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Development of Miriplatin, a Novel Antitumor
Platinum for Hepatocellular Carcinoma
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Miriplatin was approved for lipiodolization for the treatment of hepatocellular carcinoma in 2009. It is a lipophilic
platinum complex containing myristates as leaving groups, and can be easily suspended in ethyl esters of iodized
fatty acids obtained from poppy seed oil. Miriplatin suspension was active and was retained selectively in rat hepatic
tumors after intra-hepatic arterial administration with reduced toxicities in normal livers and the whole body. In
this review, we summarize the characteristic formulation, preclinical studies, and clinical studies of miriplatin.
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Chemical structures of miriplatin (left upper), CDDP (right upper), DPC (left lower), DPCI (middle lower), DPI (right lower).
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PG  Scanning electron micrograph of
freeze-dried particle of miriplatin

Platinum release ratio (%)

Duration (months)
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.m Differential interference contrast micro-
graph of miriplatin suspended in ethyl
ester of iodized fatty acids obtained from

poppy seed oil
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A) 0.1 mL of miriplatin suspension (20 mg/mL) was layered over 10 mL of physiological saline in test tubes. Test tubes were rotated vertically for
1, 2, and 3 months at 5 rpm in an incubator at 37°C.

B) 0.5 mL of miriplatin suspension (20 mg/mL) was layered over 10 mL of rat serum containing 1 % polysorbate 80 in test tubes. Test tubes were
rotated vertically for 7 and 14 days at 5 rpm in an incubator at 37°C.

The amounts of platinum in the aqueous phase were quantitatively analyzed by atomic absorption spectrometry. Platinum release ratio (%) was

calculated with the following formula: A/Bx 100, where A is the amounts of platinum released in the aqueous phase, and B is the amounts of

platinum in miriplatin suspension added into test tubes. All results are given as the mean + SD (n=3).

m Platinum release profile from miriplatin suspension to physiological saline (A) and rat serum (B)

Platinum release ratio (%)
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Particle size (D90%, pm)

17 profiles of miriplatin with indicated particle size were
suspended in ethyl ester of iodized fatty acids obtained from
poppy seed oil (iodinated poppy seed oil). 0.1 mL of miriplatin
suspension (20 mg/mL) was layered over 50 mL of 0.5 M HCl in
test tubes. Test tubes were rotated vertically for 6 days at 15 rpm
in an incubator at 25°C. All results are given as the mean + SD
(n=3).

PBEEMEE Dependence of particle size on platinum
release ratio
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Miriplatin prepared under the indicated conditions was suspended in isopropyl myristate, and analyzed for particle size distribution. D90%
represents a value on the distribution such that 90% of the particles have a volume of this value or less. All results are given as the mean in A,

and the mean + SD (n=2 or 3) in B, respectively.

BEENE Dependence of water contents in bulk solution (A), and freezing rates in freeze drying process (B) on par-

ticle size distribution
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Miriplatin suspension Cisplatin suspension

A) Platinum concentrations in tumor and normal liver tissues.
Miriplatin suspension (400 pg/head) and CDDP suspension (400 pg/head) were injected into the hepatic artery of AH109A tumor-bearing
rats at the volume of 0.02 mL/head. Immediately and 7 days after the administration, resected livers were divided into tumor tissues (M)
and normal liver tissues ([]). Tissue homogenates incinerated using nitric acid and hydrogen peroxide were dissolved in 4% aqua regia and
introduced to flameless atomic absorption spectrometry. All results are given as the mean + SD (n=7).

B) Distribution of iodinated poppy seed oil.
Miriplatin suspension (400 pg/head) was injected into the hepatic artery of tumor-bearing rats at the volume of 0.02 mL/head. Seven days
after the administration, resected livers were radiographed with a soft X-ray machine. White circle indicates tumor site.

C) Distribution of 14C-labeled miriplatin.
14C-labeled miriplatin suspension (400 png/head) was injected into the hepatic artery of tumor-bearing rats at the volume of 0.02 mL/head.
Seven days after the administration, resected livers were frozen, sectioned to 5 pm slices, and subjected to microautoradiography. Arrow
heads indicate tumor vessels filled with miriplatin suspension.

Platinum concentrations in rat livers, distribution of iodinated poppy seed oil, and *C-labeled miriplatin
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Time after administration (weeks)

Total platinum (®), methanol extractable platinum (O), ultrafil-
terable platinum (A). All results are given as the mean + SD of
six (-day 1)or four (day 3-week 4) animals, or the mean of two
(week 6-13) animals.

BN Plasma concentrations of platinum after
single intra-hepatic arterial administration
of miriplatin suspension to normal dogs at
a dose of 2.4 mg/kg
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1ELIENE Tissue distribution and excretion of platinum after single intra-hepatic arterial administration of
miriplatin suspension to normal dogs at a dose of 2.4 mg/kg

Time after administration / Animal number

Day 1 Day 28 Week 13

Samples No.1 No.2 No.3 No.4 No.5 No.6
Brain <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Heart 0.02 0.02 0.01 0.01 0.01 0.01
Lung 0.11 0.14 0.17 0.09 0.03 0.04
Liver (total) 82.50 81.95 44.85 40.79 15.38 16.32
Gall bladder 0.01 0.02 0.02 <0.01 <0.01 0.01
Spleen 0.05 0.06 0.12 0.06 0.04 0.05
Pancreas 0.03 0.09 0.97 <0.01 0.20 <0.01
Kidney (cortex) 0.06 0.09 0.54 0.41 0.39 0.31
Kidney (medulla) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Urine - - 18.36 17.67 66.27 41.75
Excretion? Feces - - 4.56 3.46 10.81 9.75

Total - - 22.92 21.14 77.08 51.51

Results are expressed as % of dose.
a) Cumulative excretion until the sacrifice.
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1128 Formation of DPC after incubation of
miriplatin suspension with Earle’s
balanced salt solution for 7 days

Concentrations in the buffer phase

Total platinum? (pg/mL) 0.85 + 0.09
DPC 0.42 + 0.03

Component? DPI 0.044 + 0.003
(g eq. Pt/mL) DPCI 0.18 + 0.02
Total 0.65 + 0.02

3 mL of miriplatin suspension (20 mg/mL) was layered over 6 mL
of Earle’s balanced salt solution in test tubes. Test tubes were
rotated vertically for 7 days at 5 rpm in an incubator at 37° C. Buffer
phase was analyzed by a) atomic absorption spectrometry or b)
inductively coupled plasma-mass spectrometry combined with
liquid chromatography. Results are given as the mean + SD of
triplicates.
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BHHE AT 572, £ ORER. BEBAORFEZ
L.} O DPC DM PN I EH ISR 2 & E A 5h
BfE4 OZEALRRY b, KIERGBRIC B1F 5 5
PEEIX0.03 mg/kg Th 72, Lk, RidBO LD,
DPCiZ 3 ) 77 5 VTR 5%, EAELORIBIC
K ORISR L. BRI I3 S hen, £
7z, DPCOZR VSR & U T, X muiRR, I
W - PEERER R D K OUALTE R 1 BT 5B 4 Mt
L7ze ZDFER. DPCIIHKEEA X DI - fEBE AR
WEERIZTL 20, wIheEHE (3 mg/ke. ik
N 5) TRY L7z BEORELENTH > 72,
PlEo &3z, 30757 VBEKRENT, 1 X
WHFEIIRINEE G- L7z & 2 A, RFIRO IS N O ZER I &
BLEZONIEUNRDEN-EDD, KIEHRGIC
K BHEALIZFRY 5 S, pONFREEO T F L E A
FWTR, EHEMELL AL o7, F720 K S
IZX D EGADHBELEWNRIE T A, MHTIHNT &
PHHL 72, X510, RAEWRMEHME»5 3 ) 775
VI A ORERICH L, EEARERE PR3
HEREMZAL AR & e b2 5 720 WRIRGAER CTRAW & N7z
RERBOBINZ. IV 75 F  OBIENAIERIZKL S
IRERD TN DOWEEL &, 2RI E RN TRRZ 5
BHREH L5 (THIE) OIS ko
RFRBER B D BSR4 5 W REME AR S, 7 F
T4 T7F Y —D &S mEERPURYE AR IR ISK
WZEEREI NI,

3. EEE

(1) WEYEAARDPC O in vitro MBI HI1E 1

I bd Bk HROEMIERRIZN9 5 3 Y
75 F . DPC. DPL. CDDP M U'ZS D in vitro#li
B AR L 72929, Table 318 L=k 912,
ICsofifi (RIS % 50 % P9 2 HANREE) % i
3% &, DPCD in vitro Ml e /¢ &, DPI&
DEiE<. CDDPRZS LS Th -7z, d.
M Ak E UTHWARWES, katto ) 75
F WD RED SN 572, - T, HiIRD in
vitro XU in vivo 12 351 2 FGHREIE OMEHRER IS A
in vitro MEHREHTHEIER OB S 68, IV T F7F v
DEBTEHIRIZDPCTH B L HE L b7z,
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LELIERE  In vitro antitumor activities of miriplatin, DPC, DPI, CDDP, and ZS against rat and human liver cancer cell

lines
ICs0 (ug/mL)
Cell Lines Miriplatin DPC DPI CDDP ZS
AH109A > 20 0.14 £ 0.07 0.83 £0.32 0.30 £ 0.07 0.13 £ 0.00
HepG2 >20 0.26 +0.24 23+1.0 0.96 + 0.27 0.32£0.19
HuH-7 > 20 19 £1.8 6.5+2.4 1.2+0.3 0.69 +0.18
Li-7 > 20 0.31 +0.02 21+0.2 0.42 + 0.03 0.22 +0.05

One day after the plating of cells into microplates, miriplatin, DPC, DPI, CDDP, and ZS were added as aqueous solutions. Cells were exposed
to agents for three days at 37°C in 5 % COz2. The ICso value was defined as the concentration inhibiting cell growth by 50 % compared with
control. All results are given as the mean + SD of triplicates.

(2) IV T FVIBEED in vivo TEEBGE PN HIVE EFIITEWTE, R AT ISR\ D 52

7y MEREIPEE T L, v ERMEET LS 5
WiE Ty MEEFREET L LW 224 OIFEE T
JZEWT, ) 7T F VBT E RN S
12 K0 in vivo FSIEREPNRIME- 278 L Ty 5 0,9-1D,
INsOH»5, 7y MEMIFEET LIZENT, 3
V7T F v e AIORN T % iR U 725 % Table 412
N7,

JFBIRIL FZERRFEER Y EA Y =Y 3 VTl F
IO KR E & IMRENRE, MFREOFEE 20 U T
Sk m RN I NS 20, BB 26301
ORI L 75 23 AEGE R (Peb&) (3. BREHEH O
HANRE ICKOBlEIhE LEZ6h5, T2, &
W FOh OSRFIRIE # BRI T S h 2 RE L [F T
BROELT, IV T F5F v, CDDPKUZSD3HFIH TR
N& R U 72, $E5 LA O NES R 2 f8EIC ¢
3L, BEMEE LT, ZSD I — Ry v ilEl
L)L T 27 LIEEWE (ZS BB, ¥ 1 mg/mL)
IR L 3 7T F v ERETES CDDP &k
(& B ICH% 20 mg/mL) Tid, JEBFHIFEEAVERIZAC
TUL7, 7. REZLIZOWTIE, L0 Th
DAY HERBERDPIRDENAEr 572, KB, K

B3RO oMo DD &, BEHTT
DIRFIELE % BEIR T X B0 LW U2 L7240
TTiE. )T 7 F VEREED in vivo BRI E
FIZZS B & D 502 L R Sz,

(3) e

HERHEEAOERET & LT, HE&DNAT &2
MEBAERR 7 R b — 2 ZFE RS EETH S L H
ABNTNBER, THLDEHIZONT, 7 v MPE
Miakk AH109A = & Mk Li-7 2 O TRRET L
AR, ) 77 F RIS CDDP e & Il kkiC
in vitro CHA-DNAT & 27 MERIEHR T E =32
HEEH AR TS LRI N9, B, IS
7 F v BRI A BRI S- L7277 > RS E T
OISRV T, DNAIZKEA L2AE2Y, 1ug
MDDNA &7-0 61 + 52 pg i X7z Z & X° terminal de-
oxynucleotidyl transferase-mediated dUTP-biotin nick
end labeling (TUNEL) J@faiEDMilah 588 6z
ZEN6 (Fig.9). invivolldxWTE I IFIF Vi
H&-DNA7 &2 MEBAEHR 7 A b — 2 2558 ER %
HITBHZEDNREzo,

1L Antitumor activities of miriplatin suspension, CDDP suspension, and ZS suspension at the therapeutic
dose after intra-hepatic arterial administration

Treatment Dose Tumor growth rate Body weight change
(ng/head) %) (e)
Untreated 213 £29 -2.8+7.3
Sham-operated 202 + 106 -1.2+2.1
Todinated poppy seed oil 185+ 37 -3.1+£3.2
Miriplatin suspension 400 67 £24 * -29+19
CDDP suspension 400 33 £23 * -4.7+4.3
ZS suspension 20 175 +31 -1.9+1.7

Miriplatin suspension (400ug/head), CDDP suspension (400ug/head), ZS suspension (20pg/head), and iodinated poppy seed oil alone
were injected into the hepatic artery of AH109A tumor-bearing rats at the volume of 0.02 mL/head. Seven days later, tumor growth rates
and changes in body weight were evaluated. No agent was administered in the untreated group (only measurement of tumor size) or
sham-operated group (measurement of tumor size and occlusion of the gastroduodenal artery). All results are given as the mean + SD
(n=7). A Dunnett test of the tumor growth rate or change in body weight at day 7 demonstrated a significant difference, *p < 0.01, compar-
ing the group treated with iodinated poppy seed oil alone to those treated with agents.
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Miriplatin suspension (400 pg/head), CDDP suspension (400
ng/head), and iodinated poppy seed oil alone were injected into
the hepatic artery of tumor-bearing rats at the volume of 0.02
mL/head. Three days after the administration, livers were
resected and fixed in formalin. Paraffin sections of livers were
stained by the TUNEL method and counter-stained with
hematoxylin. Left upper) untreated, right upper) iodinated poppy
seed oil alone, left lower) miriplatin suspension, right lower)
cisplatin suspension. White circles indicate tumor sites.

.m TUNEL staining of rat livers bearing
tumors

ER PR BR B AR

I T F v OFE THERRERE. CDDPESUEDHT
HINRERER 23t 512, 110 & 720 OP 53 & Ak 6 mL
ICEE L, BB O ) T VR AT 5
FHA VCEMEIND, ZORE, FFEIIRATES- 100
H720 DRAKHERIZ20mg/mLEL EEHEE X2
6, AAOHESEHEIZ20 mg/mL (3 VF5F &
LT120mg) &¥h/z, IV 755 v EE5%0RKIl
4 13 5.3~14.2 ng/mL & JEHICIGL . F 2
WG 18~707H LMD TR 572, ZOHER RT3k
Jits & 7= 1 FASE TUAHER R AR T, AR RE s 1541
ol (60.0%) % T H I 128 L 12 5o SR H e S HE oD CR
(HEIEHE N T 100% & 5 WV IEEFERI R 100%) Th -
72, aYEiconTE, FL— F 4L o E R
%1ab6h¢ & A ENEG 4~ 61T M
L7ze & 612, KA2MHES2 5 3y H%IH RO
] ﬁa‘a:hf: WHZBWT, Il OIBER IR TES T
AR N TR AR O > 72

foe < 1% HASS TG PR G Bk T . ZSIE W (1 mg/
mL) ZxHRE U2z i biaiic ko, 30 7
5 F VR (20 mg/mL) DA K OV DT
NIz, PEGIRE D A HUE (2 HE U S
SR AHE U4, FEEHEEHE Ch S TEV (5
ZhI 100 % SUSHESH/NE100%) OFEIAIE. IV T
FVRRETERE (n=83) T26.5%. ZSHRMIERE (n=39)
T179% TH>720 £72. 2HAFRIEIN T F VG
WEHECT75.9% . ZSERBWEHETT70.3% . 3FAEFHRIX
I T 5 F YV IEEREET584% ., ZS REWERE T 48.7%
THotze 7L — F3LULEOAERRGORBHL X, 3
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FRTHREAERN IV T >F > OMERRTE

) 75T BRERRE T3 59.0% (49/83) . ZSIEEREE
Ti264.1% (25/39) Th-o7z, HEEGOLEELAE
HEORBBENIZ, IV T 557V BREKEHT108%
(9/83). ZSHEWWRETT.7% (3/39) Th -7, L
3. MRS NSRS B, 3 7T F VBRI
DIEEHNDNT I ) T 5 F 2 L DR RBIRIZEE X I
7zo ZTOMOBEELAERRIE. ) 75 F  BETEE
T8fl, ZSERETERE CIE 2B 6Nz, IV T T F
¥ IRTRERE SH L= DWW CId, Al I A E R B
ICk 2B E RS A L= D0, 8 & ¢ HEALE
MAEHY) B IZ X 0 EE L Tl D, 23R D
KRB A E iz, F72, ZSIBHERE CRsRIs R
BlU =S REE R 3 ) 75 7V BRI T30 6 hk
Motz, INEOXEENS, )T 7F VIREHEIC
B U BRI ﬂ%?é% DOREKGRIRSESR Th 5
ZS LR THRA R WG IR R L. KDLETH
HAasHTHBLE LN,

I, RFBIARIC A ZERR R 5 V) B 2 e RIS
ILFEHE WD A & 2 PUEIE s R D b e 2 R 1%5
— 7. TSN DR E R 5 L & Eh T\ 5,
iDL, I T 7F 0 OEKREIZThE ) v
R ¥— g VTHEEINTED., FERE ORI
B3 o720 D728, DRI TEGYE AP L
TeRAN DL R O ARG T2 HID, 4 a -y

FRBRAMT DI 7210, Z ORER, FERMIFHIZL DT
FEEIE S R HE o X B ATREMEAVRIE X h, RAeEMOE
ZBOTE, VA R Y= 3 v CHE L7k & b
N, FRIR R & 7 580 72 A R RO < L
TRELMELEL2AFERERAD N1 T,

Iho OB % 5% 2. BRI TARIE
VLYY v % IR § 4 5 TR IR AR HE T T 5,

BHYIC

BRIRNEST A & LT CDDPIE. B4 itz sy
CHEHER 2 F AL 223805 & R 3 2 HIE A C b % 23,
HEAT I S 2 25 1 5 TORRITE < .,
—J5. THERRD ) A FU ¥ —v 3 VIZiBH & h
72 CDDP e Cld. BESS 2 RAY 2 3540 A 0 R A 7
HUESS R R 2SS X331, CDDP #E%R DO
B VRIIREAEAL XM BIZIEE > Tk, IFENIRZER 5
ARG A < EfT STV A FEREIZR LT,
AFEEA TR ERIEANOWTE, BRIEF V2
DTS WIS EHEGTREE L LT, ST
WADITTIEEEW, 22T BNRANRETH 58
MRAGZEZERRFERER U U R Y X =3 g VITfinedun,
T B B OB - sl & 7= Al
ZHAEL T, oA (38 RO 23 & O HRTE
HERES A2y T M) T 7F U ARIBLL 7=,
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