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ABSTRACT

Provided herein are methods of treating cancer in a cancer patient by overcoming
resistance of a cancer cell to a drug, or methods of overcoming resistance of a cancer cell
to a drug, comprising administering to the patient an effective amount of (i) an EGFR
tyrosine kinase inhibitor or a B-Raf kinase inhibitor, and (ii) an HDAC inhibitor. Also
provided are methods for inhibiting or preventing proliferation of drug tolerant persister
(DTP) cells comprising contacting these cells with an EGFR tyrosine kinase inhibitor or
B-Raf kinase inhibitor in combination with an HDAC inhibitor. Yet also provided are
methods for inhibiting or preventing formation of colonies of drug tolerant expanded
persister (DTEP) cells comprising contacting these cells with an EGFR tyrosine kinase

inhibitor or B-Raf kinase inhibitor in combination with an HDAC inhibitor.
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INHIBITION OF DRUG RESISTANT CANCER CELLS

The present application is a divisional application from Australian patent application

number 2013202507, the entire disclosure of which is incorporated herein by reference.

FIELD
[0001] Provided are methods for inhibiting or preventing the growth of drug
resistant cancer cells using histone deacetylase (HDAC) inhibitors. In one embodiment,

the HDAC inhibitor is romidepsin.

BACKGROUND
[0002] Resistance to anticancer drugs represents a major obstacle to successful
cancer treatment. Various resistance mechanisms and alternate survival pathways have
been described (Redmond e al., Front Biosci 13:5138-5154, 2008). Recent findings
have revealed non-mutational mechanisms of drug resistance. Trumpp and Wiesletler
(Nat Clin Prac Oncol 5, 337-347, 2008) described a small population of “cancer stem
cells” that are intrinsically more refractory to the effects of a variety of anticancer drugs,
possibly via enhanced drug efflux. Other studies have implicated epigenetic
mechanisms, suggesting that acquired drug resistance does not necessarily require a
stable heritable genetic alteration (Glasspool et al., Br J Cancer, 94:1087-1092, 2006).
It was demonstrated in non-small cell lung cancer (NSCLC) patients, who responded
well to treatment with epidermal growth factor receptor (EGFR) tyrosine kinase
inhibitors (TKIs), and who later experienced therapy failure, but demonstrated a second
response to EGFR TKI re-treatment after a “drug holiday” (Kurata et al., Ann Oncol
15:173-174, 2004; Yano et al., Oncol Res 15:107-111, 2005). Similar re-treatment
responses are well established for several other anticancer drugs (Cara & Tannock, Ann
Oncol 12:23-37, 2001). These findings suggest that acquired resistance to cancer drugs
involves a reversible “drug-tolerant” state.
[0003] Recent data point to the pre-existence of a subpopulation of cancer cells
termed drug-tolerant persisters (DTPs) that exhibit an epigenetically-mediated tolerance
to high concentrations of chemotherapeutic drugs (Sharma ez al., Cell 141:69-80, 2010).
Although DTPs are largely quiescent, a small fraction of these cells resumes growth

even in the presence of 100X ICsy drug concentrations, giving rise to drug-tolerant
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expanded persisters (DTEPs). Levels of histone H3 lysine 4 (H3K4) methylation and
H3K14 acetylation are significantly decreased in DTPs and DTEPs.
[0004] As resistance to anticancer drugs remains a major challenge in anticancer

therapy, there is a need for compounds capable to overcome this resistance.

SUMMARY
[0005] In one embodiment, provided herein are methods of treating cancer in a
cancer patient by overcoming resistance of a cancer cell to a drug, comprising
administering to the patient an effective amount of (i) an EGFR tyrosine kinase inhibitor
or a B-Raf kinase inhibitor, and (ii) an HDAC inhibitor. In one embodiment, the EGFR
tyrosine kinase inhibitor or the B-Raf kinase inhibitor, and the HDAC inhibitor are
administered simultaneously. In another embodiment, the HDAC inhibitor is
administered after pretreatment with the EGFR tyrosine kinase inhibitor or the B-Raf
kinase inhibitor.
[0006] In another embodiment, provided herein are methods for overcoming drug-
resistance of a cancer cell in a patient, comprising administering to the patient an
effective amount of (i) an EGFR tyrosine kinase inhibitor or a B-Raf kinase inhibitor,
and (ii) an HDAC inhibitor. In one embodiment, the EGFR tyrosine kinase inhibitor or
the B-Raf kinase inhibitor, and the HDAC inhibitor are administered simultaneously. In
another embodiment, the HDAC inhibitor is administered after pretreatment with the
EGFR tyrosine kinase inhibitor or the B-Raf kinase inhibitor.
[0007] HDAC inhibitors for use in methods provided herein include, but are not
limited to, trichostatin A (TSA), Vorinostat (SAHA), Valproic Acid (VPA), romidepsin
and MS-275. In one embodiment, the HDAC inhibitor is romidepsin.
[0008] In another embodiment, the drug is a EGFR tyrosine kinase inhibitor. EGFR
tyrosine kinase inhibitors suitable for use in the methods provided herein include, but
are not limited to, Erlotinib, Getifinib, Lapatinib, Afatinib, Canertinib, Neratinib,
Pelitinib, CP-724714, CUDC-101, and WZ4002. In one embodiment, the EGFR tyrosine
kinase inhibitor is Erlotinib.
[0009] In yet another embodiment, the drug is a B-Raf kinase inhibitor. B-Raf
kinase inhibitors suitable for use in the methods provided herein include, but are not

limited to, Vemurafenib (PLX4032), Sorafenib (AZ628), Dabrafenib, PLLX4720,
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GDC-0879, RAF-265, and SB690885. In one embodiment, the B-Raf kinase inhibitor is
Vemurafenib. In another embodiment, the B-Raf kinase inhibitor is Sorafenib.

[0010] In one embodiment, cancers that can be treated by the methods provided
herein are solid tumors. In one embodiment, the cancer is a skin cancer. In another
embodiment, the cancer is a lung cancer.

[0011] In one embodiment, provided herein are methods for inhibiting or preventing
proliferation of drug-tolerant persisters (DTP) resistant to EGFR tyrosine kinase
inhibitors or serine/threonine protein kinase B-Raf (B-Raf) kinase inhibitors, comprising
contacting the DTPs with (i) an EGFR tyrosine kinase inhibitor or a B-Raf kinase
inhibitor, and (i1) an HDAC inhibitor. In one embodiment, the EGFR tyrosine kinase
inhibitor or the B-Raf kinase inhibitor, and the HDAC inhibitor are added to the cancer
cells simultaneously. In another embodiment, the cancer cells are treated with the
HDAC inhibitor after contacting with EGFR tyrosine kinase inhibitor or the B-Raf
kinase inhibitor.

[0012] In one embodiment, provided herein are methods for inhibiting or preventing
formation of colonies of drug-tolerant expanded persisters (DTEP) resistant to EGFR
tyrosine kinase inhibitors or B-RAF kinase inhibitors, comprising contacting the DTEPs
with (i) an EGFR tyrosine kinase inhibitor or a B-Raf kinase inhibitor, and (ii) an
HDAC inhibitor. In one embodiment, the EGFR tyrosine kinase inhibitor or the B-Raf
kinase inhibitor, and the HDAC inhibitor are added to the cancer cells simultaneously.
In another embodiment, the cancer cells are treated with the HDAC inhibitor after
contacting with EGFR tyrosine kinase inhibitor or the B-Raf kinase inhibitor.

[0013] In one embodiment, EGFR tyrosine kinase inhibitor is any EGFR tyrosine
kinase inhibitor. EGFR tyrosine kinase inhibitors suitable for use in the methods
provided herein include, but are not limited to, Erlotinib, Getifinib, Lapatinib, Afatinib,
Canertinib, Neratinib, Pelitinib, CP-724714, CUDC-101, and WZ4002. In one
embodiment, the EGFR tyrosine kinase inhibitor is Erlotinib.

[0014] In one embodiment, B-Raf kinase inhibitor is any B-Raf kinase inhibitor.
B-Raf kinase inhibitors suitable for use in the methods provided herein include, but are
not limited to, Vemurafenib (PLX4032), Sorafenib (AZ628), Dabrafenib, P1.X4720,
GDC-0879, RAF-265, and SB690885. In one embodiment, the B-Raf kinase inhibitor is

Vemurafenib. In another embodiment, the B-Raf kinase inhibitor is Sorafenib.
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[0015] HDAC inhibitors for use in methods provided herein include, but are not
limited to, trichostatin A (TSA), Vorinostat (SAHA), Valproic Acid (VPA), romidepsin
and MS-275. In one embodiment, the HDAC inhibitor is romidepsin.

[0016] In one embodiment, provided herein is a pharmaceutical composition for
treating a drug resistant cancer in a patient In one embodiment, the pharmaceutical
composition comprises (i) an EGFR tyrosine kinase inhibitor or a B-Raf kinase
inhibitor, and (ii) an HDAC inhibitor. In one embodiment, the HDAC inhibitor is
romidepsin. In another embodiment, the EGFR tyrosine kinase inhibitor is Erlotinib. In
yet another embodiment, the B-Raf kinase inhibitor is Vemurafenib. In yet another
embodiment, the B-Raf kinase inhibitor is Sorafenib.

[0017] The present embodiments can be understood more fully by reference to the
detailed description and examples, which are intended to exemplify non-limiting

embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018] Figure 1 shows the effect of the combination of AZ628 and romidepsin on
DTEP emergence in a melanoma cell line (M14). Both agents were added to the cells
every 3 days during the “continuous” schedule (45 days) at a concentration of 2 uM for
AZ628 and 0.5 nM for romidepsin. Cell viability was measured on select days using
CellTiter-Glo.
[0019] Figure 2 shows the effect of the combination of Erlotinib and romidepsin on
DTEP emergence in a non-small cell lung cancer cell line (HCC827). Both agents were
added to the cells every 3 days during the “continuous” schedule (27 days) at a
concentration of 2 uM for Erlotinib and 1.0 nM for romidepsin. Cell viability was
measured on select days using CellTiter-Glo.
[0020] Figures 3A and 3B depict the effect of a limited number of romidepsin doses
on prevention of DTEP growth in melanoma cell line M14. Romidepsin was used at a
concentration of 0.5 nM, and AZ628 was used at a concentration of 2 uM. Figure 3C
depicts the effect of a limited number of romidepsin doses on the prevention of DTEP
growth in a non small cell lung cancer cell line (HCC827). Romidepsin was used at a
concentration of 1.0 nM, and Erlotinib was used at a concentration of 2 uM.
[0021] Figure 4A shows the effect of 6-hour romidepsin exposure (wash-out) on

prevention of DTEP growth in a melanoma cell line (M14). Romidepsin and AZ628
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were added to the cell culture every 3 days at a concentration of 0.5 nM and 2 uM,
respectively, with no-washout. In the wash-out experiment, AZ628- and romidepsin-
containing conditioned media were aspirated from cells 6 hours after addition of drugs
and replaced with AZ628-containing media. Romidepsin was used in the concentration
of 0.5 nM (A), 2 nM (B), or 10 nM (C). Figure 4B shows the effect of 6-hour
romidepsin exposure (wash-out) on prevention of DTEP growth in a non small cell lung
cancer cell line (HCC827). Romidepsin and Erlotinib were added to the cell culture
every 3 days at a concentration of 1.0 nM and 2 uM, respectively, with no-washout. In
the wash-out experiment, Erlotinib- and romidepsin-containing conditioned media were
aspirated from cells 6 hours after addition of drugs and replaced with Erlotinib-
containing media. Romidepsin was used at a concentration of 1, 5, and 20 nM.

[0022] Figure 5 shows the effect of addition of romidepsin on prevention of
emergence of DTEP after pretreatment with Erlotinib in a non-small cell lung cancer
cell line (HCC827). Conditioned medium was replaced with fresh drug-containing
medium every three days. On day 12, romidepsin in the concentration of 1 nM was

added to the drug-containing medium.

DETAILED DESCRIPTION

Definitions
[0023] It is to be understood that the foregoing general description and the
following detailed description are exemplary and explanatory only and are not
restrictive of any subject matter claimed. In this application, the use of the singular
includes the plural unless specifically stated otherwise. It must be noted that, as used in
the specification and the appended claims, the singular forms “a,” “an” and “the”
include plural referents unless the context clearly dictates otherwise. It should also be
noted that use of “or” means “and/or” unless stated otherwise. Furthermore, use of the
term “including” as well as other forms, such as “include,” “includes,” and “included” is
not limiting.
[0024] The term “cancer” refers to disease of skin tissues, organs, blood, and
vessels, including, but not limited to, cancers of the bladder, bone or blood, brain,
breast, cervix, chest, colon, endometrium, esophagus, eye, head, kidney, liver, lymph

nodes, lung, mouth, neck, ovaries, pancreas, prostate, rectum, stomach, testis, throat,

and uterus.
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[0025] The term “proliferative disorder or disease” as used herein refers to
unwanted cell proliferation of one or more subset of cells in a multicellular organism
resulting in harm (i.e., discomfort or decreased life expectancy) to the multicellular
organism. For example, as used herein, proliferative disorder or disease includes
neoplastic disorders and other proliferative disorders

[0026] The term “proliferation” as used herein refers to a rapid and repeated
succession of divisions of cells, e.g., cancer cells.

[0027] The term “chemoresistant cancer” as used herein means a type of cancer that
has been responding to a therapy then begins to grow because the cancer cells are not
responsive to the effects of chemotherapy.

[0028] The term “melanoma’ as used herein means a malignant tumor of
melanocytes. Melanoma originates in the skin where melanocytes predominantly occur
but can originate in any part of the body that contains melanocytes.

[0029] The term “non-small cell lung cancer” as used herein refers to any type of
epithelial lung cancer other than small cell lung cancer.

[0030] The term “treating” as used herein, means an alleviation, in whole or in part,
of symptoms associated with a disorder or disease (e.g., cancer or a tumor syndrome), or
slowing, or halting of further progression or worsening of those symptoms.

[0031] The term “inhibiting” as used herein, means slowing or reducing the growth
of a cell or a cell line (e.g., cancer cell or cancer cell line).

[0032] The term “preventing” as used herein, means the absence or lack of growth
of a cell or a cell line (e.g., cancer cell or cancer cell line).

[0033] The term “emergence” as used herein, means occurrence or recurrence of
drug resistant cancer cells in a cancer cell population.

[0034] The terms “drug,” “therapeutic agent,” and “chemotherapeutic agent” refer to
a compound, or a pharmaceutical composition thereof, which is administered to a
subject for treating, preventing, or ameliorating one or more symptoms of a condition,
disorder, or disease.

[0035] The term “drug-tolerant persisters (DTPs)” as used herein, refers to cancer
cells that have a tolerance to high concentrations of chemotherapeutic drugs i.e. that are
resistant to a cancer drug treatment, when the drug used in concentrations that are

hundreds of times higher than ICs.
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[0036] The term “drug-tolerant expanded persisters (DTEPs)” as used herein, refers
to cancer cells that are capable to proliferate with continuous cancer drug treatment in
high concentrations.

[0037] The term “cancer cell” as used herein, refers to a cell of any origin that
grows and divides at an unregulated, quickened pace.

[0038] The term “cancer cell line” as used herein, refers to a line of cells established
from a primary cancer cell, in which all cells possess the same properties.

[0039] The terms “drug,” “therapeutic agent,” and “chemotherapeutic agent “as used
herein refer to a compound, or a pharmaceutical composition thereof, which is
administered to a subject for treating, preventing, or ameliorating one or more symptoms
of a condition, disorder, or disease.

[0040] The term “epidermal growth factor receptor (EGFR)” as used herein, refers
to the cell-surface receptor for members of the epidermal growth factor family (EGF-
family).

[0041] The term “tyrosine kinase” as used herein, refers to enzymes responsible for
the activation of signal transduction cascades via phosphorylation of tyrosine hydroxyl
moieties in substrate proteins.

[0042] The term “tyrosine kinase inhibitors™ as used herein, refers to a chemical
compound such as a pharmaceutical drug that inhibits tyrosine kinases.

[0043] The term “effective amount” in connection with the HDAC inhibitor means
an amount capable of alleviating, in whole or in part, symptoms associated with a
disorder, for example cancer, or slowing or halting further progression or worsening of
those symptoms, or preventing or providing prophylaxis for cancer, in a subject at risk
for cancer. The effective amount of the HDAC inhibitor, for example in a
pharmaceutical composition, may be at a level that will exercise the desired effect; for
example, about 0.005 mg/kg of a subject’s body weight to about 100 mg/kg of a
subject’s body weight in unit dosage for both oral and parenteral administration. As will
be apparent to those skilled in the art, it is to be expected that the effective amount of an
HDAC inhibitor disclosed herein may vary depending on the severity of the indication
being treated.

[0044] As used herein, and unless otherwise specified, the term “in combination
with” includes the administration of two or more therapeutic agents simultaneously,

concurrently, or sequentially within no specific time limits unless otherwise indicated.
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In one embodiment, an HDAC inhibitor is administered in combination with a EGFR
tyrosine kinase inhibitor or a B-Raf kinase inhibitor. In one embodiment, the agents are
present in the cell or in the subject’s body at the same time or exert their biological or
therapeutic effect at the same time. In one embodiment, the therapeutic agents are in the
same composition or unit dosage form. In other embodiments, the therapeutic agents
are in separate compositions or unit dosage forms. In certain embodiments, a first agent
can be administered prior to (e.g., 5 minutes, 15 minutes, 30 minutes, 45 minutes, 1
hour, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours, 48 hours, 72 hours, 96 hours, 1
week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12 weeks before),
essentially concomitantly with, or subsequent to (e.g., 5 minutes, 15 minutes, 30
minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours, 48 hours, 72
hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12
weeks after) the administration of a second therapeutic agent, or any combination
thereof. For example, in one embodiment, the first agent can be administered prior to
the second therapeutic agent, for e.g. 1 week. In another, the first agent can be
administered prior to (for example 1 day prior) and then concomitant with the second
therapeutic agent.

[0045] The term “pharmaceutically acceptable carrier” as used herein means a
pharmaceutically acceptable material, composition or vehicle, such as a liquid or solid
filler, diluent, excipient, solvent or encapsulating material, involved in carrying or
transporting the subject compounds from the administration site of one organ, or portion
of the body, to another organ, or portion of the body, or in an in vitro assay system.
Each carrier must be “acceptable” in the sense of being compatible with the other
ingredients of the formulation and not injurious to a subject to whom it is administered.
Nor should an acceptable carrier alter the specific activity of the subject compounds.
[0046] The term “pharmaceutically acceptable” refers to molecular entities and
compositions that are physiologically tolerable and do not typically produce an allergic
or similar untoward reaction, such as gastric upset, dizziness and the like, when
administered to a human.

[0047] The terms “active ingredient” and “active substance” refer to a compound,
which is administered, alone or in combination with one or more pharmaceutically
acceptable excipients, to a subject for treating, preventing, or ameliorating one or more

symptoms of a condition, disorder, or disease. As used herein, “active ingredient” and
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“active substance” may be an optically active isomer or an isotopic variant of a
compound described herein.

[0048] The term “dosage form” as used herein refers to physically discrete units
suitable as unitary dosage for humans, each unit containing a predetermined quantity of
active material calculated to produce the desired therapeutic effect in association with
the required diluent; i.e., carrier, or vehicle. In one embodiment, the active ingredient is
romidepsin.

[0049] The term “unit dosage form™ as used herein means a physically discrete unit
suitable for administration to a human and animal subject, and packaged individually as
is known in the art. Each unit-dose contains a predetermined quantity of an active
ingredient(s) sufficient to produce the desired therapeutic effect, in association with the
required pharmaceutical carriers or excipients. A unit-dosage form may be administered
in fractions or multiples thereof. Examples of a unit-dosage form include an ampoule,
syringe, and individually packaged tablet and capsule.

[0050] The term “multiple-dosage form™ as used herein refers to a plurality of
identical unit-dosage forms packaged in a single container to be administered in
segregated unit-dosage form. Examples of a multiple-dosage form include a vial, bottle
of tablets or capsules, or bottle of pints or gallons.

[0051] The term “biological sample” is intended to include tissues (including, but
are not limited to, tissue biopsies), cells, biological fluids and isolates thereof, isolated
from a subject, as well as tissues, cells and fluids present within a subject.

[0052] The term “about” or “approximately” means an acceptable error for a
particular value as determined by one of ordinary skill in the art, which depends in part
on how the value is measured or determined. In certain embodiments, the term “about”
or “approximately” means within 1, 2, 3, or 4 standard deviations. In certain
embodiments, the term “about” or “approximately” means within 50%, 20%, 15%, 10%,

9%, 8%, 1%, 6%, S%, 4%, 3%, 2%, 1%, 0.5%, or 0.05% of a given value or range.

ROMIDEPSIN
[0053] Romidepsin is a natural product which was isolated from Chromobacterium
violaceum by Fujisawa Pharmaceuticals (Published Japanese Patent Application No.
64872, U.S. Patent 4,977,138, issued December 11, 1990, Ueda et al., J. Antibiot
(Tokyo) 47:301-310, 1994; Nakajima et al., Exp Cell Res 241:126-133, 1998; and WO
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02/20817; each of which is incorporated herein by reference. It is a bicyclic peptide
consisting of four amino acid residues (D-valine, D-cysteine, dehydrobutyrine, and L-
valine) and a novel acid (3-hydroxy-7-mercapto-4-heptenoic acid) containing both
amide and ester bonds. In addition to the production from C. violaceum using
fermentation, romidepsin can also be prepared by synthetic or semi-synthetic means.
The total synthesis of romidepsin reported by Kahn et al. involves 14 steps and yields
romidepsin in 18% overall yield (Kahn et al. J. Am. Chem. Soc. 118:7237-7238, 1996).
[0054] The chemical name of romidepsin is (15,4S,7Z,10S,16E,21R)-7-ethylidene-
4,21-bis(1-methylethyl)-2-oxa-12,13-dithia-5,8,20,23-tetrazabicyclo[8.7.6]tricos-16-
ene-3,6,9,19,22-pentone. The empirical formula is Co4H36N406S,. The molecular

weight is 540.71. At room temperature, romidepsin is a white powder.

[0055] It’s structure is shown below (formula I):
i
S
CHy HNT S CH;
Lo b s

(D.
[0056] Romidepsin has been shown to have anti-microbial, immunosuppressive, and
anti-tumor activities. It was tested, for example, for use in treating patients with
hematological malignancies (e.g, cutaneous T-cell lymphoma (CTCL), peripheral T-cell
lymphoma (PTCL), multiple myeloma, etc.) and solid tumors (e.g., prostate cancer,
pancreatic cancer, efc.) and is thought to act by selectively inhibiting deacetylases (e.g.,
histone deacetylase, tubulin deacetylase), thus promising new targets for the
development of a new class of anti-cancer therapies (Nakajima et al., Exp Cell Res
241:126-133, 1998). One mode of action of romidepsin involves the inhibition of one or
more classes of histone deacetylases (HDAC). Preparations and purification of
romidepsin is described, for example, in U.S. Patent 4,977,138 and International PCT
Application Publication WO 02/20817, each of which is incorporated herein by
reference.
[0057] Exemplary forms of romidepsin include, but are not limited to, salts, esters,

pro-drugs, isomers, stereoisomers (e.g., enantiomers, diastereomers), tautomers,

10
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protected forms, reduced forms, oxidized forms, derivatives, and combinations thereof,
with the desired activity (e.g., deacetylase inhibitory activity, aggressive inhibition,
cytotoxicity). In certain embodiments, romidepsin is a pharmaceutical grade material
and meets the standards of the U.S. Pharmacopoeia, Japanese Pharmacopoeia, or
European Pharmacopoeia. In certain embodiments, the romidepsin is at least 95%, at
least 98%, at least 99%, at least 99.9%, or at least 99.95% pure. In certain
embodiments, the romidepsin is at least 95%, at least 98%, at least 99%, at least 99.9%,
or at least 99.95% monomeric. In certain embodiments, no impurities are detectable in
the romidepsin materials (e.g., oxidized material, reduced material, dimerized or
oligomerized material, side products, efc.). Romidepsin typically includes less than
1.0%, less than 0.5%, less than 0.2%, or less than 0.1% of total other unknowns. The
purity of romidepsin may be assessed by appearance, HPLC, specific rotation, NMR
spectroscopy, IR spectroscopy, UV/Visible spectroscopy, powder x-ray diffraction
(XRPD) analysis, elemental analysis, LC-mass spectroscopy, or mass spectroscopy.

[0058] In one embodiment, romidepsin is a derivative of romidepsin of the formula

an):
[+] Ry

Ras, s}
w f’d o
° N\Rs R X
N/Rs 0,

(T
[O)\T/

5
\ Ry

s

(I)

wherein

nis 1, 2,3 or4;

nis 0, 1, 2 or 3;

p and q are independently 1 or 2;

X is 0, NH, or NRg;

Ri, Ry, and R3 are independently hydrogen, unsubstituted or substituted,
branched or unbranched, cyclic or acyclic aliphatic; unsubstituted or substituted,
branched or unbranched, cyclic or acyclic heteroaliphatic; unsubstituted or substituted

aryl; or unsubstituted or substituted heteroaryl; and R4, Rs, Rg, R; and Ry are

11
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independently hydrogen, or substituted or unsubstituted, branched or unbranched, cyclic
or acyclic aliphatic; and pharmaceutically acceptable forms thereof.

[0059] In one embodiment, mis 1,nis 1, pis 1, qis 1, X is 0, Ry, R2, and R3 are
unsubstituted or substituted, branched or unbranched acyclic aliphatic. In one
embodiment, R4, R5, Rg and R are all hydrogen.

[0060] In one embodiment, the derivative of romidepsin is of the formula (III):

o Y
RZW/L )\fo
N T
0. N
“Rs Re X

(I1I)
wherein:

mis1,2,3or4;

nis 0,1, 2 or3;

qis2or3;

X is 0, NH, or NRg;

Y is ORB, or SRg;

R, and Rj are independently hydrogen, unsubstituted or substituted, branched
or unbranched, cyclic or acyclic aliphatic, unsubstituted or substituted, branched or
unbranched, cyclic or acylic heteroaliphatic, unsubstituted or substituted aryl or
unsubstituted or substituted heteroaryl;

R4, Rs, Rg, R7 and Ry are independently selected from hydrogen or
substituted or unsubstituted, branched or unbranched, cyclic or acyclic aliphatic, and
pharmaceutically acceptable forms thereof.

[0061] In one embodiment, mis 1, nis 1, q is 2, X is NH and R, and Rj are
unsubstituted or substituted, branched or unbranched, acyclic aliphatic. In one
embodiment, R4, Rs, Rg and R; are all hydrogen.

[0062] In one embodiment, the derivative of romidepsin is of the formula (IV):

12
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x\\j@
)v

————— A (IV)
wherein:

A is a moiety that is cleaved under physiological conditions to yield a thiol
group and includes, for example, an aliphatic or aromatic acyl moiety (to form a
thioester bond), an aliphatic or aromatic thioxy (to form a disulfide bond), or the like,
and pharmaceutically acceptable forms thereof. Such aliphatic or aromatic groups can
include a substituted or unsubstituted, branched or unbranched, cyclic or acyclic
aliphatic group, a substituted or unsubstituted aromatic group, a substituted or
unsubstituted heteroaromatic group, or a substituted or unsubstituted heterocyclic group.
A can be, for example, -COR, -SC(=0)-0-R, or —SR;

R is independently hydrogen, substituted or unsubstituted amino, substituted
or unsubstituted, branched or unbranched, cyclic or acyclic aliphatic, substituted or
unsubstituted aromatic group, substituted or unsubstituted heteroaromatic group, or a
substituted or unsubstituted heterocyclic group. In one embodiment, R; is hydrogen,
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, benzyl, or bromobenzyl;

R, is a substituted or unsubstituted, branched or unbranched, cyclic or
acyclic aliphatic group, a substituted or unsubstituted aromatic group, a substituted or
unsubstituted heteroaromatic group, or a substituted or unsubstituted heterocyclic group.
[0063] In one embodiment, R, is methyl, ethyl, 2- hydroxyethyl, isobutyl, a fatty
acid, a substituted or unsubstituted benzyl, a substituted or unsubstituted aryl, cysteine,
homocysteine, or glutathione.

[0064] In one embodiment, the derivative of romidepsin is of formula (V) or (V*):

13
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0 0

/éL ’ )
36
SPr
NR
P Rz"S{\
o
Ry o
o
(0] Re
A

Rs
Y NRg RgN
I 0]
Rz Irzs
NRg R NRg
o]
R4

V), )
wherein

each of Ry, Ry, R3 and Ry is the same or different and represent an amino
acid side chain moiety;

each Rg is the same or different and represents hydrogen or (C1-Cs)alkyl; and

Pr' and Pr? are the same or different and represent hydrogen or thiol-
protecting group.
[0065] In one embodiment, the amino acid side chain moieties are those derived
from natural amino acids. In one embodiment, the amino acid side chain moieties are
those derived from unnatural amino acids.
[0066] In one embodiment, each amino acid side chain is a moiety selected from
hydrogen, (C;-Cg)alkyl, (C,-Cg)alkenyl, -L-O-C(0)-R', -L-C(0)-0-R", -L-A, -L-NR"R",
-L-Het-C(0)-Het-R", and —L-Het-R", wherein L is a (C;-Ce)alkylene group, A is phenyl
or a 5- or 6-membered heteroaryl group, each R'is the same or different and represents
(C1-Cy)alkyl, each R" is the same or different and represent H or (C;-C¢)alkyl, each
-Het- is the same or different and is a heteroatom spacer selected from —0-, -N(R"")-, and
—S-, and each R" is the same of different and represents hydrogen or (C;-Cs)alkyl.
[0067] In one embodiment, Rg is hydrogen.
[0068] In one embodiment, Pr' and Pr? are the same or different and are selected
from hydrogen and a protecting group selected from a benzyl group which is optionally
substituted by (C;-Cg)alkoxy, (C1-Cg)acyloxy, hydroxy, nitro, picolyl, picolyl-N-oxide,
anthrylmethyl, diphenylmethyl, phenyl, t-butyl, adamanthyl, (C;-Ces)acyloxymethyl,
(C1-Cg)alkoxymethyl, tetrahydropyranyl, benzylthiomethyl, phenylthiomethyl,
thiazolidine, acetamidemethyl, benzamidomethyl, tertiary butoxycarbonyl (BOC), acetyl
and its derivatives, benzoyl and its derivatives, carbamoyl, phenylcarbamoyl, and

(C-Cg)alkylcarbamoyl. In one embodiment, Pr! and Pr? are hydrogen.
y y ydrog
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[0069] Various romidepsin derivatives of formula (V) and (V') are disclosed in PCT
application publication WO 2006/129105, published December 7, 2006, which is

incorporated herein by reference.

METHODS OF USE
[0070] In one embodiment, provided herein are methods of treating cancer in a
cancer patient by overcoming resistance of a cancer cell to a drug, comprising
administering to the patient an effective amount of (i) an EGFR tyrosine kinase inhibitor
or a B-Raf kinase inhibitor, and (ii) an HDAC inhibitor. In one embodiment, the EGFR
tyrosine kinase inhibitor or the B-Raf kinase inhibitor, and the HDAC inhibitor are
administered simultaneously. In another embodiment, the HDAC inhibitor is
administered after pretreatment with the EGFR tyrosine kinase inhibitor or the B-Raf
kinase inhibitor.
[0071] In another embodiment, provided herein are methods for overcoming drug-
resistance of a cancer cell in a patient, comprising administering to the patient an
effective amount of (i) an EGFR tyrosine kinase inhibitor or a B-Raf kinase inhibitor,
and (i1) an HDAC inhibitor. In one embodiment, the EGFR tyrosine kinase inhibitor or
the B-Raf kinase inhibitor, and the HDAC inhibitor are administered simultaneously. In
another embodiment, the HDAC inhibitor is administered after pretreatment with the
EGFR tyrosine kinase inhibitor or the B-Raf kinase inhibitor.
[0072] HDAC inhibitors for use in methods provided herein include, but are not
limited to, trichostatin A (TSA), Vorinostat (SAHA), Valproic Acid (VPA), romidepsin
and MS-275. In one embodiment, the HDAC inhibitor is romidepsin.
[0073] In another embodiment, the drug is a EGFR tyrosine kinase inhibitor. EGFR
tyrosine kinase inhibitors suitable for use in the methods provided herein include, but
are not limited to, Erlotinib, Getifinib, Lapatinib, Afatinib, Canertinib, Neratinib,
Pelitinib, CP-724714, CUDC-101, and WZ4002. In one embodiment, the EGFR
tyrosine kinase inhibitor is Erlotinib.
[0074] In yet another embodiment, the drug is a B-Raf kinase inhibitor. B-Raf
kinase inhibitors suitable for use in the methods provided herein include, but are not
limited to, Vemurafenib (PLLX4032), Sorafenib (AZ628), Dabrafenib, PLX4720, GDC-
0879, RAF-265, and SB690885. In one embodiment, the B-Raf kinase inhibitor is

Vemurafenib. In another embodiment, the B-Raf kinase inhibitor is Sorafenib.
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[0075] In one embodiment, cancers that can be treated by the methods provided
herein are solid tumors. In some such embodiments the disclosure relates to treatment
of solid tumors such as lung, skin, breast, colon, liver, pancreas, renal, prostate, ovarian,
and/or brain. In some embodiments, the disclosure relates to treatment of a lung cancer.
In some embodiments, the disclosure relates to treatment of a skin cancer.

[0076] In one embodiment, the skin cancer that can be treated by the methods
provided herein is melanoma. In one embodiment, the lung cancer that can be treated by
the methods provided herein is a non-small cell lung cancer.

[0077] An HDAC inhibitor may be administered using different routes of
administration including, but not limited to, oral, rectal, transmucosal, transdermal,
intestinal, and parenteral. In one embodiment, the HDAC inhibitor is romidepsin.
[0078] In one embodiment, romidepsin is administered intravenously. In one
embodiment, romidepsin is administered intravenously over a time period less than
about 1 hour. In one embodiment, romidepsin is administered intravenously over a 1-6
hour period. In one embodiment, romidepsin is administered intravenously over a 3-4
hour period. In one embodiment, romidepsin is administered intravenously over a 5-6
hour period. In one embodiment, romidepsin is administered intravenously over a 4
hour period.

[0079] In one embodiment, romidepsin is administered intravenously in a dose
ranging from 0.5 mg/m?to 28 mg/m®. In one embodiment, romidepsin is administered
in a dose ranging from 0.5 rng/mzto 5 mg/mz. In one embodiment, romidepsin is
administered in a dose ranging from 1 rng/rn2 to 25 mg/rn2. In one embodiment,
romidepsin is administered in a dose ranging from 1 rng/rn2 to 20 rng/mz. In one
embodiment, romidepsin is administered in a dose ranging from 1 mg/m2 to 15 rng/rnz.
In one embodiment, romidepsin is administered in a dose ranging from 2 rng/m2 to 15
mg/mz. In one embodiment, romidepsin is administered in a dose ranging from 2 mg/m2
to 12 mg/mz. In one embodiment, romidepsin is administered in a dose ranging from 4
mg/m2 to 12 mg/mz. In one embodiment, romidepsin is administered in a dose ranging
from 6 mg/m2 to 12 mg/mz. In one embodiment, romidepsin is administered in a dose
ranging from 8 mg/m2 to 12 mg/mz. In one embodiment, romidepsin is administered in
a dose ranging from 8 rng/m2 to 10 mg/mz. In one embodiment, romidepsin is
administered in a dose of about 8 mg/mz. In one embodiment, romidepsin is

administered in a dose of about 9 mg/m*. In one embodiment, romidepsin is
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administered in a dose of about 10 mg/m?. In one embodiment, romidepsin is
administered in a dose of about 11 rng/rnz. In one embodiment, romidepsin is
administered in a dose of about 12 mg/m®. In one embodiment, romidepsin is
administered in a dose of about 13 rng/rnz. In one embodiment, romidepsin is
administered in a dose of about 14 mg/mz. In one embodiment, romidepsin is
administered in a dose of about 15 rng/rnz.

[0080] In one embodiment, romidepsin is administered in a dose of 14 rng/rn2 as an
IV infusion over a 4 hour period on days 1, 8 and 15 of the 28 day cycle. In one
embodiment, the cycle is repeated every 28 days.

[0081] In one embodiment, increasing doses of romidepsin are administered over
the course of a cycle. In one embodiment, the dose of about 8 mg/m2 followed by a dose
of about 10 rng/rnz, followed by a dose of about 12 mg/m2 1s administered over a cycle.
[0082] In one embodiment, romidepsin is administered intravenously in a dose
ranging from 0.05 rng/rn2 to 5 mg/mZ. In one embodiment, romidepsin is administered
in a dose ranging from 0.1 mg/rn2 to 4 rng/rnz. In one embodiment, romidepsin is
administered in a dose ranging from 0.5 mg/m? to 2.5 mg/m”. In one embodiment,
romidepsin is administered in a dose ranging from 1 rng/rn2 to 2 mg/mz. In one
embodiment, romidepsin is administered in a dose of about 0.1 mg/m”. In one
embodiment, romidepsin is administered in a dose of about 0.5 rng/rnz. In one
embodiment, romidepsin is administered in a dose of about 1.0 mg/m”. In one
embodiment, romidepsin is administered in a dose of about 2.0 rng/rnz. In one
embodiment, romidepsin is administered in a dose of about 3.0 rng/rnz. In one
embodiment, romidepsin is administered in a dose of about 4.0 rng/rnz. In one
embodiment, romidepsin is administered in a dose of about 5.0 rng/rnz.

[0083] In one embodiment, romidepsin is administered in a dose of 0.5 mg/m2 over
a 4 hour iv infusion on days 1, 8 and 15 of the 28 day cycle. In one embodiment,
romidepsin is administered in a dose of 1.0 mg/m2 over a 4 hour iv infusion on days 1, 8
and 15 of the 28 day cycle. In one embodiment, romidepsin is administered in a dose of
2.0 mg/m2 over a 4 hour iv infusion on days 1, 8 and 15 of the 28 day cycle. In one
embodiment, romidepsin is administered in a dose of 3.0 rng/rn2 over a 4 hour iv
infusion on days 1, 8 and 15 of the 28 day cycle. In one embodiment, romidepsin is
administered in a dose of 4.0 mg/rn2 over a 4 hour iv infusion on days 1, 8 and 15 of the

28 day cycle. In one embodiment, romidepsin is administered in a dose of 5.0 mg/m?
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over a 4 hour iv infusion on days 1, 8 and 15 of the 28 day cycle. In one embodiment,
the cycle is repeated every 28 days.

[0084] In one embodiment, increasing doses of an HDAC inhibitor are administered
over the course of a cycle. In one embodiment, the dose of about 1.0 rng/rn2 followed by
a dose of about 3.0 rng/rnz, followed by a dose of about 5.0 rng/rn2 is administered over a
cycle.

[0085] In one embodiment, romidepsin is administered orally. In one embodiment,
romidepsin is administered in a dose ranging from 0.1 mg/m2 to 10 mg/mz. In one
embodiment, romidepsin is administered in a dose ranging from 0.5 mg/m2 to 5.0
mg/mz. In one embodiment, romidepsin is administered in a dose ranging from 1.0
mg/m2 to 4.0 mg/m2. In one embodiment, romidepsin is administered in a dose ranging
from 2.5 rng/m2 to 3.5 mg/mZ.

[0086] In another embodiment, romidepsin is administered orally in a dose ranging
from 10 rng/rn2 to 300 mg/ml. In one embodiment, romidepsin is administered in a dose
ranging from 15 mg/m2 to 250 rng/rnz. In one embodiment, romidepsin is administered
in a dose ranging from 20 mg/m* to 200 mg/m*. In one embodiment, romidepsin is
administered in a dose ranging from 25 mg/m2 to 150 rng/rnz. In one embodiment,
romidepsin is administered in a dose ranging from 25 mg/m* to 100 mg/m*. In one
embodiment, romidepsin is administered in a dose ranging from 25 rng/rn2 to 75 rng/rnz.
[0087] In one embodiment, romidepsin is administered orally on a daily basis. In
certain embodiments, romidepsin is dosed orally in the range of 10 rng/rn2 to 300
mg/m2. In certain embodiments, romidepsin is dosed orally in the range of 25 rng/rn2 to
100 rng/rnz. In certain embodiments, romidepsin is dosed orally in the range of 100
mg/rn2 to 200 mg/m?. In certain embodiments, romidepsin is dosed orally in the range
of 200 mg/m2 to 300 rng/mz. In certain embodiments, romidepsin is dosed orally at
greater than 300 mg/mz. In certain embodiments, romidepsin is dosed orally in the
range of 50 rng/rn2 to 150 mg/mz. In other embodiments, the oral dosage ranges from 25
mg/m2 to 75 mg/mz. In one embodiment, romidepsin is administered orally every other
day. In one embodiment, romidepsin is administered orally every third, fourth, fifth, or
sixth day. In one embodiment, romidepsin is administered orally every week. In one

embodiment, romidepsin is administered orally every other week.
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[0088] In one embodiment, romidepsin is administered orally in a dose of 50 mg/m”
on days 1, 8 and 15 of the 28 day cycle. In one embodiment, the cycle is repeated every
28 days.

[0089] In one embodiment, increasing doses of romidepsin are administered over
the course of a cycle. In one embodiment, the dose of about 25 rng/rn2 followed by a
dose of about 50 mg/mz, followed by a dose of about 75 mg/m2 is administered over a
cycle.

[0090] In one embodiment, one cycle comprises the administration of from about 25
to about 150 mg/m2 of romidepsin daily for three to four weeks and then one or two
weeks of rest. In one embodiment, the number of cycles during which the treatment is
administered to a patient will be from about one to about 40 cycles, or from about one to
about 24 cycles, or from about two to about 16 cycles, or from about four to about three
cycles.

[0091] In one embodiment, romidepsin is administered to a cancer patient in
combination with an EGFR tyrosine kinase inhibitor. An EGFR tyrosine kinase inhibitor
may be administered using different routes of administration including, but not limited
to, oral, rectal, transmucosal, transdermal, intestinal, and parenteral. In one embodiment,
the EGFR tyrosine kinase inhibitor is Erlotinib.

[0092] In one embodiment, Erlotinib is administered orally. In one embodiment,
Erlotinib is administered in a dose ranging from 1 mg/day to 500 mg/day. In one
embodiment, Erlotinib is administered in a dose ranging from 10 mg/day to 450 mg/day.
In one embodiment, Erlotinib is administered in a dose ranging from 25 mg/day to 250
mg/day. In one embodiment, Erlotinib is administered in a dose ranging from 50
mg/day to 150 mg/day. In one embodiment, Erlotinib is administered in a dose of 25
mg/day. In one embodiment, Erlotinib is administered in a dose of 50 mg/day. In one
embodiment, Erlotinib is administered in a dose of 75 mg/day. In one embodiment,
Erlotinib is administered in a dose of 100 mg/day. In one embodiment, Erlotinib is
administered in a dose of 125 mg/day. In one embodiment, Erlotinib is administered in
a dose of 150 mg/day.

[0093] In one embodiment, the dose of romidepsin is about 0.05 mg/m2 to 5 mg/m2
and the dose of Erlotinib is about 25 mg/day to about 250 mg/day. In another
embodiment, the dose of romidepsin is about 0.5 mg/m2 to 2.5 rng/rn2 and the dose of

Erlotinib is about 50 mg/day to about 150 mg/day. In yet another embodiment, the dose
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of romidepsin is about 2.5 mg/m* and the dose of Erlotinib is about 150 mg/day. In one
embodiment, romidepsin and Erlotinib are administered to the cancer patient
simultaneously. In another embodiment, romidepsin is administered to the cancer patient
after the patient was pretreated with Erlotinib. In one embodiment, the cancer patient is
a non-small cell lung cancer patient.

[0094] In another embodiment, the dose of romidepsin is about 5 mg/rn2 to 15
mg/m2 and the dose of Erlotinib is about 25 mg/day to about 250 mg/day. In another
embodiment, the dose of romidepsin is about 8 mg/m2 to 12 mg/m2 and the dose of
Erlotinib is about 50 mg/day to about 150 mg/day. In yet another embodiment, the dose
of romidepsin is about 10 rng/rn2 and the dose of Erlotinib is about 150 mg/day. In one
embodiment, romidepsin and Erlotinib are administered to the cancer patient
simultaneously. In another embodiment, romidepsin is administered to the cancer
patient after the patient was pretreated with Erlotinib. In one embodiment, the cancer
patient is a non-small cell lung cancer patient.

[0095] In one embodiment, romidepsin is administered to a cancer patient in
combination with a B-Raf kinase inhibitor. The B-Raf kinase inhibitor may be
administered using different routes of administration including, but not limited to, oral,
rectal, transmucosal, transdermal, intestinal, and parenteral. In one embodiment, B-Raf
kinase inhibitor is Vemurafenib.

[0096] In one embodiment, Vemurafenib is administered orally. In one embodiment,
Vemurafenib is administered in a dose ranging from 10 mg/day to 3500 mg/day. In one
embodiment, Vemurafenib is administered in a dose ranging from 50 mg/day to 3000
mg/day. In one embodiment, Vemurafenib is administered in a dose ranging from 500
mg/day to 2500 mg/day. In one embodiment, Vemurafenib is administered in a dose
ranging from 900 mg/day to 2000 mg/day. In one embodiment, Vemurafenib is
administered in a dose of 160 mg/day. In one embodiment, Vemurafenib is
administered in a dose of 200 mg/day. In one embodiment, Vemurafenib is
administered in a dose of 500 mg/day. In one embodiment, Vemurafenib is
administered in a dose of 960 mg/day. In one embodiment, Vemurafenib is
administered in a dose of 1600 mg/day. In one embodiment, Vemurafenib is
administered in a dose of 3200 mg/day.

[0097] In one embodiment, the dose of romidepsin is about 0.05 rng/rn2 to 5.0

mg/m” and the dose of Vemurafenib is about 500 mg/day to about 2500 mg/day. In
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another embodiment, the dose of romidepsin is about 0.5 mg/m” to 2.5 mg/m” and the
dose of Vemurafenib is about 900 mg/day to about 2000 mg/day. In yet another
embodiment, the dose of romidepsin is about 2.5 mg/m” and the dose of Vemurafenib is
about 960 mg/day. In one embodiment, romidepsin and Vemurafenib are administered
to the cancer patient simultaneously. In another embodiment, romidepsin is
administered to the cancer patient after the patient was pretreated with Vemurafenib.

In one embodiment, the cancer patient is a melanoma patient.

[0098] In another embodiment, the dose of romidepsin is about 5 rng/rn2 to 15.0
mg/m2 and the dose of Vemurafenib is about 500 mg/day to about 2500 mg/day. In
another embodiment, the dose of romidepsin is about 8 rng/m2 to 12 mg/m2 and the dose
of Vemurafenib is about 900 mg/day to about 2000 mg/day. In yet another embodiment,
the dose of romidepsin is about 10 rng/rn2 and the dose of Vemurafenib is about 960
mg/day. In one embodiment, romidepsin and Vemurafenib are administered to the
cancer patient simultaneously. In another embodiment, romidepsin is administered to the
cancer patient after the patient was pretreated with Vemurafenib. In one embodiment,
the cancer patient is a melanoma patient.

[0099] In one embodiment, romidepsin is administered to a cancer patient in
combination with Sorafenib.

[00100] In one embodiment, Sorafenib is administered orally. In one embodiment,
Sorafenib is administered in a dose ranging from 1 mg/day to 2500 mg/day. In one
embodiment, Sorafenib is administered in a dose ranging from 50 mg/day to 2000
mg/day. In one embodiment, Sorafenib is administered in a dose ranging from 75
mg/day to 1500 mg/day. In one embodiment, Sorafenib is administered in a dose
ranging from 100 mg/day to 1000 mg/day. In one embodiment, Sorafenib is
administered in a dose of 100 mg/day. In one embodiment, Sorafenib is administered in
a dose of 200 mg/day. In one embodiment, Sorafenib is administered in a dose of 400
mg/day. In one embodiment, Sorafenib is administered in a dose of 600 mg/day. In one
embodiment, Sorafenib is administered in a dose of 800 mg/day. In one embodiment,
Sorafenib is administered in a dose of 1000 mg/day.

[00101] In one embodiment, the dose of romidepsin is about 0.05 mg/m2 to 5.0
mg/m2 and the dose of Sorafenib is about 1 mg/day to about 1500 mg/day. In another
embodiment, the dose of romidepsin is about 0.5 mg/m2 to 2.5 rng/rn2 and the dose of

Sorafenib is about 100 mg/day to about 1000 mg/day. In yet another embodiment, the
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dose of romidepsin is about 2.5 mg/m? and the dose of Sorafenib is about 800 mg/day.
In one embodiment, romidepsin and Sorafenib are administered to the cancer patient
simultaneously. In another embodiment, romidepsin is administered to the cancer patient
after the patient was pretreated with Sorafenib. In one embodiment, the cancer patient is
a melanoma patient.

[00102] In one embodiment, the dose of romidepsin is about 5 mg/m2 to 15 rng/rn2
and the dose of Sorafenib is about 1 mg/day to about 1500 mg/day. In another
embodiment, the dose of romidepsin is about 8 mg/m2 to 12 mg/m2 and the dose of
Sorafenib is about 100 mg/day to about 1000 mg/day. In yet another embodiment, the
dose of romidepsin is about 10 rng/rn2 and the dose of Sorafenib is about 800 mg/day.

In one embodiment, romidepsin and Sorafenib are administered to the cancer patient
simultaneously. In another embodiment, romidepsin is administered to the cancer
patient after the patient was pretreated with Sorafenib. In one embodiment, the cancer
patient is a melanoma patient.

[00103] In one embodiment, provided herein are methods for inhibiting or preventing
proliferation of drug-tolerant persisters (DTP) resistant to EGFR tyrosine kinase
inhibitors or serine/threonine protein kinase B-Raf kinase inhibitors, comprising
contacting the DTPs with (i) an EGFR tyrosine kinase inhibitor or a B-Raf kinase
inhibitor, and (ii) an HDAC inhibitor. In one embodiment, the EGFR tyrosine kinase
inhibitor or the B-Raf kinase inhibitor, and the HDAC inhibitor are co-administered to
the DTPs simultaneously. In another embodiment, the HDAC inhibitor is administered
to the DTPs after pretreatment with the EGFR tyrosine kinase inhibitor or the B-Raf
kinase inhibitor.

[00104] In one embodiment, provided herein are methods for inhibiting or preventing
formation of colonies of drug-tolerant expanded persisters (DTEP) resistant to EGFR
tyrosine kinase inhibitors or B-Raf kinase inhibitors, comprising contacting the DTEPs
with (i) an EGFR tyrosine kinase inhibitor or a B-Raf kinase inhibitor, and (i1) an
HDAC inhibitor. In one embodiment, the EGFR tyrosine kinase inhibitor or the B-Raf
kinase inhibitor, and the HDAC inhibitor are co-administered to the DTEPs
simultaneously. In another embodiment, the HDAC inhibitor is administered to the
DTEPs after pretreatment with an EGFR tyrosine kinase inhibitor or a B-Raf kinase

inhibitor.
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[00105] In one embodiment, the cancer cells, DTPs or DTEPs are cancer cells of any
origin.

[00106] In one embodiment, the cancer cell line is any cancer cell line. In another
embodiment, the cancer cell line is a melanoma cancer cell line or a non-small cell lung
cancer (NSCLC) cell line. In one embodiment, the melanoma cancer cell line is M14. In
another embodiment, the NSCLC cancer cell line is HCC827.

[00107] In one embodiment, the EGFR tyrosine kinase inhibitor is any EGFR
tyrosine kinase inhibitor. EGFR tyrosine kinase inhibitors suitable for use in the
methods provided herein include, but are not limited to, Erlotinib, Getifinib, Lapatinib,
Afatinib, Canertinib, Neratinib, Pelitinib, CP-724714, CUDC-101, and WZ4002. In one
embodiment, the EGFR tyrosine kinase inhibitor is Erlotinib.

[00108] In one embodiment, B-Raf kinase inhibitor is any B-Raf kinase inhibitor.
B-Raf kinase inhibitors suitable for use in the methods provided herein include, but are
not limited to, Vemurafenib (PLX4032), Sorafenib (AZ628), Dabrafenib, PLX-4720,
GDC-0879, RAF-265, and SB690885. In one embodiment, the B-Raf kinase inhibitor
is Vemurafenib. In another embodiment, the B-Raf kinase inhibitor is Sorafenib.
[00109] HDAC inhibitors for use in methods provided herein include, but are not
limited to, trichostatin A (TSA), Vorinostat (SAHA), Valproic Acid (VPA), romidepsin
and MS-275. In one embodiment, the HDAC inhibitor is romidepsin.

[00110] In one embodiment, cells are treated with a sufficient concentration of (i) an
EGFR tyrosine kinase inhibitor or a B-Raf kinase inhibitor, and (ii) an HDAC inhibitor
to kill the cells. In one embodiment, a sufficient concentration of (i) an EGFR tyrosine
kinase inhibitor or a B-Raf kinase inhibitor, and (ii) an HDAC inhibitor is used to
prevent cell growth. In one embodiment, the cells are DTPs. In another embodiment,
the cells are DTEPs. In one embodiment, the cells are in a cancer patient.

[00111] In one embodiment, in the methods provided herein romidepsin is used in the
concentration that ranges from about 0.01 nM to about 100 nM. In another embodiment,
the concentration of the romidepsin ranges from about 0.1 nM to about 10 nM. In
another embodiment, the concentration of the romidepsin ranges from about 0.5 nM to
about 5 nM. In one embodiment, the concentration of the romidepsin is about 0.1 nM,
about 0.5 nM, about 1 nM, about 1.5 nM, about 2.0 nM, about 2.5 nM, about 3.0 nM,
about 3.5 nM, about 4.0 nM, about 4.5 nM, or about 5.0 nM.
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[00112] In one embodiment, in the methods provided herein, cells are treated with the
romidepsin within a period of time from 0 days to 45 days. In one embodiment, the
cells are treated with the romidepsin every three days of the 45-day cycle. In one
embodiment, the cells are treated with the romidepsin on day 0, on day 3, on day 6, on
day 9, on day 12, on day 15, on day 18, on day 21, on day 24, on day 27, on day 30, on
day 33, on day 36, on day 39, on day 42, and on day 45 of the 45-day cycle. In one
embodiment, the cells are treated with the romidepsin on day 0, on day 3, on day 6, on
day 9, on day 15, on day 27, on day 33, and on day 45 of the 45-day cycle. In one
embodiment, the cells are in a cancer patient.

[00113] In one embodiment, cells are treated with a drug. In one embodiment, the
drug is EGFR tyrosine kinase inhibitor. In one embodiment, the EGFR tyrosine kinase
inhibitor is Erlotinib. In one embodiment, the cells are in a cancer patient.

[00114] In one embodiment, the concentration of Erlotinib is about 0.1 uM to about
50 uM. In one embodiment, the concentration of Erlotinib is about 0.5 uM to about 25
uM. In one embodiment, the concentration of Erlotinib is about 1 uM to about 5 uM. In
one embodiment, the concentration of Erlotinib is about 1 uM, about 2 uM, about 3 uM,
about 4 uM, or about 5 uM.

[00115] In one embodiment, the drug is B-Raf kinase inhibitor. In one embodiment,
the B-Raf kinase inhibitor is Vemurafenib. In another embodiment, the B-Raf kinase
inhibitor is Sorafenib. In one embodiment, the cells are in a cancer patient.

[00116] In one embodiment, the concentration of Vemurafenib or Sorafenib is about
0.1 uM to about 50 uM. In one embodiment, the concentration of Vemurafenib or
Sorafenib is about 0.5 pM to about 25 uM. In one embodiment, the concentration of
Vemurafenib or Sorafenib is about 1 uM to about 5 uM. In one embodiment, the
concentration of Vemurafenib or Sorafenib is about 1 uM, about 2 uM, about 3 uM,
about 4 uM, or about 5 uM.

[00117] In one embodiment, in the methods provided herein, cells are treated with a
drug within a period of time from 0 days to 45 days. In one embodiment, the drug is
Erlotinib, Vemurafenib, or Sorafenib. In one embodiment, cells are treated with
Erlotinib, Vemurafenib, or Sorafenib every three days of the 45-day cycle. In one
embodiment, the cells are treated with Erlotinib, Vemurafenib, or Sorafenib on day 0, on
day 3, on day 6, on day 9, on day 12, on day 15, on day 18, on day 21, on day 24, on day
27, on day 30, on day 33, on day 36, on day 39, on day 42, and on day 45 of the 45-day
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cycle. In one embodiment, cells are treated with Vemurafenib or Sorafenib on day 0, on
day 3, on day 6, on day 9, on day 15, on day 27, on day 33, and on day 45 of the 45-day
cycle. In one embodiment, cells are treated with Erlotinib on day 0, on day 3, on day 6,
on day 9, on day 15, on day 19, on day 22, and on day 27 of the 45-day cycle. In one
embodiment, the cells are in a cancer patient.

[00118] In one embodiment, in the methods provided herein, cells are treated with a
combination of the romidepsin and a drug. In one embodiment, the drug and an HDAC
inhibitor are coadministered to the cells simultaneously. In another embodiment, an
HDAC inhibitor is administered to the cells after pretreatment with the drug. In one
embodiment, the drug is Erlotinib. In another embodiment, the drug is Vemurafenib. In
yet another embodiment, the drug is Sorafenib. In one embodiment, the cells are in a
cancer patient.

[00119] In one embodiment, cells are treated with the romidepsin in a concentration
from about 0.5 nM to about 5 nM in combination with Erlotinib in the concentration of
about 1 uM to about 5 uM on day 0, on day 3, on day 6, on day 9, on day 15, on day 19,
on day 22, and on day 27 of the 45-day cycle. In one embodiment, Erlotinib and
romidepsin are added to the cells simultaneously. In another embodiment, romidepsin is
added to the cells after pretreatment with Erlotinib. In one embodiment, the cells are
non-small cell lung cancer cell line HCC827 or non-small cell lung cancer cells. In one
embodiment, the cells are in a cancer patient.

[00120] In one embodiment, the cells are treated with romidepsin in a concentration
from about 0.5 nM to about 5 nM in combination with Vemurafenib in a concentration
of about 1 uM to about 5 uM on day 0, day 3, day 6, day 9, day 15, day 27, day 33, and
day 45 of the 45-day cycle. In one embodiment, Vemurafenib and romidepsin are added
to the cells simultaneously. In another embodiment, romidepsin is added to the cells
after pretreatment with Vemurafenib. In one embodiment, the cells are melanoma cell
line M14 or melanoma cells. In one embodiment, the cells are in a cancer patient.
[00121] In one embodiment, the cells are treated with romidepsin in a concentration
from about 0.5 nM to about 5 nM in combination with Sorafenib in a concentration of
about 1 uM to about 5 uM on day 0, day 3, day 6, day 9, day 15, day 27, day 33, and
day 45 of the 45-day cycle. In one embodiment, Sorafenib and romidepsin are added to

the cells simultaneously. In another embodiment, romidepsin is added to the cells after
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pretreatment with Sorafenib. In one embodiment, the cells are melanoma cell line M 14

or melanoma cells. In one embodiment, the cells are in a cancer patient.

COMPOSITIONS
[00122] Provided herein are pharmaceutical compositions comprising romidepsin as
an active ingredient, including an enantiomer, a mixture of enantiomers, a mixture of
two or more diastereomers, a tautomer, a mixture of two or more tautomers, or an
isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug; in combination with a pharmaceutically acceptable vehicle, carrier, diluent, or
excipient, or a mixture thereof.
[00123] Suitable excipients are well known to those skilled in the art, and non-
limiting examples of suitable excipients are provided herein. Whether a particular
excipient is suitable for incorporation into a pharmaceutical composition or dosage form
depends on a variety of factors well known in the art, including, but not limited to, the
method of administration. For example, oral dosage forms such as tablets may contain
excipients not suited for use in parenteral dosage forms. The suitability of a particular
excipient may also depend on the specific active ingredients in the dosage form. For
example, the decomposition of some active ingredients may be accelerated by some
excipients such as lactose, or when exposed to water. Active ingredients that comprise
primary or secondary amines are particularly susceptible to such accelerated
decomposition. Consequently, provided herein are pharmaceutical compositions and
dosage forms that contain little, if any, lactose other mono- or disaccharides. As used
herein, the term “lactose-free” means that the amount of lactose present, if any, is
insufficient to substantially increase the degradation rate of an active ingredient. In one
embodiment, lactose-free compositions comprise an active ingredient provided herein, a
binder/filler, and a lubricant. In another embodiment, lactose-free dosage forms
comprise an active ingredient, microcrystalline cellulose, pre-gelatinized starch, and
magnesium stearate.
[00124] The pharmaceutical compositions comprising romidepsin can be formulated
in various dosage forms for oral and parenteral administration.
[00125] In one embodiment, the pharmaceutical compositions are provided in a
dosage form for oral administration, which comprise romidepsin, including an

enantiomer, a mixture of enantiomers, a mixture of two or more diastereomers, a
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tautomer, a mixture of two or more tautomers, or an isotopic variant thereof; and a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof; and one or more
pharmaceutically acceptable excipients or carriers.

[00126] In another embodiment, the pharmaceutical compositions are provided in a
dosage form for parenteral administration, which comprise romidepsin including an
enantiomer, a mixture of enantiomers, a mixture of two or more diastereomers, a
tautomer, a mixture of two or more tautomers, or an isotopic variant thereof; and a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof; and one or more
pharmaceutically acceptable excipients or carriers.

[00127] The pharmaceutical compositions provided herein can be provided in a
unit-dosage form or multiple-dosage form. A unit-dosage form, as used herein, refers to
physically discrete a unit suitable for administration to a human and animal subject, and
packaged individually as is known in the art. Each unit-dose contains a predetermined
quantity of an active ingredient(s) sufficient to produce the desired therapeutic effect, in
association with the required pharmaceutical carriers or excipients. Examples of a
unit-dosage form include an ampoule, syringe, and individually packaged tablet and
capsule. For example, a 100 mg unit dose contains about 100 mg of an active ingredient
in a packaged tablet or capsule. A unit-dosage form may be administered in fractions or
multiples thereof. A multiple-dosage form is a plurality of identical unit-dosage forms
packaged in a single container to be administered in segregated unit-dosage form.
Examples of a multiple-dosage form include a vial, bottle of tablets or capsules, or
bottle of pints or gallons.

[00128] The pharmaceutical compositions provided herein can be administered at
once, or multiple times at intervals of time. It is understood that the precise dosage and
duration of treatment may vary with the age, weight, and condition of the patient being
treated, and may be determined empirically using known testing protocols or by
extrapolation from in vivo or in vitro test or diagnostic data. It is further understood that
for any particular individual, specific dosage regimens should be adjusted over time
according to the individual need and the professional judgment of the person

administering or supervising the administration of the formulations.

A. Oral Administration
[00129] The pharmaceutical compositions provided herein for oral administration can

be provided in solid, semisolid, or liquid dosage forms for oral administration. As used
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herein, oral administration also includes buccal, lingual, and sublingual administration.
Suitable oral dosage forms include, but are not limited to, tablets, fastmelts, chewable
tablets, capsules, pills, strips, troches, lozenges, pastilles, cachets, pellets, medicated
chewing gum, bulk powders, effervescent or non-effervescent powders or granules, oral
mists, solutions, emulsions, suspensions, wafers, sprinkles, elixirs, and syrups. In
addition to the active ingredient(s), the pharmaceutical compositions can contain one or
more pharmaceutically acceptable carriers or excipients, including, but not limited to,
binders, fillers, diluents, disintegrants, wetting agents, lubricants, glidants, coloring
agents, dye-migration inhibitors, sweetening agents, flavoring agents, emulsifying
agents, suspending and dispersing agents, preservatives, solvents, non-aqueous liquids,
organic acids, and sources of carbon dioxide.

[00130] Binders or granulators impart cohesiveness to a tablet to ensure the tablet
remaining intact after compression. Suitable binders or granulators include, but are not
limited to, starches, such as corn starch, potato starch, and pre-gelatinized starch (e.g.,
STARCH 1500); gelatin; sugars, such as sucrose, glucose, dextrose, molasses, and
lactose; natural and synthetic gums, such as acacia, alginic acid, alginates, extract of
Irish moss, panwar gum, ghatti gum, mucilage of isabgol husks,
carboxymethylcellulose, methylcellulose, polyvinylpyrrolidone (PVP), Veegum, larch
arabogalactan, powdered tragacanth, and guar gum; celluloses, such as ethyl cellulose,
cellulose acetate, carboxymethyl cellulose calcium, sodium carboxymethyl cellulose,
methyl cellulose, hydroxyethylcellulose (HEC), hydroxypropylcellulose (HPC),
hydroxypropyl methyl cellulose (HPMC); microcrystalline celluloses, such as
AVICEL-PH-101, AVICEL-PH-103, AVICEL RC-581, AVICEL-PH-105 (FMC Corp.,
Marcus Hook, PA); and mixtures thereof. Suitable fillers include, but are not limited
to, talc, calcium carbonate, microcrystalline cellulose, powdered cellulose, dextrates,
kaolin, mannitol, silicic acid, sorbitol, starch, pre-gelatinized starch, and mixtures
thereof. The amount of a binder or filler in the pharmaceutical compositions provided
herein varies upon the type of formulation, and is readily discernible to those of
ordinary skill in the art. The binder or filler may be present from about 50 to about 99%
by weight in the pharmaceutical compositions provided herein.

[00131]  Suitable diluents include, but are not limited to, dicalcium phosphate,
calcium sulfate, lactose, sorbitol, sucrose, inositol, cellulose, kaolin, mannitol, sodium

chloride, dry starch, and powdered sugar. Certain diluents, such as mannitol, lactose,
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sorbitol, sucrose, and inositol, when present in sufficient quantity, can impart properties
to some compressed tablets that permit disintegration in the mouth by chewing. Such
compressed tablets can be used as chewable tablets. The amount of a diluent in the
pharmaceutical compositions provided herein varies upon the type of formulation, and is
readily discernible to those of ordinary skill in the art.

[00132]  Suitable disintegrants include, but are not limited to, agar; bentonite;
celluloses, such as methylcellulose and carboxymethylcellulose; wood products; natural
sponge; cation-exchange resins; alginic acid; gums, such as guar gum and Veegum HV;
citrus pulp; cross-linked celluloses, such as croscarmellose; cross-linked polymers, such
as crospovidone; cross-linked starches; calcium carbonate; microcrystalline cellulose,
such as sodium starch glycolate; polacrilin potassium; starches, such as corn starch,
potato starch, tapioca starch, and pre-gelatinized starch; clays; aligns; and mixtures
thereof. The amount of a disintegrant in the pharmaceutical compositions provided
herein varies upon the type of formulation, and is readily discernible to those of
ordinary skill in the art. The amount of a disintegrant in the pharmaceutical
compositions provided herein varies upon the type of formulation, and is readily
discernible to those of ordinary skill in the art. The pharmaceutical compositions
provided herein may contain from about 0.5 to about 15% or from about 1 to about 5%
by weight of a disintegrant.

[00133] Suitable lubricants include, but are not limited to, calcium stearate;
magnesium stearate; mineral oil; light mineral oil; glycerin; sorbitol; mannitol; glycols,
such as glycerol behenate and polyethylene glycol (PEG); stearic acid; sodium lauryl
sulfate; talc; hydrogenated vegetable oil, including peanut oil, cottonseed oil, sunflower
oil, sesame oil, olive oil, corn oil, and soybean oil; zinc stearate; ethyl oleate; ethyl
laureate; agar; starch; lycopodium; silica or silica gels, such as AEROSIL® 200 (W.R.
Grace Co., Baltimore, MD) and CAB-O-SIL® (Cabot Co. of Boston, MA); and mixtures
thereof. The pharmaceutical compositions provided herein may contain about 0.1 to
about 5% by weight of a lubricant.

[00134]  Suitable glidants include, but are not limited to, colloidal silicon dioxide,
CAB-O-SIL® (Cabot Co. of Boston, MA), and asbestos-free talc. Suitable coloring
agents include, but are not limited to, any of the approved, certified, water soluble
FD&C dyes, and water insoluble FD&C dyes suspended on alumina hydrate, and color

lakes and mixtures thereof. A color lake is the combination by adsorption of a water-
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soluble dye to a hydrous oxide of a heavy metal, resulting in an insoluble form of the
dye. Suitable flavoring agents include, but are not limited to, natural flavors extracted
from plants, such as fruits, and synthetic blends of compounds which produce a pleasant
taste sensation, such as peppermint and methyl salicylate. Suitable sweetening agents
include, but are not limited to, sucrose, lactose, mannitol, syrups, glycerin, and artificial
sweeteners, such as saccharin and aspartame. Suitable emulsifying agents include, but
are not limited to, gelatin, acacia, tragacanth, bentonite, and surfactants, such as
polyoxyethylene sorbitan monooleate (TWEEN® 20), polyoxyethylene sorbitan
monooleate 80 (TWEEN® 80), and triethanolamine oleate. Suitable suspending and
dispersing agents include, but are not limited to, sodium carboxymethylcellulose, pectin,
tragacanth, Veegum, acacia, sodium carbomethylcellulose, hydroxypropyl
methylcellulose, and polyvinylpyrrolidone.

[00135] Suitable preservatives include, but are not limited to, glycerin, methyl and
propylparaben, benzoic add, sodium benzoate and alcohol. Suitable wetting agents
include, but are not limited to, propylene glycol monostearate, sorbitan monooleate,
diethylene glycol monolaurate, and polyoxyethylene lauryl ether. Suitable solvents
include, but are not limited to, glycerin, sorbitol, ethyl alcohol, and syrup. Suitable non-
aqueous liquids utilized in emulsions include, but are not limited to, mineral oil and
cottonseed oil. Suitable organic acids include, but are not limited to, citric and tartaric
acid. Suitable sources of carbon dioxide include, but are not limited to, sodium
bicarbonate and sodium carbonate.

[00136] It should be understood that many carriers and excipients may serve a
plurality of functions, even within the same formulation.

[00137] The pharmaceutical compositions provided herein for oral administration can
be provided as compressed tablets, tablet triturates, chewable lozenges, rapidly
dissolving tablets, multiple compressed tablets, or enteric-coating tablets, sugar-coated,
or film-coated tablets. Enteric-coated tablets are compressed tablets coated with
substances that resist the action of stomach acid but dissolve or disintegrate in the
intestine, thus protecting the active ingredients from the acidic environment of the
stomach. Enteric-coatings include, but are not limited to, fatty acids, fats, phenyl
salicylate, waxes, shellac, ammoniated shellac, and cellulose acetate phthalates. Sugar-
coated tablets are compressed tablets surrounded by a sugar coating, which may be

beneficial in covering up objectionable tastes or odors and in protecting the tablets from
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oxidation. Film-coated tablets are compressed tablets that are covered with a thin layer
or film of a water-soluble material. Film coatings include, but are not limited to,
hydroxyethylcellulose, sodium carboxymethylcellulose, polyethylene glycol 4000, and
cellulose acetate phthalate. Film coating imparts the same general characteristics as
sugar coating. Multiple compressed tablets are compressed tablets made by more than
one compression cycle, including layered tablets, and press-coated or dry-coated tablets.
[00138] The tablet dosage forms can be prepared from the active ingredient in
powdered, crystalline, or granular forms, alone or in combination with one or more
carriers or excipients described herein, including binders, disintegrants, controlled-
release polymers, lubricants, diluents, and/or colorants. Flavoring and sweetening
agents are especially useful in the formation of chewable tablets and lozenges.

[00139] The pharmaceutical compositions provided herein for oral administration can
be provided as soft or hard capsules, which can be made from gelatin, methylcellulose,
starch, or calcium alginate. The hard gelatin capsule, also known as the dry-filled
capsule (DFC), consists of two sections, one slipping over the other, thus completely
enclosing the active ingredient. The soft elastic capsule (SEC) is a soft, globular shell,
such as a gelatin shell, which is plasticized by the addition of glycerin, sorbitol, or a
similar polyol. The soft gelatin shells may contain a preservative to prevent the growth
of microorganisms. Suitable preservatives are those as described herein, including
methyl- and propyl-parabens, and sorbic acid. The liquid, semisolid, and solid dosage
forms provided herein may be encapsulated in a capsule. Suitable liquid and semisolid
dosage forms include solutions and suspensions in propylene carbonate, vegetable oils,
or triglycerides. Capsules containing such solutions can be prepared as described in
U.S. Pat. Nos. 4,328,245; 4,409,239; and 4,410,545. The capsules may also be coated
as known by those of skill in the art in order to modify or sustain dissolution of the
active ingredient.

[00140] The pharmaceutical compositions provided herein for oral administration can
be provided in liquid and semisolid dosage forms, including emulsions, solutions,
suspensions, elixirs, and syrups. An emulsion is a two-phase system, in which one
liquid is dispersed in the form of small globules throughout another liquid, which can be
oil-in-water or water-in-oil. Emulsions may include a pharmaceutically acceptable non-
aqueous liquid or solvent, emulsifying agent, and preservative. Suspensions may

include a pharmaceutically acceptable suspending agent and preservative. Aqueous
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alcoholic solutions may include a pharmaceutically acceptable acetal, such as a di(lower
alkyl) acetal of a lower alkyl aldehyde, e.g., acetaldehyde diethyl acetal; and a water-
miscible solvent having one or more hydroxyl groups, such as propylene glycol and
ethanol. Elixirs are clear, sweetened, and hydroalcoholic solutions. Syrups are
concentrated aqueous solutions of a sugar, for example, sucrose, and may also contain a
preservative. For a liquid dosage form, for example, a solution in a polyethylene glycol
may be diluted with a sufficient quantity of a pharmaceutically acceptable liquid carrier,
e.g., water, to be measured conveniently for administration.

[00141] Other useful liquid and semisolid dosage forms include, but are not limited
to, those containing the active ingredient(s) provided herein, and a dialkylated mono- or
poly-alkylene glycol, including, 1,2-dimethoxymethane, diglyme, triglyme, tetraglyme,
polyethylene glycol-350-dimethyl ether, polyethylene glycol-550-dimethyl ether,
polyethylene glycol-750-dimethyl ether, wherein 350, 550, and 750 refer to the
approximate average molecular weight of the polyethylene glycol. These formulations
can further comprise one or more antioxidants, such as butylated hydroxytoluene (BHT),
butylated hydroxyanisole (BHA), propyl gallate, vitamin E, hydroquinone,
hydroxycoumarins, ethanolamine, lecithin, cephalin, ascorbic acid, malic acid, sorbitol,
phosphoric acid, bisulfite, sodium metabisulfite, thiodipropionic acid and its esters, and
dithiocarbamates.

[00142] The pharmaceutical compositions provided herein for oral administration can
be also provided in the forms of liposomes, micelles, microspheres, or nanosystems.
Micellar dosage forms can be prepared as described in U.S. Pat. No. 6,350,458.

[00143] The pharmaceutical compositions provided herein for oral administration can
be provided as non-effervescent or effervescent, granules and powders, to be
reconstituted into a liquid dosage form. Pharmaceutically acceptable carriers and
excipients used in the non-effervescent granules or powders may include diluents,
sweeteners, and wetting agents. Pharmaceutically acceptable carriers and excipients
used in the effervescent granules or powders may include organic acids and a source of
carbon dioxide.

[00144] Coloring and flavoring agents can be used in all of the above dosage forms.
[00145] The pharmaceutical compositions provided herein for oral administration can
be formulated as immediate or modified release dosage forms, including delayed-,

sustained, pulsed-, controlled, targeted-, and programmed-release forms.
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B. Parenteral Administration

[00146] The pharmaceutical compositions provided herein can be administered
parenterally by injection, infusion, or implantation, for local or systemic administration.
Parenteral administration, as used herein, include intravenous, intraarterial,
intraperitoneal, intrathecal, intraventricular, intraurethral, intrasternal, intracranial,
intramuscular, intrasynovial, intravesical, and subcutaneous administration.

[00147] The pharmaceutical compositions provided herein for parenteral
administration can be formulated in any dosage forms that are suitable for parenteral
administration, including solutions, suspensions, emulsions, micelles, liposomes,
microspheres, nanosystems, and solid forms suitable for solutions or suspensions in
liquid prior to injection. Such dosage forms can be prepared according to conventional
methods known to those skilled in the art of pharmaceutical science (see, Remington:
The Science and Practice of Pharmacy, supra).

[00148] The pharmaceutical compositions intended for parenteral administration can
include one or more pharmaceutically acceptable carriers and excipients, including, but
not limited to, aqueous vehicles, water-miscible vehicles, non-aqueous vehicles,
antimicrobial agents or preservatives against the growth of microorganisms, stabilizers,
solubility enhancers, isotonic agents, buffering agents, antioxidants, local anesthetics,
suspending and dispersing agents, wetting or emulsifying agents, complexing agents,
sequestering or chelating agents, cryoprotectants, lyoprotectants, thickening agents, pH
adjusting agents, and inert gases.

[00149]  Suitable aqueous vehicles include, but are not limited to, water, saline,
physiological saline or phosphate buffered saline (PBS), sodium chloride injection,
Ringers injection, isotonic dextrose injection, sterile water injection, dextrose and
lactated Ringers injection. Suitable non-aqueous vehicles include, but are not limited to,
fixed oils of vegetable origin, castor oil, corn oil, cottonseed oil, olive oil, peanut oil,
peppermint oil, safflower oil, sesame oil, soybean oil, hydrogenated vegetable oils,
hydrogenated soybean oil, and medium-chain triglycerides of coconut oil, and palm seed
oil. Suitable water-miscible vehicles include, but are not limited to, ethanol, 1,3-
butanediol, liquid polyethylene glycol (e.g., polyethylene glycol 300 and polyethylene
glycol 400), propylene glycol, glycerin, N-methyl-2-pyrrolidone, N, N-

dimethylacetamide, and dimethyl sulfoxide.
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[00150] Suitable antimicrobial agents or preservatives include, but are not limited to,
phenols, cresols, mercurials, benzyl alcohol, chlorobutanol, methyl and propyl p-
hydroxybenzoates, thimerosal, benzalkonium chloride (e.g., benzethonium chloride),
methyl- and propyl-parabens, and sorbic acid. Suitable isotonic agents include, but are
not limited to, sodium chloride, glycerin, and dextrose. Suitable buffering agents
include, but are not limited to, phosphate and citrate. Suitable antioxidants are those as
described herein, including bisulfite and sodium metabisulfite. Suitable local
anesthetics include, but are not limited to, procaine hydrochloride. Suitable suspending
and dispersing agents are those as described herein, including sodium
carboxymethylcelluose, hydroxypropyl methylcellulose, and polyvinylpyrrolidone.
Suitable emulsifying agents are those described herein, including polyoxyethylene
sorbitan monolaurate, polyoxyethylene sorbitan monooleate 80, and triethanolamine
oleate. Suitable sequestering or chelating agents include, but are not limited to EDTA.
Suitable pH adjusting agents include, but are not limited to, sodium hydroxide,
hydrochloric acid, citric acid, and lactic acid. Suitable complexing agents include, but
are not limited to, cyclodextrins, including a-cyclodextrin, B-cyclodextrin,
hydroxypropyl-B-cyclodextrin, sulfobutylether-B-cyclodextrin, and sulfobutylether 7-3-
cyclodextrin (CAPTISOL®, CyDex, Lenexa, KS).

[00151] When the pharmaceutical compositions provided herein are formulated for
multiple dosage administration, the multiple dosage parenteral formulations must
contain an antimicrobial agent at bacteriostatic or fungistatic concentrations. All
parenteral formulations must be sterile, as known and practiced in the art.

[00152] In one embodiment, the pharmaceutical compositions for parenteral
administration are provided as ready-to-use sterile solutions. In another embodiment,
the pharmaceutical compositions are provided as sterile dry soluble products, including
lyophilized powders and hypodermic tablets, to be reconstituted with a vehicle prior to
use. In yet another embodiment, the pharmaceutical compositions are provided as
ready-to-use sterile suspensions. In yet another embodiment, the pharmaceutical
compositions are provided as sterile dry insoluble products to be reconstituted with a
vehicle prior to use. In still another embodiment, the pharmaceutical compositions are
provided as ready-to-use sterile emulsions.

[00153] The pharmaceutical compositions provided herein for parenteral

administration can be formulated as immediate or modified release dosage forms,
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including delayed-, sustained, pulsed-, controlled, targeted-, and programmed-release
forms.

[00154] The pharmaceutical compositions provided herein for parenteral
administration can be formulated as a suspension, solid, semi-solid, or thixotropic
liquid, for administration as an implanted depot. In one embodiment, the
pharmaceutical compositions provided herein are dispersed in a solid inner matrix,
which is surrounded by an outer polymeric membrane that is insoluble in body fluids but
allows the active ingredient in the pharmaceutical compositions diffuse through.
[00155]  Suitable inner matrixes include, but are not limited to,
polymethylmethacrylate, polybutyl-methacrylate, plasticized or unplasticized
polyvinylchloride, plasticized nylon, plasticized polyethylene terephthalate, natural
rubber, polyisoprene, polyisobutylene, polybutadiene, polyethylene, ethylene-vinyl
acetate copolymers, silicone rubbers, polydimethylsiloxanes, silicone carbonate
copolymers, hydrophilic polymers, such as hydrogels of esters of acrylic and
methacrylic acid, collagen, cross-linked polyvinyl alcohol, and cross-linked partially
hydrolyzed polyvinyl acetate.

[00156] Suitable outer polymeric membranes include but are not limited to,
polyethylene, polypropylene, ethylene/propylene copolymers, ethylene/ethyl acrylate
copolymers, ethylene/vinyl acetate copolymers, silicone rubbers, polydimethyl
siloxanes, neoprene rubber, chlorinated polyethylene, polyvinylchloride, vinyl chloride
copolymers with vinyl acetate, vinylidene chloride, ethylene and propylene, ionomer
polyethylene terephthalate, butyl rubber epichlorohydrin rubbers, ethylene/vinyl alcohol
copolymer, ethylene/vinyl acetate/vinyl alcohol terpolymer, and

ethylene/vinyloxyethanol copolymer.

Romidepsin formulation
[00157] In one embodiment, romidepsin is formulated for injection as a sterile
lyophilized white powder and is supplied in a single-use vial containing 10 mg
romidepsin and 20 mg povidone, USP. The diluent is a sterile clear solution and is
supplied in a single-use vial containing a 2 ml deliverable volume. The diluent for
romidepsin contains 80% (v/v) propylene glycol, USP and 20% (v/v) dehydrated

alcohol, USP. Romidepsin is supplied as a kit containing two vials.
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[00158] Romidepsin for injection is intended for intravenous infusion after
reconstitution with the supplied Diluent and after further dilution with 0.9% Sodium

Chloride, USP.

Erlotinib formulation
[00159] In one embodiment, Erlotinib is formulated as a tablet containing 25 mg, 100
mg or 150 mg of Erlotinib and the following inactive ingredients: lactose monohydrate,
hypromellose, hydroxypropyl cellulose, magnesium stearate, microcrystalline cellulose,
sodium starch glycolate, sodium lauryl sulfate and titanium dioxide. The tablets also
contain trace amounts of color additives, including FD&C Yellow #6 (25 mg only) for

product identification.

Vemurafenib formulation
[00160] In one embodiment, Vemurafenib is formulated as a tablet containing 240 mg of
vemurafenib. The inactive ingredients of a tablet core: hypromellose acetate succinate,
croscarmellose sodium, colloidal silicon dioxide, magnesium stearate, and hydroxypropyl
cellulose. The inactive ingredients of coating: pinkish white: poly(vinyl alcohol), titanium

dioxide, polyethylene glycol 3350, talc, and iron oxide red.

Sorafenib formulation
[00161] In one embodiment, each red, round film-coated tablet contains sorafenib
tosylate (274 mg) equivalent to 200 mg of sorafenib and the following inactive
ingredients: croscarmellose sodium, microcrystalline cellulose, hypromellose, sodium
lauryl sulphate, magnesium stearate, polyethylene glycol, titanium dioxide and ferric

oxide red.

EXAMPLES
Materials and Methods

[00162] The M14 melanoma and HCC827 non-small cell lung cancer cell (NSCLC)
cell lines were purchased from American Type Culture Collection (ATCC; Manassas,
VA). Cells were cultured at 37°C/5% CO, in RPMI-1640 medium (ATCC)
supplemented with 10% FBS. AZ628 and Erlotnib were purchased from Selleck
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Chemicals (Houston, TX) and reconstituted in DMSO to 20 mM. Romidepsin (Celgene

Corporation) was reconstituted in DMSO to 10 uM. All drugs were stored at -30 °C.

Drug Treatment and Cell Viability Assay
[00163]  Cells were seeded at 1.0x10” cells/well into 24-well plates (using 1mL of
media per well) and allowed to adhere for 24 hours prior to treatment (in duplicate or
triplicate wells) with DMSO or romidepsin alone, or in combination with a drug (2 uM
Erlotinib for HCC827 or 2 uM AZ628 for M14). Romidepsin was used at a final
concentration of 1 nM for HCC827 cells and 0.5 nM for M14 cells. Conditioned media
were replaced with fresh drug-containing media every three days (“continuous Q3D”
schedule). The Q3D schedule was evaluated continuously over a period of 27-45 days,
and also for shorter durations ranging from 3-21 days. In romidepsin wash-out
experiments, AZ628/Erlotinib- and romidepsin-containing conditioned media were
aspirated from cells 6 hours after addition of drugs and replaced with vehicle- or
AZ628/ERL-containing media.
[00164] Cell viability was monitored periodically over 27-45 days using CellTiter-
Glo (CTG). On select days, an equal volume (1mL) of CTG was added to each well of
the 24-well plates. The plates, wrapped with aluminum foil, were incubated on a
shaking platform for 10 minutes. A 200uL aliquot from each well was transferred to a
new well of 96-well plates. The SpectraMax L (Molecular Devices; Sunnyvale, CA)

was used to measure luminescence.

Example 1. Romidepsin Prevents the Emergence of Drug-Tolerant
Cancer Cells in Melanoma Cell Lines

[00165] Massive cell death was observed after 9 days of treatment of melanoma
(M14) cells with high concentrations (100X ICso) of AZ628. With continued treatments
with AZ628, it was observed that a few remaining drug tolerant persisters (DTPs) were
able to proliferate to form drug tolerant expanded persisters (DTEPs), yielding a large
population of AZ628-resistant cells. “Continuous” co-treatment of cancer cells with
AZ628 in combination with sub-lethal concentration of romidepsin prevented the
emergence of DTEPs (Figure 1). It was also shown that romidepsin prevented the
emergence of DTEP in M14 melanoma cells treated with AZ628 based on a reduced

schedule (every 3 days for 2 weeks). 5 doses of romidepsin were sufficient to prevent
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the emergence of DTEP melanoma M 14 cells treated with AZ628. The results are
shown in Figures 3A and 3B. Short (6-hour) exposure to higher romidepsin
concentration on the “continuous” schedule was also sufficient to prevent DTEP growth
in melanoma cells (Figure 4A).

[00166] The obtained results demonstrated that romidepsin prevented the DTEP
emergence in M14 melanoma cells. Dosing romidepsin for 2 weeks every 3 days

(5 doses) and 6-hour exposure were sufficient the prevent the emergence of cells
resistant to AZ628. These results showed that the co-treatment with romidepsin prevents
resistance to AZ628 in melanoma cells and provides guidance to the dose and schedule

requirements for clinical evaluation.

Example 2. Romidepsin Prevents the Emergence of Drug-Tolerant
Cancer Cells in Non-Small Cell Lung Cancer Cell Lines

[00167] Massive cell death was observed after 9 days of treatment of NSCLC cells
with high concentrations (100X ICsg) of Erlotinib. With continued treatments with
Erlotinib, it was observed that some remaining NSCLC cells (DTPS) were able to
proliferate into DTEPs, yielding a large population of Erlotinib-resistant cells.
“Continuous” co-treatment of NSCLC cells with Erlotinib in combination with sub-
lethal concentration of romidepsin prevented the emergence of DTEPs. The results are
shown in Figure 2. It was also shown that romidepsin prevented the emergence of
DTEPs in NSCLC cells treated with Erlotinib based on a reduced schedule (every 3 days
for 2 weeks). Four (4) doses of romidepsin were sufficient to prevent the emergence of
DTEP NSCLC HCC827 cells treated with Erlotinib. The results are shown in Figure
3C. Short (6-hour) exposure to higher romidepsin concentration on the “continuous”
schedule was also sufficient to prevent DTEP growth in NSCLC HCC827 cells

(Figure 4B).

[00168] The obtained results demonstrated that romidepsin prevented the DTEP
emergence in NSCLC HCC827 cells. Dosing romidepsin for 2 weeks every 3 days (4
doses) and 6-hour exposure were sufficient to prevent the emergence of cells resistant to
Erlotinib. These results indicated that the co-treatment with romidepsin prevents
resistance to Erlotinib in NSCLC cells and provides guidance to the dose and schedule

requirements for clinical evaluation.
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Example 3. Delayed Addition of Romidepsin Prevents the Emergence of
Drug-Tolerant Cancer Cells in Non-Small Cell Lung Cancer Cell Lines

[00169] HCCS827 cells were seeded at 1.0x104 cells/well into 24-well plates (using
ImL of medium per well) and allowed to adhere for 24 hours prior to treatment (in
duplicate or triplicate wells) with DMSO (vehicle) and 2uM Erlotinib. Conditioned
medium was replaced with fresh drug-containing medium every three days. Starting on
day 12, the drug-containing medium also included 1nM romidepsin. Cell viability was
monitored on days 0, 15, and 37 using CellTiter-Glo (CTG).

[00170] The results of these experiments are shown in Figure 5. These results
indicate that addition of romidepsin after pretreatment with Erlotinib eliminated
Erlotinib-resistant HCC827 cells.

[00171]  All publications, patents, and patent applications mentioned in this
specification are herein incorporated by reference to the same extent as if each
individual publication, patent, or patent application was specifically and individually
indicated to be incorporated by reference.

[00172] The present disclosure has been described above with reference to exemplary
embodiments. However, those skilled in the art, having read this disclosure, will
recognize that changes and modifications may be made to the exemplary embodiments
without departing from the scope of the present disclosure. The changes or
modifications are intended to be included within the scope of the present disclosure, as

expressed in the following claims.
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WHAT IS CLAIMED:

1. A method of treating a cancer in a patient by overcoming resistance of the
cancer cells to a drug, comprising administering to the patient an effective amount of (i)
an EGFR tyrosine kinase inhibitor or a B-Raf kinase inhibitor, and (ii) an HDAC

inhibitor.

2. A method for overcoming drug-resistance of cancer cells in a patient,
comprising administering to the patient an effective amount of (1) an EGFR tyrosine
kinase inhibitor or a B-Raf kinase inhibitor, and (ii) an HDAC inhibitor.

3. The method of claims 1 or 2, wherein the HDAC inhibitor is romidepsin.

4. The method of claim 3, wherein the dose of the romidepsin is in the range

of between 10 mg/mm?and 14 mg/mm®.

5. The method of claim 1 or 2, wherein the EGFR tyrosine kinase inhibitor is
Erlotinib.
6. The method of claim 5, wherein the dose of Erlotinib is in the range of

between 50 mg/day and 250 mg/day.

7. The method of claim 6, wherein the dose of Erlotinib is about
150 mg/day.
8. The method of claim 1 or 2, wherein the B-Raf kinase inhibitor is

Vemurafenib or Sorafenib.

9. The method of claim 8, wherein the dose of Vemurafenib is in the range of

between 500 mg/day and 1500 mg/day.

10. The method of claim 9, wherein the dose of Vemurafenib is about

960 mg/day.
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11. The method of claim 8, wherein the dose of Sorafenib is in the range of

between 100 mg/day and 1000 mg/day.

12.  The method of claim 11, wherein the dose of Sorafenib is about 800 mg/day.

13. A method of treating a cancer in a patient by overcoming resistance of the
cancer cells to a drug, comprising administering to the patient an effective amount of (i)
an EGFR tyrosine kinase inhibitor or a B-Raf kinase inhibitor, and (ii) an HDAC
inhibitor, wherein the HDAC inhibitor is administered to the patient after pretreatment

with the EGFR tyrosine kinase inhibitor or the B-Raf kinase inhibitor.

14. A method for overcoming drug-resistance of cancer cells in a patient,
comprising administering to the patient an effective amount of (1) an EGFR tyrosine kinase
inhibitor or a B-Raf kinase inhibitor, and (ii) an HDAC inhibitor, wherein the HDAC
inhibitor is administered to the patient after pretreatment with the EGFR tyrosine kinase

inhibitor or the B-Raf kinase inhibitor.

15. A method for inhibiting or preventing proliferation of a drug-tolerant
persister (DTP) cell comprising contacting the DTP cell with:

(1) an epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor;

and
(i1) an HDAC inhibitor,
wherein the DTP cell is resistant to the EGFR tyrosine kinase inhibitor.
16.  The method of claim 15, wherein the EGFR tyrosine kinase inhibitor is
Erlotinib.

17.  The method of claim 15, wherein the DTP cell is a non-small cell lung

cancer (NSCLC) cell.

18. A method for inhibiting or preventing proliferation of drug-tolerant

persister (DTP) cell comprising contacting the DTP cell with:
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(1) a serine/threonine protein kinase B-Raf (B-Raf) kinase inhibitor; and
(i1) an HDAC inhibitor,

wherein the DTP cell is resistant to the B-Raf kinase inhibitor.

19. The method of claim 18, wherein the B-Raf inhibitor is Vemurafenib or
Sorafenib.

20. The method of claim 18, wherein the DTP cell is melanoma cell.

21. A method for inhibiting or preventing formation of colonies of a drug-

tolerant expanded persister (DTEP) cell comprising contacting the DTEP cell with:
(i) an EGFR tyrosine kinase inhibitor; and
(i1) an HDAC inhibitor,

wherein the DTEP cell is resistant to the EGFR tyrosine kinase inhibitor.

22. The method of claim 21, wherein the EGFR tyrosine kinase inhibitor is
Erlotinib.

23.  The method of claim 21, wherein the DTEP cell is non-small cell lung
cancer (NSCLC) cell.

24. A method for inhibiting or preventing formation of colonies of a drug-
tolerant expanded persister (DTEP) cell comprising contacting the DTEP cell with:
(i) a B-Raf kinase inhibitor; and
(i1) an HDAC inhibitor,

wherein the DTEP cell is resistant to the B-Raf kinase inhibitor.

25. The method of claim 24, wherein the B-Raf kinase inhibitor is

Vemurafenib or Sorafenib.

26. The method of claim 24, wherein the DTEP cell is melanoma cell.

27. The method of any one of claim 15, 18, 21, and 24, wherein the HDAC

inhibitor is romidepsin.
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28. A method for inhibiting or preventing proliferation of a drug-tolerant
persister (DTP) cell comprising contacting the DTP cell with:
(1) an epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor or
B-Raf kinase inhibitor; and
(i1) an HDAC inhibitor,
wherein the DTP cell is resistant to the EGFR tyrosine kinase inhibitor or B-Raf kinase
inhibitor; and wherein the DTP cell is contacted with the HDAC inhibitor after

pretreatment with the EGFR tyrosine kinase inhibitor or B-Raf kinase inhibitor.

29. A method for inhibiting or preventing formation of colonies of a drug-
tolerant expanded persister (DTEP) cell comprising contacting the DTP cell with:
(1) an epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor or
B-Raf kinase inhibitor; and
(i1) an HDAC inhibitor,
wherein the DTP cell is resistant to the EGFR tyrosine kinase inhibitor or B-Raf kinase
inhibitor; and wherein the DTEP cell is contacted with the HDAC inhibitor is after

pretreatment with the EGFR tyrosine kinase inhibitor or B-Raf kinase inhibitor.

43



St Aeg
¢e AeQ
LT Aeq
Sl AeQ
6 AeQ
g AeQ
€ feg
0 AeQ

3 i
11300011

G10CT 3NV 9C

T aanbtg

(ewouejapy) VLN

[LY81CSTOC

(Wu 5°0) IWOY

- 0000001

-000000T

-000000¢E

(N 0°2) 8292V |

e
C

177



LT fBQ
zz AeQ
6l fed
Gl Aeg
6 Aeq
g Aeq
¢ Aeq
0 Aeq

3
=
3
Ly

G10CT 3NV 9C

e s s g

(D19SN) 2280DH

[LY81CSTOC

z 2anbtg

(Wu 0'T) 1oy

(nn 0'2) 193

- 0000001

- 0000002

™

c
- 000000

- 000000

217



V¢ 2ns1g

WIGO — INOY

T INON+RZIZY
X HROHZIZY
YeALGTSLY

- B INON
g OT0 X BMOU+SZ9TY
X INOWRZITY

— % WO
. vx N OY

B 7 oy

o e
g
o

53
Bons

= "ﬁfgﬁai OH

- Leoooonz

s AN T

Fovoooor £

i -0 DNO00Y.
: [ e . ]

B feC MR - H000e
gfeg

{ewouepn) $LIN

317

S10T 3NV 97T  [LP8ITSIOT



N Day 0
Day 45

M14

x8

X7

x&

x5

nd

%3

*2

x3

+

200000 5

150000
—1 100000 +

=2
14

AZE25 {2.0uM, Q3D]

ROMI {830}

G10CT 3NV 9C

[LY81CSTOC

Figure 3B

HCC827

N Day 0

Day 37

AW

Qsp

X8

%7

X5

X3

x4

x3

X2

83

80000 -

+

ERE (2.0uM, Q30}
ROMI { 1.OnM}

Figure 3C

4/7



V¥ 2n31

-
£

IRISPRAOH
ey

e

WHRYAER TS ON

1 }

. -2 INOH4EZIZY |
8 INOU+ITIZY

3 oY
% & RO -
HeA+3L3TY

"S-V INOW+IZIZY

— BTV
U Asezeny

m—- 10\

— A

AAAAARANARAARAR AR

-0 OG000%

gurt

| svheg mm § 8
¥i AoQ W
| pheq v

- 0000001

{ewouep) ¥1W

S10T 3NV 97T  [LP8ITSIOT

577




Chang {3

HCC827
A\

Yo WEDH ¥

A

ans ooy
3 i

RBOVHHV D
Z0R/OVRG, 0
FROGDOL G~
FO0UROBO0

i

FOOR00.5

S ‘&*Iéshout

fi-hr Washout Ho Washont

Ho Washowt

S10T 3NV 97T  [LP8ITSIOT

Figure 4B

6/7



G 2anbtg

(PZL®NINOY+TYT YaA+THT .

- 000001
Je f5q - 000007 2
Gl Aed 000008

0 fed
- 00000
L 000008
HNOHY

9¢ €€ L ve 12 8i

S10T 3NV 97T  [LP8ITSIOT

cl

(zTAep @ paueis |INOY)

feQ

717



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

