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DESCRIPTION

FIELD

[0001] The present disclosure relates to the field of molecular biology and cancer biology.
Provided herein are methods of using HRAS mutations biomarkers for predicting clinical
sensitivity and therapeutic response to treatment with a farnesyltransferase inhibitor in a
subject having a squamous cell head and neck cancer or squamous cell lung cancer that has
not yet been treated with an EGFR Inhibitor or that i1s refractory to treatment with an EGFR
Inhibitor. Further provided herein are kits for carrying out these methods. The present
Invention relates to tipifarnib for use in a method of treating cetuximab-refractory squamous
cell carcinoma of the head and neck (SCCHN) In a subject, wherein the SCCHN has an HRAS
mutation. The present invention also relates to tipifarnib for use In a method of treating

cetuximab-refractory lung squamous cell carcinoma (lung SCC) In a subject, wherein the lung
SCC has an HRAS mutation.

BACKGROUND

[0002] Stratification of patient populations to improve therapeutic response rate Is increasingly
valuable In the clinical management of cancer patients. Farnesyltransferase inhibitors (FTI) are
therapeutic agents that have utility in the treatment of cancers, such as leukemia, lymphoma
and certain solid tumors. However, different patients may respond differently to an FTI
treatment. Therefore, methods to predict the responsiveness of a cancer patient to an FTI
treatment, or methods to select patients for an FTl treatment represent unmet needs. The
methods and compositions of the present disclosure meet these needs and provide other
related advantages. WO-A-2015/164862 discloses a farnesyltransferase inhibitor, preferably
tipifarnib, for use in the treatment of H-RAS driven cancer, such as NHSCC.

SUMMARY OF THE INVENTION

[0003] The invention Is defined by the claims. Any subject-matter falling outside the scope of
the claims 1s provided for information purposes only. The present invention relates to tipifarnib
for use in a method of treating cetuximab-refractory squamous cell carcinoma of the head and
neck (SCCHN) in a subject, wherein the SCCHN has an HRAS mutation. The present invention
also relates to tipifarnib for use in a method of treating cetuximab-refractory lung squamous
cell carcinoma (lung SCC) in a subject, wherein the lung SCC has an HRAS mutation. Provided
herein are methods for population selection of head and neck cancer patients for treatment
with an FTIl. The methods provided herein are based, in part, on the discovery that the mutant
status of HRAS and/or resistance of said cancer to EGFR inhibitors can be used to predict
responsiveness of a head and neck cancer patient to an FTI| treatment.
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[0004] Provided herein are methods of treating EGFR Inhibitor-refractory squamous cell
carcinoma of the head and neck (SCCHN), wherein the SCCHN has an HRAS mutation,
comprising administering to the subject a farnesyltransferase inhibitor (FTI). In certain
embodiments, saild HRAS mutation comprises an amino acid substitution at a codon selected
from a group consisting of G12, G13, Q61, Q22, K117, A146 and any combination thereof. In
certain embodiments, saild SCCHN does not have K-Ras mutation or N-Ras mutation. In
certain embodiments, said SCCHN has an amplified HRAS gene or overexpresses the HRAS
MRNA and/or protein. In certain embodiments, said SCCHN has wild type K-Ras and wild type
N-Ras. In certain embodiments, said SCCHN is HPV negative. In certain embodiments, said
SCCHN 1s HPV positive. In certain embodiments, said SCCHN Is at an advanced stage or
metastatic. In certain embodiments, saild SCCHN is relapsed SCCHN. In specific embodiments,
the SCCHN 1s SCCHN of the trachea. In specific embodiments, the SCCHN is SCCHN of the
maxilla. In specific embodiments, the SCCHN 1s SCCHN of the oral cavity. According to the
iInvention, the EGFR inhibitor i1s cetuximab. According to the invention, the FTI is tipifarnib.

[0005] Provided herein are methods of treating a squamous cell carcinoma of the head and
neck (SCCHN or HNSCC) in a subject, wherein the SCCHN is refractory to an EGFR inhibitor,
comprising (a) determining the presence or absence of a HRAS mutation in a sample from said
subject, and subsequently (b) administering a therapeutically effective amount of a
farnesyltransferase inhibitor (FTI1) to said subject if said sample is determined to have a HRAS
mutation. Also provided herein (outside the claimed scope) are methods of treating a
squamous cell carcinoma of the head and neck (SCCHN) in a subject, wherein the subject has
never been treated with an EGFR inhibitor, comprising (a) determining the presence or
absence of a HRAS mutation In a sample from said subject, and subsequently (b)
administering a therapeutically effective amount of a farnesyltransferase inhibitor (FTI) to said
subject If said sample is determined to have a HRAS mutation and not administering an EGFR
Inhibitor. In certain aspects of the disclosure, saild HRAS mutation comprises an amino acid
substitution at a codon selected from a group consisting of G12, G13, Q61, Q22, K117, A146,
and any combination thereof. In certain aspects, said FT| is administered in combination with
chemotherapy. In certain aspects, said chemotherapy comprises a platinum-based therapy, a
taxane, or a combination thereof.

[0006] In certain embodiments, the methods further comprise determining the presence or
absence of a K-Ras mutation or a N-Ras mutation, wherein said sample does not have K-Ras
mutation or N-Ras mutation. In certain embodiments, said sample has wild type K-Ras and wild
type N-Ras. In specific embodiments, the sample is a tissue biopsy. In specific embodiments,
the sample 1s a tumor biopsy. In specific embodiments, wherein determining the presence or
absence of a Ras mutation comprising analyzing nucleic acids obtained from said sample.

[0007] In certain embodiments, Ras mutation is determined by sequencing, Polymerase Chain
Reaction (PCR), DNA microarray, Mass Spectrometry (MS), Single Nucleotide Polymorphism

(SNP) assay, denaturing high-performance liquid chromatography (DHPLC), or Restriction
Fragment Length Polymorphism (RFLP) assay. In specific embodiments, Ras mutation is
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determined by PCR. In specific embodiments, Ras mutation is determined by sequencing. In
specific embodiments, determining the presence or absence of a Ras mutation comprising
analyzing proteins obtained from said sample.

[0008] In certain embodiments, said SCCHN 1s HPV negative. In certain embodiments, said
SCCHN 1s HPV positive. In certain embodiments, said SCCHN Is at an advanced stage or
metastatic. In certain embodiments, said SCCHN is relapsed SCCHN. In certain embodiments,
the SCCHN i1s SCCHN of the trachea. In certain embodiments, the SCCHN 1s SCCHN of the
maxilla. In certain embodiments, the SCCHN 1s SCCHN of the oral cavity.

[0009] According to the Iinvention, the EGFR inhibitor i1s cetuximab. In certain aspects of the
disclosure, the EGFR inhibitor is erlotinib. In certain aspects, the EGFR inhibitor is gefitinib. In
certain aspects, the EGFR inhibitor 1s panitumumab. According to the Invention, the
farnesyltransferase inhibitor (FT1) i1s tipifarnib.

[0010] In some embodiments, provided herein is a method of treating a SCCHN In a subject
based on the presence of an HRAS mutation. In some embodiments, the SCCHN can be HPV
negative SCCHN. In some embodiments, the SCCHN can be HPV positive SCCHN. |In some
embodiments, the SCCHN can be relapsed/recurrent SCCHN. In some embodiments, the
SCCHN can be metastatic SCCHN. The methods provided herein include (a) determining the
presence or absence of a HRAS mutation in a sample from the subject having SCCHN, and
subsequently (b) administering a therapeutically effective amount of tipifarnib to the subject if
the sample Is determined to have a HRAS mutation. In certain embodiments, said tipifarnib is
administered in combination with chemotherapy. In certain embodiments, said chemotherapy
comprises a platinum-based therapy, a taxane, or a combination thereof.

[0011] Provided herein are methods of treating EGFR inhibitor-refractory lung squamous cell
carcinoma (lung SCC), wherein the lung SCC has an HRAS mutation, comprising administering
to the subject a farnesyltransferase inhibitor (FTI). In certain embodiments, said HRAS
mutation comprises an amino acid substitution at a codon selected from a group consisting of
G12, G13, Q61, Q22, K117, A146 and any combination thereof. In certain embodiments, said
lung SCC does not have K-Ras mutation or N-Ras mutation. In certain embodiments, said lung
SCC has an amplified HRAS gene or overexpresses the HRAS mRNA and/or protein. In certain
embodiments, said lung SCC has wild type K-Ras and wild type N-Ras. In certain
embodiments, said lung SCC i1s HPV negative. In certain embodiments, said lung SCC is HPV
positive. In certain embodiments, said lung SCC i1s at an advanced stage or metastatic. In
certain embodiments, said lung SCC Is relapsed lung SCC. According to the invention, the
EGFR inhibitor is cetuximab. According to the invention, the FTI is tipifarnib.

[0012] Provided herein are methods of treating a lung squamous cell carcinoma (lung SCC) In
a subject, wherein the lung SCC is refractory to an EGFR inhibitor, comprising (a) determining
the presence or absence of a HRAS mutation in a sample from said subject, and subsequently
(b) administering a therapeutically effective amount of a farnesyltransferase inhibitor (FTI) to
sald subject If saild sample 1s determined to have a HRAS mutation. Also provided herein
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(outside the claimed scope) are methods of treating a lung SCC In a subject, wherein the
subject has never been treated with an EGFR Inhibitor, comprising (a) determining the
presence or absence of a HRAS mutation in a sample from said subject, and subsequently (b)
administering a therapeutically effective amount of a farnesyltransferase inhibitor (FTI) to said
subject If said sample Is determined to have a HRAS mutation and not administering an EGFR
Inhibitor. In certain aspects of the disclosure, saild HRAS mutation comprises an amino acid
substitution at a codon selected from a group consisting of G12, G13, Q61, Q22, K117, A146,
and any combination thereof. In certain aspects, said FT| is administered in combination with
chemotherapy. In certain aspects, said chemotherapy comprises a platinum-based therapy, a
taxane, or a combination thereof.

[0013] In certain embodiments, the methods further comprise determining the presence or
absence of a K-Ras mutation or a N-Ras mutation, wherein said sample does not have K-Ras
mutation or N-Ras mutation. In certain embodiments, said sample has wild type K-Ras and wild
type N-Ras. In specific embodiments, the sample is a tissue biopsy. In specific embodiments,
the sample 1s a tumor biopsy. In specific embodiments, wherein determining the presence or
absence of a Ras mutation comprising analyzing nucleic acids obtained from said sample.

[0014] In certain embodiments, Ras mutation is determined by sequencing, Polymerase Chain
Reaction (PCR), DNA microarray, Mass Spectrometry (MS), Single Nucleotide Polymorphism
(SNP) assay, denaturing high-performance liguid chromatography (DHPLC), or Restriction
Fragment Length Polymorphism (RFLP) assay. In specific embodiments, Ras mutation is
determined by PCR. In specific embodiments, Ras mutation i1s determined by sequencing. In
specific embodiments, determining the presence or absence of a Ras mutation comprising
analyzing proteins obtained from said sample.

[0015] In certain embodiments, said lung SCC i1s HPV negative. In certain embodiments, said
lung SCC 1s HPV positive. In certain embodiments, said lung SCC iIs at an advanced stage or
metastatic. In certain embodiments, said lung SCC is relapsed lung SCC.

[0016] According to the Iinvention, the EGFR inhibitor i1s cetuximab. In certain aspects of the
disclosure, the EGFR inhibitor is erlotinib. In certain aspects, the EGFR inhibitor is gefitinib. In
certain aspects, the EGFR inhibitor Is panitumumab. According to the Invention, the
farnesyltransferase inhibitor (FT1) is tipifarnib.

[0017] In some embodiments, provided herein i1s a method of treating a lung SCC In a subject
based on the presence of an HRAS mutation. In some embodiments, the lung SCC can be
HPV negative lung SCC. In some embodiments, the lung SCC can be HPV positive lung SCC.
In some embodiments, the lung SCC can be relapsed/recurrent lung SCC. In some
embodiments, the lung SCC can be metastatic lung SCC. The methods provided herein
Include (a) determining the presence or absence of a HRAS mutation In a sample from the
subject having lung SCC, and subsequently (b) administering a therapeutically effective
amount of tipifarnib to the subject If the sample Is determined to have a HRAS mutation. In
certain embodiments, said tipifarnib 1s administered in combination with chemotherapy. In
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certain embodiments, said chemotherapy comprises a platinum-based therapy, a taxane, or a
combination thereof.

[0018] In some aspects of the disclosure, the FTI i1s selected from the group consisting of
tipifarnib, lonafarnib (SCH-66336), CP-609,754, BMS-214662, L7/8123, L744823, L7/39749,
R208176, AZD3409 and FTI-2/77. In some embodiments, the FTI 1s administered at a dose of
1-1000 mg/kg body weight. According to the Invention, the FTI i1s tipifarnib. In some
embodiments, tipifarnib is administered at a dose of 200-1200 mg twice a day ("b.i.d."). In
some embodiments, tipifarnib 1s administered at a dose of 600 mg daily orally. In some
embodiments, tipifarnib is administered at a dose of 300 mg b.i1.d. orally for 3 of out of 4 weeks
In repeated 4 week cycles. In some embodiments, tipifarnib i1s administered at a dose of 600
mg b.i.d. orally for 3 of out of 4 weeks In repeated 4 week cycles. In some embodiments,
tipifarnib 1s administered at a dose of 900 mg b.i.d. orally in alternate weeks (one week on, one
week off) In repeated 4 week cycles (days 1-7 and 15-21 of repeated 28-day cycles). In some
embodiments, tipifarnib i1s administered at a dose of 1200 mg b.i.d. orally in alternate weeks
(days 1-7 and 15-21 of repeated 28-day cycles). In some embodiments, tipifarnib Is
administered at a dose of 600 mg b.i.d. orally in alternate weeks (days 1-7 and 15-21 of
repeated 28-day cycles). In some embodiments, tipifarnib is administered at a dose of 400 mg
b.1.d. orally in alternate weeks (days 1-7 and 15-21 of repeated 28-day cycles). In some
embodiments, tipifarnib is administered at a dose of 300 mg b.i.d. orally Iin alternate weeks
(days 1-7 and 15-21 of repeated 28-day cycles). In some embodiments, tipifarnib is
administered at a dose of 200 mg b.1.d. orally In alternate weeks (days 1-7 and 15-21 of
repeated 28-day cycles). In some embodiments, tipifarnib is administered at a dose of 1200
mg b.1.d. orally for days 1-5 and 15-19 out of repeated 28-day cycles. In some embodiments,
patients receive at least three cycles of treatment. In some embodiments, patients receive at
least six cycles of treatment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

FIG. 1A-B. CT scan of tumor of subject 1 at (A) baseline and (B) cycle 4, day 22. Tumor
Indicated In circle.

FIG. 2. Tumor volumes of mice In different groups during tipifarnib treatment in HUPRIME®
head and neck cancer xenograft model HN1420, wherein group 01 is the vehicle group and
group 02 is the tipifarnib group.

FIG 3. Tumor Volumes of mice in different groups during tipifarnib treatment in HUPRIME®

NSCLC xenograft model LU1513, wherein group 01 is the vehicle group and group 02 is the
tipifarnib group.
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DETAILED DESCRIPTION

1. Definitions

[0020] As used herein, the articles "a,” "an,” and "the" refer to one or to more than one of the
grammatical object of the article. By way of example, a biomarker refers to one biomarker or

more than one biomarkers.

[0021] As used herein, the term "subject” refers to a mammal. A subject can be a human or a
non-human mammal such as a dog, cat, bovid, equine, mouse, rat, rabbit, or transgenic
species thereof. The subject can be a patient, or a cancer patient.

[0022] As used herein, the term "cancer” or "cancerous” refers to the physiological condition In
mammals that iIs typically characterized by unregulated cell growth. Examples of cancer
Include, but are not limited to, hematological cancers (e.g., multiple myeloma, lymphoma and
leukemia), and solid tumors. As used herein, the term "premalignant condition” refers to a
condition associated with an increased risk of cancer, which, If left untreated, can lead to
cancer. A premalignant condition can also refer to non-invasive cancer that have not
progressed Into aggressive, invasive stage.

[0023] As used herein, the term "treat,” "treating,” and "treatment,” when used In reference to
a cancer patient, refer to an action that reduces the severity of the cancer, or retards or slows
the progression of the cancer, Including (a) inhibiting the cancer growth, or arresting
development of the cancer, and (b) causing regression of the cancer, or delaying or minimizing
one or more symptoms associated with the presence of the cancer.

[0024] As used herein, the term "determining” refers to using any form of measurement to
assess the presence of a substance, either quantitatively or qualitatively. Measurement can be
relative or absolute. Measuring the presence of a substance can include determining whether
the substance is present or absent, or the amount of the substance.

[0025] As used herein, the term "administer,” "administering,” or "administration” refers to the
act of delivering, or causing to be delivered, a compound or a pharmaceutical composition to
the body of a subject by a method described herein or otherwise known iIn the art.
Administering a compound or a pharmaceutical composition includes prescribing a compound
or a pharmaceutical composition to be delivered into the body of a patient. Exemplary forms of
administration include oral dosage forms, such as tablets, capsules, syrups, suspensions;
Injectable dosage forms, such as intravenous (lV), intramuscular (IM), or intraperitoneal (IP);
transdermal dosage forms, Including creams, jellies, powders, or patches; buccal dosage
forms; inhalation powders, sprays, suspensions, and rectal suppositories.
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[0026] As used herein, the term "therapeutically effective amount” of a compound when used
INn connection with a disease or disorder refers to an amount sufficient to provide a therapeutic
benefit In the treatment or management of the disease or disorder or to delay or minimize one
or more symptoms associated with the disease or disorder. A therapeutically effective amount
of a compound means an amount of the compound, alone or in combination with other
therapies, that provides a therapeutic benefit in the treatment or management of the disease
or disorder. The term encompasses an amount that improves overall therapy, reduces or
avolds symptoms, or enhances the therapeutic efficacy of another therapeutic agent. The term
also refers to the amount of a compound that sufficiently elicits the biological or medical
response of a biological molecule (e.g., a protein, enzyme, RNA, or DNA), cell, tissue, system,
animal, or human, which 1s being sought by a researcher, veterinarian, medical doctor, or
clinician.

[0027] As used herein, the term "sample” refers to a material or mixture of materials containing
one or more components of interest. A sample from a subject refers to a sample obtained from
the subject, including samples of biological tissue or fluid origin, obtained, reached, or collected
In vivo or In situ. A sample can be obtained from a region of a subject containing precancerous
or cancer cells or tissues. Such samples can be, but are not limited to, organs, tissues,
fractions and cells isolated from a mammal. Exemplary samples include bone marrow, whole
blood, partially purified blood, peripheral blood mononuclear cells ("PBMC"), and tissue
biopsies. Exemplary samples also include cell lysate, a cell culture, a cell line, a tissue, oral
tissue, gastrointestinal tissue, an organ, an organelle, a biological fluid, a blood sample, a urine
sample, a skin sample, and the like.

[0028] As used herein, the term "biomarker" refers to a gene that can be either present or
absent In Individual subjects, or can be present but differentially expressed In individual

subjects. The presence a biomarker, including the expression level of the biomarker, In a
sample from a subject can indicate the responsiveness of the subject to a particular treatment,

such as an F Tl treatment.

[0029] As used herein, the term "express” or "expression” when used In connection with a
gene refers to the process by which the information carried by the gene becomes manifest as
the phenotype, Including transcription of the gene to a messenger RNA (mRNA), the
subsequent translation of the mRNA molecule to a polypeptide chain and its assembly into the
ultimate protein.

[0030] As used herein, the term "RNA product of the biomarker” refers to a RNA transcript
transcribed from a biomarker, and the term "protein product of the biomarker” refers to a
protein or polypeptide translated from a RNA product of a biomarker.

[0031] As used herein, the term "expression level” of a biomarker refers to the amount or
accumulation of the expression product of a biomarker, such as, for example, the amount of a

RNA product of the biomarker (the RNA level of the biomarker) or the amount of a protein
product of the biomarker (the protein level of the biomarker). If the biomarker is a gene with
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more than one alleles, the expression level of a biomarker refers to the total amount of
accumulation of the expression product of all existing alleles for this gene, unless otherwise
specified.

[0032] As used herein, the term "reference expression level" refers to a predetermined
expression level of a biomarker that one can use to determine the significance of the
expression level of the biomarker in a sample from a subject. A reference expression level of a
biomarker can be the expression level of the biomarker in a sample from a healthy individual. A
reference expression level of a biomarker can also be a cut-off value determined by a person
of ordinary skill in the art through statistic analysis of the expression levels of the biomarker In
a sample population and the responsiveness to a treatment of the individuals in the sample
population.

[0033] As used herein, the term "responsiveness” or "responsive” when used In connection
with a treatment refers to the effectiveness of the treatment in lessening or decreasing the
symptoms of the disease being treated. For example, a cancer patient i1s responsive to an FTI
treatment If the FTI treatment effectively inhibits the cancer growth, or arrests development of
the cancer, causes regression of the cancer, or delays or minimizes one or more symptoms
associated with the presence of the cancer in this patient.

[0034] The responsiveness to a particular treatment of a cancer patient can be characterized
as a complete or partial response. "Complete response,” or "CR" refers to an absence of
clinically detectable disease with normalization of previously abnormal radiographic studies,
bone marrow, and cerebrospinal fluid (CSF) or abnormal monoclonal protein measurements.
"Partial response,” or "PR," refers to at least about a 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, or 90% decrease In all measurable tumor burden (i.e., the number of malignant cells
present In the subject, or the measured bulk of tumor masses or the quantity of abnormal
monoclonal protein) in the absence of new lesions.

[0035] A person of ordinary skill in the art would understand that clinical standards used to
define CR, PR, or other level of patient responsiveness to treatments can vary for different
types of cancer. For example, for hematopoietic cancers, patient being "responsive” to a
particular treatment can be defined as patients who have a complete response (CR), a partial
response (PR), or hematological mprovement (HI) (Lancet et al., Blood 2:2 (2006)). For solid
tumors, a patient being "responsive” to a particular treatment can be defined by RECIST
criteria (see Therasse et al., "New guidelines to evaluate the response to treatment in solid
tumors,” JNCI| 92(3):205-216 (2000)). HI can be defined as any bone marrow blast count less
than 5% or a reduction in bone marrow blasts by at least half. On the other hand, patient being
"not responsive” to a particular treatment can be defined as patients who have either
progressive disease (PD) or stable disease (SD). Progressive disease (PD) can be defined as
either >50% Increase In bone marrow or circulating blast % from baseline, or new appearance
of circulating blasts (on at least 2 consecutive occasions). Stable disease (SD) can be defined
as any response not meeting CR, PR, HI, or PD criteria.
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[0036] As used herein, the term "likelihood" refers to the probability of an event. A subject Is
"likely” to be responsive to a particular treatment when a condition 1Is met means that the
probability of the subject to be responsive to a particular treatment is higher when the condition
IS met than when the condition i1s not met. The probability to be responsive to a particular
treatment can be higher by, for example, 5%, 10%, 25%, 50%, 100%, 200%, or more In a
subject who meets a particular condition compared to a subject who does not meet the
condition. For example, a cancer patient is "likely” to be responsive to an FTI| treatment when
the subject is a carrier of an HRAS mutation means that the probability of a subject to be
responsive to F Tl treatment i1s 5%, 10%, 25%, 50%, 100%, 200%, or more higher in a subject

who Is a carrier of an HRAS mutation compared to a subject who Is not a carrier of an HRAS
mutation.

[0037] Ras proteins are GTPases that regulate proliferation and by transducing biological
Information from extracellular signals to the nucleus. Mammalian cells express three ras genes
that encode four Ras proteins, which are HRAS, N-Ras, Ka-Ras and Kg-Ras. Ka-Ras and Kg-

Ras are also generally referred to as K-Ras. Ras proteins exist in either an active, GTP-bound
or an Inactive, GDP-bound, state. Mutant RAS proteins accumulate in the GTP-bound
conformation due to defective Intrinsic GTPase activity and/or resistance to Inactivation by
GTPase activating proteins (GAPs). Constitutive RAS signaling Is mediated by mutations that
prevent GTP hydrolysis, locking RAS In a permanently active state. In addition, RAS GTPases
require lipid post-translational modification in the form of farnesylation or geranylgeranylation
for their malignant transforming activity. Of the three RAS species (HRAS, KRAS, NRAS),
HRAS 1s unique In the fact that it can be farnesylated but not geranylgeranylated.
Consequently, farnesyl transferase Inhibitors (FTIls) have been shown to Inhibit the
farnesylation of HRAS, prevent its association with the plasma membrane, inhibit downstream
signal transduction pathways and inhibit tumor growth (Reviewed by Berndt et al. Nature
Reviews Cancer 11:775-91). The Q22K HRAS mutation has been observed Iin Costello
syndrome (Sheffield et al. Ped Dev Pathology 18, 237-244, 2015), a developmental and tumor
predisposition disorder caused by germline HRAS mutation, and while its ability to drive
neoplastic transformation has not been established, this mutation is in a highly conserved
region across RAS proteins and Q22K KRAS has been established as a driver mutation
(Tsukuda et al. Biochem Biophys Res Commun 2000; 27/8:653-58).

[0038] An exemplary amino acid sequence and a corresponding encoding nucleic acid

sequence of human HRAS (GENBANK: CR536579.1 Gl:149168641) are provided below:
MTEYKLVVVG AGGVGKSALT IQLIQNHFVD EYDPTIEDSY RKQVVIDGET

CLLDILDTAG QEEYSAMRDQ YMRTGEGFLC VFAINNTKSF EDIHQYREQI
KRVKDSDDVP MVLVGNKCDIL. AARTVESRQA QDLARSYGIP YIETSAKTRQ
GVEDAFYTLV REIRQHKLRK LNPPDESGPG CMSCKCVLS

(SEQ ID NO:1)

ATGACGGAAT ATAAGCTGGT GGTGGTGGGC GCCGGCGGTG TGGGCAAGAG
TGCGCTGACC ATCCAGCTGA TCCAGAACCA CTTTGTGGAC GAATACGACC
CCACTATAGA GGATTCCTAC CGGAAGCAGG TGGTCATTGA TGGGGAGACG
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TGCCTGTTGG ACATCCTGGA TACCGCCGGC CAGGAGGAGT ACAGCGCCAT
GCGGGACCAG TACATGCGCA CCGGGGAGGG CTTCCTGTGT GTGTTTGCCA
TCAACAACAC CAAGTCTTTT GAGGACATCC ACCAGTACAG GGAGCAGATC
AAACGGGTGA AGGACTCGGA TGACGTGCCC ATGGTGCTGG TGGGGAACAA
GTGTGACCTG GCTGCACGCA CTGTGGAATC TCGGCAGGCT CAGGACCTCG
CCCGAAGCTA CGGCATCCCC TACATCGAGA CCTCGGCCAA GACCCGGCAG
GGAGTGGAGG ATGCCTTCTA CACGTTGGTG CGTGAGATCC GGCAGCACAA
GCTGCGGAAG CTGAACCCTC CTGATGAGAG TGGCCCCGGC TGCATGAGCT
GCAAGTGTGT GCTCTCCTGA

(SEQ ID NO:2).

[0039] Ras isoforms are farnesylated. Farnesyltransferase (FTase) have crucial roles in the
post-translational modifications of Ras proteins. A way of interfering with Ras function is the
Inhibition of FTase, the enzyme coupling a 15-carbon isoprenyl group to Ras proteins, by
Farnesyltransferase Inhibitors ("FTI"). FTls are a class of biologically active anticancer drugs
that inhibit farnesylation of a wide range of target proteins, including Ras. The FTls block Ras
activation through inhibition of FTase, ultimately resulting in cell growth arrest. Thus, it was
predicted that F Tls would be effective therapeutic agents in the treatment of cancer.

[0040] Thirty percent of all human cancers express oncogenically activated Ras. The high
prevalence of mutated Ras, found Iin 30% of all human cancers, makes this pathway an
attractive target for anticancer drug development. Initially, it was predicted that the Ras
mutation(s) that led to constitutively active RAS pathway can serve as a biomarker for patient
response to FTls, which was based on the preclinical evidence that FTls could block RAS-

transformed cells. (Raponi et al., Blood 111:2589-96 (2008)).

[0041] As used herein, the term "HRAS mutation” refers to an activation mutation in an HRAS
gene or HRAS protein. An HRAS mutation can refer to either a genetic alternation in the DNA
sequence of the HRAS gene that results in activation of the corresponding HRAS protein, or
the alteration In the amino acid sequence of an HRAS protein that results In its activation.
Thus, the term "HRAS mutation” as used herein does not include an alternation in a HRAS
gene that does not result in the activation of the HRAS protein, or an alternation of a HRAS
protein sequence that does not lead to its activation. Accordingly, a sample or a subject that
does not have any "HRAS mutation” as used herein can still have a mutation in the HRAS gene
that does not affect the activity of the HRAS protein or a mutation that impairs the activity of the
HRAS protein, or have a mutation in an HRAS protein that does not affect its activity or a
mutation that impairs its activity. A sample or a subject can have multiple copies of the HRAS
gene. A sample or a subject can also have both wild type and mutant HRAS proteins. As used
herein, a sample or a subject having an HRAS mutation can also have a copy of wild type
HRAS gene and/or the wild type HRAS protein. A sample or a subject that is determined to
"have wild type HRAS," as used herein, refers to the sample or subject that only has the wild
type HRAS gene and the wild type HRAS protein, and no HRAS mutation.
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[0042] In some embodiments, the HRAS mutation can include at least one mutation at a codon
selected from the group consisting of G12, G13, Q61, Q22, K117, and A146.

2. Farnesyltransferase Inhibitors for Cancer Treatment

2.1. Farnesyltransferase inhibitors

[0043] Provided herein are methods to treat squamous cell carcinoma of the head and neck
with an FTIl In a selected cancer patient or a selected population of cancer patients. The
representative FTIls roughly belong to two classes (Shen et al., Drug Disc. Today 20:2 (20195)).
The FTls In the first class have the basic framework of farnesyldiphosphate (FPP). For
Instance, FPP analogs with a malonic acid group (Ta) were reported to be FTls that compete
with FPP (Duez, S. et al. Bioorg. Med. Chem. 18:543-556(2010)). In addition, imidazole-
containing derivatives linked by an acidic substituent and a peptidyl chain were also
synthesized as bisubstrate FTls, and the designed bisubstrate inhibitors have better affinities
than FPP. The FTls in the second class are peptidomimetic molecules, which can be divided
Into two groups, namely thiol and non-thiol FTls. Regarding the thiol FTls, for instance L-
139749, a selective peptidomimetic FT1 shows potent antitumor activity in nude mice without
system toxicity (Kohl, N.E. et al. PNAS 91:9141-9145(1994)). Additionally, a variety of thiol
Inhibitors were also developed, such as tripeptidyl FTls (Lee, H-Y. et al. Bioorg. Med. Chem.
Lett. 12:1599-1602(2002)).

[0044] For non-thiol FTls, the heterocycles were therefore widely used to substitute the thiol
group to contact with the zinc ion In the binding site. According to the structures of
pharmacophoric groups, the nonthiol FTls can be divided into three classes. The first class Is
featured by different monocyclic rings, such as L-778123, an FTI in Phase | clinical trials for
solid tumors and lymphoma. L-778123 binds into the CAAX peptide site and competes with the
CAAX substrate of farnesyltransferase. The second class Is represented by tipifarnib in Phase
Ill trials and BMS-214662 in Phase |l trials, which are composed of diverse monocyclic rings
and bicyclic rings (Harousseau et al. Blood 114:1166-1173 (2009)). The representative inhibitor
of the third class Is lonafarnib, which is active in Ras-dependent and -independent malignant
tumors, and has entered Phase Ill clinical trials for combating carcinoma, leukemia, and
myelodysplastic syndrome. Lonafarnib i1s an FT| with a tricycle core, which contains a central
seven-membered ring fused with two six-membered aromatic rings.

[0045] Thus, FTls as described herein can take on a multitude of forms but share the essential
Inhibitory function of interfering with or lessening the farnesylation of proteins implicated In

cancer and proliferative diseases.

[0046] Numerous FTls are within the scope of this disclosure and include those described In
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U.S. Pat. Nos. 5,976,851, 5,972,984, 5,972,966, 5,968,965, 5,968,952; 6,187,7/86; 6,169,096;
6,037,350; 6,177,432; 5,965,57/8; 5,965,539; 5,958,939; 5,939,557; 5,936,097; 5,891,889;
5,889,053; 5,880,140; 5,872,135; 5,869,682; 5,861,529; 5,859,015; 5,856,439; 5,856,326;
5,852,010; 5,843,941; 5,80/,852; 5,7/80,492; 5,7/73,455; 5,/67,27/4; 5,7/56,528; 5,750,567,
5,721,236; 5,7/00,806; 5,661,161; 5,602,098; 5,585,359; 5,578,629; 5,534,537; 5,532,359,
5,623,430, 5,504,212; 5,491,164, 5,420,245; and 5,238,922.

[0047] FTls within the scope of this disclosure also include those described in Thomas et al.,
Biologics 1: 415-424 (2007); Shen et al.,, Drug Disc. Today 20:2 (2015); Appels et al., The
Oncologist 10: 565-578(20095).

[0048] In some aspects of the disclosure, the FTls Include Arglabin (i.e.l(R)-10-epoxy-
5(3),7(S)-guaia-3(4),11(13)-dien-6,12-olide described In WO-98/28303 (NuOncology Labs);
perrilyl alcohol described in WO-99/45912 (Wisconsin Genetics); SCH-66336 (lonafarnib), 1.e.
(+)-(R)-4-[2-[4-(3,10-dibromo-8-chloro-5,6-dihydro-11H-benzo[5,6]cycloheptal1,2-b]pyridin-11-
yl)piperidin-1-yl]-2-oxoethyl]piperidine-1-carboxamide, described in U.S. Patent No. 5874442
(Schering); L778123, 1e. 1-(3-chlorophenyl)-4-[1-(4-cyanobenzyl)-5-imidazolylmethyl]-2-
piperazinone, described in WO-00/01691 (Merck); L739749, 1.e. compound 2(S5)-[2(S)-[2(R)-
amino-3-mercapto]propylamino-3(S)-methyl]-pentyloxy-3-phenylpropionyl-methionine sulfone
described In WO-94/10138 (Merck); FTI-277, 1.e., methyl {N-[2-phenyl-4-N[2(R)-amino-3-
mecaptopropylamino] benzoyl]}-methionate (Calbiochem); L744832, 1.e, 235)-2-[[(25)-2-
[(25,39)-2-[(2R)-2-amino-3-mercaptopropyllamino]-3-methylpentyljoxy]-1-0xo0-3-
phenylpropyllamino]-4-(methylsulfonyl)-butanoic acid 1-methylethyl ester (Biomol International
L.P.); CP-609,754 (Pfizer), 1.e., (R)-6-[(4-chlorophenyl)-hydroxyl-(1-methyl-1-H-imidazol-5-yl)-
methyl]-4-(3-ethynylphenyl)-1-methyl-2-(1H)-quinonlinone and (R)-6-[(4-chlorophenyl)-
hydroxyl-(3-methyl-3-H-imidazol-4-yl)-methyl]-4-(3-ethynylphenyl)-1-methyl-2-(1H)-
quinolinone; R208176 (Johnson & Johnson), 1.e., JNJ-17305457, or (R)-1-(4-chlorophenyl)-1-
[5-(3-chlorophenyltetrazolo[1,5-a]guinazolin-7-yl]-1-(1-methyl-1H-imidazol-5-yl)methanamine,
AZD3409  (AstraZeneca), 1le. (S)-isopropyl 2-(2-(4-fluorophenethyl)-5-((((2S5,45)-4-
(nicotinoylthio)pyrrolidin-2-yl)methyl)amino)benzamido)-4-(methylthio)butanoate; BMS 214662
(Bristol-Myers Squibb), .e. (R)-2,3,4,5-tetrahydro-1-(IH-imidazol-4-ylmethyl)-3-
(phenylmethyl)-4-(2-thienylsulphonyl)-1H-1,4-benzodiazapine-7-carbonitrile, described in WO
97/30992 (Bristol Myers Squibb) and Pfizer compounds (A) and (B) described in WO-00/12498
and WO-00/12499.

[0049] In some aspects of the disclosure, the FT| are the non-peptidal, so-called "small
molecule” therapeutics, such as are quinolines or quinoline derivatives including:

7/-(3-chlorophenyl)-9-[(4-chlorophenyl)-1H-imidazol-1-yImethyl]-2,3-dihydro-0-1H,5H-
benzolijjquinolizin-5-one,

7/-(3-chlorophenyl)-9-[(4-chlorophenyl)-1H-imidazol-1-ylmethyl]-1,2-dihydro-0-4H-pyrrolo[3,2,1-
jJquinoline-4-one,

8-[amino(4-chlorophenyl)(1-methyl-1H-imidazol-5-yl),methyl]-6-(3-chloroph-enyl)-1,2-dihydro-
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4H-pyrrolo[3,2,1-jJquinolin-4-one, and

8-[amino(4-chlorophenyl)(1-methyl-1H-imidazol-5-yl)methyl]-6-(3-chlorophe-nyl)-2,3-dihydro-
1H,5H-benzo[i]guinolizin-5-one.

[0050] Tipifarnib (the FTI according to the invention) is a nonpeptidomimetic FT1 (Thomas et
al., Biologics 1: 415-424 (2007)). It 1s a 4,6-disubstituted-1-methylquinolin-2-one derivative
((B)-6-[amino(4-chlorophenyl)(1-methyl-1H-imidazol-5-yl)methyl]-4-(3-chlorophenyl)-1-methyil-
2(1H)-quinolinone)) that was obtained by optimization of a quinolone lead identified from
compound library screening. Tipifarnib competitively inhibits the CAAX peptide binding site of
FTase and is an extremely potent and highly selective inhibitor of farnesylation. Tipifarnib has
manageable safety profile as single agent therapy and is reasonably well tolerated in man.

[0051] Tipifarnib is synthesized by the condensation of the anion of 1-methylimidazole with a
6-(4-chlorobenzoyl) quinolone derivative, followed by dehydration. The quinolone intermediate
was prepared In four steps by cyclization of N-phenyl-3-(3-chlorophenyl)-2-propenamide,
acylation, oxidation and N-methylation. Tipifarnib is a potent inhibitor of FTase In vitro and is
orally active In a variety of animal models.

[0052] In some aspects of the disclosure, provided herein i1s a method of treating cancer In a
subject with an FTI| or a pharmaceutical composition having FTI, or selecting a cancer patient
for an FTI treatment. The pharmaceutical compositions provided herein contain therapeutically
effective amounts of an FT| and a pharmaceutically acceptable carrier, diluent or excipient. In
some aspects of the disclosure, the F Tl is tipifarnib; arglabin; perrilyl alcohol; lonafarnib (SCH-
66336); L/778123; L739749; FTI1-277, L744832; R208176; BMS 214662; AZD3409; or CP-
609,754. According to the invention, the F Tl is tipifarnib.

2.2. Formulations

[0053] The FTI can be formulated into suitable pharmaceutical preparations such as solutions,
suspensions, tablets, dispersible tablets, pills, capsules, powders, sustained release
formulations or elixirs, for oral administration or In sterile solutions or suspensions for
ophthalmic or parenteral administration, as well as transdermal patch preparation and dry
powder inhalers. Typically the FTI 1s formulated into pharmaceutical compositions using
techniques and procedures well known In the art (see, e.g., Ansel Introduction to
Pharmaceutical Dosage Forms, Seventh Edition 1999).

[0054] In the compositions, effective concentrations of the FTI and pharmaceutically
acceptable salts is (are) mixed with a suitable pharmaceutical carrier or vehicle. In certain
embodiments, the concentrations of the FTIl in the compositions are effective for delivery of an
amount, upon administration, that treats, prevents, or ameliorates one or more of the
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symptoms and/or progression of cancer, including haematological cancers and solid tumors.

[0055] The compositions can be formulated for single dosage administration. To formulate a
composition, the weight fraction of the FTI 1s dissolved, suspended, dispersed or otherwise
mixed In a selected vehicle at an effective concentration such that the treated condition Is
relieved or ameliorated. Pharmaceutical carriers or vehicles suitable for administration of the
FTI provided herein include any such carriers known to those skilled in the art to be suitable for
the particular mode of administration.

[0056] In addition, the FTI can be formulated as the sole pharmaceutically active ingredient In
the composition or may be combined with other active ingredients. Liposomal suspensions,
Including tissue-targeted liposomes, such as tumor-targeted liposomes, may also be suitable
as pharmaceutically acceptable carriers. These may be prepared according to methods known
to those skilled in the art. For example, liposome formulations may be prepared as known In
the art. Briefly, liposomes such as multilamellar vesicles (MLV's) may be formed by drying
down egg phosphatidyl choline and brain phosphatidyl serine (7:3 molar ratio) on the inside of
a flask. A solution of an FTI provided herein in phosphate buffered saline lacking divalent
cations (PBS) 1s added and the flask shaken until the lipid film is dispersed. The resulting
vesicles are washed to remove unencapsulated compound, pelleted by centrifugation, and
then resuspended in PBS.

[0057] The FTlis included in the pharmaceutically acceptable carrier in an amount sufficient to
exert a therapeutically useful effect in the absence of undesirable side effects on the patient
treated. The therapeutically effective concentration may be determined empirically by testing
the compounds In /in vitro and in vivo systems described herein and then extrapolated
therefrom for dosages for humans.

[0058] The concentration of FTI in the pharmaceutical composition will depend on absorption,
tissue distribution, Inactivation and excretion rates of the FTIl, the physicochemical
characteristics of the FTIl, the dosage schedule, and amount administered as well as other
factors known to those of skill in the art. For example, the amount that is delivered is sufficient

to ameliorate one or more of the symptoms of cancer, including hematopoietic cancers and
solid tumors.

[0059] In certain embodiments, a therapeutically effective dosage should produce a serum
concentration of active ingredient from about 0.1 ng/ml to about 50-100 upg/ml. In one
embodiment, the pharmaceutical compositions provide a dosage of from about 0.001 mg to
about 2000 mg of compound per kilogram of body weight per day. Pharmaceutical dosage unit
forms are prepared to provide from about 1 mg to about 1000 mg and in certain embodiments,

from about 10 to about 500 mg of the essential active ingredient or a combination of essential
Ingredients per dosage unit form.

[0060] The FTIl may be administered at once, or may be divided into a number of smaller
doses to be administered at intervals of time. It Is understood that the precise dosage and
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duration of treatment is a function of the disease being treated and may be determined
empirically using known testing protocols or by extrapolation from in vivo or in vitro test data. It
IS to be noted that concentrations and dosage values may also vary with the severity of the
condition to be alleviated. It is to be further understood that for any particular subject, specific
dosage regimens should be adjusted over time according to the Iindividual need and the
professional judgment of the person administering or supervising the administration of the
compositions, and that the concentration ranges set forth herein are exemplary only.

[0061] Thus, effective concentrations or amounts of one or more of the compounds described
herein or pharmaceutically acceptable salts thereof are mixed with a suitable pharmaceutical
carrier or vehicle for systemic, topical or local administration to form pharmaceutical
compositions. Compounds are included in an amount effective for ameliorating one or more
symptoms of, or for treating, retarding progression, or preventing. The concentration of active
compound In the composition will depend on absorption, tissue distribution, Inactivation,
excretion rates of the active compound, the dosage schedule, amount administered, particular
formulation as well as other factors known to those of skill in the art.

[0062] The compositions are intended to be administered by a suitable route, including but not
imited to orally, parenterally, rectally, topically and locally. For oral administration, capsules,
tablets, suspensions, and solutions can be formulated. The compositions are in liquid, semi-
liquid or solid form and are formulated in a manner suitable for each route of administration.

[0063] Solutions or suspensions used for parenteral, intradermal, subcutaneous, or topical
application can include any of the following components: a sterile diluent, such as water for
Injection, saline solution, fixed oll, polyethylene glycol, glycerine, propylene glycol, dimethyl
acetamide or other synthetic solvent; antimicrobial agents, such as benzyl alcohol and methyl
parabens; antioxidants, such as ascorbic acid and sodium bisulfite; chelating agents, such as
ethylenediaminetetraacetic acid (EDTA); buffers, such as acetates, citrates and phosphates;
and agents for the adjustment of tonicity such as sodium chloride or dextrose. Parenteral
preparations can be enclosed in ampules, pens, disposable syringes or single or multiple dose
vials made of glass, plastic or other suitable material.

[0064] In Instances In which the FTI exhibits insufficient solubility, methods for solubilizing
compounds can be used. Such methods are known to those of skill in this art, and include, but
are not limited to, using cosolvents, such as dimethylsulfoxide (DMSO), using surfactants, such
as TWEEN®, or dissolution in aqueous sodium bicarbonate.

[0065] Upon mixing or addition of the compound(s), the resulting mixture may be a solution,
suspension, emulsion or the like. The form of the resulting mixture depends upon a number of
factors, including the intended mode of administration and the solubility of the compound in the
selected carrier or vehicle. The effective concentration Is sufficient for ameliorating the
symptoms of the disease, disorder or condition treated and may be empirically determined.

[0066] The pharmaceutical compositions are provided for administration to humans and
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animals Iin unit dosage forms, such as tablets, capsules, pills, powders, granules, sterile
parenteral solutions or suspensions, and oral solutions or suspensions, and oil water
emulsions containing suitable quantities of the compounds or pharmaceutically acceptable
salts thereof. The pharmaceutically therapeutically active compounds and salts thereof are
formulated and administered in unit dosage forms or multiple dosage forms. Unit dose forms
as used herein refer to physically discrete units suitable for human and animal subjects and
packaged individually as i1s known In the art. Each unit dose contains a predetermined quantity
of the therapeutically active compound sufficient to produce the desired therapeutic effect, In
association with the required pharmaceutical carrier, vehicle or diluent. Examples of unit dose
forms include ampules and syringes and individually packaged tablets or capsules. Unit dose
forms may be administered In fractions or multiples thereof. A multiple dose form is a plurality
of identical unit dosage forms packaged in a single container to be administered in segregated
unit dose form. Examples of multiple dose forms include vials, bottles of tablets or capsules or
bottles of pints or gallons. Hence, multiple dose form is a multiple of unit doses which are not
segregated in packaging.

[0067] Sustained-release preparations can also be prepared. Suitable examples of sustained-
release preparations Include semipermeable matrices of solid hydrophobic polymers
containing the compound provided herein, which matrices are in the form of shaped articles,
e.g., films, or microcapsule. Examples of sustained-release matrices include iontophoresis
patches, polyesters, hydrogels (for example, poly(2-hydroxyethyl-methacrylate), or
poly(vinylalcohol)), polylactides, copolymers of L-glutamic acid and ethyl-L-glutamate, non-
degradable ethylene-vinyl acetate, degradable lactic acid-glycolic acid copolymers such as the
LUPRON DEPOT™ (injectable microspheres composed of lactic acid-glycolic acid copolymer
and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid. VWhile polymers such as
ethylene-vinyl acetate and lactic acid-glycolic acid enable release of molecules for over 100
days, certain hydrogels release proteins for shorter time periods. When encapsulated
compound remain in the body for a long time, they may denature or aggregate as a result of
exposure to moisture at 37 °C, resulting in a loss of biological activity and possible changes In
their structure. Rational strategies can be devised for stabilization depending on the
mechanism of action involved. For example, If the aggregation mechanism is discovered to be
Intermolecular S--S bond formation through thio-disulfide interchange, stabilization may be
achieved by modifying sulfhydryl residues, lyophilizing from acidic solutions, controlling
moisture content, using appropriate additives, and developing specific polymer matrix
compositions.

[0068] Dosage forms or compositions containing active ingredient in the range of 0.005% to
100% with the balance made up from non toxic carrier may be prepared. For oral
administration, a pharmaceutically acceptable non toxic composition Is formed by the
iIncorporation of any of the normally employed excipients, such as, for example pharmaceutical
grades of mannitol, lactose, starch, magnesium stearate, talcum, cellulose derivatives, sodium
crosscarmellose, glucose, sucrose, magnesium carbonate or sodium saccharin. Such
compositions include solutions, suspensions, tablets, capsules, powders and sustained release
formulations, such as, but not limited to, implants and microencapsulated delivery systems,
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and biodegradable, biocompatible polymers, such as collagen, ethylene vinyl acetate,
polyanhydrides, polyglycolic acid, polyorthoesters, polylactic acid and others. Methods for
preparation of these compositions are known to those skilled in the art. The contemplated

compositions may contain about 0.001% 100% active Ingredient, in certain embodiments,
about 0.1-85% or about 75-95%.

[0069] The FTI or pharmaceutically acceptable salts can be prepared with carriers that protect

the compound against rapid elimination from the body, such as time release formulations or
coatings.

[0070] The compositions can include other active compounds to obtain desired combinations
of properties. The compounds provided herein, or pharmaceutically acceptable salts thereof as
described herein, can also be administered together with another pharmacological agent
known In the general art to be of value In treating one or more of the diseases or medical
conditions referred to hereinabove, such as diseases related to oxidative stress.

[0071] Lactose-free compositions provided herein can contain excipients that are well known In
the art and are listed, for example, In the U.S. Pharmocopia (USP) SP (XXD/NF (XVI). In
general, lactose-free compositions contain an active ingredient, a binder/filler, and a lubricant
In pharmaceutically compatible and pharmaceutically acceptable amounts. Exemplary lactose-
free dosage forms contain an active ingredient, microcrystalline cellulose, pre-gelatinized
starch and magnesium stearate.

[0072] Further encompassed are anhydrous pharmaceutical compositions and dosage forms
containing a compound provided herein. For example, the addition of water (e.g., 5%) Is widely
accepted in the pharmaceutical arts as a means of simulating long-term storage in order to
determine characteristics such as shelf-life or the stability of formulations over time. See, e.g.,
Jens T. Carstensen, Drug Stability: Principles & Practice, 2d. Ed., Marcel Dekker, NY, NY, 1995,
pp. 379-80. In effect, water and heat accelerate the decomposition of some compounds. Thus,
the effect of water on a formulation can be of great significance since moisture and/or humidity
are commonly encountered during manufacture, handling, packaging, storage, shipment and
use of formulations.

[0073] Anhydrous pharmaceutical compositions and dosage forms provided herein can be
prepared using anhydrous or low moisture containing ingredients and low moisture or low
humidity conditions. Pharmaceutical compositions and dosage forms that comprise lactose and
at least one active ingredient that comprises a primary or secondary amine are anhydrous If
substantial contact with moisture and/or humidity during manufacturing, packaging, and/or
storage Is expected.

[0074] An anhydrous pharmaceutical composition should be prepared and stored such that its
anhydrous nature Is maintained. Accordingly, anhydrous compositions are packaged using
materials known to prevent exposure to water such that they can be Included in suitable
formulary kits. Examples of suitable packaging include, but are not limited to, hermetically
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sealed folls, plastics, unit dose containers (e.g., vials), blister packs and strip packs.

[0075] Oral pharmaceutical dosage forms are either solid, gel or liquid. The solid dosage forms
are tablets, capsules, granules, and bulk powders. Types of oral tablets include compressed,
chewable lozenges and tablets which may be enteric coated, sugar coated or film coated.
Capsules may be hard or soft gelatin capsules, while granules and powders may be provided
IN non effervescent or effervescent form with the combination of other ingredients known to
those skilled in the art.

[0076] In certain embodiments, the formulations are solid dosage forms, such as capsules or
tablets. The tablets, pills, capsules, troches and the like can contain any of the following
Ingredients, or compounds of a similar nature: a binder; a diluent; a disintegrating agent; a
lubricant; a glidant; a sweetening agent; and a flavoring agent.

[0077] Examples of binders include microcrystalline cellulose, gum tragacanth, glucose
solution, acacia mucilage, gelatin solution, sucrose and starch paste. Lubricants include talc,
starch, magnesium or calcium stearate, lycopodium and stearic acid. Diluents include, for
example, lactose, sucrose, starch, kaolin, salt, mannitol and dicalcium phosphate. Glidants
Include, but are not limited to, colloidal silicon dioxide. Disintegrating agents include
crosscarmellose sodium, sodium starch glycolate, alginic acid, corn starch, potato starch,
bentonite, methylcellulose, agar and carboxymethylcellulose. Coloring agents include, for
example, any of the approved certified water soluble FD and C dyes, mixtures thereof; and
water insoluble FD and C dyes suspended on alumina hydrate. Sweetening agents include
sucrose, lactose, mannitol and artificial sweetening agents such as saccharin, and any number
of spray dried flavors. Flavoring agents include natural flavors extracted from plants such as
fruits and synthetic blends of compounds which produce a pleasant sensation, such as, but not
imited to peppermint and methyl salicylate. VWetting agents Include propylene glycol
monostearate, sorbitan monooleate, diethylene glycol monolaurate and polyoxyethylene laural
ether. Emetic coatings Include fatty acids, fats, waxes, shellac, ammoniated shellac and
cellulose acetate phthalates. Film coatings Include hydroxyethylcellulose, sodium
carboxymethylcellulose, polyethylene glycol 4000 and cellulose acetate phthalate.

[0078] When the dosage unit form Is a capsule, it can contain, in addition to material of the
above type, a liquid carrier such as a fatty oil. In addition, dosage unit forms can contain
various other materials which modify the physical form of the dosage unit, for example,
coatings of sugar and other enteric agents. The compounds can also be administered as a
component of an elixir, suspension, syrup, wafer, sprinkle, chewing gum or the like. A syrup
may contain, in addition to the active compounds, sucrose as a sweetening agent and certain
preservatives, dyes and colorings and flavors.

[0079] Pharmaceutically acceptable carriers included In tablets are binders, lubricants,
diluents, disintegrating agents, coloring agents, flavoring agents, and wetting agents. Enteric
coated tablets, because of the enteric coating, resist the action of stomach acid and dissolve or
disintegrate in the neutral or alkaline intestines. Sugar coated tablets are compressed tablets
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to which different layers of pharmaceutically acceptable substances are applied. Film coated
tablets are compressed tablets which have been coated with a polymer or other suitable
coating. Multiple compressed tablets are compressed tablets made by more than one
compression cycle utilizing the pharmaceutically acceptable substances previously mentioned.
Coloring agents may also be used In the above dosage forms. Flavoring and sweetening
agents are used In compressed tablets, sugar coated, multiple compressed and chewable
tablets. Flavoring and sweetening agents are especially useful in the formation of chewable
tablets and lozenges.

[0080] Ligquid oral dosage forms include aqueous solutions, emulsions, suspensions, solutions
and/or suspensions reconstituted from non effervescent granules and effervescent
preparations reconstituted <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>