Rhenium-188 based
Radiopharmaceuticals for Treatment of
Hepatoma
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Unmet needs of hepatoma

Early diagnosis for Local therapy
RFA- radiofrequency ablation

expensive, painful, incomplete treatment (7 !)
PEI- expensive, painful, incomplete treatment (often)

TACE- efficacy |

Late stage- vessel, bile ducts invasion.
Metastatic tumors- Y-90 expensive



The superiority of Re-188

131 | 188 Re NVY
Type Bandy Bandy B
B Emax ((MeV) 0.61 2.12 2.27
Y Energy(KeV) 364 155
Parg'rfg/'ee)an' 0.4 2.43 2.76
Half-life(hr) 193 16.9 64

10 Half-life (hrs) 1930 169 640




Product from generator vs. reactors

Re-188 on site
availability vs. Y-90
importation from
Australia or Canada

of Y-90 = 100 x Re-188

Y-90 > 1-131
>>> Re-188

Re-188 estimated price
(2003)




Rhenium 188 for clinical purposes

Synovectomy
Bone pain
Other solid tumors

Coronary artery stenosis



188Re in balloon for prevention of
coronary artery stenosis

Taiwan study, the clinical trials
Safety and efficacy
Leakage— Korean datafs

Hang CL, Ting G, et al. Chang Gung
Med J 2003, Chest 2003

Paeng JC Eur J Nucl Med Mol Serial scintigraphic images after
Imaging 2003 intracoronary balloon brachytherapy




Retention of Lipiodol within a hepatocellular
carcinoma (star), with venous extension in
the right hepatic vein (arrow) and the inferior
vena cava (arrow head)
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Y-90 treatment plan

—

Clinical exclusion criteria
Patients resection

or in clinical liver failure or markedly abnormal
synthetic and excretory liver function tests

Previous external beam radiation therapy to the liver

Capecitabine within the previous 2 months, or if
capecitabine treatment is foreseen

uncontrolled extrahepatic metastatic disease




Y-90 treatment plan

Imaging exclusion criteria

Unacceptable (>20% )high lung uptake on MAA-scan, if
10-20%:reduce activity

Abdominal tracer deposition outside the liver on MAA-
scan (consider to repeat angiography and
prophylactic embolisation procedure and 99mTc-MMA
injection)

(Main) Portal vein thrombosis




Dosimetric Issues In SIET
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Re-188 vs. Y-90

® \/isible during injection at fluoroscopy
® 4F-or-5F-catheter (both)

® prophylactic embolisation of gastroduodenal arteries
branching from the hepatic artery is not required with
the injection of 188Re labelled Lipiodol.

® In over 70 88Re-labelled Lipiodol candidates, we had
a single drop-out for anatomical reasons.

® After 188Re Lipiodol treatment, no distortion or
destruction of the arterial supply was observed

® MAA-scan to simulate the %Y application



Dosimetric and Therapeutic Details in 93 Patients
Characteristic

IAEA sponsored study —

DeuT Rhenium 188 HDD/Lipiodol

Total no. of treatments
No. of treatments*

1

2

3

4
RAD to organ'

Normal liver

Lungs

Tumor
First administered activity of "Re (MBq)
RAD to tumor(s) (cGy)
Cumulative administered activity of "**Re (MBo)
Dose-limiting organ’

Liver

Lungs

140

58
26

0353 + 0.115

0.037 + 0,019

1491 + 0519

5306 + 1639 1924-10323)
B768 + 3074 (3088-21 846)
7847 + 4756 (1924-25 567)

75 81)
18(19)

Nate.—Unless otherwise specified, data are mean values = standard deviations, with ranges in parentheses.

*Data are numbers of patients who underwent the given number of treatments.

" As centigrays per megabecquerel of injected activiy
* Data are numbers of pationts, with percentages in parenthesas.

for hepatoma

Treatment Outcome

Outcome

No. of Patients

Tumor response*
Complete
Partial
Objective!
Stable disease
Progression

AFP responset
Complete
Partial
Objectivel
Stable disease
Progression

5 (8)
17 (26)
22 (33)
23 (35)
21 (32)

3 (6)
17 (31)
20 (37)
18 (33)
16 (30)

Note.—Data in parentheses are percentages. Percent-
ages may not add up to 100% owing to rounding.

“ Data on tumor response were available for 66 pa-

tients.

T Objective response included complete and partial re-

sponses.

 Data on AFP response were available for 54 patients.



JAEA sponsored study --
over- all survival in all
patients (median survival
365 days

+ Censored

Cumulative Survival
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Whole-body scintigraphy . |
performed 24h 4.8GBq '8Re- Toxicity studies
HDD/lipiodol:

Hematol ogic toxacity
WEHC
Platelets
Hemaoglobmn
Hepatic toxicity
AST/ALT
Bilirubin (pretreatment abiN)
Digestive loxacily
Ul
Dharrhea
Cher oxiciies
Hypotension
preumopathiy
Clinically significant SAE

Ant;rior Postelior




Pharmacodynamics of Re-188 HDD/Lipiodol

Dose range Dose range Dose range Dose range
3.710.2GBq 4.60.3GBg 5.810.3GBqg 6.810.2GBq
Liver
including 4.6-11.8 4.6-10.4 5.6-14.9 12.3-21.8
tumoral
tissue
Lungs 1.7-10.4 2.0-10.3 3.8-3.9 5.6-14.7
Kidney 0.2-1.6 02-0.9 0.3-0.9 0.4-1.1
Whole Body 0.5-0.7 04-07 0.5-0.9 0.6-1.2




Pharmacodynamics and pharmacokinetics
of Rhenium 188 after hepatic artery injection

Common hepatic artery

01 Hepatic artery pact
Ipping

Brain 0.04 0.01] 0.003 0.0008 0.0009 0.0002
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If higher tumor dose, better response,
then, local treatment?

ow Yield of HDD labelling

——  Tumor dose = 30 Gy

= == Tumor dose < 30 Gy

* Microsphere

» 188Re-ECD/Lipiodol

Survival time |[days)

Figure 3 Owerall sarvival (Kaplan-Meier method; comparison using
the log-rank test) was significantly better (P = 0.006) among pa-
tients whose umor dose was greater than 30 Gy (n = 33). (Color
version of hgure is available online )




Microsphere

local injection of

m.i:l.

b

ad Doses (mGy) to Various Tissues in Rate with Hepatoma
o Intratumoral Injection of Rhenium-188 Microspheares

Deorsa
Tissue (mGy/MBg)

Tumor* 635
Liver 1.22
Lung 0253
Kidney 0.164
Spleen 37 MBq /rat 0.019
Tastis 2.0007
Muscle 0.0006
Fad mamow 2126
Eona surface 0,008
Urinary bladder wall 1.61

;mmun'mmh& ~2 CM in diameter.

Wang SJ.J Nucl Med 1998



188Re-ECD/Lipiodol
as a Therapeutic Radiopharmaceutical
by Intratumoral Injectlon for Hepatoma Treatment
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Group |I: Rhenium 188 ECD/Lipiodol treated group, activity: 30.4+ 21.8
MBq/0.1 mL, N= 29, tumor weight 655.2 = 438.7 mg
Group ll: control group, N=10, tumor weight: 639.4 + 271.9 mg

Luo TY, Lin WJ, Lin XZ, et al. CANCER BIOTHERAPY RADIOPHARM 2009



Implants or In Situ Gelling System for
Radiopharmaceutical Delivery
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Rhenium-188 based Radiopharmaceuticals for
Treatment of Hepatoma

* The formula— solution, HDD/Lipiodol,
ECD/Lipiodol or else, but approved from our
TFDA

* The delivery method- local approach or arterial
approach —— recruit of different patients

 Clinical trials— INER sponsored and driven, or
Pl initiated, single or multi-centers



Clinical trials with sorafenib in different
ewopeanstudy —— PAtIENt group  Taiwan study

A Overall Survival A
L00T= oy, 100 — Sorafenib
— Placeba
TEd 0.7 54
£ 075
0 z
5 3
> 0,504 _g
B Sorafenib _E' 0:507
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Rhenium-188 based Radiopharmaceuticals for
Treatment of Hepatoma

» Efforts and experience from Y-90
* Monoclonal antibody-based drugs for Re-188

e More animal studies vs. clinical trial initiation

Team for clinical trial conduction




Case-Inclusion, exclusion criteria

ey Pre-treatment
screening evaluation

“ A : : 0 . .
4+ & lung/liver ration <15% Hepatic angiography

1 protective embolization
Torder B % MAA-99MTC
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