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DESHRERET Y, BEEFH L Lok
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HRAP R D A F Tt £V R
xh, EER#HRBRCAZDOTHSE, &5
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L, FEIRE D SRET 30 9 ELT TR e,
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Table 2. Backgrounds of the patients
(Total cases 104)

Sex male 69

female 35

Table 1. Description and physical properties Classification |inpatient 93

Code name AMI-25 outpatient 11
Chemical name Superparamagnetic iron oxide Age ) “gg 2
1~ 2

Description Black to reddish brown water colloidal solution 3140 9
Concentration 0.2 moles Fe/1 (11.2mg Fe/ml) 41~50 14
oH 79 51~60 36

: 61~70 31
Effective diameter * 100~250 nm 71~80 17
Relaxivity (R2) > 0.62 X 10° sec™* M Disease hepatoma 71
Osmolality 338mOsm/kg (Osmotic ratio approximately 1.2) metastasis 20
. . hemangioma 3
Specific gravity 1.036 cholangiocarcinoma 1
Viscosity 1.2 cps liver abscess 1

(* laser light scattering) others 8

19924 2 H2THH#  19924E5 F 7 HHGE]

BIRFERSE T160 FFHHERGERETS BLRRBRFEFMBERREIE Bikh=
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Table 3. Number of cases 7z, 3 b TR MERSE R ELE TR

in each pulse sequence BEDIE FlzDWT &, W%, FE, BEL

Pulse Sequence Cases BLBSERLS NI T 4 VA%, B AL
et - HAI LD 6 BOFBESHE L T2,

PDWI % ZeWIcowTIE, HYEIC X 2BZICmz

s T T, BESEAE, REHES %, 1098, B

Total 305 G TR, B X UREEROIE & Ik % HE

L, REERT» S REK TR CLERNEZE=

T, WI : Spin echo T, weighted image §—Ue, MR RBC, WBC, P,

T,WI : Spin echo T, weighted image

PDWI : Spin echo proton density weighted image Hb, Ht, Efb%ﬁ@*ﬁﬁﬁimfﬁﬁ, UIBC, 7=
GE : Gradient echo image V¥, GOT, GPT, ALP, LDH, y-GTP,
CHO, TG, T-Bil, BUN, CRE, Na, K,
Bizzhzh 5 BEETIT 2V, WEZRE FRIRELIIHE, EE, Yot/ —5Yy, WIo&HE
TERIIMIC DV TER, BR), ©RER, H7%, %5013 HUR KR U5 24~48 KR
D 4 BeREEECRIE L 72, WO 2 FIERML 7,
EEROEBRFHM L LT, RE SN LM OFHEIE, LREE RS0 SHEYES

NARINZDWTHE, B, RUNy 775y MERNCHEL, BHELZLE L LT 4 Bk
Y R A XDESHEDFEE (SI) L IZHER FHi &2 1775 - 7z,

Z=fE (SD) ZHEL, EXHERTOHOES/ RIEFNDEFRIE FITE I, SHELE G
JAXE (S/N), EE -FFoarroab/s ROBELZ2E 24 L T 5 BRIk O 21T

A Xt (C/N) 2R LD EHL -, "o,
S/N= (FFoSD/ (w7275 R )4 XD SD)
+
C/N= {(BB®SD — (FoSD} / # R
(N2 759 4 XDSD) 1) SRR

Table 4. Image evaluation in each dosage group by investigators
Contrast enhancement

dosage H+ H+ + + — Total | = H H-test? U-test?
5 les Fe/k. 42 39 6 10 4 101 80.29
umoles Fe/kg % 1 p=08143 | ]NS.
10umoles Fe/kg 45 41 9 2 103 83.5% NS NS N.S.
15umoles Fe/kg 44 34 11 4 101 77.2% - —
Total 131 114 26 24 10 305 80.3%

1) Kruskal-Wallis test 2) Mann-Whitney test
Lesion detectability

dosage H + + + — Total | = H H-test? U-test?
5 les Fe/k 50 23 11 10 7 101 72.39
pmoles Fe/kg % | 0939 []Ns.
10umoles Fe/kg 43 29 16 8 2 103 74.8% NS NS N.S.
15umoles Fe/kg 47 | 35 6 | 11 2 101 | 81.2% > >
Total 145 87 33 29 11 305 76.1%

1) Kruskal-Wallis test 2) Mann-Whiteny test
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B0 6N, FREERCBY 23~ BEMEDOHETY, Table7DXSCa>¥ 7

F A NETRRIER, 7 ‘%Tﬁtﬁﬁé@ﬁibzﬁmf
e R EEERRED shaho T (HIRE

A EERhE, RESREREOR L bEvE
ESHER S NIz, Ele, IV N T A NEEEE

RO URKRE). 12D lE, 15umoles Fe/kg BEFEIZHB VT,
v TR TSR B L ORI HEED BRI LENE B L msh R =R 72,
M EOFH & A L oS AIR OFEIC DWW T &5z, Fwwknl (T, %Eﬂﬁ{% T, 58

1%, 7 OE% Table 5 2R, FEFICE
L E S, 10, 15umoles Fe/kg #57E
RIS WEHEAEE D o Tz s, RETFRINCIE

ER, 7Ub/fﬁﬁﬁﬁ@, HAF v VHE
®) wwaHtza b7xb%9ﬁ%,raﬁﬁm
BEDM i Table8 O Z L Thb, T, milHE

Table 5. Total evaluation : Efficacy (Contrast effect)

dosage very effective slightly not Total | = effective | H-test? | U-test?
effective effective | effective
s5umoles Fe/kg 18 11 3 2 34 85.3% =0.9615 [ ]S,
10umoles Fe/kg 16 15 2 0 33 93.9% NS :Il\ljl N.S
15umoles Fe/kg 18 13 3 0 34 91.2%
Total | 52 39 | 8 | 2 |[101 [ 901% | |
1) Kruskal-Wallis test 2) Mann-Whitney test
Table 6. Efficacy (Contrast effect) in each disease group
very effective slightly not Total > effective
disease effective effective effective
hepatoma 32 29 6 1 68 89.7%
metastasis 13 6 1 20 95.0%
hemangioma 3 100 %
cholangiocarcinoma 1 1 100 %
liver abscess 1 1 100 %
liver hydatidosis 1 1 0 %
liver cystadenocarcinoma 1 1 100 %
hepatic adenoma 1 1 0 %
liver cirrhosis 1 1 100 %
focal nodular hyperplasia 1 1 100 %
gallbladder carcinoma 1 1 2 100 %
adrenal tumor 1 1 100 %
Total [ 52 39 8 2 [ 11 |
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Table 7. Image evaluation in each dosage group by six radiologists
The result of image evaluation by six radiologists in blinded films study on the same criteria as the investigator
in each institute did.

Contrast enhancement

dosage H H + + — Total | = H H-test? U-test?
5 les Fe/k 67 24 8 1 0 100 91.09
pmoles Fe/kg % o001 []Ns.
10xmoles Fe/kg 81 18 4 0 0 103 96.1% % % ” * %
15umoles Fe/kg 94 7 0 0 0 101 100 %
Total 242 49 12 1 0 304 95.7%
1) Kruskal-Wallis test 2) Mann-Whitney test * 5 p<0.05, *** ; p<0.001
Lesion detectability
dosage H H+ + + — Total | = H H-test? U-test?
les Fe/k 59 25 4 9 3 100 84.09
Sumoles Fe/kg % | 02123 []Ns.
10umoles Fe/kg 70 19 3 9 2 103 86.4% NS NS N.S.
15umoles Fe/kg 72 16 3 8 2 101 87.1% e —
Total 201 60 10 26 7 304 85.9%
1) Kruskal-Wallis test 2) Mann-Whitney test
Table 8. Image evaluation in each pulse sequence by investigators (a) S/N (b) C/N
PRE POST PRE POST
Contrast enhancement T 100 - 1100
Pulse sequence| H#f | # | + | £ | — | Total | = H
T,WI 15 37| 13 12 8 85 161.2%
T,WI 45 39 9 9 1 103 | 81.6%
PDWI 49 35 3 2 1 90 193.3%
GE 22 3 1 1 0 27 192.6%
Total | 131[114] 26 [ 24 [ 10 | 305 [803%
Lesion detectability - 4-100 3 1-100
Pulse sequence| 4 | # | + | = | — | Total | = H T e —
T,WI 28121 | 1413 9 85 |57.6% WILCOXON TEST *%% : p<0.001
I 42 | 37 14 9 1 103 | 76.79
TI;W T 29 3 6 N 50 Ts8 9? Fig.1. Change of S/N of the liver parenchyma
FDWI > - OA and tumor-liver C/N in PDWI. The changes of
CE 2] 01 2] 1] 0] 20 I89%] jiver S/N (a) and tumor-iver C/N (b) show
Total | 145 | 87 I 33 | 29 | 11 | 305 .7671% statistically significant S/N decrease and C/N

increase after the administration of AMI-25 (p<
0.001).

BRI T 7 e b UEEEFAER, T.585HE R
Tk %) kﬁk{%ﬂ?’: i%&;ﬂ%ﬁ)ulm&) 6 j/L e IR gi
A ¥ v VEBRICBWT b REFRRESE S Lk,

% S/N OIET & C/N D EREEFRL -,
BERE &R TOS/N, C/NizonwTly, £

a7 A N EERR OB LR & LT,
JF¥ & OEF D S/N, C/N 2HIE L ISR T
(p €0.001)

1%, Figl O &5 e ENcER

'ﬁi & L/T Liﬁ‘iu\ 7:;(?'5‘5%5 iﬁ%n:ué ﬂtﬁ o 7)—3753\,
[F—HfE I & 2 HIERS R T, Fig2 0k 5
SRR TR ESRIC L 2E6E R S/N, C/N 0%
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-1001
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100]

S/N
dosage
pre-post post/pre
Sumoles Fe/kg |— + — ¥
po P08 p=
10pumoles Fe/kg | |P=0.092  [g'ma ™ P=0.0118 {0,085
15umoles Fe/kg
c/N
dosage
pre-post post/pre
S5umoles Fe/kg + o
:|P=0‘0875 . . p=
10umoles Fe/kg 0.09%0 ;\o*ma';-"-‘ms 0.0106
15umoles Fe/kg

}1 ANOVA TEST

-100-

]

*% 1 p<0.01, % :p<0.05 +:p<0.1

T-TEST

Fig.2. Change of S/N of the liver parenchyma in each drug content group studied with same

type of 1.5T machine. The correlation between the change of S/N and the content of administer-

ed AMI-25 are statistically significant (p<0.05). The change of tumor-liver C/N also correlates
with the administered content of AMI-25 (p<0.05).

Table 9. List of adverse reaction

dosage dis- treat- relation
(mol f’e Jkg) symptom intensity duration time continu- | ment | outcome of
pmmoles Te/KE ation AMI-25
through 30 min. spon-
15 facial flushing mild from end of — — taneous | possible
administration recovery
blood pressure through 1 hour spon-
10 depression moderate| from 5 min. after — - taneous | probable
start of admin. recovery
increase of blood through 2 hours spon-
10 pressure mild from start of — — taneous |ambiguous
administration recovery
through 30 min. spon-
(10) dyspnea moderate from start of O — taneous | probable
administration recovery
palpitatio cordis through 30 min. spon-
10 and mild from start of - — taneous | unknown
warm sensation administration recovery
stiffness of legs through 30 min. spon-
(5) and moderate| from 5 min. after O — taneous | possible
chill start of admin. recovery
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Table 10. Change of blood pressure by the administration of AMI-25

Systolic blood pressure

Diastolic blood pressure

dosage just before 5 min. after 10 min. after end of just after
(#moles Fe/kg) | administration | start of admin. | start of admin. administration imaging
case 35 34 33 34 29
[ meantSD | T357 00205 | 1340942471 | 1309142196 | 131.94+2296 | 136.07+2557 |
10l.case | s 8 28 ]
mean=+SD 123.79+18.89 120.68 +20.39 120.62+19.71+ 121.15419.65 122.36 £19.77
locase | RSN AN S SR S RN LR B 0
mean-+SD 125.79+15.35 122.38+14.81* 121.35+£15.28** 124.18+14.24 128.73+15.45
paired T test : ** ; p<0.01, * ; p<0.05, *; p<0.1

dosage just before 5 min. after 10 min. after end just after
(umoles Fe/kg) | administration | start of admin. | start of admin. administration imaging
case 35 34 33 34 29
I “mean+SD | 7980+1595 | 7918+15.00 | 7824+1341 | 7882+1380 | 80.41+14.72 |
w0f...case | o s 8 8
mean=+SD 75.71+13.77 73.82+12.27 74.03+11.74 73.79+13.20 75.14+13.76
locase ) AN U RN SRS . SR NUU A R 0 ]
mean+SD 76.85+9.35 75.62+10.60 75.68+9.57 75.85+9.09 77.30+8.96
paired T test
Table 11. Change of pulse rate by the administration of AMI-25
dosage just before 5 min. after 10 min. after end just after
(umoles Fe/kg) | administration | start of admin. | start of admin. administration imaging
case 34 34 32 33 29
[ mean+8D | 714441227 | 72.06+1498 | 68.88+12.17F | 68.94+12.02** | 72.31+1326
ol case [ ES S R R I
mean=+SD 72.65+11.70 72.62+13.12 71.27+11.68* 70.33+11.37* 72.07+11.79
looocase | Mol s M LI B 0
mean+SD 71.62+£11.73 70.65+10.76 70.82+12.02 68.74+10.69** 71.47+£12.77
paired T test : **; p<0.01, * ; p<0.05, *; p<0.1
Table 12. Abnormal findings in clinical laboratory tests B 2PITHRENFIEE A TWS B, 6 Flrh2f]

(Items related to iron)

post administration total
items total
increase | decrease cases
serum iron 25 7 32 81
UIBC 8 19 27 80
ferritin 24 1 25 77
3R eniz,
2) Bl
SEFIF, BIERE L TERDoNzbDIX6

Flchv, #OWR%E Table9 icmd. DS

TEIWER X ERMERDBA S0, EERIDME % 25
BELI2EELRLOBTDONZ Mo T, $77,
BERBICL2FHBFHEEOELRAD SN o 7o,
MEDOEEDEFEICOWTIE, BEH, B5
W, RE®RO&EEIME, RIEMEOH#RIZ
Table 10 I2/RT T L THY, wEMECEL
T, AEFIE 1LY 15umoles Fe/kg #r 58
THERETSED SN T w555, KNI
BERBREMETTRZY, BEMEICDW,
T, BEREEBHIIFED ST,
IRIBDZENIZEA L T3, MK T BRI iRE
DOBAMREoNBH, THITEHOEELEZ
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EOEE ZERE L 7228, $BIEIEE T3 Table

Table 13. Abnormal findings in clinical laboratory tests
(Items unrelated to iron)

Fl2x 45 (1992)

12D &35, BEBROMERE, 7<) T fED
&, UIBC OE FOMERD RS, MTESME
WZDWTIE, BSEOHEIMCHE > TREBOEFE
HERAERE O _F FAEEDSERD Sz, FOMOREE
IZDWTIE Table 13 129 & 5 WCAREANHA S
WEEE L BB S Lo T,
BHEZEEICO WTIE, HY4E XY, EHEHE
HE#HEDOS 2, 4BEEOFMETHES N,

tems ?ost administration rotal total | relation of z @%% X Table 14 DL THo 7=,
— 1ncr§ase decroease - ca;s:s AMI-25 B SRR @ﬁ%ﬁ% 74, Sk LR
WBC 3 2 5 | 97 B L EINTb DA 94/104 61 (90.4%) Th
PV 1 5 6 97 k — e, .
Hb 2 1 3 | or [T D, KEFOFZLEEIHERI NI,
e : 2 Lo 3) HRERAYAE FItE
98 T AL

GpT 5 T PRI 1, AR OB AT - LT,
i I S I S I EROEME, BREOTMES § 2 TEHEY
ey ¢ ! S It Rick DHEESH, ZORRIT Tablels DL

TG 2 RN unknown $ T te, AR EOFHEHS 89/101 F (88.
T-Bil 0 1 . S

BUN 0 1 1| 9 1%) THY, BVERNERESHEZR I,

0 0 0 97 .

N 0 o |o | Efi 1] UM. 75 Bt Frla (Fig.3)
K ! 0 T AMI-25 15umoles Fe/kg 154
e |0 o | o |ss AR T, FHERT R R S B E I

B e ) O] o | 5| unknown T MRI 1T,
urobilinogen 0 0 0 85 ~
occult blood 1 0 1 85 AMI-25 &5%@%—?&/{*@, Tﬁﬁig}%@{%’g (TR/
Table 14. Total evaluation : Safety
dosage good | slightly |poor| riskful || Total
poor H-test? U-test?
2 1 0 35
10umoles Fe/kg NS, NS, S.
15umoles Fe/kg | 32 2 0 0 34
Total [o4] 8 J 2] o [ 104] |
1) Kruskal-Wallis test 2) Mann-Whitney test
Table 15. Total evaluation : Clinical usefulness
dosage very | useful | slightly | useless | un- Total | = useful
useful useful desirable H-test? U-test?
2 4 .39
5umoles Fe/kg| 18 11 3 0 3 85.3% 0=08972 []NS.
10xmoles Fe/kg| 15 14 4 0 0 33 87.9% NS NS N.S.
15umoles Fe/kg| 17 14 3 0 0 34 | 91.2% o e
Total | 50 [ 39 [ 10 | 2 | o ][ 101 ] 881% | |

1) Kruskal-Wallis test
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Fig.3. Case 1, 75 years old male with hepatocellular carcinoma, the injected dose of AMI-25 was
15umoles Fe/kg. a : unenhanced T, weighted image (T,WI), b : unenhanced T, weighted image
(T,WI), ¢ : unenhanced proton density weighted image (PDWI), d : enhanced T, WI, e : enhanced
T,WI, f : enhanced PDWI. A tumor at the right posterior segment of the liver is more clearly
identified as a high signal mass lesion in T, WI, T,WI, and PDWI after AMI-25 administration.

Fig.4. Case 2, 50 years old male, hepatocellular carcinoma, the injected dose of AMI-25 was
15umoles Fe/kg. a : unenhanced T, weighted image (T,WI), b : unenhanced T, weighted image
(T,WI), ¢ : unenhanced proton density weighted image (PDWI), d : enhanced T, WI, e : enhanced

T,WI, f : enhanced PDWI. A mass lesion at the left lateral segment of the liver is seen with
slightly low signal intensity in unenhanced T,WI, and shows iso-intensity in unenhanced T,WI
and PDWI. After andinistration of AMI-25, the mass at the lateral segment shows high signal in
T,, T,, and PDWI. And daughter nodules not recognized in unenhanced images are seen at the
right anterior superior segment.

201



HIGER: 12545 (1992)

TE, 500/20) THAEERXICHEEE OEES
R 508, T,5EmAE G (2000/80), 7o
N EEERRFHE SR (2000/20) TIXBEL R EE AR
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T h&sRE SR, 7o VEEEFAEGROWTNT
b, FEBICHANHESHCEESL2ET 2EEN
BRI S TS, BAMEOHIEIEERICHY,
Tt b REN {, BRE AT, BT
BRHEHESN:, GRRESERRFAEGIT,
FAZ%EE 1 15T MEEEETH S.)
(EfI 2] HM. 50 iBM:  AHifaE (Fig.d)
AMI-25 15umoles Fe/kg #& 5.4
CHEFFRDBEDY, FHIFEIHALD 38CH
DOFED DD, FF5 HIFEERUIES E
fwans,
AMI-25 #5HO#E T3, TOaFHE S (500/
25) THFAEZESMIRKICAFEE I N ERES
DIEREED NS, TAmFamEER (1462/90),
7u b VEEEHEGR (1462/25) TREEET
HY, WHACIIEERMAREZEFTCELW, &
5% o T, T m#AER, o o8

FERRRE R T, SMAIX O ER IR L (G5
ELTRD SN, AR RIS FEE
HARABRSEES 2 T REH 20 5. 5
HIERN T, ZeMchifER <, BRYERED
HEIBDTERTH o1z, REEESERRE
FEGIC, BEREEE I 02T AAREETHS.)
(iERI 3] TK. 4374t &=BEAHE (Figh)
AMI-25 10gmoles Fe/kg #2541
¥R 3HE 5 A SRR E (Borrmann [ )
ZIEHINTWS,
AMI-25 #: 5/ OfRF CI3, T.5RaAER (500/
30) THAERREEZFLE T2BEOKES
HE 2R, T HHHFAER (2000/80) Tl3HEE
Kigic R 2R EOEFESHEEEAD 5. &5
BOTBE T, TORFERTHEEIEEST,
ZRMECHRD SN EH, T HmABEEHRTIEE D
BhEEE0OERE L THERsN, ABRE,
EIESMEIRER O/ NERE DFAE D BB Ik s h
5. BAAMEIIERT, ZLMbRER <, BIK
HERMERBO TEH LHESNT, (BHEX
SERERIC, HAZEEIR 15T BEEEETHS.)

Fig.5. Case 3, 43 years old female, metastatic liver tumor, the injected dose of AMI-25 was 10umoles Fe/kg. a:
unenhanced T, weighted image (T,WI), b : unenhanced T, wegihted image (T,WI), ¢ : enhanced T,WI, d :
enhanced T,WI. After administration of AMI-25, multiple metastatic tumors are identified more significantly.
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Phase II Clinical Trial of AMI-25 (Superparamagnetic Iron Oxide)
— Evaluation of Its Efficacy, Safety, and Clinical Usefulness
in MRI of the Liver Tumors —
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AMI-25 (Superparamagnetic Iron Oxide) is expected as an effective contrast agent of the
liver. We performed phase II clinicaltrial of AMI-25 to evaluate its efficacy and safety in 104
liver tumor cases. AMI-25 was administrated with intravenous drip infusion technique for 30
minutes in a dose of 5, 10 and 15umoles Fe/kg. T,, proton density, T, weighted spin echo, and
gradient echo images were obtained before and 30~120minutes after the injection of AMI-25.
The visual comparison of each set of unenhanced and enhanced images were made to analyze
the effects of this drug. The signal-to-noise ratio (S/N) of the liver parenchyma and the tumor
to liver contrast-to-noise ratio (C/N) were also measured. AMI-25 showed a remarkable effect
to reduce the parenchymal signal of the liver, and was helpful to distinguish liver tumors as a
relatively high signal mass lesions. The side effects of this drug such as transient hypotension
and heat sensation were recognized in 6 cases, but no treatment was needed. Our results show
the high possibility of AMI-25 to be a clinical useful contrast material of the MRI of the liver.
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