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Abstract

Liposomes coupled with therapeutics are more easily distributed into
leaky tumor-associated blood vessels, through so-called "enhanced
permeation retention” (EPR), leading to preferable accumulation of
liposomal drugs within tumor microenvironment. 188Re-liposome is a
novel liposomal therapeutic coupling radioisotope, 188Re, developed by
Institute of Nuclear Energy Research (INER). In preclinical studies, it
displayed therapeutic effect on subcutaneous tumor growth of murine
CT26 and human LS174T colon cancers. The inhibitory effect was also
shown in lung (and peritoneal) metastatic models of CT26. Given the
encouraging results of preclinical efficacy and toxicity studies, an
exploratory investigational new drug study for evaluation of distribution,
pharmacokinetics and safety of 188Re-liposome is proposed for
treatment of metastatic cancer patients who failed or cannot tolerate

standard chemotherapy.
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Nanoscale liposomes as drug delivery systems containing
chemotherapy drugs have been widely used for treatment of cancer'?.
Many of the pharmacological properties of conventional chemotherapy
drugs can be improved using this drug delivery system, which composed
primarily of lipids and/or polymers. These novel therapeutic complexes
are designed to improve the pharmacokinetics (PK) and biodistribution
(BD) of the coupled chemotherapy drugs. As compared with
conventional chemotherapy, circulation of liposome coupled
chemodrugs could be prolonged. Moreover, the liposome coupled drugs
could be redirected to relatively leaky tumor-associated blood vessels,
leading to superior accumulation in tumors via a process often referred
to as the "enhanced permeability and retention" (EPR) effect**. The
most notable examples are the pegylated liposomal doxorubicin, which
Is approved for cancer treatment with substantial decrease in toxicity as

compared to doxorubicin free drug™®.

Although liposomal doxorubicin displayed superior localization
of doxorubicin in relatively leaky tumor microenvironment, killing of
tumor cells required release of this chemodrug and the coupling to its
target, DNA. To take advantage of the EPR effect of liposomal drug and
the cytotoxic effect of radiation even in the absence of internalization of
liposome by cancer cells, we had developed a liposomal therapeutics,
188Re-BMEDA-labelled pegylated liposome (***Re-liposome), and
examined its biodistribution, pharmacokinetics and cytotoxic effects,

compared with unencapsulated 188Re-BMEDA control in a



subcutaneous murine C26-colon tumor model’. MicroSPECT/CT
images were evaluated to characterize the distribution and tumor
targeting of '®®Re-liposome in mice. The highest uptake of liposome in
tumors was 3.62% +/- 0.73% at 24 h after 188Re-liposome
administration, and the tumor to muscle ratio of RBLPL was 7.1-fold
higher than that of 188Re-BMEDA7. The results of the
pharmacokinetics revealed that the area under the tissue
concentration-time curve (AUC) of 188Re-liposome was 4.7-fold higher
than that of unencapsulated 188Re-BMEDA. These results suggested
the potential benefit and advantage of 188Re-labeled nanoliposomes for

imaging and treatment of malignant diseases®.

Similar biodistribution and pharmacokinetics studies were also
conducted in a C26 colon carcinoma ascites mouse model®. The
biodistribution studies indicated that the radioactivity in ascites was
69.96+14.08 percentage injected dose per gram (% ID/g) at 1h to
5.99+1.97% ID/g at 48 h after ip administration of ***Re-liposome. The
levels of radioactivity in tumor were progressive accumulation to a
maximum of 6.57+x1.7% ID/g at 24 h. The radioactivity of
'%Re-BMEDA in ascites reached the maximum level of 54.89+5.91%
ID/g at 1 h and declined rapidly with time. Pharmacokinetic studies
revealed that the terminal half-life, total body clearance and area under
the curve of ***Re-liposome were 5.3-, 9.5- and 9.4-fold higher than that
of ®Re-BMEDA in blood, respectively. These results suggested that the
long circulation, bioavailability and localization of 188Re-liposome in
tumor and ascites sites, which also demonstrate that the ip
administration of '®Re-liposome is a potential multifunctional

nanoradiotherapeutics and imaging agents on a C26 colon carcinoma



ascites mouse model.

Most significantly, the therapeutic effects of '**Re-liposome
were explored on various tumor models, including subcutaneous
inoculated murine CT26 and human LS-174T models as well as C26
colon carcinoma ascites mice model. **Re-liposome suppressed tumor
growth and increased survival time of tumor-bearing mice™®*. While
comparing 5-FU with *®Re-liposome, both delivered at 80% of MTD,
188Re-liposome demonstrated superior anticancer effect and prolonged
survival time of either CT26- or LS-174T-bearing mice. Additionally,
preclinical toxicity study performed by the research team at INER did
not displayed discernible toxicity in both mice and rats. The dosimetry
data of 188Re-liposome regarding the distribution and absorbed
radiation doses of tumor and normal tissues will be a great indicator for
both potential therapeutic and side effects. The OLINDA/EXM program
was adopted to calculate mean values of %IA/g for the organs in mice
which were extrapolated to uptake in organs and tumor of various sizes
of a 70 kg adult. The deduced absorption doses were about 20
mGy/MBq for 40-gram tumor and up to more than 100 mGy/MBq for
small tumors (0.5 — 6 grams). Whereas, the deduced absorption doses of

normal organs were well below the upper limits.

Based on the encouraging preclinical efficacy and toxicity
results as well as favorable dosimetry data, it will be worthwhile to
explore the potential toxicity and benefit of '*®Re-liposome in human
clinical trial for treatment of detrimental diseases such as colonrectal

cancer with multiple metastases.
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RE: First clinical experience with microdose beta-emitting INER [Re-188] liposome injection
in patients with metastatic cancer,

Principle Investigator: Shyh-Jen Wang, M.D.

Protocol No: MA1101G0
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