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METHODS OF TREATMENT OF A BCL-2 DISORDER USING BCL-2
ANTISENSE OLIGOMERS

1. INTRODUCTION

The present mvention is directed to the use of bel-2 antisense oligomers to treat and
prevent bel-2 related disorders. These disorders include cancers, tumors, carcinomas and
cell-proliferative related disorders. In one embodiment of the invention, a bel-2 antisense
oligomer 1s administered at high doses. The present invention is also directed to a method
of preventing or freating a bcl-2 related disorder, in particular cancer, comprising
administering a bcl-2 antisense oligomer for short periods of time. The present invention is
further drawn to the use of bel-2 antisense oligomers to increase the sensitivity of a subject
to cancer therapeutics. The present invention also relates to pharmaceutical compositions

comprising one or more bcl-2 antisense oligomers, which may comprise one or more cancer

therapeutic agents.

2. BACKGROUND OF THE INVENTION

Traditional approaches to cancer treatment suffer from a lack of specificity. Most
drugs that have been developed are natural products or derivatives which block enzyme
pathways or randomly interact with DNA. Moreover, most cancer treatment drugs are
accompanied by serious dose-limiting toxicities due to low therapeutic indices. For
example, the majority of anti-cancer drugs when administered to a patient kill not only
cancer cells but also normal, non-cancerous cells. Because of these deleterious effects,
treatments that more specifically affect cancerous cells are needed.

It has been found that a class of genes, the oncogenes, are involved in the
transformation of cells, and in the maintenance of a cancerous state. Notably, disrupting the
transcription of these genes, or otherwise inhibiting the effects of their protein products, can
have a favorable therapeutic result. The role of oncogenes in the etiology of many human
cancers has been reviewed in Bishop, 1987, "Cellular Oncogenes and Retroviruses,"
Science, 235:305-311. In many types of human cancers, a gene termed bcl-2 (B cell
lymphoma/leukemia-2) 1s overexpressed, and this overexpression may be associated with

tumorigenicity (Tsujimoto et al., 1985, “Involvement of the bcl-2 gene in human follicular
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lymphoma”, Science 228:1440-1443). The bcl-2 gene is thought to contribute to the
pathogenesis of cancer, as well as to resistance to treatment, primarily by prolonging cell
survival rather than by accelerating cell division.

The human bcl-2 gene is implicated in the etiology of certain leukemias, lymphoid
tumors, lymphomas, neuroblastomas, and nasopharyngeal, prostate, breast, and colon
carcinomas (Croce et al., 1987, "Molecular Basis Of Human B and T Cell Neoplasia," in:

Advance 1n Viral Oncology, 7:35-51, G. Klein (ed.), New York: Raven Press; Reed et al.,

1991, “Difterential expression of bel-2 protooncogene in neuroblastoma and other human
tumor cell lines of neural origin”, Cancer Res. 51:6529-38; Yunis et al., 1989, “Bcl-2 and
other genomic alterations in the prognosis of large-cell lymphomas”, N. Engl. J. Med.
320:1047-54; Campos et al., 1993, “High expression of b¢l-2 protein in acute myeloid
leukemia 1s associated with poor response to chemotherapy”, Blood 81:3091-6; McDonnell
et al., 1992, “Expression of the protooncogene bcl-2 and its association with emergence of
androgen-independent prostate cancer”, Cancer Res. 52:6940-4; Lu et al., 1993, “Bcl-2
protooncogene expression in Epstein Barr Virus-Associated Nasopharyngeal Carcinoma”,
Int. J. Cancer 53:29-35; Bonner et al., 1993, “bcl-2 protooncogene and the gastrointestinal
mucosal epithelial tumor progression model as related to proposed morphologic and
molecular sequences”, Lab. Invest. 68:43A). Bcl-2 has been found to be overexpressed in a
variety of tumors including non-Hodgkin’s lymphoma, lung cancer, breast cancer,
colorectal cancer, prostate cancer, renal cancer and acute and chronic leukemias (Reed,
1995, “Regulation of apoptosis by bel-2 family proteins and its role in cancer and
chemoresistance”, Curr. Opin. Oncol. 7:541-6).

Antisense oligonucleotides provide potential therapeutic tools for specific disruption
of oncogene function. These short (usually less than 30 bases) single-stranded synthetic
DNAs have a sequence complementary to pre-mRNA or mRNA regions of a target gene,
and form a hybrid duplex by hydrogen-bonded base pairing. This hybridization can disrupt
expression of both the target mRNA and the protein which it encodes, and thus can interfere
with downstream interactions and signaling. Since one mRNA molecule gives rise to
multiple protein copies, inhibition of the mRNA can be more efficient and more specific
than causing disruption at the protein level, e.g., by inhibition of an enzyme's active site.

Synthetic oligodeoxynucleotides complementary to mRNA of the c-myc oncogene
have been used to specifically inhibit production of c-myc protein, thereby arresting the
growth of human leukemic cells in vitro (Holt et al., 1988, Mol. Cell Biol. 8:963-73:
Wickstrom et al., 1988, Proc. Natl. Acad. Sci. USA, 85:1028-32). Oligodeoxynucleotides
have also been employed as specific inhibitors of retroviruses, including the human
immunodeficiency virus (Zamecnik and Stephenson, 1978, Proc. Natl. Acad. Sci. USA,

-9 .
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75:280-4; Zamecnik et al., 1986, Proc. Natl. Acad. Sci. USA, 83:4143-6).

The use of antisense oligonucleotides, with their ability to target and inhibit
individual cancer-related genes, has shown promise in preclinical cancer models. These
phosphorothioate antisense oligomers have shown an ability to inhibit bcl-2 expression in
vitro and to eradicate tumors in mouse models with lymphoma xenografts. Resistance to
chemotherapy of some cancers has been linked to expression of the bcl-2 oncogene (Grover
et al., 1996, “Bcl-2 expression in malignant melanoma and its prognostic significance”, Eur.
J. Surg. Oncol. 22(4):347-9). Administration of a bcl-2 antisense oligomer can selectively
reduce bcl-2 protein levels in tumor xenografts in laboratory mice (Jansen et al., 1998, “bcl-
2 antisense therapy chemosensitizes human melanoma in SCID mice”, Nat. Med. 4(2):232-
4). Moreover, administration of a bel-2 antisense oligomer can make tumor xenografts in
laboratory mice more susceptible to chemotherapeutic agents (Jansen et al., 1998, “bel-2
antisense therapy chemosensitizes human melanoma in SCID mice”, Nat. Med. 4(2):232-4).
In mice, systemic treatment with a bcl-2 antisense oligomer reduced bel-2 protein and
enhanced apoptosis. Treatment with bcl-2 antisense oligomer alone had modest antitumor
activity, but enhanced antitumor activity was observed when combined with DTIC (also
known as dacarbazine). In ten of thirteen animals, no malignant melanoma xenografts were
detectable after administration of bcl-2 antisense oligomer in combination with DTIC
treatiment. There remains a compelling need to extend these antitumor treatments to combat

cancer 1 humans.

The prognosis of many cancer patients is poor despite the increasing availability of

biologic, drug, and combination therapies. For example, although DTIC is commonly used

to treat metastatic melanoma, few patients have demonstrated long-term improvement. In
fact, an extensive phase III clinical trial did not demonstrate any better survival when DTIC
was used 1n combination with cisplatin, carmustine, and tamoxifen (Chapman et al., 1999,
“Phase III multicenter randomized trial of the Dartmouth regimen versus dacarbazine in
patients with metastatic melanoma”, J. Clin. Oncol. 17(9):2745-51). These serious

shortcomings in cancer treatments emphasize the need for new treatment approaches.

3. SUMMARY OF THE INVENTION

The present invention is directed to pharmaceutical compositions comprising bcl-2
antisense oligomers and methods for treating bel-2 related disorders. The invention is
based, 1n part, on the Applicants’ discovery that a bcl-2 antisense oligomer, when
administered to patients at high doses for the treatment of a bcl-2 related disorder,

particularly cancer, results in significant therapeutic responses, including low toxicity, high

-3 -
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tolerance and prolonged survival. The Applicants also discovered that bcl-2 antisense
oligomers, when administered to patients at high doses for a short period of time, i.e., less
than 14 days, also resulted in significant therapeutic responses in the treatment of cancer
patients. These therapeutic regimens further encompassed administering the bcl-2 antisense
oligomer at high doses for the short time in combination with one or more cancer
therapeutics. Surprisingly, a reduced dose of one or more cancer therapeutics, when given
in combination with the short administration of a bcl-2 antisense oligomer, also
demonstrated significant therapeutic responses in the treatment of cancer patients. Thus, the
therapeutic regimens of the present invention provide a therapeutically effective method of
treating cancer which is of reduced duration and toxicity, and as thus results in improved
tolerance.

In one embodiment, the present invention provides a method for treating a bel-2
related disorder, and a pharmaceutical composition in dosage unit form comprising
particularly high doses of a bcl-2 antisense oligomer, such that the effective amount of bel-2
antisense oligomer 1n said pharmaceutical composition is a dose effective to achieve a dose
of about 10 to 50 mg/kg/day. In accordance with this embodiment of the invention, the
effective amount of bcl-2 antisense oligomer of said pharmaceutical composition is a dose
effective to achieve a circulating level of bcl-2 antisense oligomer of a minimum of 30 nM
(nanomolar). In one embodiment, the circulating level of bel-2 antisense oligomeris 1 to
10 pM (micromolar). In another embodiment, the desired circulating level of bel-2
antisense oligomer of at least 30 nM is achieved about 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 hours
after the administration of the bcl-2 antisense oligomer. In another embodiment, the
circulating level of bcl-2 antisense oligomer of at least 30 nM is achieved within about 36 to

48 hours, preferably 24 to 35 hours, more preferably in 12 to 24 hours; most preferably in

under 12 hours.

In another embodiment, the present invention provides a method for treating a bel-2
related disorder and a pharmaceutical composition comprising a dose of bel-2 antisense
oligomer to be administered for a short period of time, i.e., less than 14 days, such that the
effective amount of bcl-2 antisense oligomer to be administered for the duration of this
short treatment cycle ranges from about 0.01 to 50 mg/kg/day. In another embodiment, the
effective amount of bcl-2 antisense oligomer to be delivered for the duration of this short
treatment cycle is a dose effective to achieve a circulating level of bel-2 antisense oligomer
of a mmimum of 30 nM. In another embodiment, the circulating level of bcl-2 antisense
oligomer is 1 to 10 uM (micromolar).

In another embodiment, the present invention provides a method for treating a bel-2

related disorder and a pharmaceutical composition comprising a dose of bel-2 antisense

_4 -



10

15

20

25

30

35

CA 02419480 2003-02-18

WO 02/17852 PCT/US01/26414

oligomer to be administered for a short period of time, i.e., less than 14 days, in
combination with one or more cancer therapeutics, said cancer therapeutics to be
administered prior to, subsequent to or concurrently with the bcl-2 antisense oligomer. The
effective amount of bcl-2 antisense oligomer to be administered for the duration of this
short treatment protocol ranges from about 0.01 to 50 mg/kg/day. The effective amount of
cancer therapeutics to be administered in combination with a bcl-2 antisense oligomer may
be administered at its standard dose, or alternatively, may be administered at a reduced
dose. In accordance with this embodiment of the invention, the effective amount of bel-2
antisense oligomer of said pharmaceutical composition is a dose effective to achieve a
circulating level of bcl-2 antisense oligomer of at least 30nM. In a specific embodiment,
the circulating level of bel-2 antisense oligomer is achieved within about 36 to 48 hours,
preferably within about 24 to 35 hours, most preferably under about 24 hours.

In accordance with the present invention, a bcl-2 related disorder encompasses
tumors, cancer, carcinomas, and cell-proliferative disorders.

In accordance with the present invention, a short time period encompasses a time
period for administering the bcl-2 antisense which is less than 14 days, ranging from 2 to 13
days; preferably ranging from 3 to 9 days, 4 to 7 days, or 5 to 6 days.

In accordance with the present invention, the dose of bcl-2 antisense oligomer to be
administered for a short time period ranges from 0.01 to 50 mg/kg/day; preferably at a dose
of 4 to 9 mg/kg/day, and more preferably at a dose of 5 to 7 mg/kg/day.

The present invention also encompasses pharmaceutical compositions comprising an
effective amount of one or more bcl-2 antisense oligomers to be administered in accordance
with the methods of the present invention. Said pharmaceutical compositions encompass a
dose of bcl-2 antisense oligomer ranging from 0.01 to 50 mg/kg/day; preferably at a dose of
4 to 9 mg/kg/day, and more preferably at a dose of 5 to 7 mg/kg/day, in combination with a
pharmaceutically acceptable carrier. In another embodiment, the pharmaceutical
compositions of the present invention also encompass one or more additional cancer
therapeutics. Said pharmaceutical compositions are formulated fo be delivered as a
continuous infusion, or in one or more bolus administrations, or in one or more
administrations during a treatment protocol.

In accordance with the present invention, pharmaceutical compositions of the
present invention comprising bel-2 antisense oligomer may be administered separately from
pharmaceutical compositions comprising cancer therapeutic agents.

These and other aspects of the present invention will be better appreciated by
reference to the following Figures and Detailed Description.
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3.1. DEFINITIONS

As used herein, the phrase "bcl-2 related disorder” refers to a disease that involves
regulation of the bel-2 gene, and includes, but is not limited to, diseases involving cells
expressing the bcl-2 gene. Such a disorder encompasses diseases involving cells or tissues
that express the bcl-2 gene or a bel-2 related gene, or diseases involving cells or tissues that
no longer express the bel-2 gene, but normally do. Bcl-related disorders include, but are
limited to, cell proliferative disorders and pathologies of cells or tissues that are affected by
cells that express the bcl-2 gene or a bel-2 related gene.

As used herein, the term "cancer" describes a disease state in which a carcinogenic
agent or agents causes the transformation of a healthy cell into an abnormal cell, which is
followed by an 1nvasion of adjacent tissues by these abnormal cells, and which may be
followed by lymphatic or blood-borne spread of these abnormal cells to regional lymph
nodes and/or distant sites, i.e., metastasis.

As used herein, the term "tumor" or "growth" means increased tissue mass, which
includes greater cell numbers as a result of faster cell division and/or slower rates of cell
death. Tumors may be malignant or non-malignant cancers.

As used herein, the phrases "treating cancer" and "treatment of cancer" mean to
inhibit the replication of cancer cells, inhibit the spread of cancer, decrease tumor size,
lessen or reduce the number of cancerous cells in the body, or ameliorate or alleviate the
symptoms of the disease caused by the cancer. The treatment is considered therapeutic if
there 1s a decrease in mortality and/or morbidity, or a decrease in disease burden manifest
by reduced numbers of malignant cells in the body.

As used herein, the phrases "preventing cancer" and "prevention of cancer" mean to
prevent the occurrence or recurrence of the disease state of cancer. As such, a treatment that
impedes, inhibits, or interferes with metastasis, tumor growth, or cancer proliferation has
preventive activity.

As used herein, the phrase "antisense oligomer" means an antisense oligonucleotide
or an analogue or derivative thereof, and refers to a range of chemical species that recognize
polynucleotide target sequences through Watson-and-Crick hydrogen bonding interactions
with the nucleotide bases of the target sequences. The target sequences may be RNA or
DNA, and may be single-stranded or double-stranded. Target molecules include, but are
not limited to, pre-mRNA, mRNA, and DNA.

As used herein, the phrase "bcl-2 gene expression” refers to transcription of the bcl-
2 gene which produces bcl-2 pre-mRNA, bel-2 mRNA, and/or bel-2 protein.

As used herein, the term "derivative" refers to any pharmaceutically acceptable

-6 -
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homolog, analogue, or fragment corresponding to the pharmaceutical composition of the
mvention.

As used herein, the phrase "therapeutics"or "therapeutic agents" refer to any
molecules, compounds or treatments that assist in the treatment of a disease. As such, a
cancer therapeutic 1s a molecule, compound or freatment protocol that aids in the treatment
of tumors or cancer. The treatment protocol includes, but 1s not limited to, radiation
therapy, dietary therapy, physical therapy, and psychological therapy.

As used herein, the phrase "chemoagent” or "anti-cancer agent" or "anti-tumor
agent"” or "cancer therapeutic" refers to any molecule, compound or treatment that assists in
the treatment of tumors or cancer.

As used herein, the phrase "low dose" or "reduced dose" refers to a dose that is
below the normally administered range, i.e., below the standard dose as suggested by the
Physicians’ Desk Reference, 54™ Edition (2000) or a similar reference. Such a dose can be
sufficient to inhibit cell proliferation, or demonstrates ameliorative effects in a human, or
demonstrates efficacy with fewer side effects as compared to standard cancer treatments.
Normal dose ranges used for particular therapeutic agents and standard cancer treatments
employed for specific diseases can be found in the Physicians’ Desk Reference, 54" Edition
(2000) or in Cancer: Principles & Practice of Oncology, DeVita, Jr., Hellman, and
Rosenberg (eds.) 2nd edition, Philadelphia, PA: J.B. Lippincott Co., 1985.

As used herem, the phrase “reduced toxicity” refers to the reduced side effects and
toxicities observed in connection with administering antisense oligonucleotides and cancer
therapeutics for shorter duration and/or at lower dosages when compared to other treatment
protocols and dosage formulations, including the standard treatment protocols and dosage
formulations as described in the Physicians’ Desk Reference, 54" Edition (2000) or in

Cancer: Principles & Practice of Oncology, DeVita, Jr., Hellman, and Rosenberg (eds.) 2nd
edition, Philadelphia, PA: J.B. Lippincott Co., 1985.

As used herein, the phrase "treatment cycle" or "cycle" refers to a period during
which a single therapeutic or sequence of therapeutics is administered. In one embodiment
encompassing the use of a high dose of bel-2 antisense oligomer, in combination with a
standard dose of a cancer therapeutic, the preferred period length of time for one treatment
cycle 1s less than 14 days. The present invention contemplates at least one treatment cycle,
generally preferably more than one cycle. In some instances, one treatment cycle may be

desired, such as, for example, in the case where a significant therapeutic effect is obtained

after one treatment cycle.

As used herein, the phrase "pharmaceutically acceptable carrier" refers to a carrier

-7 -
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medium that does not interfere with the effectiveness of the biological activity of the active
ingredient. Said carrier medium 1s essentially chemically mert and nontoxic.

As used herein, the phrase "pharmaceutically acceptable” means approved by a
regulatory agency of the Federal government or a state government, or listed in the U.S.
Pharmacopeia or other generally recognized pharmacopeia for use in animals, and more
particularly for use in humans.

As used herein, the term "carrier" refers to a diluent, adjuvant, excipient, or vehicle
with which the therapeutic 1s administered. Such carriers can be sterile liquids, such as
saline solutions in water, or oils, including those of petroleum, animal, vegetable or
synthetic origin, such as peanut oil, soybean oil, mineral oil, sesame oil and the like. A
saline solution is a preferred carrier when the pharmaceutical composition is administered
intravenously. Saline solutions and aqueous dextrose and glycerol solutions can also be
employed as liquid carriers, particularly for injectable solutions. Suitable pharmaceutical
excipients include starch, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica
gel, sodium stearate, glycerol monostearate, talc, sodium chloride, dried skim milk,
glycerol, propylene, glycol, water, ethanol and the like. The carrier, if desired, can also
contain minor amounts of wetting or emulsifying agents, or pH buffering agents. These
compositions can take the form of solutions, suspensions, emulsion, tablets, pills, capsules,
powders, sustained-release formulations and the like. The composition can be formulated
as a suppository, with traditional binders and carriers such as triglycerides. Examples of
suitable pharmaceutical carriers are described in Remington's Pharmaceutical Sciences by
E.W. Martin. Examples of suitable pharmaceutical carriers are a variety of cationic lipids,
including, but not limited to N-(1(2,3-dioleyloxy)propyl)-N,N,N-trimethylammonium
chloride (DOTMA) and diolesylphosphotidylethanolamine (DOPE). Liposomes are also
suttable carriers for the antisense oligomers of the invention. Such compositions should
contain a therapeutically effective amount of the compound, together with a suitable amount

of carrier so as to provide the form for proper administration to the patient. The formulation
should suit the mode of administration.

As used herein, the phrase "pharmaceutically acceptable salts" refers to salts
prepared from pharmaceutically acceptable, essentially nontoxic, acids and bases, including
inorganic and organic acids and bases. Pharmaceutically acceptable salts include those
formed with free amino groups such as those derived from hydrochloric, phosphoric, acetic,
oxalic, tartaric acids, etc., and those formed with free carboxyl groups such as those derived
from sodium, potassium, ammontum, calcium, ferric hydroxides, isopropylamine,

triethylamine, 2-ethylamino ethanol, histidine, procaine, etc.
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4. BRIEF DESCRIPTION OF THE FIGURES

Figure 1: Bcl-2 downregulation after 5 days of treatment with Bcl-2 antisense oligomer in

melanoma biopsies of patient #12.

Figure 2: TUNEL staining of tumor biopsies of patient #12 (right leg) before treatment (a)

after Bcl-2 antisense oligomer treatment (b) and after Bcl-2 antisense oligomer plus DTIC
treatment.

2

Figure 3: Skin metastases (a) and CT-scan of pelvic region (b) of patient #12 before and

atter three cycles of Bel-2 antisense oligomer plus DTIC treatment at 6.5 mg/kg/day.

5. DETAILED DESCRIPTION OF THE INVENTION

The present invention provides compositions and methods for the use of a bel-2
antisense oligomer for preventing or treating a bel-2 related disorder, in particular cancer.
The 1nvention also provides pharmaceutical compositions comprising a bcl-2 antisense
oligomer, as well as methods for their use in prophylactic and therapeutic treatments,
including drug delivery and therapeutic regimens.

The 1mvention 1s based, in part, on the discovery that short treatment cycles of a bcl-
2 antisense oligomer, alone and in combination with other therapeutic agents, has
unexpectedly potent ameliorative effects in patients suffering from disease. This short
treatment regimen manifests additional benefits to the human subject such as convenience,
reduced psychological trauma, and a better likelihood of compliance with the treatment
protocol. Other discoveries include: (1) short treatment cycles and reduced doses of
therapeutic agents when used in combination with a bcl-2 antisense oligomer, (2) simplified
modes of delivery for the pharmaceutical compositions comprising at least one bcl-2
antisense oligomer with or without other therapeutic agents, and (3) clinically significant
treatment regimens for many types of cancers. Thus, Applicants’ discovery that a bcl-2
antisense oligomer, when administered for a short treatment cycle, can demonstrate
significant therapeutic responses in a patient having a bcl-2 related disorder, provides
improved and useful pharmaceutical compositions, treatment courses, and modes of
delivery.

The invention is also based, in part, on the discovery that high doses of bcl-2
antisense oligomer, alone and in combination with other therapeutic agents, has reduced

toxicity, including unexpectedly few side effects as compared to most standard cancer
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treatments, and has ameliorative effects in patients suffering from disease. A treatment
regimen that encompasses a high dose of bcl-2 antisense oligomer manifests additional
benefits to the human subject such as shorter treatment cycles, fewer treatments, or
improved efficacy.

5 In a one embodiment, a bcl-2 antisense oligomer is administered to a human for a
short treatment cycle to prevent or treat a bcl-2 related disorder. In another embodiment, a
bcl-2 antisense oligomer 1s administered to a human at high doses to prevent or treat a bel-2
related disorder. In addition to affecting diseased tissue, the bcl-2 antisense oligomer can
protect or treat normal tissues, which include tissues containing cells that normally express

10 the bcl-2 gene. Additionally, the bcl-2 antisense oligomer can protect or treat normal
tissues that, although not expressing the bcl-2 gene, are compromised by diseased tissues.

In a specific embodiment, the invention further encompasses the use of combination
therapy to prevent or treat a bcl-2 related disorder. Such therapy includes the use of one or
more molecules, compounds or treatments that assist in the prevention or treatment of a

15 disease. Examples of contemplated therapeutics include biologicals, chemicals, and
therapeutic treatments (e.g., irradiation treatment).

In another specific embodiment, the invention provides for a bcl-2 antisense
oligomer that 1s administered to a human in combination with one of more cancer
therapeutic agents to prevent or treat cancer. Such cancer therapeutics include one or more

20 molecules, compounds or treatments that have anti-cancer activity. Examples of
contemplated cancer therapeutics include biologicals, chemicals, and therapeutic treatments
(e.g., 1rradiation treatment).

In yet another specific embodiment, the invention provides for a bel-2 antisense
oligomer that 1s administered to a human, in combination with one of more cancer

25 therapeutic agents at reduced doses, to prevent or treat cancer. Such treatments may involve
high, standard, or low doses of one or more bcl-2 antisense oligomers, treatment cycles may
be of long or short duration. In a specific embodiment, the invention provides for a
particularly high dose of bcl-2 antisense oligomer that 1s administered to a human, in
combination with one of more cancer therapeutic agents at greatly reduced doses for

3(0 shortened treatment cycles, to prevent or treat cancer.
5.1 BCL-2 ANTISENSE OLIGOMER
The mvention contemplates use of one or more bcl-2 antisense oligomers, or its

35 derivatives, analogues, fragments, hybrids, mimetics, and congeners thereof. As used

herein, the term "derivative" refers to any pharmaceutically acceptable homolog, analogue,
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or fragment corresponding to the pharmaceutical composition of the invention. Antisense
oligomers suitable for use in the invention include nucleotide oligomers which range in size
from 5 to 10, 10 to 20, 20 to 50, 50 to 75, or 75 to 100 bases in length; preferably 10 to 40
bases 1n length; more preferably 15 to 25 bases in length; most preferably 18 bases in
length. The target sequences may be RNA or DNA, and may be single-stranded or
double-stranded. Target molecules include, but are not limited to, pre-mRNA, mRNA, and
DNA. In a one embodiment, the target molecule is mRNA. In a preferred embodiment, the
target molecule 1s bel-2 pre-mRNA or bel-2 mRNA. In a specific embodiment, the
antisense oligomers hybridize to a portion anywhere along the bcl-2 pre-mRNA or mRNA.
The antisense oligomers are preferably selected from those oligomers which hybridize to
the translation initiation site, donor splicing site, acceptor splicing site, sites for
transportation, or sites for degradation of the bcl-2 pre-mRNA or mRNA.

Several bel-2 antisense oligomers have been assessed previously with variable
results (See, e.g., SEQ. ID. NOS.:1-17 in U.S. Patent No. 5,831,066). Examples of bcl-2
antisense oligomers that may be used in accordance with the present invention are described
in detail in U.S. Patent Application Serial No. 08/217,082, now U.S. Patent No. 5,734,033:
U.S. Patent Application Serial No. 08/465,485, now U.S. Patent No. 5,831,066; and U.S.
Patent Application Serial No. 09/080,285, now U.S. Patent No. 6,040,181, each of which is
incorporated herein by reference in its entirety.

In one embodiment, the bcl-2 antisense oligomer is substantially complementary to
a portion of a bel-2 pre-mRNA or mRINA, or to a portion of a pre-mRNA or mRNA that is
related to bel-2. In a preferred embodiment, the bel-2 antisense oligomer hybridizes to a
portion of the translation-initiation site of the pre-mRNA coding strand. In a more preferred
embodiment, the bcl-2 antisense oligomer hybridizes to a portion of the pre-mRNA coding
strand that comprises the translation-initiation site of the human bcl-2 gene. More
preferably, the bcl-2 antisense oligomer comprises a TAC sequence which is
complementary to the AUG initiation sequence of the bcl-2 pre-mRINA or RNA.

In another embodiment, the bel-2 antisense oligomer hybridizes to a portion of the

splice donor site of the pre-mRNA coding strand for the human bcl-2 gene. Preferably, this

30 nucleotide comprises a CA sequence, which is complementary to the GT splice donor

sequence of the bcl-2 gene, and preferably further comprises flanking portions of 5 to 50
bases, more preferably from about 10 to 20 bases, which hybridizes to portions of the bcl-2
gene coding strand flanking said splice donor site.

In yet another embodiment, the bcl-2 antisense oligomer hybridizes to a portion of

35 the splice acceptor site of the pre-mRNA coding strand for the human bcl-2 gene.

Preferably, this nucleotide comprises a TC sequence, which is complementary to the AG
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splice acceptor sequence of the bel-2 gene, and preferably further comprises flanking
portions of 5 to 50 bases, more preferably from about 10 to 20 bases, which hybridizes to
portions of the bcl-2 gene coding strand flanking said splice acceptor site. In another
embodiment, the bcl-2 antisense oligomer hybridizes to portions of the pre-mRNA or
mRNA 1nvolved in splicing, transport or degradation.

One of average skill in the art can recognize that antisense oligomers suitable for use
in the mvention may also be substantially complementary to other sites along the bcl-2 pre-
mRNA or mRNA, and can form hybrids. The skilled artisan will also appreciate that
antisense oligomers, which hybridize to a portion of the bel-2 pre-mRNA or mRNA whose
sequence does not commonly occur 1n transcripts from unrelated genes are preferable so as
to maintain treatment specificity.

The design of the sequence of a bcl-2 antisense oligomer can also be determined by
empirical testing and assessment of clinical effectiveness, regardless of its degree of
sequence homology to, or hybridization with, the bcl-2 gene, bel-2 pre-mRNA, bel-2
mRNA, or bcl-2 related nucleotide sequences. One of ordinary skill in the art will
appreciate that bel-2 antisense oligomers having, for example, less sequence homology,
greater or fewer modified nucleotides, or longer or shorter lengths, compared to those of the
preferred embodiments, but which nevertheless demonstrate responses in clinical
treatments, are also within the scope of the invention.

The antisense oligomers may be RNA or DNA, or derivatives thereof. The
particular form of antisense oligomer may affect the oligomer’s pharmacokinetic parameters
such as bioavailability, metabolism, half-life, etc. As such, the invention contemplates
antisense oligomer derivatives having properties that improve cellular uptake, enhance
nuclease resistance, improve binding to the target sequence, or increase cleavage or
degradation of the target sequence. The antisense oligomers may contain bases comprising,
for example, phosphorothioates or methylphosphonates. The antisense oligomers, instead,
can be mixed oligomers containing combinations of phosphodiesters, phosphorothioate,
and/or methylphosphonate nucleotides, among others. Such oligomers may possess
modifications which comprise, but are not limited to, 2-O'-alkyl or 2-O'-halo sugar
modifications, backbone modifications (e.g., methylphosphonate, phosphorodithioate,
phosphordithioate, formacetal, 3'-thioformacetal, sulfone, sulfamate, nitroxide backbone,
morpholino derivatives and peptide nucleic acid (PNA) derivatives), or derivatives wherein
the base moieties have been modified (Egholm, et al., 1992, Peptide Nucleic Acids
(PNA)-Oligonucleotide Analogues With An Achiral Peptide Backbone). In another

embodiment, antisense oligomers comprise conjugates of the oligonucleotides and

derivatives thereof (Goodchild, 1990, “Conjugates of oligonucleotides and modified
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oligonucleotides: a review of their synthesis and properties”, Bioconjug. Chem. 1(3):165-
87).

For in vivo therapeutic use, a phosphorothioate derivative of the bcl-2 antisense
oligomer is preferable, at least partly because of greater resistance to degradation. In one
embodiment, the bcl-2 antisense oligomer is a hybrid oligomer containing phosphorothioate
bases. In another embodiment, the bcl-2 antisense oligomer contains at least one
phosphorothioate linkage. In another embodiment, the bcl-2 antisense oligomer contains at
least three phosphorothioate linkages. In yet another embodiment, the bcl-2 antisense
oligomer contains at least three consecutive phosphorothioate linkages. In yet another
embodiment, the bcl-2 antisense oligomer is comprised entirely of phosphorothioate
linkages. Methods for preparing oligonucleotide derivatives are known in the art. See e.g.,
Stein et al., 1988, Nucl. Acids Res., 16:3209-21 (phosphorothioate); Blake et al., 1985,
Biochemistry 24:6132-38 (methylphosphonate); Morvan et al., 1986, Nucl. Acids Res.
14:5019-32 (alphadeoxynucleotides); Monia et al., 1993, “Evaluation of 2'-modified
oligonucleotides containing 2' deoxy gaps as antisense inhibitors of gene expression”, J.
Biol. Chem. 268:14514-22 (2'-O-methyl-ribonucleosides); Asseline et al., 1984, Proc. Natl
Acad. Sci. USA 81:3297-3301 (acridine); Knorre et al., 1985, Biochemie 67:783-9; Vlassov
et al., 1986, Nucl. Acids Res. 14:4065-76 (N-2-chlorocethylamine and phenazine); Webb et
al., 1986, Nucl. Acids Res. 14:7661-74 (5-methyl-N4-N4-ethanocytosine); Boutorin et al.,
1984, FEBS Letters 172:43-6 (Fe-ethylenediamine tetraacetic acid (EDTA) and analogues);
Chi-Hong et al., 1986, Proc. Natl. Acad. Sci. USA 83:7147-51 (5-glycylamido-1,
10-0-phenanthroline); and Chu et al., 1985, Proc. Natl. Acad. Sci. USA 82:963-7
(diethylenetriaamine-pentaacetic acid (DTPA) derivatives).

The etfective dose of bcl-2 antisense oligomer to be administered during a treatment
cycle ranges from about 0.01 to 0.1, 0.1 to 1, or 1 to 10 mg/kg/day. The dose of bel-2
antisense oligomer to be administered can be dependent on the mode of administration. For
example, intravenous administration of a bcl-2 antisense oligomer would likely result in a
significantly higher full body dose than a full body dose resulting from a local implant
containing a pharmaceutical composition comprising bcl-2 antisense oligomer. In one
embodiment, a bcl-2 antisense oligomer is administered subcutaneously at a dose of 0.01 to
10 mg/kg/day; more preferably at a dose of 4 to 9 mg/kg/day; most preferably at a dose of 5
to 7 mg/kg/day. In another embodiment, a bcl-2 antisense oligomer is administered
intravenously at a dose of 0.01 to 10 mg/kg/day; more preferably at a dose of 4 to 9
mg/kg/day; most preferably at a dose of 5 to 7 mg/kg/day. In yet another embodiment, a
bcl-2 antisense oligomer is administered locally at a dose of 0.01 to 10 mg/kg/day;
preterably at a dose 0f 0.01 to 0.1; more preferably at a dose of 1 to 5 mg/kg/day. It will be
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evident to one skilled in the art that local administrations can result in lower total body
doses. For example, local administration methods such as intratumor administration,
intraocular injection, or implantation, can produce locally high concentrations of becl-2
antisense oligomer, but represent a relatively low dose with respect to total body weight.
Thus, 1 such cases, local administration of a bel-2 antisense oligomer is contemplated to
result 1n a total body dose of about 0.01 to 5 mg/kg/day.

In another embodiment, a particularly high dose of bcl-2 antisense oligomer, which
ranges from about 10 to 20, 20 to 30, or 30 to 50 mg/kg/day, is administered during a
treatment cycle.

Moreover, the effective dose of a particular bcl-2 antisense oligomer may depend on
additional factors, including the type of cancer, the disease state or stage of disease, the
oligomer’s toxicity, the oligomer’s rate of uptake by cancer cells, as well as the weight, age,
and health of the individual to whom the antisense oligomer is to be administered. Because
of the many factors present in vivo that may interfere with the action or biological activity
of a bcl-2 antisense oligomer, one of ordinary skill in the art can appreciate that an effective
amount of a bcl-2 antisense oligomer may vary for each individual.

In another embodiment, a bel-2 antisense oligomer 1s at a dose which results in
circulating plasma concentrations of the bcl-2 antisense oligomer which is at least 30 nM
(nanomolar). As will be apparent to the skilled artisan, lower or higher plasma
concentrations of the bcl-2 antisense oligomer may be preferred depending on the mode of
administration. For example, plasma concentrations of the bcl-2 antisense oligomer of at
least 30 nM can be appropriate in connection with intravenous, subcutaneous,
intramuscular, controlled release, and oral administration methods, to name a few. In
another example, relatively low circulating plasma levels of the bcl-2 antisense oligomer
can be desirable, however, when using local administration methods such as, for example,
intratumor administration, intraocular administration, or implantation, which nevertheless
can produce locally high, clinically effective concentrations of bcl-2 antisense oligomer.

In yet another embodiment, the circulating plasma concentration of at least 30 nM
(nanomolar) of the bcl-2 antisense oligomer is achieved about 1, 2, 3,4, 5,6, 7, 8, 9 or 10
hours after the administration of the bcl-2 antisense oligomer. In yet another embodiment,
the circulating plasma concentration of at least 30 nM of the bcl-2 antisense oligomer is
achieved in about 36 to 48 hours, preferably 24 to 35 hours, more preferably in 12 to 24
hours; most preferably in under 12 hours.

In a specific embodiment, the dose of a bcl-2 antisense oligomer is a high dose. In
one embodiment, the circulating plasma concentration of the bcl-2 antisense oligomer is at

least 30 nM. In another embodiment, the circulating level of bcl-2 antisense oligomer is 1
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uM to 10 uM. In yet another embodiment, the circulating level of bcl-2 antisense oligomer
1s1,2,3,4,5,6,7,8,9 or 10 uM. In yet another embodiment, the circulating level of bel-
2 antisense oligomer of 1 pM to10 uM 1s achieved in about 36 to 48 hours, preferably 24 to

35 hours, more preferably in 12 to 24 hours; most preferably in under 12 hours.

The high dose may be achieved by several administrations per cycle. Alternatively,
the high dose may be administered in a single bolus administration. A single administration
of a high dose may result in circulating plasma levels of bcl-2 antisense oligomer that are
transiently much higher than 30 nM. Moreover, single administrations of particularly high
doses of a bcl-2 antisense oligomer may result in a circulating plasma concentration of bel-2
antisense oligomer of 1 uM t010 uM in much less 12 hours, even in less than one hour.

Additionally, the dose of a bcl-2 antisense oligomer may vary according to the
particular bcl-2 antisense oligomer used. The dose employed is likely to reflect a balancing
of considerations, among which are stability, localization, cellular uptake, and toxicity of
the particular bcl-2 antisense oligomer. For example, a particular chemically modified bel-2
antisense oligomer may exhibit greater resistance to degradation, or may exhibit higher
atfimity for the target nucleic acid, or may exhibit increased uptake by the cell or cell
nucleus; all of which may permit the use of low doses. In yet another example, a particular
chemically modified bcl-2 antisense oligomer may exhibit lower toxicity than other
antisense oligomers, and therefore can be used at high doses. Thus, for a given bcl-2
antisense oligomer, an appropriate dose to administer can be relatively high or relatively
low. Appropriate doses would be appreciated by the skilled artisan, and the invention
contemplates the continued assessment of optimal treatment schedules for particular species
of bcl-2 antisense oligomers. The daily dose can be administered in one or more treatments.

Other factors to be considered in determining an effective dose of a bcl-2 antisense
oligomer include whether the oligomer will be administered in combination with other
therapeutics. In such cases, the relative toxicity of the other therapeutics may indicate the
use of a bcl-2 antisense oligomer at low doses. Alternatively, treatment with a high dose of
bcl-2 antisense oligomer can result in combination therapies with reduced doses of
therapeutics. In a specific embodiment, treatment with a particularly high dose of bcl-2
antisense oligomer can result in combination therapies with greatly reduced doses of cancer
therapeutics. For example, treatment of a patient with 10, 20, 30, 40, or 50 mg/kg/day of a
bcl-2 antisense oligomer can further increase the sensitivity of a subject to cancer
therapeutics. In such cases, the particularly high dose of bcl-2 antisense oligomer is
combined with, for example, a greatly shortened radiation therapy schedule. In another

example, the particularly high dose of a bcl-2 antisense oligomer produces significant
enhancement of the potency of cancer therapeutic agents.
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Additionally, the particularly high doses of bcl-2 antisense oligomer may further
shorten the period of administration of a therapeutically effective amount of bcl-2 antisense
oligomer and/or cancer therapeutic, such that the length of a treatment cycle is much shorter
than 14 days.

In one embodiment, an 18-base phosphorothioate bcl-2 antisense oligomer of the
sequence 5’-TCTCCCAGCGTGCGCCAT-3’, which is complementary to the first six
codons of the bcl-2 mRNA and hybridizes to the respective target RNA bases, is
administered for a short treatment cycle, defined as less than two weeks.

In one embodiment, G3139 1s administered for 2 to 13 days at a dose 0of 0.01 to 10
mg/kg/day. In a specific embodiment, G3139 1s administered for 2 to 3,4to 5, 6 to 7, 8 to
9,10to 11, 0or 12to 13 daysatadose 0f0.01to1,1t02,3t04,5t06,6to 7,7 to 8, or 9 to
10 mg/kg/day; more preferably at a dose of 4 to 9 mg/kg/day, and most preferably at a dose
of 5 to 7 mg/kg/day. In another embodiment, G3139 is administered at said dose for 3 to 9
days. In yet another embodiment, G3139 1s administered at said dose for 4 to 7 days. In a
preferred embodiment, G3139 1s administered at said dose for 5 to 6 days. In a most
preferred embodiment, G3139 1s administered at a dose of 5 to 7 mg/kg/day for 5 to 6 days.
The 1nvention contemplates other preferred treatment regimens depending on the particular
bcl-2 antisense oligomer to be used, or depending on the particular mode of administration,
or depending on whether the bcl-2 antisense oligomer is administered as part of a
combination therapy, e.g., in combination with a cancer therapeutic agent. The daily dose
can be administered in one or more treatments.

In another embodiment, G3139 1s administered at a particularly high dose of about
10 to 50 mg/kg/day. In a specific embodiment, G3139 is administered at a particularly high
dose of about 10 to 15, 16 to 20, 21 to 25, 26 to 30, 31 to 35, 36 to 40, 41 to 45, or 46 to 50
mg/kg/day. In a further embodiment, G3139 1s administered at said dose for 1 to 10 days.
In yet another embodiment, G3139 1s administered at said dose for 2 to 7 days. In a yet
another embodiment, G3139 i1s administered at said dose for 3 to 4 days. In a preferred
embodiment, G3139 1s administered at a dose of 26 to 30, 31 to 35, 36 to 40, 41 to 45, or 46
to 50 mg/kg/day for a minimum of 1 day. The invention contemplates other preferred
treatment regimens depending on the particular bel-2 antisense oligomer to be used, or
depending on the particular mode of administration, or depending on whether the bel-2
antisense oligomer 1s administered as part of a combination therapy, e.g., in combination

with a cancer therapeutic agent. The daily dose can be administered in one or more
treatments.
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5.2 CANCER THERAPEUTICS

The invention described herein encompasses a method of preventing or treating
cancer comprising a therapeutically effective amount of a bel-2 antisense oligomer,
including but not limited to high doses of the oligomer, to a human in need of such therapy.
The invention further encompasses the use of a short period of administration of a bcl-2
antisense oligomer. Normal, non-cancerous cells divide at a frequency characteristic for the
particular cell type. When a cell has been transformed into a cancerous state, uncontrolled
cell proliferation and reduced cell death results, and therefore, promiscuous cell division or
cell growth 1s a hallmark of a cancerous cell type. Examples of types of cancer, include, but
are not himited to, non-Hodgkin’s lymphoma, Hodgkin’s lymphoma, leukemia (e.g., acute
leukemia such as acute lymphocytic leukemia, acute myelocytic leukemia, chronic myeloid
leukemia, chronic lymphocytic leukemia, multiple myeloma), colon carcinoma, rectal
carcinoma, pancreatic cancer, breast cancer, ovarian cancer, prostate cancer, renal cell
carcinoma, hepatoma, bile duct carcinoma, choriocarcinoma, cervical cancer, testicular
cancer, lung carcinoma, bladder carcinoma, melanoma, head and neck cancer, brain cancer,
cancers of unknown primary site, neoplasms, cancers of the peripheral nervous system,
cancers of the central nervous system, tumors (e.g., fibrosarcoma, myxosarcoma,
liposarcoma, chondrosarcoma, osteogenic sarcoma, chordoma, angiosarcoma,
endotheliosarcoma, lymphangiosarcoma, lymphangioendotheliosarcoma, synovioma,
mesothelioma, Ewing's tumor, letomyosarcoma, rhabdomyosarcoma, squamous cell
carcinoma, basal cell carcinoma, adenocarcinoma, sweat gland carcinoma, sebaceous gland
carcinoma, papillary carcinoma, papillary adenocarcinomas, cystadenocarcinoma,
medullary carcinoma, bronchogenic carcinoma, seminoma, embryonal carcinoma, Wilms'
tumor, small cell lung carcinoma, epithelial carcinoma, glioma, astrocytoma,
medulloblastoma, craniopharyngioma, ependymoma, pinealoma, hemangioblastoma,
acoustic neuroma, oligodendroglioma, meningioma, neuroblastoma, and retinoblastoma),
heavy chain disease, metastases, or any disease or disorder characterized by uncontrolled or
abnormal cell growth.

In a preferred embodiment, the invention further encompasses the use of
combination therapy to prevent or treat cancer. For example, prostate cancer can be treated
with a pharmaceutical composition comprising a bel-2 antisense oligomer in combination
with paclitaxel, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>