FARNESYLTRANSFERASE INHIBITORS FOR USE IN METHODS O F TREATING
CANCER

FIELD

[0001] The present invention relates to the field of molacbiology and cancer biology.
Provided herein are methods of using HRAS mutatimosiarkers for predicting clinical
sensitivity and therapeutic response to treatméht avfarnesyltransferase inhibitor in a subject
having a squamous cell head and neck cancer omsmsacell lung cancer that has not yet been
treated with an EGFR inhibitor or that is refragtty treatment with an EGFR inhibitor. Further

provided herein are kits for carrying out thesehuods.

BACKGROUND

[0002]  Stratification of patient populations to improvetapeutic response rate is
increasingly valuable in the clinical managementaricer patients. Farnesyltransferase
inhibitors (FTI) are therapeutic agents that hatéyyin the treatment of cancers, such as
leukemia, lymphoma and certain solid tumors. Haavedifferent patients may respond
differently to an FTI treatment. Therefore, methoal predict the responsiveness of a cancer
patient to an FTI treatment, or methods to selatiepts for an FTI treatment represent unmet
needs. The methods and compositions of the presastition meet these needs and provide

other related advantages.

SUMMARY OF THE INVENTION

[0003] Provided herein are methods for population seleatichead and neck cancer patients
for treatment with an FTI. The methods provideteheare based, in part, on the discovery that
the mutant status of HRAS and/or resistance of caider to EGFR inhibitors can be used to

predict responsiveness of a head and neck cantenfg@ an FTI treatment.

[0004] Provided herein are methods of treating EGFR intiibiefractory squamous cell
carcinoma of the head and neck (SCCHN), whereils®€HN has an HRAS mutation,
comprising administering to the subject a farneagtferase inhibitor (FTI). In certain

embodiments, said HRAS mutation comprises an amgigbsubstitution at a codon selected



from a group consisting of G12, G13, Q61, Q22, K1AT46 and any combination thereof. In
certain embodiments, said SCCHN does not have KaRdation or N-Ras mutation. In certain
embodiments, said SCCHN has an amplified HRAS gem¥erexpresses the HRAS mRNA
and/or protein. In certain embodiments, said SCQidblwild type K-Ras and wild type N-Ras.
In certain embodiments, said SCCHN is HPV negativecertain embodiments, said SCCHN is
HPV positive. In certain embodiments, said SCCHIdtian advanced stage or metastatic. In
certain embodiments, said SCCHN is relapsed SCCIHNpecific embodiments, the SCCHN is
SCCHN of the trachea. In specific embodiments SEBEHN is SCCHN of the maxilla. In
specific embodiments, the SCCHN is SCCHN of thé caity. In certain embodiments, the
EGFR inhibitor is cetuximab. In certain embodinsehe FTI is tipifarnib.

[0005] Provided herein are methods of treating a squarellisarcinoma of the head and
neck (SCCHN or HNSCC) in a subject, wherein the BRGs refractory to an EGFR inhibitor,
comprising (a) determining the presence or absehaeHRAS mutation in a sample from said
subject, and subsequently (b) administering a ffearcally effective amount of a
farnesyltransferase inhibitor (FTI) to said subjéskid sample is determined to have a HRAS
mutation. Also provided herein are methods oftingga squamous cell carcinoma of the head
and neck (SCCHN) in a subject, wherein the sultjastnever been treated with an EGFR
inhibitor, comprising (a) determining the presencabsence of a HRAS mutation in a sample
from said subject, and subsequently (b) administeai therapeutically effective amount of a
farnesyltransferase inhibitor (FTI) to said subjéskid sample is determined to have a HRAS
mutation and not administering an EGFR inhibitbr.certain embodiments, said HRAS
mutation comprises an amino acid substitution@idon selected from a group consisting of
G12, G13, Q61, Q22, K117, A146, and any combinateneof. In certain embodiments, said
FTI is administered in combination with chemothgrap certain embodiments, said

chemotherapy comprises a platinum-based theragaygaae, or a combination thereof.

[0006] In certain embodiments, the methods further coreptetermining the presence or
absence of a K-Ras mutation or a N-Ras mutatioeyevh said sample does not have K-Ras
mutation or N-Ras mutation. In certain embodimesdasd sample has wild type K-Ras and wild

type N-Ras. In specific embodiments, the sampéetissue biopsy. In specific embodiments,



the sample is a tumor biopsy. In specific embodisievherein determining the presence or

absence of a Ras mutation comprising analyzingemuakids obtained from said sample.

[0007] In certain embodiments, Ras mutation is determbyesequencing, Polymerase
Chain Reaction (PCR), DNA microarray, Mass Specéaioyn(MS), Single Nucleotide
Polymorphism (SNP) assay, denaturing high-perfoaediguid chromatography (DHPLC), or
Restriction Fragment Length Polymorphism (RFLPpagsdn specific embodiments, Ras
mutation is determined by PCR. In specific embaaita, Ras mutation is determined by
sequencing. In specific embodiments, determiniregpfiesence or absence of a Ras mutation

comprising analyzing proteins obtained from saitsia.

[0008] In certain embodiments, said SCCHN is HPV negativeertain embodiments, said
SCCHN is HPV positive. In certain embodimentsdSSCCHN is at an advanced stage or
metastatic. In certain embodiments, said SCCHidlgpsed SCCHN. In certain embodiments,
the SCCHN is SCCHN of the trachea. In certain etithents, the SCCHN is SCCHN of the

maxilla. In certain embodiments, the SCCHN is SGI3H the oral cavity.

[0009] In certain embodiments, the EGFR inhibitor is cenhab. In certain embodiments,
the EGFR inhibitor is erlotinib. In certain embidints, the EGFR inhibitor is gefitinib. In
certain embodiments, the EGFR inhibitor is panitamab. In certain embodiments, the

farnesyltransferase inhibitor (FTI) is tipifarnib.

[0010] In some embodiments, provided herein is a methdceafing a SCCHN in a subject
based on the presence of an HRAS mutation. In santmdiments, the SCCHN can be HPV
negative SCCHN. In some embodiments, the SCCHNbeadPV positive SCCHN. In some
embodiments, the SCCHN can be relapsed/recurreBHBC In some embodiments, the
SCCHN can be metastatic SCCHN. The methods prdviéecin include (a) determining the
presence or absence of a HRAS mutation in a safmgutethe subject having SCCHN, and
subsequently (b) administering a therapeuticaligative amount of tipifarnib to the subject if
the sample is determined to have a HRAS mutatinrzertain embodiments, said tipifarnib is
administered in combination with chemotherapyceértain embodiments, said chemotherapy

comprises a platinum-based therapy, a taxanecomination thereof.



[0011] Provided herein are methods of treating EGFR inbiibiefractory lung squamous

cell carcinoma (lung SCC), wherein the lung SCCdraslRAS mutation, comprising
administering to the subject a farnesyltransfenalsiitor (FTI). In certain embodiments, said
HRAS mutation comprises an amino acid substitusiba codon selected from a group
consisting of G12, G13, Q61, Q22, K117, A146 angl@mbination thereof. In certain
embodiments, said lung SCC does not have K-Rastimitar N-Ras mutation. In certain
embodiments, said lung SCC has an amplified HRA® @& overexpresses the HRAS mRNA
and/or protein. In certain embodiments, said lueg$as wild type K-Ras and wild type N-Ras.
In certain embodiments, said lung SCC is HPV neggatin certain embodiments, said lung SCC
is HPV positive. In certain embodiments, said |S€C is at an advanced stage or metastatic.
In certain embodiments, said lung SCC is relapsad BCC. In certain embodiments, the

EGFR inhibitor is cetuximab. In certain embodingenihe FTI is tipifarnib.

[0012] Provided herein are methods of treating a lung mque cell carcinoma (lung SCC)
in a subject, wherein the lung SCC is refractorgidEGFR inhibitor, comprising (a)
determining the presence or absence of a HRAS iontat a sample from said subject, and
subsequently (b) administering a therapeuticaligatfive amount of a farnesyltransferase
inhibitor (FTI) to said subject if said sample stefmined to have a HRAS mutation. Also
provided herein are methods of treating a lung $C&subject, wherein the subject has never
been treated with an EGFR inhibitor, comprisingd@fermining the presence or absence of a
HRAS mutation in a sample from said subject, arlibsquently (b) administering a
therapeutically effective amount of a farnesyltfarase inhibitor (FTI) to said subject if said
sample is determined to have a HRAS mutation an@dministering an EGFR inhibitor. In
certain embodiments, said HRAS mutation comprisesmaino acid substitution at a codon
selected from a group consisting of G12, G13, @82, K117, A146, and any combination
thereof. In certain embodiments, said FTI is adsbéned in combination with chemotherapy.
In certain embodiments, said chemotherapy compag#atinum-based therapy, a taxane, or a

combination thereof.

[0013] In certain embodiments, the methods further coreptetermining the presence or
absence of a K-Ras mutation or a N-Ras mutatioerevh said sample does not have K-Ras

mutation or N-Ras mutation. In certain embodimesdasd sample has wild type K-Ras and wild



type N-Ras. In specific embodiments, the sampéetissue biopsy. In specific embodiments,
the sample is a tumor biopsy. In specific embodisievherein determining the presence or

absence of a Ras mutation comprising analyzingemuakids obtained from said sample.

[0014] In certain embodiments, Ras mutation is determinesequencing, Polymerase
Chain Reaction (PCR), DNA microarray, Mass Spec&iyn(MS), Single Nucleotide
Polymorphism (SNP) assay, denaturing high-perfoaediguid chromatography (DHPLC), or
Restriction Fragment Length Polymorphism (RFLPpagsdn specific embodiments, Ras
mutation is determined by PCR. In specific embaaita, Ras mutation is determined by
sequencing. In specific embodiments, determiniegpfiesence or absence of a Ras mutation

comprising analyzing proteins obtained from saitsa.

[0015] In certain embodiments, said lung SCC is HPV nggatn certain embodiments,
said lung SCC is HPV positive. In certain emboditeesaid lung SCC is at an advanced stage

or metastatic. In certain embodiments, said IUB¢ $ relapsed lung SCC.

[0016] In certain embodiments, the EGFR inhibitor is cehab. In certain embodiments,
the EGFR inhibitor is erlotinib. In certain embiodints, the EGFR inhibitor is gefitinib. In
certain embodiments, the EGFR inhibitor is panitamab. In certain embodiments, the

farnesyltransferase inhibitor (FTI) is tipifarnib.

[0017] In some embodiments, provided herein is a methdrckafing a lung SCC in a

subject based on the presence of an HRAS mutalioeome embodiments, the lung SCC can
be HPV negative lung SCC. In some embodimentdutige SCC can be HPV positive lung
SCC. In some embodiments, the lung SCC can bpsetiérecurrent lung SCC. In some
embodiments, the lung SCC can be metastatic lur@ SIhe methods provided herein include
(a) determining the presence or absence of a HR&&tan in a sample from the subject having
lung SCC, and subsequently (b) administering aafheaiutically effective amount of tipifarnib to
the subject if the sample is determined to havd&RA8& mutation. In certain embodiments, said
tipifarnib is administered in combination with chetimerapy. In certain embodiments, said

chemotherapy comprises a platinum-based theraayame, or a combination thereof.

[0018] In some embodiments, the FTI is selected from thegconsisting of tipifarnib,
lonafarnib (SCH-66336), CP-609,754, BMS-214662,8123, L744823, L739749, R208176,



AZD3409 and FTI-277. In some embodiments, theiEBldministered at a dose of 1-1000
mg/kg body weight. In one embodiment, the FTlpgarnib. In some embodiments, tipifarnib

is administered at a dose of 200-1200 mg twiceya(‘thai.d.”). In some embodiments, tipifarnib
is administered at a dose of 600 mg daily orallg.some embodiments, tipifarnib is
administered at a dose of 300 mg b.i.d. orally3faf out of 4 weeks in repeated 4 week cycles.
In some embodiments, tipifarnib is administered dbse of 600 mg b.i.d. orally for 3 of out of 4
weeks in repeated 4 week cycles. In some embodsngnfarnib is administered at a dose of
900 mg b.i.d. orally in alternate weeks (one weekame week off) in repeated 4 week cycles
(days 1-7 and 15-21 of repeated 28-day cyclessoime embodiments, tipifarnib is administered
at a dose of 1200 mg b.i.d. orally in alternate kggelays 1-7 and 15-21 of repeated 28-day
cycles). In some embodiments, tipifarnib is adstered at a dose of 600 mg b.i.d. orally in
alternate weeks (days 1-7 and 15-21 of repeateth&ycles). In some embodiments,
tipifarnib is administered at a dose of 400 mglbarally in alternate weeks (days 1-7 and 15-21
of repeated 28-day cycles). In some embodimeapirmib is administered at a dose of 300 mg
b.i.d. orally in alternate weeks (days 1-7 and 1%Prepeated 28-day cycles). In some
embodiments, tipifarnib is administered at a dds200 mg b.i.d. orally in alternate weeks (days
1-7 and 15-21 of repeated 28-day cycles). In semieodiments, tipifarnib is administered at a
dose of 1200 mg b.i.d. orally for days 1-5 and 9%t of repeated 28-day cycles. In some
embodiments, patients receive at least three cpflesatment. 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) &lase and (B) cycle 4, day 22.
Tumor indicated in circle.

[0020] FIG. 2. Tumor volumes of mice in different groupsidg tipifarnib treatment in
HUPRIME® head and neck cancer xenograft model HQ1é&erein group 01 is the vehicle
group and group 02 is the tipifarnib group.

[0021] FIG 3. Tumor Volumes of mice in different groupgidg tipifarnib treatment in
HUPRIME® NSCLC xenograft model LU1513, wherein group Othis vehicle group and group
02 is the tipifarnib group.



[0022]

DETAILED DESCRIPTION
1. Definitions

[0023] As used herein, the articles “a,” “an,” and “theter to one or to more than one of
the grammatical object of the article. By way wample, a biomarker refers to one biomarker

or more than one biomarkers.

[0024]  As used herein, the term “subject” refers to a maimm subject can be a human or
a non-human mammal such as a dog, cat, bovid, egmouse, rat, rabbit, or transgenic species

thereof. The subject can be a patient, or a cgraternt.

[0025]  As used herein, the term “cancer” or “cancerougreto the physiological condition
in mammals that is typically characterized by uniated cell growth. Examples of cancer
include, but are not limited to, hematological casce.g., multiple myeloma, lymphoma and
leukemia), and solid tumors. As used herein, ¢ t'premalignant condition” refers to a
condition associated with an increased risk of egnehich, if left untreated, can lead to cancer.
A premalignant condition can also refer to non-Biva cancer that have not progressed into

aggressive, invasive stage.

[0026] As used herein, the term “treat,” “treating,” anceatment,” when used in reference
to a cancer patient, refer to an action that resltioe severity of the cancer, or retards or slows
the progression of the cancer, including (a) irtiiigithe cancer growth, or arresting
development of the cancer, and (b) causing regnesdithe cancer, or delaying or minimizing

one or more symptoms associated with the presdrtbe aancer.

[0027]  As used herein, the term “determining” refers tmgsiny form of measurement to
assess the presence of a substance, either gtreglytar qualitatively. Measurement can be
relative or absolute. Measuring the presencesofbstance can include determining whether the

substance is present or absent, or the amouné @uibstance.



[0028] As used herein, the term “administer,” “administg or “administration” refers to
the act of delivering, or causing to be deliveldpmpound or a pharmaceutical composition to
the body of a subject by a method described hereatherwise known in the art. Administering
a compound or a pharmaceutical composition inclygdescribing a compound or a
pharmaceutical composition to be delivered intoltbdy of a patient. Exemplary forms of
administration include oral dosage forms, suclabkets, capsules, syrups, suspensions;
injectable dosage forms, such as intravenous {iiamuscular (IM), or intraperitoneal (IP);
transdermal dosage forms, including creams, jeliesvders, or patches; buccal dosage forms;

inhalation powders, sprays, suspensions, and regpglositories.

[0029] As used herein, the term “therapeutically effecameount” of a compound when
used in connection with a disease or disorder s¢fean amount sufficient to provide a
therapeutic benefit in the treatment or managemktite disease or disorder or to delay or
minimize one or more symptoms associated with tbeade or disorder. A therapeutically
effective amount of a compound means an amouitteo€dmpound, alone or in combination
with other therapies, that provides a therapewdigefit in the treatment or management of the
disease or disorder. The term encompasses an athatirmproves overall therapy, reduces or
avoids symptoms, or enhances the therapeutic effichanother therapeutic agent. The term
also refers to the amount of a compound that seffity elicits the biological or medical
response of a biological molecukeq;, a protein, enzyme, RNA, or DNA), cell, tissuestsyn,
animal, or human, which is being sought by a redesar veterinarian, medical doctor, or

clinician.

[0030] As used herein, the term “sample” refers to a nalter mixture of materials
containing one or more components of interestam@e from a subject refers to a sample
obtained from the subject, including samples ofdgal tissue or fluid origin, obtained,
reached, or collected vivo orin situ. A sample can be obtained from a region of aexibj
containing precancerous or cancer cells or tissGesh samples can be, but are not limited to,
organs, tissues, fractions and cells isolated faamammal. Exemplary samples include bone
marrow, whole blood, partially purified blood, ganeral blood mononuclear cells (“PBMC”),

and tissue biopsies. Exemplary samples also ieatetl lysate, a cell culture, a cell line, a



tissue, oral tissue, gastrointestinal tissue, gamran organelle, a biological fluid, a blood

sample, a urine sample, a skin sample, and the like

[0031] Asused herein, the term “biomarker” refers to megéhat can be either present or
absent in individual subjects, or can be presendifierentially expressed in individual subjects.
The presence a biomarker, including the expredsial of the biomarker, in a sample from a
subject can indicate the responsiveness of thesuty a particular treatment, such as an FTI

treatment.

[0032] As used herein, the term “express” or “expressighén used in connection with a
gene refers to the process by which the informatamed by the gene becomes manifest as the
phenotype, including transcription of the gene tnessenger RNA (mRNA), the subsequent
translation of the mRNA molecule to a polypeptitiaio and its assembly into the ultimate

protein.

[0033] As used herein, the term “RNA product of the biokeat refers to a RNA transcript
transcribed from a biomarker, and the term “prof@wduct of the biomarker” refers to a protein

or polypeptide translated from a RNA product oi@narker.

[0034] As used herein, the term “expression level” of@marker refers to the amount or
accumulation of the expression product of a biom@griuch as, for example, the amount of a
RNA product of the biomarker (the RNA level of themarker) or the amount of a protein
product of the biomarker (the protein level of biemarker). If the biomarker is a gene with
more than one alleles, the expression level obenbrker refers to the total amount of
accumulation of the expression product of all éxgstlleles for this gene, unless otherwise

specified.

[0035]  As used herein, the term “reference expressior’lesters to a predetermined
expression level of a biomarker that one can usketermine the significance of the expression
level of the biomarker in a sample from a subjekteference expression level of a biomarker
can be the expression level of the biomarker iamapde from a healthy individual. A reference
expression level of a biomarker can also be a ffutatue determined by a person of ordinary
skill in the art through statistic analysis of #gression levels of the biomarker in a sample

population and the responsiveness to a treatmaheahdividuals in the sample population.



[0036] As used herein, the term “responsiveness” or “respe” when used in connection
with a treatment refers to the effectiveness ofttbatment in lessening or decreasing the
symptoms of the disease being treated. For examamiancer patient is responsive to an FTI
treatment if the FTI treatment effectively inhibitee cancer growth, or arrests development of
the cancer, causes regression of the cancer, @ydet minimizes one or more symptoms

associated with the presence of the cancer irpttisnt.

[0037] The responsiveness to a particular treatment ahaer patient can be characterized
as a complete or partial response. “Complete respbor “CR” refers to an absence of
clinically detectable disease with normalizatiorpagviously abnormal radiographic studies,
bone marrow, and cerebrospinal fluid (CSF) or abmadmonoclonal protein measurements.
“Partial response,” or “PR,” refers to at least att@ 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, or 90% decrease in all measurable tumor bulicenthe number of malignant cells
present in the subject, or the measured bulk obtumasses or the quantity of abnormal

monoclonal protein) in the absence of new lesions.

[0038] A person of ordinary skill in the art would undewrsd that clinical standards used to
define CR, PR, or other level of patient responsdgs to treatments can vary for different types
of cancer. For example, for hematopoietic cangesent being “responsive” to a particular
treatment can be defined as patients who have aletaresponse (CR), a partial response (PR),
or hematological improvement (HI) (Lancet et alodl 2:2 (2006)). For solid tumors, a patient
being “responsive” to a particular treatment caméined by RECIST criteriesée Therasse et

al., “New guidelines to evaluate the responsedatiment in solid tumors,” JNCI 92(3):205-216
(2000)). HI can be defined as any bone marrowt lolagnt less than 5% or a reduction in bone
marrow blasts by at least half. On the other hpatient being “not responsive” to a particular
treatment can be defined as patients who havergitbgressive disease (PD) or stable disease
(SD). Progressive disease (PD) can be definedlsess e50% increase in bone marrow or
circulating blast % from baseline, or new appeaeasfccirculating blasts (on at least 2
consecutive occasions). Stable disease (SD) cdefbeed as any response not meeting CR, PR,

HI, or PD criteria.

[0039] As used herein, the term “likelihood” refers to firebability of an event. A subject

is “likely” to be responsive to a particular tre@m when a condition is met means that the

10



probability of the subject to be responsive to dipalar treatment is higher when the condition
is met than when the condition is not met. Theéphality to be responsive to a particular
treatment can be higher by, for example, 5%, 18%,%50%, 100%, 200%, or more in a subject
who meets a particular condition compared to aestibyho does not meet the condition. For
example, a cancer patient is “likely” to be respe@so an FTI treatment when the subject is a
carrier of an HRAS mutation means that the proligiof a subject to be responsive to FTI
treatment is 5%, 10%, 25%, 50%, 100%, 200%, or rhagker in a subject who is a carrier of an

HRAS mutation compared to a subject who is notraereof an HRAS mutation.

[0040] Ras proteins are GTPases that regulate proliferaal by transducing biological
information from extracellular signals to the nwde Mammalian cells express thraes genes
that encode four Ras proteins, which are HRAS, N:Ra-Ras and k-Ras. K-Ras and K-

Ras are also generally referred to as K-Ras. Rasips exist in either an active, GTP-bound or
an inactive, GDP-bound, state. Mutant RAS protacumulate in the GTP-bound
conformation due to defective intrinsic GTPasewdtgtiand/or resistance to inactivation by
GTPase activating proteins (GAPs). ConstitutiveSsignaling is mediated by mutations that
prevent GTP hydrolysis, locking RAS in a permaneattive state. In addition, RAS GTPases
require lipid post-translational modification iretform of farnesylation or geranylgeranylation
for their malignant transforming activity. Of therée RAS species (HRAS, KRAS, NRAS),
HRAS is unique in the fact that it can be farnedébut not geranylgeranylated. Consequently,
farnesyl transferase inhibitors (FTIs) have beawshto inhibit the farnesylation of HRAS,
prevent its association with the plasma membramebit downstream signal transduction
pathways and inhibit tumor growth (Reviewed by Bkret al. Nature Reviews Cancer 11:775-
91). The Q22K HRAS mutation has been observedstéllo syndrome (Sheffield et al. Ped
Dev Pathology 18, 237-244, 2015), a developmeniitamor predisposition disorder caused
by germline HRAS mutation, and while its abilityddve neoplastic transformation has not been
established, this mutation is in a highly consemaggion across RAS proteins and Q22K KRAS
has been established as a driver mutation (Tsu&udik Biochem Biophys Res Commun 2000;
278:653-58).

[0041] An exemplary amino acid sequence and a correspgraicoding nucleic acid
sequence of human HRAS (GENBANK: CR536579.1 GI688B41) are provided below:
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MTEYKLVVVG AGGVGKSALT IQLIQNHFVD EYDPTIEDSY RKQVVID GET
CLLDILDTAG QEEYSAMRDQ YMRTGEGFLC VFAINNTKSF EDIHQYFEQI
KRVKDSDDVP MVLVGNKCDL AARTVESRQA QDLARSYGIP YIETSAKTRQ
GVEDAFYTLV REIRQHKLRK LNPPDESGPG CMSCKCVLS

(SEQ ID NO:1)

ATGACGGAAT ATAAGCTGGT GGTGGTGGGC GCCGGCGGTG TGGGCA/AG
TGCGCTGACC ATCCAGCTGA TCCAGAACCA CTTTGTGGAC GAATACSCC
CCACTATAGA GGATTCCTAC CGGAAGCAGG TGGTCATTGA TGGGGASCG
TGCCTGTTGG ACATCCTGGA TACCGCCGGC CAGGAGGAGT ACAGCGBT
GCGGGACCAG TACATGCGCA CCGGGGAGGG CTTCCTGTGT GTGTTTGA
TCAACAACAC CAAGTCTTTT GAGGACATCC ACCAGTACAG GGAGCAGBTC
AAACGGGTGA AGGACTCGGA TGACGTGCCC ATGGTGCTGG TGGGGAIAA
GTGTGACCTG GCTGCACGCA CTGTGGAATC TCGGCAGGCT CAGGATCG
CCCGAAGCTA CGGCATCCCC TACATCGAGA CCTCGGCCAA GACCCERG
GGAGTGGAGG ATGCCTTCTA CACGTTGGTG CGTGAGATCC GGCAGTAA
GCTGCGGAAG CTGAACCCTC CTGATGAGAG TGGCCCCGGC TGCATGAT
GCAAGTGTGT GCTCTCCTGA

(SEQ ID NO:2).

[0042] Ras isoforms are farnesylated. Farnesyltransf¢fa&ese) have crucial roles in the
post-translational modifications of Ras proteidsway of interfering with Ras function is the
inhibition of FTase, the enzyme coupling a 15-cartsoprenyl group to Ras proteins, by
Farnesyltransferase Inhibitors (“FTI”). FTIs arelass of biologically active anticancer drugs
that inhibit farnesylation of a wide range of targeoteins, including Ras. The FTIs block Ras
activation through inhibition of FTase, ultimatebsulting in cell growth arrest. Thus, it was

predicted that FTIs would be effective therapeagents in the treatment of cancer.

[0043]  Thirty percent of all human cancers express ondoghy activated Ras. The high
prevalence of mutated Ras, found in 30% of all hueencers, makes this pathway an attractive
target for anticancer drug development. Initiallyyas predicted that the Ras mutation(s) that

led to constitutively active RAS pathway can sease biomarker for patient response to FTIs,
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which was based on the preclinical evidence thas$ Eduld block RAS-transformed cells.
(Raponiet al., Blood 111:2589-96 (2008)).

[0044]  As used herein, the term “HRAS mutation” referaoactivation mutation in an
HRAS gene or HRAS protein. An HRAS mutation can reédeeither a genetic alternation in the
DNA sequence of thBRAS gene that results in activation of the correspogdiRAS protein,

or the alteration in the amino acid sequence diRAS protein that results in its activation.
Thus, the term “HRAS mutation” as used herein da#snclude an alternation inRAS gene
that does not result in the activation of the HR#8tein, or an alternation of a HRAS protein
sequence that does not lead to its activation.oftingly, a sample or a subject that does not
have any “HRAS mutation” as used herein can stileha mutation in theRAS gene that does
not affect the activity of the HRAS protein or atation that impairs the activity of the HRAS
protein, or have a mutation in an HRAS protein tas not affect its activity or a mutation that
impairs its activity. A sample or a subject canédenultiple copies of thelRASgene. A sample
or a subject can also have both wild type and mH&AS proteins. As used herein, a sample
or a subject having an HRAS mutation can also lsasepy of wild typeHRAS gene and/or the
wild type HRAS protein. A sample or a subject tisadetermined to “have wild type HRAS,” as
used herein, refers to the sample or subject thigthas the wild typ#&lRAS gene and the wild
type HRAS protein, and no HRAS mutation.

[0045] In some embodiments, the HRAS mutation can incatdeast one mutation at a
codon selected from the group consisting of G13,&¥61, Q22, K117, and A146.

2. Farnesyltransferase Inhibitors for Cancer Treatnent

2.1. Farnesyltransferaseinhibitors

[0046] Provided herein are methods to treat squamousa&linoma of the head and neck
with an FTI in a selected cancer patient or a setepopulation of cancer patients. The
representative FTIs roughly belong to two clasSé=( et al., Drug Disc. Today 20:2 (2015)).
The FTIs in the first class have the basic framévadifarnesyldiphosphate (FPP). For instance,
FPP analogs with a malonic acid group (Ta) werenteg to be FTlIs that compete with FPP
(Duez, S. et al. Bioorg. Med. Chem. 18:543-556(2010 addition, imidazole-containing

derivatives linked by an acidic substituent aneptjlyl chain were also synthesized as
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bisubstrate FTIs, and the designed bisubstratbitohé have better affinities than FPP. The
FTls in the second class are peptidomimetic moés;wihich can be divided into two groups,
namely thiol and non-thiol FTIs. Regarding thethiTls, for instance L-739749, a selective
peptidomimetic FTI shows potent antitumor activitynude mice without system toxicity (Kohl,
N.E. et al. PNAS 91:9141-9145(1994)). Additionadlyvariety of thiol inhibitors were also
developed, such as tripeptidyl FTIs (Lee, H-Y.leB#@org. Med. Chem. Lett. 12:1599—
1602(2002)).

[0047]  For non-thiol FTls, the heterocycles were therefoidely used to substitute the thiol
group to contact with the zinc ion in the bindintg sAccording to the structures of
pharmacophoric groups, the nonthiol FTIs can beldivinto three classes. The first class is
featured by different monocyclic rings, such asA8%23, an FTI in Phase | clinical trials for
solid tumors and lymphoma. L-778123 binds into@#AX peptide site and competes with the
CAAX substrate of farnesyltransferase. The sectmskads represented by tipifarnib in Phase llI
trials and BMS-214662 in Phase lll trials, whick abmposed of diverse monocyclic rings and
bicyclic rings (Harousseau et al. Blood 114:11663L(2009)). The representative inhibitor of
the third class is lonafarnib, which is active iasRlependent and -independent malignant
tumors, and has entered Phase Il clinical triatscbmbating carcinoma, leukemia, and
myelodysplastic syndrome. Lonafarnib is an FThvattricycle core, which contains a central

seven-membered ring fused with two six-memberethati@ rings.

[0048] Thus, FTlIs as described herein can take on a nnddtibf forms but share the
essential inhibitory function of interfering withi lessening the farnesylation of proteins

implicated in cancer and proliferative diseases.

[0049] Numerous FTIs are within the scope of this disalesnd include those described in
U.S. Pat. Nos. 5,976,851, 5,972,984, 5,972,96HW5; 5,968,952; 6,187,786; 6,169,096;
6,037,350; 6,177,432; 5,965,578; 5,965,539; 5,%88,9,939,557; 5,936,097; 5,891,889;
5,889,053; 5,880,140; 5,872,135; 5,869,682; 5,88,5,859,015; 5,856,439; 5,856,326;
5,852,010; 5,843,941, 5,807,852; 5,780,492; 5,5%3,8,767,274, 5,756,528; 5,750,567;
5,721,236; 5,700,806; 5,661,161; 5,602,098; 5,58%5,8,578,629; 5,534,537; 5,532,359;
5,523,430; 5,504,212; 5,491,164; 5,420,245; an8HR2, the disclosures of which are hereby

incorporated by reference in their entireties.
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[0050]  FTIs within the scope of this disclosure also ideduhose described in Thomas et al.,
Biologics 1: 415-424 (2007); Shen et al., Drug Disaday 20:2 (2015); Appels et al., The
Oncologist10:565-578(2005), the disclosures of Wiaie hereby incorporated by reference in

their entireties.

[0051] In some embodiments, the FTIs include Arglabinl(R)-10-epoxy-5(S),7(S)-guaia-
3(4),11(13)-dien-6,12-olide described in WO-98/2ZB8RuOncology Labs); perrilyl alcohol
described in WO-99/45912 (Wisconsin Genetics); SSBH36 (lonafarnib), i.e. (+)-(R)-4-[2-[4-
(3,10-dibromo-8-chloro-5,6-dihydro-11H-benzo [5¥]mhepta[ 1,2-b]pyridin-11-yl)piperidin-
1-yl]-2-oxoethyl]piperidine-I-carboxamide, describm U.S. Patent No. 5874442 (Schering);
L778123, i.e. 1-(3-chlorophenyl)-4-[1-(4-cyanobeBrimidazolylmethyl]-2-piperazinone,
described in WO-00/01691 (Merck); L739749, i.eanpound 2(S)-[2(S)-[2(R)-amino-3-
mercapto]propylamino-3(S)-methyl]-pentyloxy-3-phgrgpionyl-methionine sulfone described
in WO-94/10138 (Merck); FTI-277, i.e., methyl {N-jzhenyl-4-N [2(R)-amino-3-
mecaptopropylamino] benzoyl]}-methionate (CalbiothelL744832, i.e, 2S)-2-[[(2S)-2-
[(2S,3S)-2-[(2R)-2-amino-3-mercaptopropyllaminofr&thylpentyl]oxy]-1-oxo0-3-
phenylpropyllamino]-4-(methylsulfonyl)-butanoic dcl-methylethyl ester (Biomol
International L.P.); CP-609,754 (Pfizer), i.e.,{&)(4-chlorophenyl)-hydroxyl-(1-methyl-1-H-
imidazol-5-yl)-methyl]-4-(3-ethynylphenyl)-1-meth@-(1H)-quinonlinone and (R)-6-[(4-
chlorophenyl)-hydroxyl-(3-methyl-3-H-imidazol-4-yipethyl]-4-(3-ethynylphenyl)-1-methyl-2-
(1H)-quinolinone; R208176 (Johnson & Johnson), d8J-17305457, or (R)-1-(4-
chlorophenyl)-1-[5-(3-chlorophenyl)tetrazolo[1,53a]nazolin-7-yl]-1-(1-methyl-1H-imidazol-
5-yl)methanamine; AZD3409 (AstraZeneca), i.e. &propyl 2-(2-(4-fluorophenethyl)-5-
((((2S,4S)-4-(nicotinoylthio)pyrrolidin-2-yl) methydmino)benzamido)-4-(methylthio)butanoate;
BMS 214662 (Bristol-Myers Squibb), i.e. (R)-2,34¢brahydro-I-(IH-imidazol-4-ylmethyl)-3-
(phenylmethyl)-4-(2-thienylsulphonyl)-1H-1,4-benzazhpine-7-carbonitrile, described in WO
97/30992 (Bristol Myers Squibb) and Pfizer compau(l) and (B) described in WO-00/12498
and WO-00/12499.

[0052] In some embodiments, the FTI are the non-peptstatalled “small molecule”

therapeutics, such as are quinolines or quinolerevdtives including:
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[0053]  7-(3-chlorophenyl)-9-[(4-chlorophenyl)-1H-imidazblylmethyl]-2,3-dihydro-o-

1H,5H-benzolijjquinolizin-5-one,

[0054]  7-(3-chlorophenyl)-9-[(4-chlorophenyl)-1H-imidazblylmethyl]-1,2-dihydro-o-4H-

pyrrolo[3,2,1-ijJquinoline-4-one,

[0055]  8-[amino(4-chlorophenyl)(1-methyl-1H-imidazol-5-yh)ethyl]-6-(3-chloroph-enyl)-
1,2-dihydro-4H-pyrrolo[3,2,1-ijJquinolin-4-one, and

[0056]  8-[amino(4-chlorophenyl)(1-methyl-1H-imidazol-5-gigthyl]-6-(3-chlorophe-nyl)-
2,3-dihydro-1H,5H-benzolijJquinolizin-5-one.

[0057]  Tipifarnib is a nonpeptidomimetic FTI (Thomas et 8liologics 1: 415-424 (2007)).
It is a 4,6-disubstituted-1-methylquinolin-2-oneidative ((B)-6-[amino(4-chlorophenyl)(1-
methyl-1H-imidazol-5-yl)methyl]-4-(3-chlorophenyl-methyl-2(1H)-quinolinone)) that was
obtained by optimization of a quinolone lead idiadti from compound library screening.
Tipifarnib competitively inhibits the CAAX peptidainding site of FTase and is an extremely
potent and highly selective inhibitor of farnesidat Tipifarnib has manageable safety profile

as single agent therapy and is reasonably welidt@d in man.

[0058]  Tipifarnib is synthesized by the condensation efdhion of 1-methylimidazole with
a 6-(4-chlorobenzoyl) quinolone derivative, follaey dehydration. The quinolone
intermediate was prepared in four steps by cydbnadf N-phenyl-3-(3-chlorophenyl)-2-
propenamide, acylation, oxidation and N-methylatibipifarnib is a potent inhibitor of FTase in

vitro and is orally active in a variety of animabdels.

[0059] In some embodiments, provided herein is a methdckafing cancer in a subject
with an FTI or a pharmaceutical composition hawild, or selecting a cancer patient for an FTI
treatment. The pharmaceutical compositions praliterein contain therapeutically effective
amounts of an FTI and a pharmaceutically acceptaiger, diluent or excipient. In some
embodiments, the FTlI is tipifarnib; arglabin; pltralcohol; lonafarnib (SCH-66336); L778123;
L739749; FTI-277; L744832; R208176; BMS 214662; A34D9; or CP-609,754. In some

embodiments, the FTl is tipifarnib.
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2.2. Formulations

[0060] The FTI can be formulated into suitable pharmacaupreparations such as

solutions, suspensions, tablets, dispersible wbéts, capsules, powders, sustained release
formulations or elixirs, for oral administration ior sterile solutions or suspensions for
ophthalmic or parenteral administration, as welirassdermal patch preparation and dry powder
inhalers. Typically the FTI is formulated into phreaceutical compositions using techniques and
procedures well known in the art (see, e.g., Alrgebduction to Pharmaceutical Dosage Forms,
Seventh Edition 1999).

[0061] In the compositions, effective concentrations @f BT 1 and pharmaceutically
acceptable salts is (are) mixed with a suitablemphaeutical carrier or vehicle. In certain
embodiments, the concentrations of the FTI in tramositions are effective for delivery of an
amount, upon administration, that treats, prevemtameliorates one or more of the symptoms

and/or progression of cancer, including haematoldgiancers and solid tumors.

[0062] The compositions can be formulated for single desaiministration. To formulate a
composition, the weight fraction of the FTl is dib®d, suspended, dispersed or otherwise
mixed in a selected vehicle at an effective comegion such that the treated condition is
relieved or ameliorated. Pharmaceutical carriergebicles suitable for administration of the
FTI provided herein include any such carriers kneavthose skilled in the art to be suitable for

the particular mode of administration.

[0063] In addition, the FTI can be formulated as the pblarmaceutically active ingredient

in the composition or may be combined with othdivaangredients. Liposomal suspensions,
including tissue-targeted liposomes, such as tuargeted liposomes, may also be suitable as
pharmaceutically acceptable carriers. These maydpared according to methods known to
those skilled in the art. For example, liposonmeniaations may be prepared as known in the
art. Briefly, liposomes such as multilamellar wéss (MLV's) may be formed by drying down
egg phosphatidyl choline and brain phosphatidyhse7:3 molar ratio) on the inside of a flask.
A solution of an FTI provided herein in phosphatéféred saline lacking divalent cations (PBS)
is added and the flask shaken until the lipid fisndispersed. The resulting vesicles are washed

to remove unencapsulated compound, pelleted byittegdtion, and then resuspended in PBS.
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[0064] The FTlis included in the pharmaceutically accblga&arrier in an amount sufficient
to exert a therapeutically useful effect in theeadz® of undesirable side effects on the patient
treated. The therapeutically effective concergrathay be determined empirically by testing
the compounds im vitro andin vivo systems described herein and then extrapolateeftbm

for dosages for humans.

[0065]  The concentration of FTI in the pharmaceutical cosmpon will depend on
absorption, tissue distribution, inactivation amdretion rates of the FTI, the physicochemical
characteristics of the FTI, the dosage schedul aamount administered as well as other factors
known to those of skill in the art. For examples amount that is delivered is sufficient to
ameliorate one or more of the symptoms of cannelyding hematopoietic cancers and solid

tumors.

[0066] In certain embodiments, a therapeutically effectidsage should produce a serum
concentration of active ingredient from about Ognml to about 50-10Qg/ml. In one
embodiment, the pharmaceutical compositions proaidesage of from about 0.001 mg to about
2000 mg of compound per kilogram of body weightgeey. Pharmaceutical dosage unit forms
are prepared to provide from about 1 mg to aboQ0Xfig and in certain embodiments, from
about 10 to about 500 mg of the essential actigeestient or a combination of essential

ingredients per dosage unit form.

[0067] The FTI may be administered at once, or may beldd/into a number of smaller
doses to be administered at intervals of timas dinderstood that the precise dosage and
duration of treatment is a function of the disdasieg treated and may be determined
empirically using known testing protocols or byragilation from in vivo or in vitro test data.
It is to be noted that concentrations and dosalyjeesanay also vary with the severity of the
condition to be alleviated. It is to be furthedenstood that for any particular subject, specific
dosage regimens should be adjusted over time doga@the individual need and the
professional judgment of the person administeringupervising the administration of the
compositions, and that the concentration rangefogétherein are exemplary only and are not

intended to limit the scope or practice of therokad compositions.
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[0068] Thus, effective concentrations or amounts of onmare of the compounds described
herein or pharmaceutically acceptable salts theasomixed with a suitable pharmaceutical
carrier or vehicle for systemic, topical or locdhanistration to form pharmaceutical
compositions. Compounds are included in an ameffiettive for ameliorating one or more
symptoms of, or for treating, retarding progressmmpreventing. The concentration of active
compound in the composition will depend on absomttissue distribution, inactivation,
excretion rates of the active compound, the dosaggedule, amount administered, particular

formulation as well as other factors known to thofskill in the art.

[0069] The compositions are intended to be administerea syitable route, including but
not limited to orally, parenterally, rectally, togily and locally. For oral administration,
capsules, tablets, suspensions, and solutionsecéorinulated. The compositions are in liquid,
semi-liquid or solid form and are formulated in ammer suitable for each route of

administration.

[0070]  Solutions or suspensions used for parenteral,datraal, subcutaneous, or topical
application can include any of the following compats: a sterile diluent, such as water for
injection, saline solution, fixed oil, polyethylegéycol, glycerine, propylene glycol, dimethyl
acetamide or other synthetic solvent; antimicrobgents, such as benzyl alcohol and methyl
parabens; antioxidants, such as ascorbic acidadidra bisulfite; chelating agents, such as
ethylenediaminetetraacetic acid (EDTA); buffersisas acetates, citrates and phosphates; and
agents for the adjustment of tonicity such as soditloride or dextrose. Parenteral
preparations can be enclosed in ampules, pengisdibfe syringes or single or multiple dose

vials made of glass, plastic or other suitable nmlte

[0071] In instances in which the FTI exhibits insufficieaiubility, methods for solubilizing
compounds can be used. Such methods are knownde of skill in this art, and include, but
are not limited to, using cosolvents, such as diylstilfoxide (DMSO), using surfactants, such

as TWEEN®, or dissolution in aqueous sodium bicadbe.

[0072] Upon mixing or addition of the compound(s), theutesg mixture may be a solution,
suspension, emulsion or the like. The form ofrémulting mixture depends upon a number of

factors, including the intended mode of adminigtraaind the solubility of the compound in the
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selected carrier or vehicle. The effective coneiun is sufficient for ameliorating the

symptoms of the disease, disorder or conditiortécband may be empirically determined.

[0073] The pharmaceutical compositions are provided fomiagtration to humans and
animals in unit dosage forms, such as tablets utapspills, powders, granules, sterile parenteral
solutions or suspensions, and oral solutions grenusons, and oil water emulsions containing
suitable quantities of the compounds or pharmacaliitiacceptable salts thereof. The
pharmaceutically therapeutically active compounus salts thereof are formulated and
administered in unit dosage forms or multiple desfogms. Unit dose forms as used herein
refer to physically discrete units suitable for famand animal subjects and packaged
individually as is known in the art. Each unit da®ntains a predetermined quantity of the
therapeutically active compound sufficient to proelthe desired therapeutic effect, in
association with the required pharmaceutical carvehicle or diluent. Examples of unit dose
forms include ampules and syringes and individuadlgkaged tablets or capsules. Unit dose
forms may be administered in fractions or multiglesreof. A multiple dose form is a plurality
of identical unit dosage forms packaged in a sicgl@ainer to be administered in segregated
unit dose form. Examples of multiple dose forndude vials, bottles of tablets or capsules or
bottles of pints or gallons. Hence, multiple démen is a multiple of unit doses which are not

segregated in packaging.

[0074]  Sustained-release preparations can also be prep8tethble examples of sustained-
release preparations include semipermeable matrfcesid hydrophobic polymers containing
the compound provided herein, which matrices atberform of shaped articles, e.g., films, or
microcapsule. Examples of sustained-release reatimclude iontophoresis patches, polyesters,
hydrogels (for example, poly(2-hydroxyethyl-methdate), or poly(vinylalcohol)), polylactides,
copolymers of L-glutamic acid and ethyl-L-glutamaten-degradable ethylene-vinyl acetate,
degradable lactic acid-glycolic acid copolymersisas the LUPRON DEPOT™ (injectable
microspheres composed of lactic acid-glycolic aadolymer and leuprolide acetate), and poly-
D-(-)-3-hydroxybutyric acid. While polymers suck ethylene-vinyl acetate and lactic acid-
glycolic acid enable release of molecules for &M@ days, certain hydrogels release proteins
for shorter time periods. When encapsulated comgpaoemain in the body for a long time, they

may denature or aggregate as a result of exposuneisture at 37C, resulting in a loss of
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biological activity and possible changes in th&éiusture. Rational strategies can be devised for
stabilization depending on the mechanism of agtignlved. For example, if the aggregation
mechanism is discovered to be intermolecular Set&llformation through thio-disulfide
interchange, stabilization may be achieved by nyaalif sulfhydryl residues, lyophilizing from
acidic solutions, controlling moisture content,ngsappropriate additives, and developing

specific polymer matrix compositions.

[0075] Dosage forms or compositions containing activeedgnt in the range of 0.005% to
100% with the balance made up from non toxic camay be prepared. For oral administration,
a pharmaceutically acceptable non toxic composigdormed by the incorporation of any of the
normally employed excipients, such as, for exarpplrmaceutical grades of mannitol, lactose,
starch, magnesium stearate, talcum, cellulose ateras, sodium crosscarmellose, glucose,
sucrose, magnesium carbonate or sodium sacchadch compositions include solutions,
suspensions, tablets, capsules, powders and sest@iease formulations, such as, but not
limited to, implants and microencapsulated deliv@rstems, and biodegradable, biocompatible
polymers, such as collagen, ethylene vinyl acefailyanhydrides, polyglycolic acid,
polyorthoesters, polylactic acid and others. Mdthfor preparation of these compositions are
known to those skilled in the art. The contempmlatempositions may contain about 0.001%
100% active ingredient, in certain embodiments ualbal-85% or about 75-95%.

[0076] The FTI or pharmaceutically acceptable salts caprepared with carriers that
protect the compound against rapid elimination ftbmbody, such as time release formulations

or coatings.

[0077]  The compositions can include other active compotndbtain desired combinations
of properties. The compounds provided herein harmaceutically acceptable salts thereof as
described herein, can also be administered togetitieianother pharmacological agent known

in the general art to be of value in treating oneore of the diseases or medical conditions

referred to hereinabove, such as diseases retateddative stress.

[0078] Lactose-free compositions provided herein can comecipients that are well known
in the art and are listed, for example, in the BP’armocopia (USP) SP (XXI)/NF (XVI). In

general, lactose-free compositions contain an adatgredient, a binder/filler, and a lubricant in
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pharmaceutically compatible and pharmaceuticalbeptable amounts. Exemplary lactose-free
dosage forms contain an active ingredient, micrstatiine cellulose, pre-gelatinized starch and

magnesium Stearate.

[0079] Further encompassed are anhydrous pharmaceutioglositions and dosage forms
containing a compound provided herein. For exampkeaddition of water (e.g., 5%) is widely
accepted in the pharmaceutical arts as a meamsoliasing long-term storage in order to
determine characteristics such as shelf-life ostability of formulations over time. See, e.g.,
Jens T. Carstensen, Drug Stability: Principlesr&cBce, 2d. Ed., Marcel Dekker, NY, NY,
1995, pp. 379-80. In effect, water and heat acatdeéhe decomposition of some compounds.
Thus, the effect of water on a formulation can bgreat significance since moisture and/or
humidity are commonly encountered during manufagtbandling, packaging, storage,

shipment and use of formulations.

[0080]  Anhydrous pharmaceutical compositions and dosagesfprovided herein can be
prepared using anhydrous or low moisture contaimggedients and low moisture or low
humidity conditions. Pharmaceutical compositiond dosage forms that comprise lactose and
at least one active ingredient that comprisesragny or secondary amine are anhydrous if
substantial contact with moisture and/or humidityinlg manufacturing, packaging, and/or

storage is expected.

[0081] An anhydrous pharmaceutical composition shouldrbpared and stored such that its
anhydrous nature is maintained. Accordingly, ambyd compositions are packaged using
materials known to prevent exposure to water shahthey can be included in suitable
formulary kits. Examples of suitable packagindunde, but are not limited to, hermetically

sealed foils, plastics, unit dose containers (®igls), blister packs and strip packs.

[0082]  Oral pharmaceutical dosage forms are either sgéilor liquid. The solid dosage
forms are tablets, capsules, granules, and bulldpmy Types of oral tablets include
compressed, chewable lozenges and tablets whictbeamteric coated, sugar coated or film
coated. Capsules may be hard or soft gelatin éegpswmhile granules and powders may be
provided in non effervescent or effervescent forithhthe combination of other ingredients

known to those skilled in the art.
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[0083] In certain embodiments, the formulations are sdtidage forms, such as capsules or
tablets. The tablets, pills, capsules, trochesthadike can contain any of the following
ingredients, or compounds of a similar nature:raér; a diluent; a disintegrating agent; a

lubricant; a glidant; a sweetening agent; andfiag agent.

[0084] Examples of binders include microcrystalline celkd, gum tragacanth, glucose
solution, acacia mucilage, gelatin solution, suerasd starch paste. Lubricants include talc,
starch, magnesium or calcium stearate, lycopodiugnséearic acid. Diluents include, for
example, lactose, sucrose, starch, kaolin, salhnit@ and dicalcium phosphate. Glidants
include, but are not limited to, colloidal silicdioxide. Disintegrating agents include
crosscarmellose sodium, sodium starch glycolaggnialacid, corn starch, potato starch,
bentonite, methylcellulose, agar and carboxymetilyltose. Coloring agents include, for
example, any of the approved certified water s@ufd and C dyes, mixtures thereof; and water
insoluble FD and C dyes suspended on alumina hg/diGiveetening agents include sucrose,
lactose, mannitol and artificial sweetening agentsh as saccharin, and any number of spray
dried flavors. Flavoring agents include naturaVvéirs extracted from plants such as fruits and
synthetic blends of compounds which produce a plgasensation, such as, but not limited to
peppermint and methyl salicylate. Wetting agemt¢tude propylene glycol monostearate,
sorbitan monooleate, diethylene glycol monolauaaie polyoxyethylene laural ether. Emetic
coatings include fatty acids, fats, waxes, shellawmnoniated shellac and cellulose acetate
phthalates. Film coatings include hydroxyethyldele, sodium carboxymethylcellulose,

polyethylene glycol 4000 and cellulose acetate ghth.

[0085] When the dosage unit form is a capsule, it canatonin addition to material of the
above type, a liquid carrier such as a fatty biladdition, dosage unit forms can contain various
other materials which modify the physical form loé tdosage unit, for example, coatings of
sugar and other enteric agents. The compoundalsare administered as a component of an
elixir, suspension, syrup, wafer, sprinkle, chewgugn or the like. A syrup may contain, in
addition to the active compounds, sucrose as ateniag agent and certain preservatives, dyes

and colorings and flavors.

[0086] Pharmaceutically acceptable carriers includedbteta are binders, lubricants,

diluents, disintegrating agents, coloring agemés/dring agents, and wetting agents. Enteric
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coated tablets, because of the enteric coatingt tee action of stomach acid and dissolve or
disintegrate in the neutral or alkaline intestin&sigar coated tablets are compressed tablets to
which different layers of pharmaceutically accepgagubstances are applied. Film coated
tablets are compressed tablets which have beeaccwath a polymer or other suitable coating.
Multiple compressed tablets are compressed taivlatke by more than one compression cycle
utilizing the pharmaceutically acceptable substamreviously mentioned. Coloring agents may
also be used in the above dosage forms. Flavandgsweetening agents are used in
compressed tablets, sugar coated, multiple comguiessd chewable tablets. Flavoring and

sweetening agents are especially useful in thedtam of chewable tablets and lozenges.

[0087]  Liquid oral dosage forms include agueous solutiengjlsions, suspensions,
solutions and/or suspensions reconstituted fromafif@mvescent granules and effervescent
preparations reconstituted from effervescent gesiuAqueous solutions include, for example,

elixirs and syrups. Emulsions are either oil int@var water in oil.

[0088]  Elixirs are clear, sweetened, hydroalcoholic prapans. Pharmaceutically

acceptable carriers used in elixirs include solsel8yrups are concentrated aqueous solutions of
a sugar, for example, sucrose, and may contaieseprative. An emulsion is a two phase
system in which one liquid is dispersed in the fafnsmall globules throughout another liquid.
Pharmaceutically acceptable carriers used in eongsare non aqueous liquids, emulsifying
agents and preservatives. Suspensions use phauioatlg acceptable suspending agents and
preservatives. Pharmaceutically acceptable sulbetarged in non effervescent granules, to be
reconstituted into a liquid oral dosage form, imdwdiluents, sweeteners and wetting agents.
Pharmaceutically acceptable substances used nvedfeent granules, to be reconstituted into a
liquid oral dosage form, include organic acids arsburce of carbon dioxide. Coloring and

flavoring agents are used in all of the above desagns.

[0089]  Solvents include glycerin, sorbitol, ethyl alcolanid syrup. Examples of
preservatives include glycerin, methyl and propsdpan, benzoic add, sodium benzoate and
alcohol. Examples of non aqueous liquids utilimedmulsions include mineral oil and
cottonseed oil. Examples of emulsifying agentduide gelatin, acacia, tragacanth, bentonite,
and surfactants such as polyoxyethylene sorbitamowieate. Suspending agents include

sodium carboxymethylcellulose, pectin, tragacavitegum and acacia. Diluents include
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lactose and sucrose. Sweetening agents includessysyrups, glycerin and artificial
sweetening agents such as saccharin. Wettingsaghide propylene glycol monostearate,
sorbitan monooleate, diethylene glycol monolauaaie polyoxyethylene lauryl ether. Organic
adds include citric and tartaric acid. Sourcesasbon dioxide include sodium bicarbonate and
sodium carbonate. Coloring agents include anhefapproved certified water soluble FD and C
dyes, and mixtures thereof. Flavoring agents ohelatural flavors extracted from plants such

fruits, and synthetic blends of compounds whicldpoe a pleasant taste sensation.

[0090] For a solid dosage form, the solution or suspensiofor example propylene
carbonate, vegetable oils or triglycerides, is peatated in a gelatin capsule. Such solutions,
and the preparation and encapsulation thereofjiactosed in U.S. Patent Nos 4,328,245;
4,409,239; and 4,410,545. For a liquid dosage fthesolution, e.g., for example, in a
polyethylene glycol, may be diluted with a suffitieguantity of a pharmaceutically acceptable

liquid carrier, e.g., water, to be easily measdoecdministration.

[0091] Alternatively, liquid or semi solid oral formulatis may be prepared by dissolving or
dispersing the active compound or salt in vegetaitée glycols, triglycerides, propylene glycol
esters (e.g., propylene carbonate) and other sarcieis, and encapsulating these solutions or
suspensions in hard or soft gelatin capsule shélteer useful formulations include, but are not
limited to, those containing a compound provideckime a dialkylated mono- or poly-alkylene
glycol, including, but not limited to, 1,2-dimethgxethane, diglyme, triglyme, tetraglyme,
polyethylene glycol-350-dimethyl ether, polyethygegiycol-550-dimethyl ether, polyethylene
glycol-750-dimethyl ether wherein 350, 550 and 7&e@r to the approximate average molecular
weight of the polyethylene glycol, and one or manéoxidants, such as butylated
hydroxytoluene (BHT), butylated hydroxyanisole (BHAropyl gallate, vitamin E,
hydroquinone, hydroxycoumarins, ethanolamine, eejtcephalin, ascorbic acid, malic acid,

sorbitol, phosphoric acid, thiodipropionic acid atglesters, and dithiocarbamates.

[0092]  Other formulations include, but are not limitedagueous alcoholic solutions
including a pharmaceutically acceptable acetatohAbls used in these formulations are any
pharmaceutically acceptable water-miscible solvbatsng one or more hydroxyl groups,
including, but not limited to, propylene glycol aathanol. Acetals include, but are not limited

to, di(lower alkyl) acetals of lower alkyl aldehydsuch as acetaldehyde diethyl acetal.
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[0093] In all embodiments, tablets and capsules formulatimay be coated as known by
those of skill in the art in order to modify or faia dissolution of the active ingredient. Thus,
for example, they may be coated with a conventienétrically digestible coating, such as

phenylsalicylate, waxes and cellulose acetate pdttha

[0094] Parenteral administration, generally charactertaethjection, either subcutaneously,
intramuscularly or intravenously is also providestdin. Injectables can be prepared in
conventional forms, either as liquid solutions ws@ensions, solid forms suitable for solution or
suspension in liquid prior to injection, or as esmihs. Suitable excipients are, for example,
water, saline, dextrose, glycerol or ethanol. ddigon, if desired, the pharmaceutical
compositions to be administered may also contaimormamounts of non toxic auxiliary
substances such as wetting or emulsifying agertfysfering agents, stabilizers, solubility
enhancers, and other such agents, such as for éxauogdium acetate, sorbitan monolaurate,
triethanolamine oleate and cyclodextrins. Implaateof a slow release or sustained release
system, such that a constant level of dosage istaiaed is also contemplated herein. Briefly, a
compound provided herein is dispersed in a sohéimatrix, e.g., polymethylmethacrylate,
polybutylmethacrylate, plasticized or unplasticizedyvinylchloride, plasticized nylon,
plasticized polyethyleneterephthalate, natural enppolyisoprene, polyisobutylene,
polybutadiene, polyethylene, ethylene-vinylacetatgolymers, silicone rubbers,
polydimethylsiloxanes, silicone carbonate copolysnagdrophilic polymers such as hydrogels
of esters of acrylic and methacrylic acid, collagess-linked polyvinylalcohol and cross-
linked partially hydrolyzed polyvinyl acetate, thatsurrounded by an outer polymeric
membrane, e.g., polyethylene, polypropylene, etig/leropylene copolymers, ethylene/ethyl
acrylate copolymers, ethylene/vinylacetate copolgnglicone rubbers, polydimethyl siloxanes,
neoprene rubber, chlorinated polyethylene, polyieimpride, vinylchloride copolymers with
vinyl acetate, vinylidene chloride, ethylene andgyiene, ionomer polyethylene terephthalate,
butyl rubber epichlorohydrin rubbers, ethylene/Vialgohol copolymer, ethylene/vinyl
acetate/vinyl alcohol terpolymer, and ethylene/ioryethanol copolymer, that is insoluble in
body fluids. The compound diffuses through theeopblymeric membrane in a release rate
controlling step. The percentage of active complazontained in such parenteral compositions
is highly dependent on the specific nature thera®fiell as the activity of the compound and

the needs of the subject.
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[0095]  Parenteral administration of the compositions idekiintravenous, subcutaneous and
intramuscular administrations. Preparations feepteral administration include sterile
solutions ready for injection, sterile dry solupl@ducts, such as lyophilized powders, ready to
be combined with a solvent just prior to use, idailg hypodermic tablets, sterile suspensions
ready for injection, sterile dry insoluble produmady to be combined with a vehicle just prior

to use and sterile emulsions. The solutions magither aqueous or nonaqueous.

[0096]  If administered intravenously, suitable carrierdude physiological saline or
phosphate buffered saline (PBS), and solutionsataing thickening and solubilizing agents,

such as glucose, polyethylene glycol, and polyplermy glycol and mixtures thereof.

[0097] Pharmaceutically acceptable carriers used in par@ntreparations include aqueous
vehicles, nonaqueous vehicles, antimicrobial agésu$onic agents, buffers, antioxidants, local
anesthetics, suspending and dispersing agentssgéymgd agents, sequestering or chelating

agents and other pharmaceutically acceptable sulesta

[0098] Examples of aqueous vehicles include Sodium Chédngection, Ringers Injection,
Isotonic Dextrose Injection, Sterile Water Injeati®extrose and Lactated Ringers Injection.
Nonaqueous parenteral vehicles include fixed dilgeegetable origin, cottonseed oil, corn oil,
sesame oil and peanut oil. Antimicrobial agentisanteriostatic or fungistatic concentrations
must be added to parenteral preparations packagedliiple dose containers which include
phenols or cresols, mercurials, benzyl alcoholpr@idutanol, methyl and propyl p
hydroxybenzoic acid esters, thimerosal, benzalkarghloride and benzethonium chloride.
Isotonic agents include sodium chloride and deetrd3uffers include phosphate and citrate.
Antioxidants include sodium bisulfate. Local amesics include procaine hydrochloride.
Suspending and dispersing agents include sodiunoxgmethylcelluose, hydroxypropyl
methylcellulose and polyvinylpyrrolidone. Emulsifg agents include Polysorbate 80
(TWEEN® 80). A sequestering or chelating agemnnetal ions include EDTA. Pharmaceutical
carriers also include ethyl alcohol, polyethylehggl and propylene glycol for water miscible

vehicles and sodium hydroxide, hydrochloric acitticcacid or lactic acid for pH adjustment.

[0099] The concentration of the FTI is adjusted so thahgettion provides an effective

amount to produce the desired pharmacological effEse exact dose depends on the age,
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weight and condition of the patient or animal aknewn in the art. The unit dose parenteral
preparations are packaged in an ampule, a viakgriage with a needle. All preparations for

parenteral administration must be sterile, as @imand practiced in the art.

[00100] [lllustratively, intravenous or intraarterial infosi of a sterile aqueous solution
containing an FTI is an effective mode of admimistm. Another embodiment is a sterile
aqueous or oily solution or suspension containimggaive material injected as necessary to

produce the desired pharmacological effect.

[00101] Injectables are designed for local and systemicimidtration. Typically a
therapeutically effective dosage is formulateddntain a concentration of at least about 0.1%
w/w up to about 90% w/w or more, such as more t¥anw/w of the active compound to the
treated tissue(s). The active ingredient may lmeiidtered at once, or may be divided into a
number of smaller doses to be administered atvateof time. It is understood that the precise
dosage and duration of treatment is a functiomeftissue being treated and may be determined
empirically using known testing protocols or byregilation from in vivo or in vitro test data.

It is to be noted that concentrations and dosalyeeganay also vary with the age of the
individual treated. It is to be further understdbdt for any particular subject, specific dosage
regimens should be adjusted over time accordinigeandividual need and the professional
judgment of the person administering or supervisivegadministration of the formulations, and
that the concentration ranges set forth hereieaeenplary only and are not intended to limit the

scope or practice of the claimed formulations.

[00102] The FTI can be suspended in micronized or othealske form or may be derivatized
to produce a more soluble active product or to pceda prodrug. The form of the resulting
mixture depends upon a number of factors, inclutiregntended mode of administration and
the solubility of the compound in the selectedieawr vehicle. The effective concentration is

sufficient for ameliorating the symptoms of the dition and may be empirically determined.

[00103] Of interest herein are also lyophilized powdersiciwltan be reconstituted for
administration as solutions, emulsions and othetures. They can also be reconstituted and

formulated as solids or gels.
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[00104] The sterile, lyophilized powder is prepared by digsg an FTI provided herein, or a
pharmaceutically acceptable salt thereof, in abietsolvent. The solvent may contain an
excipient which improves the stability or other phacological component of the powder or
reconstituted solution, prepared from the powdexcipients that may be used include, but are
not limited to, dextrose, sorbital, fructose, ceymup, xylitol, glycerin, glucose, sucrose or other
suitable agent. The solvent may also contain gehwsuch as citrate, sodium or potassium
phosphate or other such buffer known to those ilifiskhe art at, in one embodiment, about
neutral pH. Subsequent sterile filtration of tb&ugon followed by lyophilization under
standard conditions known to those of skill in #meprovides the desired formulation.
Generally, the resulting solution will be apportaininto vials for lyophilization. Each vial will
contain a single dosage (including but not limited 0-1000 mg or 100-500 mg) or multiple
dosages of the compound. The lyophilized powdereastored under appropriate conditions,

such as at about®C to room temperature.

[00105] Reconstitution of this lyophilized powder with water injection provides a
formulation for use in parenteral administratidfor reconstitution, about 1-50 mg, about 5-35
mg, or about 9-30 mg of lyophilized powder, is adlger mL of sterile water or other suitable
carrier. The precise amount depends upon thetedleompound. Such amount can be

empirically determined.

[00106] Topical mixtures are prepared as described folated and systemic administration.
The resulting mixture may be a solution, suspensamulsion or the like and are formulated as
creams, gels, ointments, emulsions, solutionsirglibotions, suspensions, tinctures, pastes,
foams, aerosols, irrigations, sprays, suppositobiasdages, dermal patches or any other

formulations suitable for topical administration.

[00107] The FTI or pharmaceutical composition having an €& be formulated as aerosols
for topical application, such as by inhalation (s=g., U.S. Patent Nos. 4,044,126, 4,414,209,
and 4,364,923, which describe aerosols for delieéry steroid useful for treatment of
inflammatory diseases, particularly asthma). THesmulations for administration to the
respiratory tract can be in the form of an aerosaolution for a nebulizer, or as a microfine

powder for insufflation, alone or in combinationtkvan inert carrier such as lactose. In such a
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case, the patrticles of the formulation will havardeters of less than 50 microns or less than 10

microns.

[00108] The FTI or pharmaceutical composition having an & be formulated for local or
topical application, such as for topical applicatto the skin and mucous membranes, such as in
the eye, in the form of gels, creams, and lotiangfar application to the eye or for intracisternal
or intraspinal application. Topical administratisrcontemplated for transdermal delivery and
also for administration to the eyes or mucosagpoirfhalation therapies. Nasal solutions of the
active compound alone or in combination with otblearmaceutically acceptable excipients can
also be administered. These solutions, partigutAdse intended for ophthalmic use, may be

formulated as 0.01% - 10% isotonic solutions, pHwb-7, with appropriate salts.

[00109] Other routes of administration, such as transdepathes, and rectal administration
are also contemplated herein. For example, phauti@al dosage forms for rectal
administration are rectal suppositories, capsulestablets for systemic effect. Rectal
suppositories are used herein mean solid bodigagertion into the rectum which melt or
soften at body temperature releasing one or moaienpdrcologically or therapeutically active
ingredients. Pharmaceutically acceptable subssantiiezed in rectal suppositories are bases or
vehicles and agents to raise the melting pointanies of bases include cocoa butter
(theobroma oil), glycerin gelatin, carbowax (polyethylene glycol) and appropriate mixtures
of mono, di and triglycerides of fatty acids. Gammations of the various bases may be used.
Agents to raise the melting point of suppositometude spermaceti and wax. Rectal
suppositories may be prepared either by the corspdesiethod or by molding. An exemplary
weight of a rectal suppository is about 2 to 3 ggarmablets and capsules for rectal
administration are manufactured using the samenpduaeutically acceptable substance and by

the same methods as for formulations for oral adstmation.

[00110] The FTI or pharmaceutical composition having an [pibvided herein can be
administered by controlled release means or byeslidevices that are well known to those of
ordinary skill in the art. Examples include, btg aot limited to, those described in U.S. Patent
Nos.: 3,845,770; 3,916,899; 3,536,809; 3,598,428;4,008,719, 5,674,533, 5,059,595,
5,591,767, 5,120,548, 5,073,543, 5,639,476, 5,564 5,639,480, 5,733,566, 5,739,108,
5,891,474, 5,922,356, 5,972,891, 5,980,945, 5,8%3,8,045,830, 6,087,324, 6,113,943,
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6,197,350, 6,248,363, 6,264,970, 6,267,981, 6,81664419,961, 6,589,548, 6,613,358,
6,699,500 and 6,740,634, each of which is incoteadraerein by reference. Such dosage forms
can be used to provide slow or controlled-reledg$eélbusing, for example, hydropropylmethyl
cellulose, other polymer matrices, gels, permeat@embranes, osmotic systems, multilayer
coatings, microparticles, liposomes, microsphaves, combination thereof to provide the
desired release profile in varying proportions.it&hle controlled-release formulations known to
those of ordinary skill in the art, including thadescribed herein, can be readily selected for use

with the active ingredients provided herein.

[00111] All controlled-release pharmaceutical products hemeemmon goal of improving

drug therapy over that achieved by their non-cdiglaccounterparts. In one embodiment, the
use of an optimally designed controlled-releasgamaion in medical treatment is characterized
by a minimum of drug substance being employed te oucontrol the condition in a minimum
amount of time. In certain embodiments, advantafjesntrolled-release formulations include
extended activity of the drug, reduced dosage #aqy, and increased patient compliance. In
addition, controlled-release formulations can bedu® affect the time of onset of action or other
characteristics, such as blood levels of the dand,can thus affect the occurrence of side (e.qg.,

adverse) effects.

[00112] Most controlled-release formulations are desigieeditially release an amount of
drug (active ingredient) that promptly producesdksired therapeutic effect, and gradually and
continually release of other amounts of drug tontaan this level of therapeutic effect over an
extended period of time. In order to maintain ttosstant level of drug in the body, the drug
must be released from the dosage form at a ratevihaeplace the amount of drug being
metabolized and excreted from the body. Contraléddase of an active ingredient can be
stimulated by various conditions including, but htited to, pH, temperature, enzymes, water,

or other physiological conditions or compounds.

[00113] In certain embodiments, the FTI can be administesiag intravenous infusion, an
implantable osmotic pump, a transdermal patchsbpees, or other modes of administration. In
one embodiment, a pump may be used (see, Seftdd,@R Ref. Biomed. Eng. 14:201 (1987);
Buchwald et al., Surgery 88:507 (1980); Saudek.eNaEngl. J. Med. 321:574 (1989). In

another embodiment, polymeric materials can be.useget another embodiment, a controlled

31



release system can be placed in proximity of tieeajbeutic target, i.e., thus requiring only a
fraction of the systemic dose (see, e.g., Goodded|cal Applications of Controlled Release,
vol. 2, pp. 115-138 (1984).

[00114] In some embodiments, a controlled release devicgrauced into a subject in
proximity of the site of inappropriate immune aation or a tumor. Other controlled release
systems are discussed in the review by Langer1i8ei249:1527-1533 (1990). The F can be
dispersed in a solid inner matrix, e.g., polymetisthacrylate, polybutylmethacrylate,
plasticized or unplasticized polyvinylchloride, sli@ized nylon, plasticized
polyethyleneterephthalate, natural rubber, polyieog, polyisobutylene, polybutadiene,
polyethylene, ethylene-vinylacetate copolymerscaile rubbers, polydimethylsiloxanes,
silicone carbonate copolymers, hydrophilic polymsrsh as hydrogels of esters of acrylic and
methacrylic acid, collagen, cross-linked polyvirngtdhol and cross-linked partially hydrolyzed
polyvinyl acetate, that is surrounded by an outdymperic membrane, e.g., polyethylene,
polypropylene, ethylene/propylene copolymers, ethglethyl acrylate copolymers,
ethylene/vinylacetate copolymers, silicone rubbpadydimethyl siloxanes, neoprene rubber,
chlorinated polyethylene, polyvinylchloride, vinflloride copolymers with vinyl acetate,
vinylidene chloride, ethylene and propylene, ionop@yethylene terephthalate, butyl rubber
epichlorohydrin rubbers, ethylene/vinyl alcohol otymer, ethylene/vinyl acetate/vinyl alcohol
terpolymer, and ethylene/vinyloxyethanol copolyntkat is insoluble in body fluids. The active
ingredient then diffuses through the outer polymerembrane in a release rate controlling step.
The percentage of active ingredient contained @ quarenteral compositions is highly

dependent on the specific nature thereof, as wahaneeds of the subject.

[00115] The FTI or pharmaceutical composition of FTI carpbekaged as articles of
manufacture containing packaging material, a comgaur pharmaceutically acceptable salt
thereof provided herein, which is used for treatinprevention or amelioration of one or more
symptoms or progression of cancer, including helogtcal cancers and solid tumors, and a
label that indicates that the compound or pharmazly acceptable salt thereof is used for
treatment, prevention or amelioration of one or@®ymptoms or progression of cancer,

including hematological cancers and solid tumors.
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[00116] The articles of manufacture provided herein conpaickaging materials. Packaging
materials for use in packaging pharmaceutical pctedare well known to those of skill in the
art. See, e.g., U.S. Patent Nos. 5,323,907, 556B2nd 5,033,252. Examples of
pharmaceutical packaging materials include, buhatdimited to, blister packs, bottles, tubes,
inhalers, pumps, bags, vials, containers, syringess, bottles, and any packaging material
suitable for a selected formulation and intendedienaf administration and treatment. A wide

array of formulations of the compounds and compmsstprovided herein are contemplated.
2.3. Dosages

[00117] In some embodiments, a therapeutically effectivewamof the pharmaceutical
composition having an FTI is administered orallyparenterally. In some embodiments, the
pharmaceutical composition having tipifarnib asdhbve ingredient and is administered orally
in an amount of from 1 up to 1500 mgkkaly, either as a single dose or subdivided intwan
than one dose, or more particularly in an amourfitoh 10 to 1200 mg/kdaily. In some
embodiments, the pharmaceutical composition havaifgrnib as the active ingredient and is
administered orally in an amount of 100 mgdiegly, 200 mg/kglaily, 300 mg/kglaily, 400
mg/kgdaily, 500 mg/kglaily, 600 mg/kglaily, 700 mg/kglaily, 800 mg/kglaily, 900 mg/kg
daily, 1000 mg/kglaily, 1100 mg/kglaily, or 1200 mg/kdaily. In some embodiments, the FTI

is tipifarnib.

[00118] In some embodiments, the FTI is administered atse @f 200-1500 mg daily. In
some embodiments, the FTI is administered at a dib280-1200 mg daily. In some
embodiments, the FTI is administered at a dos®0fr2g daily. In some embodiments, the FTI
is administered at a dose of 300 mg daily. In sembodiments, the FTI is administered at a
dose of 400 mg daily. In some embodiments, thei$&tiministered at a dose of 500 mg daily.
In some embodiments, the FTI is administered aise @f 600 mg daily. In some embodiments,
the FTI is administered at a dose of 700 mg ddilysome embodiments, the FTl is
administered at a dose of 800 mg daily. In sombkagliments, the FTI is administered at a dose
of 900 mg daily. In some embodiments, the FTldseistered at a dose of 1000 mg daily. In
some embodiments, the FTI is administered at a dib$200 mg daily. In some embodiments,

the FTI is administered at a dose of 1200 mg dditysome embodiments, the FTl is
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administered at a dose of 1300 mg daily. In someagliments, the FTI is administered at a

dose of 1400 mg daily. In some embodiments, thad-ipifarnib.

[00119] In some embodiments, the FTI is administered atse @f 200-1400 mg b.i.d.€,

twice a day). In some embodiments, the FTI is aistered at a dose of 300-1200 mg b.i.d. In
some embodiments, the FTI is administered at a db3860-900 mg b.i.d. In some
embodiments, the FTI is administered at a dos®0freg b.i.d. In some embodiments, the FTI
is administered at a dose of 700 mg b.i.d. In sembodiments, the FTI is administered at a
dose of 800 mg b.i.d. In some embodiments, theigatiministered at a dose of 900 mg b.i.d.
In some embodiments, the FTI is administered atsz @f 1000 mg b.i.d. In some
embodiments, the FTI is administered at a dosdd®0Ing b.i.d. In some embodiments, the FTI

is administered at a dose of 1200 mg b.i.d. Inesembodiments, the FTI is tipifarnib.

[00120] As a person of ordinary skill in the art would ursteand, the dosage varies depending
on the dosage form employed, condition and seitgiti¥ the patient, the route of

administration, and other factors. The exact desetj be determined by the practitioner, in
light of factors related to the subject that regsitreatment. Dosage and administration are
adjusted to provide sufficient levels of the aciivgredient or to maintain the desired effect.
Factors which can be taken into account includeséwverity of the disease state, general health
of the subject, age, weight, and gender of theestipfliet, time and frequency of administration,
drug combination(s), reaction sensitivities, arldremce/response to therapy. During a
treatment cycle, the daily dose could be variadsdme embodiments, a starting dosage can be
titrated down within a treatment cycle. In somebediments, a starting dosage can be titrated
up within a treatment cycle. The final dosage @epend on the occurrence of dose limiting
toxicity and other factors. In some embodimeris,ETI is administered at a starting dose of
300 mg daily and escalated to a maximum dose o000 mg, 600 mg, 700 mg, 800 mg,
900 mg, 1000 mg, 1100 mg, or 1200 mg daily. Ins@mbodiments, the FTI is administered at
a starting dose of 400 mg daily and escalatedaxdamum dose of 500 mg, 600 mg, 700 mg,
800 mg, 900 mg, 1000 mg, 1100 mg, or 1200 mg ddilysome embodiments, the FTI is
administered at a starting dose of 500 mg dailyeswlated to a maximum dose of 600 mg, 700
mg, 800 mg, 900 mg, 1000 mg, 1100 mg, or 1200 nig.dln some embodiments, the FTl is

administered at a starting dose of 600 mg dailyestwlated to a maximum dose of 700 mg, 800
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mg, 900 mg, 1000 mg, 1100 mg, or 1200 mg dailysdme embodiments, the FTI is
administered at a starting dose of 700 mg dailyestwlated to a maximum dose of 800 mg, 900
mg, 1000 mg, 1100 mg, or 1200 mg daily. In someadiments, the FTI is administered at a
starting dose of 800 mg daily and escalated toxaman dose of 900 mg, 1000 mg, 1100 mg,

or 1200 mg daily. In some embodiments, the FEdsiinistered at a starting dose of 900 mg
daily and escalated to a maximum dose of 1000 @0 Ing, or 1200 mg daily. The dose
escalation can be done at once, or step wiseexXample, a starting dose at 600 mg daily can be
escalated to a final dose of 1000 mg daily by iasieg by 100 mg per day over the course of 4
days, or by increasing by 200 mg per day over these of 2 days, or by increasing by 400 mg
at once. In some embodiments, the FTl is tipitarni

[00121] In some embodiments, the FTI is administered ataively high starting dose and
titrated down to a lower dose depending on theepatesponse and other factors. In some
embodiments, the FTI is administered at a stadwge of 1200 mg daily and reduced to a final
dose of 1100 mg, 1000 mg, 900 mg, 800 mg, 700m@mng) 500 mg, 400 mg, or 300 mg daily.
In some embodiments, the FTI is administered #riirsg dose of 1100 mg daily and reduced to
a final dose of 1000 mg, 900 mg, 800 mg, 700mgn&f)B00 mg, 400 mg, or 300 mg daily. In
some embodiments, the FTI is administered at &rggastose of 1000 mg daily and reduced to a
final dose of 900 mg, 800 mg, 700mg, 600mg, 500408, mg, or 300 mg daily. In some
embodiments, the FTI is administered at a stadwge of 900 mg daily and reduced to a final
dose of 800 mg, 700mg, 600mg, 500 mg, 400 mg, 0m3@ daily. In some embodiments, the
FTI is administered at a starting dose of 800 mity @ad reduced to a final dose of 700mg,
600mg, 500 mg, 400 mg, or 300 mg daily. In sombadmiments, the FTI is administered at a
starting dose of 600 mg daily and reduced to d tinae of 500 mg, 400 mg, or 300 mg daily.
The dose reduction can be done at once, or step wiissome embodiments, the FTl is
tipifarnib. For example, a starting dose at 900daily can be reduced to a final dose of 600 mg
daily by decreasing by 100 mg per day over thesmof 3 days, or by decreasing by 300 mg at

once.

[00122] A treatment cycle can have different length. Imee@mbodiments, a treatment cycle
can be one week, 2 weeks, 3 weeks, 4 weeks, 5 weekeeks, 7 weeks, 8 weeks, 3 months, 4

months, 5 months, 6 months, 7 months, 8 monthsor&hms, 10 months, 11 months, or 12
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months. In some embodiments, a treatment cyalenseks. A treatment cycle can have
intermittent schedule. In some embodiments, a kvireeatment cycle can have 5-day dosing
followed by 9-day rest. In some embodiments, ae2ktreatment cycle can have 6-day dosing
followed by 8-day rest. In some embodiments, ae2ktreatment cycle can have 7-day dosing
followed by 7-day rest. In some embodiments, ae2ktreatment cycle can have 8-day dosing
followed by 6-day rest. In some embodiments, ae2ktreatment cycle can have 9-day dosing

followed by 5-day rest.

[00123] In some embodiments, the FTI is administered daiy3 of out of 4 weeks in

repeated 4 week cycles. In some embodiments,This Rdministered daily in alternate weeks
(one week on, one week off) in repeated 4 weekesycln some embodiments, the FTI is
administered at a dose of 300 mg b.i.d. orally3faf out of 4 weeks in repeated 4 week cycles.
In some embodiments, the FTI is administered atse @f 600 mg b.i.d. orally for 3 of out of 4
weeks in repeated 4 week cycles. In some embodsndme FTI is administered at a dose of 900
mg b.i.d. orally in alternate weeks (one week org week off) in repeated 4 week cycles. In
some embodiments, the FTI is administered at a dib$200 mg b.i.d. orally in alternate weeks
(days 1-7 and 15-21 of repeated 28-day cyclessoime embodiments, the FTI is administered
at a dose of 1200 mg b.i.d. orally for days 1-5 4Bdl9 out of repeated 28-day cycles.

[00124] In some embodiments, a 900 mg b.i.d. tipifarnibralate week regimen can be used
adopted. Under the regimen, patients receiverarggalose of 900 mg, po, b.i.d. on days 1-7
and 15-21 of 28-day treatment cycles. In some elinfients, patients receive two treatment
cycles. In some embodiments, patients receive thheatment cycles. In some embodiments,
patients receive four treatment cycles. In sombagtiments, patients receive five treatment
cycles. In some embodiments, patients receiveasatment cycles. In some embodiments,
patients receive seven treatment cycles. In son®diments, patients receive eight treatment
cycles. In some embodiments, patients receivetngament cycles. In some embodiments,
patients receive ten treatment cycles. In someoeintents, patients receive eleven treatment
cycles. In some embodiments, patients receivevemeeatment cycles. In some embodiments,

patients receive more than twelve treatment cycles.

[00125] In the absence of unmanageable toxicities, subfEnt continue to receive the

tipifarnib treatment for up to 12 months or long@ihe dose can also be increased to 1200 mg
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b.i.d. if the subject is tolerating the treatmemllw Stepwise 300 mg dose reductions to control

treatment-related, treatment-emergent toxicitiesaiao be included.

[00126] In some other embodiments, tipifarnib is given lgrat a dose of 300 mg b.i.d. daily
for 21 days, followed by 1 week of rest, in 28-dsatment cycles (21-day schedule; Cheng DT,
et al., J Mol Diagn. (2015) 17(3):251-64). In some embodiments, aybeltsing ranging from

25 to 1300 mg b.i.d. followed by 9-day rest is aedp5-day schedule; Zujewski J.Clin

Oncaol., (2000) Feb;18(4):927-41). In some embodimen®sday b.i.d. dosing followed by 7-
day rest is adopted (7-day schedule; Lara PMdticancer Drugs., (2005) 16(3):317-21;
Kirschbaum MH Leukemia., (2011) Oct;25(10):1543-7; Kurzrodk|in Cancer Res (2008),
14(2):509). In the 7-day schedule, the patientsreaeive a starting dose of 300 mg b.i.d. with
300 mg dose escalations to a maximum planned dds#00 mg b.i.d.. In the 7-day schedule
study, patients can also receive tipifarnib bawldays 1-7 and days 15-21 of 28-day cycles at
doses up to 1600 mg b.i.d..

[00127] FTI can inhibit the growth of mammalian tumors wlagiministered as a twice daily
dosing schedule. Administration of an FTI in agéndose daily for one to five days can
produce a marked suppression of tumor growth lgstut to at least 21 days. In some
embodiments, FTI is administered at a dosage rah§6-400 mg/kg. In some embodiments,
FTI is administered at 200 mg/kg. Dosing regimamnspecific FTIs are also well known in the
art .g., U.S. Patent No. 6838467, which is incorporate@ineby reference in its entirety). For
example, suitable dosages for the compounds AmglaiD98/28303), perrilyl alcohol (WO
99/45712), SCH-66336 (U.S. Pat. No. 5,874,442)8128 (WO 00/01691), 2(S)-[2(S)-[2(R)-
amino-3-mercapto]propylamino-3(S)-methyl]-pentyle3yphenylpropionyl-methionine sulfone
(W094/10138), BMS 214662 (WO 97/30992), AZD3409z&f compounds A and B (WO
00/12499 and WO 00/12498) are given in the aforéimeed patent specifications which are
incorporated herein by reference or are known twaorbe readily determined by a person

skilled in the art.

[00128] In relation to perrilyl alcohol, the medicament ni@eyadministered 1-4g per day per
150 |Ib human patient. Preferably, 1-2 g per daylp® Ib human patient. SCH-66336 typically
can be administered in a unit dose of about 0.1avi®0 mg, more preferably from about 1 mg

to 300 mg according to the particular applicati@ompounds L778123 and 1-(3-chlorophenyl)-
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4-[1-(4-cyanobenzyl)-5-imidazolylmethyl]-2-piperanine may be administered to a human
patient in an amount between about 0.1 mg/kg of/vaeight to about 20 mg/kg of body weight
per day, preferably between 0.5 mg/kg of bodyweiglabout 10 mg/kg of body weight per day.

[00129] Pfizer compounds A and B may be administered imges ranging from about 1.0
mg up to about 500 mg per day, preferably from athdo about 100 mg per day in single or
divided (i.e. multiple) doses. Therapeutic compauwdl ordinarily be administered in daily
dosages ranging from about 0.01 to about 10 mgggeondy weight per day, in single or divided
doses. BMS 214662 may be administered in a dasegge of about 0.05 to 200 mg/kg/day,
preferably less than 100 mg/kg/day in a single adwse 2 to 4 divided doses.

2.4. Combination therapies

[00130] In some embodiments, the FTI treatment is admirgdten combination with
radiotherapy, or radiation therapy. Radiotheraymudes using-rays, X-rays, and/or the
directed delivery of radioisotopes to tumor celBther forms of DNA damaging factors are also
contemplated, such as microwaves, proton beamatrad (U.S. Patent Nos. 5,760,395 and
4,870,287, all of which are hereby incorporateddfgrences in their entireties), and UV-
irradiation. It is most likely that all of thesactors affect a broad range of damage on DNA, on
the precursors of DNA, on the replication and repADNA, and on the assembly and

maintenance of chromosomes.

[00131] In some embodiments, a therapeutically effectivewamof the pharmaceutical
composition having an FTl is administered thatafely sensitizes a tumor in a host to
irradiation. (U.S. Patent No. 6545020, which isely incorporated by reference in its entirety).
Irradiation can be ionizing radiation and in partas gamma radiation. In some embodiments,
the gamma radiation is emitted by linear accelesato by radionuclides. The irradiation of the

tumor by radionuclides can be external or internal.

[00132] Irradiation can also be X-ray radiation. Dosageges for X-rays range from daily
doses of 50 to 200 roentgens for prolonged pemddisne (3 to 4 wk), to single doses of 2000 to
6000 roentgens. Dosage ranges for radioisotopgsmedely, and depend on the half-life of the

isotope, the strength and type of radiation emjtaed the uptake by the neoplastic cells.
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[00133] In some embodiments, the administration of the qlaaeutical composition
commences up to one month, in particular up tody® @r a week, before the irradiation of the
tumor. Additionally, irradiation of the tumor isactionated the administration of the
pharmaceutical composition is maintained in theridl between the first and the last irradiation

session.

[00134] The amount of FTI, the dose of irradiation anditttermittence of the irradiation
doses will depend on a series of parameters sutttedgpe of tumor, its location, the patients’
reaction to chemo- or radiotherapy and ultimatslior the physician and radiologists to

determine in each individual case.

[00135] In some embodiments, the methods provided hereinduinclude administering a
therapeutically effective amount of a second acdigent or a support care therapy. The second
active agent can be a chemotherapeutic agent.efatinerapeutic agent or drug can be
categorized by its mode of activity within a cétly example, whether and at what stage they
affect the cell cycle. Alternatively, an agent ¢encharacterized based on its ability to directly
cross-link DNA, to intercalate into DNA, or to inckeichromosomal and mitotic aberrations by

affecting nucleic acid synthesis.

[00136] Examples of chemotherapeutic agents include aikgatgents, such as thiotepa and
cyclosphosphamide; alkyl sulfonates, such as baisuiimprosulfan, and piposulfan; aziridines,
such as benzodopa, carboquone, meturedopa, anmparegthylenimines and
methylamelamines, including altretamine, trieth@erelamine, trietylenephosphoramide,
triethiylenethiophosphoramide, and trimethylolomeilae; acetogenins (especially bullatacin
and bullatacinone); a camptothecin (including Wretisetic analogue topotecan); bryostatin;
callystatin; CC-1065 (including its adozelesin,zedesin and bizelesin synthetic analogues);
cryptophycins (particularly cryptophycin 1 and diggghycin 8); dolastatin; duocarmycin
(including the synthetic analogues, KW-2189 and dBA1); eleutherobin; pancratistatin; a
sarcodictyin; spongistatin; nitrogen mustards, sagkhlorambucil, chlornaphazine,
cholophosphamide, estramustine, ifosfamide, meetilamine, mechlorethamine oxide
hydrochloride, melphalan, novembichin, phenestepnednimustine, trofosfamide, and uracil
mustard; nitrosureas, such as carmustine, chlavoirgtfotemustine, lomustine, nimustine, and

ranimnustine; antibiotics, such as the enediynibiatics (e.g., calicheamicin, especially
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calicheamicin gammall and calicheamicin omegal$etnicin, including dynemicin A;
bisphosphonates, such as clodronate; an esperaasoivell as neocarzinostatin chromophore
and related chromoprotein enediyne antiobiotic elaphores, aclacinomysins, actinomycin,
authrarnycin, azaserine, bleomycins, cactinomy@nabicin, carminomycin, carzinophilin,
chromomycinis, dactinomycin, daunorubicin, detocirhi 6-diazo-5-0xo-L-norleucine,
doxorubicin (including morpholino-doxorubicin, cyanorpholino-doxorubicin, 2-pyrrolino-
doxorubicin and deoxydoxorubicin), epirubicin, egmcin, idarubicin, marcellomycin,
mitomycins, such as mitomycin C, mycophenolic anmyalarnycin, olivomycins, peplomycin,
potfiromycin, puromycin, quelamycin, rodorubicitreptonigrin, streptozocin, tubercidin,
ubenimex, zinostatin, and zorubicin; anti-metaleslisuch as methotrexate and 5-fluorouracil
(5-FU); folic acid analogues, such as denoptetier,gpterin, and trimetrexate; purine analogs,
such as fludarabine, 6-mercaptopurine, thiamipiane, thioguanine; pyrimidine analogs, such as
ancitabine, azacitidine, 6-azauridine, carmofuta@bine, dideoxyuridine, doxifluridine,
enocitabine, and floxuridine; androgens, such ast&rone, dromostanolone propionate,
epitiostanol, mepitiostane, and testolactone; adtenals, such as mitotane and trilostane; folic
acid replenisher, such as frolinic acid; aceglatafdophosphamide glycoside; aminolevulinic
acid; eniluracil; amsacrine; bestrabucil; bisargresdatraxate; defofamine; demecolcine;
diaziquone; elformithine; elliptinium acetate; gro#hilone; etoglucid; gallium nitrate;
hydroxyurea; lentinan; lonidainine; maytansinoslsch as maytansine and ansamitocins;
mitoguazone; mitoxantrone; mopidanmol; nitraerjpentostatin; phenamet; pirarubicin;
losoxantrone; podophyllinic acid; 2-ethylhydrazigepcarbazine; PSKpolysaccharide complex;
razoxane; rhizoxin; sizofiran; spirogermanium; teronic acid; triaziquone; 2,2',2"-
trichlorotriethylamine; trichothecenes (especidlf toxin, verracurin A, roridin A and
anguidine); urethan; vindesine; dacarbazine; mamstime; mitobronitol; mitolactol,
pipobroman; gacytosine; arabinoside (“Ara-C”); omhosphamide; taxoide.,g., paclitaxel and
docetaxel gemcitabine; 6-thioguanine; mercaptopypiatinum coordination complexes, such
as cisplatin, oxaliplatin, and carboplatin; vinlias; platinum; etoposide (VP-16); ifosfamide;
mitoxantrone; vincristine; vinorelbine; novantroteniposide; edatrexate; daunomycin;
aminopterin; xeloda; ibandronate; irinotecay( CPT-11); topoisomerase inhibitor RFS 2000;

difluorometlhylornithine (DMFO); retinoids, such etinoic acid; capecitabine; carboplatin,
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procarbazine,plicomycin, gemcitabine, navelbingns$platinum, and pharmaceutically

acceptable salts, acids, or derivatives of anyefabove.

[00137] The second active agents can be large molealpsproteins) or small molecules
(e.g., synthetic inorganic, organometallic, or organl@cules). In some embodiments, the
second active agent is a DNA-hypomethylating agethierapeutic antibody that specifically
binds to a cancer antigen, a hematopoietic groadtof, cytokine, anti-cancer agent, antibiotic,
cox-2 inhibitor, immunomodulatory agent, anti-thyegte globulin, immunosuppressive agent,

corticosteroid or a pharmacologically active mutandlerivative thereof.

[00138] In some embodiments, the second active agent A ypomethylating agent, such
as a cytidine analog.g., azacitidine) or a 5-azadeoxycytidireeg( decitabine). In some
embodiments, the second active agent is a cytotieduagent, including but not limited to
Induction, Topotecan, Hydrea, PO Etoposide, Lepatide, LDAC, and Thioguanine. In some
embodiments, the second active agent is Mitoxar{rBtoposide, Cytarabine, or Valspodar. In
some embodiment, the second active agent is Mitoxa@ plus Valspodar, Etoposide plus
Valspodar, or Cytarabine plus Valspodar. In sombaiment, the second active agent is
idarubicin, fludarabine, topotecan, or ara-C. dms other embodiments, the second active agent
is idarubicin plus ara-C, fludarabine plus ara-@prantrone plus ara-C, or topotegalns ara-

C. In some embodiments, the second active aganqisnine. Other combinations of the agents

specified above can be used, and the dosages aeidyenined by the physician.

[00139] In some embodiments, the second active agentimmuanotherapy agent. In some

embodiments, the second active agent is anti-PDhaaly or anti-PDL1 antibody.

[00140] In some embodiments, it is contemplated that tobersdactive agent or second
therapy used in combination with an FTI can be aistered before, at the same time, or after
the FTI treatment. In some embodiments, the seaotide agent or second therapy used in
combination with an FTI can be administered befbeeFTI treatment. In some embodiments,
the second active agent or second therapy usemmbination with an FTI can be administered
at the same time as FTI treatment. In some emlmdsnthe second active agent or second

therapy used in combination with an FTI can be aiktered after the FTI treatment.
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[00141] The FTI treatment can also be administered in coatlain with a bone marrow
transplant. In some embodiments, the FTI is adstered before the bone marrow transplant. In

other embodiments, the FTI is administered afterthne marrow transplant.

3. Biomarkers for FTI Treatment

[00142] Provided herein are methods of selection of squansell carcinoma of the head and
neck (SCCHN) and lung squamous cell carcinoma (8@¢) patients for treatment with a
farnesyltransferase inhibitor (FTI). Farnesyltfangse (FTase) have crucial roles in the post-
translational modifications of Ras proteins. Fails a class of biologically active anticancer
drugs that inhibit farnesylation of a wide rangdarfjet proteins, including Ras. The Ras
proteins play a pivotal role in the transductiorcell growth—stimulating signals, and mutation
of the ras gene leads to constant activation optb&ein, ultimately resulting in uncontrolled cell
proliferation. The high prevalence of mutatedgeses, found in 30% of all human cancers,
makes this pathway an attractive target for anteadrug development. A way of interfering
with Ras function is the inhibition of FTase, thezgme coupling a 15-carbon isoprenyl group to
Ras proteins, by FTIs. The FTIs block Ras actrathrough inhibition of FTase, ultimately
resulting in cell growth arrest. Thus, it was pegetl that FTIs would be effective therapeutic

agents in the treatment of cancer.

[00143] However, no correlation between ras mutations asdanse to FTIs was
demonstrated in past clinical studies (Karp eBldod 97:3361-3369 (2001); and US. Patent
Pub. 20070048782)). While several early clinicatges focused on cancers that exhibited high
frequencies of ras mutations, the response ratalisappointingly low in those trials. (Mesa
Lancet Oncol 6:279-286 (2006); Rao et al. J Clit@22:3950-3957 (2004))

[00144] Early studies of tipifarnib, an FTI, were conduciegboor risk and previously

untreated AML patients (CTEP-20 phase Il), and Apétients with relapsed/refractory AML
(INT-17 Phase Il). A phase Il study of tipifarnilersus best supportive care (BSC) failed to
demonstrate improvement in overall survival. Muliigene/proteins have been associated in the
literature with the activity of FTI (AKAP13, mDIAgtc.) (Raponi et al. Clin Cancer Res.
13:2254-60 (2007); Kamasani et al. Cancer BiologVh&rapy, 6:1418-1423 (2007)), and

analyses of gene expression profiling in bone nrasamples from 2 AML studies (CTEP-20,
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INT-17) identified the ratio of the expression ofj@nes: RASGRPL1 (T cell signal transducer)
and APTX (DNA repair protein) as a potential biokearof tipifarnib’s activity in AML (Raponi
et al. Blood. 111:2589-96(2008)). However, a sghsat prospective study using the 2-gene
ratio in bone marrow blasts as inclusion criteffi@ited to demonstrate significant clinical benefit
of tipifarnib in AML (Lancet et al. Blood (ASH) 12@bstract 1508(2012)).

[00145] The present invention identifies HRAS mutation®i@snarkers associated with
better prognosis for an FTI treatment, and novehods are provided herein for patient
selection for an FTI treatment. The HRAS mutatimesntified in the instant application are
specifically associated with the clinical benefian FTI treatment, but not with the clinical

benefit of agents of other standard chemotherapies.

[00146] As disclosed herein, the methods can also be aseshinection with other patient
stratification approaches to further increase ésponse rate of a patient population to an FTI
treatment. For example, in some embodiments, #t@aeds provided herein further include
determining the mutation status of tHRAS gene and selecting a patient for an FTI treatrmamt,
described in greater detail below. In some embedis) the methods provided herein further
include determining the mutation status of thegerses and selecting a patient for an FTI
treatment when the patient has an HRAS mutatioh wild type K-ras and wild type N-ras. In
other embodiments, the methods provided hereirfuréimer include using the 2 gene ratio
between RASGRP1 and APTX as additional patienttelecriterion for an FTI treatment
(U.S. patent No. 7,932,036, which is hereby incoafenl by reference in its entirety). Methods
described herein or otherwise known in the artlmansed to determine the mutation status of
the ras gene, such as HRASgene. In some embodiments, the mutation statagaf gene,
such as HRAS, can be determined by NGS.

[00147] In some embodiments, the methods provided herelnde determining the
expression level of a biomarker. In some embodimeéhe expression level of a biomarker can
be the protein level of the biomarker. In some ednnents, the expression level of a biomarker
can be the RNA level of the biomarker. Any metlagdiescribed herein or otherwise known in
the art to determine the protein level or RNA levkeé gene can be used for determining the

expression level of a biomarker in present inventio
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[00148] Exemplary methods of detecting or quantitating mRB\els include but are not
limited to PCR-based methods, northern blots, nilotease protection assays, and the like. The
MRNA sequence(g., the mRNA of a biomarker, such as CRBN or a CAR fragment

thereof) can be used to prepare a probe thalessit partially complementary. The probe can
then be used to detect the mRNA sequence in a saoghg any suitable assay, such as PCR-

based methods, Northern blotting, a dipstick assag,the like.

[00149] The commonly used methods known in the art forgunentification of mMRNA
expression in a sample include northern blottingj iarsitu hybridization (Parker &Barnes,
Methods in Molecular Biology 106:247-283 (1999)N/Rse protection assays (Hod,
Biotechniques 13:852- 854 (1992)); and polymer&seéncreaction (PCR) (Weis et ah, Trends in
Genetics 8:263-264 (1992)). Alternatively, antitesdmay be employed that can recognize
specific duplexes, including DNA duplexes, RNA dzy®s, and DNA-RNA hybrid duplexes or
DNA-protein duplexes. Representative methods fquercing-based gene expression analysis
include Serial Analysis of Gene Expression (SAGHEY gene expression analysis by massively

parallel signature sequencing (MPSS).

[00150] A sensitive and flexible quantitative method is PBamples of PCR methods can
be found in the literature. Examples of PCR assapsbe found in U.S. Patent No. 6,927,024,
which is incorporated by reference herein in itsrety. Examples of RT-PCR methods can be
found in U.S. Patent No. 7,122,799, which is incogped by reference herein in its entirety. A
method of fluorescent in situ PCR is described i8.Watent No. 7,186,507, which is

incorporated by reference herein in its entirety.

[00151] Itis noted, however, that other nucleic acid afigation protocols (i.e., other than
PCR) may also be used in the nucleic acid analytetdhods described herein. For example,
suitable amplification methods include ligase chaaction (see, e.g., Wu & Wallace, Genomics
4:560-569, 1988); strand displacement assay (sgeWalker et al., Proc. Natl. Acad. Sci. USA
89:392-396, 1992; U.S. Pat. No. 5,455,166); anérsg¥ranscription-based amplification
systems, including the methods described in U.6.NRss. 5,437,990; 5,409,818; and 5,399,491,
the transcription amplification system (TAS) (Kwetal., Proc. Natl. Acad. Sci. USA 86: 1173-
1177, 1989); and self-sustained sequence replicé@@BR) (Guatelli et al., Proc. Natl. Acad. Sci.
USA 87: 1874-1878, 1990; WO 92/08800). Alterndtiyenethods that amplify the probe to
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detectable levels can be used, such as Q-repkrapkfication (Kramer & Lizardi, Nature
339:401-402, 1989; Lomeli et al., Clin. Chem. 3826-1831, 1989). A review of known
amplification methods is provided, for example Alyramson and Myers in Current Opinion in
Biotechnology 4:41-47 (1993).

[00152] mRNA may be isolated from the starting tissue sam@eneral methods for mMRNA
extraction are well known in the art and are disetbin standard textbooks of molecular
biology, including Ausubel et al., Current Protacof Molecular Biology, John Wiley and Sons
(1997). In particular, RNA isolation can be penfied using purification kit, buffer set and
protease from commercial manufacturers, such ageQjaccording to the manufacturer's
instructions. For example, total RNA from cellscuiture can be isolated using Qiagen RNeasy
mini- columns. Other commercially available RNAlaion kits include MASTERPURE®
Complete DNA and RNA Purification Kit (EPICENTRE®ladison, Wis.), and Paraffin Block
RNA Isolation Kit (Ambion, Inc.). Total RNA fromdsue samples can be isolated using RNA
Stat-60 (Tel-Test). RNA prepared from tumor cansotated, for example, by cesium chloride

density gradient centrifugation.

[00153] In some embodiments, the first step in gene exjpregsofiling by PCR is the
reverse transcription of the RNA template into cQNi#llowed by its exponential amplification
in a PCR reaction. In other embodiments, a contbiaeerse-transcription-polymerase chain
reaction (RT-PCR) reaction may be used, e.g., ssritbed in U.S. Pat. Nos. 5,310,652;
5,322,770; 5,561 ,058; 5,641 ,864; and 5,693,591 two commonly used reverse
transcriptases are avilo myeloblastosis virus sé&manscriptase (AMV-RT) and Moloney
murine leukemia virus reverse transcriptase (MMLV}RThe reverse transcription step is
typically primed using specific primers, random amers, or oligo-dT primers, depending on
the circumstances and the goal of expression prgfilFor example, extracted RNA can be
reverse- transcribed using a GENEAMP™ RNA PCRHRérkin Elmer, Calif, USA), following
the manufacturer's instructions. The derived cDINA then be used as a template in the

subsequent PCR reaction.

[00154] In some embodiments, Real-Time Reverse TranscnfRIOR (QRT-PCR) can be
used for both the detection and quantification NffRargets (Bustingt al., 2005,Clin. .,
109:365-379). Examples of qRT-PCR-based methad®edound, for example, in U.S. Patent
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No. 7,101,663, which is incorporated by refereneesim in its entirety. Instruments for real-
time PCR, such as the Applied Biosystems 7500a@aéable commercially, as are the reagents,

such as TagMan Sequence Detection chemistry.

[00155] For example, TagM&hGene Expression Assays can be used, following the
manufacturer’s instructions. These kits are preafdated gene expression assays for rapid,
reliable detection and quantification of human, seand rat mRNA transcripts. TagMan® or
5'-nuclease assay, as described in U.S. Pat. \N&i),815; 5,487,972; and 5,804,375; and
Holland et al., 1988, Proc. Natl. Acad. Sci. USA7@36-7280, can be used. TAQMAN® PCR
typically utilizes the 5'-nuclease activity of TagTth polymerase to hydrolyze a hybridization
probe bound to its target amplicon, but any enzyntle equivalent 5' nuclease activity can be
used. Two oligonucleotide primers are used to ggaean amplicon typical of a PCR reaction.
A third oligonucleotide, or probe, is designed &tettt nucleotide sequence located between the
two PCR primers. The probe is non-extendible by D&lA polymerase enzyme, and is labeled
with a reporter fluorescent dye and a quencherdlscent dye. Any laser-induced emission
from the reporter dye is quenched by the quenctiyggwhen the two dyes are located close
together as they are on the probe. During the ifiogtion reaction, the Taq DNA polymerase
enzyme cleaves the probe in a template-dependeamtenarl he resultant probe fragments
disassociate in solution, and signal from the sddaeporter dye is free from the quenching
effect of the second fluorophore. One moleculespbrter dye is liberated for each new
molecule synthesized, and detection of the unqueshokporter dye provides the basis for

guantitative interpretation of the data.

[00156] Any method suitable for detecting degradation pobdan be used in a 5' nuclease
assay. Often, the detection probe is labeled withfluorescent dyes, one of which is capable of
guenching the fluorescence of the other dye. Tlhes dye attached to the probe, preferably one
attached to the 5' terminus and the other is adthth an internal site, such that quenching
occurs when the probe is in an unhybridized statksaich that cleavage of the probe by the 5'to

3' exonuclease activity of the DNA polymerase osc¢arbetween the two dyes.

[00157] Amplification results in cleavage of the probe bedw the dyes with a concomitant
elimination of quenching and an increase in therégscence observable from the initially

guenched dye. The accumulation of degradation gtadumonitored by measuring the increase
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in reaction fluorescence. U.S. Pat. Nos. 5,491 €0685,571 ,673, both incorporated herein by
reference, describe alternative methods for detgthie degradation of probe which occurs
concomitant with amplification. 5'-Nuclease assatadnay be initially expressed as Ct, or the
threshold cycle. As discussed above, fluoresceakees are recorded during every cycle and
represent the amount of product amplified to tleabtpin the amplification reaction. The point

when the fluorescent signal is first recorded asstically significant is the threshold cycle (Ct)

[00158] To minimize errors and the effect of sample-to-siemwariation, PCR is usually
performed using an internal standard. The iddalmal standard is expressed at a constant level
among different tissues, and is unaffected by #peemental treatment. RNAs most frequently
used to normalize patterns of gene expression RigAs for the housekeeping genes

glyceraldehyde-3-phosphate-dehydrogenase (GAPDg{Paactin.

[00159] PCR primers and probes are designed based upon sgguences present in the
gene to be amplified. In this embodiment, the Btep in the primer/probe design is the
delineation of intron sequences within the genéss Tan be done by publicly available
software, such as the DNA BLAT software developgdbnt, W., Genome Res. 12(4):656-64
(2002), or by the BLAST software including its \&rons. Subsequent steps follow well
established methods of PCR primer and probe design.

[00160] In order to avoid non-specific signals, it can imgportant to mask repetitive
sequences within the introns when designing thegns and probes. This can be easily
accomplished by using the Repeat Masker programaal@on-line through the Baylor College
of Medicine, which screens DNA sequences agaitibtary of repetitive elements and returns a
guery sequence in which the repetitive elementsrnagked. The masked intron sequences can
then be used to design primer and probe sequescesany commercially or otherwise publicly
available primer/probe design packages, such asePixpress (Applied Biosystems); MGB
assay-by-design (Applied Biosystems); Primer3 (Raaed Skaletsky (2000) Primer3 on the
WWW for general users and for biologist programmebrsKrawetz S, Misener S (eds)
Bioinformatics Methods and Protocols: Methods inl&talar Biology. Humana Press, Totowa,
N.J., pp 365-386).
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[00161] Factors considered in PCR primer design includag@riength, melting temperature
(Tm), and G/C content, specificity, complementatiyner sequences, and 3'-end sequence. In
general, optimal PCR primers are generally 17-3@&an length, and contain about 20-80%,
such as, for example, about 50-60% G+C bases. fetgeen 50 and 80° C, e.g. about 50 to 70°
C. are typically preferred. For further guideliies PCR primer and probe design see, e.g.
Dieffenbach et ah, "General Concepts for PCR Pribesign" in: PCR Primer, A Laboratory
Manual, Cold Spring Harbor Laboratory Press, NewkyY @995, pp. 133-155; Innis and

Gelfand, "Optimization of PCRs" in: PCR Protoc@#sGuide to Methods and Applications,

CRC Press, London, 1994, pp. 5-11; and Plaster®f, Primerselect: Primer and probe design.
Methods Mol. Biol. 70:520- 527 (1997), the entirsctbsures of which are hereby expressly

incorporated by reference.

[00162] An exemplary PCR program, for example, is 50°Cfaninutes, 95°C for 10

minutes, 40 cycles of 95°C for 15 seconds, the@ 86f 1 minute. To determine the cycle
number at which the fluorescence signal associatda particular amplicon accumulation
crosses the threshold (referred to as the CT)jale can be analyzed, for example, using a 7500
Real-Time PCR System Sequence Detection softwaBeuslng the comparative CT relative
guantification calculation method. Using this neeththe output is expressed as a fold-change
of expression levels. In some embodiments, thestiold level can be selected to be
automatically determined by the software. In semdodiments, the threshold level is set to be
above the baseline but sufficiently low to be witthe exponential growth region of an

amplification curve.

[00163] RNA-Seq, also called Whole Transcriptome Shotguiu8ecing (WTSS) refers to
the use of high-throughput sequencing technolagisequence cDNA in order to get
information about a sample's RNA content. Publicet describing RNA-Seq include: Wang et
al., Nature Reviews Genetics 10 (1): 57-63 (Jan@@6fp); Ryan et al. BioTechniques 45 (1):
81-94 (2008); and Maher et al., Nature 458 (7284)101 (January 2009); which are hereby

incorporated in their entirety.

[00164] Differential gene expression can also be identjf@cconfirmed using the microarray

technique. In this method, polynucleotide sequemdéénterest (including cDNAs and
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oligonucleotides) are plated, or arrayed, on aocitip substrate. The arrayed sequences are

then hybridized with specific DNA probes from cadistissues of interest.

[00165] In an embodiment of the microarray technique, P@iRIdied inserts of cDNA

clones are applied to a substrate in a dense aR®ferably at least 10,000 nucleotide sequences
are applied to the substrate. The microarrayeéggemmobilized on the microchip at 10,000
elements each, are suitable for hybridization ustianrgent conditions. Fluorescently labeled
cDNA probes may be generated through incorporaifdhuorescent nucleotides by reverse
transcription of RNA extracted from tissues of iett. Labeled cDNA probes applied to the
chip hybridize with specificity to each spot of DNA the array. After stringent washing to
remove non-specifically bound probes, the chicased by confocal laser microscopy or by
another detection method, such as a CCD camerantffation of hybridization of each arrayed
element allows for assessment of corresponding mBblkdance. With dual color
fluorescence, separately labeled cDNA probes gaefeom two sources of RNA are

hybridized pairwise to the array. The relativeratance of the transcripts from the two sources
corresponding to each specified gene is thus detethsimultaneously. The miniaturized scale
of the hybridization affords a convenient and raprdluation of the expression pattern for large
numbers of genes. Such methods have been shdvaveéahe sensitivity required to detect rare
transcripts, which are expressed at a few copiesgle and to reproducibly detect at least
approximately two-fold differences in the expresdievels (Schena et al. , Proc. Natl. Acad. Sci.
USA 93(2): 106-149 (1996)). Microarray analysis t& performed by commercially available
equipment, following manufacturer's protocols, sastby using the Affymetrix GENCHIP™

technology, or Incyte's microarray technology.

[00166] Serial analysis of gene expression (SAGE) is a atkthat allows the simultaneous
and quantitative analysis of a large number of gearescripts, without the need of providing an
individual hybridization probe for each transcripiirst, a short sequence tag (about 10-14 bp) is
generated that contains sufficient information maquely identify a transcript, provided that the
tag is obtained from a unique position within ea@nscript. Then, many transcripts are linked
together to form long serial molecules, that caisdguenced, revealing the identity of the
multiple tags simultaneously. The expression paibé any population of transcripts can be

guantitatively evaluated by determining the abudanf individual tags, and identifying the
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gene corresponding to each tag. For more detglsesg. Velculescu et ah , Science 270:484-
487 (1995); and Velculescu et al , Cell 88:243-B39(7).

[00167] The MassARRAY (Sequenom, San Diego, Calif.) tecbgplis an automated, high-
throughput method of gene expression analysis usags spectrometry (MS) for detection.
According to this method, following the isolatiohRNA, reverse transcription and PCR
amplification, the cDNAs are subjected to primete@sion. The cDNA-derived primer
extension products are purified, and dispensedamnpaarray that is pre- loaded with the
components needed for MALTI-TOF MS sample prepanafl he various cDNAs present in the

reaction are quantitated by analyzing the peaksarethe mass spectrum obtained.

[00168] mMRNA level can also be measured by an assay baskgboidization. A typical
MRNA assay method can contain the steps of 1) mhtasurface-bound subject probes; 2)
hybridization of a population of mMRNAs to the sedabound probes under conditions sufficient
to provide for specific binding (3) post-hybridizat washes to remove nucleic acids not bound
in the hybridization; and (4) detection of the hgimed mMRNAs. The reagents used in each of

these steps and their conditions for use may vapgding on the particular application.

[00169] Any suitable assay platform can be used to deteri@ mRNA level in a sample.
For example, an assay can be in the form of aidipst membrane, a chip, a disk, a test strip, a
filter, a microsphere, a slide, a multiwell plate an optical fiber. An assay system can have a
solid support on which a nucleic acid correspondinthe mRNA is attached. The solid support
can have, for example, a plastic, silicon, a metaésin, glass, a membrane, a particle, a
precipitate, a gel, a polymer, a sheet, a sphgvelygaccharide, a capillary, a film a plate, or a
slide. The assay components can be prepared akdgel together as a kit for detecting an
MRNA.

[00170] The nucleic acid can be labeled, if desired, toeramkopulation of labeled mMRNAs.
In general, a sample can be labeled using metihadsite well known in the are.§., using
DNA ligase, terminal transferase, or by labeling RNA backbone, etcsge, e.g., Ausubel et
al., Short Protocolsin Molecular Biology, 3rd ed., Wiley & Sons 1995 and Sambrebkl.,
Molecular Cloning: A Laboratory Manual, Third Edition, 2001 Cold Spring Harbor, N.Y.)n |

some embodiments, the sample is labeled with fhcanet label. Exemplary fluorescent dyes
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include but are not limited to xanthene dyes, #soein dyes, rhodamine dyes, fluorescein
isothiocyanate (FITC), 6 carboxyfluorescein (FAM)arboxy-2",4',7',4,7-
hexachlorofluorescein (HEX), 6 carboxy 4’, 5’ dichd 2’, 7° dimethoxyfluorescein (JOE or J),
N,N,N’,N’ tetramethyl 6 carboxyrhodamine (TAMRA &), 6 carboxy X rhodamine (ROX or
R), 5 carboxyrhodamine 6G (R6G5 or G5), 6 carboagiemine 6G (R6G6 or G6), and
rhodamine 110; cyanine dyesg. Cy3, Cy5 and Cy7 dyes; Alexa dyeg. Alexa-fluor-555;
coumarin, Diethylaminocoumarin, umbelliferone; bemde dyesg.g. Hoechst 33258;
phenanthridine dyeg,g. Texas Red; ethidium dyes; acridine dyes; carbadys#s; phenoxazine
dyes; porphyrin dyes; polymethine dyes, BODIPY dygsnoline dyes, Pyrene, Fluorescein
Chlorotriazinyl, R110, Eosin, JOE, R6G, Tetramethgtiamine, Lissamine, ROX,

Napthofluorescein, and the like.

[00171] Hybridization can be carried out under suitablertdibation conditions, which may
vary in stringency as desired. Typical conditians sufficient to produce probe/target
complexes on a solid surface between complemehtadyng memberg,e., between surface-
bound subject probes and complementary mRNAs amgk. In certain embodiments,

stringent hybridization conditions can be employed.

[00172] Hybridization is typically performed under stringédrybridization conditions.
Standard hybridization techniquesy under conditions sufficient to provide for specifi
binding of target mMRNAs in the sample to the prolaee described in Kallionienat al., Science
258:818-821 (1992) and WO 93/18186. Several gumeeneral techniques are availalelg,,
Tijssen,Hybridization with Nucleic Acid Probes, Parts | and Il (Elsevier, Amsterdam 1993). For
descriptions of techniques suitable flositu hybridizations, see Gadt al. Meth. Enzymoal.,
21:470-480 (1981); and Angereral. in Genetic Engineering: Principles and Methods (Setlow
and Hollaender, Eds.) Vol 7, pgs 43-65 (Plenumd$ridsw York 1985). Selection of
appropriate conditions, including temperature, satticentration, polynucleotide concentration,
hybridization time, stringency of washing condisoand the like will depend on experimental
design, including source of sample, identity oftaag@ agents, degree of complementarity
expected, etc., and may be determined as a métteatine experimentation for those of
ordinary skill in the art. Those of ordinary skillll readily recognize that alternative but
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comparable hybridization and wash conditions cantlieed to provide conditions of similar

stringency.

[00173] After the mRNA hybridization procedure, the surfboeind polynucleotides are
typically washed to remove unbound nucleic acM&shing may be performed using any
convenient washing protocol, where the washing itimms are typically stringent, as described
above. The hybridization of the target mMRNAs te pinobes is then detected using standard

techniques.

[00174] IHC staining of tissue sections has been showreta teliable method of assessing or
detecting presence of proteins in a sample. Immistmthemistry techniques utilize an antibody
to probe and visualize cellular antigens in sieneyally by chromogenic or fluorescent methods.
Thus, antibodies or antisera, preferably polycl@misera, and most preferably monoclonal
antibodies specific for each marker are used teatiexpression. As discussed in greater detail
below, the antibodies can be detected by direeliladp of the antibodies themselves, for
example, with radioactive labels, fluorescent lapb&pten labels such as, biotin, or an enzyme
such as horse radish peroxidase or alkaline phtesaAlternatively, unlabeled primary
antibody is used in conjunction with a labeled selawy antibody, comprising antisera,
polyclonal antisera or a monoclonal antibody speédr the primary antibody.
Immunohistochemistry protocols and kits are wethkn in the art and are commercially
available. Automated systems for slide preparadioth IHC processing are available
commercially. The Ventana® BenchMark XT systemnsaample of such an automated

system.

[00175] Standard immunological and immunoassay procedaede found irBasic and
Clinical Immunology (Stites & Terr eds., 7th ed. 1991). Moreover, thenunoassays can be
performed in any of several configurations, whioh ieviewed extensively iBnzyme
Immunoassay (Maggio, ed., 1980); and Harlow & Lane, supra. &oeview of the general
immunoassays, see alstethodsin Cell Biology: Antibodiesin Cell Biology, volume 37 (Asali,
ed. 1993)Basic and Clinical Immunology (Stites & Ten, eds., 7th ed. 1991).

[00176] Commonly used assays to detect protein level abmdrker include noncompetitive

assays, e.g., sandwich assays, and competitivgsassgpically, an assay such as an ELISA
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assay can be used. ELISA assays are known intthe@, for assaying a wide variety of tissues
and samples, including blood, plasma, serum or lbaareow.

[00177] A wide range of immunoassay techniques using sncssay format are available,
see, e.g., U.S. Pat. Nos. 4,016,043, 4,424,279 &18,653, which are hereby incorporated by
reference in their entireties. These include Isirtigle-site and two-site or “sandwich” assays of
the non-competitive types, as well as in the tradél competitive binding assays. These assays
also include direct binding of a labeled antiboolattarget biomarker. Sandwich assays are
commonly used assays. A number of variations@stmdwich assay technique exist. For
example, in a typical forward assay, an unlabedetibody is immobilized on a solid substrate,
and the sample to be tested brought into contabttive bound molecule. After a suitable period
of incubation, for a period of time sufficient tiboav formation of an antibody-antigen complex,
a second antibody specific to the antigen, labeliglll a reporter molecule capable of producing
a detectable signal is then added and incubatedyiag time sufficient for the formation of
another complex of antibody-antigen-labeled antybo@iny unreacted material is washed away,
and the presence of the antigen is determined bgroation of a signal produced by the reporter
molecule. The results may either be qualitativesibyple observation of the visible signal, or
may be quantitated by comparing with a control dampntaining known amounts of

biomarker.

[00178] Variations on the forward assay include a simulbaiseassay, in which both sample
and labeled antibody are added simultaneouslyeddund antibody. These techniques are well
known to those skilled in the art, including anynon variations as will be readily apparent. In a
typical forward sandwich assay, a first antibodyihg specificity for the biomarker is either
covalently or passively bound to a solid surfadee $olid surface may be glass or a polymer, the
most commonly used polymers being cellulose, pojjamide, nylon, polystyrene, polyvinyl
chloride, or polypropylene. The solid supports rbayin the form of tubes, beads, discs of
microplates, or any other surface suitable for catidg an immunoassay. The binding
processes are well-known in the art and generalhgist of cross-linking covalently binding or
physically adsorbing, the polymer-antibody compkewashed in preparation for the test sample.
An aliquot of the sample to be tested is then addede solid phase complex and incubated for

a period of time sufficient (e.g. 2-40 minutes wemight if more convenient) and under suitable

53



conditions (e.g., from room temperature to 40°uehsas between 25° C. and 32° C. inclusive)
to allow binding of any subunit present in the botly. Following the incubation period, the
antibody subunit solid phase is washed and driedrasubated with a second antibody specific
for a portion of the biomarker. The second antibisdinked to a reporter molecule which is

used to indicate the binding of the second antidodie molecular marker.

[00179] In some embodiments, flow cytometry (FACS) can $eduto detect the protein level
of a biomarker. Surface proteins can be detectetlantibodies against specific biomarkers.

The flow cytometer detects and reports the intgredithe fluorichrome-tagged antibody, which
indicates the expression level of the biomarkeon{luorescent cytoplasmic proteins can also
be observed by staining permeablized cells. Thia stin either be a fluorescence compound

able to bind to certain molecules, or a fluorichestagged antibody to bind the molecule of

choice.

[00180] An alternative method involves immobilizing thegat biomarkers in the sample and
then exposing the immobilized target to specifitady, which may or may not be labeled with
a reporter molecule. Depending on the amountrgetaand the strength of the reporter
molecule signal, a bound target may be detectaptirbct labeling with the antibody.
Alternatively, a second labeled antibody, spedtithe first antibody is exposed to the target-
first antibody complex to form a target-first amtity-second antibody tertiary complex. The

complex is detected by the signal emitted by alé&abeeporter molecule.

[00181] In the case of an enzyme immunoassay, an enzyocosjsgated to the second
antibody, generally by means of glutaraldehydeasigaate. As will be readily recognized,
however, a wide variety of different conjugationhriques exist, which are readily available to
the skilled artisan. Commonly used enzymes inchaseradish peroxidase, glucose oxidase,
beta-galactosidase, and alkaline phosphatase,thadare discussed herein. The substrates to
be used with the specific enzymes are generallgaméor the production, upon hydrolysis by
the corresponding enzyme, of a detectable colangdna Examples of suitable enzymes include
alkaline phosphatase and peroxidase. It is alssible to employ fluorogenic substrates, which
yield a fluorescent product rather than the chroemogsubstrates noted above. In all cases, the
enzyme-labeled antibody is added to the first aalypmolecular marker complex, allowed to

bind, and then the excess reagent is washed afvaplution containing the appropriate
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substrate is then added to the complex of antitaydigen-antibody. The substrate will react
with the enzyme linked to the second antibody,rg\a qualitative visual signal, which may be
further quantitated, usually spectrophotometricdthygive an indication of the amount of
biomarker which was present in the sample. Alteigafluorescent compounds, such as
fluorescein and rhodamine, can be chemically calfdeantibodies without altering their
binding capacity. When activated by illuminatiofttwlight of a particular wavelength, the
fluorochrome-labeled antibody adsorbs the lightgynenducing a state to excitability in the
molecule, followed by emission of the light at acdcteristic color visually detectable with a
light microscope. As in the EIA, the fluorescemitéled antibody is allowed to bind to the first
antibody-molecular marker complex. After washirfigtibe unbound reagent, the remaining
tertiary complex is then exposed to the light & #ppropriate wavelength, the fluorescence
observed indicates the presence of the moleculddenaf interest. Immunofluorescence and

EIA techniques are both very well established madlt and are discussed herein.

[00182] In some embodiments, the methods provided herelnde determining the protein
levels of two or more of these biomarkers. In semdodiments, the methods include
determining the protein levels of three or mor¢hese biomarkers. In some embodiments, the
methods include determining the protein levelsooir for more of these biomarkers. In some

embodiments, the methods include determining tbeepr levels of five of these biomarkers.

3.4. Referencelevelsand referenceratios

[00183] In some embodiments, the reference expressi@h ¢é\a biomarker or the reference
ratio between expression levels of two biomarkarstme determined based on statistical analysis
of data from previous clinical trials, includingtoame of a group of patients, namely, the
patients’ responsiveness to an FTI treatment, dsawé¢he expression levels of the biomarker or
ratio of expression levels between biomarkers efgfoup of patients. A number of statistical
methods are well known in the art to determineréierence level (or referred to as the “cut-off
value”) of one or more biomarkers when used to ipteélde responsiveness of a patient to a

particular treatment, or to stratify patients fquaaticular treatment.

[00184] One method of the invention includes analyzing geq@ession profiles for

biomarkers identified herein that distinguish regger from non-responder to determine the
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reference expression level for one or more biomark€omparisons between responders and
non-responders can be performed using the ManntéhiJ-test, Chi-square test, or Fisher's
Exact test. Analysis of descriptive statistics anthparisons can be performed using SigmaStat
Software (Systat Software, Inc., San Jose, CA, USA)

[00185] In some embodiments, a classification and regyadsee (CART) analysis can be
adopted to determine the reference level. CARTyaisis based on a binary recursive
partitioning algorithm and allows for the discovefycomplex predictor variable interactions

that may not be apparent with more traditional rod#) such as multiple linear regression.
Binary recursive partitioning refers to the anadyiat is: 1) binary, meaning there were two
possible outcome variables, namely “responders™aad-responders,” with the effect of
splitting patients into 2 groups; 2) recursive, mag the analysis can be performed multiple
times; and 3) partitioned, meaning the entire datacan be split into sections. This analysis also
has the ability to eliminate predictor variableshapoor performance. The classification tree can
be built using Salford Predictive Modeler v6.6 (8ad Systems, San Diego, CA, USA).

[00186] Articles of this invention are representationsha gene expression profiles useful for
predicting the responsiveness of a cancer patieau =TI treatment that are reduced to a
medium that can be automatically read such as ctanpeadable media (magnetic, optical, and
the like). The articles can also include instrmgsi for assessing the gene expression profiles in
such media. For example, the articles may compriS®-ROM having computer instructions
for comparing gene expression profiles of biomagkirscribed above. The articles may also
have gene expression profiles digitally recordentéim so that they may be compared with gene
expression data from patient samples. Alternatjwek profiles can be recorded in different
representational format. Clustering algorithmahsag those incorporated in “OMNIVIZ” and
“TREE VIEW” computer programs mentioned above castlassist in the visualization of such

data.

[00187] Receiver Operator Characteristic (ROC) analysisbeantilized to determine the
reference expression level, or reference expresatam or test the overall predictive value of
individual genes and/or multigene classifiers. eXiew of the ROC analysis can be found in
Soreide, J Clin Pathol 10.1136 (2008), which idbfi@ncorporated by reference in its entirety.

56



[00188] The reference level can be determined from the R@e of the training set to

ensure both high sensitivity and high specificitg.determine how many biomarkers are needed
to be included in the predictor, leave-one-out sneidation (LOOCV) can be used. The
response scores for the ‘left-out’ samples basedifterent numbers of genes are recorded. The
performances of the predictors with different nursl® genes can be assessed based on
misclassification error rate, sensitivity, specificp values measuring the separation of Kaplan-

Meier curves of the two predicted groups.

[00189] The Top Scoring Pair (TSP) algorithm first introdddy Geman et al. (2004) can be
used. In essence, the algorithm ranks all the gairte (genes i and j) based on the absolute
difference (Dij) in the frequency of event wherengé has higher expression value than gene j in
samples among class Cl to C2. In the cases of #itermultiple top scoring pairs (all sharing the
same Dij), the top pair by a secondary rank sdwaierheasures the magnitude to which
inversions of gene expression levels occur fromaass to the other within a pair of genes is
selected. The top pair with highest frequencylsiodute Dij > 2 fold in all samples will be
selected as candidate pair. The candidate paithegmbe assessed in an independent testing data
set. Leave-one-out cross validation (LOOCV) cardreied out in the training data set to
evaluate how the algorithm perform. The performarafehe predictors can be assessed based
on maximum misclassification error rate. All thatistical analyses can be done using R (R

Development Core Team, 2006).

[00190] A review of the methods and statistic tools us&uldetermining a reference level
can be found in James Westgard, Ph.D., Basic Mstiatidation, 3d edition (2008), which is
hereby incorporated by reference in its entiré@pecific references are made to Chapter 9
(“How is reportable range of a method determinexdiig) Chapter 15 (“How is a reference

interval verified”).

[00191] Clinically reportable range (CRR) is the range mdilgte values that a method can
measure, allowing for specimen dilution, concerdrgtor other pretreatment used to extend the
direct analytical measurement range. As providetié Basic Methods Validation by Dr.
Westgard, the experiment to be performed is oftdled a “linearity experiment,” though there

technically is no requirement that a method proadi@ear response unless two-point
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calibration is being used. This range can alscefexred as the “linear range,” “analytical

range,” or “working range” for a method.

[00192] The reportable range is assessed by inspectidredirtearity graph. That inspection
can involve manually drawing the best straight im®ugh the linear portion of the points,
drawing a point-to-point line through all the pts then comparing with the best straight line,
or fitting a regression line through the pointgha linear range. There are more complicated
statistical calculations that are recommended imesguidelines, such as Clinical Laboratory
Standards Institute (CLSI)’'s EP-6 protocol for exsing the linearity of analytical methods.
But it is commonly accepted that the reportablgyeacan be adequately determined from a
“visual” assessment, i.e., by manually drawinglibst straight line that fits the lowest points in
the series. The Clinical Laboratory Standardsitlite (CLSI) recommends a minimum of at
least 4- preferably 5-different levels of concetitnas. More than 5 can be used, particularly if
the upper limit of reportable range needs to beimiaed, but 5 levels are convenient and

almost always sufficient.

[00193] A reference interval is typically established bgagng specimens that are obtained
from individuals that meet carefully defined criger(reference sample group). Protocols such
as those of the International Federation of Céih@€hemistry (IFCC) Expert Panel on Theory
of Reference Values and the CLSI delineate compisate systematic processes that use
carefully selected reference sample groups to ksttaleference intervals. These protocols
typically need a minimum of 120 reference individufar each group (or subgroup) that needs

to be characterized.

[00194] The CLSI Approved Guideline C28-A2 describes défdrways for a laboratory to
validate the transference of established refererieevals to the individual laboratory that
includes 1. Divine judgment, wherein the laboratsingply reviews the information submitted
and subijectively verifies that the reference irdés\are applicable to the adopting laboratory's
patient population and test methods; 2. Verifigatiath 20 samples, wherein experimental
validation is performed by collecting and analyzgpgcimens from 20 individuals who
represent the reference sample population; 3. BEdmwith 60 samples, wherein an
experimental validation is performed by collectargl analyzing specimens from 60 individuals

who represent the reference sample populationttendctual reference interval is estimated and
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compared to the claimed or reported interval usistatistical formula comparing the means and
standard deviations of the two populations; an@alculation from comparative method,

wherein one can adjust or correct the claimed jponted reference intervals on the basis of the
observed methodological bias and the mathemagtationship demonstrated between the

analytical methods being used.

[00195] A person of ordinary skill in the art would undewrsd that the reference expression
level of the biomarkers disclosed herein as wethaseference ratios between two biomarkers

can be determined by one or more methods as pbWieein or other methods known in the art.

5. Mutant HRAS as a Biomarker for FTI Treatment

5.1. HRAS mutation status

[00196] The HRAS protein is involved in regulating cell @ion in response to growth factor
stimulation. Growth factors act by binding cellfsice receptors that span the cell’'s plasma
membrane. Once activated, receptors stimulatelkigamsduction events in the cytoplasm, a
process by which proteins and second messengasssighals from outside the cell to the cell
nucleus and instruct the cell to grow or divideRAS is localized in the plasma membrane, and
is an early player in many signal transduction patys. HRAS acts as a molecular on/off
switch — once it is turned on it recruits and et proteins necessary for the propagation of the
receptor’s signal. In certain tumors, mutationsiRAS or its upstream effectors cause it to be
permanently on, resulting in persistent activabbdownstream growth and proliferation signals
that drive tumor cell growth. FTls work to prevéimé aberrant growth and proliferation of cells
that are dependent on these signaling pathwaysHilyiiing protein farnesylation and
subsequent membrane localization of HRAS, therebtclsing HRAS off.

[00197] FTIs such as tipifarnib prevent protein farnesglatia type of protein modification
known as prenylation, which along with other proteiodifications, allows membrane
localization of HRAS where it can receive and tranextracellular signals implicated in cancer
initiation and development. FTIs such as tipifarcan block HRAS farnesylation and
subsequent membrane localization, and inhibit oacmy HRAS-driven cellular transformation
invitro andin vivo. While K-ras and N-ras similarly utilize protdernesylation, they can also
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utilize a related prenylation pathway that alsalfeto membrane localization. Meanwhile,

HRAS membrane localization is solely dependentrotemn farnesylation.

[00198] The head and neck cancers and the lung canceesttedted by methods provided
herein have HRAS mutations. Methods provided heseiotherwise known in the art can be
used to determine the mutation status of an HRA®.gén some embodiments, the mutation
status of an HRAS gene can be determined an NG&llezssay. In some embodiments, the
mutation status of an HRAS gene can be determigeddualitative PCR-based assay. A
gualitative PCR based assay can be technicallyasimoi the PCR-based assays already
developed and approved by the FDA for K-ras. ims@mbodiments, mutation status of an
HRAS gene can be determined in the form of a compagiagnostic to the FTI treatment, such
as the tipifarnib treatment. The companion diaticaccan be performed at the clinic site where

the patient receives the tipifarnib treatment,ta aeparate site.

[00199] Provided herein are methods of treating EGFR intiibiefractory squamous cell
carcinoma of the head and neck (SCCHN), whereils®€HN has an HRAS mutation,
comprising administering to the subject a farneaghferase inhibitor (FTI). In certain
embodiments, said HRAS mutation comprises an amgigbsubstitution at a codon selected
from a group consisting of G12, G13, Q61, Q22, K1AT46 and any combination thereof. In
certain embodiments, said SCCHN does not have KaRdation or N-Ras mutation. In certain
embodiments, said SCCHN has wild type K-Ras and typpe N-Ras. In certain embodiments,
said SCCHN is HPV negative. In certain embodimesdsl SCCHN is HPV positive. In
certain embodiments, said SCCHN is at an advartege ®r metastatic. In certain
embodiments, said SCCHN is relapsed SCCHN. Inipembodiments, the SCCHN is
SCCHN of the trachea. In specific embodiments SBE€HN is SCCHN of the maxilla. In
specific embodiments, the SCCHN is SCCHN of thé caity. In certain embodiments, the
EGFR inhibitor is cetuximab. In certain embodingehe EGFR inhibitor is erlotinib. In
certain embodiments, the EGFR inhibitor is gefitinin certain embodiments, the EGFR
inhibitor is panitumumab. In certain embodimettts, FTI is tipifarnib. In certain
embodiments, said FTI is administered in combimatiith chemotherapy. In certain
embodiments, said chemotherapy comprises a platbasad therapy, a taxane, or a

combination thereof.

60



[00200] Provided herein are methods to treat SCCHN in gesttwith an FTI or selecting
SCCHN patients for an FTI treatment based on teegurce of a HRAS mutation, wherein the
SCCHN is refractory to treatment with an EGFR inoib In some embodiments, the SCCHN
is HPV negative. In some embodiments, said SCCHNRV positive. In some embodiments,
the methods include (a) determining the SCCHN tee@actory to treatment with an EGFR
inhibitor, (b) determining the SCCHN patient to BavHRAS mutation, and subsequently (c)
administering a therapeutically effective amountipifarnib to the patient. In some
embodiments, provided herein are methods of trgamEGFR-inhibitor-resistant squamous
cell carcinoma of the head and neck in a subjeitt an FTI. In some embodiments, the EGFR
inhibitor is cetuximab. In certain embodimentg EGFR inhibitor is erlotinib. In certain
embodiments, the EGFR inhibitor is gefitinib. krtain embodiments, the EGFR inhibitor is
panitumumab. In some embodiments, the EGFR irdriistpanitumumab. In certain
embodiments, said tipifarnib is administered in baration with chemotherapy. In certain
embodiments, said chemotherapy comprises a platbasad therapy, a taxane, or a

combination thereof.

[00201] In some embodiments, provided herein are methottedab SCCHN in a subject with
an FTI or selecting SCCHN patients for an FTI meatit based on the presence of a HRAS
mutation, wherein the patient has never been deaitth an EGFR inhibitor. In some
embodiments, the SCCHN is HPV negative. In somiecehments, said SCCHN is HPV
positive. In some embodiments, the methods inc{agldetermining that the patient has never
been treated with an EGFR inhibitor, (b) deterngrtime SCCHN patient to have a HRAS
mutation, and subsequently (c) administering aaihrentically effective amount of tipifarnib to
the patient and not administering an EGFR inhibitorsome embodiments, the EGFR inhibitor
is cetuximab. In certain embodiments, the EGFRbitdr is erlotinib. In certain embodiments,
the EGFR inhibitor is gefitinib. In certain embowgints, the EGFR inhibitor is panitumumab. In
some embodiments, the EGFR inhibitor is panitumumalzertain embodiments, said tipifarnib
is administered in combination with chemotherapycertain embodiments, said chemotherapy

comprises a platinum-based therapy, a taxanecomination thereof.

[00202] Provided herein are methods of treating EGFR indiibiefractory lung squamous
cell carcinoma (lung SCC), wherein the lung SCCdraslRAS mutation, comprising
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administering to the subject a farnesyltransfenalsiitor (FTI). In certain embodiments, said
HRAS mutation comprises an amino acid substitusiba codon selected from a group
consisting of G12, G13, Q61, Q22, K117, A146 angl@mbination thereof. In certain
embodiments, said lung SCC does not have K-Rastimitar N-Ras mutation. In certain
embodiments, said lung SCC has wild type K-Rasvaftitype N-Ras. In certain embodiments,
said lung SCC is HPV negative. In certain embodisiesaid lung SCC is HPV positive. In
certain embodiments, said lung SCC is at an addastegie or metastatic. In certain
embodiments, said lung SCC is relapsed lung S@Certain embodiments, the EGFR inhibitor
is cetuximab. In certain embodiments, the EGFRbitdr is erlotinib. In certain embodiments,
the EGFR inhibitor is gefitinib. In certain embogints, the EGFR inhibitor is panitumumab. In
certain embodiments, the FTI is tipifarnib. Inte@m embodiments, said FTI is administered in
combination with chemotherapy. In certain emboditaesaid chemotherapy comprises a

platinum-based therapy, a taxane, or a combindtiereof.

[00203] Provided herein are methods to treat lung SCCsmbgect with an FTI or selecting
lung SCC patients for an FTI treatment based omptasence of a HRAS mutation, wherein the
lung SCC is refractory to treatment with an EGFRibitor. In some embodiments, the lung
SCC is HPV negative. In some embodiments, saig 8@C is HPV positive. In some
embodiments, the methods include (a) determinieduhg SCC to be refractory to treatment
with an EGFR inhibitor, (b) determining the lung G@atient to have a HRAS mutation, and
subsequently (c) administering a therapeuticallgative amount of tipifarnib to the patient. In
some embodiments, provided herein are methodeatiig an EGFR-inhibitor-resistant lung
squamous cell carcinoma in a subject with an Ritflsome embodiments, the EGFR inhibitor is
cetuximab. In certain embodiments, the EGFR inbils erlotinib. In certain embodiments,
the EGFR inhibitor is gefitinib. In certain embogints, the EGFR inhibitor is panitumumab. In
some embodiments, the EGFR inhibitor is panitumuniatzertain embodiments, said tipifarnib
is administered in combination with chemotherapycertain embodiments, said chemotherapy

comprises a platinum-based therapy, a taxanecomdination thereof.

[00204] In some embodiments, provided herein are methotiedblung SCC in a subject
with an FTI or selecting lung SCC patients for an ffeatment based on the presence of a

HRAS mutation, wherein the patient has never besatad with an EGFR inhibitor. In some
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embodiments, the lung SCC is HPV negative. In semkodiments, said lung SCC is HPV
positive. In some embodiments, the methods inc{agldetermining that the patient has never
been treated with an EGFR inhibitor, (b) deterngrtime lung SCC patient to have a HRAS
mutation, and subsequently (c) administering asihreutically effective amount of tipifarnib to
the patient and not administering an EGFR inhibitor some embodiments, the EGFR inhibitor
is cetuximab. In certain embodiments, the EGFRbitdr is erlotinib. In certain embodiments,
the EGFR inhibitor is gefitinib. In certain embogints, the EGFR inhibitor is panitumumab. In
some embodiments, the EGFR inhibitor is panitumuniatrertain embodiments, said tipifarnib
is administered in combination with chemotherapycertain embodiments, said chemotherapy

comprises a platinum-based therapy, a taxanecomdination thereof.

[00205] In some embodiments, the HRAS mutation is a mutadica codon selected from the
group consisting of G12, G13, Q61, Q22, K117, add® In some embodiments, the HRAS
mutation can be a mutation selected from the gomnsisting of the amino acid substitutions of
G12R, G12V, G13C, G13R, Q61L, Q61R, Q22K, K117N] Ai46P. In some embodiments,

the mutation can be a mutation at another codarréisalts in activation of HRAS protein.

[00206] In some embodiments, the methods provided hereinguinclude (a) determining
the presence or absence of a K-Ras mutation an&®as\mutation in a sample from the subject,
and subsequently (b) administering a therapewiedlective amount of an FTI to the subject if
the sample does not have the K-Ras mutation dil{Ras mutation. In some embodiments, the
method includes administering a therapeuticallgei¥e amount of an FTI to the subject if the
sample has wild type K-Ras and wild type N-Rascdrtain embodiments, said FTl is
administered in combination with chemotherapycédrntain embodiments, said chemotherapy

comprises a platinum-based therapy, a taxanecomination thereof.

[00207] In some embodiments, the K-Ras mutation 4sRas mutation. In some
embodiments, the K-Ras mutation is-Ras mutation. In some embodiments, the K-Ras
mutation is a combination ofA&Ras mutation and agkRas mutation. The K-Ras mutation can
include a mutation at a codon selected from thegawnsisting of G12, G13, and Q61 of-K
Ras, kg-Ras, or both. In some embodiments, theR@s mutation can include a mutation
selected from the group consisting of the amind aabstitutions G12C, G12D, G12A, G12V,
G12S, G12F, G12R, G12N, G13C, G13D, G13R, G13SNGI®1 K, Q61 H, Q61 L, Q61 P,
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Q61 R and A146V. In some embodiments, tlkeR&s mutation can include a mutation selected
from the group consisting of the amino acid subsths G12C, G12D, G12A, G12V, G12S,
G12F, G12R, G12N, G13C, G13D, G13R, G13S, G13N, Q6261 H, Q61 L, Q61 P, Q61 R
and A146V.

[00208] In some embodiments, the N-Ras mutation can inctidast one mutation at a
codon selected from the group consisting of G13,&l15, G60 and Q61. In some
embodiments, the N-Ras mutation can include at @s mutation at a codon selected from the
group consisting of G12, G13, and Q61. In someaghmbents, the N-Ras mutation can include
at least one mutation selected from the group stingiof the amino acid substitutions of G12C,
G12D, G12F, G12S, G12A, G12V, G12R, G13C, G13R,AG1R13D, G13V, G15W, G60E,
Q61P, Q61L, Q61R, Q61K, Q61H and Q61E.

[00209] In some embodiments, the sample is determinedttbane amino acid substitution
at G12, G13, and Q61 of K-Ras, and also not have@atid substitution at G12, G13, and Q61
of N-Ras. In some embodiments, the sample is m@ted to not have any K-Ras mutation or
any N-Ras mutation. In some embodiments, the saimmgletermined to have wild type K-Ras

and wild type N-Ras.

[00210] In some embodiments, the method provided hereindes (a) determining the
presence or absence of a HRAS mutation, a K-Raationt and a N-Ras mutation in a sample
from the subject, and subsequently (b) adminisgeaitherapeutically effective amount of an FTI
to the subject if the sample is determined to lai#HRAS mutation, but no K-Ras mutation or
N-Ras mutation. The sample can be a tumor saniplsome embodiments, the methods
include (a) determining the SCCHN patient to ha#RAS mutation and wild type K-Ras and
wild type N-Ras, and subsequently (b) administeartigerapeutically effective amount of an

FTI to the subject. In some embodiments, the BTipifarnib. In certain embodiments, said
FTI is administered in combination with chemothgrap certain embodiments, said

chemotherapy comprises a platinum-based theraayaae, or a combination thereof.

[00211] Provided herein are methods to treat the SCCHNsubgect with an FTI, and
methods for selecting cancer patients for an F&dttent based on the presence of a HRAS

mutation. Provided herein are also methods tda &g@emalignant head and neck condition in a
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subject with an FTI, and methods for selectinggrasi with a premalignant head and neck

condition for an FTI treatment based on HRAS matastatus.

[00212] In some embodiments, provided herein are methottedd SCCHN in a subject with
an FTI or selecting SCCHN patients for an FTI meatt based on the presence of a HRAS
mutation. The cancer can be related to Human Ipapavirus (HPV+ or HPV positive), or
unrelated to HPV (HPV- or HPV negative).

[00213] Provided herein are methods for predicting resp@msss of SCCHN patient to an
FTI treatment, methods for SCCHN patient populasielection for an FTI treatment, and
methods for treating SCCHN in a subject with adpeutically effective amount of an FTI,
based on the presence of a HRAS mutation in a gafrgeh the patient. The mutation status of
HRAS can be detected at the nucleic acid or prdésiel. In some embodiments, the HRAS
mutation status is determined by analyzing nu@eids obtained from the sample. In some
embodiments, the HRAS mutation status is determiyeghalyzing protein obtained from the

sample.

[00214] In some embodiments, the methods include (a) datergithe lung SCC patient to
have a HRAS mutation and wild type K-Ras and wyjoetN-Ras, and subsequently (b)
administering a therapeutically effective amounanfFTI to the subject. In some embodiments,
the FTl is tipifarnib. In certain embodiments,ds&iT| is administered in combination with
chemotherapy. In certain embodiments, said cheznaply comprises a platinum-based therapy,

a taxane, or a combination thereof.

[00215] Provided herein are methods to treat the lung SC&subject with an FTI, and
methods for selecting cancer patients for an F&dttment based on the presence of a HRAS
mutation. Provided herein are also methods td &gmemalignant lung condition in a subject
with an FTI, and methods for selecting patient$waippremalignant lung condition for an FTI

treatment based on HRAS mutation status.

[00216] In some embodiments, provided herein are methottedblung SCC in a subject
with an FTI or selecting lung SCC patients for an ffeatment based on the presence of a
HRAS mutation. The cancer can be related to Hupagoillomavirus (HPV+ or HPV positive),
or unrelated to HPV (HPV- or HPV negative).
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[00217] Provided herein are methods for predicting resp@amsss of lung SCC patient to an
FTI treatment, methods for lung SCC patient popartaselection for an FTI treatment, and
methods for treating lung SCC in a subject withexrdpeutically effective amount of an FTI,
based on the presence of a HRAS mutation in a gafrgsh the patient. The mutation status of
HRAS can be detected at the nucleic acid or prdésiel. In some embodiments, the HRAS
mutation status is determined by analyzing nua@eids obtained from the sample. In some
embodiments, the HRAS mutation status is determiryeghalyzing protein obtained from the

sample.

[00218] In some embodiments, the HRAS mutation statusteraened by analyzing nucleic
acids obtained from the sample. The nucleic atidg be mMRNA or genomic DNA molecules
from the test subject. Methods for determining Ragation status by analyzing nucleic acids
are well known in the art. In some embodiments,iethods include sequencing, Polymerase
Chain Reaction (PCR), DNA microarray, Mass Specéioyn(MS), Single Nucleotide
Polymorphism (SNP) assay, denaturing high-perfoaediguid chromatography (DHPLC), or
Restriction Fragment Length Polymorphism (RFLPagisdn some embodiments, the Ras
mutation status is determined using standard sequgemethods, including, for example,
Sanger sequencing, next generation sequencing (N@Spme embodiments, the Ras mutation

status is determined using MS.

[00219] In some embodiments, the HRAS mutation statusteraened by analyzing protein
obtained from the sample. The mutated Ras H-prai@n be detected by a variety of
immunohistochemistry (IHC) approaches, Immunobigtiissay, Enzyme-Linked

Immunosorbent Assay (ELISA) or other immunoassathoes known in the art.

[00220] As a person of ordinary skill in the art would urstand, any methods described
herein or otherwise known in the art for analyziRes mutation can be used to determining the

presence or absence of a HRAS mutation.

5.2. Samples

[00221] In some embodiments, methods provided herein iectiddaining a sample from the
subject. In some embodiments, the sample is artgaraple. In some embodiments, the sample

used in the present methods includes a bioggy, & tumor biopsy). The biopsy can be from
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any organ or tissue, for example, skin, liver, lungart, colon, kidney, bone marrow, teeth,
lymph node, hair, spleen, brain, breast, or otihgamms. Any biopsy technique known by those
skilled in the art can be used for isolating a danem a subject, for instance, open biopsy,

close biopsy, core biopsy, incisional biopsy, excial biopsy, or fine needle aspiration biopsy.

[00222] The sample used in the methods provided hereindes| body fluids from a subject.
Non-limiting examples of body fluids include blo¢elg., peripheral whole blood, peripheral
blood), blood plasma, bone marrow, amniotic flagueous humor, bile, lymph, menses, serum,
urine, cerebrospinal fluid surrounding the braid #me spinal cord, synovial fluid surrounding

bone joints.

[00223] In one embodiment, the sample is a bone marrow Ieaniyocedures to obtain a
bone marrow sample are well known in the art, idiclg but not limited to bone marrow biopsy
and bone marrow aspiration. Bone marrow has d flortion and a more solid portion. In bone
marrow biopsy, a sample of the solid portion itakIn bone marrow aspiration, a sample of
the fluid portion is taken. Bone marrow biopsy &wte marrow aspiration can be done at the

same time and referred to as a bone marrow exam.

[00224] In some embodiments, the sample is a blood saniie.blood sample can be
obtained using conventional techniques as descihedy. Inniset al, editors, PCR Protocols
(Academic Press, 1990). White blood cells candpasated from blood samples using
convention technigues or commercially availabls,ldg. RosetteSep kit (Stein Cell
Technologies, Vancouver, Canada). Sub-populatdmaite blood cellse.g. mononuclear

cells, NK cells, B cells, T cells, monocytes, graaytes or lymphocytes, can be further isolated
using conventional techniquesg. magnetically activated cell sorting (MACS) (MiltgrBiotec,
Auburn, California) or fluorescently activated cgdirting (FACS) (Becton Dickinson, San Jose,

California).

[00225] In certain embodiments, the sample used in the adstprovided herein includes a
plurality of cells. Such cells can include anyeygf cells,e.g., stem cells, blood cellg.(.,
PBMCs), lymphocytes, NK cells, B cells, T cells,moytes, granulocytes, immune cells, or

tumor or cancer cells. Specific cell populatioas be obtained using a combination of

67



commercially available antibodiead., Quest Diagnostic (San Juan Capistrano, Caligkd
(Denmark)).

[00226] In certain embodiments, the sample used in the adsthrovided herein is from a
diseased tissue,g., from an individual having SCCHN. In some emboeints, the cells can be
obtained from the tumor or cancer cells or a tutissue, such as a tumor biopsy or a tumor
explants. In certain embodiments, the number i$ osed in the methods provided herein can
range from a single cell to about®idlls. In some embodiments, the number of celtziun the
methods provided herein is about 1 ¥,#x 1¢, 1 x 16, 5x 16, 1 x 1¢, 5 x 1¢, 1 x 10, 5 x
107, 1 x 16, or 5 x 16.

[00227] The number and type of cells collected from a sttlijan be monitored, for example,
by measuring changes in morphology and cell sunfisaekers using standard cell detection
techniques such as flow cytometry, cell sortingnmmocytochemistrygg., staining with tissue
specific or cell-marker specific antibodies) fluecence activated cell sorting (FACS), magnetic
activated cell sorting (MACS), by examination oé tmorphology of cells using light or confocal
microscopy, and/or by measuring changes in gengesgjon using techniques well known in the
art, such as PCR and gene expression profilingesé@techniques can be used, too, to identify
cells that are positive for one or more particaerkers. Fluorescence activated cell sorting
(FACS) is a well-known method for separating pé&ticincluding cells, based on the
fluorescent properties of the particles (Kamar&87, Methods Enzymol, 151:150-165). Laser
excitation of fluorescent moieties in the indivitparticles results in a small electrical charge
allowing electromagnetic separation of positive aadative particles from a mixture. In one
embodiment, cell surface marker-specific antibodiegands are labeled with distinct
fluorescent labels. Cells are processed througleel sorter, allowing separation of cells based
on their ability to bind to the antibodies usedAUS sorted particles may be directly deposited

into individual wells of 96-well or 384-well platés facilitate separation and cloning.

[00228] In certain embodiments, subsets of cells are us#aei methods provided herein.
Methods to sort and isolate specific populationsedls are well-known in the art and can be
based on cell size, morphology, or intracellulaextracellular markers. Such methods include,
but are not limited to, flow cytometry, flow sojnFACS, bead based separation such as

magnetic cell sorting, size-based separatam,(a sieve, an array of obstacles, or a filter),
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sorting in a microfluidics device, antibody-basegaration, sedimentation, affinity adsorption,

affinity extraction, density gradient centrifugatjdaser capture microdissecti@g.
5.3. Cancers

[00229] Provided herein are methods of treating EGFR inbiibiefractory squamous cell
carcinoma of the head and neck (SCCHN), whereils®€HN has an HRAS mutation,
comprising administering to the subject a farneagliferase inhibitor (FTI). In certain
embodiments, said HRAS mutation comprises an amgigbsubstitution at a codon selected
from a group consisting of G12, G13, Q61, Q22, KIAT46, and any combination thereof. In
certain embodiments, said SCCHN does not have KaRdiation or N-Ras mutation. In certain
embodiments, said SCCHN has wild type K-Ras and typpe N-Ras. In certain embodiments,
said SCCHN is HPV negative. In certain embodimesdsl SCCHN is HPV positive. In
certain embodiments, said SCCHN is at an advartege ®r metastatic. In certain
embodiments, said SCCHN is relapsed SCCHN. Inispembodiments, the SCCHN is
SCCHN of the trachea. In specific embodiments SEBE€HN is SCCHN of the maxilla. In
specific embodiments, the SCCHN is SCCHN of thé caity. In certain embodiments, the
EGFR inhibitor is cetuximab. In certain embodinsgthe EGFR inhibitor is erlotinib. In
certain embodiments, the EGFR inhibitor is gefitinin certain embodiments, the EGFR
inhibitor is panitumumab. In certain embodimeths, FTI is tipifarnib. In certain
embodiments, said FTI is administered in combimatiith chemotherapy. In certain
embodiments, said chemotherapy comprises a platbasad therapy, a taxane, or a

combination thereof.

[00230] In some embodiments, provided herein are methotreating EGFR inhibitor-
refractory SCCHN in a subject having an HRAS motatcomprising administering to the
subject an FTI. In certain embodiments, said HRABation comprises an amino acid
substitution at a codon selected from a group stingi of G12, G13, Q61, Q22, K117, A146,
and any combination thereof. In certain embodisiesdid SCCHN does not have K-Ras
mutation or N-Ras mutation. In certain embodimesasd SCCHN has wild type K-Ras and
wild type N-Ras. In certain embodiments, said SCGIG8IHPV negative. In certain
embodiments, said SCCHN is HPV positive. In careanbodiments, said SCCHN is at an
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advanced stage or metastatic. In certain embodgneaid SCCHN is relapsed SCCHN. In
specific embodiments, the SCCHN is SCCHN of theltea. In specific embodiments, the
SCCHN is SCCHN of the maxilla. In specific embodirts, the SCCHN is SCCHN of the oral
cavity. In certain embodiments, the EGFR inhibisocetuximab. In certain embodiments, the
EGFR inhibitor is erlotinib. In certain embodimgnthe EGFR inhibitor is gefitinib. In certain
embodiments, the EGFR inhibitor is panitumumabcdriain embodiments, the FTl is
tipifarnib. In certain embodiments, said FTI igradistered in combination with chemotherapy.
In certain embodiments, said chemotherapy compag®atinum-based therapy, a taxane, or a

combination thereof.

[00231] In some embodiments, provided herein are methottedd SCCHN in a subject with
an FTI or selecting SCCHN patients for an FTI meatit based on the presence of a HRAS
mutation. In some embodiments, the SCCHN is HPyatiee. In some embodiments, said
SCCHN is HPV positive. In some embodiments, théods include (a) determining a HPV
negative SCCHN patient to have a HRAS mutation,arsequently (b) administering a
therapeutically effective amount of tipifarnib teetpatient. In certain embodiments, said
tipifarnib is administered in combination with chetimerapy. In certain embodiments, said

chemotherapy comprises a platinum-based theraayaae, or a combination thereof.

[00232] In some embodiments, provided herein are methottedd SCCHN in a subject with
an FTI or selecting SCCHN patients for an FTI meatit based on the presence of a HRAS
mutation and resistance to an EGFR inhibitor. dme embodiments, the SCCHN is HPV
negative. In some embodiments, said SCCHN is H83#tipe. In some embodiments, the
methods include (a) determining a HPV negative SR@tient to have a HRAS mutation and
be resistant to an EGFR inhibitor, and subsequébjlgdministering a therapeutically effective
amount of tipifarnib to the patient. In certaintsdiments, said tipifarnib is administered in
combination with chemotherapy. In certain emboditaesaid chemotherapy comprises a

platinum-based therapy, a taxane, or a combinafiereof.

[00233] Head and neck squamous cell carcinoma (SCCHNEig'tmost common cancer
worldwide, with about 650,000 cases and 200,00€hdgzer year worldwide, and about 54,000

new cases per year in the US. It is also the oasimon cancer in central Asia.
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[00234] SCCHN has 2 different etiologies and correspontlimgor types. The first subtype
is associated with tobacco smoking and alcoholwmpsion, and unrelated to Human
papillomavirus (HPV- or HPV negative). The secsnbtype is associated with infection with
high-risk HPV (HPV+ or HPV positive). The seconbgy/pe is largely limited to oropharyngeal
cancers. HPV+ tumors are distinct entity with @eftrognosis and may require differential

treatments.

[00235] A significant proportion of SCCHN, particularly griearyngeal cancers, are caused
by HPV infection. High-risk HPV subtype 16 accaufdr 85% of all HPV+ tumors in SCCHN.
P16 can be used as surrogate marker of HPV infesti® CCHN, particularly in the
oropharynx. More accurate HPV testing is availald based on E6/E7 detection (Liang C, et
al. Cancer Res. 2012;72:5004-5013).

[00236] HPV+ SCCHN show significantly lower EGFR expresdievels than HPV-
SCCHN. EGFR amplification only occurs in HPV- SCEHHigh EGFR gene copy number

and protein expression are associated with powicelioutcome in advanced SCCHN.

[00237] Currently, first-line therapy for recurrent/metast&CCHN include platinum-based
doublet (e.qg., cisplatin/5-FU or carboplatin/paotitl), optionally in combination with anti-
EGFR antibody therapy (e.g. Cetuximab, PanitumurAédtijnib). Second-line therapy includes
taxanes, methotrexate, and/or cetuximab. Anti-E@Rfibody therapy, such as Cetuximab (a
chimeric IgG1) or Panitumumab can be used as desaggnt, with chemotherapy (e.g.
Platinum/5-FU, Cisplatin), or with radiation theyapDespite high EGFR expression levels in
SCCHN, single-agent response rate for Cetuximainlys 13% with SD rate of 33%, and there is

currently no predictive biomarker available.

[00238] Drugs in development for SCCHN include those tangeI3K pathway: BKM120
(buparlisib) + cetuximab, BYL719 + cetuximab, TemnBmus + cetuximab, Rigosertib +
cetuximab; those targeting MET pathway: Tivantifiibetuximab, Ficlatuzumab + cetuximab;
those targeting EGFR/HERS3 pathway Afatinib + cetuadd + paclitaxel, Patritumab; those
targeting FGFR pathway: BGJ398; those targeting @Bkcell cycle pathway: Palbociclib,
LEEO11; RTK inhibitor: Anlotinib and chemotheragral Azacitidine. More recent therapeutic
options for SCCHN include immunotherapy, such dsRID1 or anti-PDL1 antibodies.
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[00239] While high cure rates have been achieved for Ieedland loco-regional disease
using surgery, radiation, chemoradiation, and itidacchemotherapy, survival rates for

recurrent/metastatic diseases remain very poorpatidr treatment options are necessary.

[00240] In some embodiments, provided herein are methottedab SCCHN in a subject with
an FTI or selecting SCCHN patients for an FTI meatt based on the presence of a HRAS
mutation, wherein the SCCHN is refractory to treaitrwith an EGFR inhibitor. In some
embodiments, the SCCHN is HPV negative. In somecgliments, said SCCHN is HPV
positive. In some embodiments, the methods inc{agidetermining SCCHN to be refractory to
treatment with an EGFR inhibitor, (b) determinihg SCCHN patient to have a HRAS
mutation, and subsequently (c) administering aajbreutically effective amount of tipifarnib to
the patient. In some embodiments, provided hexegrmethods of treating an EGFR-inhibitor-
resistant squamous cell carcinoma in a subjectavitRTI. In some embodiments, the EGFR
inhibitor is cetuximab. In some embodiments, ti&R inhibitor is erlotinib. In some
embodiments, the EGFR inhibitor is gefitinib. bnge embodiments, the EGFR inhibitor is
panitumumab. In some embodiments, the EGFR imgristpanitumumab. In some
embodiments, the patient has been treated withGIRENhibitor, which resulted in progressive
disease. In certain embodiments, said tipifarsid@dministered in combination with
chemotherapy. In certain embodiments, said cheznaply comprises a platinum-based therapy,

a taxane, or a combination thereof.

[00241] In some embodiments, provided herein are methottedd SCCHN in a subject with
an FTI or selecting SCCHN patients for an FTI meatit based on the presence of a HRAS
mutation, wherein the patient has never been tleaith an EGFR inhibitor. In some
embodiments, the SCCHN is HPV negative. In somiecehments, said SCCHN is HPV
positive. In some embodiments, the methods inc{agldetermining that the patient has never
been treated with an EGFR inhibitor, (b) deterngrtime SCCHN patient to have a HRAS
mutation, and subsequently (c) administering aaibrentically effective amount of tipifarnib to
the patient and not administering an EGFR inhibitor some embodiments, the EGFR inhibitor
is cetuximab. In some embodiments, the EGFR itdnilis erlotinib. In some embodiments, the
EGFR inhibitor is gefitinib. In some embodimerttee EGFR inhibitor is panitumumab. In

some embodiments, the EGFR inhibitor is panitumumalzertain embodiments, said tipifarnib
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is administered in combination with chemotherapycertain embodiments, said chemotherapy

comprises a platinum-based therapy, a taxanecomdination thereof.

[00242] The EGFR inhibitor to which the SCCHN is refractomgy be any EGFR inhibitor
known in the art. The EGFR inhibitor may be an-&@FR antibody or antigen-binding
fragment thereof, for example, cetuximab (ERBITUX®istol-Myers Squibb/Lilly),
panitumumab (VECTIBIX®; Amgen), or zalutumumab (@&ab). The EGFR inhibitor may
also be a small molecule inhibitor. Examples oARGnhibitors include, but are not limited to,
reversible and irreversible inhibitors, such astérlb (TARCEVA®; Genentech/Astellas
Oncology), AZD9291 (AstraZeneca), gefitinib (IRES8AAstraZeneca), icotinib (BPI-2009H;
Beta Pharma), rociletinib (CO-1686, AVL-301; Clo@sicology), poziotinib (NOV120101,
HM781-36B; Hanmi Pharmaceuticals/Spectrum Pharntaags), afatinib (BIBW2292;
Boehringer Ingelheim), pelitinib (EKB-569; Wyeth&maceuticals), ASP8273 (Astellas),
Luminespib (AUY922; Vernalis/Novartis), and XL64Exelixis).

[00243] In some embodiments, provided herein is a methdceafing SCCHN in a subject
based on the presence of a HRAS mutation andaesisto an EGFR inhibitor. In some
embodiments, the SCCHN can be HPV negative SCCiHNome embodiments, the SCCHN
can be HPV positive SCCHN. In some embodimenesSBGCHN can be relapsed/recurrent
SCCHN. In some embodiments, the SCCHN can be tadtaSCCHN. The method provided
herein includes (a) determining the presence cgratesof a HRAS mutation in a sample from
the subject, and subsequently (b) administeringeeapeutically effective amount of an FTI to
the subject if the sample is determined to havé&k@ 8l mutation. The method provided herein
includes (a) determining the presence or absenaeHiRAS mutation in a sample from the
subject, (b) determining resistance to an EGFRbitdr, and subsequently (c) administering a
therapeutically effective amount of an FTI to thbject if the sample is determined to have a
HRAS mutation and be resistant to an EGFR inhibiftine sample can be a tumor sample. In
some embodiments, the methods include (a) detenamiSCCHN patient to have a HRAS
mutation, and subsequently (b) administering aaibeutically effective amount of an FTI to the
subject. In some embodiments, the methods indladdetermining a SCCHN patient to have a
HRAS mutation, and (b) determining resistance t&&#R inhibitor, and, subsequently (c)

administering a therapeutically effective amounafFTI to the subject. In some embodiments,
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the FTI is tipifarnib. In certain embodiments,&s&iT| is administered in combination with
chemotherapy. In certain embodiments, said cheznaply comprises a platinum-based therapy,

a taxane, or a combination thereof.

[00244] Provided herein are methods of treating EGFR inbiilrefractory lung squamous

cell carcinoma (lung SCC), wherein the lung SCCdraslRAS mutation, comprising
administering to the subject a farnesyltransfenalsiitor (FTI). In certain embodiments, said
HRAS mutation comprises an amino acid substitusiba codon selected from a group
consisting of G12, G13, Q61, Q22, K117, A146, ang @mbination thereof. In certain
embodiments, said lung SCC does not have K-Rastimutar N-Ras mutation. In certain
embodiments, said lung SCC has wild type K-Rasvealttitype N-Ras. In certain embodiments,
said lung SCC is HPV negative. In certain embodisiesaid lung SCC is HPV positive. In
certain embodiments, said lung SCC is at an addbstagie or metastatic. In certain
embodiments, said lung SCC is relapsed lung S@Certain embodiments, the EGFR inhibitor
is cetuximab. In certain embodiments, the EGFRbitdr is erlotinib. In certain embodiments,
the EGFR inhibitor is gefitinib. In certain embowints, the EGFR inhibitor is panitumumab. In
certain embodiments, the FTI is tipifarnib. Inte@m embodiments, said FTI is administered in
combination with chemotherapy. In certain emboditaesaid chemotherapy comprises a

platinum-based therapy, a taxane, or a combinahiereof.

[00245] In some embodiments, provided herein are methotteating EGFR inhibitor-
refractory lung SCC in a subject having an HRASatiah, comprising administering to the
subject an FTI. In certain embodiments, said HRA®ation comprises an amino acid
substitution at a codon selected from a group stingi of G12, G13, Q61, Q22, K117, A146,
and any combination thereof. In certain embodisesdid lung SCC does not have K-Ras
mutation or N-Ras mutation. In certain embodimesdasd lung SCC has wild type K-Ras and
wild type N-Ras. In certain embodiments, said I&@L is HPV negative. In certain
embodiments, said lung SCC is HPV positive. Inaerembodiments, said lung SCC is at an
advanced stage or metastatic. In certain embodgneaid lung SCC is relapsed lung SCC. In
certain embodiments, the EGFR inhibitor is cetwlamén certain embodiments, the EGFR
inhibitor is erlotinib. In certain embodimentsetBGFR inhibitor is gefitinib. In certain

embodiments, the EGFR inhibitor is panitumumabcdriain embodiments, the FTl is
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tipifarnib. In certain embodiments, said FTI igradistered in combination with chemotherapy.
In certain embodiments, said chemotherapy compag#atinum-based therapy, a taxane, or a
combination thereof.

[00246] In some embodiments, provided herein are methotiedblung SCC in a subject
with an FTI or selecting lung SCC patients for an ffeatment based on the presence of a
HRAS mutation. In some embodiments, the lung SCEBRV negative. In some embodiments,
said lung SCC is HPV positive. In some embodimehes methods include (a) determining a
HPV negative lung SCC patient to have a HRAS muotatnd subsequently (b) administering a
therapeutically effective amount of tipifarnib teetpatient. In certain embodiments, said
tipifarnib is administered in combination with chetimerapy. In certain embodiments, said

chemotherapy comprises a platinum-based theraayaae, or a combination thereof.

[00247] In some embodiments, provided herein are methottedblung SCC in a subject
with an FTI or selecting lung SCC patients for an ffeatment based on the presence of a
HRAS mutation and resistance to an EGFR inhibitarsome embodiments, the lung SCC is
HPV negative. In some embodiments, said lung SOEAV positive. In some embodiments,
the methods include (a) determining a HPV negdtiug SCC patient to have a HRAS mutation
and be resistant to an EGFR inhibitor, and subsetyu@) administering a therapeutically
effective amount of tipifarnib to the patient. dartain embodiments, said tipifarnib is
administered in combination with chemotherapycédrntain embodiments, said chemotherapy

comprises a platinum-based therapy, a taxanecomdination thereof.

[00248] In some embodiments, provided herein are methotiedblung SCC in a subject
with an FTI or selecting lung SCC patients for an ffeatment based on the presence of a
HRAS mutation, wherein the lung SCC is refractaryreatment with an EGFR inhibitor. In
some embodiments, the lung SCC is HPV negativesoine embodiments, said lung SCC is
HPV positive. In some embodiments, the methodsidec(a) determining lung SCC to be
refractory to treatment with an EGFR inhibitor, @@termining the lung SCC patient to have a
HRAS mutation, and subsequently (c) administeritigesapeutically effective amount of
tipifarnib to the patient. In some embodimentsvted herein are methods of treating an
EGFR-inhibitor-resistant squamous cell carcinoma gubject with an FTI. In some

embodiments, the EGFR inhibitor is cetuximab. dme embodiments, the EGFR inhibitor is
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erlotinib. In some embodiments, the EGFR inhibisogefitinib. In some embodiments, the
EGFR inhibitor is panitumumab. In some embodimethis patient has been treated with an
EGFR inhibitor, which resulted in progressive ds®ealn certain embodiments, said tipifarnib is
administered in combination with chemotherapycédrntain embodiments, said chemotherapy

comprises a platinum-based therapy, a taxanecomination thereof.

[00249] In some embodiments, provided herein are methottedbdlung SCC in a subject
with an FTI or selecting lung SCC patients for an ffeatment based on the presence of a
HRAS mutation, wherein the patient has never bezatad with an EGFR inhibitor. In some
embodiments, the lung SCC is HPV negative. In semkodiments, said lung SCC is HPV
positive. In some embodiments, the methods inc{afldetermining that the patient has never
been treated with an EGFR inhibitor, (b) deterngrtime lung SCC patient to have a HRAS
mutation, and subsequently (c) administering aajbreutically effective amount of tipifarnib to
the patient and not administering an EGFR inhibitor some embodiments, the EGFR inhibitor
is cetuximab. In some embodiments, the EGFR itnilg erlotinib. In some embodiments, the
EGFR inhibitor is gefitinib. In some embodimeritee EGFR inhibitor is panitumumab. In
certain embodiments, said tipifarnib is administerecombination with chemotherapy. In
certain embodiments, said chemotherapy compripéstiaum-based therapy, a taxane, or a

combination thereof.

[00250] The EGFR inhibitor to which the lung SCC is refoagtmay be any EGFR inhibitor
known in the art. The EGFR inhibitor may be an-&@FR antibody or antigen-binding
fragment thereof, for example, cetuximab (ERBITUX®istol-Myers Squibb/Lilly),
panitumumab (VECTIBIX®; Amgen), or zalutumumab (@&ab). The EGFR inhibitor may
also be a small molecule inhibitor. Examples oARGnhibitors include, but are not limited to,
reversible and irreversible inhibitors, such asterlb (TARCEVA®; Genentech/Astellas
Oncology), AZD9291 (AstraZeneca), gefitinib (IRES8AAstraZeneca), icotinib (BPI-2009H;
Beta Pharma), rociletinib (CO-1686, AVL-301; Clo@scology), poziotinib (NOV120101,
HM781-36B; Hanmi Pharmaceuticals/Spectrum Pharntaags), afatinib (BIBW2292;
Boehringer Ingelheim), pelitinib (EKB-569; Wyeth& maceuticals), ASP8273 (Astellas),
Luminespib (AUY922; Vernalis/Novartis), and XL64Exelixis).
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[00251] In some embodiments, provided herein is a methdckafing lung SCC in a subject
based on the presence of a HRAS mutation andaasisto an EGFR inhibitor. In some
embodiments, the lung SCC can be HPV negative 8®©@. In some embodiments, the lung
SCC can be HPV positive lung SCC. In some embadisn¢he lung SCC can be
relapsed/recurrent lung SCC. In some embodimémdung SCC can be metastatic lung SCC.
The method provided herein includes (a) determitinegoresence or absence of a HRAS
mutation in a sample from the subject, and subsetyu@) administering a therapeutically
effective amount of an FTI to the subject if thengée is determined to have a HRAS mutation.
The method provided herein includes (a) determitinegoresence or absence of a HRAS
mutation in a sample from the subject, (b) detemmgmesistance to an EGFR inhibitor, and
subsequently (c) administering a therapeuticalilgative amount of an FTI to the subject if the
sample is determined to have a HRAS mutation anedistant to an EGFR inhibitor. The
sample can be a tumor sample. In some embodintBetsjethods include (a) determining a
lung SCC patient to have a HRAS mutation, and sylesaly (b) administering a therapeutically
effective amount of an FTI to the subject. In s@n®odiments, the methods include (a)
determining a lung SCC patient to have a HRAS rartaiind (b) determining resistance to an
EGFR inhibitor, and, subsequently (c) administearterapeutically effective amount of an FTI
to the subject. In some embodiments, the FTI ifatipib. In certain embodiments, said FTI is
administered in combination with chemotherapycédrntain embodiments, said chemotherapy

comprises a platinum-based therapy, a taxanecomination thereof.

5.4. Exemplary FTIsand dosages

[00252] In some embodiments, provided herein are methottedd SCCHN in a subject with
tipifarnib or selecting SCCHN patients for tipif#srireatment based on the presence of a HRAS
mutation. In some embodiments, the methods indikgdging the subject with another FTI
described herein or otherwise known in the artsdme embodiments, the FTI is selected from
the group consisting of tipifarnib, arglabin, piiralcohol, lonafarnib (SCH-66336), L778123,
L739749, FTI-277, L744832, CP-609,754, R208176, BZ200, and BMS-214662.

[00253] In some embodiments, the FTI is administered orplyenterally, rectally, or

topically. In some embodiments, the FTI is adsteried orally. In some embodiments,
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tipifarnib is administered orally, parenterallyctally, or topically. In some embodiments,

tipifarnib is administered orally.

[00254] In some embodiments, the FTI is administered atse @f 1-1000 mg/kg body

weight. In some embodiments, the FTI is adminestdéwice a day. In some embodiments, the
FTIl is administered at a dose of 200-1200 mg twicday. In some embodiments, the FTl is
administered at a dose of 600 mg twice a day. imesembodiments, the FTI is administered at a
dose of 900 mg twice a day. In some embodimeipifarnib is administered at a dose of 1-
1000 mg/kg body weight. In some embodiments,dipib is administered twice a day. In some
embodiments, tipifarnib is administered at a dds200-1200 mg twice a day. In some
embodiments, tipifarnib is administered at a dd$#00 mg twice a day. In some embodiments,
tipifarnib is administered at a dose of 900 mg enacday.

[00255] In some embodiments, the FTI is administered iattnent cycles. In some
embodiments, the FTI is administered in alternatveeks. In some embodiments, the FTI is
administered on days 1-7 and 15-21 of a 28-dayrreset cycle. In some embodiments, the FTI
is administered orally at a dose of 900 mg twickagon days 1-7 and 15-21 of a 28-day
treatment cycle. In some embodiments, tipifarniadministered in treatment cycles. In some
embodiments, tipifarnib is administered in alteiveatveeks. In some embodiments, tipifarnib is
administered on days 1-7 and 15-21 of a 28-dayrreset cycle. In some embodiments,
tipifarnib is administered orally at a dose of 90@ twice a day on days 1-7 and 15-21 of a 28-

day treatment cycle.

[00256] In some embodiments, the FTI is administered foeast 3 cycles. In some
embodiments, the FTI is administered for at leasgdes. In some embodiments, the FTI is
administered for up to 12 cycles. In some embodisehe FTI is administered orally at a dose
of 900 mg twice a day on days 1-7 and 15-21 of-d&B8treatment cycle for at least three
cycles. In some embodiments, tipifarnib is adstaried for at least 3 cycles. In some
embodiments, tipifarnib is administered for at téasycles. In some embodiments, tipifarnib is
administered for up to 12 cycles. In some embodisdipifarnib is administered orally at a
dose of 900 mg twice a day on days 1-7 and 15-212#-day treatment cycle for at least three

cycles.
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[00257] In some embodiments, provided herein is a methdceafing a SCCHN in a subject
with tipifarnib based on the presence of a HRASatoh. In some embodiments, the SCCHN
can be HPV negative SCCHN. In some embodimengsS@CHN can be HPV positive
SCCHN. In some embodiments, the SCCHN can begetipecurrent SCCHN. In some
embodiments, the SCCHN can be metastatic SCCHN. nTéthod provided herein includes (a)
determining the presence or absence of a HRAS iontet a sample from the subject, and
subsequently (b) administering a therapeuticaligative amount of a tipifarnib to the subject if
the sample is determined to have a HRAS mutatidre sample can be a tumor sample. In
some embodiments, the methods include (a) detenamiSCCHN patient to have a HRAS
mutation, and subsequently (b) administering aagbeutically effective amount of a tipifarnib to
the subject. In some embodiments, the methodadechdministering the subject with another
FTI described herein or otherwise known in the &mtsome embodiments, the FTl is selected
from the group consisting of tipifarnib, arglabpgrrilyl alcohol, lonafarnib(SCH-66336),
L778123, L739749, FTI-277, L744832, CP-609,7540&176, AZD3409, and BMS-214662.

[00258] In some embodiments, the methods include (a) detergha SCCHN patient to be
resistant to an EGFR inhibitor and to have a HRA®ation, and subsequently (b) administering
tipifarnib to the subject, wherein the tipifarntbadministered orally at a dose of 900 mg twice a
day on days 1-7 and 15-21 of a 28-day treatmenécytn some embodiments, the SCCHN
patient has relapsed/refractory SCCHN. In someogiintents, the SCCHN patient has HPV
negative SCCHN. In some embodiments, the SCCHmatas HPV positive SCCHN.

[00259] In some embodiments, the methods further compa@inistering a second therapy
to the patient having SCCHN with a HRAS mutatidm.some embodiments, the second therapy
is a chemotherapy, such as cisplatin, 5-FU, cadtioplpaclitaxel, or platinum-based doublet
(e.g., cisplatin/5-FU or carboplatin/paclitaxelh some embodiments, the second therapy is
taxanes and/or methotrexate. In some embodimietsecond therapy is a radiation therapy.

In some embodiments, the second therapy includsettaygeting PI3K pathway: BKM120
(buparlisib), BYL719, Temsirolimus, Rigosertib; detargeting MET pathway: Tivantinib,
Ficlatuzumab; those targeting the HER3 pathwayjtBatab; those targeting FGFR pathway:
BGJ398; those targeting CDK4/6—cell cycle pathvwRgibociclib, LEEO11; RTK inhibitor:

Anlotinib and chemotherapy: Oral Azacitidine. bnge embodiments, the second therapy is an
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immunotherapy, such as anti-PD1 or anti-PDL1 auig® In some embodiments, the second

therapy is a taxane.

[00260] In some embodiments, provided herein is a methdckafing a lung SCC in a
subject with tipifarnib based on the presence dRAS mutation. In some embodiments, the
lung SCC can be HPV negative lung SCC. In someodintents, the lung SCC can be HPV
positive lung SCC. In some embodiments, the IuG§ $an be relapsed/recurrent lung SCC. In
some embodiments, the lung SCC can be metastatic3CC. The method provided herein
includes (a) determining the presence or absenaeHiR®AS mutation in a sample from the
subject, and subsequently (b) administering a ffearcally effective amount of a tipifarnib to
the subject if the sample is determined to hav&RA&8 mutation. The sample can be a tumor
sample. In some embodiments, the methods inchideetermining a lung SCC patient to have
a HRAS mutation, and subsequently (b) administeaitigerapeutically effective amount of a
tipifarnib to the subject. In some embodiments, tiethods include administering the subject
with another FTI described herein or otherwise knamthe art. In some embodiments, the FTI
is selected from the group consisting of tipifarrabglabin, perrilyl alcohol, lonafarnib (SCH-
66336), L778123, L739749, FTI-277, L744832, CP869, R208176, AZD3409, and BMS-
214662.

[00261] In some embodiments, the methods include (a) datergha lung SCC patient to be
resistant to an EGFR inhibitor and to have a HRASation, and subsequently (b) administering
tipifarnib to the subject, wherein the tipifarndbadministered orally at a dose of 900 mg twice a
day on days 1-7 and 15-21 of a 28-day treatmenécytn some embodiments, the lung SCC
patient has relapsed/refractory lung SCC. In sembodiments, the lung SCC patient has HPV
negative lung SCC. In some embodiments, the 1@ Batient has HPV positive lung SCC.

[00262] In some embodiments, the methods further compds@rastering a second therapy
to the patient having lung SCC with a HRAS mutatiém some embodiments, the second
therapy is a chemotherapy, such as cisplatin, 5eBthoplatin, paclitaxel, or platinum-based
doublet (e.qg., cisplatin/5-FU or carboplatin/paotl). In some embodiments, the second
therapy is taxanes and/or methotrexate. In sonmdmments, the second therapy is a radiation
therapy. In some embodiments, the second thermhyde those targeting PI3K pathway:
BKM120 (buparlisib), BYL719, Temsirolimus, Rigosértthose targeting MET pathway:
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Tivantinib, Ficlatuzumab; those targeting the HERBhway, Patritumab; those targeting FGFR
pathway: BGJ398; those targeting CDK4/6—cell cymdéhway: Palbociclib, LEEO11; RTK
inhibitor: Anlotinib and chemotherapy: Oral Azadifie. In some embodiments, the second
therapy is an immunotherapy, such as anti-PD1 mPdDL1 antibodies. In some embodiments,

the second therapy is a taxane.

0. Examples

[00263] It is understood that modifications which do ndvstantially affect the activity of the
various embodiments of this invention are also e within the definition of the invention
provided herein. Accordingly, the following examaplare intended to illustrate but not limit the
present invention. All of the references citedh¢oein are incorporated by reference in their

entireties.

EXAMPLE |
Tipifarnib Clinical Trial in Solid Tumor Patients S tratified Based on HRAS Mutation

[00264] A Phase 2 clinical trial was initiated to use @pifib in the treatment of locally
advanced unresectable or metastatic, relapsedraediactory, non-hematological malignancies
with a known HRAS mutation. Second objectivesudel safety and tolerability of said
malignancies. The first exploratory objectivedsekplore the antitumor activity in terms of
progression free survival (PFS) and duration gboese (DOR) of tipifarnib in said
malignancies. The second exploratory objectivte ixplore the feasibility of collecting

archival biopsies and analyzing these biopsiest#®detection of tissue biomarkers potentially

related to tipifarnib activity.

[00265] The clinical trial design includes enrolling 2 cotsocof 18 patients each. Cohort 1
enrolls subjects with malignant thyroid tumors WHRAS mutations, independent of thyroid
histology. Cohort 2 enrolls, in stage 1, any sabyath a non-hematological HRAS mutant
tumor other than thyroid cancer who meets eligipdriteria, and in stage 2, head and neck
squamous cell carcinomas (SCCHN/HNSCC). Baseti@anti-tumor activity observed during
stage 1 of cohort 2, the protocol was amendedstoiceenrollment in stage 2 of Cohort 2 to
subjects with SCCHN with HRAS mutations only.
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[00266] This clinical trial was designed to include twogss, with the first stage including 11
evaluable patients, and the second stage inclutladglitional evaluable patients, and a cohort
would not proceed to the second stage if one @mtjective response is observed in a cohort in
the first stage. The clinical trial is considepasitive if at least 4 responses are observed in a
cohort out of 18 subjects. The primary endpoirhfective response rate, and tumor response
assessments are conducted according to the Redpeaisation Criteria in Solid Tumors

version 1.1 criteria (confirmation of responseaquired).

[00267] According to the protocol, tipifarnib is administerto enrolled patients at a starting
dose of 900 mg, orally with food, twice a day ¢(h)ifor 7 days in alternating weeks (Days 1-7
and 15-21) in 28 day cycles. In the absence ofamageable toxicities, subjects may continue to
receive tipifarnib treatment for up to 12 monthgha absence of disease progression and
unmanageable toxicity. Treatment may continue béy® months upon agreement of the
Investigator and SponsoAt the discretion of the investigator, the doséimfarnib can be
increased to 1200 mg b.i.d. if the subject haserperienced dose limiting toxicities at the 900

mg dose level.

[00268] Tumor assessments are performed at screening anakapately every 8 weeks for
the first 6 months (cycles 2, 4, 6) and then ed&yveeks (cycles 9, 12, 15, etc.) until disease

progression, starting at the end of cycle 2.

[00269] Subjects who develop serious adverse events (SAEgmde 2 treatment-emergent
adverse events (TEAE) that are deemed relategitarnib and lasting 14 days will not
undergo dose escalation. Stepwise 300 mg dosetrexsi to control treatment-related,

treatment-emergent toxicities are also allowed.

[00270] Subjects who develop serious adverse events (SAEpmde 2 treatment-emergent
adverse events (TEAE) that are deemed relategitarnib and lasting 14 days will not
undergo dose escalation. Stepwise 300 mg dosetrexsi to control treatment-related,

treatment-emergent toxicities are also allowed.

[00271] Study Assessments:
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[00272] Screening. As part of the screening procedurestuady subjects undergo the
following: Informed Consent Form (ICF) completi@valuation of inclusion/exclusion criteria,
collection of tumor HRAS status information, medisetory including the outcome and

duration of response to the prior last anticanicerapy, complete physical examination,
including weight and vital signs, use of concontitanedications, adverse event assessment, 12-
lead ECG, ECOG performance status, standard ladygrpanels including hematology,
chemistry, coagulation, and urinalysis, pregnaesy in women with childbearing potential, and
baseline tumor imaging. Serum tumor burden mankexg also be collected at this point if
deemed of interest by the Investigator. Collectbbthyroglobulin and anti-thyroglobulin
antibodies for differentiated thyroid cancer anttitanin and CEA for medullary thyroid cancer

is recommended.

[00273] Treatment Phase. The evaluations to be perfoondaay 1 (+/- 2 days) at each
treatment cycle include: Symptom based physicaingxation, 12-lead ECG (Cycle 1 only),
ECOG performance status, standard laboratory paorelgnancy test in women with
childbearing potential, and assessment of concotmdications and adverse events. Tumor
imaging will be repeated approximately every 8 vgefek the first 6 months (cycles 2, 4, 6) and
then every 12 weeks (cycles 9, 12, 15, etc.) enidence of disease progression, starting at end
of cycle 2 (Day 22+/- 5 days) or more frequentlgéemed necessary by the Investigator. Blood
samples for the assessment of serum tumor burdegersawill also be collected at the same
time points as tumor imaging assessments if samy#es previously collected during screening

procedures.

[00274] End of Treatment Visit. An End of Treatment Visikes place within approximately
30 days from the last dose of trial treatment anadiately before the initiation of any other
anticancer therapy, whichever occurs first. Subjéetve a complete physical examination,
ECOG performance status, a 12-lead ECG, standaoddtory panels, pregnancy test for women
of childbearing potential, and an assessment af@oitant medications and adverse events.
Further safety follow up is scheduled in the absesfaecovery from treatment-related adverse

events.

[00275] Additional Follow Up. Tumor imaging and samples $erum tumor burden marker

assessment continue to be repeated in intervapmbximately 8 weeks for the first 6 months
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(cycles 2, 4, 6) and then every 12 weeks (cycld2915, etc.) until evidence of disease
progression. Upon disease progression, subjectsoatacted for survival and use of other
anticancer treatments every 12 weeks until eiteatidor 12 months after accrual in the

subject’s study cohort has been completed.

EXAMPLE I

Objective Responses with Tipifarnib in Squamous Hehand Neck Carcinoma with HRAS

Mutations after Failure of Cetuximab Treatment

[00276] Three subjects with a diagnosis of squamous catireama of the head and neck
carcinoma (SCCHN) were enrolled in the exploratgugn label phase 2 study of Example I.
Subject 1 is a 77 year old white male with a diagsnof nasal cavity cylindrical cell
carcinoma/transitional cell carcinoma and SCCHIheftrachea as second primary who joined
the tipifarnib study upon local relapse after ppaclitaxel, carboplatin and cetuximab therapy.
The best response to cetuximab therapy with chesmaply for this subject was disease
stabilization. Subject 2 is a 21 year old white enalth a maxilla SCC diagnosis and oral cavity
SCCHN as second primary and lung metastasis. Subje@ 59 year old white male with an
oral cavity SCCHN. Subject 2 and 3 received cetakirtherapy alone or in combination with
chemotherapy, respectively, subject 2 with a shweetd progression (2 cycles), followed by
progressive disease, and subject 3 with a besbmesof progressive disease. Next generation
tumor sequencing revealed the presence the Q22KS3+HR@Atation in the tumor of subject 1 and
the Q61K HRAS mutation in subjects 2 and 3. No C3SHP53, or PIK3CA mutations were
found. The tumor of subject 2 carries also a MARKP2K mutation as well as point mutations
in ABL1, NOTCH3, RET and ROS1. HPV status for thegbjects is pending.

[00277] As part of the phase 2 tipifarnib trial, subjeaseaived treatment with tipifarnib at a
starting dose of 900 mg, po, bid daily on daysdir@ 15-21 of 28-day treatment cycles. Subject
1 received treatment with 900 mg bid for 11 cyeewhich point his dose of tipifarnib was
reduced to 600 mg bid due to the onset of NCI CT@AR grade 2 peripheral neuropathy. He
continues on treatment and has been currentlyaweryear on study. Subject 2 was dose
reduced to 600 mg bid and then 300 mg bid duriradecy due to grade 2 peripheral neuropathy
and continued on treatment for 6 additional cyalesl symptomatic deterioration/subject
withdrawal at cycle 7. Subject 3 received 8 cydegeatment with the 900 mg bid dose and
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continues on study. Other toxicities observed eséhsubjects were consistent with the overall
safety profile previously reported for tipifarniblésa. Expert Rev Anticancer Ther. 2006;6:313-
90).

[00278] Tumor assessments were performed at subject sngeand approximately every 8
weeks for the first 6 months (cycles 2, 4, 6) drehtevery 12 weeks (cycles 9, 12, 15, etc.) until
disease progression, starting at the end of Cyofal@itional tumor assessments could be
conducted if deemed necessary by the Investigatimr @ confirmation of an objective
response. Both subject 1 and 3 experienced cordiohgective partial responses according to
RECIST 1.1 criteria. Responses met criteria aftan® 2 cycles of treatment, respectively.
Subject 2 experienced disease stabilization withireor 8% regression. His last tumor scan on
study did not meet imaging criteria for diseasegpession, but he left the study after seven
months of disease stabilization due to symptonaterioration. CT scans of the tumor

response in patient 1 at baseline and at cyclayt28, are shown in Figure 1A-B.

[00279] In summary, reported herein are the outcomes etthubjects with advanced HRAS
mutant SCCHN who received meaningful clinical barfedm tipifarnib therapy. HRAS has
been known to play a more prominent role than oR&%$ species in SCCHN, particularly in
oral cavity tumors and those that are HPV negd®azanath et al. Br J Cancer. 1991;63:573—
578; Anderson et al. J Otolaryngol. 1992;21:32B:Fhderson et al. Arch Otolaryngol Head
Neck Surg. 1994;120:755-760). Overall, approxinyag®b of SCCHN carcinomas but up to
16% have been reported in HPV negative oral cansen(Nat Commun. 2013;4:2873). A recent
comprehensive genomic characterization of SCCHihbyCancer Genome Atlas Network
(Nature 517, 576-582, 2015) revealed the existehaesubgroup of oral cavity tumors with
infrequent copy number alterations in conjunctiathvactivating mutations of HRAS or
PIK3CA, coupled with inactivating mutations of CASMNOTCH1 and TP53. According to this
group, the three-gene constellation of wild-typ&3®ith mutant HRAS and/or CASP8 may

constitute an alternative pathway to tumorigenesis.

[00280] Cetuximab is currently approved for use as fram lreatment of SCCHN in
combination with chemotherapy or radiation or ia #econd line setting as single agent
treatment after failure of platinum based therajy.restriction or recommendations for use in

SCCHN exist according to RAS gene status. In twdys subject 1 had a best response of stable
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disease to his last prior anti-cancer regimen (é¢nation of chemotherapy and cetuximab)
whereas subjects 2 and 3 were refractory to pgangmab monotherapy or in combination with
chemotherapy, respectively. Of interest, subje@a®3 had oral cavity tumors that carry the
Q61K hotspot mutation whereas subject 1 had themnmon Q22K mutation. It is unclear
whether the differential outcome to cetuximab tme=it could be in part related to histology or

HRAS mutation type.

[00281] Tipifarnib is a potent and selective FTI. Phasanidl I trials of this agent as
monotherapy for solid tumors have been disappantihile some promising activity was
observed in patients with myelodysplastic syndrame acute myeloid leukemia (Mesa. Expert
Rev Anticancer Ther. 2006;6:313-90). Likewise, mpstudy of another FTI, lonafarnib, in
patients recurrent SCCHN after platinum-based theveas closed at interim analysis due to the
absence of objective responses (Hanrahan et all 8fim Oncol. 2009;32:274-9). Our results
strongly support the hypothesis that tumor HRASatioh may contribute to the identification

of SCCHN patients who could benefit from tipifartiierapy. HRAS mutations may also drive
primary or acquired resistance to treatment wiimgard of care cetuximab based therapy.

Further investigation of these hypotheses is waerhn

EXAMPLE 1l

Efficacy Experiments Performed with Tipifarnib in P atient-Derived Xenograft Model of

HRAS-mutant Human Head and Neck Squamous Cell Carnoma

[00282] Experimental Methods and Procedures.Tumor fragments from stock mice
inoculated with selected primary human head ané& nancer tissues were harvested and used
for inoculation into BALB/c nude mice. Each mousasanoculated subcutaneously at the right
flank with primary human head and neck cancer mbi#&l420 fragment (R4P5, 2-4 mm in
diameter) for tumor development on day -26. HN1426 the A146P HRAS mutation and
wildtype TP53 and is resistant to cetuximab. Theenwvere grouped when the average tumor
size reached about 224 rfion day 0. Mice were allocated randomly into 2 expental groups
according to their tumor sizes. Each group congiste3 mice, 3 mice per cage. The day was
denoted as day 0. The test articles were admieiterthe tumor-bearing mice from day 1
through day 21 with the schedule of twice-daily@Bk 21 according to predetermined regimen

shown in Table 1.
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[00283] Table 1. Study design

Dose Level Dose :
Group | N Treatment (mg/kg) Route Dosing Frequency
1 3 Vehicle - p.o. BID x 21
2 3 | Tipifarnib (R115777) 80 p.o. BID x 21

Note: N: animal number per group. BID dosing in&mvas 6-8h apart.

[00284] Tumor size was measured twice weekly in two din@msusing a caliper, and the
volume is expressed in nfmasing the formula: TV = 0.5 a ¥,bwhere a and b are the long and
short diameters of the tumor, respectively. Thedusize is then used for calculations of tumor
growth inhibition (TGI) and T/C, as described beiow

[00285] Tumor growth inhibition, %TGI= (1-(#To)/(Vi-V0))*100; T; as the mean tumor
volume of the treatment group on the measurementidaas the mean tumor volume of the
treatment group at day 1; s the mean tumor volume of control group at teasurement day;

Vo as the tumor volume of the control group at day 1.

[00286] The T/C value (%) is an indicator of tumor respottsgeatment, and one of
commonly used anti-tumor activity endpoint; T andr€ the mean tumor volume of the treated

and control groups, respectively, on a given day.

[00287] Summary statistics, including mean and the staneiaot of the mean (SEM), are
provided for the tumor volume of each group at @aok point. Statistical analysis of difference
in tumor volume among the groups at study termimatvas conducted using an independent
sample t-test. All data were analyzed using SPS& P6< 0.05 was considered to be statistically

significant.

[00288] Results Summary and DiscussionThe efficacy of Tipifarnib (R115777) was
evaluated in the treatment of HUPRIME® head andkmancer xenograft model HN1420 in

female BALB/c nude mice.

[00289] In group 1 (vehicle, p.o., BID x 21) and group 2pffarnib, 80 mg/kg, p.o., BID x
21), the body weight change at study terminatione#k after the last dose, was 6.95% and

1.12%, respectively (not shown). There were no ahdeaths, significant body weight loss, or
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dosing holidays during the study. Thus, the testmaund Tipifarnib was well tolerated in the
HN1420 tumor-bearing mice.

[00290] As shown in Table 2, tumor sizes rapidly increaseitie vehicle-treated animals,
reaching an average of around 650 hafter one week, over 1000 mmvithin two weeks and
over 1700 mriby the end of the study. By contrast, tumors iimais receiving tipifarnib
remained essentially unchanged for the first twekseand only increased in size by an average

of 150 mnd during the four week course of the experiment.

[00291] Table2 HN21420 Tumor Sizes in the Different Treattf®roups

Tumor Volume (mm?3)

Days . —
Vehicle Tipifarnib (80 mg/kg, BID x 21
0 221.47+22.44 226.25+8.07
3 398.19+27.34 264.11+3.31
7 647.63+81.08 242.79+26.04
10 851.50+73.06 245.81+12.09
14 1025.49+64.10 240.97+45.13
17 1207.08+53.97 227.39+25.57
21 1494.10+88.38 239.26144.42
24 1660.68+116.57 306.90+45.74
28 1720.98+115.39 376.10+54.92

Note: data expressed as Mean + SEM.

[00292] As shown in Figure 2, the mean tumor size of tHacle treated mice reached 1494.1
mm3 on day 21. Tumor volume stabilization was adddein Tipifarnib treated mice with TGI of
99% and T/C of 16% (P < 0.001). The results of tusipes in different groups at different time
points after treatments are shown in Table 3.

[00293] Table 3. Antitumor Activity of Tipifarnib in the Batment of HUPRIME® Head and
Neck Cancer Xenograft Model HN1420

Tumor size (mn¥)2  Tumor size (mM?)2  TG| T/C

Treatment P value®
on day 0 of treatment on day 21 of treatment (%) (%)
G1 Vehicle 221.47+22.44 1494.10+88.38 - - -
G2 Tipifarnib 226.25%8.07 239.26144.42 99 160.001

Note: a. Mean + SEM; b. Compared with the vehigléndependent sample t-test.
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[00294] In summary, Tipifarnib (R115777) produced signifitanti-tumor activity against
the primary HUPRIME® head and neck cancer xenognafiel HN1420 in this study.

EXAMPLE IV

Efficacy Experiments Performed with Tipifarnib in Patient-Derived Xenograft Model of

HRAS-mutant Lung Squamous Cell Carcinoma

[00295] Experimental Methods and Procedures.Tumor fragments from stock mice
inoculated with selected primary human NSCLC tissuere harvested and used for inoculation
into BALB/c nude mice. Each mouse was inoculatdstataneously at the right flank with
primary human NSCLC model LU1513 fragment (R4P@,r2m in diameter) for tumor
development. LU1513 has the Q61K HRAS mutationtaed/216M TP53 mutation and is
resistant to cetuximab. The mice were grouped whemaverage tumor size reached about 212
mn? after 55 days. Mice were allocated randomly inexperimental groups according to their
tumor sizes. Each group consisted of 3 mice, 3 mececage. The day was denoted as day 0.
The test articles were administered to the tumaribg mice from day 1 through day 21 with
the schedule of twice-daily (BID) x 21 accordingotedetermined regimen also used for the
HN1420 model and shown in Table 1 above. Tumorwiae measured twice weekly in two
dimensions using a caliper, and the volume is esgar@ in mriusing the formula: TV = 0.5 a x
b?, where a and b are the long and short diametetgedfimor, respectively. The tumor size is
then used for calculations of TGI, T/C, as desatidlkove in Example Ill. Statistical analyses

were performed and interpreted as for the HN1428eho

[00296] Results Summary and DiscussionThe efficacy of Tipifarnib (R115777) was
evaluated in the treatment of HUPRIRIEISCLC xenograft model LU1513 in female BALB/c

nude mice.

[00297] In group 1 (vehicle, p.o., BID x 21) and grouplp{farnib, 80 mg/kg, p.o., Bid x
21), the body weight change at study termination ¥8al3% and -0.54%, respectively (Figure
3). There has been no animal death, significany meelght loss, or dosing holiday during the

study. Thus, the test compound Tipifarnib was weérated in the LU1513 tumor-bearing mice.
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[00298] As shown in Table 4, tumor sizes increased qaipédly in the vehicle-treated
animals, reaching an average of around 375 after one week, over 500 mimwithin two

weeks and over 1000 niimy the end of the study. By contrast, tumors imrea$ receiving
tipifarnib barely grew at any time during the course of the experiment; indeed, after 28 days
average tumor size was slightly smaller than onldaymong the individual tumor-bearing
animals, one tumor had modestly increased in size remained static and a third regressed by

approximately 75%.

[00299] Table 4. LU1513 Tumor Sizes in the Different TreatmGroups

Tumor Volume (mm?3)

pays Vehicle Tipifarnib (R115777), 80 mg/kg, BID x 21
0 224.40£15.45 198.64+28.54
4 257.86%£29.70 209.42+36.66
7 372.40+11.63 212.62+38.76
11 420.36+26.88 179.72+43.67
14 509.08+26.34 150.11+36.87
18 677.45£19.63 158.82+49.17
21 788.69+14.38 175.78+56.99
25 850.24+104.73 154.50+£53.59

28 1058.26+152.35 189.94+70.66
[00300] Note: data expressed as Mean + SEM.

[00301] As shown in Figure 2, the mean tumor size of tHaale treated mice reached
1058.26 mmat study termination. Tumor volume stabilizatiorsveehieved in Tipifarnib
treated mice with TGI of 101% and T/C of 18P 0.007). The results of tumor sizes in

different groups at different time points afteratiraents are shown in the Table 5.

[00302] Table5. Antitumor Activity of Tipifarnib in the fBatment of HUPRIME
NSCLC Xenograft Model LU1513

Tumor size (mn¥)?2 Tumor size (mnP)? TGI 0
Treatment on day 0 of treatment on day 28 of treatment (%) TIC (%) Pvalue
G1 Vehicle 224.40£15.45 1058.26+152.35
G2 Tipifarnib 198.64+28.54 189.94+70.66 101 18 0.007

[00303] Note: a. Mean = SEM; b. Compared with the vehigléngdependent sample t-test.
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[00304] In summary, the test compound Tipifarnib (R11577oduced significant anti-tumor
activity against the primary HUPRIMENSCLC xenograft model LU1513 in this study.
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CLAIMS

1. Use of tipifarnib in the manufacture of a medicament for the treatment of
cetuximab-refractory squamous cell carcinoma of the head and neck (SCCHN) in a subject,
wherein the SCCHN has an HRAS mutation.

2. The use of claim 1, wherein 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.

3. The use of claim 1 or 2, wherein said SCCHN does not have K-Ras mutation

or N-Ras mutation.

4. The use of claim 3, wherein said SCCHN has wild type K-Ras and wild type
N-Ras.

5. The use of claim 1 to 4, wherein said SCCHN is HPV negative.

6. The use of claim 1 to 5, wherein said SCCHN is recurrent or metastatic.
7. The use of claim 1 to 6, wherein said SCCHN is relapsed SCCHN.

8. The use of claim 1 to 7, wherein the SCCHN is SCCHN of the trachea.

9. The use of claim 1 to 7, wherein the SCCHN is SCCHN of the maxilla.
10.  The use of claim 1 to 7, wherein the SCCHN is SCCHN of the oral cavity.

11.  Use of tipifarnib in the manufacture of a medicament for the treatment of
cetuximab-refractory lung squamous cell carcinoma (lung SCC) in a subject, wherein the
lung SCC has an HRAS mutation.

12.  The use of claim 11, wherein 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.
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13.  The use of claim 11 or 12, wherein said lung SCC does not have K-Ras

mutation or N-Ras mutation.

14.  The use of claim 13, wherein said lung SCC has wild type K-Ras and wild
type N-Ras.

15.  The use of any one of claims 11 to 14, wherein said lung SCC is HPV

negative.

16.  The use of any one of claims 11 to 15, wherein said lung SCC is at an

advanced stage or metastatic.

17.  The use of any one of claims 11 to 16, wherein said lung SCC is relapsed
lung SCC.
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