHITH - e, EBHRG LA
LT50%LL g Uic (Fig. 18), ¥ - BEhiRER
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, 2
A
=

Fig. 19A  Aortography before embolization reve-
als a hyper-vascular tumor of the left kidney.

Fig. 19B One month after embolization, tumor
vessels disappear without development of collat-

eral circulation.

®, BRSO mEH»EHEYERET I HD S
RIENMFTEE DS FT 7 i LD B idiin Lic & o
5F125% D HT, D5 bERICALII SO

20, BEDOL DI 3IFTH -2 (Fig. 19), £
HARMITERORBENERTH -1 26112, ER
BHOBBIREOBMILISRFITH - 7o, BB
FORERE L ERDHE L BRI OWT LR
Lichs, EFMmMEDLEICBRL ERDRIZL
FICRIFTH -1,

i) CTfgic X 535 (Table 5)

CQ AR voic X 53E/E, CT TEF LE18
iR, JUED - T BIEH A B T IEE AT 0 80%
X TIERIIEAL L1 i3 5 $127.8% (Fig.
200, 50% LA E80% LA TE MUk b L7z Di% 6
i, 33.3%THH CT EEGHEE X A B50%LL
FAEBRIEAL Ui fI261.1% THh - 7o, (BRI
{L2350% KD b D% 6 $133.3%, 4 ELE{LosE
oleb DX 1FDORTH T, CT TELLE
2B 5HP 4R CT LS ROEN T T
Feb 5 FE, MR REIMITIE D RE L T\ i fE
B¢, HEGR EATRTOEIBIM T D FE & (3B

Table & Changes in necretic area of the tumeor
on CT after embolization

necrosis after embolization
>80% 80~50% <H0% none Total
18

5 6 6 1
(27.8%)  (33.3%)  (33.3%)  (5.6%)

3
' P ¥
%ﬁ’

Fig. 20A CT shows a huge tumor in the left
kidney. The tumor has irregular low density.

EKE&E»« ‘g‘l?% ;ﬁg%
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Fig. 20B Two months after embolization, the
tumor decreases in size and shows distinctively
low density.

e 1 % !
Fig. 21 Two days after embolization, the CQ
sponge is observed in the lumen of artery which
shows necrosis of media. (<100)

Bl ns o e,

3) HEBHFAIRE

HHBLAI oK T, CQ A& v oILEE %
ACERBIIR, SRER, ERMBIRAECEE
LTkh, EREUB ETCOIDIEERHICRS
h, 1THEOERACTRBECE k-7, ER2
B# Tk (Fig. 21), CQ A% v o3 BIRRAKET
M ERTHEEL T, CQAEVYSOE
EL T IMEEEDN BRI EE UREERR & ix
h, PO TEM B> T,
ABOEHB I EmMEFEREC L 5 ME0 Rk
ETEY) v RBE LGN, 8 HE, TE#k
(B M PERESE I BE D AR AR b A 2 - EE5E
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Fig. 22 Eight days after embolization carcinoma
celis are markedly necrotized. (X 100)

Fig. 23 Two weeks after embolization stenosis of
arteriole due to thickning of the intima is shown.
(X 100)
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Fig. 24 Survival rate of the patients in the stage
III and IV after embolization.

Table 6 Side effect after embolization with the
CQ sponge

+ -
vomiting 16cases (43.2%)  2lcases (56.8%)
Stcases (=3days Scases)
fever 26 (83.9%) 5 (16.1%)
Jicases  (nagc  15cases)
(=7days  10cases)
pain 33 (86.8%) 5 (13.2%)
38cases (severe 24cases)
elevation of 15 (46.8%) 16 (50%)
blood pressure

(=250mmHg d4cases) *decrease over 20
(=4days 2cases) mmHg in one case

32cases

600

500

Kaplan-Meier Z1i X g, 14E4EFE1336.4%
T, 50%4AFHM11.10 A Ch -7 (Fig. 24).
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1 ERRAER (Table 6)
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FEIR 2 H O FBERT LI o M I DT,
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Fig. 25 Changes in RBC counts after embolization.
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Fig. 26 Changes in WBC counts after embolizatin
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