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SUMMARY

I. Project Title

Development of Radiopharmaceuticals

II. Objective and Importance of the Project

Many therapeutic methods have been introduced over past half a

century for the treatment of tumors and rheumatoid arthritis but each

method has some problems to be solved. Recently, combination therapy of

both anti-cancer drug and radiation treatment has been widely used. To

overcome many problems caused by external radiation therapy, we have

developed a new agent for internal radiation therapy, which is

administered directly to the lesions and irradiate 0-rays resulting in

maximized therapeutic effect and minimized radiation damage to normal

tissues or organs to nearby. In the same reasons, we have also developed

a new radioactive patch for the treatment skin cancer using 0-emitting

radionuclide.

III. Scope and Contents of the Project
166Ho-chitosan complex (166Ho~CHICO) a potential radiopharmaceuticals

for the treatment of liver cancer, peritoneal cancer metastasized from

stomach cancer, ovarian cancer, and rheumatoid arthritis in knee joints is

a chelate compound which is easily prepared by reconstituting the freeze

dried, biocompatible, non-toxic and biodegradable chitosan (kit A) with

Holmium-166 nitratte solution (kit B).

Various experiments such as evaluation of absorbed dosimetry,
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studies on absorbtion, distribution, metabolism, and excretion (ADME) and

clinical trials with 166Ho~CHICO were carried out.

For commercialization of 166Ho-CtHCO, we evaluated its toxicity, efficacy

and safety, and then prepared documents for submission to the Ministry

of Health and Welfare to get license as an investigational new drug.
166Ho-Patch for skin cancer treatment was prepared by neutron

irradiation of pre-made non-radioctive 165Ho-Patch, which was prepared

by casting the polyurethane solution containing 165Ho(NO3)3 in organic

solvents.

We evaluated the efficacy and safety of 166Ho-Patch in the treatment

of skin cancer using an animal model and in clinical cases.

IV. Results of the Project

1. Development of 166Ho-CHCO for internal radiation therapy

New holmium-166 chitosan complex (166Ho-CHICO) was prepared by

reacting the aqueous acidic solution of chitosan with 166Ho(NO3)3 at room

temperature with quantitative labelling yield. The progress of reaction and

labelling yield were determined by instant thin layer chromatograpy using

silicic acid impregnated glass fiber (ITLC-SA) and the developing solvent

of MeOH:H2O:HAc=49:49:2 V/V. The Rf of 166Ho-CHICO and 166Ho were

found to be 0.2 -0.4 and 0.9 -1.0, respectively. The ease with which the
166Ho-CHICO can be prepared as a kit form and its high in-vitro and

in-vivo stabilities make it an attractive agent for internal radiation

therapy. The high labelling yield more than 99 % was obtained by

reaction of chitosan solution (35 mg/4ml) with 166Ho(NO3)3 in which 7 mg

of I65Ho + 166Ho were contained as a maximum content. The labelling

yield was highly dependent on the pH of chitosan solution. The optimal
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labelling could be obtained at pH 2.5 - 3.5.

The characteristics of 166Ho-CHICO are similar to those of chitosan,

which is biocompatible, biodegradable, non-toxic, soluble and viscous in

acidic condition but gel forming at pH 6.0 and precipitating in alkaline

condition. Practical application point of view, it is very important that
166Ho-CHICO can be easily prepared by reconstituting freeze-dried

chitosan (kit A) with homium-166 nitrate solution just prior to use.

The in-vitro stability of 166Ho-CHICO was highly dependent on

radioactivity of 166Ho(NC>3)3. In the case of 166Ho-CHICO prepared from

low radioactivity (2 mCi) of 166Ho(NO3)3, it was very stable at room

temperature or at 37°C for seven days maintaining high radiochemical

purity more than 99 %. On the contrary, it was very unstable even at

room temperature with increasing the radioactivity (> 5 mCi).

Radiochemical purity was decreased to 50 % at 10 mCi, and 15 % at 20

mCi after keeping for 1 hr at room temperature. Fortunately, it was very

stable in the presence of stabilizer such as ascorbic acid maintaining

nearly original radiochemical purity (>99 %) even at 100 mCi for 8 hours.

After intrahepatic administration of 166Ho-CHICO to male rats, the

radioactivity concentrations in blood were low and cumulative urinary and

fecal excretion over a period of 0 to 72 hr were 0.53 % and 0.54 %,

respectively. The radioactive concentration in tissues and the whole-body

autoradiography images showed that most of the administered

radioactivity was localized at the administered site, and only slight

radioactivity was detected from liver, spleen, lungs, and bones.

Autoradiograph after intratumoral administraion of 166Ho-CHICO showed

that radioactivity was localized at the administered site of the lesion

without distribution to the other organs and tissues. Biodistribution of
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166Ho-CIfICO at 48 hr after intraperitoneal administration to male mice

showed that most of radioactivities were evenly distributed at inner wall

of peritoneal cavity determined by whole-body autoradiography.

2. Development of I66Ho-Patch for skin cancer treatment
166Ho-Patch for skin cancer treatment was prepared by neutron

irradiation of pre-made non-radioactive 165Ho~Patch, which was made by

casting polyurethane solution containing 165Ho(NO3)3 in THF + DMF (1 :

10) solvent. Its shape and size could be easily controlled by cutting the

pre-made non-radioactive Ho-Patch matching to the size of tumor

lesion.

Between 1-2 weeks after the application of patch, destruction of

tumor tissue was seen followed by acute radiation dermatitis or

ulceration. Pathologically, there was no viable tumor tissue, however

infiltcration of inflammatory cells with edemda and exudate accompanied.

The radiation dermatitis was gradually healed with regeneration of

epithelium until 7 weeks post therapy.

3. Clinical Trials

Fifty patients with hepatoma were treated with 166Ho-CHICO by

direct intratumoral injection to liver tumor under ultrasound-guidance. On

gamma cammera scan, the round hot radioactivity was well accumulated

within 56 hepatoma of 50 patients. There was no recognizable

extrahepatic uptake of radioactivity in lung, bowel, kidney and other

organs. On the follow-up CT, all tumors except 9 cases remained

non-enhanced at post 2 months and not changed over 6 months. The

tumors in 32 patients (64 %) were completly treated. The recurrence of
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treated tumor was in 7 patients and failed in 2 patients. This result

indicated that 166Ho-CHICO is thought to be promising as a new

therapeutic agent and also a new method in the treatment of

hepatocellular carcinoma. »
166Ho-CHICO was localized within the peritoneal cavity (97-99 %),

and more than 90 % of 166Ho-CHICO was attached to the peritoneal wall.

Partial response was observed in 4 among 5 patients with ovarian cancer

without severe toxicity. In the cystic brain tumor, 5 of 8 cyst were

shrunken in size with thinning of the wall, 2 out of 8 showed growth

retardation.

Fifteen knees of 14 patients with rheumatoid arthritis and ankylosing

spondylitis were treated by intraarticular injection of 166Ho-CHICO. Forty

% of the knees had good result, 40 % had fair results, and 25 % had

poor results. There was no extra leakage of radioactivity from the

injected joint. The side effect of injection was one case of transient

swelling of the injected joint.

Eleven patients out of 15 (26 lesions) with skin cancer were

completely cured by single treatment with 166Ho-Patch. 3 were treated by

2-3 fractionation, but failed in one. Treatment of skin cancer with
166Ho-Patch seems to be a safe, convenient modality in the treatment of

superficial skin cancer.

IV. Proposal for Applications

The ease with which the I66Ho-CHICO can be prepared as a kit form

and its high in-vitro and in-vivo stability make it an attractive agents for

intraperitoneal metastases, malignant effusions in the serosal cavities of

the peritoneur, pleura, and pericardium, intracystic therapy, intrathecal
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therapy, and radiation synovectomy.

It can be also applied to regional radionuclide therapy such as liver

cancer, either by direct intratumoral injection or by intrahepatic artery

injection, kidney cancer, and malignant melanoma
166Ho-Patch for skin cancer treatment is readily available instead of

surgical operation and external radiation therapy in superficial skin cancer,

and can be applied to the development of radioactive stent for esophageal

cancer.
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