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Abstract

The present invention provides combination use of nanoparticles comprising

paclitaxel and an albumin and gemcitabine or capecitabine for treating solid tumor.
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COMBINATION CHEMOTHERAPY REGIMENS USING ALBUMIN/PACLITAXEL
NANOPARTICLES AND NUCLEOSIDE ANALOGS

RELATED APPLICATIONS

[0001] This application claims priority benefit to provisional application 60/654,245,
filed on February 18, 2005. This application is a division of Canadian Application Serial
No. 2,598,239 (parent application), filed February 21, 2006.

[0001a] It should be understood that the expression "the present invention" or the like
used 1n this specification may encompass not only the subject matter of this divisional

application, but that of the parent application also.

TECHNICAL FIELD

[0002] The present invention relates to methods and compositions for the treatment of
proliferative diseases comprising the administration of a combination of a taxane and at least
one other and other therapeutic agents, as well as other treatment modalities useful in the
treatment of prolhiferative diseases. In particular, the invention relates to the use of
nanoparticles comprising paclitaxel and albumin (such as Abraxane' ) in combination with

other chemotherapeutic agents or radiation, which may be used for the treatment of cancer.

BACKGROUND

[0003) The ftailure of a significant number of tumors to respond to drug and/or

radiation therapy 1s a serious problem in the treatment of cancer. In fact, this is one of the
main reasons why many of the most prevalent forms of human cancer still resist effective

chemotherapeutic intervention, despite certain advances in the field of chemotherapy.

[0004] Cancer 1s now primarily treated with one or a combination of three types of
therapies: surgery, radiation, and chemotherapy. Surgery is a traditional approach in which all
or part of a tumor 1s removed from the body. Surgery generally is only effective for treating
the earlier stages of cancer. While surgery is sometimes effective in removing tumors located

at certain sites, for example, in the breast, colon, and skin, it cannot be used in the treatment of
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tumors located in other areas, inaccessible to surgeons, nor in the treatment of disseminated

neoplastic conditions such as leukemia. For more than 50% of ¢ancer individuals, by the time
they are diagnosed they are no longer candidates for eftective surgical treatment. Surgical

procedures may increase tumor metastases through blood circulation during surgery. Most of
cancer individuals do not die from the cancer at the time of diagnosis or surgery, but rather die

from the metastasis and the recurrence of the cancer.

10005] Other therapies are also often ineffective. Radiation therapy is only cffective

for individuals who present with clinically localized disease at early and middle

la
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is generally applied to a defined area of the subject's body which contains abnormal
proliferative tissue, in order to maximize the dose absorbed by the abnormal tissue and
minimize the dose absorbed by the nearby normal tissue. However, it is difficult (if not
impossible) to selectively administer therapeutic radiation to the abnormal tissue. Thus,
normal tissue proximate to the abnormal tissue is also exposed to potentially damaging
doses of radiation throughout the course of treatment. There are also some treatments that
require exposure of the subj ect's entire body to the radiation, in a procedure called "total
body irradiation”, or "TBL" The efficacy of radiotherapeutic techniques in destroying
abnormal proliferative cells is therefore balanced by associated cytotoxic effects on nearby
normal cells. Because of this, radiotherapy techniques have an inherently narrow
therapeutic index which results n the inadequate treatment of most tumors. Even the best
radiotherapeutic techniques may result in incomplete tumor reduction, tumor reCuIrence,
increasing tumor burden, and induction of radiation resistant tumors.

[0006] Chemotherapy involves the disruption of cell replication or cell metabolism.
Chemotherapy can be effective, but there are severe side effects, e.g., vomiting, low white
blood cells (WBC), loss of hair, loss of weight and other toxic effects. Because of the
extremely toxic side effects, many cancer individuals cannot successfully finish a complete
chemotherapy regime. Chemotherapy-induced side effects s1 gnificantly impact the quality
of life of the individual and may dramatically influence individual compliance with
ireatment. Additionally, adverse side effects assocl ated with chemotherapeutic agents are
generally the major dose-limiting toxicity (DLT) m the administration of these drugs. For ‘
example, mucositis is one of the major dose limiting toxicity for several anticancer agents,
including the antimetabolite cytotoxic agents 5-FU, methotrexate, and antitumor
antibiotics, such as doxorubicin. Many of these chemotherapy-induced side effects it
severe may lead to hospitalization, or require treatment with analgesics for the treatment of
pain. Some cancer :ndividnals die from the chemotherapy due to poor tolerance to the
chemotherapy. The extreme side etfects of anticancer drugs are caused by the poor target
specificity of such drugs. The drugs circulate through most normal organs of individuals as
well as intended target tumors. The poor target specificity that causes side effects also
decreases the efficacy of chemotherapy because only a fraction of the drugs is correctly

targeted. The efficacy of chemotherapy is further decreased by poor retention of the

anti-cancer drugs within the target tumors.
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[0007] Due to the severity and breadth of neoplasm, tumor and cancer, there is a
great need for effective treatments of such diseases or disorders that overcome the

shortcomings of surgery, chemotherapy, and radiation treatment.

Problems of Chemotherapeutic Agents

[0008] The drug resistance problem is a reason for the added importance of
combination chemotherapy, as the therapy both has to avoid the emergence of resistant
cells and to kill pre-existing cells which are already drug resistant.

(0009} Drug resistance is the name given to the circumstance when a disease does
not respond to a treatment drug or drugs. Drug resistance can be either intrinsic, which
means the disease has never been responsive to the drug or drugs, or it can be acquired,
which means the disease ceases responding to a drug or drugs that the disease had
previously been responsive to. Multidrug resistance (MDR) is a specific type of drug
resistance that is characterized by cross-resistance of a disease to more than one
functionally and/or structurally unrelated drugs. Multidrug resistance in the field of cancer
is discussed in greater detail in "Detoxification Mechanisms and Tumor Cell Resistance to
Anticancer Drugs,” by Kuzmich and Tew, particularly section VII "The
Multidrug-Resistant Phenotype (MDR)," Medical Research Reviews, Vol. 11, No. 2,
185-217, (Section VII is at pp. 208-213) (1991); and 1n "Multidrug Resistance and
Chemosensitization: Therapeutic Implications for Cancer Chemotherapy," by Georges,
Sharom and Ling, Advances in Pharmacology, Vol. 21, 185-220 (1990).

[0010] One form of multi-drug resistance (MDR) is mediated by a membrane
bound 170-180 kD energy-dependent efflux pump designated as P- glycoprotein (P-gp).

P-glycoprotein has been shown to play a major role 1n the intrinsic and acquired resistance
of a number of human tumors against hydrophobic, natural product drugs. Drugs that act
as substrates for and are consequently detoxified by P-gp include the vinca alkaloids
(vincristine and vinblastine), anthracyclines (Adriamycin), and epipodophyllotoxins

(etoposide). While P-gp associated MDR 1s a major determinant in tumor cell resistance to
chemotherapeutic agents, it is clear that the phenomenon of MDR is multifactorial and
involves a number of different mechanisms.

[0011] A major complication of cancer chemotherapy and of antiviral
chemotherapy is damage to bone marrow cells or suppression of their function.

Specifically, chemotherapy damages or destroys hematopoietic precursor cells, primarily

found in the bone marrow and spleen, impairing the production of new blood cells
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(granulocytes, lymphocytes, erythrocytes, monocytes, platelets, etc.). Treatment of cancer
individuals with 5-fluorouracil, for example, reduces the number ot leukocytes
(lymphocytes and/or granulocytes), and can result in enhanced susceptibility of the
individuals to infection. Many cancer individuals die of infection or other consequences of
hematopoietic failure subsequent to chemotherapy. Chemotherapeutic agents can also
result in subnormal formation of platelets which produces a propensity toward hemorrhage.
Inhibition of erythrocyte production can result in anemia. For some cancer individuals, the
risk of damage to the hematopoietic system or other important tissues frequently limits the
opportunity for chemotherapy dose escalation of chemotherapy agents high enough to
provide good antitumor or antiviral efficacy. Repeated or high dose cycles of
chemotherapy may be responsible for severe stem cell depletion leading to serious
long-term hematopoietic sequelea and marrow exhaustion.

[0012] Prevention of, or protection from, the side effects of chemotherapy would be
a great benefit to cancer individuals. For life-threatening side effects, efforts have
concentrated on altering the dose and schedules of the chemotherapeutic agent to reduce
the side effects. Other options are becoming available, such as the use of granulocyte
colony stimulating factor (G-CSF), granulocyte-macrophage-CSF (GM-CSF), epidermal
growth factor (EGF), interleukin 11, erythropoietin, thrombopoietin, megakaryocyte
development and growth factor, pixykines, stem cell factor, FLT-ligand, as well as
interleukins 1, 3, 6, and 7, to increase the number of normal cells in various tissues before
the start of chemotherapy (See Jimenez and Yunis, Cancer Research 52:413-415; 1992).
The m'echanisms of protection by these factors, while not fully understood, are most likely

associated with an icrease 1 the number of normal critical target cells betore treatment

with cytotoxic agents, and not with increased survival of cells following chemotherapy.

Chemotherapeutic Targeting For Tumor Treatment

[0013] Both the growth and metastasis of solid tumors are angiogenesis-dependent
(Folkman, J. Cancer Res., 46, 467-73 (1986); Folkman, J. Nat. Cancer Inst., 82, 4-6
(1989); Folkman et al., "Tumor Angiogenesis," Chapter 10, pp. 206-32, in The Molecular
Basis of Cancer, Mendelsohn et al., eds. (W. B. Saunders, 1995)). It has been shown, for
example, that tumors which enlarge to greater than 2 mm in diameter must obtain their own
blood supply and do so by inducing the growth of new capillary blood vessels. After these
new blood vessels become embedded in the tumor, they provide nutrients and growth

factors essential for tumor growth as well as a means for tumor cells to enter the circulation
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and metastasize to distant sites, such as liver, lung or bone (Weidner, New Eng. J. Med.,
324(1), 1-8 (1991)). When used as drugs in tumor-bearing amimals, natural inhibitors of
angiogenesis can prevent the growth of small tumors (O'Reilly et al., O'Retlly et al., Cell,

79, 315-28 (1994)). Indeed, in some protdcols, the application of such inhibitors leads to

tumor regression and dormancy even after cessation of treatment (O'Reilly et al., Cell, 88,

q

277-85 (1997)). Moreover, supplying inhibitors of angiogenesis to certain tumors can
potentiate their response to other therapeutic regimes (e.g., chemotherapy) (see, €.g.,
Teischer et al., Int. J. Cancer, 57, 920-25 (1994)).

[0014] Protein tyrosine kinases catalyze the phosphorylation of specific tyrosy!
residues in various proteins involved in the regulation of cell growth and differentiation (A.
F. Wilks, Progress in Growth Factor Research, 1990, 2, 97-111; S. A. Courtneidge, Dev.
Supp.l, 1993, 57-64; J. A. Cooper, Semin. Cell Biol., 1994, 5(6), 377-387; R. F. Paulson,
Semin. Immunol., 1995, 7(4), 267-277; A. C. Chan, Curr. Opin. Immunol., 1996, 3(3),
394-401). Protein tyrosine kinases can be broadly classified as receptor (e.g. EGIT,
c-erbB-2, c-met, tie-2, PDGFr, FGFr) or non-receptor (e.g. c-src, Ick, Zap70) kinases.
nappropriate or uncontrolled activation of many of these kinases, 1.e. aberrant protein
tyrosine kinase activity, for example by over-expression or mutation, has been shown to
result in uncontrolled cell growth. For example, elevated epidermal growth factor receptor
(EGFR) activity has been implicated in non-small cell lung, bladder and head and neck
cancers, and increased c-erbB-2 activity in breast, ovarian, gastric and pancreatic cancers.
Thus, inhibition of protein tyrosine kinases should be useful as a treatment for tumors such
as those outhined above.

[0015]) Growth factors are substances that induce cell proliferation, typically by
binding to specific receptors on cell surfaces. Epidermal growth factor (EGF) induces
proliferation of a variety of cells in vivo, and is required for the growth of most cultured
cells. The EGF receptor is 2 170-180 kD membrane-spanning glycoprotein, which is
detectable on a wide variety of cell types. The extracellular N-terminal domain of the
receptor is highly glycosylated and binds EGF antibodies that selectively bind to EGFR.
Agents that competitively bind to EGFR have been used to treat certain types of cancer,
since many tumors of mesodermal and ectodermal origin overexpress the EGK receptor.
For example, the EGF receptor has been shown to be overexpressed in many gliomas,
squamous cell carcinomas, breast carcinomas, melanomas, invasive bladder carcinomas
and esophageal cancers. Attempts to exploit the EGFR system for anti-tumor therapy have

senerally involved the use of monoclonal antibodies against the EGFR. In addition, studies
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with primary human mammary tumors have shown a correlation between high EGFR
expression and the presence of metastases, higher rates of proliferation, and shorter
individual survival.

[0016] Herlyn et al., in U.S. Patent 5,470,571, disclose the use of radiolabeled Mab
425 for treating gliomas that express EGFR. Herlyn et al. report that anti-EGFR antibodies
may either stimulate or inhibit cancer cell growth and proliferation. Other mono clonal
antibodies having specificity for EGFR, either alone or conjugated to a cytotoxic
compound, have been reported as being effective for treating certain types of cancer.
Bendig et al, in U.S. Patent 5,558,864, disclose therapeutic anti-EGFR Mab's for
competitively binding to EGFR. Heimbrook et al., in U.S. Patent 5,690,928, disclose the
use of EGF fused to a Pseudomonas species-derived endotoxin for the treatment of bladder

cancer. Brown et al., in U.S. Patent 5,859,018, disclose a method for treating diseases

characterized by cellular hyperproliferation mediated by, inter alia, EGF.

Chemotherapeutic Modes of Administration

[0017] People diagnosed as having cancer are frequently treated with single or
multiple chemotherapeutic agents to kill cancer cells at the primary tumor site or at distant
sites to where cancer has metastasized. Chemotherapy treatment is typically given either in
a single or in several large doses or over variable times of weeks to months. However,
repeated or high dose cycles of chemotherapy may be responsible for increased toxicities
zind severe side effects.

[0018]) New studies suggest that metronomic chemotherapy, the low-dose and

frequent administration of cytotoxic agents without prolonged drug-free breaks, targets

activated endothelial cells in the tumor vasculature. A number of preclinical studies have
demonstrated superior anti-tumor efficacy, potent antiangiogenic effects, and reduced
toxicity and side effects (e.g., myelosuppression) of metronomic regimes compared to
maximum tolerated dose (MTD) counterparts (Bocci, et al., Cancer Res, 62:6938-6943,
(2002); Bocci, et al., PNAS, vol, 100(22):12917-12522, (2003); and Bertolim, et al.,
Cancer Res, 63(15):4342-4346, (2003)). It remains unclear whether all chemotherapeutic

drugs exert similar effects or whether some are better suited for such regimes than others.
Nevertheless, metronomic chemotherapy appears to be effective in overcomimng some of the

major shortcomings associated with chemotherapy.
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Chemotherapeutic Agents
[0019] Paclitaxel has been shown to have significant antineoplastic and anticancer

effects in drug-refractory ovarian cancer and has shown excellent antitumor activity in a
wide variety of tumor models, and also inhibits angiogenesis when used at very low doses
(Grant et al., Int. J. Cancer, 2003). The poor aqueous solubility of paclitaxel, however,
presents a problem fbr human admiﬁistration. Indeed, the delivery of drugs that are
inherently insoluble or poorly soluble 1n an aqueous medium can be seriously impaired if
oral delivery is not effective. Accordingly, cui'rently used paclitaxel formulations (e.g.,
Taxol™) require a Cremophor® to solubilize the drug. The presence of Cremophor" in this
formulation has been linked to severe hypersensitivity reactions in animals (Lorenz et al.,
Agents Actions 7:63-67 (1987)) and humans (Weiss et al., J. Clin. Oncol. 8:1263-68
(1990)) and conséquently requires premedication of individuals with corticosteroids
(dexamethasone) and antihistamines. It was also reported that clinically relevant
concentrations of the formulation vehicle Crn=:moph'or® EL in Taxol® nullify the
antiangiogenic activity of paclitaxel, suggesting that this agent or other anticancer drugs
formulated in Cremophor® EL may need to be used at much higher doses than anticipated
i achieve effective metronomic chemotherapy (Ng et al., Cancer Res., 64:821-824
(2004)). As such, the advantage of the lack ot undesirable side effects associated with
low-dose paclitaxel regimes Vvs. conventional MTD chemotherapy may be compromised.

Qee also U.S. Patent Pub. No. 2004/0143004; WO00/64437.
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Abraxane " is a Crem()phor® EL-free nanoparticle albumin-bound paclitaxel

[0020] Preclinical models have shown significant improvement in the safety and
efficacy of Abraxane' " compared with Taxol® (Neil Desai, et al.; 16th Annual EORTC-
National Cancer Institute-American Association for Cancer Research Symposium on
Molecular Targets and Cancer Therapeutics, Geneva, Switzerland; September 28 to October
1, 2004; hereinafter “Desai et al., EORTC-NCI-AACR, 2004™) and in individuals with

metastatic breast cancer (O'Shaughnessy et al., San Antonio Breast Cancer Symposium,
Abstract #1122. Dec. 2003). This is possibly due to the absence ot surfactants (e.g.,

®

Cremophor" or Tween® 80, used in Taxol® and Taxotere", respectively) in Abraxane' ",

and/or preferential utilization of an albumin-based transport mechanism utilizing
op60/caveolae on microvascular endothelial cells (Desai et al., EORTC-NCI-AACR, 2004).
In addition, both Cremophor® and Tween® 80 have been shown to strongly inhibit the binding
of paclitaxel to albumin, possibly affecting albumin based transport (Desai et al., EORTC-

NCI-AACR, 2004).

[0021] IDN5109 (Ortataxel) is a new taxane, currently in phase 11, selected for 1ts lack

of cross-resistance in tumor cell lines expressing the multidrug resistant phenotype

7a
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(MDR/Pgp) and inhibition of P-glycoprotein (Pgp) (Minderman; Cancer Chemother.
Pharmacol. 2004; 53:363-9). Due to its hydrophobicity, IDN5109 1s currently formulated

in the surfactant Tween® 80 (same vehicle as Taxotere®). Removal of surfactants from
taxane formulations e.g., in the case of nanoparticle albumin-bound paclitaxel
(Abraxane™) showed improvements in safety and efficacy over their surfactant containing
counterparts (O’Shaughnessy et al., San Antonio Breast Cancer Symposium, Abstract
#1122, Dec. 2003). Tween® 80 also strongly inhibited the binding of the taxane, paclitaxel,
to albumin, possibly compromising albumin based drug transport via the gp60 receptor on
microvessel endothelial cells (Desai et al., EORTC-NCI-AACR, 2004).

[0022] The antitumor activity of colchicine, which 1s the major alkaloid o1 the
autumn crocus, Colchicum autumnale, and the African climbing lily, Gloriosa superba,
was first reported at the beginning of the 20" century. The elucidation of its structure was
finally completed from X-ray studies and a number of total syntheses (see Shiau et al., J.
Pharm. Sci. 1978, 67(3) 394-397). Colchicine is thought to be a mitotic poison,
particularly in tyhmic, intestinal, and hermatopoietic cells, which acts as a spindle poison
and blocks the kinesis. Its effect on the mitotic spindle is thought to represent a special
case of its effects on various organized, labile, fibrillar systems concerned with structure
and movement.

[0023] Thiocolchicine dimer IDN5404 was selected for its activity in human
ovarian subline resistant to cisplatin and topotecan A2780-CIS and A2780-TOP. This
effect was related to dual mechanisms of action, i.e., microtubule activity as in Vinca
alkaloids and a topoisomerase I inhibitory effect different from camptothecin. (Raspaglio,
Biochemical Pharmacology 69:113-121 (2005)).

[0024] It has been found that nanoparticle compositions of a taxane (such as
albumin bound paclitaxel (Abraxane™)) have significantly lower toxicities than other
taxanes like Taxol® and Taxotere® with significantly improved outcomes in both safety and

efficacy.

[0025] Combination chemotherapy, e.g., combining one or more chemotherapeutic
agents or other modes of treatment, e.g., combining for example, chemotherapy with
radiation or surgery and chemotherapy, have been found to be more successful than single
agent chemotherapeutics or individual modes of treatment respectively.

[0026] Other references include U.S. Pub. No. 2006/0013819; U.S. Pub. No.
2006/0003931: W0O05/117986; W0O05/117978; and WO05/000900.
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[-0027] More effective treatments for proliferative diseases, especially cancer, are
needed.
[0028]
'BRIEF SUMMARY OF THE INVENTION
[0029] The present invention provides methods for the treatment of proliferative

diseases such as cancer. The invention provides combination therapy methods of treating -
proliferative diseases (such as cancer), comprising a) a first therapy compnsing
administering to an individual an effective amount of a compositioﬁ comprising
nanoparticles comprising a taxane (such as paclitaxel) and a carrier protein (such as

albumin) and b) a second thérap y, such as chemotherapy, radiation therapy, surgery, or

combinations thereof. In another aspect, there are provided methods of administering to an
individual a composition comprising nanoparticles cofnprising a taxane (such as paclitaxel)
and a carrier protein (such as albumin) based on a metronomic dosing regime.

100301 In some embodiments, the invention provides a method of treating a
proliferative disease (such as 'cancer) 1n an individual comprising administering to the
individual a) an effective amount of a composition comprising nanoparticles comprising a
taxane and‘a cafrier protein (such as albumin), and b) an effective amount of at least one
other chemotherapeutic agent. In some embodiments, the invention provides a method of
treating a proliferative diseasc (such as cancer) in an individual comprising administering
to the individual a) an effective amount of a composition comprising naﬁop_articles '
comprising paclitaxel and an albumin (such as Abraxane' ), and b) an effective amount of
at least one other chemotherapeutic agent. In some embodiments, the chemotherapeutic
agent is any of (and in some embodiments selected from the group consisting of)
antimetabolites (including nucleoside analogs), platinum-based agents, alkylating agents,

tyrosine kinase inhibitors, anthracycline antibiotics, vinca alkloids, proteasome 1nhibitors,

macrolides, and topoisomerase inhibitors. In some embodiments, the chemotherapeutic
agent 1s a platinum-based agent, such as carboplatin.

[0031] [n some embodiments, the composition comprising nanoparticles (also
referred to as “nanoparticle composition™) and the chemotherapeutic agent are administered
simultaneously, either in the same composition or in separate compositions. In some

embodunents, the nanoparticle composition and the chemotherapeutic agent are

9
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administered sequentially, 1.€., the nanoparticle composition is administered either prior to
or after the administration of the chemotherapeutic agent. In some embodiments, the
administration of the nanoparticle composition and the chemotherapeutic agent are
concurrent, i.e., the administration period of the nanoparticle composition and that of the
chemotherapeutic agent overlap with each other. In some embodiments, the administration
of the nanoparticle composition and the chemotherapeutic agent are non-concurrent. For
example, 1n some embodiments, the administration of the nanoparticle composition is
terminated before the cllemotherépetltic agent 1s administered. In some embodiments, the
administration of the chemotherapeutic agent 1s terminated before the nanoparticle
composition 1s administered.

[0032] In some embodiments, the first therapy taxane 1s nano-particle albumin
bound paxlitaxel, described, for example, in U.S. Patent 6,566,405, and commercially
available under the tradename Abraxane™., In addition, the first therapy taxane is also
considered to be nanoparticle albumin bound docetaxel described for example in U.S.
Patent Application Publication 2005/0004002A1.

[0033] In another aspect, there 1s provided a method of treating a proliferative
disease (such as cancer) in an mdividual comprising a) a first therapy comprising
administering to the individual a composition comprising nanoparticles comprising a
taxane and a carrier protein (such as albumin), and b) a second therapy comprising
radiation therapy, surgery, or combinations thereof. In some embodiments, there is
provided a method of treating a proliferative disease (such as cancer) 1n an individual
comprising a) a first therapy comprising administering to the individual a composition
comprising nanoparticles comprising paclitaxel and an albumin (such as Abraxane' ), and
b) a second therapy comprising radiation therapy, surgery, or combinations thereof. In
some emboduments, the second therapy is radiation therapy. In some embodiments, the
second therapy 1s surgery. In some embodiments, the first therapy is carried out prior to the
second therapy. In some embodiments, the first therapy is carried out after the second
therapy.

[0034] In another aspect, the method comprises administering to a mammal having
a proliferative disease (such as cancer) a combination therapy comprising a first therapy
comprising a taxane and a second therapy selected from the group consisting of
chemotherapeutic agent and radiation or combinations thereof. The combination therapy
may be administered in any of a variety of ways such as sequentially or simultaneously,

and 1f sequential, the taxane may be administered before or after the second therapy

10
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although 1t is preferred that the first therapy comprising a taxane 1s administered first. It
will also be understood that the second therapy can include more than one
chemotherapeutic agent.

[0035] The presént invention also pro?ides metronomic therapy regimes. In some
embodiments, there is provided a method of administering a composition comprising
nanoparticles comprising a taxane and a carrier protein (such as albumin), wherein the
nanoparticle composition is administered over a period of at least one month, wherein the
interval between each administration is no more than about a week, and wherein the dose of
taxane at each administration is about 0.25% to about 25% of its maximum tolerated dose
following a traditional dosing regime. In some embodiments, there is provided a method of
administering a composition comprising nanoparticles comprising paclitaxel and an

™
),

albumin (such as Abraxane ), wherein the nanoparticle composition is administered over

a period of at least one month, wherein the interval between each administration is no more
than about a week, and wherein the dose of paclitaxel at each administration 1s about 0.25%
to about 25% of its maximum tolerated dose following a traditional dosing regime. In
some embodiments, the dose of the taxane (such as paclitaxel, for example Abraxane'™)
per administration is less than about any of 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%,
11%, 12%, 13%, 14%, 15%, 18%, 20%, 22%, 24%, or 25% of the maximum tolerated
dose. Insome embodiments, the nanoparticle composition 1s administered at least about
any of 1x, 2x, 3x, 4x, 5x, 6x, 7x (i.e., daily) a week. In some embodiments, the intervals
between each administration are less than about any of 7 days, 6 days, 5 days, 4 days, 3
days, 2 days, and 1 day. In some embodiments, the nanoparticle composition 1s
administered over a period of at least about any 0f 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 18, 24,
30 and 36 months.

[0036] In some embodiments, there is provided a method of administering a
composition comprising nanoparticles comprising a taxane and a carrier protein (such as
albumin), wherein the taxane is administered over a period of at least one month, wherein
the interval between each administration is no more than about a week, and wherein the
dose of the taxane at each administration is about 0.25 mg/m” to about 25 mg/m”. In some
embodiments, there is provided a method of administering a composition comprising
nanoparticles comprising paclitaxel and an albumin (such as Abraxane ) and a carrier
protein (such as albumin), wherein the paclitaxel is administered over a period of at ieast
one month, wherein the interval between each administration is no more than about a week,

and wherein the dose of the taxane at each administration is about 0.25 mg/m* to about 25

11
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mg/mz. In some embodiments, the dose of the taxane (such as paclitaxel, for example
Abraxanem) per administration is less than about any of 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 18,20, 22, and 25 mg/mz. In some embodiments, the 'nanoparticle composition 18

administered at least about any of 1x, Zx, 3x, 4x, 5%, 0x, 7x (1.e., daily) a week. In some

embodiments, the intervals between each administration are less than about any of 7 days, 6

days, 5 days, 4 days, 3 days, 2 days, and 1 day. In some embodiments, the nanoparticle
composition 1s administered over a period of at least' about any of 2, 3, 4,' 5,6,7,8,9, 10,
11, 12, 18, 24, 30 and 36 months.

[0037] The methods of the invention generally comprise administration of a '
composition comprising nanoparticles comprising a taxane and a carrier protein. In some

embodiments, the nanoparticle composition comprises nanoparticles comprising paclitaxel

and an albumin. In some embodiments, the paclitaxél/ albumin nanoparticles have an
éwefage diameter of no greater than about 200 nm. In some embodiments, the
paclitaxel/.albumin nanoparticle composition 1s substantially free (such as free) of surfactant
(such as Cremophor). In some embodiments, the wei ght ratio of the albumin to paclitaxel
in the composition is about 18:1 or less, such as about 9:1 or less. In some embodiments,
the paclitaxel is coated with albumin. In some embodiments, the paclitaxel/albumin
nanoparticles have an average diameter of no greater than about 200 nm and the '
paclitaxel/albumin composition is substantially free (such as free) of smfaétant (such as

Cremophor). In some embédiments, the paclitaxel/albumin nanoparticles have an average

diameter of no greater than about 200 nm and the paclitaxel is coated with albumin. Other

combinations of the above characteristics are also contemplated. In some embodiments,

™

the nanoparticle composition is Abraxane . Nanoparticle compositions comprising other

taxanes (such as docetaxel and ortataxel) may also comprise one or more of the above

characteristics.
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[0037a] The present invention as claimed relates to:

- use of a composition comprising nanoparticles comprising paclitaxel and an
albumin 1n combination with a nucleoside analog for the treatment of solid tumor in an

individual, wherein the nucleoside analog 1s gemcitabine or capecitabine.;

- a composition for use in combination with a nucleoside analog for the
treatment of a solid tumor, the composition comprising nanoparticles comprising paclitaxel

and an albumin, wherein the nucleoside analog is gemcitabine or capecitabine; and

- a kit comprising: a) a composition comprising nanoparticles comprising
paclitaxel and an albumin, b) at least onc other chemotherapeutic agent, and ¢) instructions for
use of the nanoparticles and the chemotherapeutic agents for the treatment of solid tumor,
wherein said other chemotherapeutic agent is a nucleoside analog, wherein the nucleoside

analog 1s gemcitabine or capecitabine.,

[0038] These and other aspects and advantages of the present invention will become
apparent from the subsequent detailed description and the appended claims. It is to be
understood that one, some, or all of the properties of the various embodiments described

herein may be combined to form other embodiments of the present invention.

BRIEF DESCRIPTION OF FIGURES

[0039] I'igure 1A shows the effect of ABI-007 on rat aortic ring angiogenesis.
Figure 1B shows the effect of ABI-007 on human endothelial cell proliferation. Figure 1C
shows the eftect ot ABI-007 on endothelial cell tube tormation.

12a

CA 2902071 2017-08-08



CA 02902071 2015-08-27
WO 2006/089290 PCT/US2006/006167

[0040] Figure 2 shows the determination of an optimal biological dose of ABI-007
for metronomic dosing. Shown are the levels of viable circulating endothelial progenitors
(CEPs) in peripheral blood of Balb/cJ mice in response to escalating doses of ABI-007.
 Untr’d, untreated control; S/A, saline/albumin veh{c}e control. Bars, mean+ SE. *
Sienificantly (p < 0.05 ) different from the untreated control.

[0041] Figures 3A and 3B show the effects of ABI-007 and Taxol used 1n
metronomic or MTD regimes on MDA-MB-231 (A) and PC3 (B) tumor growth tumor-
bearing SCID mice. Figures 3C and 3D show the effects of ABI-007 and Taxol used in
metronomic or MTD regimes on the body weight of MDA-MB-231 (C) and PC3 (D)
tumor-bearing SCID mice.

[0042] Figures 4A and 4B show changes in the levels of viable circulating
endothelial progenitors (CEPs) in peripheral blood of MDA-MB-231 (Fig. 4A) and PC3
(Fig. 4B) tumor-bearing SCID mice after treatment with A, saline/albumin; B, Cremophor
EL control; C, metronomic Taxol 1.3 mg/kg; D, E, and F, metronomic ABI-007 3, 6, and
10 mg/kg, respectively; G, MTD Taxol; H, MTD ABI-007. Bars, mean =+ SE. °
Significantly (p < 0.05) different from saline/albumin vehicle control. ° Significantly (p <
0.05) different from Cremophor EL vehicle control.

{0043} Figure SA shows intratumoral microvessel density of MDA-MB-231 (m)

and PC3 (o) xenografts treated with A, saline/albumin; B, Cremophor EL control; C,

metronomic Taxol 1.3 mg/kg; D, E, and F, metronomic ABI-007 3, 6, and 10 mg/kg,
respectively; G, MTD Taxol; H, MTD ABI-007. Bars, mean+ SE. Figure 5B and 5C
show the correlation between intratumoral microvessel density and the number of viable
CEPs in peripheral blood in MDA-MB-231 (Fig. 5B) and PC3 (Fig. 5C) tumor-bearing

SCID mice.
[0044] Figure 6 shows the effects of ABI-007 or Taxol used in metronomic or

MTD regimes on basic fibroblast growth factor (bl GF)-induced angiogenesis in matrigel
plugs injected subcutaneously into the flanks of Balb/cJ mice. Treatments-A,

saline/albumin: B, Cremophor EL control; C, metronomic Taxol 1.3 mg/ke; D, E, and F,
metronomic ABI-007 3. 6, and 10 mg/kg, respectively; G, MTD Taxol; H, MTD ABI-007.
Matrigel implanted without bFGF (-bFGF) served as negative control. Bars, mean £5E.

[0045] Figure 7A and Figure 7B show the cytotoxic activity of nab-rapamycin in

combination with Abraxane™ on vascular smooth muscle cells. Cytotoxicity was
evaluated by staining with ethidium homodimer-1 (Fig. 7A) or by staining with calcein

(Fig. 7B).
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[0046] Figure 8 shows the cytotoxic activity of nab-rapamycm in combination with
Abraxane™ in a HT29 human colon carcinoma xenograft model.
[0047] Figure 9 shows the cytotoxic activity of nab-17-AAG in combination with

Abraxane™ in a H358 human lung carcinoma xenograft model.

DETAILED DESCRIPTION OF THE INVENTION

[0048] The present invention provides methods of combination therapy comprising
a first therapy comprising administration of nanoparticles comprising a taxane and a carrier
protein (such as albumin) in conjunction with a second therapy such as radiation, surgery,
administration of at least one other chemotherapeutic agent, or combinations thereof. The

invention also provides methods of metronomic therapy.

[0049] The present invention involves the discovery that Abraxane™, due to 1ts
superior anti-tumor activity and reduced toxicity and side effects, can be administered in
combination with other therapeutic drugs and/or treatment modalities and can also be used
in metronomic chemotherapy. Due to significantly improved safety profiles with
compositions comprising drug/carrier protein nanoparticles (such as Abraxane™), we
believe that combination chemotherapy with such nanoparticle compositions (such as
Abraxane™) is more effective than combination chemotherapy with other drugs. In
addition the use of nanoparticle composition (such as Abraxane™) in combination with
radiation 1s also believed to be more effective than combination of other agents with
radiation. Thus, the nanoparticle compositions (especially a paclitaxel/albumin

nanoparticle composition, such as Abraxane™), when used in combination with other

chemotherapeutic agents or when combined with other treatment modalities, should be very
effective and overcome the deficiencies of surgery, radiation treatment, and chemotherapy

in the treatment of proliferative disease (such as cancer).

[0050] The present invention in one its embodiments is the use of a first therapy
comprising a taxane, such as Abraxane™, in combination with a second therapy such as
another chemotherapeutic agent or agents, radiation, or the like for treating proliferative
diseases such as cancer. The first therapy comprising a taxane and second therapy can be
administered to a mammal having the proliferative sequentially, or they can be co-

administered, and even administered simultaneously in the same pharmaceutical

composition.
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[0051] Further, a metronomic dosing regime using Abraxane'™ has been found to
be more effective than the traditional MTD dosing schedule of the same drug composition.
Such metronomic dosing regime of Abraxane'" has also been found to be more effective
than metronomic dosing of Taxol®. | '

[0052] The methods described herein are generally useful for treatment of diseases,
particularly proliferative diseases. As used herein, “treatment” is an approach for obtaining
beneficial or desired clinical results. For purposes of this invention, beneficial or desired
clinical results include, but are not limited to, any one or more of: alleviation of one or
mMore symptorné, diminishment of extent of disease, stabilized (i.e., not worsening) state of
disease, preventing or delaying spread (e.g., metastasis) of disease, preventing or delaying
occurrence or recurrence of disease, delay or slowing of disease progression, amelioration
of the disease state, and remission (whether partial or total). Also encompassed by
“treatment” is a reduction of pathological consequence of a proliferative disease. The
methods of the invention contemplate any one or more of these aspects of treatment.

[0053] - As used herein, a “proliferative disease” 1s defined as a tumor disease
(including benign or cancerous) and/or any metastases, wherever the tumor or the
metastasis are located, more especially a tumor selected from the group comprising one or
more of (and in some embodiments selected from the group consisting ot) breast cancer,
genitourinary cancer, lung cancer, gastrointestinal cancer, epidermoid cancer, melanoma,
ovarian cancer, pancreatic cancer, neuroblastoma, colorectal cancer, head and neck cancer.
In a broader sense of the invention, a proliferative disease may furthermore be selected
from hyperproliferative conditions such as hyperplasias, fibrosis (especially pulmonary, but

also other types of fibrosis, such as renal fibrosis), angiogenesis, psoriasis, atherosclerosis

and smooth muscle proliferation in the blood vessels, such as stenosis or restenosis
following angioplasty. In some embodiments, the proliferative disease 1s cancer. In some
embodiments, the proliferative disease is a non-cancerous disease. In some embodiments,
the proliferative disease is a benign or malignant tumor. Where herembetore and

subsequently a tumor, a tumor disease, a carcinoma or a cancer are mentioned, also
metastasis in the original organ or tissue and/or in any other location are implied
alternatively or in addition, whatever the location of the tumor and/or metastasis 1s.

[0054] The term “effective amount” used herein refers to an amount of a compound

or composition sufficient to treat a specified disorder, condition or disease such as
ameliorate, palliate, lessen, and/or delay one or more of its symptoms. In reference to

cancers or other unwanted cell proliferation, an effective amount comprises an amount
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sufficient to cause a tumor to shrink and/or to decrease the growth rate of the tumor (such
as to suppress tumor growth) or to prevent or delay other unwanted cell proliferation. In
some embodiments, an effective amount i1s an amount sufficient to delay development. In
some embodiments, an effective amount 1s an amount sufficient to prevent or delay
occurrence and/or recurrence. An effective amount can be administered 1n one or more
administrations. In the case of cancer, the effective amount of the drug or composition
may: (i) reduce the number of cancer cells; (i1) reduce tumor size; (i11) inhibit, retard, slow
to some extent and preferably stop cancer cell infiltration into peripheral organs; (1v) inhibit
(i.e., slow to some extent and preferably stop) tumor metastasis; (v) inhibit tumor growth;
(vi) prevent or delay occurrence and/or recurrence of tumor; and/or (vii) relieve to some
extent one or more of the symptoms associated with the cancer.

[0055] In some embodiments, there is provided a method of treating a primary
tumor. In some embodiments, there is provided a method of treating metastatic cancer (that
is. cancer that has metastasized from the primary tumor). In some embodiments, there 1s
provided a method of treating cancer at advanced stage(s). In some embodiments, there 1s
provided a method of treating breast cancer (which may be HER2 positive or HER2
negative), including, for example, advanced breast cancer, stage [V breast cancer, locally
advanced breast cancer, and metastatic breast cancer. In some embodiments, there 1s _
provided a method of treating lung cancer, including, for example, non-small cell lung
cancer (NSCLC, such as advanced NSCLC), small cell lung cancer (SCLC, such as
advanced SCLC), and advanced solid tumor malignancy in the lung. In some
embodiments, there is provided a method of treating any of ovarian cancer, head and neck
cancer, gastric malignancies, melanoma (including metastatic melanoma), colorectal
cancer, pancreatic cancer, and solid tumors (such as advanced solid tumors). In some
embodiments, there is provided a method of reducing cell proliferation and/or cell
migration. In some embodiments, there is provided a method of treating any of the
following diseases: restenosis, stenosis, fibrosis, angiogenesis, psoriasis, atherosclerosis,
and proliferation of smooth muscle cells. The present invention also provides methods of
delaying development of any of the proliferative diseases described herein.

[0056] The term “individual” is a mammal, including humans. An individual
includes, but is not limited to, human, bovine, horse, feline, canine, rodent, or primate. In
some embodiments, the individual is human. The individual (such as human) may have
advanced disease or lesser extent of disease, such as low tumor burden. In some

embodiments, the individual is at an early stage of a proliferative disease (such as cancer).
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In some embodiments, the individual is at an advanced stage of a proliferative disease
(such as an advanced cancer). In some embodiments, the individual 1s HER2 positive. In
some embodiments, the individual is HER2 negative.

[0057] The methods may be practiced in an adjuvant setting. “Adjuvant setting”
refers to a clinical setting in which an individual has had a history of a proliferative disease,
particularly cancer, and generally (but not necessarily) been responsive to therapy, which
includes, but is not limited to, surgery (such as surgical resection), radiotherapy, and
chemotherapy. However, because of their history of the proliferative disease (such as
cancer), these individuals are considered at risk of developinent of the disease. Treatment
or administration in the “adjuvant setting” refers to a subsequent mode of treatment. The
degree of risk (i.e., when an individual in the adjuvant setting is considered as “high risk”
or “low risk™) depends upon several factors, most usually the extent of disease when first
treated. The methods provided herein may also be practiced in a neo adjuvant setting, 1.€.,
the method may be carried out before the primary/defimtive therapy. In some
embodiments, the individual has previously been treated. In some embodiments, the
individual has not previously been treated. In some embodiments, the treatment 1s a first
line therapy.

[0058] It is understood that aspect and embodiments of the invention described

herein include “consisting” and/or “consisting essentially of”” aspects and embodiments.

Combination therapy with chemotherapeutic agent

[0059] The present invention provides methods of treating a proliferative disease
(such as cancer) in an individual, comprising administering to the individual: a) an effective
amount of a composition comprising nanoparticles comprising a taxane and a carrier
protein (such as albumin); and b) an effective amount of at least one other
chemotherapeutic agent. In some embodiments, the taxane 1s any of (and 1n come
embodiments consisting essentially of) paclitaxel, docetaxel, and ortataxel. In some
embodiments, the nanoparticle composition comprises Abraxane ™. In some embodiments,
the chemotherapeutic agent is any of (and in some embodiments selected from the group
consisting of) antimetabolite agents (including nucleoside analo gs), platinum-based agents,
alkcylating agents, tyrosine kinase inhibitors, anthracycline antibiotics, vinca alkloids,
proteasome inhibitors, macrolides, and topoisomerase mhibitors.

[0060] In some embodiments, the method comprises administering to the

individual: a) an effective amount of a composition comprising nanop articles comprising
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paclitaxel and an albumin; and b) an effective amount of at least one other
chemotherapeutic agent. In some embodiments, the paclitaxel/albumin nanoparticles have
an average diameter of no greater than about 200 nm. In some embodiments, the
paclitaxel/albumin nanoparticle compositioﬁ 1S substantially} free (suéh as ffee) of surfactant
(such as Cremophor). In some embodiments, the weight ratio of the albumin to paclitaxel
in the composition is about 18:1 or less, such as about 9:1 or less. In some embodiments,
the paclitaxel is coated with albumin. In some embodiments, the paclitaxel/albumin
nanoparticles have an average diameter of no greater than about 200 nm and the
paclitaxel/albumin composition 1s substantially free (such as free) of surfactant (such as
Cremophor). In some embodiments, the paclitaxel/albumin nanoparticles have an average
diameter of no greater than about 200 nm and the paclitaxel is coated with alburmn. In
some embodiments, the nanoparticle composition 1s Abraxane .

[0061] In some embodiments, the invention provides a method of treating a
proliferative disease (such as cancer) 1n an individual comprising administering to the
individual a) an effective amount of Abraxane™, and b) an effective amount of at least one
other chemotherapeutic agent. Preferred drug combinations for sequential or
co-administration or simultaneous administration with Abraxane™ are those which show
enhanced antiproliferative activity when compared with the single components alone,
especially combinations that that lead to regression of proliferative tissues and/or cure from
proliferative diseases.

[0062] The chemotherapeutic agents described herein can be the agents themselves,
pharmaceutically acceptable salts thereof, and pharmaceutically acceptable esters thereot,
as well as steroisomers, enantiomers, racemic mixtures, and the like. The
chemotherapeutic agent or agents as described can be administered as well as a
pharmaceutical composition containing the agent(s), wherein the pharmaceutical
composition comprises a pharmaceutically acceptable carrier vehicle, or the like.

[0063] The chemotherapeutic agent may be present in a nanoparticle composition.
For example, in some embodiments, there is provided a method of freating a proliferative
disease (such as cancer) in an individual, comprising administering to the individual: a) an
effective amount of a composition comprising nanoparticles comprising a taxane and a
carrier protein (such as albumin); and b) an effective amount of a composition comprising
nanoparticles comprising at least one other chemotherapeutic agent and a carrier protein
(such as albumin). In some embodiments, the method comprises administering to the

individual: a) an effective amount of a composition comprising nanoparticles comprising
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\

™). and b) an effective amount of a

paclitaxel and an albumin (such as Abraxane
composition comprising nanoparticles comprising at least one other chemotherapeutic
agent and a carrier protein (such as albumin). In some embodiments, the chemotherapeutic
agent 1s any of (and in some embodiments selected from the group consisting of)
thiocolchicine or 1ts derivatives (such as dimeric thiocolchicine, including for example nab-
5404, nab-5800, and nab-5801), rapamycin or its derivatives, and geldanamycin or its
derivatives (such as 17-allyl amino geldanamycin (17-AAGQG)). In some embodiments, the
chemotherapeutic agent 1s rapamycin. In some embodiments, the chemotherapeutic agent
1S 17—AAG.

[0064] An exemplary and non-limiting list of chemotherapeutic agents
contemplated is provided herein. Suitable chemotherapeutic agents include, for example,
vinca alkaloids, agents that disrupt microtubule formation (such as colchicines and its
derivatives), anti-angiogenic agents, therapeutic antibodies, EGFR targeting agents,
tyrosine kinase targeting agent (such as tyrosine kinase inhibitors), transitional metal
complexes, proteasome inhibitors, antimetabolites (such as nucleoside analogs), alkylating
agents, platinum-based agents, anthracycline antibiotics, topoisomerase inhibitors,
macrolides, therapeutic antibodies, retinoids ( such as all-trans retinoic acids or a
derivatives thereof); geldanamycin or a derivative thereof (such as 17-AAG), and other
standard chemotherapeutic agents well recognized in the art.

[0065] In some embodiments, the chemotherapeutic agent 1s any of (and in some
embodiments selected from the group consisting of) adnamyecin, colchicine,

cyclophosphamide, actinomycin, bleomycin, duanorubicin, doxorubicin, epirubicin,

mitomycin, methotrexate, mitoxantrone, fluorouracil, carboplatin, carmustine (BCNU),
methyl-CCNU, cisplatin, etoposide, interferons, camptothecin and derivatives thereof,
phenesterine, taxanes and derivatives thereof (e.g., paclitaxel and derivatives thereof,
taxotere and derivatives thereof, and the like), topetecan, vinblastine, vincristine,
tamoxifen, piposulfan, nab-5404, nab-5800, nab-5801, Irinotecan, HKP, Ortataxel,
gemcitabine, Herceptin®, vinorelbine, Doxil®, capecitabine, Alimta®, Avastin®,
Velcade®, Tarceva®, Neulasta®, Lapatinib, Sorafenib, derivatives thereof,
chemotherapeutic agents known in the art, and the like. In some embodiments, the
chemotherapeutic agent is a composition comprising nanoparticles comprising a
thiocolchicine derivative and a carrier protein (such as albumin).

[0066] In some embodiments, the chemotherapeutic agent is a antineoplastic agent

including, but 1s not imited to, carboplatin, Navelbine® (vinorelbine), anthracycline
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(Doxil®), lapatinib (GW57016), Herceptin®, gemcitabine (Gemzar®), capecitabine
(Xeloda®), Alimta®, cisplatin, 5-fluorouracil, epirubicin, cyclophosphamide, Avastin®,
Velcade®, etc.

[0067] In some embodiments, the chemotherapeutic agent 1s an antagonist of other
factors that are involved in tumor growth, such as EGFR, ErbB2 (also known as Herb),
ErbB3, ErbB4, or TNF. Sometimes, 1t may be beneficial to also administer one or more
cytokines to the individual. In some embodiments, the therapeutic agent is a growth
inhibitory agent. Suitable dosages for the growth inhibitory agent are those presently used
and may be lowered due to the combined action (synergy) of the growth inhibitory agent

and the taxane.

[0068] In some embodiments, the chemotherapeutic agent is a chemotherapeutic
agent other than an anti-VEGF antibody, a HER2 antibody, interferon, and an HGFES
antagonist.

[0069] Reference to a chemotherapeutic agent herein applies to the
chemotherapeutic agent or its derivatives and accordingly the invention contemplates and
includes etther of these embodiments (agent; agent or derivative(s)). “Derivatives” or
“analogs” of a chemotherapeutic agent or other chemical moiety include, but are not
limited to, compounds that are structurally similar to the chemotherapeutic agent or moiety
or are 1n the same general chemical class as the chemotherapeutic agent or moiety. In some
embodiments, the derivative or analog of the chemotherapeutic agent or moiety retains
similar chemical and/or physical property (including, for example, functionality) of the
chemotherapeutic agent or moiety.

[0070] In some embodiments, the invention provides a method of treating a
proliferative disease (such as cancer) in an individual, comprising administering to the
individual a) an effective amount of a composition comprising nanoparticles comprising a
taxane and a carrier protein (such as albumin), and b) an effective amount of a tyrosine
kinase mnhibitor. In some embodiments, the invention provides a method of treating a
proliferative disease (such as cancer) 1n an individual, comprising administering to the
individual a) an effective amount of a composition comprising nanoparticles comprising

™
)

paclitaxel and an albumin (such as Abraxane ), and b) an effective amount of a tyrosine

kinase inhibitor. Suitable tyrosine kinase inhibitors include, for example, imatinib
(Gleevec®), gefitinib (Iressa®), Tarceva, Sutent® (sunitinib malate), and Lapatinib. In
some embodiments, the tyrosine kinasc inhibitor ts lapatinib. In some embodiments, the

tyrosine kinase inhibitor is Tarceva. Tarceva is a small molecule human epidermal growth
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factor type 1/epidermal growth factor receptor (HER1/EGFR) mhibitor which

demonstrated, in a Phase III clinical trial, an increased survival in advanced non-small cell
lung cancer (NSCLC) individuals. In some embodiments, the method is for treatment of
breast cancer, including treatment of metastatic breast cancer and treatment of breast cancer
in a neoadjuvant setting. In some embodiments, the method is for treatment of advanced
solid tumor. In some embodiments, there is provided a method to mnhibit the proliferation

of EGFR expressing tumors in a mammal comprising administering to a mammal infected

with such tumors Abraxane' " and gefitinib, wherein the gefitinib is administered by pulse-
dosing.
[0071] In some embodiments, the invention provides a method of treating a

proliferative disease (such as cancer) in an individual, comprising administering to the
individual a) an effective amount of a composition comprising nanoparticles comprising a
taxane and a carrier protein (such as albumin), and b) an effective amount of an
antimetabolite agent (such as a nucleoside analog, including for example purine analogs
and pyrimidine analogs). In some embodiments, the invention provides a method of
treating a proliferative disease (such as cancer) in an individual, comprising administering
to the individual a) an effective amount of a composition comprising nanoparticles
comprising paclitaxel and an albumin (such as Abraxane™) and b) an effective amount of
an antimetabolite agent. An “antimetabolic agent” is an agent which is structurally similar
to a metabolite, but cannot be used by the body in a productive manner. Many
antimetabolite agents interfere with production of nucleic acids, RNA and DNA. For
example, the antimetabolite can be a nucleoside analog, which includes, but is not limited
to, azacitidine, azathioprnine, capecitabine (Xeloda®), cytarabine, cladribine, cytosine
arabinoside (ara-C, cytosar), doxifluridine, fluorouracil (such as 5-tluorouracil), UFT,
hydoxyurea, gemcitabine, mercaptopurine, methotrexate, thioguanine (such as 6-
thioguanine). Other anti-metabolites include, for example, L-asparaginase (Elspa),
decarbazine (DTIC), 2-deoxy-D-glucose, and procarbazine (matulane). In some
embodiments, the nucleoside analog is any of (and in some embodiments selected from the
group consisting of) gemeitabine, fluorouracil, and capecitabine. In some embodiments,
the method is for treatment of metastatic breast cancer or locally advanced breast cancer.

In some embodiments, the method is for first line treatment of metastatic breast cancer. In

some embodiments, the method is for treatment of breast cancer in a neoadjuvant setting.

In some embodiments, the method is for treatment of any of NSCLC, metastatic colorectal

cancer, pancreatic cancer, or advanced solid tumor.
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[0072] In some emboduments, the invention provides a method of treating a
proliferative disease (such as cancer) in an individual, comprising administering to the
individual a) an effective amount of a composition comprising nanoparticles comprising a
taxane and a carrier protein (such as albumin), and b) an effective amount of an alkylating
agent. In some embodiments, the invention provides a method of treating a proliferative
disease (such as cancer) in an individual, comprising administering to the individual a) an
effective amount of a composition comprising nanoparticles comprising paclitaxel and an
albumin (such as Abraxane'™), and b) an effective amount of an alkylating agent. Suitable
alkylating agents include, but are not limited to, cyclophosphamide (Cytoxan),
mechlorethamine, chlorambucil, melphalan, carmustine (BCNU), thiotepa, busulfan, alkyl
sulphonates, ethylene imines, nitrogen mustard analogs, estramustine sodium phosphate,
ifosfamide, nitrosoureas, lomustine, and streptozocin. In some embodiments, the alkylating
agent 1s cyclophosphamide. In some embodiments, the cyclophosphamide is administered
prior to the administration of the nanoparticle composition. In some embodiments, the
method 1s for treatment of an early stage breast cancer. In some embodiments, the method
1s for treatment of a breast cancer in an adjuvant or a neoadjuvant setting.

[0073] In some embodiments, the invention provides a method of treating a
proliferative disease (such as cancer) 1n an individual, comprising administering to the
individual a) an effective amount of a composition comprising nanoparticles comprising a
taxane and a carrier protein (such as albumin), and b) an effective amount of a platinum-
based agent. In some embodiments, the invention provides a method of treating a
proliferative disease (such as cancer) in an individual, comprising administering to the
individual a) an effective amount of a composition comprising nanoparticles comprising
paclitaxel and an albumin (such as Abraxane' "), and b) an effective amount of a platinum-
based agent. Suitable platinum-based agents include, but are not limited to, carboplatin,
cisplatin, and oxaliplatin. In some embodiments, the platinum-based agent 1s carboplatin.
In some embodiments, the method 1s for treatment of: breast cancer (HERZ positive or

HER?2 negative, including metastatic breast cancer and advanced breast cancer); lung
cancer (including advanced NSCLC, first line NSCLC, SCLC, and advanced solid tumor

malignancies in the lung); ovarian cancer; head and neck cancer; and melanoma (including

metastatic melanoma).
[0074] In some embodiments, the invention provides a method of treating a
proliferative disease (such as cancer) in an individual, comprising administering to the

individual a) an effective amount of a composition comprising nanoparticles comprising a
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taxane and a carrier protein (such as albumin), and b) an effective amount of an
anthracycline antibiotic. In some embodiments, the invention provides a method of treating
a proliferative disease (such as cancer) in an individual, comprising administering to the
individual a) an effective amount of a composition comprising nanoparticles comprising
paclitaxel and an albumin (such as Abraxane™) and a carrier protein (such as albumin),
and b) an effective amount of an anthracycline antibiotic. Suitable anthracycline antibiofic
include, but are not limited to, Doxil®, actinomycin, dactinomycin, daunorubicin
(daunomycin), doxorubicin (adriamycin), epirubicin, idarubicin, mitoxantrone, valrubicin.
In some embodiments, the anthracycline 1s any of (aqd in some embodiments selected from
the group consisting of) Doxil®, epirubicin, and doxorubicin. In some embodiments, the
method is for treatment of an early stage breast cancer. In some embodiments, the method
is for treatment of a breast cancer in an adjuvant or a neoadjuvant setting,

[0075] In some embodiments, the invention provides a method of treating a
proliferative disease (such as cancer) in an individual, comprising administering to the
individual a) an effective amount of a composition comprising nanoparticles comprising a
taxane and a carrier protein (such as albumin), and b) an effective amount of a vinca
alkloid. In some embodiments, the invention provides a method of treating a proliferative
disease (such as cancer) in an individual, comprising administering to the individual a) an
effective amount of a composition comprising nanoparticles comprising palitaxel and an
albumin (such as Abraxane ") and a carrier protein (such as albumin), and b) an effective
amount of a vinca alkloid. Suitable vinca alkaloids include, for example, vinblastine,
vincristine, vindesine, vinorelbine (Navelbine®), and VP-16. In some embodiments, the
vinca alkaloid 1s vinorelbine (Navelbine®). In some embodiments, the method 1s for
treatment of stage IV breast cancer and lung cancer.

[0076] In some embodiments, the invention provides a method of treating a
proliferative disease (such as cancer) in an individual, comprising administering to the
individual a) an effective amount of a composition comprising nanoparticles comprising a
taxane and a carrier protein (such as albumin), and b) an effective amount of a macrolide.
In some embodiments, the invention provides a method of treating a proliferative disease
(such as cancer) in an individual, comprising administering to the individual a) an effective
amount of a composition comprising nanoparticles comprising paclitaxel and an albumin
(such as AbraxaneTM) and a carrier protein (such as albumin), and b) an effective amount of

a macrolide. Suitable macrolides include, for example, rapamycin, carbomycin, and
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erythromycin. In some embodiments, the macrolide 1is rap amycin or a derivative thereof.
In some embodiments, the method is for treatment of a solid tumor.

[0077] In some embodiments, the invention provides a method of treating a
proliferative disease (such as cancer) in an individual, comprising administering to the
individual a) an effective amount of a composition comprising nanoparticles comprising a
taxane and a carrier protein (such as albumin), and b) an effective amount of a
topoisomerase inhibitor. In some embodiments, the invention provides a method of
treating a proliferative disease (such as cancer) in an individual, comprising administering
to the individual a) an effective amount of a composition comprising nanoparticles
comprising paclitaxel and an albumin (such as Abraxane'™) and a carrier protein (such as
albumin), and b) an effective amount of a topoisomerase inhibitor. In some embodiments,
the chemotherapeutic agent is a topoisomerase inhibitor, including, for example, inhibitor
of topoisomerase I and topoisomerase II. Exemplary inhibitors of topoisomerase I include,
but are not limited to, camptothecin, such as irinotecan and topotecan. Exemplary
inhibitors of topoisomerase II include, but are not hmited to, amsacrine, etoposide,
etoposide phosphate, and teniposide.

[0078] In some embodiments, the invention provides a method of treating a
proliferative disease (such as cancer) in an individual, comprising administering to the
individual a) an effective amount of a composition comprising nanoparticles comprising a
taxane and a carrier protein (such as albumin), and b) an effective amount of an
antiangiogenic agent. In some embodiments, the invention provides a method of treating a
proliferative disease (such as cancer) in an individual, comprising administering to the
individual a) an effective amount of a composition comprising nanoparticles comprising
paclitaxel and an albumin (such as Abraxane' ) and a carrier protein (such as albumin),
and b) an effective amount of an antiangiogenic agent. In some embodiments, the method
is for treatment of metastatic breast cancer, breast cancer in an adjuvant setting or a
neoadjuvant setting, lung cancer (such as first line advanced NSCLC and NSCLC), ovarian
cancer, and melanoma (including metastatic melanoma).

[0079] Many anti-angiogenic agents have been identified and are known 1in the art,
including those listed by Carmeliet and Jain (2000). The anti-angiogenic agent can be
naturally occurring or non-naturally occurring. In some embodiments, the
chemotherapeutic agent is a synthetic antiangiogenic peptide. For example, it has been
previously reported that the antiangiogenic activity of small synthetic pro-apoptic peptides

comprise two functional domains, one targeting the CD13 receptors {aminopeptidase N) on
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tumor microvessels and the other disrupting the mitochondrial membrane following
internalization. Nat. Med. 1999, 5(9):1032-8. A second generation dimeric peptide,
CNGRC-GG-d(KLAKLAK)2, named HKP (Hunter Killer Peptide) was found to have
improved antitumor activity. Accordingly, in some embodifnents, the antiangiogenic
peptide 1s HKP. In some embodiments, the antiangiogenic agent 1s other than an anti-
VEGF antibody (such as Avastin®).

[0080] In some embodiments, the invention provides a method of treating a
proliferative disease (such as cancer) in an individual, comprising administering to the
individual a) an effective amount of a composition comprising nanoparticles comprising a
taxane and a carrier protein (such as albumin), and b) an effective amount of a proteasome
inhibitor, such as bortezomib (Velcade). In some embodiments, the invention provides a
method of treating a proliferative disease (such as cancer) in an individual, comprising
administering to the individual a) an effective amount of a composition comprising
nanoparticles comprising paclitaxel and an albumin (such as Abraxane' ") and a carrier
protein (such as albumin), and b) an effective amount of a proteasome inhibitor such as
bortezomib (Velcade).

[0081] In some embodiments, the invention provides a method of treating a
proliferative disease (such as cancer) 1n an individual, comprising administering to the
individual &) an effective amount of a composition comprising nanoparticles comprising a
taxane and a carrier protein (such as albumin), and b) an effective amount of a therapeutic
antibody. In some embodiments, the invention provides a method of treating a proliferative
disease (such as cancer) in an individual, comprising administering to the individual a) an
effective amount of a composition comprising nanoparticles comprising paclitaxel and an
albumin (such as Abraxane' ) and a carrier protein (such as albumin), and b) an effective
amount of a therapeutic antibody. Suitable therapeutic antibodies include, but are not

limited to, anti-VEGF antibody (such as Avastin® (bevacizumab)), anti-HERZ2 antibody
(such as Herceptin® (trastuzumab)), Erbitux® (cetuximab), Campath (alemtuzumab),
Myelotarg (gemtuzumab), Zevalin (ibritumomab tiuextan, Rituxan (rituximab), and Bexxar
(tositumomab). In some embodiments, the chemotherapeutic agent is Erbitux®
(cetuximab). In some embodiments, the chemotherapeutic agent 1s a therapeutic antibody
other than an antibody against VEGF or HER2. In some embodiments, the method 1s tor
treatment of HER2 positive breast cancer, including treatment of advanced breast cancer,
treatment of metastatic cancer, treatment of breast cancer in an adjuvant setting, and

treatment of cancer in a neoadjuvant setting. In some embodiments, the method is for
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treatment of any of metastatic breast cancer, breast cancer in an adjuvant setting or a

neoadjuvant setting, lung cancer (such as first line advanced NSCLC and NSCLC), ovarian
cancer, head and neck cancer, and melanoma (including metastatic melanoma). For
example, 1n some embodiments, there 1s provided a method for treatment of HER2 positive
metastatic breast cancer in an individual, comprising admimstering to the mdividual 125
mg/m? paclitaxel/albumin nanoparticle composition (such as Abraxane™) weekly for three
weeks with the fourth week off, concurrent with the administration of Herceptin®.

10082] In some embodiments, two or more chemotherapeutic agents are
administered in addition to the taxane in the nanoparticle composition. These two or more
chemotherapeutic agents may (but not necessarily) belong to different classes of
chemotherapeutic agents. Examples of these combinations are provided herein. Other
combinations are also contemplated.

[0083] In some embodiments, there is provided a method of treating a proliferative
disease (such as cancer) in an individual, comprising administering to the individual a) an
effective amount of a composition comprising nanoparticles comprising a taxane and a
carrier protein (such as albumin), b) an effective amount of an antimetabolite (such as a
nucleoside analog, for example, gemcttabine), and c) an anthracycline antibiotic (such as
epirubicin). In some embodiments, there 1s provided a method of treating a proliferative
disease (such as cancer) in an individual, comprising administering to the individual a) an
effective amount of a composition comprising nanoparticles comprising paclitaxel and an
albumin (such as Abraxane ), b) an effective amount of an antimetabolite (such as a
nucleoside analog, for example, gemcitabine), and c) an effective amount of an
anthracycline antibiotic (such as epirubicin). In some embodiments, the method 1s for
treatment of breast cancer 1n a neoadjuvant setting. For example, in some embodiments,
there is provided a method of treating locally advanced/inflammatory cancer in an
individual comprising administering to the individual 220 mg/m” paclitaxel/albumin
nanoparticle composttion (such as Abraxane ") every two weeks; 2000 mg/m”
semcitabine, every two weeks; and 50 mg/m” epirubicin, every two weeks. In some
embodiments, there 1s provided a method of treating breast cancer in an individual 1n an
adjuvant setting, comprising administering to the individual 175 mg/m*® paclitaxel/albumin
nanoparticle composition (such as Abraxane™) every two weeks, 2000 mg/m”
gemcitabine, every two weeks, and 50 mg/m2 epirubicin, every two weeks.

[0084] In some embodiments, there is provided a method of treating a proliferative

disease (such as cancer) in an individual, comprising administering to the individual a) an
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effective amount of a composition comprising nanoparticles comprising a taxane and a
carrier protein (such as albumin), b) an effective amount of a platinum-based agent (such as
carboplatin), and c) a therapeutic antibody (such as ant-HER2 antibody (such as
Herceptin®) and anti-VEGF antibody (such as Avastin®)). In some embodiments, there 1s
provided a method of treating a proliferative disease (such as cancer) in an mndividual,
comprising administering to the individual a) an effective amount of a composition
comprising nanoparticles comprising paclitaxel and an albumin (such as Abraxane' ™), b)
an effective amount of a platinum-based agent (such as carboplatin), and c) a therapeutic
antibody (such as ant-HER2 antibody (such as Herceptin®) and anti-VEGF antibody (such
as Avastin®)). In some embodiments, the method is for treatment of any of advanced
breast cancer, metastatic breast cancer, breast cancer in an adjuvant setting, and lung cancer
(including NSCLC and advanced NSCLC). In some embodiments, there 1s provided a
method of treating metastatic cancer in an individual, comprising administering to the
individual 75 mg/m” paclitaxel/albumin nanoparticle composition (such as Abraxane )
and carboplatin, AUC=2, wherein the administration 1s carried out weekly for three weeks
with the fourth week off. In some embodiments, the method further comprises weekly
administering about 2-4 mg/kg of Herception®.

[0085] In some embodiments, there is provided a method of treating a proliferative
disease (such as cancer) in an individual, comprising administering to the individual a) an
effective amount of a composition comprising nanoparticles comprising a taxane and a
carrier protein (such as albumin), b) an effective amount of a platinum-based agent (such as

carboplatin), and c) a vinca alkaloid (such as Navelbine®). In some embodiments, there 1s
provided a method of treating a proliferative disease (such as cancer) in an individual,
comprising administering to the individual a) an effective amount of a composition
comprising nanoparticles comprising paclitaxel and an albumuin (such as Abraxanem), b)
an effective amount of a platinum-based agent (such as carboplatin), and c) a vinca alkaloid
(such as Navelbine®). In some embodiments, the method is for treatment ot lung cancer.
[0086] In some embodiments, the invention provides a method of treating a
proliferative disease (such as cancer) in an individual, comprising administering to the
individual a) an effective amount of a composition comprising nanoparticles comprising a
taxane and a carrier protein (such as albumin), b) an effective amount of an alkylating agent
(such as cyclophosphamide) and ¢) an anthracycline antibiotic (such as adriamycin). In
some embodiments, the invention provides a method of treating a proliferative disease

(such as cancer) in an individual, comprising administering to the individual a) an eftective
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amount of a composition comprising nanop articles comprising paclitaxel and an albumin,
b) an effective amount of an alkylating agent (such as cyclophosphamide) and ¢) an
anthracycline antibiotic (such as adriamycin). In some embodiments, the method 1s for
treatment of an early stage breast cancer. Insome embodiments, the method is for
treatment of a breast cancer in an adjuvant or a neoadjuvant setting. For example, in some
embodiments, there is provided a method of treating an early stage breast cancer in an
individual, comprising administering 260 m g/m” paclitaxel/albumin nanoparticle
composition (such as Abraxane™), 60 me/m’ adriamycin, and 600 mg/m”
cyclophosphamide, wherein the administration is carried out once every two weeks.

[0087] Other embodiments are provided in Table 1. For example, iIn some
embodiments, there is provided a method of treating advanced breast cancer in an
individual, comprising administering to the individual a) an effective amount of a
composition comprising nanoparticles comprising a paclitaxel and an albumin (such as
Abraxane™), b) an effective amount of carboplatin. In some embodiments, the method
further comprises administering an effective amount of Herceptin® to the individual. In
some embodiments, there is provided a method of treating metastatic breast cancer 1n an
individual, comprising administering to the individual a) an effective amount of a
composition comprising nanoparticies comprising paclitaxel and an albumin (such as
Abraxane™), b) an effective amount of gemcitabine. In some embodiments, there 18
provided a method of treating advanced non-small cell lung cancer in an individual,
comprising administering to the individual a) an effective amount of a composition
comprising nanoparticles comprising paclitaxel and an albumin (such as Abraxane™), b)
an effective amount of carboplatin.

[0088] In some embodiments, there is provided a composition comprising
nanoparticles comprising a taxane (such as paclitaxel, docetaxel, or ortataxel) and a carrier
protein (such as albumin) and at least one other chemotherapeutic agent. The compositions
described herein may comprise effective amounts of the taxane and the chemotherapeutic
agent for the treatment of a proliferative disease (such as cancer). In some embodiments,
the chemotherapeutic agent and the taxane are present in the composttion at a
predetermined ratio, such as the weight ratios described herein. In some embodiments, the
invention provides a synergistic composition of an effective amount of a composition

comprising nanoparticles comprising a taxane (such as paclitaxel, docetaxel, or ortataxel)

and an effective amount of at least one other chemotherapeutic agent.
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[0089)] Tn some embodiments, the invention provides pharmaceutical compositions
comprising nanoparticles comprising a taxane and a carrier protein (such as albumin) for
use in the treatment of a proliferative disease (such as cancer), wherein said use COMPI1SES
simultaneous and/or sequential administration of at least one other chemotherapeutic agent.
in some embodiments, the invention provides a pharmaceutical composition comprising a
chemotherapeutic agent for use in the treatment of a proliferative disease (such as cancer),
wherein said use comprises simultaneous and/or sequential administration of a composition
comprising nanoparticles comprising a taxane and a carrier protein (such as albumin). In
some embodiments, the invention provides taxane-containing nanoparticle compositions

and compositions comprising one other chemotherapeutic agent for simultaneous, and/or

sequential use for treatment of a proliferative disease (such as cancer).

Modes of administration

[0090]} The composition comprising nanoparticles comprising taxane (also referred
to as “nanoparticle composition’) and the chemotherapeutic agent can be administered
simultaneously (i.e., simultaneous administration) and/or sequentially (i.e., sequential
administration).

[0091] Tn some embodiments, the nanoparticle composition and the
chemotherapeutic agent (including the specific chemotherapeutic agents described herein)
are administered simultaneously. The term “simultaneous administration,” as used herein,
means that the nanoparticle composition and the chemotherapeutic agent are administered
with a time separation of no more than about 15 minute(s), such as no more than about any
of 10, 5, or 1 minutes. When the drugs are administered simultaneously, the drug 1 the
nanoparticles and the chemotherapeutic agent may be contained in the same composition
(e.g., a composition comprising both the nanoparticles and the chemotherapeutic agent) or

in separate compositions (e.g., the nanoparticles are contained in one composition and the
chemotherapeutic agent is contained in another composition). For example, the taxane and
the chemotherapeutic agent may be present in a single composition containing at least two
different nanoparticles, wherein some of the nanoparticles in the composition comprise the
taxane and a carrier protein, and some of the other nanoparticles in the composition
comprise the chemotherapeutic agent and a carrier protein. The invention contemplates
and encompasses such compositions. In some embodiments, only the taxane is contained

in nanoparticles. In some embodiments, simultaneous administration of the drug in the
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nanoparticle composition and the chemotherapeutic agent can be combined with
supplemental doses of the taxane and/or the chemotherapeutic agent.

[0092] In some embodiments, the nanoparticle composition and the
chemotherapeutic agent are administered sequéntially. The term ;‘sequential
administration” as used herein means that the drug in the nanoparticle composition and the
chemotherapeutic agent are administered with a time separation of more than about 15
minutes, such as more than about any of 20, 30, 40, 50, 60 or more minutes. Either the
nanoparticle composition or the chemotherapeutic agent may be administered first. The
nanoparticle composition and the chemotherapeutic agent are contained in separate
compositions, which may be contained in the same or different packages.

[0093] In some embodiments, the administration of the nanoparticle composition
and the chemotherapeutic agent are concurrent, i.e., the administration period of the
nanoparticle composition and that of the chemotherapeutic agent overlap with each other.
In some embodiments, the administration of the nanoparticle composition and the
chemotherapeutic agent are non-concurrent. For example, 1n some embodiments, the
administration of the nanoparticle composition is terminated before the chemotherapeutic
agent is administered. In some embodiments, the administration of the chemotherapeutic
agent is terminated before the nanoparticle composition is administered. The time period
between these two non-concurrent administrations can range from about two to eight

weeks, such as about four weeks.
[0094] The dosing frequency of the drug-containing nanoparticle composition and

the chemotherapeutic agent may be adjusted over the course of the treatment, based on the

judgment of the administering physician. When administered separately, the drug-
containing nanoparticle composition and the chemotherapeutic agent can be administered at
different dosing frequency or intervals. For example, the drug-containing nanoparticle
composition can be administered weekly, while a chemotherapeutic agent can be
administered more or less frequently. In some embodiments, sustained continuous release
formulation of the drug-containing nanoparticle and/or chemotherapeutic agent may be

used. Various formulations and devices for achieving sustained release are known 1n the
art.

(0095} The nanoparticle composition and the chemotherapeutic agent can be
administered using the same route of administration or different routes of administration.
In some embodiments (for both simultaneous and sequential administrations), the taxane

the nanoparticle composition and the chemotherapeutic agent are administered at a
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predetermined ratio. For example, in some embodiments, the ratio by weight of the taxane
in the nanoparticle composition and the chemotherapeutic agent is about 1 to 1. In some
embodiments, the weight ratio may be between about 0.001 to about 1 and about 1000 to
about 1, or between about 0.01 to about 1 and 100 to about 1. In some embodiments, the
ratio by weight of the taxane in the nanoparticle composition and the chemotherapeutic
agent is less than about any of 100:1, 50:1, 30:1, 10:1, 9:1, 8:1, 7:1, 6:1, 5:1, 4:1, 3:1, 2:1,
and 1:1 In some embodiments, the ratio by weight of the taxane in the nanoparticle
composition and the chemotherapeutic agent is more than about any of 1:1, 2:1, 3:1, 4:1,
5:1, 6:1,7:1, 8:1,9:1, 30:1, 50:1, 100:1. Other ratios are contemplated.

[0096] The doses required for the taxane and/or the chemotherapeutic agent may

(but not necessarily) be lower than what is normally required when each agent 1s

administered alone. Thus, in some embodiments, a subtherapeutic amount of the drug n
the nanoparticle composition and/or the chemotherapeutic agent are administered.
“Subtherapeutic amount” or “subtherapeutic level” refer to an amount that is less than the
therapeutic amount, that is, less than the amount normally used when the drug in the
nanoparticle composition and/or the chemotherapeutic agent are administered alone. The
reduction may be reflected in terms of the amount administered at a given administration
and/or the amount administered over a given period of time (reduced {requency).

[0097] In some embodiments, enough chemotherapeutic agent 1s administered so as
to allow reduction of the normal dose of the drug in the nanoparticle composition required
to effect the same degree of treatment by at least about any of 5%, 10%, 20%, 30%, 50%,
60%, 70%, 80%, 90%, or more. In some embodiments, enough drug in the nanoparticle

composition is administered so as to allow reduction of the normal dose of the

chemotherapeutic agent required to effect the same degree of treatment by at least about
any of 5%, 10%, 20%, 30%, 50%, 60%, 70%, 80%, 90%, or more.

[0098] In some embodiments, the dose of both the taxane in the nanoparticle
composition and the chémotherapeutic apent are reduced as compared to the corresponding
normal dose of each when administered alone. In some embodiments, both the taxane in the
nanopatticle composition and the chemotherapeutic agent are administered at a
subtherapeutic, i.e., reduced, level. In some embodiments, the dose of the nanoparticle
composition and/or the chemotherapeutic agent is substantially less than the established
maximum toxic dose (MTD). For example, the dose of the nanoparticle composition

and/or the chemotherapeutic agent is less than about 50%, 40%, 30%, 20%, or 10% of the
MTD.
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[0099] A combination of the administration configurations described herein can be
used. The combination therapy methods described herein may be performed alone or i1
| conjunction with another therapy, such as surgery, radiation, chemotherapy,
immunotherapy, gene therapy, and the like. Additionally, a person having a greater risk of
developing the proliferative disease may receive treatments to inhibit or and/or delay the
development of the disease.
[0100} As will be understood by those of ordinary skill in the art, the appropriate
doses of chemotherapeutic agents will be approximately those already employed in clinical
therapies wherein the chemotherap eutic agent are administered alone or in combination
with other chemotherapeutic agents. Variation in dosage will likely occur depending on the

condition being treated. As described above, in some embodiments, the chemotherapeutic

[0101] The nanoparticle compositions described herein can be administered to an
individual (such as human) via various routes, such as parenterally, including mfravenous,
intra-arterial, intraperitoneal, intrapulmonary, oral, inhalation, intravesicular, intramuscular,
intra-tracheal, subcutaneous, intraocular, intrathecal, or transdermal. For example, the
nanoparticle composition can be administered by inhalation to treat conditions of the
respiratory tract. The compo sition can be used to treat respiratory conditions such as
pulmonary fibrosis, broncheolitis obliterans, lung cancer, bronchoalveolar carcinoma, and
the like. In some embodiments, the nanoparticle composition is administrated
intravenously. In some embodiments, the nanoparticle composition 1s administered orally.
[0102] The dosing frequency of the administration of the nanoparticle composition
depends on the nature of the combination therapy and the particular disease being treated.
An exemplary dosing frequency include. but is not limited to, weekly without break;
weekly, three out of four weeks; once every three weeks; once every two weeks; weekly,

two out of three weeks. See also Table 1.
[0103] The dose of the taxane in the nanoparticle composition will vary with the

nature of the combination therapy and the particular disease being treated. The dose should
be sufficient to effect a desirable response, such as a therapeutic or prophylactic response
apainst a particular disease. An exemplary dose of the taxane (in some embodiments
paclitaxel) in the nanoparticle composition include, but is not limited to, about any of 50
mg/m®, 60 mg/m?, 75 mg/m”, 80 mg/mz, 90 mg/m?, 100 mg/mz, 120 mg/mz, 160 mg/m’,
175 mg/mz, 200 mg/rnz, 210 mg/m’, 220 mg/ m®, 260 mg/mz, and 300 mg/mz. For example,

the dosage of paclitaxel 1n a nanoparticle composition c¢an be in the range of 100-400
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mg/rn2 when given on a 3 week schedule, or 50-250 mg/m2 when given on a weekly

schedule. See also Table 1.

[0104] Other exemplary dosing schedules for the administration of the nanoparticle
composition (such as paclitaxel/albumin nanoparticle composition, for example
Abraxanem) include, but are not limited to, 100 mg/m”, weekly, without break; 75 mg/m”
weekly, 3 out of four weeks; 100 mg/m2, weekly, 3 out of 4 weeks; 125 mg/mz, weekly, 3
out of 4 weeks; 125 1ng/m2, weekly, 2 out of 3 weeks; 130 mg/m”, weekly, without break;
175 mg/m”, once every 2 weeks; 260 mg/m”, once every 2 weeks; 260 mg/m®, once every 3
weeks; 180-300 mg/m®, every three weeks; 60-175 mg/m”, weekly, without break. In
addition, the taxane (alone or in combination therapy) can be administered by following a
metronomic dosing regime described herein.

10105] Exemplary dosing regimes for the combination therapy of nanoparticle
composition (such as paclitaxel/albumin nanoparticle composition, for example
Abraxane™) and other agents include, but are not limited to, 125 mg/m2 weekly, two out of
three weeks, plus 825 meg/m* Xeloda®, daily; 260 mg/m” once every two weeks, plus 60
mg/m’ adriamycin and 600 mg/m® cyclophosphamide, once every two weeks; 220-340
mg/m* once every three weeks, plus carboplatin, AUC=6, once every three weeks; 100-150
mg/m* weekly, plus carboplatin, AUC=6, once every three weeks; 175 mg/m2 once every
two weeks, plus 2000 mg/m* gemcitabine and 50 mg/m? epirubicin, once every two weeks;
and 75 mg/m* weekly, three out of four weeks, plus carboplatin, AUC=2, weekly, three out
of four weeks.

[0106] In some embodiments, the nanoparticle composition of the taxane and the
chemotherapeutic agent is administered according to any of the dosing regimes described 1n

Table 1.

[0107] In some embodiments, there is provided a method of treating breast cancer
in an individual comprising administering to the individual: a) an effective amount of a
composition comprising nanoparticles comprising a taxane (such as pachtaxel) and an

albumin, and b) an effective amount of at least one other chemotherapeutic agent as
provided in Rows 1 to 35 in Table 1. In some embodiments, the administration of the
nanoparticle composition and the chematherapeutic agent may be any of the dosing
regimes as indicated in Rows 1 to 35 in Table 1. In some embodiments, there is provided a

method of treating metastatic breast cancer 1 an individual comprising administering to the

individual: a) an effective amount of a composition comprising nanoparticles comprising a

taxane (such as paclitaxel) and an albumin, and b) an effective amount of at least one other
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chemotherapeutic agent as provided in Rows 2, 4-8, and 10-15 1n Table 1. In some
embodiments, the administration of the nanoparticle composition and the chemotherapeutic
agent may be any of the dosing regimes as indicated in Rows 2, 4-8, and 10-15 in Table 1.
[0108] In some embodiments, there is provided a method of treating advanced
breast cancer in an individual comprising administering to the individual: a) an effective
amount of a composition comprising nanoparticles comprising a taxane (such as paclitaxel)
and an albumin, and b) an effective amount of at least one other chemotherapeutic agent as
provided in Rows 1 and 16 in Table 1. In some embodiments, the administration of the
nanoparticle composition and the chemotherapeutic agent may be Aany of the dosing
regimes as indicated in Rows 1 and 16 in Table 1. In some embodiments, there is provided
a method of treating stage IV breast cancer in an individual comprising administering to the

individual: a) an effective amount of a composition comprising nanoparticles comprising a

taxane (such as paclitaxel) and an albumin, and b) an effective amount of at least one other
chemotherapeutic agent as provided in Row 3 in Table 1. In some embodiments, the
administration of the nanoparticle composition and the chemotherapeutic agent may be the

dosing regime as indicated in Row 3 in Table 1.

[0109] In some embodiments, there is provided a method of treating breast cancer
in an individual in an adjuvant setting comprising administering to the individual: a) an
effective amount of a composition comprising nanoparticles comprising a taxane (such as
paclitaxel) and an albumin, and b) an effective amount of at least one other
chemotherapeutic agent as provided in Rows 18 to 24 in Table 1. In some embodiments,
the administration of the nanoparticle composition and the chemotherapeutic agent may be

any of the dosing regimes as indicated in Rows 18 to 24 1in Table 1.

[0110] In some embodiments, there is provided a method of treating breast cancer
in an individual in a neoadjuvant setting comprising administering to the individual: a) an
effective amount of a composition comprising nanoparticles comprising a taxane (such as
paclitaxel) and an albumin, and b) an effective amount of at least one other
chemotherapeutic agent as provided in Rows 25 to 35 1n Table 1. In some embodiments,
the administration of the nanoparticle composition and the chemotherapeutic agent may be
any of the dosing regimes as indicated in Rows 25 to 35 in Table 1.

0111} In some embodiments, there is provided a method of treating lung cancer in
an individual comprising administering to the individual: a) an effective amount of a
composition comprising nanoparticles comprising a taxane (such as paclitaxel) and an

albumin, and b) an effective amount of at least one other chemotherapeutic agent as
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provided in Rows 36 to 48 in Table 1. In some embodiments, the administration of the
nanoparticle composition and the chemotherapeutic agent may be any of the dosing
regimes as indicated in Rows 36 to 48 in Table 1.

[0112] In some embodiments, there is provided a method of treating NSCLC
(including advanced NSCLC and first line NSCLC) 1n an 1mndividual comprising
administering to the individual: a) an effective amount of a composition comprising
nanoparticles comprising a taxane (such as paclitaxel) and an albumin, and b) an effective
amount of at least one other chemotherapeutic agent as provided in Rows 36-40 and 42-43
in Table 1. In some embodiments, the administration of the nanoparticle composition and
the chemotherapeutic agent may be any of the dosing regimes as indicated in Rows 36-40
and 42-43 1n Table 1. In some embodiments, there 1s provided a method of treating
advanced solid tumor malignancy in the Iung in an mdividual comprising administering to
the mdividual: a) an effective amount of a composition comprising nanoparticles
comprising a taxane (such as paclitaxel) and an albumin, and b) an effective amount of at
least one other chemotherapeutic agent as provided in Row 41 in Table 1. In some
embodiments, the administration of the nanoparticle composition and the chemotherapeutic
agent may be the dosing regimes as imndicated in Row 41 in Table 1. In some embodiments,
there 1s provided a method of treating SCLC in an individual comprising administering to
the mdividual: a) an effective amount of a composition comprising nanoparticles
comprising a taxane (such as paclitaxel) and an albumin, and b) an effective amount of at
least one other chemotherapeutic agent as provided in Row 48 in Table 1. In some
embodiments, the administration of the nanoparticle composition and the chemotherapeutic

agent may be the dosing regimes as indicated in Row 48 in Table 1.

[0113] In some embodiments, there is provided a method of treating ovarian cancer
in an mndividual comprising administering to the individual: a) an effective amount of a
composition comprising nanoparticles comprising a taxane (such as paclitaxel) and an
albumin, and b) an effective amount of at least one other chemotherapeutic agent as
provided in Rows 49 to 52 in Table 1. In some embodiments, the administration of the
nanoparticle composition and the chemotherapeutic agent may be any of the dosing
regimes as indicated in Rows 49 to 52 in Table 1.

[0114] [n some embodiments, there 1s provided a method of treating head and neck
cancer m an individual comprising admimstering to the individual: a) an effective amount
of a composition comprising nanoparticles comprising a taxane (such as paclitaxel) and an

albumin, and b) an effective amount of at least one other chemotherapeutic agent as
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provided in Rows 53 to 55 in Table 1. In some embodiments, the administration of the
nanoparticle composition and the chemotherapeutic agent may be any of the dosing

regimes as indicated in Rows 53 t0 55 in Table 1.

[0115] In some embodiments, there is provided a method of treating solid tumor
(including advanced solid tumor) in an individual comprising administering to the
individual: a) an effective amount of a composition comprising nanoparticles comprising a
taxane (such as paclitaxel) and an albumin, and b) an effective amount of at least one other
chemotherapeutic agent as provided in Rows 56 to 59 in Table 1. In some embodiments,
the administration of the nanoparticle composition and the chemotherapeutic agent may be
any of the dosing regimes as indicated in Rows 56 to 59 in Table 1.

[0116] In some embodiments, there is provided a method of treating melanoma
(including metastatic melanoma) in an individual comprising administering to the
individual: a) an effective amount of a composition comprising nanoparticles comprising a
taxane (such as paclitaxel) and an albumin, and b) an effective amount of at least one other
chemotherapeutic agent as provided in Rows 60-63 in Table 1. In some embodiments, the
administration of the nanoparticle composition and the chemotherapeutic agent may be any
of the dosing regimes as indicated in Rows 60 to 63 in Table 1.

[0117] In some embodiments, there is provided a method of treating metastatic
colorectal cancer in an individual comprising administering to the individual: a) an
effective amount of a composition comprising nanoparticles comprising a taxane (such as
paclitaxel) and an albumin, and b) an effective amount of at least one other
chemotherapeutic agent as provided in Row 64 in Table 1. In some embodiments, the

administration of the nanoparticle composition and the chemotherapeutic agent may be the
dosing regime as indicated in Row 64 i Table 1.

[0118] In some embodiments, there is provided a method of treating pancreatic
cancer in an individual comprising administering to the individual: a) an effective amount
of a composition comprising nanoparticles comprising a taxane (such as paclitaxel) and an
albumin, and b) an effective amount of at least one other chemotherapeutic agent as
provided in Rows 65 to 66 in Table 1. In some embodiments, the administration of the

nanoparticle composition and the chemotherapeutic agent may be any of the dosing

regimes as indicated in Rows 65 to 66 in Table 1.
TABLE 1

S y—— R —

——— T — - T

{ Row Combination | Regime/Dosage Study therapy
No. type

b S

Protocol title

— A E——

el

36



CA 02902071 2015-08-27

PCT/US2006/006167

WO 2006/089290
] s : — N — e
Row | Combination Regime/Dosage Study therapy Protocol title
- No. o - R type - i
| A phase I stady of |
; n ABX: 100 mg/m*® D1, 8, 13 weekly dose-dense
qdwk x 6 nanoparticle paclitaxel
ABX + . ~ Advanced (ABI-007)
1. Carboplatin + Cfblf' %UC =2 DL & 15 HER2+ Breast |  carboplatin™, with
Herceptin® qrwe s Cancer Herceptin® as furst or
Herceptin®: 4 mg/kg on wk 1, 2 second-line therapy of
mg/kg all subsequent weeks |  advanced HER2+
| | i breast cancer
[ Phase II trial of weekly |
| , . Abraxane™
) ABX alone ABX: 125 mg/m’ Metastatic monotherapy for 1st-
| (+Herceptin®) | qwk x 3/4 Breast Cancer line MBC (plus
Herceptin® in HERZ+
| + i 1 I
L.1: ABX: 80 mg/m |
| Nav: 15 mg/m’ |
1.2: ABX: 90 mg/m’ ii |
1
Nav: 20 mg/m’ | ‘
|
, | ) | Phase I-II study weekly
ABX + L3: ABX: 100 mg/m v ABX + Navelbine®,
) | Stage | | < .
3. Navelbine® | Nav: 22.5 mg/m Breast C with or without G-CSF,
(:G-CSF) . | ) reast L.ancel in stage [V breast
| L4: ABX: 110 mg/m Ancer
Nav: 25 mg/m’ |
15: ABX: 125 mg/m’
Nav: 25 mg/m’
qwk all levels
| ABX: 125 mg/m’ qwk x 2/3 .
4 ARY + Xeloda® g d , b Metastatic | Phase II 1st-line ABX +
' cloda® | Xeloda®: 825 mg/m” D1-14 Breast Cancer Y eloda® MBC trial
k 3wk B ! T |
5. | et plus Doxil® for MBC |
| acycine Breast Cancer plus limited PK.
| F Randomized Phase 11
Trial of Weekly nab
| (nanoparticle albumin
| ABX: 125 mg/m’ M | bound)-Paclitaxel (nab- |
ABX + | | ctastatic | paclitaxel)
0. ! Gemcitabine Gem: 1000 mg/mz ’ Rreast Cancer | Comblnatlon Wlth
| qwk x 2/3 { Gemgitabine in Patients
| with HER2 Negative
Metastatic Dreast
Cancer
Metastatic Phase I/II Abraxane™

ABX +

Lapatinib

ABX +
Lapatinib

Np—

x 2 days

ABX: 100 mg/m” qwk x 3/4
Lapatinib: starting at 1000 mg/d |

Breast Cancer

—

___]r_,__, .

+ GW572010

:

b f— A

.

A ————

el

37

Metastatic

Breast Cancer

Phase I dose escalation 1
| study of a 2 day oral
lapatinib

cllenlosensigi_zation




WO 2006/089290

ROWT Combination

CA 02902071 2015-

Regime/Dosage

08-277

Study therapy
type |

ABX: 220 mg/m* 2wk x 6

_ﬁ_—-—-—-l_

PCT/US2006/006167

Protocol title

pulse given prior to

weekly intravenous
Abraxane™ in patients

with advanced sohd
ftumors

Phase II preoperative
trial of Abraxane™
followed by FEC
(+Herceptin® as

| appropriate) in breast
|

cancer

Phase II safety and
tolerability study of
Abraxane™, Avastin®
and carboplatin in triple
negative metastatic
breast cancer patients

Three arm phase 11 trial
in 1* line HER2-
negative MBC patients

Single arm study of
Abraxane™ and
Avastin® in 1* line

MBS
— ]

ABX +FEC followed by
9. | | Breast Cancer
(+Herceptin®) | FEC: 4 cycles (+Herceptin® for |
| HER2+ pts)
ABX: 100 mg/m”* gqwk D1, 8,15  Metastatic
. Calﬁ;lia:m R Carbo: AUC=2 qwkD1, 8, 15| Breast Cancer
Avastin® | Avastin®: 10 mg/m® q2wk (HER2-, ER-,
| PR-)
i ABX: 130 mg/m’® qwk
| + Avastin®
\£
. ABX + ABX: 260 mg/m® q2wk Metastatic
| Avastin® ‘ + Avastin® Breast Cancer
\E
ABX: 260 mg/m’ q3wk
+ Avastin®
l 1 l ABX -+ ABX: 125 mg/m* qwk x 3/4 | Metastatic
2. .
Avastin® | + Avastin® Breast Cancer
‘ - | ..
ABX + Avastin® qwk |
| ABX + Metastatic
> l Avastin® > | Breast Cancer
Taxol® + Avastin® qwk | |
4 | ABX+Xeloda® Metastatic
‘ + Lapatinib Breast Cancer
| I o o -
e ABX + | ABX: 3000 mg/m* D1 q3wk Metastatic
| Gemcitabine | Gem: 1250 mg/m® D1, 8 q3wk | Breast Cancer
— [ i
| Advanced
I 10.

ABX + RADQO1

i

Rreast Cancer

38

e e et

| and gemcitabine for 1°

| Phase I/1I study of

Randomized Phase III |
trial in 1° line and 2