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label, for detecting hybridization. A wide variety of appropriate indicators are known in the art
including, fluorescent, radioactive, enzymatic or other ligands (e. g. avidin/biotin).

Probes typically comprise single-stranded nucleic acids of between 10 to 1000
nucleotides in length, for instance of between 10 and 800, more preferably of between 15 and
700, typically of between 20 and 500. Primers typically are shorter single-stranded nucleic acids,
of between 10 to 25 nucleotides in length, designed to perfectly or almost perfectly match a
nucleic acid of interest, to be amplified. The probes and primers are “specific” to the nucleic
acids they hybridize to, i.e. they preferably hybridize under high stringency hybridization
conditions (corrcsponding to thc highcst melting tempcerature Tm, e.g., 50 % formamidc, 5x or
6x SCC. SCC 1s a 0.15 M NaCl, 0.015 M Na-citrate). For instance, the probes and primers can
be sclected from the Tagman Applicd oncs cited in the present application.

The nuclcic acid primers or probes uscd hercin may be assecmbled as a kit. Such a kit
includes consensus primers and molecular probes. A preferred kit also includes the components
necessary to determine if amplification has occurred. The kit may also include, for example,
PCR buffers and enzymes; positive control sequences, reaction control primers; and instructions
for amplifying and detecting the specific sequences.

In another preferred embodiment, the expression level is determined by DNA chip
analysis. Such DNA chip or nucleic acid microarray consists of different nucleic acid probes that
are chemically attached to a substrate, which can be a microchip, a glass slide or a microsphere-
sized bead. A microchip may be constituted of polymers, plastics, resins, polysaccharides, silica
or silica-based materials, carbon, metals, inorganic glasses, or nitrocellulose. Probes comprise
nucleic acids such as cDNAs or oligonucleotides that may be about 10 to about 60 base pairs. To
determine the expression level, a sample from a test subject, optionally first subjected to a
reverse transcription, is labelled and contacted with the microarray in hybridization conditions,
leading to the formation of complexes between target nucleic acids that are complementary to
probe sequences attached to the microarray surface. The labelled hybridized complexes are then
detected and can be quantified or semi-quantified. Labelling may be achieved by various
methods, e.g. by using radioactive or fluorescent labelling. Many variants of the microarray
hybridization technology are available to the man skilled in the art (see e.g. the review by
Hoheisel, et 2006)

Other methods for determining the expression level of said genes include the

determination of the quantity of proteins encoded by said genes.
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Such methods comprise contacting a biological sample with a binding partner capable of
selectively interacting with a marker protein present in the sample. The binding partner is
generally an antibody that may be polyclonal or monoclonal, preferably monoclonal.

The presence of the protein can be detected using standard electrophoretic and
immunodiagnostic techniques, including immunoassays such as competition, direct reaction, or
sandwich type assays. Such assays include, but are not limited to, Western blots; agglutination
tests; enzyme-labeled and mediated immunoassays, such as ELISAs; biotin/avidin type assays;
radioimmunoassays; immunoelectrophoresis; immunoprecipitation, etc. The reactions generally
include rcvealing labels such as fluorescent, chemiluminescent, radioactive, ecnzymatic labels or
dye molecules, or other methods for detecting the formation of a complex between the antigen
and thc antibody or antibodics rcacted therewith.

The aforcmentioned assays gencrally involve scparation of unbound protcin in a liquid
phase from a solid phase support to which antigen-antibody complexes are bound. Solid supports
which can be used in the practice of the invention include substrates such as nitrocellulose (e. g.,
in membrane or microtiter well form); polyvinylchloride (e. g., sheets or microtiter wells);
polystyrene latex (e.g., beads or microtiter plates); polyvinylidine fluoride; diazotized paper;
nylon membranes; activated beads, magnetically responsive beads, and the like.

More particularly, an ELISA method can be used, wherein the wells of a microtiter plate
are coated with an antibody against the protein to be tested. A biological sample containing or
suspected of containing the marker protein is then added to the coated wells. After a period of
incubation sufficient to allow the formation of antibody-antigen complexes, the plate(s) can be
washed to remove unbound moieties and a detectably labeled secondary binding molecule added.
The secondary binding molecule is allowed to react with any captured sample marker protein,
the plate washed and the presence of the secondary binding molecule detected using methods
well known in the art.

The invention further provides a tool for implementing said methods, e.g. a DNA chip
comprising a solid support which carries nucleic acids that are specific to at least 5, 6,7, 8, 9, 10,
15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 300, 500 or 1000 genes seclected from the
group consisting of the genes listed in Tables 1 to 6, optionally Tables 1 and 2. Optionally, the
DNA chip further carries nucleic acids that are specific to at least one gene selected from the
group consisting of the genes listed in Tables 3 to 6, optionally Tables 3 and 4. In a preferred
embodiment, the DNA chip carries nucleic acids that are specific to genes of Table 6, and
optionally of one, several or all genes of Table 5. Optionally, the DNA chip may further include

nucleic acids specific of additional genes from Tables 1-4.The DNA chip can further comprise
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nucleic acids for control gene, for instance a positive and negative control or a nucleic acid for
an ubiquitous gene in order to normalize the results. In addition, the present invention also
provides a kit for implementing said methods comprising detection means that are specific to at
least 5,6, 7,8, 9,10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 300, 500 or 1000 genes
selected from the group consisting of the genes listed in Tables 1 to 6, optionally Tables 1 and 2.
Optionally, the kit further comprises detection means that are specific to at least one gene
selected from the group consisting of the genes listed in Tables 3 to 6, optionally Tables 3 and 4.
In a preferred embodiment, the kit carriecs detection means that are specific to genes of Table 6,
and optionally of onc, scvceral or all genes of Table 5. Optionally, the kit may further include
detection means for additional genes from Tables 1-4. In particular, the detection means can be a
pair of primers, a probc or an antibody. The kit can further comprisc control rcagents and other
ncecssary rcagents.

In a particular embodiment, the genes, preferably additional genes are selected for the
tool or kit as above detailed for the methods of the invention. Preferably, the at least 5 genes,
preferably additional genes, are selected from the group consisting of ENST00000399723,
BI836406, Cl0ort79, AK022962, TMTCI1, LOC728295, SUSDS, WNT6, BC044624, AY358241,
ZNF251, ST6GAL2, LOC643401, NOV, CLGN, PROM1, SPEF2, FLRT2, RGS2, FOXP2, TRIMSS,
PKD2L1, RP4-692D3.1, CB985069, ARL14, AY831680, XRN1, THAP5, ZNF248, BC016022, PLAG,
THC2724353, THC2488083, C5orf41, BMS1PS5, BMS1, THC2627008, PLA2G4A, DPY19L2, VCX2,
PPPIRIC, GLT25D2, KIAA1841, IFIT2, ZNF596, TSPAN19, BC029907, Cl0orfl07, ZNF594,
AMPDI1, C210rf88, THC2694827, HSPC105, IF144, THC2662262, FAM84A, DNAH7, KHDRBS?2,
NANP, AK091357, N4BP2L1, FAMI05SA, CA941346, CCDC68, CASC1, FAMO0A12, PBXI,
THC2739159, KCNQ2, ANXA1, AL122040, THC2655194, ENST00000342608, DSC2, ENOX1, 1L13,
BG571904, BX455216, LOC729085, BG188151, LOC729409, Clorf103, PPP1R14C, NAIP, C13o0rf31,
GOLGASE, AK022848, CXorf22, KIFSC, LRRCC1, FAMSIB, ID2, CMYAS5, Clorfl94, TTCIS,
tcag7.1314, ZNF385B, ADAMTS6, RHOU, ENST00000378850, C20rf55, GPR83, LRRIQ1, WDR31,
DEFB126, ARMETLI1, LOC642826, LOCI129881, C2Zorfl3, THC2553512, ACVRIC, ZNF207,
ANTXR1, CHDY, THC2526838, ABCA12, TncRNA, FKTN, PTPRG, ZNF233, ENST00000370378,
FANKI1, PCM1, SERPINI1, ARID4B, KIAA1377, FGF7, CV339166, LINCR, DA834198, CFH, SCG2,
ARHGEF10, DA093175, GOLGASA, AKO021467, LOC283666, FLJ35767, THC2725553, ZNF430,
CCDC141, MAP3K13, CCDC66, THC2727226, THC2528990, THC2718728, THC2507829,
AK123972, EDEM3, DB304731, TPD52L1, MFAPS, EHF, NCF2, TRIM6, PERLDI1, ATXNI, INHBB,
CR627122, JAM3, CXCL14, CR594735, FLJ11235, Cl50rf52, LIMCH1, LOH11CR2A, BX281122,
GPR110, ARNT2, ATP6V0A4, PDGFRB, ELA3B, NEDD9, MYH6, SLC35F2, HAS3, COLECI12,
SLC3A2, AW993939, RUNX2, SUSD3, PLAU, SLC22A3, FCRL4, DOCK2, SOX3, THC2616558,
RNASET2, LOC100130360, TLIR2, MGATSB, TCF7L1, AF222857, AHNAK, HOXBS, S100A16,
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INSIG1 and DCDC2. More preferably, the genes are selected from the group consisting of
ENST00000399723, BI&36406, Cl0orf79, AKO022962, TMTC1, LOC728295, SUSDS, WNTS6,
BC044624, AY358241, ZNF251, ST6GAL2, LOCG643401, NOV, CLGN, PROM1, SPEF2, FLRT2,
RGS2, FOXP2, TRIMSS, PKD2L1, RP4-692D3.1, CB985069, ARL14, AY831680, XRNI1, THAPS,
ZNF248, BC016022, PLAG1, THC2724353, THC2488083, C5orf41, BMS1P5, BMS1, THC2627008,
PLA2G4A, DPY19L2, VCX2, PPPIRIC, GLT25D2, KIAA1841, IFIT2, ZNF596, TSPANI9,
BC029907, C100rf107, ZNF594, AMPDI1, C2lorf88, THC2694827, HSPC105, IF144, THC2662262,
FAMS4A, DNAH7, KHDRBS2, NANP, AK091357, N4BP2L1, FAM105A, CA941346, CCDC68,
CASC1, FAMY0A12, PBXI1, THC2739159, KCNQ2, ANXAl, AL122040, THC2655194,
ENST00000342608, DSC2, ENOX1, 1IL13, BG571904, BX455216, LOC729085, BGI&8151,
LOC729409, Clorfl03, PPP1R14C, NAIP, Cl3orf31, GOLGASE, AK(022848, CXorf22, KIF5C,
TPD52L1, MFAP5, EHF, NCF2, TRIM6, PERLD1, ATXN1, INHBB, CR627122, JAM3, CXCL14,
CR594735, FLJ11235, C150r(52, LIMCH1, LOH11CR2A, BX281122, GPR110, ARNT2, ATP6V0A4,
PDGFRB, ELA3B, NEDD9, MYHS6, SLC35F2, HAS3, COLEC12, SLC3A2, AW993939, RUNX2 and
SUSD3. Even more preferably, the genes are sclected from the group consisting of
ENST00000399723, BI836406, Cl0ort79, AKO022962, TMTC1, LOC728295, SUSDS, WNT6,
BC044624, AY358241, ZNF251, ST6GAL2, LOC643401, NOV, CLGN, PROM1, SPEF2, FLRT2,
RGS2, FOXP2, TRIM55, PKD2L1, RP4-692D3.1, TPD52L1, MFAP5, EHF, NCF2, TRIM6, PERLDI,
ATXNI, INHBB, CR627122, JAM3, CXCL14 and CR594735. In the most preferred embodiment,
the genes are sclected from the group consisting of ENST00000399723, BI836406, C100rf79,
AKO022962, TMTCI1, LOC728295, SUSDS, WNT6, BC044624, TPD52L.1, MFAPS5, EHF, NCF2,
TRIM6, PERLD1, ATXN1, INHBB and CR627122. Optionally, at least one further gene is selected
for the tool or kit, said gene being selected from the group consisting of the genes listed in
Tables 3 and 4, preferably TFPI2, PCDH7, SMADY9, AK090762, RAB39B, BF831953, AL050204,
VCX, ITGA2, CXCR4, SLC16A10, PDE1A, MAL, KRT80, FXYD2 and AK3L1, more preferably
TFPI2, PCDH7, SMADY9, AK090762, RAB39B, BF831953, AL050204, VCX, CXCR4, SLCI6A10,
PDEI1A, MAL, and ¢ven more preferably TFPI2, PCDH7, SMAD9, CXCR4 and SLC16A10.

The present invention also relates to the usc of a DNA chip or a kit of the invention for
preparing a kit for predicting or monitoring whether a paticnt affected by a cancer is responsive
to a treatment with a molecule of the taxoid family. Preferably, the cancer is selected from the
group consisting of the breast cancer, the lung cancer, the prostate cancer, the gastric cancer and
the head and neck cancer. More preferably the cancer is the prostate cancer. In a preferred
embodiment, the molecule of the taxoid family is selected from the group consisting of
docetaxel, larotaxel, cabazitaxel (XRP6258), BMS-184476, BMS-188797, BMS-275183,
ortataxel, RPR 109881A, RPR 116258, NBT-287, PG-paclitaxel, ABRAXANE®, Tesctaxel,
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IDN 5390, Taxoprexin, DHA-paclitaxel, and MAC-321. More preferably, the molecule of the
taxoid family is docetaxel.

The present invention further concerns methods for screening or identifying a compound
suitable for improving the treatment of a cancer with a molecule of the taxoid family or for
reducing the resistance development during the treatment of a cancer with a molecule of the
taxoid family.

In a first embodiment, the method comprises: 1) providing a cell-line with at least 5, 6, 7,
8, 9, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 300, 500 or 1000 genes over-
cxpressed and/or under-cxpressed respectively sclected from the group of over-cxpressed gencs
of Tables 1, 3 and 5, optionally of Table 1, and under-expressed genes of Tables 2, 4 and 5,
optionally of Tablc 2; 2) contacting said ccll-linc with a tcst compound; 3) dctecrmining the
cxpression Ievel of said at lcast 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 150,
200, 300, 500 or 1000 genes; and, 4) sclecting the compound which decreases the expression
level of over-expressed genes and increases the expression level of under-expressed genes. More
preferably, the genes are selected from the genes of Tables 5 and 6. Still more preferably, at least
the genes of Table 6 are selected, and optionally one, several or all genes of Table 5.

In a second embodiment, the method comprises: 1) providing a cell-line sensitive to the
molecule of the taxoid family; 2) contacting said cell-line with a test compound and the molecule
of the taxoid family; 3) determining the expression level of said at least 5, 6, 7, 8, 9, 10, 15, 20,
25, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 300, 500 or 1000 genes selected from the genes
listed in Tables 1 to 6, optionally of Tables 1 and 2; and, 4) selecting the compound which
inhibits the appearance of an over-expression and/or an under-expression of at least 5, 6, 7, 8, 9,
10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 300, 500 or 1000 genes respectively
selected from the group of genes of over-expressed genes of Tables 1, 3 and 5, optionally of
Table 1, and under-expressed genes of Tables 2, 4 and 5, optionally of Table 2. More preferably,
the genes are selected from the genes of Tables 5 and 6. Still more preferably, at least the genes
of Table 6 are selected, and optionally one, several or all genes of Table 5.

In a third embodiment, the method comprises: 1) providing a cell-line with at least one
gene over-expressed and/or under-expressed respectively selected from the group consisting of
ENST00000399723, BI836406, Cl0orf79, AKO022962, TMTC1, LOC728295, SUSDS5, WNT6,
BC044624, AY358241, ZNF251, ST6GAL2, LOC643401, NOV, CLGN, PROM1, SPEF2, FLRT?2,
RGS2, FOXP2, TRIMSS5, PKD2L1, RP4-692D3.1, CB985069, ARL14, AYS31680, XRN1, THAPS,
ZNF248, BC016022, PLAG1, THC2724353, THC2488083, C5orf41, BMS1P5, BMS1, THC2627008,
PLA2G4A, DPY19L2, VCX2, PPPIRIC, GLT25D2, KIAA1841, IFIT2, ZNF596, TSPANI19,
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BC029907, C100rf107, ZNF594, AMPD1, C21orf88, THC2694827, HSPC105, 1F144, THC2662262,
FAMK4A, DNAH7, KHDRBS2, NANP, AK091357, N4BP2L1, FAMI05A, CA941346, CCDC6S,
CASC1, FAM90A12, PBX1, THC2739159, KCNQ2, ANXA1l, AL122040, THC2655194,
ENSTO00000342608, DSC2. ENOXI1, IL13, BG571904, BX455216, LOC729085, BG188151,
LOC729409, Clorf103, PPP1R14C, NAIP, Cl3orf31, GOLGASE, AKO022848, CXort22, KIF5C,
LRRCC1, FAMSI1B, ID2, CMYAS, Clorfl94, TTC18, tcag7.1314, ZNF385B, ADAMTS6, RHOU,
ENST00000378850, C20rf55, GPR83, LRRIQI, WDR31, DEFBI126, ARMETLI, LOC642826,
LOCI129881, C2orfl13, THC2553512, ACVRIC, ZNF207, ANTXRI1, CHD9, THC2526838, ABCA12,
TncRNA, FKTN, PTPRG, ZNF233, ENST00000370378, FANKI, PCM1, SERPINII, ARID4B,
KIAA1377, FGF7, CV339166, LINCR, DA834198, CFH, SCG2, ARHGEF10, DA093175, GOLGASA,
AKO021467, LOC283666, FLJ35767, THC2725553, ZNF430, CCDC141, MAP3K13, CCDCH66,
THC2727226, THC2528990, THC2718728, THC2507829, AK123972, EDEM3, DB304731, preferably
ENST00000399723, BI836406, Cl0orf79, AK022962, TMTCI1, LOC728295, SUSDS, WNT6,
BC044624, AY358241, ZNF251, ST6GAL2, LOC643401, NOV, CLGN, PROMI1, SPEF2, FLRT2,
RGS2, FOXP2, TRIMSS, PKD2L1, RP4-692D3.1, CB985069, ARL14, AY831680, XRN1, THAPS,
ZNF248, BC016022, PLAG1, THC2724353, THC2488083, C5orf41, BMS1P5, BMS1, THC2627008,
PLA2G4A, DPY19L2, VCX2, PPPIRIC, GLT25D2, KIAA1841, IFIT2, ZNF3596, TSPANIO9,
BC029907, Cl10o0rf107, ZNF594, AMPD1, C21orf88, THC2694827, HSPC105, 1F144, THC2662262,
FAMS4A, DNAH7, KHDRBS2, NANP, AK091357, N4BP2L1, FAMI05A, CA941346, CCDCG6S,
CASC1, FAM90A12, PBXI1, THC2739159, KCNQ2, ANXAI1l, AL122040, THC2655194,
ENSTO00000342608, DSC2, ENOXI1, IL13, BG571904, BX455216, LOC729085, BGI88151,
LOC729409, Clorfl03, PPP1R14C, NAIP, Cl3o0rf31, GOLGASE, AK022848, CXorf22 and KIF5C,
more preferably ENST00000399723, BI836406, C100rf79, AK022962, TMTCI1, LOC728295, SUSDS,
WNT6, BC044624, AY358241, ZNF251, ST6GAL2, LOC643401, NOV, CLGN, PROMI1, SPEF2,
FLRT2, RGS2, FOXP2, TRIMS55, PKD2L1 and RP4-692D3.1, even more preferably
ENST00000399723, BI836406, C100rf79, AK022962, TMTC1, LOC728295, SUSD5, WNT6 and
BC044624 for the over-expressed genes, and TPD52L.1, MFAPS5, EHF, NCF2, TRIM6, PERLDI,
ATXN1, INHBB, CR627122, JAM3, CXCL14, CR594735, FLJ11235, Cl50rf52, LIMCHI,
LOHI1CR2A, BX281122, GPR110, ARNT2, ATP6V0A4, PDGFRB, ELA3B, NEDDY9, MYHS6,
SLC35F2, HAS3, COLEC12, SLC3A2, AW993939, RUNX2, SUSD3, PLAU, SLC22A3, FCRL4,
DOCK?2, SOX3, THC2616558, RNASET2, LOC100130360, TL1R2, MGATSB, TCF7L1, AF222857,
AHNAK, HOXBS, S100A16, INSIG1 and DCDC2, preferably TPD52L1, MFAPS5, EHF, NCF2,
TRIM6, PERLDI1, ATXNI1, INHBB, CR627122, JAM3, CXCL14, CR594735, FLJ11235, Cl150rf52,
LIMCHI1, LOH11CR2A, BX281122, GPR110, ARNT2, ATP6V0A4, PDGFRB, ELA3B, NEDDY,
MYH6, SLC35F2, HAS3, COLECI12, SLC3A2, AW993939, RUNX2 and SUSD3, more preferably
TPDS52L1, MFAPS, EHF, NCF2, TRIM6, PERLD1, ATXNI1, INHBB, CR627122, JAM3, CXCL14 and
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CR594735, even more preferably TPD52L1, MFAPS5, EHF, NCF2, TRIM6, PERLDI1, ATXNI,
INHBB and CR627122 for the under-expressed genes; 2) contacting said cell-line with a test
compound; 3) determining the expression level of said at least one gene; and, 4) selecting the
compound which decreases the expression level of over-expressed genes and increases the
expression level of under-expressed genes.

In a fourth embodiment, the method comprises 1) providing a cell-line with the genes
PCDH7, KHDRBS2, AUTS2, and C2orf55 being over-expressed and the genes JAM3, DCDC2,
MFAPS, SLC3A1, AKAP12, ZNF649, RNASET2, NCF2, DLC1, CXCR4, CR594735, TRIM®6,
and MBNL3 bceing under-cxpressed; 2) contacting said ccll-linc with a tcst compound; 3)
determining the expression level of said genes; and, 4) selecting the compound which decreases
the cxpression Icvel of onc or scveral of the over-cxpressed genes and incrcascs the cxpression
level of onc or scveral of the under-cxpresscd genes.

In a fifth embodiment, the method comprises 1) providing a cell-line sensitive to the
molecule of the taxoid family; 2) contacting said cell-line with a test compound and the molecule
of the taxoid family; 3) determining the expression level of the genes JAM3, PCDH7, DCDC2,
KHDRBS2, MFAP5, AUTS2, C2orf55, SLC3A1, AKAP12, ZNF649, RNASET2, NCF2,
DLCI1, CXCR4, CR594735, TRIM6, and MBNL3; and, 4) selecting the compound which
inhibits the appearance of an over-expression of the genes PCDH7, KHDRBS2, AUTS2, and
C2o0rf55 and/or an under-expression of the genes JAM3, DCDC2, MFAPS5, SLC3A1, AKAP12,
ZNF649, RNASET2, NCF2, DLC1, CXCR4, CR594735, TRIM6, and MBNL3.

Preferably, the cell-line is a cancer cell-line. In particular, the cancer cell-line is specific
of the targeted cancer. For instance, if the prostate cancer is to be treated, then the cell-line is a
prostate cancer cell-line.

In a preferred embodiment, the molecule of the taxoid family is selected from the group
consisting of docetaxel, larotaxel, cabazitaxel (XRP6258), BMS-184476, BMS-188797, BMS-
275183, ortataxel, RPR 109881A, RPR 116258, NBT-287, PG-paclitaxel, ABRAXANE®,
Tesetaxel, IDN 5390, Taxoprexin, DHA-paclitaxel, and MAC-321. More preferably, the
molecule of the taxoid family is docetaxel. Preferably, the cancer is sclected from the group
consisting of the breast cancer, the lung cancer, the prostate cancer, the gastric cancer and the

head and neck cancer. More preferably the cancer is the prostate cancer.

The example illustrates the invention without limiting its scope.

EXAMPLE
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Methods

Cell culture and selection of docetaxel-resistant clones

The human androgen-independent IGR-CaP1 cell line recently obtained for a localized
prostate cancer was maintained in RPMI medium complemented with 10% FBS and antibiotics.
Docetaxel-resistant clones were selected by culturing the cells in docetaxel in a dose-escalation
manner. Initial culture was done in 5nM docetaxel. Cellular clones surviving in the presence of
5nM docetaxel were maintained in culture during four passages, and then the concentration of
docetaxel in the medium was increased to 12nM, 25nM, 50nM, 100nM and 200nM. The same
sclection mcethodology was followed with cach incrcase in docctaxel concentration. Once cells
were freely dividing in each dose of docetaxel mediums, they were considered as resistant and
labclled IGR-CaP1-R. Ccll culturcs were maintaincd at 70% confluency and mcedium was
changced cvery 48 h.

Total RNA Preparation and Reverse Transcription

Total RNA from parental and docetaxel-resistant IGR-CaP1 cells was isolated using
TriReagent (Sigma-Aldrich) and purified with RNeasy Micro Kit (Qiagen) according to
manufacturer’s protocols. Quality of RNA preparation, based on the RNA Integrity Number
(RIN), was assessed using the Agilent RNA 6000 Nano Kit as developed on the Agilent 2100
Bioanalyzer device (Agilent Technologies, Palo Alto, CA). All specimens included in this study
displayed a RIN of 10. RNA samples were frozen in nuclease-free water (Qiagen).

Oligo Microarray Technology

Parental and resistant-cell line total RNAs were directly compared by using Agilent
oligonucleotide dual-color technology, running dye-swap and duplicate experiments. Total RNA
from the parental IGR-CaP1 cell line without treatment was used as the RNA reference. Total
RNA from IGR-CaP1 cells resistant to treatment with 5nM, 12nM, 25nM, 50nM, 100nM and
200nM of docetaxel respectively, were used as samples. Probe synthesis and labeling were
performed by Agilent’s Low Fluorescent Low input Linear Amplification Kit. Hybridization was
performed on the Agilent 4x44K Human 1A (G4112F) long (60-bp) oligonucleotide microarrays
(Agilent Technologies) by using reagents and protocols provided by the manufacturer. Feature
extraction software provided by Agilent (Version A.9.5.3.1) was used to quantify the intensity of
fluorescent images and to normalize results using the linear and lowess subtraction method.

The methodology described below is based on a dose-dependent gene expression

changes:
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Under the hypothesis of a clone enrichment, and/or a biological effect due to drug

increasing, monotonically increasing or decreasing expression profiles were identified by using a

5-parameters logistic regression model: y P B+ %
1+10™77

where y, is the log.ratio of treatment vs. reference for the gene g, x is the drug-dose in
Logio[nM], and B, T, x, p are, respectively, the estimated minimal value, the estimated maximal
value, the slope at the inflexion point, and the asymmetric parameter.

For each probe, parameters were first initialized with the observed values, and then optimized by
an iterative method of gradient (the Newton-Raphson method). The aim of this iterative
algorithm is to minimize the weighted quadratic sum of residuals:

1
yi.ﬁt—yi.obs|

S =X,w,(y, fit—y,0obs)> where w, =

The performance of the fitting was measured, for each probe, by a robust linear regression (RLR)
of the fitted values against the observed values.
Probes potentially associated with the drug increasing were selected on the 2 following criterion:
RLRp-value < le-5, and [fold change| > 2 between the first and the last dose (resp: 5 and
200nM), considering the fold change estimated by the 5-parameters logistic regression model.
Calculations and graphic visualizations were performed in R (free software version 2.6.2), by
using the package “MASS” (version 7.2-40), and supplemental scripts, in R language, written in
the lab (F. Commo).

RESULTS

Generation of acquired resistance to Docetaxel in vitro. Prostate cancer IGR-CaP1
cells were used to generate successive docetaxel-resistant cell lines. The addition of docetaxel
induced a selection process, whereby a large majority of cells initially underwent cell death until
the ability to proliferate was regained. The inventors obtained IGR-CaP1 resistant (IGR-CaP1-R)
clones which survived in medium containing respectively 5SnM, 12nM, 25nM, 50nM, 100nM and
200nM of docetaxel. Cell cycle analysis was done to show acquired resistance to drug. The
resistant cell lines showed cell cycle similar to the parental IGR-CaP1 cells, suggesting that

acquired resistance had been gained (not shown).

Genome-wide analysis of IGR-CaP1 docetaxel-resistant lines using microarray.

Human genome-wide analysis of gene expression changes was realized in order to stringently
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identify human genes that might represent the molecular signature of resistance or sensitivity to
docetaxel in prostate cancer. Untreated IGR-CaP1 parental cell lines were used as baseline.
Such genes were those for which expression changes (at least one probe in case of multiple
probe sets per gene) appeared as drug-dependent, in the sense of criterion described above.

In the first analysis, 772 genes were over-expressed (Tables 1 and 3) and 309 were down-
regulated (Tables 2 and 4) in docetaxel-resistant cells. These genes were sorted out by the mean
of the fold change observed between the first and the last doses of docetaxel (between 5 and 200
nM).

A sccond analysis was performed from biological duplicates to confirm the first data sct.
In the second analysis, only the irreversible resistance mechanisms were retained by using
resistant cclls cultured in the abscnce of drug during two passages beforce the microarray
analysis. Thc sccond analysis gencrated a list of 486 genes in which 44 gencs were alrcady
observed in the first analysis. In the list of 44 genes commons in the two analyses, 17 genes were
over-cxpressed and 27 genes were down-regulated in docetaxel-resistance cells (Table 5). These
genes were sorted out by the mean of the fold change observed between the first and the last
doses of docetaxel (between 5 and 200 nM).

Among these genes, a subset of 17 genes was selected containing 4 over-expressed genes
and 13 under-expressed genes in docetaxel-resistance cells (Table 6). This set of genes has been

selected by the following method.
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Second list of the over-expressed genes

Table 3
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Second list of the under-expressed genes

Table 4
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Table S: List of 44 genes
AccessNum | UniGenelD Symbol Gene Name FC exp1 | FC exp2

NM_152688 Hs.519794 |KHDRBS2 KH domain containing, RNA binding, signal transduction associated 579 11,91

2
NM_015570 Hs.21631 AUTS2 Autism susceptibility candidate 2 3,82 10,44
NM_032456 Hs.479439 |PCDH7 Protocadherin 7 13,58 8,19
NM_207362 Hs.469398 |C2orf55 Chromosome 2 open reading frame 55 4,76 7,86
NM_001999 Hs.519294 |FBN2 Fibrillin 2 215 5,51
NM_001040874 |Hs.530461 |HIST2H2AA4 |Histone cluster 2, H2aa4 273 5,28
NM_001012361 |Hs.133331 |WDR31 WD repeat domain 31 473 4,62
NM_152676 Hs.664011 |FBXQO15 F-box protein 15 2,60 3,48
NM_031435 Hs. 245798 |THAP2 THAP domain containing, apoptosis assaciated protein 2 324 346
BF207040 Hs.353024 |BF207040 Transcribed locus 2,02 3,12
NM_080593 Hs.437275 |HIST1H2BK |Histone cluster 1, H2bk 215 3,02
NM_001080421 |Hs.164502 |UNC13A Unc-13 homolog A (C. elegans) 288 2,84
BC032035 Hs.31240 FAM27E3 Family with sequence similarity 27, member E3 215 2,75
NR_003713 Hs. 720393 | LOC728613 |Programmed cell death 6 pseudogene 2,11 2,69
BC119676 Hs.567050 |FAM27E1 Family with sequence similarity 27, member E1 241 2,49
NM_015392 Hs.719906 |NPDCA1 Neural proliferation, differentiation and control, 1 240 215
NM_003519 Hs.137594 |HIST1H2BL |[Histone cluster 1, H2bl 226 2,02
NM_016021 Hs.163776 |UBEZ2J1 Ubiquitin-conjugating enzyme E2, J1 (UBC6 homolog, yeast) -2,20 -2,06
NM_201629 Hs.50382 TIP2 Tight junction protein 2 (zona occludens 2) -3,42 -2,29
NM_012206 Hs.129711 |HAVCRA1 Hepatitis A virus cellular receptor 1 -2,37 -2,31
NM_014797 Hs.409876 |ZBTB24 Zinc finger and BTB domain containing 24 -2,53 -2,39
NM 017774 Hs.657604 |CDKAL1 CDKS regulatory subunit associated protein 1-like 1 -2,36 241
NM_017421 Hs. 713623 |COQ3 Coenzyme Q3 homalog, methyltransferase (S. cerevisiae) -2,03 -2,85
NM_020698 Hs.370410 |TMCC3 Transmembrane and coiled-coil domain family 3 -2,49 -2,88
NM_012082 Hs.431009 |ZFPM2 Zinc finger protein, multitype 2 -3,52 -3,35
NM_000341 Hs.112916 |SLC3A1 Solute carrier family 3 (cystine, dibasic and neutral amino acid -2,59 -342

transporters, activator of cystine, dibasic and neutral amino acid

transport), member 1
NM_002394 Hs.502769 |SLC3A2 Solute carrier family 3 (activators of dibasic and neutral amino acid -542 -3,56

transport), member 2
NM_014988 Hs.335163 |LIMCHA1 LIM and calponin homology domains 1 -7.34 -3,71
NM_001431 Hs. 486470 |EPB41L2 Erythrocyte membrane protein band 4.1-like 2 2,37 -4.33
NM_212543 Hs.13225 B4GALT4 UDP-Gal:betaGIcNAc beta 1,4- galactosyltransferase, polypeptide 4 245 -4.64
NM_144497 Hs.371240 JAKAP12 A kinase (PRKA) anchor protein 12 -2,96 -4,81
NM_016356 Hs.61345 DCDC2 Doublecortin domain containing 2 -4,04 -5,24
AW014342 Hs.665091 |BX281122 Transcribed locus -7,02 -545
NM_023074 Hs. 148322 |ZNF649 Zinc finger protein 649 =345 -587
NM_001003395 |Hs.591347 |TPD52L1 Tumor protein D52-like 1 -22,78 -7,30
NM_032801 Hs 150718 |JAM3 Junctional adhesion molecule 3 -9,23 -7.37
NM_003730 Hs.529989 |RNASET2 Ribonuclease T2 -4,70 -7.43
NM_000433 Hs. 587558 |NCF2 Neutrophil cytosolic factor 2 -14,39 -7.68
NM_182643 Hs.134296 |DLCA Deleted in liver cancer 1 -3,52 -9,34
NM_001008540 |Hs.593413 |CXCR4 Chemokine (C-X-C motif) receptor 4 -15,70 -12,23
CR594735 Hs.153408 |CR594735 hypothetical LOC100506305 (Homo sapiens) -8,40 -13,45
NM_001003818 |Hs. 729048 |TRIM6 Tripartite motif-containing 6 -13,03 -16,24
NM_133486 Hs.105134 |MBNL3 Muscleblind-like 3 (Drasophila) -10,32 -17,16
NM_003480 Hs.512842 |MFAP5S Microfibrillar associated protein 5 -17,38 91,67
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AccessNum | UniGenelD Symbol Gene Name FC exp1 FC exp2 |SEQID No

KH domain containing, RNA binding, signal
NM_152688 Hs.519794 |KHDRBS2 transduction associated 2 5,79 11,91 1
NM_015570 Hs.21631 AUT32 Autism susceptibility candidate 2 3,82 10,44 2
NM_032456 Hs.479439 |PCDH7 Protocadherin 7 13,58 8,19 3
NM_207362 Hs 469398 |CZ2orf55 Chromosome 2 open reading frame 55 4,76 7,86 4
NM_000341 Hs.112916 |SLC3A1 Solute carrier family 3 (cystine, dibasic and neutral -2,59 -3,42

amino acid transporters, activator of cystine, dibasic

and neutral amino acid transport), member 1 5
NM_144497 Hs.371240 |AKAP12 A kinase (PRKA) anchor protein 12 -2,96 -4,81 6
NM_016356 Hs.61345 DCDC2 Doublecortin domain containing 2 -4,04 -5,24 7
NM_023074 Hs.148322 |ZNF649 Zinc finger protein 649 -3,45 -5,87 8
NM_032801 Hs.150718 |JAM3 Junctional adhesion molecule 3 -9,23 -7,37 9
NM_003730 Hs.529989 |RNASETZ2 Ribonuclease T2 -4,70 -7,43 10
NM_000433 Hs.587558 |NCF2 Neutrophil cytosolic factor 2 -14,39 -7,68 11
NM_182643 Hs.134296 |DLCA1 Deleted in liver cancer 1 -3,52 -9,34 12
NM_001008540 |Hs.593413 [CXCR4 Chemokine (C-X-C motif) receptor 4 -15,70 -12,23 13
CR594735 Hs.153408 |CR594735 hypothetical LOC100506305 (Homo sapiens) -8,40 -13,45 14
NM_001003818 |Hs. 729048 |[TRIM6 Tripartite motif-containing 6 -13,03 -16,24 15
NM_133486 Hs.105134 |MBNL3 Muscleblind-like 3 (Drosophila) -10,32 17,16 16
NM_003480 Hs.512842 |MFAP5 Microfibrillar associated protein 5 -17,38 -91,67 17
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CLAIMS

1- An in vitro method for predicting or monitoring whether a patient affected by a cancer
is responsive to a treatment with a molecule of the taxoid family, wherein the method comprises:
1) providing a biological sample from said subject; 2) determining in the biological sample the
expression level of the genes JAM3, PCDH7, DCDC2, KHDRBS2, MFAPS5, AUTS2, C2orf55,
SLC3A1, AKAP12, ZNF649, RNASET2, NCF2, DLC1, CXCR4, CR594735, TRIM6, and
MBNL3 thereby predicting or monitoring whether a patient affected by a prostate cancer is

responsive to a trecatment with a molccule of the taxoid family.

2- The mcthod according to claim 1, wherein the method further compriscs comparing
the cxpression level of said genes to a reference cxpression level, the reference cxpression level
being the expression level of the genes in cell-lines or patients sensitive to the treatment by the

molecule of the taxoid family.

3- The method according to claim 2, wherein the over-expression of genes PCDH7,
KHDRBS2, AUTS2, and C2orf55, and/or the under-expression of genes JAM3, DCDC2,
MFAPS, SLC3A1, AKAP12, ZNF649, RNASET2, NCF2, DL.C1, CXCR4, CR594735, TRIMS6,

and MBNL3 are indicative of a resistance to the treatment by the molecule of the taxoid family.

4- The method according to anyone of claims 1-3, wherein the molecule of the taxoid
family is docetaxel, larotaxel, cabazitaxel (XRP6258), BMS-184476, BMS-188797, BMS-
275183, ortataxel, RPR 109881A, RPR 116258, NBT-287, PG-paclitaxel, ABRAXANE®,
Tesetaxel, IDN 5390, Taxoprexin, DHA-paclitaxel, and MAC-321, more preferably docetaxel.

5- The method according to anyone of claims 1-4, wherein the method further comprises
determining the expression level of at least one gene selected from the group consisting of
FBN2, HIST2H2AA4, WDR31, FBXO15, THAP2, BF207040, HISTIH2BK, UNCI3A,
FAM27E3, LOC728613, FAM27El, NPDCI1, HISTIH2BL, UBE2J1, TJP2, HAVCRI,
ZBTB24, CDKALI1, COQ3, TMCC3, ZFPM2, SLC3A2, LIMCHI, EPB41L2, BAGALT4,
BX281122 and TPD52L1.

6- The method according to anyone of claims 1-5, wherein the method further comprises

determining the expression level of the genes FBN2, HIST2ZH2AA4, WDR31, FBXO15,
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THAP2, BF207040, HISTIH2BK, UNCI13A, FAM27E3, LOC728613, FAM27E1, NPDC],
HISTI1H2BL, UBE2J1, TJP2, HAVCRI1, ZBTB24, CDKALI, COQ3, TMCC3, ZFPM2,
SLC3A2, LIMCH1, EPB41L2, BAGALT4, BX281122 and TPD52L1.

7- The method according to anyone of claims 1-6, wherein the method further comprises
determining the expression level of at least one gene selected from the group consisting of the

genes listed in Tables 1-4.

8- Thc mcthod according to anyonc of claims 1-7, whercin the biological samplc is a

cancer sample.

9- The mcthod according to anyonc of claims 1-8, wherein the cancer is sclected from the
group consisting of the breast cancer, the lung cancer, the prostate cancer, the gastric cancer and

the head and neck cancer, more preferably a prostate cancer.

10- Use of a kit for predicting or monitoring whether a patient affected by a cancer is
responsive to a treatment with a molecule of the taxoid family, wherein the kit comprises
detection means selected from the group consisting of a pair of primers, a probe and an antibody
specific to the genes JAM3, PCDH7, DCDC2, KHDRBS2, MFAPS, AUTS2, C2orf55, SLC3A1,
AKAPI12, ZNF649, RNASET2, NCF2, DLC1, CXCR4, CR594735, TRIM6, and MBNL3.

11- Use of DNA chip for predicting or monitoring whether a patient affected by a cancer
is responsive to a treatment with a molecule of the taxoid family, wherein the DNA chip
comprises a solid support which carries nucleic acids that are specific to the genes JAM3,
PCDH7, DCDC2, KHDRBS2, MFAPS5, AUTS2, C2orf55, SLC3Al, AKAPI12, ZNF649,
RNASET2, NCF2, DLC1, CXCR4, CR594735, TRIM6, and MBNL3.

12- The use according to claim 10 or 11, wherein the kit or DNA chip further comprises
detection means for at least one gene selected from the group consisting of FBN2,
HIST2H2AA4, WDR31, FBXO15, THAP2, BF207040, HISTIH2BK, UNC13A, FAM27E3,
LOC728613, FAM27E1, NPDCI1, HISTIH2BL, UBE2J1, TJP2, HAVCR1, ZBTB24, CDKALI,
COQ3, TMCC3, ZFPM2, SLC3A2, LIMCHI1, EPB41L2, BAGALT4, BX281122 and TPD52L1.
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13- A method for screening or identifying a compound suitable for improving the
treatment of a cancer with a molecule of the taxoid family or for reducing the resistance
development during the treatment of a cancer with a molecule of the taxoid family, comprising
1) providing a cell-line with the genes PCDH7, KHDRBS2, AUTS2, and C2orf55 being over-
expressed and the genes JAM3, DCDC2, MFAPS, SLC3A1, AKAP12, ZNF649, RNASET2,
NCF2, DLC1, CXCR4, CR594735, TRIM6, and MBNL3 being under-expressed; 2) contacting
said cell-line with a test compound; 3) determining the expression level of said genes; and, 4)
selecting the compound which decreases the expression level of one or several of the over-
cxpressed genes and incrcasces the cxpression level of onc or scveral of the under-cxpressed

genes.

14- A mcthod for scrccning or identifying a compound suitable for improving the
treatment of a cancer with a molecule of the taxoid family or for reducing the resistance
development during the treatment of a cancer with the molecule of the taxoid family, comprising
1) providing a cell-line sensitive to the molecule of the taxoid family; 2) contacting said cell-line
with a test compound and the molecule of the taxoid family; 3) determining the expression level
of the genes JAM3, PCDH7, DCDC2, KHDRBS2, MFAP5, AUTS2, C2orf55, SLC3AI,
AKAPI12, ZNF649, RNASET2, NCF2, DL.C1, CXCR4, CR594735, TRIM6, and MBNL3; and,
4) selecting the compound which inhibits the appearance of an over-expression of the genes
PCDH7, KHDRBS2, AUTS2, and C2orf55 and/or an under-expression of the genes JAM3,
DCDC2, MFAPS, SLC3A1, AKAP12, ZNF649, RNASET2, NCF2, DLC1, CXCR4, CR594735,
TRIM6, and MBNL3.

15- The method according to any one of claims 13 to 14, wherein the cell-line is a cancer

cell-line.
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(57) Abstract: Therapeutic hybrid compounds having an active moiety and a toxicity reducing moiety are provided, as are meth-
ods of use ot such compounds, methods of preparation of such compounds, and compositions containing such compounds. In
some embodiments, the hybrid compounds have lower toxicity (such as lower neurotoxicity) compared with the non-hybridized
active moiety.

01780



WO 2011/13031°7 A2 000000 T 0 O 0

Published:

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

01781



WO 2011/130317 PCT/US2011/032175

Therapeutic Agents Having Reduced Toxicity

Cross Reference to Related Applications

[0001] This application claims priority under 35 U.S.C. § 119(e)(1) to United States
Provisional Patent Application Serial Nos. 61/323,820, filed April 13, 2010, and 61/324,211,

filed April 14, 2010, the contents of which are incorporated herein by reference.

Background
[0002] Chemically induced peripheral neuropathy (CIPN) is an undesirable condition

that compromises the use of a number of clinically important therapeutics including
paclitaxel, docetaxel, cisplatin, vincristine, and interferon-alpha. Numbness and pain
generally appear first in the extremities, followed by more extreme muscle cramps, aching,
weakness, and even respiratory dysfunction. The taxanes paclitaxel and docetaxel are
mainstay therapeutics for breast cancer and ovarian cancer, and docetaxel is also commonly
used to treat androgen refractory prostate cancer. Docetaxel is sold as Taxotere by Sanofi-
Aventis and has projected sales of over $1.65 billion in 2010.

[0003] Unfortunately, toxicity often limits dosing courses for taxanes and precludes
patient compliance: 33% of patients receiving paclitaxel at 250 mg/m2 experience Grade 3 or
4 neuropathy. CIPN is the most common, non-hematological toxicity for patients undergoing
taxane chemotherapy. In spite of various approaches to lowering PNP including co-
administering additional therapeutics such as gabapentin and glutamine, altering drug
vehicles, changing infusion times, or searching for less neurotoxic taxane derivatives, CIPN
remains an important problem for patients undergoing chemotherapy.

[0004] For taxanes, CIPN is the most commeon cause of dose-limiting toxicity, apart
from neutropenia. A patient’s inability to maintain a therapeutic regimen due to toxicity
limits optimal treatment for taxanes. Neurotoxicity is evident in a number of other important
therapeutics (bortezomib, vinblastine, gemcitabine, e.g.). For many years, it was
hypothesized that the solvent CremophorEL was primarily responsible for dose-limiting
neurotoxicity in treatment regimens including paclitaxel. However, newer paclitaxel
formulations which do not include CremophorEL such as Abraxane, as well as the chemically

related docetaxel, also exhibit chemically induced peripheral neuropathy (CIPN). Although a

-1-
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vast number of taxane derivatives have been synthesized and tested, no FDA-approved
taxanes have significantly reduced CIPN. Accordingly, there remains a need in the art to
develop new anticancer pharmaceuticals (and other pharmaceuticals) that lack or have
substantially reduced neurotoxicity.

[0005] In addition to the problem of neurotoxicity of known anti-cancer
pharmaceuticals, some anticancer agents are difficult to prepare, are expensive to obtain,
have a poor pharmacokinetic profile (which may be reflected in a shorter than desirable half-
life), and/or have significant adverse side effects; all of these drawbacks may result in lower

patient compliance and/or less effective treatment.

Summary

[0006] In one aspect, there is provided herein a method for lowering the neurotoxic
effects of a neurotoxicity producing therapeutic active moiety upon administration to a host,
the method comprising: administering to the host an effective amount of a hybrid compound
of less than about 15000 Daltons comprising the therapeutic active moiety or an active
derivative, fragment or analog thereof and a neurotoxicity lowering moiety, wherein the
neurotoxicity lowering moiety binds to at least one neurotoxicity lowering biomoiety and
substantially reduces at least one neurotoxicity symptom.

[0007] In another aspect there is provided herein a method for reducing the
neurotoxicity of a taxane compound, the method comprising covalently bonding the taxane to
a neurotoxicity-lowering moiety either directly or through an optional linking moiety to form
a hybrid compound.

[0008] In yet another aspect, there is provided herein a compound comprising a
taxane moiety covalently attached either directly or through an optional linking moiety to a
neurotoxicity lowering moiety. For example, in some embodiments of this aspect, there is

provided compounds having the structure of formula (I)

(M
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wherein the variables Al, AZ’, AB’, and A* are as described herein.

[0009] These and other aspects of interest are described in more detail below.

Brief Description of the Figures

[00010] Figure 1 provides blood permeability data showing a comparison between
non-hybridized paclitaxel and a hybrid paclitaxel-ligand.

[00011] Figure 2 provides metabolic stability data. and also shows a comparison
between non-hybridized paclitaxel and a hybrid paclitaxel-ligand.

[00012] Figure 3 provides tumor volume measurement data over a 46 day period, and
compares non-hybridized paclitaxel and a hybrid paclitaxel-ligand.

[00013] Figure 4 provides total neurite outgrowth measurement data for a paclitaxel-
ligand hybrid, and compares the data to paclitaxel and control data.

[00014] Figure 5 provides images of primary cortical neuron (PCN) growth after
exposure to a paclitaxel-ligand hybrid, and compares the data to paclitaxel data.

[00015] Figure 6 provides cell number data, which were recorded for PCNs untreated
(first column) or PCNs treated with: (i) CremophorEL vehicle; (ii) paclitaxel; (iii) a
paclitaxel-ligand hybrid; (iv) free FK506; (v) a paclitaxel-FK506 hybrid.

[00016] Figure 7 provides cytotoxicity data for Paclitaxel and Compound (2) (a
compound prepared according to the disclosure) against SKOV3 cells.

[00017] Figure 8 provides average neurite outgrowth for samples treated with
Compound (2) and compares the data with paclitaxel and control samples.

[00018] Figure 9 provides cell counts for viable cells after treatment with Compound

(2), and compares the data with paclitaxel and control samples.

[00019] Figure 10 provides data for an in vivo study using Compound (1).
Definitions
[00020] Unless otherwise indicated, the disclosure is not limited to specific procedures,

starting materials, or the like, as such may vary. It is also to be understood that the
terminology used herein is for the purpose of describing particular embodiments only and is

not intended to be limiting.
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[00021] As used in the specification and the appended claims, the singular forms "a,"
"an," and "the" include plural referents unless the context clearly dictates otherwise. Thus,
for example, reference to "a reactant" includes not only a single reactant but also a
combination or mixture of two or more different reactant, reference to "a substituent”
includes a single substituent as well as two or more substituents, and the like.

[00022] In describing and claiming the present invention, certain terminology will be
used in accordance with the definitions set out below. It will be appreciated that the
definitions provided herein are not intended to be mutually exclusive. Accordingly, some
chemical moieties may fall within the definition of more than one term.

9 ¢

[00023] As used herein, the phrases ““for example,” “for instance,” “‘such as,” or
“including” are meant to introduce examples that further clarify more general subject matter.
These examples are provided only as an aid for understanding the disclosure, and are not
meant to be limiting in any fashion.

[00024] As used herein, the phrase "having the formula" or "having the structure” is
not intended to be limiting and is used in the same way that the term "comprising” is
commonly used. The term "independently selected from" is used herein to indicate that the
recited elements, e.g., R groups or the like, can be identical or different.

[00025] As used herein, the terms “may,” "optional,” "optionally,” or “may optionally”
mean that the subsequently described circumstance may or may not occur, so that the
description includes instances where the circumstance occurs and instances where it does not.
For example, the phrase "optionally substituted" means that a non-hydrogen substituent may
or may not be present on a given atom, and, thus, the description includes structures wherein
a non-hydrogen substituent is present and structures wherein a non-hydrogen substituent is
not present.

[00026] The term "alkyl" as used herein refers to a branched or unbranched saturated
hydrocarbon group (i.e., a mono-radical) typically although not necessarily containing 1 to
about 24 carbon atoms, such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, -butyl,
octyl, decyl, and the like, as well as cycloalkyl groups such as cyclopentyl, cyclohexyl and
the like. Generally, although not necessarily, alkyl groups herein may contain 1 to about 18
carbon atoms, and such groups may contain 1 to about 12 carbon atoms. The term "lower
alkyl" intends an alkyl group of 1 to 6 carbon atoms. "Substituted alkyl" refers to alkyl
substituted with one or more substituent groups, and this includes instances wherein two
hydrogen atoms from the same carbon atom in an alkyl substituent are replaced, such as in a

carbonyl group (i.e., a substituted alkyl group may include a -C(=0)- moiety). The terms

-4 -
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"heteroatom-containing alkyl" and "heteroalkyl" refer to an alkyl substituent in which at least
one carbon atom is replaced with a heteroatom, as described in further detail infra. If not
otherwise indicated, the terms "alkyl" and "lower alkyl" include linear, branched, cyclic,
unsubstituted, substituted, and/or heteroatom-containing alkyl or lower alkyl, respectively.
[00027] The term "alkenyl" as used herein refers to a linear, branched or cyclic
hydrocarbon group of 2 to about 24 carbon atoms containing at least one double bond, such
as ethenyl, n-propenyl, isopropenyl, n-butenyl, isobutenyl, octenyl, decenyl, tetradecenyl,
hexadecenyl, eicosenyl, tetracosenyl, and the like. Generally, although again not necessarily,
alkenyl groups herein may contain 2 to about 18 carbon atoms, and for example may contain
2 to 12 carbon atoms. The term "lower alkenyl" intends an alkenyl group of 2 to 6 carbon
atoms. The term "substituted alkenyl" refers to alkenyl substituted with one or more
substituent groups, and the terms "heteroatom-containing alkenyl" and "heteroalkenyl" refer
to alkenyl in which at least one carbon atom is replaced with a heteroatom. If not otherwise
indicated, the terms "alkenyl" and "lower alkenyl" include linear, branched, cyclic,
unsubstituted, substituted, and/or heteroatom-containing alkenyl and lower alkenyl,
respectively.

[00028] The term "alkynyl" as used herein refers to a linear or branched hydrocarbon
group of 2 to 24 carbon atoms containing at least one triple bond, such as ethynyl, 7n-
propynyl, and the like. Generally, although again not necessarily, alkynyl groups herein may
contain 2 to about 18 carbon atoms, and such groups may further contain 2 to 12 carbon
atoms. The term "lower alkynyl" intends an alkynyl group of 2 to 6 carbon atoms. The term
"substituted alkynyl" refers to alkynyl substituted with one or more substituent groups, and
the terms "heteroatom-containing alkynyl" and "heteroalkynyl" refer to alkynyl in which at
least one carbon atom is replaced with a heteroatom. If not otherwise indicated, the terms
"alkynyl" and "lower alkynyl" include linear, branched, unsubstituted, substituted, and/or
heteroatom-containing alkynyl and lower alkynyl, respectively.

[00029] The term "alkoxy" as used herein intends an alkyl group bound through a
single, terminal ether linkage; that is, an "alkoxy" group may be represented as -O-alkyl
where alkyl is as defined above. A "lower alkoxy" group intends an alkoxy group containing
1 to 6 carbon atoms, and includes, for example, methoxy, ethoxy, n-propoxy, isopropoxy, t-
butyloxy, etc. Substituents identified as "C;-Cg alkoxy" or "lower alkoxy" herein may, for
example, may contain 1 to 3 carbon atoms, and as a further example, such substituents may

contain 1 or 2 carbon atoms (i.e., methoxy and ethoxy).
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[00030] The term "aryl" as used herein, and unless otherwise specified, refers to an
aromatic substituent generally, although not necessarily, containing 5 to 30 carbon atoms and
containing a single aromatic ring or multiple aromatic rings that are fused together, directly
linked, or indirectly linked (such that the different aromatic rings are bound to a common
group such as a methylene or ethylene moiety). Aryl groups may, for example, contain 5 to
20 carbon atoms, and as a further example, aryl groups may contain 5 to 12 carbon atoms.
For example, aryl groups may contain one aromatic ring or two or more fused or linked
aromatic rings (i.e., biaryl, aryl-substituted aryl, etc.). Examples include phenyl, naphthyl,
biphenyl, diphenylether, diphenylamine, benzophenone, and the like. "Substituted aryl"
refers to an aryl moiety substituted with one or more substituent groups, and the terms
"heteroatom-containing aryl" and "heteroaryl" refer to aryl substituent, in which at least one
carbon atom is replaced with a heteroatom, as will be described in further detail infra. If not
otherwise indicated, the term "aryl" includes unsubstituted, substituted, and/or heteroatom-
containing aromatic substituents.

[00031] The term "aralkyl” refers to an alkyl group with an aryl substituent, and the
term "alkaryl" refers to an aryl group with an alkyl substituent, wherein "alkyl” and "aryl" are
as defined above. In general, aralkyl and alkaryl groups herein contain 6 to 30 carbon atoms.
Aralkyl and alkaryl groups may, for example, contain 6 to 20 carbon atoms, and as a further
example, such groups may contain 6 to 12 carbon atoms.

[00032] The term "alkylene” as used herein refers to a di-radical alkyl group. Unless
otherwise indicated, such groups include saturated hydrocarbon chains containing from 1 to
24 carbon atoms, which may be substituted or unsubstituted, may contain one or more
alicyclic groups, and may be heteroatom-containing. "Lower alkylene" refers to alkylene
linkages containing from 1 to 6 carbon atoms. Examples include, methylene (--CHa--),
ethylene (--CH,CH,--), propylene (--CH,CH,CH,--), 2-methylpropylene (--CH,--CH(CH3)--
CH;--), hexylene (--(CH;)¢—-) and the like.

[00033] Similarly, the terms "alkenylene,” "alkynylene," "arylene," "aralkylene," and
"alkarylene" as used herein refer to di-radical alkenyl, alkynyl, aryl, aralkyl, and alkaryl
groups, respectively.

[00034] The term "amino” is used herein to refer to the group -NZ'Z? wherein Z' and
Z” are hydrogen or nonhydrogen substituents, with nonhydrogen substituents including, for
example, alkyl, aryl, alkenyl, aralkyl, and substituted and/or heteroatom-containing variants

thereof.
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[00035] The terms "halo" and "halogen" are used in the conventional sense to refer to a
chloro, bromo, fluoro or iodo substituent.

[00036] The term "heteroatom-containing" as in a "heteroatom-containing alkyl group”
(also termed a "heteroalkyl" group) or a "heteroatom-containing aryl group"” (also termed a
"heteroaryl" group) refers to a molecule, linkage or substituent in which one or more carbon
atoms are replaced with an atom other than carbon, e.g., nitrogen, oxygen, sulfur, phosphorus
or silicon, typically nitrogen, oxygen or sulfur. Similarly, the term "heteroalkyl" refers to an
alkyl substituent that is heteroatom-containing, the term "heterocyclic” refers to a cyclic
substituent that is heteroatom-containing, the terms "heteroaryl" and "heteroaromatic"
respectively refer to "aryl" and "aromatic” substituents that are heteroatom-containing, and
the like. Examples of heteroalkyl groups include alkoxyaryl, alkylsulfanyl-substituted alkyl,
N-alkylated amino alkyl, and the like. Examples of heteroaryl substituents include pyrrolyl,
pyrrolidinyl, pyridinyl, quinolinyl, indolyl, furyl, pyrimidinyl, imidazolyl, 1,2,4-triazoly],
tetrazolyl, etc., and examples of heteroatom-containing alicyclic groups are pyrrolidino,
morpholino, piperazino, piperidino, tetrahydrofuranyl, etc.

[00037] "Hydrocarbyl" refers to univalent hydrocarbyl radicals containing 1 to about
30 carbon atoms, including 1 to about 24 carbon atoms, further including 1 to about 18
carbon atoms, and further including about 1 to 12 carbon atoms, including linear, branched,
cyclic, saturated and unsaturated species, such as alkyl groups, alkenyl groups, aryl groups,
and the like. "Substituted hydrocarbyl" refers to hydrocarbyl substituted with one or more
substituent groups, and the term "heteroatom-containing hydrocarbyl" refers to hydrocarbyl
in which at least one carbon atom is replaced with a heteroatom. Unless otherwise indicated,
the term "hydrocarbyl" is to be interpreted as including substituted and/or heteroatom-
containing hydrocarbyl moieties.

[00038] By "substituted" as in "substituted hydrocarbyl," "substituted alkyl,"
"substituted aryl," and the like, as alluded to in some of the aforementioned definitions, is
meant that in the hydrocarbyl, alkyl, aryl, or other moiety, at least one hydrogen atom bound
to a carbon (or other) atom is replaced with one or more non-hydrogen substituents.
Examples of such substituents include, without limitation, functional groups, and the
hydrocarbyl moieties C1-Cpq alkyl (including C;-Cig alkyl, further including C;-Cj; alkyl, and
further including C;-C¢ alkyl), C»,-C24 alkenyl (including C,-C;3 alkenyl, further including C,-
Ci2 alkenyl, and further including C»-Cg alkenyl), C2-Cy4 alkynyl (including C,-C;g alkynyl,
further including C,-C; alkynyl, and further including C,-C¢ alkynyl), Cs-Csp aryl (including
Cs5-Cyp aryl, and further including Cs-C;, aryl), and Cg-Csg aralkyl (including C4-Csg aralkyl,

-7 -
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and further including Cs-C;, aralkyl). The above-mentioned hydrocarbyl moieties may be
further substituted with one or more functional groups or additional hydrocarbyl moieties
such as those specifically enumerated.

[00039] By the term “functional groups™ is meant chemical groups such as halo,
hydroxyl, sulfhydryl, C;-C,, alkoxy, C,-C,,4 alkenyloxy, C,-C,y alkynyloxy, Cs-Cyg aryloxy,
acyl (including C,-Cyy alkylcarbonyl (-CO-alkyl) and Cg-Cyg arylcarbonyl (-CO-aryl)),
acyloxy (-O-acyl), C>-Ca4 alkoxycarbonyl (-(CO)-O-alkyl). Cs-Cao aryloxycarbonyl (-(CO)-
O-aryl), halocarbonyl (-CO)-X where X is halo), C;-Cs4 alkylcarbonato (-O-(CO)-O-alkyl),
Ce-Cyp arylcarbonato (-O-(CO)-O-aryl), carboxy (-COOH), carboxylato (-COQ" ), carbamoyl
(-(CO)-NH3), mono-substituted C,-C,4 alkylcarbamoyl (-(CO)-NH(C,-C»4 alkyl)). di-
substituted alkylcarbamoyl (-(CO)-N(C-Cz4 alkyl);), mono-substituted arylcarbamoyl
(-(CO)-NH-aryl), thiocarbamoyl (-(CS)-NH>), carbamido (-NH-(CO)-NH), cyano (-C=N),
isocyano (-N"=C), cyanato (-O-C=N), isocyanato (-O-N"=C"), isothiocyanato (-S-C=N),
azido (-N=N"=N"), formyl (-(CO)-H), thioformyl (-(CS)-H), amino (-NH,), mono- and di-
(C1-C24 alkyl)-substituted amino, mono- and di-(Cs-Cy aryl)-substituted amino, C;-Caa
alkylamido (-NH-(CO)-alkyl), Cs-Cy arylamido (-NH-(CQ)-aryl), imino (-CR=NH where R
= hydrogen, C-Cy4 alkyl, Cs-Cyp aryl, Ce-Cop alkaryl, C-Cyg aralkyl, etc.), alkylimino
(-CR=N(alkyl), where R = hydrogen, alkyl, aryl, alkaryl, etc.), arylimino (-CR=N(aryl),
where R = hydrogen, alkyl, aryl, alkaryl, etc.), nitro (-NQO,), nitroso (-NO), sulfo (-SO;-OH),
sulfonato (-SO,-0"), C1-Cyy alkylsulfanyl (-S-alkyl; also termed "alkylthio"), arylsulfanyl
(-S-aryl; also termed "arylthio"), C1-Cyy4 alkylsulfinyl (-(SO)-alkyl), Cs-Cyp arylsulfinyl
(-(SO)-aryl), C-C,y4 alkylsulfonyl (-SO;-alkyl), Cs5-Cyg arylsulfonyl (-SO;-aryl), phosphono
(-P(O)(OH)3), phosphonato (-P(O)(O")2), phosphinato (-P(0O)(O7)), phospho (-PO), and
phosphino (-PH>), mono- and di-(C;-C»4 alkyl)-substituted phosphino, mono- and di-(Cs-Cag
aryl)-substituted phosphine. In addition, the aforementioned functional groups may, if a
particular group permits, be further substituted with one or more additional functional groups
or with one or more hydrocarbyl moieties such as those specifically enumerated above.
[00040] By "linking" or "linker" as in "linking group," "linker moiety," etc., is meant a
bivalent radical moiety. Examples of such linking groups include alkylene, alkenylene,
alkynylene, arylene, alkarylene, aralkylene, and linking moieties containing functional groups
including, without limitation: amido (-NH-CO-), ureylene (-NH-CO-NH-), imide
(-CO-NH-CO-) , epoxy (-O-), epithio (-S-), epidioxy (-O-0O-), carbonyldioxy (-O-CO-0O-),
alkyldioxy (-O-(CH),-O-), epoxyimino (-O-NH-), epimino (-NH-), carbonyl (-CO-), etc.
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[00041] When the term "substituted" appears prior to a list of possible substituted
groups, it is intended that the term apply to every member of that group. For example, the
phrase "substituted alkyl and aryl" is to be interpreted as "substituted alkyl and substituted
aryl."

[00042] Unless otherwise specified, reference to an atom is meant to include isotopes
of that atom. For example, reference to H is meant to include lH, H (i.e., D) and ‘H (i.e., T),
and reference to C is meant to include '*>C and all isotopes of carbon (such as 13C).

[00043] The term “hybrid compound” as used herein refers to a drug moiety (also
referred to herein as a “first active moiety””) and neurotoxicity lowering moiety (also referred
to herein as a *“‘second active moiety’”) that are linked by covalent bonds. The covalent linkage
may be via a linking moiety or via a direct covalent bond between the two moieties.

[00044] Unless otherwise indicated, the terms "treating” and "treatment” as used herein
refer to reduction in severity and/or frequency of symptoms, elimination of symptoms and/or
underlying cause, prevention of the occurrence of symptoms and/or their underlying cause,
and improvement or remediation of damage. Thus, the terms include prophylactic use of
active agents. "Preventing” a disorder or unwanted physiological event in a patient refers
specifically to the prevention of the occurrence of symptoms and/or their underlying cause,
wherein the patient may or may not exhibit heightened susceptibility to the disorder or event.
[00045] By the term "effective amount” of a therapeutic agent is meant a nontoxic but
sufficient amount of a beneficial agent to provide a desirable effect.

[00046] As used herein, and unless specifically stated otherwise, an “effective amount”
of a beneficial refers to an amount covering both therapeutically effective amounts and
prophylactically effective amounts.

[00047] As used herein, a "therapeutically effective amount” of an active agent refers
to an amount that is effective to achieve a desirable therapeutic result, and a "prophylactically
effective amount” of an active agent refers to an amount that is effective to prevent or lessen
the severity of an unwanted physiological condition.

[00048] By a "pharmaceutically acceptable” component is meant a component that is
not biologically or otherwise undesirable, i.e., the component may be incorporated into a
pharmaceutical formulation of the disclosure and administered to a patient as described
herein without causing any significant undesirable biological effects or interacting in a delete-
rious manner with any of the other components of the formulation in which it is contained.
When the term "pharmaceutically acceptable” is used to refer to an excipient, it is generally

implied that the component has met the required standards of toxicological and
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manufacturing testing or that it is included on the Inactive Ingredient Guide prepared by the
U.S. Food and Drug Administration.

[00049] The term "pharmacologically active" (or simply "active"), as in a
"pharmacologically active" derivative or analog, refers to a derivative or analog (e.g., a salt,
ester, amide, conjugate, metabolite, isomer, fragment, etc.) having the same type of
pharmacological activity as the parent compound and approximately equivalent in degree.
[00050] The term "controlled release” refers to a formulation, dosage form, or region
thereof from which release of a beneficial agent is not immediate, i.e., with a "controlled
release” dosage form, administration does not result in immediate release of the beneficial
agent in an absorption pool. The term is used interchangeably with "nonimmediate release"
as defined in Remington: The Science and Practice of Pharmacy, Nineteenth Ed. (Easton,
PA: Mack Publishing Company, 1995). In general, the term "controlled release” as used
herein includes sustained release and delayed release formulations.

[00051] The term "sustained release” (synonymous with "extended release"”) is used in
1ts conventional sense to refer to a formulation, dosage form, or region thereof that provides
for gradual release of a beneficial agent over an extended period of time, and that preferably,
although not necessarily, results in substantially constant blood levels of the agent over an
extended time period.

[00052] The term "neurotoxicity lowering biomoiety" may refer to proteins, nucleic
acids, carbohydrates, lipid, or any naturally occurring moiety in an organism that interacts
with the neurotoxicity lowering moiety to produce a neurotoxicity lowering effect.

[00053] The term "naturally occurring” refers to a compound or composition that
occurs in nature, regardless of whether the compound or composition has been isolated from

a natural source or chemically synthesized.

Detailed Description

[00054] In some embodiments, then, there is disclosed herein hybrid compounds
comprising an active moiety and a toxicity reducing moiety. The two moieties are covalently
linked, wherein such linkage may be a direct bond or may be via an optional linker moiety
that is covalently bonded to each of the active moiety and the toxicity reducing moiety. For
example, the active moiety is an anticancer moiety, and the toxicity lowering moiety is a
neurotoxicity lowering moiety. Also for example, the toxicity reducing moiety is a

neurotoxicity lowering moiety and is a neurotrophic ligand. In some embodiments, the
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neurotrophic ligand specifically targets neurotoxicity lowering biomoieties including FKBP
proteins such as FKBP52 and FKBP38§, or heat shock proteins.

[00055] In some embodiments, the hybrids compounds (also referred to herein as
“conjugates,” “hybrid compounds,” “hybrids,” or simply as “compounds”) of interest are at
least equipotent with the active moiety in non-hybridized form. In addition to being at least
equipotent, the compounds of interest are also substantially less neurotoxic compared with
the active moiety in non-hybridized form. For example, a paclitaxel-neurotrophic ligand
hybrid compound according to the disclosure is at least equipotent with paclitaxel alone, but
exhibits substantially reduced neurotoxicity when administered to a patient.

[00056] Although equipotency is preferred, in some embodiments the compounds of
the invention exhibit somewhat reduced potency compared with the active moiety in non-
hybridized form. In some embodiments, such reduced potency is no more than 10% reduced,
or 20% reduced, or 25% reduced, or 30% reduced, or 40% reduced, or 50% reduced.
[00057] The compounds of interest have reduced toxicity compared with the non-
hybridized active compound. For example, by one method of measure, a compound of
interest is substantially less neurotoxic than the native (non-hybridized) active moiety,
wherein “substantially less neurotoxic™ occurs when a statistically significant portion of
patients receiving treatment with the hybridized compound exhibit reduced symptoms of a
neurologic side effect (such as CIPN). By “reduced symptoms” is meant that the symptoms
may be reduced by at least 10%, reduced by at least 20%, reduced by at least 25%, reduced
by at least 30%, reduced by at least 40%, reduced by at least 50%, reduced by at least 75%,
or reduced by 100% (i.e., the patient exhibits no neurotoxic symptoms).

[00058] In some embodiments, the compounds of interest are conjugates of an
anticancer moiety and a neurotoxicity lowering moiety, both of which are covalently bound
either directly to each other or via an optional linker moiety. In some such embodiments, the
neurotoxicity lowering moiety has a dissociation constant of less than 10 pM, or less than
9000 nM, or less than 8000 nM, or less than 7000 nM, or less than 6000 nM, or less than
5000 nM, or less than 4000 nM, or less than 3000 nM, or less than 2000 nM, or less than
1000 nM with an FKBP protein (such as, for example, FKBP52 or FKBP38) or a heat shock
protein. In some such embodiments, the neurotoxicity lowering moiety's dissociation constant
for FKBP52 divided by the neurotoxicity lowering moiety's dissociation constant for
FKBP12 is greater than 0.1, or greater than 0.2, or greater than 0.3, or greater than 0.4, or

greater than 0.5.
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[00059] In some embodiments, the compounds of the invention achieve reduced
neurotoxicity (e.g., reduced CINP) by incorporating into a single compound both a
neurotrophic moiety having nanomolar affinity for one or more FKBP proteins and an active
moiety such as a taxane moiety. In some embodiments, the toxicity-reducing moiety is a
neuroimmunophilin moiety.

[00060] In some embodiments, the disclosure provides compounds having two or three
components: a first active moiety, a second active moiety, and an optional linker moiety that
links the first active moiety with the second active moiety. In some embodiments the three
components are linked via covalent bonds. In other words, the first and second active
moieties are each linked to the linking moiety via one (or more) covalent bond(s). In some
embodiments, the linker moiety is absent, such that the first and second active moieties are
directly connected via a covalent bond. As described herein, in some embodiments the
linkage between the first and second active moieties may be labile such that the moieties are
only transiently linked.

[00061] In some embodiments, the compounds have a total molecular weight of less
than about 15000 D, or less than about 12500 D, or less than about 10000 D, or less than
about 7500 D, or less than about 5000 D, or less than about 4000 D, or less than about 3000
D, or less than about 2000 D, or less than about 1500 D, or less than about 1000 D.

[00062] In some embodiments, the first active moiety is a therapeutically active
moiety, derivative, fragment, or analog thereof (collectively referred to herein as a
“therapeutically active moiety” or “therapeutic’’), wherein such therapeutically active moiety
is useful in the treatment of an undesirable medical condition in a patient. For example, in
some embodiments, the first active moiety is an anti-cancer moiety, derivative, fragment, or
analog thereof (collectively referred to herein as an “anti-cancer moiety”’). More specifically,
in some embodiments, the first active moiety is a taxane moiety, or a derivative, fragment, or
analog thereof (collectively referred to herein as a “taxane moiety”). Examples of suitable
taxane moieties include paclitaxel, docetaxel, and cabazitaxel. It will be appreciated that, for
the moiety used as the first active moiety, at least one of the atoms (e.g. a hydrogen atom)
will be replaced to accommodate a covalent linkage between the first active moiety and the
linking moiety or the second active moiety. For example, when the first active moiety is said
herein to be “paclitaxel,” it will be appreciated that the moiety is in fact the paclitaxel
structure having at least one atom replaced with a covalent bond to the linking compound or
second active moiety. In other words, the “paclitaxel” moiety used as the first active moiety

is not, in fact, the complete paclitaxel structure, but rather is the paclitaxel structure modified
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(by replacement of at least one atom) to accommodate a covalent linkage to the linking
moiety or second active moiety. This convention applies throughout the instant disclosure
wherever a molecule, moiety, or fragment is described as being covalently attached to
another molecule, moiety, or fragment.

[00063] Where the first active moiety is a taxane moiety, it may connect to the second
active moiety or the linker moiety through any of the oxygen groups at the C-2°, C-7, or C-10
positions (taxane structures typically have hydroxyl groups at the C-2° and C-7 positions, and
an acetyloxy group at the C-10 position — see the structure and numbering scheme of

Paclitaxel below).

Pacinast

[00064] In some embodiments, the acetyloxy group at the C-10 position is not present,
as described and shown in the structures below.

[00065] Although the C-2°, C-7, and C-10 positions are specifically mentioned here, it
will be appreciated that connections through other positions of the taxane moiety are within
the scope of interest.

[00066] Some examples of first active moieties, wherein the stars indicate their points

of attachment to the linker moiety or the second active moiety, are shown below:
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[00067] In some embodiments, the first active moiety is attached to a linker in two
locations, such that the linker and first active moiety create a cyclic structure. For example,
the linker may attach to the first active moiety at two positions selected from the C-2’, C-7,
and C-10 positions. In such embodiments, the linker comprises a branch point where the
second active moiety attaches. For example, in some embodiments the second active moiety
attaches to a position on an aryl ring of the linking moiety.

[00068] The second active moiety is a toxicity lowering moiety, and in some
embodiments, the second active moiety is a neurotoxicity lowering moiety. In some
embodiments, the second active moiety is a ligand for FKBP protein. In some embodiments,
the second active moiety is a ligand for FKBP52 or FKBP38. In some embodiments, the
second active moiety is a ligand for a heat shock protein. For example, in some embodiments,
the neurotoxicity lowering moiety has a dissociation constant of less than 10 uM with an
FKBP protein, or less than 9000 nm with an FKBP protein (e.g. FKBP52 or FKBP38). In
some such embodiments, the neurotoxicity lowering moiety has a dissociation constant of
less than 10 uM with a heat shock protein, or less than 9000 nm with a heat shock protein. In
some embodiments, the second active moiety is a neuroimmunophilin ligand. Examples of
suitable second active moieties are provided in the following paragraphs as well as the
examples provided herein.

[00069] The second active moiety may be selected [rom Units A, B, C, D, E, and F:
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[00070]
[00071]
[00072]
[00073]

wherein:
p represents an integer from () to 2;
R®is selected from hydrocarbyl groups; and

the stars represent the point of connection to the first active moiety or, when

present, the linking moiety as described herein.

[00074]

For example, in some embodiments, R* is an alkyl group such as a methyl,

ethyl, or propyl group. For example, R is methyl.

[00075]

The linker component is an optional moiety that, when present, covalently

links the two active moieties. Thus, in some embodiments, the linking moiety links the

therapeutic active moiety with the neurotoxicity lowering moiety. When the linker is not

present, the two active moieties may be linked via a direct covalent bond. Some embodiments

of the linker affect the potency of the overall compound and/or can also be used to optimize
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solubility of the overall compound. The linker can also be varied in order to modify the
pharmacological and/or chemical properties of the conjugate compound.

[00076] Some examples of linking moieties include alkylene linkers, amides, ureas,
sulfoxides, sulfonamides, amines (including polyamines), carbonyls, ethers (including
polyethers), and combinations thereof. For example, some combinations include amide/urea
combinations, amide/amide combinations, sulfoxide/ether combinations, amide/ether
combinations, amine/ether combinations, amide/amine combinations, carbonyl/amide
combinations, and other combinations as appropriate. Such linkers may include unsaturated

or saturated segments. Some examples of linking moieties include the following structures:
O O O o o

*)LLaJLN/* *)LLaJL* *\LaJLN/*

H H

wherein 1.? is a linking moieties selected from hydrocarbyl, substituted hydrocarbyl,

heteroatom-containing hydrocarbyl, and substituted heteroatom-containing hydrocarbyl.

[00077] Further examples of linking moieties include the structures shown below.
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[00078] wherein:
[00079] R, R?, and R? are selected from H, hydrocarbyl, and functional groups;
[00080] the stars (which may be alternatively and equivalently represented herein by

wavy lines) represent attachment points to the remainder of the compound; and

[00081] m, n, and q represent independently selected integers.

[00082] For example, the integer values for m, n, and g may, for example, be 0, 1, 2, 3,
4,5,6,7,8,9, 10, or greater than 10,

[00083] Also for example, R, Rz, and R® may be selected from alkyl, aryl, substituted

alkyl, substituted aryl, heteroatom containing alkyl, heteroaryl, and functional groups such as
hydroxyl, amino, carboxyl, and the like as defined above.

[00084] Protected versions of any of the abovementioned linkers (e.g. a linker having a
hydroxyl group protected by a protecting group) are also within the scope of the linkers of
interest. Furthermore, it will be appreciated that the linkers may be attached to the first and
second active moieties in either ““direction’ (i.e. as written above or in reverse orientation).
[00085] In some embodiments, the linking moiety is a flexible polymeric linker. By
“polymeric” is meant that the linker contains a unit that is repeated two or more times. For
example, a polyalkylene oxide or polyethyleneamine linker provides increased water
solubility and increased flexibility between the first and second moieties. In some
cmbodiments, the flexible polymcric unit results in a slight decrcasc in cfficacy of the first
active moiety (i.e. relative to the parent, non-hybridized active compound). In some
embodiments, however, the hybrid compound retains some efficacy, and in some
embodiments, the hybrid compound is equipotent compared with the parent non-hybridized

compound. In some embodiments, the polymeric linker does not affect cell permeability of
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the hybrid compound, and in some embodiments the polymeric linker reduces cell
permeability slightly but not to the point that the hybrid compound loses all efficacy.

[00086] In some embodiments, the linker comprises a polyethylene oxide moiety
having 2, 3, 4, 5, 6, or more ethylene oxide repeat units. Such linkers may further contain
alkylene portions and/or functional groups (e.g., amide groups, amine groups, carbonyl
groups, ester groups, additional ether groups, and combinations thereof) between the
polyethylene oxide moiety and the first and/or second active moieties.

[00087] The linker moiety may be, in some embodiments, a labile moiety such that the
first and second active moieties are only transiently linked. Thus, in some embodiments, the
linker moiety is labile in vivo such that, when administered to the patient, the compound
degrades to produce a neurotoxicity-reducing moiety and an active moiety (e.g., an anti-
cancer moiety) that are no longer linked. It will be appreciated that such degradation can be
designed to occur under desirable conditions (e.g., when the compound reaches cancerous
cells). For example, the compound may be administered as a formulation wherein the
compound is contained within a liposome, and the compound degrades when it leaves the
liposome environment.

[00088] In some embodiments, the disclosure provides compounds having the structure

of formula (I)

q)
[00089] wherein:
[00090] A% is selected from H, hydrocarbyl, substituted hydrocarbyl, heteroatom-

containing hydrocarbyl, and substituted heteroatom-containing hydrocarbyl, provided that A%
optionally comprises the moiety A%;

[00091] A" is selected from —O-A” and —A™;

[00092] one of Al, A%, A%, and A? is selected from —U and —L—U, and the others are
selected from H, and alkyl, provided that A* may be taken together with A* to form a cycle;
[00093] L is a linking moiety; and
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[00094] U is a toxicity lowering moiety.

[00095] For example, in various embodiments, L is selected from any of the linking
moieties described herein, and U is selected from any of the second active moieties described
herein.

[00096] Also for example, in some embodiments, Al is selected from U, LU,
acetyl, methyl, and H. In some embodiments, Al is selected from H or methyl.

[00097] Also for example, in some embodiments, A% isa carbonyl-containing moiety
that further contains the moiety A*. For example, A% is an acetyl moiety. In some
embodiments, A” is an isoserine residue such as a phenylisoserine residue or a derivative
thereof.

[00098] Also for example, in some embodiments, A* is selected from —U, —1-U,
acetyl, methyl, and H. In some embodiments, A%isH.

[00099] Also for example, in some embodiments, A’ is selected from —U, —[-U,
acetyl, methyl, and H. In some embodiments, A3 is —L—U or acetyl.

[000100] In certain embodiments, the disclosure provides compounds having the

structure of formula (Ia)

(Ia)

[000101] wherein:

[000102] R is selected from hydrocarbyl, substituted hydrocarbyl, heteroatom-
containing hydrocarbyl, and substituted heteroatom-containing hydrocarbyl; and

[000103] Al, Az, and A? are as defined above for formula (D).

[000104] For example, in some embodiments, R is selected from alkyl, alkoxy, aryl, and
aryloxy. In some embodiments, R is phenyl, and in other embodiments, R is tert-butoxyl.
[000105] Some embodiments include compounds having the structure of formula (I),
wherein the core structure is that of paclitaxel, docetaxel, or carbazitaxel except that one of

Al, AZ, or A®is —U or -L-U.
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[000106] In some embodiments, the neurotoxicity of the compound when administered
to a patient is lower than the neurotoxicity of a compound having the same structure but
lacking a —U or —L-U moiety (e.g. having H or alkyl in place of —U or —L-U).

[000107] As described herein in the examples and accompanying disclosure, the relative
toxicity of the compounds of interest compared with the parent (non-hybridized) anti-cancer
compound may be measured by the normal methods for measuring toxicity of such
compounds. In some embodiments, the compounds of interest produce fewer and/or less
intense symptoms of chemically induced peripheral neuropathy (CIPN) in patients receiving
the compound as compared with patients receiving the parent (non-hybridized) anti-cancer
compound.

[000108] It will be appreciated that, for a compound comprising a first active moiety
and a second active moiety, the “parent anti-cancer compound” refers to the first active
moiety without having been hybridized by linking to the second active moiety. For example,
for a paclitaxel-FK506 hybrid compound, the parent anti-cancer compound is non-hybridized
paclitaxel.

[000109] A selection of example compounds of interest is shown in the Schemes and
Figures set forth herein.

[000110] Any of the compounds of the disclosure may be administered in the form of a
salt, ester, amide, prodrug, active metabolite, analog, or the like, provided that the salt, ester,
amide, prodrug, active metabolite or analog is pharmaceutically acceptable and
pharmacologically active in the present context. Salts, esters, amides, prodrugs, active
metabolites, analogs, and other derivatives of the active agents may be prepared using
standard procedures known to those skilled in the art of synthetic organic chemistry and
described, for example, by J. March, Advarnced Organic Chemistry: Reactions, Mechanisms
and Structure, 5th Ed. (New York: Wiley-Interscience, 2001). Furthermore, where
appropriate, functional groups on the compounds of the disclosure may be protected from
undesired reactions during preparation or administration using protecting group chemistry.
Suitable protecting groups are described, for example, in Green, Protective Groups in

Organic Synthesis, 3rd Ed. (New York: Wiley-Interscience, 1999).
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[000111] For example, where appropriate, any of the compounds described herein may
be in the form of a pharmaceutically acceptable salt. A pharmaceutically acceptable salt may
be prepared from any pharmaceutically acceptable organic acid or base, any pharmaceutically
acceptable inorganic acid or base, or combinations thereof. The acid or base used to prepare
the salt may be naturally occurring.

[000112] Suitable organic acids for preparing acid addition salts include, e.g., C1-Csg
alkyl and Cs-C1» aryl carboxylic acids, di-carboxylic acids, and tri-carboxylic acids such as
acetic acid, propionic acid, succinic acid, maleic acid, fumaric acid, tartaric acid, glycolic
acid, citric acid, pyruvic acid, oxalic acid, malic acid, malonic acid, benzoic acid, cinnamic
acid, mandelic acid, salicylic acid, phthalic acid, and terephthalic acid, and aryl and alkyl
sulfonic acids such as methanesulfonic acid, ethanesulfonic acid, and p-toluenesulfonic acid,
and the like. Suitable inorganic acids for preparing acid addition salts include, e.g.,
hydrochloric acid, hydrobromic acid, hydroicdic acid, sulfuric acid, nitric acid, and
phosphoric acid, and the like. An acid addition salt may be reconverted to the free base by
treatment with a suitable base.

[000113] Suitable organic bases for preparing basic addition salts include, e.g., primary,
secondary and tertiary amines, such as trimethylamine, triethylamine, tripropylamine, N,N-
dibenzylethylenediamine, 2-dimethylaminoethanol, ethanolamine, ethylenediamine,
glucamine, glucosamine, histidine, and polyamine resins, cyclic amines such as caffeine, N-
ethylmorpholine, N-ethylpiperidine, and purine, and salts of amines such as betaine, choline,
and procaine, and the like. Suitable inorganic bases for preparing basic addition salts include,
e.g., salts derived from sodium, potassium, ammonium, calcium, ferric, ferrous, aluminum,
lithium, magnesium, or zinc such as sodium hydroxide, potassium hydroxide, calcium
carbonate, sodium carbonate, and potassium carbonate, and the like. A basic addition salt
may be reconverted to the free acid by treatment with a suitable acid.

[000114] Preparation of esters involves transformation of a carboxylic acid group via a
conventional esterification reaction involving nucleophilic attack of an RO™ moiety at the
carbonyl carbon. Esterification may also be carried out by reaction of a hydroxyl group with
an esterification reagent such as an acid chloride. Esters can be reconverted to the free acids,
if desired, by using conventional hydrogenolysis or hydrolysis procedures. Amides may be
prepared from esters, using suitable amine reactants, or they may be prepared from an
anhydride or an acid chloride by reaction with ammonia or a lower alkyl amine. Prodrugs
and active metabolites may also be prepared using techniques known to those skilled in the

art or described in the pertinent literature. Prodrugs are typically prepared by covalent
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attachment of a moiety that results in a compound that is therapeutically inactive until
modified by an individual's metabolic system.

[000115] Other derivatives and analogs of the active agents may be prepared using
standard techniques known to those skilled in the art of synthetic organic chemistry, or may
be deduced by reference to the pertinent literature. In addition, chiral active agents may be in
isomerically pure form, or they may be administered as a racemic mixture of isomers.
[000116] Any of the compounds of the disclosure may be the active agent in a
formulation as described herein. Formulations containing the compounds of the disclosure
may include 1, 2, 3 or more of the compounds described herein, and may also include one or
more additional active agents such as analgesics and other antibiotics.

[000117] The amount of active agent in the formulation typically ranges from about
0.05 wt% to about 95 wt% based on the total weight of the formulation. For example, the
amount of active agent may range from about 0.05 wt% to about 50 wt%, or from about 0.1
wt% to about 25 wt%. Alternatively, the amount of active agent in the formulation may be
measured so as to achieve a desired dose.

[000118] Formulations containing the compounds of the disclosure may be presented in
unit dose form or in multi-dose containers with an optional preservative to increase shelf life.
[000119] The compositions of the disclosure may be administered to the patient by any
appropriate method. In general, both systemic and localized methods of administration are
acceptable. It will be obvious to those skilled in the art that the selection of a method of
administration will be influenced by a number of factors, such as the condition being treated,
frequency of administration, dosage level, and the wants and needs of the patient. For
example, certain methods may be better suited for rapid delivery of high doses of active
agent, while other methods may be better suited for slow, steady delivery of active agent.
Examples of methods of administration that are suitable for delivery of the compounds of the
disclosure include parental and transmembrane absorption (including delivery via the
digestive and respiratory tracts). Formulations suitable for delivery via these methods are
well known in the art.

[000120] For example, formulations containing the compounds of the disclosure may be
administered parenterally, such as via intravenous, subcutaneous, intraperitoneal, or
intramuscular injection, using bolus injection and/or continuous infusion. Generally,
parenteral administration employs liquid formulations.

[000121] The compositions may also be administered via the digestive tract, including

orally and rectally. Examples of formulations that are appropriate for administration via the
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digestive tract include tablets, capsules, pastilles, chewing gum, aqueous solutions, and
suppositories.

[000122] The formulations may also be administered via transmucosal administration.
Transmucosal delivery includes delivery via the oral (including buccal and sublingual), nasal,
vaginal, and rectal mucosal membranes. Formulations suitable for transmucosal deliver are
well known in the art and include tablets, chewing gums, mouthwashes, lozenges,
suppositories, gels, creams, liquids, and pastes.

[000123] The formulations may also be administered transdermally. Transdermal
delivery may be accomplished using, for example, topically applied creams, liquids, pastes,
gels and the like as well as what is often referred to as transdermal “patches.”

[000124] The formulations may also be administered via the respiratory tract.
Pulmonary delivery may be accomplished via oral or nasal inhalation, using aerosols, dry
powders, liquid formulations, or the like. Aerosol inhalers and imitation cigarettes are
examples of pulmonary dosage forms.

[000125] Liquid formulations include solutions, suspensions, and emulsions. For
example, solutions may be aqueous solutions of the active agent and may include one or more
of propylene glycol, polyethylene glycol, and the like. Aqueous suspensions can be made by
dispersing the finely divided active agent in water with viscous material, such as natural or
synthetic gums, resins, methylcellulose, sodium carboxymethylcellulose, or other well known
suspending agents. Also included are formulations of solid form which are intended to be
converted, shortly before use, to liquid form.

[000126] Tablets and lozenges may comprise, for example, a flavored base such as
compressed lactose, sucrose and acacia or tragacanth and an effective amount of an active
agent. Pastilles generally comprise the active agent in an inert base such as gelatin and
glycerine or sucrose and acacia. Mouthwashes generally comprise the active agent in a
suitable liquid carrier.

[000127] For topical administration to the epidermis the chemical compound according
to the disclosure may be formulated as ointments, creams or lotions, or as a transdermal
patch. Ointments and creams may, for example, be formulated with an aqueous or oily base
with the addition of suitable thickening and/or gelling agents. Lotions may be formulated
with an aqueous or oily base and will in general also contain one or more emulsifying agents,
stabilizing agents, dispersing agents, suspending agents, thickening agents, or coloring

agents.
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[000128] Transdermal patches typically comprise: (1) a impermeable backing layer
which may be made up of any of a wide variety of plastics or resins, e.g. aluminized polyester
or polyester alone or other impermeable films; and (2) a reservoir layer comprising, for
example, a compound of the disclosure in combination with mineral oil, polyisobutylene, and
alcohols gelled with USP hydroxymethylcellulose. As another example, the reservoir layer
may comprise acrylic-based polymer adhesives with resinous crosslinking agents which
provide for diffusion of the active agent from the reservoir layer to the surface of the skin.
The transdermal patch may also have a delivery rate-controlling membrane such as a
microporous polypropylene disposed between the reservoir and the skin. Ethylene-vinyl
acetate copolymers and other microporous membranes may also be used. Typically, an
adhesive layer is provided which may comprise an adhesive formulation such as mineral oil
and polyisobutylene combined with the active agent.

[000129] Other typical transdermal patches may comprise three layers: (1) an outer
layer comprising a laminated polyester film; (2) a middle layer containing a rate-controlling
adhesive, a structural non-woven material and the active agent; and (3) a disposable liner that
must be removed prior to use. Transdermal delivery systems may also involve incorporation
of highly lipid soluble carrier compounds such as dimethyl sulfoxide (DMSQ), to facilitate
penetration of the skin. Other carrier compounds include lanolin and glycerin.

[000130] Rectal or vaginal suppositories comprise, for example, an active agent in
combination with glycerin, glycerol monopalmitate, glycerol, monostearate, hydrogenated
palm kernel oil and fatty acids. Another example of a suppository formulation includes
ascorbyl palmitate, silicon dioxide, white wax, and cocoa butter in combination with an
effective amount of an active agent.

[000131] Nasal spray formulations may comprise a solution of active agent in
physiologic saline or other pharmaceutically suitable carder liquids. Nasal spray compression
pumps are also well known in the art and can be calibrated to deliver a predetermined dose of
the solution.

[000132] Acerosol formulations suitable for pulmonary administration include, for
example, formulations wherein the active agent is provided in a pressurized pack with a
suitable propellant. Suitable propellants include chlorofluorocarbons (CFCs) such as
dichlorodifluoromethane, trichlorofluoromethane, or dichlorotetrafluoroethane, carbon
dioxide, or other suitable gases. The aerosol may also contain a surfactant such as lecithin.

The dose of drug may be controlled by provision of a metered valve.
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[000133] Dry powder suitable for pulmonary administration include, for example, a
powder mix of the compound in a suitable powder base such as lactose, starch, starch
derivatives such as hydroxypropylmethyl cellulose and polyvinylpyrrolidone (PVP).
Conveniently the powder carrier will form a gel in the nasal cavity. Unit doses for dry
powder formulations may be, for example, in the form of capsules or cartridges of, e.g.,
gelatin, or blister packs from which the powder may be administered by means of an inhaler.
[000134] In addition to the foregoing components, it may be necessary or desirable in
some cases (depending, for instance, on the particular composition or method of
administration) to incorporate any of a variety of additives, e.g., components that improve
drug delivery, shelf-life, patient acceptance, etc. Suitable additives include acids,
antioxidants, antimicrobials, buffers, colorants, crystal growth inhibitors, defoaming agents,
diluents, emollients, fillers, flavorings, gelling agents, fragrances, lubricants, propellants,
thickeners, salts, solvents, surfactants, other chemical stabilizers, or mixtures thereof.
Examples of these additives can be found, for example, in M. Ash and 1. Ash, Handbook of
Pharmaceutical Additives (Hampshire, England: Gower Publishing, 1995), the contents of
which are herein incorporated by reference.

[000135] In some embodiments of the invention, the compounds of the invention are
administered in the form of a composition comprising one or more additives. In some
embodiments, the composition does not comprise CremophorEL (i.e., the polyethoxylated
caster oil produced by BASF®). In some such embodiments, the composition consists
essentially of a compound of the invention and a pharmaceutically acceptable carrier that is
not CremophorEL. In other such embodiments, the compositions consist essentially of a
compound of the invention and one or more pharmaceutically acceptable additives that are
not CremophorEL.

[000136] In some embodiments, the compounds of the invention are administered in the
form of a composition that further comprises a nonionic surfactant other than CremophorEL.
In some embodiments, the compositions according to the invention comprise albumin.
[000137] In some embodiments, the compounds of the invention are administered in the
form of a composition, wherein the composition comprises liposomes containing one or more
of the compounds of the invention. Formation of liposomes for encapsulation of the
compounds of the invention may be accomplished in the normal way.

[000138] Appropriate dose and regimen schedules will be apparent based on the present
disclosure and on information generally available to the skilled artisan. Administration may

be carried out over weeks, months, or years. In some embodiments, controlled, low-level
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dosages are provided over a long period of time, whereas in some embodiments, higher level
dosages are administered for a short period of time. Other dosage regimens, including less
frequent or one-time administration of high-intensity dosages, are also within the scope of the
disclosure.

[000139] The amount of active agent in formulations that contain the compounds of the
disclosure may be calculated to achieve a specific dose (i.e., unit weight of active agent per
unit weight of patient) of active agent. Furthermore, the treatment regimen may be designed
to sustain a predetermined systemic level of active agent. For example, formulations and
treatment regimen may be designed to provide an amount of active agent that ranges from
about 0.001 mg/kg/day to about 100 mg/kg/day for an adult. As a further example, the
amount of active agent may range from about 0.1 mg/kg/day to about 50 mg/kg/day, about
0.1mg/kg/day to about 25 mg/kg/day, or about 1mg/kg/day to about 10 mg/kg/day. One of
skill in the art will appreciate that dosages may vary depending on a variety of factors,
including method and frequency of administration, and physical characteristics of the patient.
[000140] The compounds of the disclosure may be prepared using standard procedures
that are known to those skilled in the art of synthetic organic chemistry and used for the
preparation of analogous compounds. Appropriate synthetic procedures may be found, for
example, in J. March, Advanced Organic Chemistry: Reactions, Mechanisms and Structure,
5th Edition (New York: Wiley-Interscience, 2001). Syntheses of representative compounds
are detailed in the Examples below.

[000141] Accordingly, in some embodiments the compounds of interest find utility in
treating cancer. In some embodiments, this disclosure provides a method for treating a patient
suffering from cancer, the method comprising administering to the patient an effective
amount of any of the compounds disclosed herein. This disclosure also provides a method for
inhibiting the spread of a cancer (e.g. a cancerous cell or tumor), the method comprising
contacting a cancerous cell with an effective amount of any of the compounds disclosed
herein. The disclosure also provides a method for inhibiting the spread of a cancer, the
method comprising contacting a tissue containing cancerous cells with an effective amount of
any of the compounds disclosed herein. As described in more detail herein, in any of the
aforementioned methods, the compound may be administered in a composition comprising
one or more active agents and one or more additives (such as, for example, a
pharmaceutically acceptable carrier).

[000142] In some embodiments, the compounds of interest are used to treat any types of

cancer that are normally treated with taxane compounds. Such cancers include, for example,
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lung (e.g. non-small cell lung), ovarian, breast cancer, head and neck cancer, and Kaposi's
sarcoma. Additionally, such cancers include cancers that may be vulnerable to FKBP
inhibition, including chronic lymphocytic leukemia, hepatoma, prostate cancer, glioma, acute
lymphoblastic leukemia, melanoma, and glioma. Furthermore, in some embodiments the
compounds of interest may be used to treat cancer cells and tumors that have displayed
resistance toward unmodified taxanes (e.g. paclitaxel or docetaxel).

[000143] In some embodiments, the disclosure provides a method for lowering the
neurotoxic effects of a neurotoxicity producing therapeutic active moiety upon administration
to a host. The method includes the step of administering to the host an effective amount of a
hybrid compound comprising the therapeutic active moiety, a neurotoxicity lowering moiety,
and an optional linker moiety. The hybrid compound has a molecular weight less than about
15,000 Daltons. The neurotoxicity lowering moiety binds to at least one neurotoxicity
lowering biomoiety and substantially reduces neurotoxicity symptoms in the host. In this
way, the hybrid compound reduces neurotoxicity by activating endogenous neuroprotective
pathways (rather than merely preventing or reducing the amount of active agent reaching
neurons). In some embodiments, the hybrid compound is administered as a pharmaceutical
formulation. In some such embodiments, the pharmaceutical formulation does not contain
CremophorEL, and the hybrid compound is not co-administered with CremophorEL. In some
embodiments, the pharmaceutical formulations contains albumin. In some embodiments, the
hybrid compound is administered in a liposome. In some embodiments, the therapeutic active
moiety is an anticancer therapeutic moiety. In some such embodiments, the anticancer
therapeutic moiety is a taxane. Examples of taxanes include paclitaxel, docetaxel, and
carbazitaxel. In some embodiments, the anticancer therapeutic moiety contains platinum. In
some embodiments, the neurotoxicity symptom is chemically induced peripheral neuropathy
(CIPN).

[000144] In some embodiments, the disclosure provides a method for preparing a hybrid
compound having reduced toxicity, the method comprising covalently bonding an active
compound to a toxicity lowering moiety either via a direct covalent bond or via a linking
moiety. The hybrid has toxicity that is reduced compared with the active compound in non-
hybridized form. In some embodiments, the compound has reduced neurotoxicity. In some
embodiments, the active compound is a taxane compound. In some embodiments, the linker
is a flexible linker. In some embodiments, the linker is a hydrophilic linker.

[000145] In some embodiments, the disclosure provides compounds comprising a

taxane moiety covalently attached either directly or through an optional linking moiety to a
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neurotoxicity lowering moiety. In some embodiments, the neurotoxicity lowering moiety is a
neurotrophic ligand. In some embodiments, the neurotoxicity lowering moiety targets an
FKBP protein (such as FKBP52 or FKBP38) or a heat shock protein. In some embodiments
the taxane moiety is selected from paclitaxel, docetaxel, and cabazitaxel. In some
embodiments, the taxane moiety is covalently linked through the oxygen at the C-2°, C-7, or
C-10 position to the neurotoxicity lowering moiety or, when present, to the linking moiety.
[000146] All patents, patent applications, and publications mentioned herein are hereby
incorporated by reference in their entireties. However, where a patent, patent application, or
publication containing express definitions is incorporated by reference, those express
definitions should be understood to apply to the incorporated patent, patent application, or
publication in which they are found, and not to the remainder of the text of this application, in
particular the claims of this application.

[000147] It is to be understood that while the invention has been described in
conjunction with the preferred specific embodiments thereof, that the foregoing description
and the examples that follow are intended to illustrate and not limit the scope of the
invention. It will be understood by those skilled in the art that various changes may be made
and equivalents may be substituted without departing from the scope of the invention, and
further that other aspects, advantages and modifications will be apparent to those skilled in

the art to which the invention pertains.
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Examples

Example 1

[000148] Paclitaxel-ligand hybrid compounds of interest were prepared according to the
disclosure, and the following observations were noticed:

[000149] 1) Paclitaxel-ligand hybrids achieved high intracellular concentrations;
[000150] 2) Paclitaxel-ligand hybrids were at least equipotent with the parent taxane in
vitro in slowing the growth of tumor cell lines;

[000151] 3) Paclitaxel-ligand hybrids had good pharmacokinetic properties in vitro and
in vivo with good metabolic stability;

[000152] 4) Paclitaxel-ligand hybrids were just as efficacious as the parent taxane in
reducing tumor size in a xenograft cancer model in mice;

[000153] 5) Paclitaxel-ligand hybrids when administered to mice over a period of 46
days did not produce any greater observable toxicity effects relative to the parent taxane;
[000154] 6) A paclitaxel-ligand hybrid exhibited no detectable neurotoxicity when
compared with paclitaxel in a primary cortical neuron outgrowth assay.

[000155] In addition to these observations, Compound (1), having paclitaxel (linked at
the 2' position) and an FKBP52 ligand linked to a linker moiety, was prepared as shown
below in Scheme 1. An FKBP52 ligand was employed for this study, as well as unmodified
paclitaxel, which is commercially available. An activated succinimidyl ester was created on
the FKBP52 ligand and was coupled to the 2" hydroxyl on paclitaxel as shown. The synthesis
had a 58% yield after purification by HPLC. The structure was verified by proton NMR and
LC-MS.
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Compound (1)
Scheme 1. Synthesis of Compound (1)

[000156] The resulting paclitaxel-ligand hybrid (“TNL") from Scheme 1 was assessed
for its solubility and also permeability into cells. A number of different solvent systems were
appropriate for working with the compound, including 0.01% PEG-400 as well as 10% 1-
Methyl-2 Pyrrolidinone/30% Labrasol/60%water. Data provided in FIG. 1 shows that the
paclitaxel-ligand hybrid is somewhat more permeable into blood cells relative to non-
hybridized paclitaxel. To obtain the data in FIG. 1, the paclitaxel-ligand hybrid or paclitaxel
were added to a pooled blood sample of human blood and incubated with gentle rocking at
37°C for one hour. Next, samples were centrifuged to separate blood cells and plasma, and
then these compounds were subject to organic extraction, and quantities were measured using
liquid chromatography-mass spectroscopy employing a standard curve. This data addressed
concerns that the larger hybrid might have lower permeability into cells which would lower
efficacy since paclitaxel stabilizes tubulin inside cells.

[000157] The paclitaxel-ligand also displayed better metabolic stability compared with
paclitaxel in a pharmacokinetic study performed in mice as shown in FIG. 2. To obtain the
data in FIG. 2, the paclitaxel-ligand hybrid was injected into mice as shown (4 mice per data
point) and the concentration assessed by LC-MS at the time points shown. The area under the
curve for the paclitaxel ligand-hybrid was increased relative to paclitaxel, illustrating that it

was more stable in the circulation. CremophorEL/Ethanol was used as a solvent (diluted into
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normal saline) for both compounds to eliminate pk differences caused by different solvents.
Importantly, the paclitaxel-ligand hybrid had comparable potency compared with paclitaxel
both in vitro and in vivo.

[000158] After verifying comparable in vitro activity (data not shown), an in vivo study
was performed as shown in FIG. 3. The tumor xenograft study established that the paclitaxel-
ligand hybrid was equally effective as the parent paclitaxel in vivo. Observations of weight
loss and behavior showed no increase in toxicity for the hybrid vs. paclitaxel (data not
shown). To obtain the data in FIG. 3, an MDA-MB-435 breast cancer cell line was implanted
in female athymic Nu/Nu mice. Both compounds and vehicle were dosed every other day at
20 mg/kg. As of day 39, one animal in the Paclitaxel-ligand group had no detectable tumor
(N=3) for the remainder of the study.

[000159] FIG. 4 and FIG. 5 show lower axonal injury in primary cortical neurons (PCN)
for the paclitaxel-ligand hybrid relative to paclitaxel. Mechanistically, paclitaxel exposure to
PCN results in unusual patterns of microtubule assembly which leads to apoptosis.
Intriguingly, the exposure of PCN to the paclitaxel-ligand hybrid exhibited no detectable
injury to PCN neurons in this assay performed as described. To obtain the data in FIG. 4,
primary cortical neurons derived from day 17 Wistar rat fetuses were prepared accordingly to
a previously published protocol (Grimaldi, M. Proc. Natl. Acad. Sci. 1998, 95, 8268-8273).
The neurons were plated in poly-lysine coated 12 well plates and allowed to settle for 48
hours. After that the cells were exposed to PBS, 0.0035% CremophorElL.:ethanol (1:1) as
vehicle for the other agents, Paclitaxel, and Paclitaxel-ligand. After 72 hours the cells were
washed and loaded with the vital staining Calcein-AM for 20 min. Cells were observed under
an inverted epifluorescence microscope equipped with a computer operated acquisition
system to measure cell size, neurite outgrowth, cell branching, and other parameters as
indicators of neurotoxicity. "Ligand" is a neurotoxicity lowering moiety that binds to
FKBP52.

[000160] With reference to FIG. 5, images of PCN growth are provided. Images of (i)
paclitaxel treated PCN's revealed fewer cell numbers and more morphological abnormalities
including sparse, thick, and non-connected prolongments compared with (iv) untreated cells
or (v) CremophorEL vehicle. In contrast, PCN's treated with a (iii) free FKBP52 ligand or
the (ii) paclitaxel-ligand hybrid or (vi) paclitaxel with a non-bound FKBP52 ligand exhibited
comparable cell numbers compared with untreated cells or vehicle treated cells and healthy
morphology characterized by well interconnected neurite networks between cells and healthy

neurite morphology.
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[000161] FIG. 6 shows lower neurotoxicity of the paclitaxel-ligand hybrid compared
with paclitaxel as measured by cell number. Cell number data were recorded for PCNs
untreated (first column) or PCNs treated with: (i) CremophorEL vehicle; (ii) paclitaxel; (iii) a
paclitaxel-ligand hybrid; (iv) free FK506; (v) a paclitaxel-FK506 hybrid. PAC=paclitaxel.
PAC-ligand is paclitaxel bound to a neurotoxicity lowering moiety (NLM). The cell numbers
were normal for PAC-ligand and low for PAC, indicating protection from neurotoxicity
conferred by the ligand, an NLM. The presence of ** indicated P<0.001 for the statistical
significance of PAC vs. PAC-ligand data.

[000162] As mentioned herein, taxane moieties allow modification (i.e., connection of
the second active moiety via a linker, when present) at the C-2, C-7, or C-10 positions.
Examples of compounds having a taxane moiety linked at the C-2 position, as well as
examples linked at the C-7 position were prepared according to the disclosure, and both were
shown to allow good efficacy. Examples having a linkage at the C-10 position were also

prepared and are described in Example 5 below.

Example 2

Synthesis of conjugates

[000163] Docetaxel and docetaxel/palictaxel-related derivates conjugated to known
FK506 mimics may be prepared. In one example, a conjugate of docetaxel and Unit A is
prepared as shown below (Scheme 2). In the example, docetaxel and Unit A are linked via a

tartaric acid linking moiety.
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Scheme 2. Synthesis of docetaxel-tartaric acid-Unit A conjugate

[000164] Other neurotoxicity reducing moieties may be used in this chemistry to

prepare additional conjugates. Employing the tartaric acid linker moiety is designed to

improve the overall solubility of the conjugates, but other linkers as described herein may be
used.

[000165] Other docetaxel and docetaxel/palictaxel-related derivates conjugated to

known FK506 mimics may also be prepared through the use of solubilizing amino-acid

linkers. Examples are shown below in Schemes 3 and 4.
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Example 3

Synthesis of conjugates

[000166] Further conjugates may be prepared as shown in the following Schemes.
N N
OAC:’ © —_— o ©

H H o]
HaCO. = NH, HsCO. = N \)k NHS
(2) NHS, DMF \5‘/(\0/\% ©
H.CO H3CO'
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n ~3-5 (AP100005) % oH
ey ANO

H,CO

Scheme 5. Synthesis of paclitaxel conjugate
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Scheme 6. Synthesis of docetaxel conjugate
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Scheme 8. Synthesis of taxane conjugates

- 40 -

01821



WO 2011/130317 PCT/US2011/032175

O*OFO H
OO0 or @z(\
yas x
HO" 'OH

{makes linker R=
more soluble) XO’

docetaxel
o N R= @’&'o

various linkers o 040 ftaxel
and Units (A, B, etc.) H paciitaxe
—
O,
various amino acid linkers HO'ZE)H o OCH,
and Units (A, B, etc.)

» R'= amino acid

Scheme 9. Synthesis of taxane conjugates

- 41 -

01822



WO 2011/130317 PCT/US2011/032175

Example 4

Synthesis and efficacy of conjugates

[000167] Further conjugates were prepared and subjected to tests of efficacy. Scheme

10 shows a synthetic route used to prepare one such compound.

o (1) excess diacid glycol o
m‘n’k\ DIC/DMAP M

0290 DMF 0400 H o
H3CO‘/\/'\‘,NH2 H3CO‘/\/'\‘,N o7 )OJO.NHS
H;CO O O H5CO O O \'O/t n

(2) NHS, DMF

l paclitaxel, EtzN, DMF

O OH

7o

HOS N

IhCQI‘rAv*i‘[N“/\G/\/O o E:Téb 0
o

Scheme 10. Synthesis of paclitaxel conjugate

Example S

Efficacy of conjugates
[000168] Further conjugates were prepared and subjected to tests of efficacy. One such

taxane derivative, compound (2), showed remarkable potency and low neurotoxicity in a cell

model. The structure of (2), shown below in Scheme 11, uses a taxane modified at the 10’

position.
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Compound (2)

Scheme 11.

[000169] This compound represents a departure from prior taxanes in the literature and
poses some challenging features. Notable, a very polar linker has been attached to help
improve solubility of this notoriously insoluble class of compounds. It would be expected
that a bulky, soluble linker would also compromise efficacy due to decreased permeability
across cell membranes. Moreover, the large moiety attached to the taxane, an analogue of
FK506, would also be expected to pose a challenge in hindering the taxane moiety from
interacting with tubulin, the intracellular target.

[000170] Surprisingly, the bulky FK506 analogue and polar linker did not hinder the
ability of (2) to inhibit the growth of three different cancer cell lines compared to paclitaxel.
Data shown in FIG. 7 are a comparison of (2) vs. paclitaxel. As can be seen, the activities of
paclitaxel and (2) are the same vs. the SKOV3 ovarian cancer cell line. The ICsg value for
Paclitaxel and for (2) were both found to be 1 nM. Similar results were obtained from both a
lung cancer cell line, PC3, and a breast cancer cell line, MCI?7. (Data was obtained by
treating cells at the concentrations shown and then assessing viability).

[000171] In contrast with the high potency against this cancer cell line, the observed
toxicity when (2) is used to treat primary cortical neurons is similar to untreated cells, as
shown in FIG. 8. Primary cortical neurons were obtained from fetal rats. Cells were either

untreated, exposed to cremophor (vehicle), or treated with 10 nM paclitaxel, 20 nM
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compound (2), 20 nM paclitaxel, or 10 nM FK506 for three days prior to assessing neurite
outgrowth vig optical methods or cell viability using a viability fluorescent stain. The data
show that at 20 nM compound (2), the neurite outgrowth is equivalent to untreated cells or
cells treated with vehicle. However, paclitaxel severely lowers the average neurite outgrowth.
[000172] Similar results are obtained when viable cells are measured, as shown in FIG.
9. Cells were treated with compounds as described above with reference to FIG. 8, and viable
cells were counted after treatment with a cell viability stain. The number of viable cells
treated with (2) is similar to untreated cells. However, the cell number of paclitaxel treated

cells is 10-fold lower relative to (2)-treated cells.

Example 6

In vivo study
[000173] A test compound, "paclitaxel-ligand" (which has the structure of Compound

(1)), showed evidence of producing significantly less neuropathic pain (NP) in vivo in a rat
model. Compounds were injected i.p. and animals were evaluated using von Frey filaments
for allodynia and heat for thermal hyperalgesia (not shown). The dosage used is at the known
LD sp for i.p. injected paclitaxel in rats. For the data shown in FIG. 10, *** and ** indicate
p<.001 and p< .01, respectively, for the Bonferroni post-test following RM two-way
ANOVA between paclitaxel and vehicle control. Kruskal Wallis analysis between paclitaxel
and paclitaxel-ligand gave p<.005. The study was perfomed in male Wistar rats and the
evaluations used the "up-down" methodology (Chaplan, S. et al. J Neurosci Methods 1994;
53: 55-63) employing 10 animals per group.
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Claims

What is claimed is

1. A method for lowering the neurotoxic effects of a neurotoxicity producing
therapeutic active moiety upon administration to a host, the method comprising:

administering to the host an effective amount of a hybrid compound of less than about
15,000 Daltons comprising the therapeutic active moiety or an active derivative, fragment or
analog thereof and a neurotoxicity lowering moiety,

wherein the neurotoxicity lowering moiety binds to at least one neurotoxicity

lowering biomoiety and substantially reduces at least one neurotoxicity symptom.

2. The method according to claim 1, wherein the compound is administered as a
pharmaceutical formulation, and wherein the pharmaceutical formulation does not contain

CremophorEL.

3. The method of claim I, wherein the therapeutic active moiety is an anticancer

therapeutic moiety.

4. The method according to claim 3 where the anticancer therapeutic moiety is a

taxane analog.

5. The method according to claim 1, wherein the neurotoxicity symptom is chemically

induced peripheral neuropathy.

6. The method according to claim 1, wherein the neurotoxicity lowering moiety has a

dissociation constant of less than 10 uM with an FKBP protein or with a heat shock protein.
7. The method according to claim 1, wherein the compound further comprises a
linking moiety that forms a covalent bond with the therapeutic active moiety and a covalent

bond with the neurotoxicity lowering moiety.

8. A compound comprising a taxane moiety covalently attached either directly or

through an optional linking moiety to a neurotoxicity lowering moiety.
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9. The compound of claim 8, wherein the neurotoxicity lowering moiety is a

neurotrophic ligand and targets an FKBP protein or a heat shock protein.
10. The compound of claim 8, wherein the taxane moiety is covalently linked through
the oxygen at the C2, C7, or C10 position to the neurotoxicity lowering moiety or, when

present, to the linking moiety.

11. The compound of claim 8, wherein the compound has the structure of formula (I)

D

X,

A? is selected from H, hydrocarbyl, substituted hydrocarbyl, heteroatom-containing

wherein:

hydrocarbyl, and substituted heteroatom-containing hydrocarbyl, provided that A7 optionally
comprises the moiety A%;

A” is selected from —O-A* and —A3;

one of A, A?, A, and A% is selected from —U and —1~U, and the others are selected
from H, and alkyl, provided that A* may be taken together with A to form a cycle;

L is the linking moiety; and

U is the neurotoxicity lowering moiety.

12. The compound of claim 11, wherein R is selected from alkyl, alkoxy, aryl, and

aryloxy.

13. The compound of claim 11, wherein Alis selected from H and methyl, Alis H,
and A is H.

14, The compound of claim 11, wherein U is selected from Units A, B, C, D, E, and
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wherein:
p represents an integer from O to 2;
R? is selected from hydrocarbyl groups; and
the stars represent the point of connection to the first active moiety or, when present,

the linking moiety.

15. The compound of claim 11, wherein L is selected from alkylene, amides, ureas,
sulfoxides, sulfonamides, amines, carbonyls, ethers, amide/urea combinations, amide/amide
combinations, sulfoxide/ether combinations, amide/ether combinations, amine/ether
combinations, amide/amine combinations, and carbonyl/amide combinations, any of which

may include unsaturated or saturated segments.

16. The compound of claim 11, wherein the compound has the structure of formula

(Ia)
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(Ia)

2

wherein

R is selected from hydrocarbyl, substituted hydrocarbyl, heteroatom-containing
hydrocarbyl, and substituted heteroatom-containing hydrocarbyl;

one of Al, AZ, and A* is selected from —U and —L-U, and the others are selected from

H, and alkyl.

17. A method for reducing the neurotoxicity of a taxane compound, the method
comprising covalently bonding the taxane to a neurotoxicity-lowering moiety either directly

or through an optional linking moiety to form a hybrid compound.

18. The method of claim 17, wherein the taxane is selected from paclitaxel, docetaxel,

and cabazitaxel.

19. The method of claim 18, wherein the optional linker is present and comprises a

polyether moiety.

20. The method of claim 17, wherein the hybrid compound exhibits a lower incidence
of chemically-induced peripheral neuropathy compared with the taxane compound when

administered to a human host.
21. A method for treating cancer in a patient, the method comprising administering to
the patient an effective amount of a compound comprising a taxane moiety covalently

attached either directly or through an optional linking moiety to a neurotoxicity lowering

moiety.
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22. The method of claim 21, wherein the cancer is selected from lung, ovarian, breast
cancer, head and neck cancer, Kaposi's sarcoma, chronic lymphocytic leukemia, hepatoma,

prostate cancer, glioma, acute lymphoblastic leukemia, melanoma, and glioma,

23. The method of claim 22, wherein the cancer is resistant to one or more taxane

compounds.
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FIG. 5
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FIG. 7

Cytotoxicity Assay, SKOV3 Cells
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FIG. 10
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Can the pharmaceutical industry
reduce attrition rates?

Ismail Kolg and John Landis

The pharmaceutical industry faces
considerable chalienges, both poiiti

fly

e

: governments arcurnd

the world are irying to contain costs and,

healti : budgets consiiiute a very

significant part of governmental spending,
are the subject of intense

thes

se costs

scrutiny. I the Unitad States, drug costs
are also the subject of intense political
discourse. This article deals with the fiscal

stry from the

prassures that face the indu
e of pINges on

perspact
productivity’? Ho
racuced R&D prod

ow can we improve current
fuctivity?

o

The average life expectancy of humans has
gone up from about 45 years of age at the start
of the twentieth century to about 77 a century

factors, including increased medical know-
Lo

ledge, better technologies and "u‘*g*” altech-
riques, better health care, betier public heaith
aud the discovery of drugs such as aspirins,

antibiotics, the statins, and numerous other
such innovative and crucial medicines from
the pharmaceutical industry. However, the
currentt challenges facing the pharmaceutical
industry are unprecedented in its historm
Perhaps miost forernost among these are th
industry’s lower revenue growth, poor stoc 1\
performance, the lowest number of new
chemical enti m,\ (NCE) approvals and the
poor late-stage R&D pipelines prevalent
throughout the industry.
1n 2002, overall top-ii
in the pliarmac
8% and improved only dightly it

¢ revenue growth
utical industry was just
3y 2003 to

later. This is a consegquence of a number of

approximately 9%. Similarly, 1n 2003 large
pharma stock prices were among the worst
performing sector on the New York Stock
Exchange {NYSE}, with an average apprecia-
tion of 0.3%, compared with the general
S&P500 market appreciation of 26%. At
present the average price to earnings (P/E)
ratic of large pharmastocks is trading at a
discount to the entire market. By contrast,
this sector bias historically traded at a pre-

the rest of the market, mainly
eline valuations.

mium o
because of pip

Bepressing approval raies

In 2002, the US FDA approvals of NCEs were
fower than at any other tme in the past
decade, and a total of just 17 NCEs were

approved; the situation improved marginally
n 2003 to 21 approvals. Even if biologics and
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by a number of explanations: the industry is

NCEs are considered together, the number of

FDIA approvals were at their lowest since
1994. The situation is even bleaker when the
nuniber of inpovative NCEs approved by
regulatory aunthorities are factored into this
performance. Prous Science’ reported that
in the eleven-vear period 1990-2000 inclusive,
the year with the lowest number of NCEs

approved with a novel mechanism of action
was 2000, These data ate further substantiated
by the nuraber of FIA priority reviews of
NCEs (an indirect measure of innovativeness
or addressing true unmet medical need), in
which 2002 and 2003
of such reviews than any two-year rolling

showed lower numbers

eriod in the preceding ten years®
This lower rate of success in the past
vears could be accounted for, in part at lcast,

currently attacking diseases of great com-
plextiy, the entry bar for new drugsis higher
because they are often competing with
en'mnusu standard of care; and/or the regu-
latory authorities are more demanding.
Whatever the case, these features define the
new plaving field on which the industry has
to compete to produce NCEs that are required

to achieve necessary growth; an examination
of the factors that impact R&D success is
therefore crucial in ferms of devismg 2
strategy that can build a pipeline needed to
ustain the busivess case for farge pharma.
Defining the business case
A recent survey by Accenture® defined the
business case for targe pharmaceutical cox-
pamies interms of NCEsx c'>quired toremain a
of their current

growth company on the t
revenues and their \,Shc,d percentage growth
(TABLE 1). On the basis of this calculation,
Phzer, with pharmaceutical revenises in 2003
of approximately US $45 billion, will need to
generate approximately mue bigh-quality
CEs per annum. GlaxoSmithKline, with

reverues in excess of £18 billion (~ US$ 32

bitlion), will need to ggje'..tc about six high-
quality N ( Bs per annurn, and Merck, with
US $22.5 mlh on in revenues, will nmd
approximately 4.5 NCEs, The next tier {
terms of revenues) would need to deliver
between three and four NCEs per annum and d
contpanies in the top ten

deliver approximately two

even the smaller ¢

would need to d
NCEs per anoum.

Rates of atirilion

FIGURE 1 analyses success rates from first-in-
nan to registration during a ¢
{1991-2000) for ten: bigp "hama cnmpm ies in
the United States and Fur The data
indicate that the average success vate for all

ten-year perio'i

therapeutic areas is approximately 11%; ox,
putanocther way, in aggregate only one in uine
esit {hrﬂugh development
and gets approved by the Furopean and/or the
US regulatory authorities. More interestingly,

LOZ)’l“OUhub

.
e
ok}
[}
33
[¢3}
53
&
b
T
b
-
=
=
&

AUGUST 2004 | 711

01842

YOLUME 3 |




O T LR R
B S % e § S
FERSFEL YR

$20 billion

NCEs reguired to achieve specific real growth targets as a function of 2002 revenues®

*Adapted from REE 3. Al figures in US ¢

the suceess rates vary considerably between the

different therapeutic arcas: cardiovascular, for
instarce, have a ~20% rate of success, whereas
oucology and central nervous systern (CNS)

50 and

disorders have 3, FESPEC-
tively. Auy R&D port Eoi-o therefore, would
need to aggrepate the percent success based on

the weight of the various therapeuticareas to
calculate how many first-in-man studies are
needed to approximate the requisite business
case for growth.

The bigh rate of atirion in drug develop-
ment and the need for efficiency, both in
terms of real and epportunity costs, becomes

>ven: more compelling when one
where most of the attrition occurs in the
pipeline.In 2001, the costs of discove
developing a drug were of the order of US
$804 million’; current estirnates are closer to

considers

ring and

about US $900 riliior; considerably more of
these costs are incuered later in the pipeline,
and the vast majority of attrition occursin
ful ned 1.

Full chinical developroent (Phiases 11b ¢

. NCE, New Chamical Entity.

FIGURE 2 illustrates the op 10 drug (‘o-’npzinies’
success and failure rates from 1991 to 2000

across different therapeutic areas.
The failure rate of compounds even at the
registration stage is 23%; that is, roughly
in four compounds fail after all the trials
the docurmnentation for subraission hs

" OF

e
nd

:»

upleted, thereby incurring the full dis
covery and de"elnpmgj’ costs and the oppor-

runity costs, which, enaverage, conld be as
rauch as 12 vears 10 months (the average time

taken f‘r'h iewia)pme*n of all the drugs
that gained approval in 2002)°. I some thera-
peutic areas, such as wornan’s health, the failure
rate is 3s high a5 429, aud iu oncology itis as
high as 309%. Even the rate of failures in
Phase [ trials — by which stage significant
Jnuurt of the costs of discovering and
ng a drug would biave been incurred

\.','

————— is far too high: approximately 45% of all
corppoennds that enter this phase of full devel-
opment undergo attrition and in some thera-

reas, such as oncology, itis as high as

develop

pentic

S

diseass

1 f
infectious  Oncology

gure 11 &ucce&, rates from first-in-man to registration. The overall clinica
areas, b.q d.ﬁbrcnccs emerge. The data are from the

Waomnen's

hiealth

Opthal- Matahol
mology disease

| success rate is 11%.

siraZeneca, Sristol-Myers Squibb,

Plizer, Pharmacia,

e Beecham; data were obtained by Dmdfr onitor in the Phiarmaceutical

Fi
Hovvwen, if the analysis is carried out by therapeutic

ten viggest drug companies during 1991-2000. (The com

i Litty, F. Hoffman-LaRoch Wellcome, Johnson & Jof
S and Smith

= ), CING, central nervous system,

59%. Approxirnately 629 of all compounds
that cntw Phase 11 trials underge atirition,
e highest rate of attrition at this
phise is in the oncology feld: mowe than 70%
of oncelogy compounds fail in this p tase. 1t is
theretore crucial that the industry develop

and embrace paradigms {such as fvb taining
proof of concept in man carly in develop-

ment) and methodologies to identify risk
preciinically, and to conple this with experi-
mental medicine procedures io inferrogate
such risks in yoan.

Underiying causes of alirition
An examination of the root causes of why
compounds undergo attrition in the clinicis
very iustructive and helps in the identification
of strategies and tactics to reduce these rates
and thereby tmprove the efficiency of dru

(‘!Q

development. The data in F1G. 3 show the rea-
son why compennds undergo attrition and
how this has changed over time. In 1591,
adverse parmacokinetic and bioavailability
results were the most significant cause of
attrition, and accounied for ~40% of all attri-
tion. By 2000, these factors had dramatically
reduced as a cause of attrition in drug develop-

ment, and contributed less than '"JU/ These
data provide further corapelling evidence that

the industry can identify and \emedy the
causes of attrition. It might also, however, be
that the solving of this problen: has signii3-
cantly shifted the temporal attrition profiles to
fater stages, because pharmacckinetic/bicavail-

ability failures would have occurred in Phase 1

mainly and this mig
pounds progressing to Phases I and 1T and
failing there for ather reasons.
uses of atirit

h noew result in com-

The major ca ionin the cliuic

in 2000 were lack of efficacy {accounting for
30% of failures) and safety
(toxicology and Hinical safety accounting for 4
trrther approxintately 30%;). The lack of effi-
cacy might be contributing more significantly

a p}‘mvi niately
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to therapeutic areas inwhich animal models
of efficacy are notoriously unpredictive®, such
as CNS and encology, both of which bave
relatively higher failure rates in Phase T and 11
trials. In the case of oncology, small Phase 1

trials looking at tumourr g ession in small
coborts of pai;en ts with differ wmour
types does not always translate to outcomes
subsequently obtained in larger Phase 111
trials, Wevertheless, in geueral, faitures due o
lack of efficacy and safety demonstrate the
need for the development of more predictive
animal models where possible and, more
rmportantly, the need to develop experimen-
tal medicine paradigms that are more pre-
dictive of cutcomes and to carry out such
proof-of-concept clinical trials much carlier

Can suecess be increased?
Several strong strands of evidence indicate
thatitis possible, First is the fact that different
thetapeutic areas have different rates of success
and this imaplies that if we understood the
fitherent factors that make one area suocess
as compared with another, we could then
attack such {
Second is the finding that biologicals have
a higher rate of success from f‘r%i--in-m an to
faun approximately 2497, It is true that
most biologicals have been generated in the
reas of immunology and cancer, but the aver-
age rate of these two therapeutic areas should
even out to ~11% (16% for arthritis and pain
and 5% for cancer, based on the data in TABLE 1,
which averages to ~11% if the two were in
equal parts).
Third, icensing-in compeunds has a con-
sistently higher probability of suc
studies, at approximately 24907, Thi

Ors.

Cess in rnost
is 1s the case
even if the compounds are categorized by
the ¢ ige that the Heensing-out corapany has
categorized them. This phenomenon cannot,
chr ” ore, be attributed purely to the fact that
the licensing-in companies gather more data
or because they usually put the compoundat
an earlier stage in the pipeline.

(;q (b

Fourth, companies with R&D budgets of

fess than US $400 million also bave higher
success rates of approximately 18%7. This
could paridy be explained by the possibility

hat these smaller companies mlght be miore
inchued to work on me-too drugs (which
should bave a higher rate of success), and that
their portfolios could be raore skewed towards
one therapeutic area or another with a greater

probabifity of success. However, if one con-
i3 < 1 = AE 3t S aniec
siders that many of the biotech companies fall
into these categories, that rany biotech corn-
panies are working in high-attrition-rate
therapeutic areas such as cancer, and that

S N Y SN W LE o S
b 3 - SO 3 ONY o oW
FEHLSPELYIVES

(%)

i

N Infectious disease
N Urclogy

S cystem
ctabolic disorders

Slage of devalopment

reany of these companies are indead working
on innovative mechanisms of action, then
clearly this cannot be the whole explanation.
The rate of attrition of compounds with
novel mechanisms of action is higher than
that of those with previcusly precedented
mechanisras of action {a precedented mecha-
st of action is defined as one hitting @ thera-
peutic target that a drug in the market place
hits, or which has shown proof of conceptin
late chimical trials).

Last, even comparable lar g > comtpanies
with extensive portfolios that would average
out the diffexences in success between differ-
ent therapeutic areas, and therefore porifolio
success, have different probabilities of success.
For instance, data from the 2002 Certified
Medical Representatives I

itute survey shows

that the success rate that Mevck enjoyed from
tirst human dose to market was approximately
twolold greater than the aggregate of the six
companies in the same cohort with R&D
budgets of >US $2 billion per annurn®. Ob the
other hand, in a briefing to analysts on 17 June
2003 Phizer’s current President of Research

ad De‘rek()p nent, John La I‘v-am)a, was
quu'ed as saving “Right now, only onein 25

arly candidates survives to become a pre-

scribed medicine, We think we can improve
those odds to one inten and greatly enbance
ur ability to bring new me d}»mm to patients

Figure 2 | Success rate by phase of
development and by therapeutic area.

a|Data hown as percent success or percent
atirition {zecond X axes) of compounds entering
that par ‘.a,ula. ma se Of development by certal

therapeutic areas and by the total aggromfn for

that part Culaf p"l’i se of devalopment. The data
Clearty shiow that diff =rapeutic areas have
greatly different succes tritior 3, and
that mgnxfcgnn attrition occurs fate in the pipeling,
b | Shows the percentage rais
COMPOUNGS emer ng first in man that
it development phase. A’o;
Reg, regisrration

t orogress 1o
approval;

around the world.”; Plizer’s India Homepage
states that “approximately 1 out ofevery 15
drug candidates entering developrent com-
pletes phase III evaluation and obtains
approval,” both suggesting that their rate of
attrition might be 93--96%. These five factors
therefore provide compelling evidenice that the
rate of attrition could be sigoificantly reduced
and that drug de‘f&:‘lopmcnt per se does not
have this current fugh attriion rate as an
inhierent constraint. Indeed, it points to the
idea that a systematic evaluation of the sci-
ence, sir atgg and processes currently used
in drug d wl-)mnm- merit rigorous evalua-
tion, critical appraisal and modification to
fulfil the onerous business case demanded

by our patients, sharebolders, consuniers
and governmments woridwide.

How can atirition be reduced?

Several companies in the industry are now
beginning to take on this problem and are
starting to make progress. Below we propose
sonte approaches that are llely to be valuable,
but this is clearly not an exhaustive list. Itis
important that the mindset of reducing atiri-
tion in development should be in place from
the earliest stages of discovery.

ulding the need to get
r evidence for proof of mecha-

nisn into G discovery paradigm is crucial,

For inst;mcn, bu
very stroug
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Figure 3 | Reasons for altrition {1901-2000}. PK. pharmacokinetic

Unknown/
other

and therefore showing that nodulation of a
target ina speciic or important disease path-
way niight reduce the attrition of a large
percentage of compounds that fail because of
lack of etficacy. The development of rmatinib

{Gleevec; Novartis}, for example, was based

on the targeling of a very specific lesion
{the BCR-ABL chromosomal translocation
protein-product or Philadelplia chromo-
some) that occurs in chronic myelogenous
leykaemia.
pr”dded very strong evidence that inhibition
cretase inhibits the ])L(hil-cdo-] of
d f in knockout mice” and that cath-
epsin Kis involved in bone resorption ( ,thu
compelling proof of niechanism is provided
by humans with pycnodysostosis!™

We have, in a simlar muanner,

w
2
<
=
o]
s

sosis'™H), How-
ever, we will have to await approval of thera-
peutics aimed at these latter two mechanisms
to see whether drug approvals are eventually
obtained — for example, cathepsin Kisin
Phiase [ trials and the impact of this approach
on attrition is still to early to fully evaluate.
Asecond method of reducing attrition is to
eliminate compounds that have mechanism-
based toxicity; this risk can be rigorously
interrogated during discovery using tools
such as gene knockouts and RNA interfer-
ence, and, crucially, during preclinical devel-
oproent in toxicity testing. Additional tools
such as transcriptional profiling can also
affect attrition due to toxicity by giving specific
gene-signature readouts that are predictive

of toxicities obtained by previous compounds
targeting specific molecular targets that
have failed, and/or molecular signature algo-
rithms that have been trained frorna preclinical
toxicity studies.

Third, an important clinical tool that can be
used is to identify bionarkers tha

signal cor-

ect dosing and whether the specific molecular
target has been hit in early proot-of-concept
clinical trials,

s

ourth, and most important, is the
design of preof-of-concept clinscal trials
uring fivst-in-man studies, This has the
istinct advantage of providing evidence in
man that the molecular target is being hit
and that irutting such a target gives the antici-
pated physiological response. Appm'wmtv-"
designed proof-of-concept studies {or
experin ental medicioe paradigms) could
reduce attrition due to lack of efficacy
mostly seen in later development, and also
have the distinct advantage of allowing
aftrition to occur earlier, which is beneficial
bothin terms of real and opportunity costs.
This is likely to be important given that lack
of etficacy acconnts for about 30% of attrition
in this study.

Fitth, another importanttoclisthe u
rimal models

‘<‘€’b

for effic
s. It s mtf:resi:m,g
two therapeutic

of appropriate at
testing in preclindcal studie
that ongulogy and C

areas with very high attrition rates in the
data provided here — are also the arcas in
which animal reodels are not very predic-
tive of the true human pathophysiology.
For example, most pharmaceutical compa-
nies still use xenograft models for oncology
testing, in which a tumour cell line that night

trave lttle relevance 1o the tumour invivois
injected into 2 nude mouse (which d
resemble the immunclogy of the host; nor
does the artificial location of the tumour
significantly resexnble what happens in vivo

does not

during tumorigenesis). The use of appro-
o / X

riate genetic models (for example, trans-
te]

genic and gene knockout animals) of

tumorigenesis might be more pathophysio-

logically relevant,

Last, another area in which attrition can
be reduced is the discontinuation of com-
poundq for commercial reasons either by
gaining alignment between the research,
development and marketing functions

much earlier ivi the drug discovery process,

and/or by better due diligence with respect
to competitor developrent programimes
and the likelibood of true differentiation
from such drugs that might be ahead in
development.

X

Future perspeciives
The demands on ph
1o meet
the demands of consumers for cost contain-
ment of prescription medicines, is forcing
the industry to think about ways thatetfi-
ciencies can be achieved. A parucular
ernphasis is being placed on R&D because of
the refatively dry Jate-phase pipelines, the
spiralling costs of drug discovery and drug
development, and the patent e);p]ratis)ns of
major blockbusters innovated in the past
two decades. These pressures inevitably lead
1o & healthy evaluation of the science, strate-
vies and p wolved in drug develop-
ment, because the rate of attrition in drug
development is simply too high, which
niakes the R&ID process inefficient; etfi-
ciency and sustained profitability by the
pharmaceutical industry are important for
reinvestment in further R&D so that thera-
pies for debilitating human diseases can
continue to be developed and the price of
centained.

rarmacentical con 1pan: ies

their business objectives, as we'd as

cesses i

medications
This inefficiency becomes even more
acute when one considers the number of
compounds that underge attrition in pre-
clinical research, and that only three out of
every ten drugs that makes it to market

recover the original investinent made in
themt. Factors that clearly affect atirition
rates will lead to a more efficient industry

nd will benefit shareholders, and, more
anurtar‘ﬂ‘ , patients and the community.
The ipdustry will be forced to focus on
attrition rates to balance the costs of drug
development, to explore cost containment
measures while still investing significantdy in
R&D, and to continue to generate share-

holder value. Scientific and technological
innovations that affect efficacy and safety

{factors that most significantly contribute to
attrition in the dinic) will have to be
addressed. These include more appropriate
animal models; biomarkers that can report
the bitting of the molecular target in dose-
ranging, efficacy and toxicity studies; and a
new paradigm for drug development that
will give early readouts for proof of concept
and one that will allow attrition to occur
niuch earlier.

We believe that governments and con-
sunets want 1o reward truly innovative drugs,
and/or those that are genuinely differentiated
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from existing drugs and that address a true
unmet medical need; this provides a tremen-
dous incentive for the pharma industry to

conduct R&D in this arena, and this in itselt

could affect R&D productivity. Drugs that

target novel mechanistas have higher attrition
es'?, but a cornbination of better-vahdated
pre&:l},mc { targets that have sigunificant pre-
clinical proof of principal, and the scientific

o
Xe

and technological innovations that posi-
tively affect efficacy and safety of drugs dis-
cussed earlier in this article, can mitigate
such attritton risks. Tt is clear that ir
the twentieth century the pharaceutical
industry has had significant positive impact
on the health and l(mvevhy of humans
across the globe, but the early twenty-first
century W‘l demand both Leat effective-

1ess ar‘-d cfficiency from the industr vy, and it
is therefore vital that the industry rapidly
geats up 1o 1peet these demands,
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Trends in Risks Associated With New
Drug Development: Success Rates

for Investigational Drugs

JA DiMasil, L Feldman!, A Seckler! and A Wilson!

This study utilizes both publicand private data sources to estimate clinical phase transition and clinical approval
probabilities for drugs in the development pipelines of the 50 largest pharmaceutical firms (by sales). The study
examined the development histories of these investigational compounds from the time point at which they first
entered clinical testing (1993-2004) through June 2009. The clinical approval success rate in the United States was

16% for self-originated drugs (originating from the pharmaceutical company itself) during both the 1993-1998 and the
1999-2004 subperiods. For all compounds (including licensed-in and licensed-out drugs in addition to self-originated
drugs), the dinical approval success rate for the entire study period was 19%. The estimated clinical approval success
rates and phase transition probabilities differed significantly by therapeutic class. The estimated clinical approval
success rate for self-originated compounds over the entire study period was 32% for large molecules and 13% for small
molecules. The estimated transition probabilities were also higher for all clinical phases with respect to large molecules.

INTRODUCTION

Numerous studies have found that the drug development process
is highly expensive and that these costs have trended significantly
upward for decades.!® Many factors affect the cost of drug
development, but two of the key basic elements are time and
risk. Development times increased substantially from the 1960s
through the 1980s but overall remained relatively stable during
the 1990s.7-8 Thus, development times did not directly contrib-
ute much to the rapid increase in pharmaceutical R&D costs in
the past two decades. However, if clinical trials become larger
and more complex, and the costs of inputs to the development
process increase faster than inflation, the “time costs” associated
with the investment of resources in new drug development will
increase in absolute terms, even if development times remain
the same. Indeed, there is evidence that the clinical trial proc-
ess has become more extensive and complex in the past few
decades.*? The situation is similar for drug development risks.
By development risk, we mean the likelihood that development
of a drug will be terminated owing to efficacy, safety, or commer-
cial concerns. High drug failure rates contribute substantially
to R&D costs, whether or not these costs are otherwise increas-
ing. Thus, the rate at which pharmaceutical firms successfully
develop investigational compounds for marketing approval by

regulatory agencies is an important indicator of the effectiveness
of the drug development process. Processes and technological
innovations that can improve the predictability of outcomes
for new compounds can therefore significantly increase the
productivity of new drug innovation.'?

The historical literature focusing specifically on the quan-
tification of drug development risks is fairly robust.!!"2° The
aforementioned research on drug development costs includes
estimates of drug development risks. Early research on devel-
opment risks suggested that clinical approval rates for self-
originated drugs in the 1960s were in the neighborhood of one
in eight.!! Subsequent studies indicated that development risks
fell in the 1970s, with approval rates averaging approximately
one in five; the risk levels pertaining to the 1970s remained
fairly stable to the mid-1990s.1:31%15

This study provides updated clinical approval success rates
and clinical phase transition analyses for the investigational
compounds that entered clinical testing between the mid-1990s
and the early 2000s from the 50 largest pharmaceutical firms
(as determined by sales). We analyze approval success rates and
phase transition rate trends within this period for new com-
pounds as a whole and by therapeutic class. The data are also
stratified by product type (large molecule vs. small molecule).

Tufts Center for the Study of Drug Development, Tufts University, Boston, Massachusetts, USA. Correspondence: JA DiMasi (josepih.diny
Received 9 December 2009; accepted 9 Decernber 2009; advance online publication 3 Febraury 2010. doi: ¢
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'The results relating to phase transition rates (or their converse,
phase attrition rates) allow us to examine whether pharmaceu-
tical firms are “failing” drugs earlier in the development proc-
ess and thereby (other factors assumed to be equal) potentially
reducing overall development costs.

We examined the investigational drug pipelines of the
50 largest pharmaceutical firms as determined on the basis of
sales in 2006. Several data sources were consulted, but the core
source for the compound list was the IMS R&D Focus investi-
gational drug pipeline database. We supplemented that database
with information from two other commercial pipeline databases
(iDdb3 and Pharmaprojects), as well as from Tufts CSDD inves-
tigational drug, approved drug, and investigational biopharma-
ceutical databases that were derived, in part, from confidential
company surveys, published regulatory agency documents,
online company pipeline lists, and Internet searches.

Inclusion criteria
The resulting database contains information on nearly 4,000
drugs and biologics. For the purpose of simplifying the discus-
sion, we refer to all the compounds analyzed as “new drugs”
Our analyses are restricted to the new drugs for which the start-
ing dates for phase I testing were available and for which this
phase [ testing was initiated anywhere in the world from 1993
through 2004. The dataset used for the analysis contains infor-
mation on the development histories of 1,738 new drugs. For the
purposes of this study, the dataset’s key elements include infor-
mation on the drug’s therapeutic class (identified by the major
indication pursued), the drug type (small molecule, including
synthetic peptides and oligonucleotides, or large molecule,
including monoclonal antibodies, recombinant proteins, and
other biologics), the clinical phases in which the drug has been
tested, whether the drug has been approved for marketing in
the United States, the latest phase (clinical or regulatory) that
the compound had entered (if research on the drug has been
terminated), the sponsor company, and the source of the drug
(self-originated, licensed-in, or licensed-out). The bulk of the
licensed-in compounds were licensed from firms outside the
top 50. A compound was considered licensed-out only if it had
been licensed from one of the top 50 firms to a firm outside the
top 50. We excluded from analysis diagnostics, vaccines, and new
formulations and indications for already-approved drugs. We
placed drugs in therapeutic categories according to their clas-
sification in the IMS R&D Focus database. The database uses the
Anatomical Therapeutic Chemical classification system estab-
lished by the World Health Organization Collaborating Centre
for Drug Statistics Methodology for classifying indications.
Clinical approval success rates are defined in terms of US
regulatory approval for marketing. Current success rates for
the compounds were examined through June 2009. Analyses
were conducted for the entire study period (1993-2004) and also
separately for two subperiods (1993-1998 and 1999-2004). Data
on more recent investigational drugs were available, but, given
the length of the new drug development process, we judged
them too recent to be included in a comprehensive analysis of
success rates.

REMACOLOGY & THERAPELY
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Calculation of success-rate estimates
The dataset used contains information on the latest phase
(development or regulatory) of the abandoned drugs at the time
they were terminated. These data allow us to estimate the likeli-
hood that an investigational drug will proceed from one clinical
phase to the next as well as the distribution of research termi-
nations by phase. They also, in aggregate, permit us to estimate
the probability of approval for new drugs that enter the clinical
pipeline. Specifically, we estimate the proportion of new drugs
that transition from phase i to phase i + 1 as the ratio:

No. of new drugs that proceeded to phase i + 1/total

no. of new drugs that entered phase i

The denominator in the ratio includes only drugs that

either proceeded thereafter to phase i + 1 or were

terminated in phase i.

We estimate the clinical approval success rate as the product
of the individual phase transition probabilities. These transition
probability estimates will be unbiased estimates of the population
transition probabilities if the drugs that are still active in a phase
are, on average, no different (in terms of the likelihood of pro-
ceeding to the next phase) from the set of drugs that either have
been terminated in the phase or have moved on to the next phase.
There are likely to be variable time lags as to when new informa-
tion on the status of a drug is available in a database. However,
if a database firm has not been able to obtain an update on the
status of a drug over a set period of time (e.g., 18 months for
R&D Focus), it will show that no development activity has been
reported for the drug. For purposes of analysis, we assumed that
the drug was discontinued in the latest phase that it had entered
if no development activity was subsequently reported. Therefore
our transition probability estimates may be underestimated; how-
ever, even if this is so, the downward bias is probably small.

As noted above, we utilized information from more than
half a dozen databases and other sources. We recognized that,
among the databases (pipeline-based or survey-based) and
other sources that we used, no single source would have the
most recent information for all drugs. For our study, we took
the earliest date recorded for the start of phase I testing as the
date on which clinical testing of the drug began, and the latest
available development or regulatory phase as its current status.
For example, if one database had information to the effect that
a drug has entered phase I1I while other databases and sources
showed its status at phase I, we assumed that the drug has pro-
ceeded to phase III. We thus made use of the most recent infor-
mation available from the multiple sources regarding the status
of an investigational drug.

For the entire study period, 70% of the new drugs in our data-
set were self-originated (Tabie 1). We found that the proportion
of all new drugs that were licensed out to firms outside of the top
50 pharmaceutical companies was small. These shares were simi-
lar for the 1993-1998 subperiod. For the full study period, we
determined a final outcome (success or failure) for 76% of all the
drugs analyzed; for self-originated drugs, this figure was 81%.
As expected, the percentage of drugs for which a final outcome
was available was higher for the earlier period. For example,
final outcomes were reported for 88% of all drugs and 92% of
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Table 1 Currentand maximum-possible success rates by source of molecule for compounds first tested in humans from 1993 to 2004

Approved Open Percentage Current Maximum-possible

Source n molecules molecules? completed (%)? success rate (%)? success rate (%)P
1993-2004

Self-originated 1,225 87 239 80.5 7.1 26.6

Licensed-in 412 41 141 65.8 10.0 442

Licensed-out 101 10 42 584 9.9 515

All 1,738 138 422 757 7.9 32.2
1993-7998

Self-originated 584 64 48 91.8 11.0 19.2

Licensed-in 180 32 30 833 17.8 344

Licensed-out 57 9 21 63.2 15.8 526

All 821 105 99 879 12.8 248

aThrough June 2009. PAssumes that all open compounds will eventually be approved.

100%

67% 4%

66%

63%

41%

39%

Transition probability

16% 16%

NDA/BLA Sub—
NDA/BLA App

Phase |-
NDA/BLA App

Phase |-l Phase II-ll Phase Ill-

NDA/BLA Sub

1993-1998 M 19992004

Figure 1 Phase transition probabilities and clinical approval success
probabilities for self-originated compounds by period of first-in-human
testing. BLA, biologics license application; NDA, new drug application.

self-originated drugs that commenced clinical trials during the
1993-1998 subperiod. Given that the data are censored (some
drugs are still active), we show both the current and maximum-
possible US clinical approval success rates. These rates were
higher for licensed-in than for self-originated drugs.

Success-rate trends
Figure 1 shows estimated phase transition probabilities and
the overall clinical approval success rates for the 1993-1998
and the 1999-2004 subperiods. The results do not suggest any
trend in the overall clinical approval success rates for new drugs
over this period; estimates showed that approximately one in
six new drugs that entered clinical testing during each of these
subperiods was eventually approved for marketing. However,
there were small differences between the two subperiods with
respect to the estimated clinical phase transition rates. The
results suggest that the failures occurred somewhat earlier in
the clinical trial process (phases I and IT) for drugs initiated into
clinical trials during the later subperiod.

There are at least two good reasons for the generally higher clin-
ical approval success rates for licensed-in compounds. First, these
compounds have generally undergone some screening or testing
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64% 64% 64%
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|E| Self-originated Licensed-in I All |

Figure 2 Phase transition probabilities and clinical approval success
probabilities by source of compound, for compounds first tested in
humans from 1993 to 2004. BLA, biologics license application; NDA, new
drug application.

prior to licensing and have been shown to be promising candidates
for marketing approval. Thus, there may be a screening effect for
new drugs that are licensed-in. Second, it is likely that many of
these licensed-in drugs were acquired after some clinical testing
had been done on them. Although drugs may be licensed-in at
any point during the development process, including during the
preclinical period, later clinical phases are associated with higher
approval rates. We do not have data on when in the development
process each of the licensed-in drugs was acquired, but if, for
example, the average licensed-in drug was acquired at phase II,
then we would expect higher clinical approval success rates for
the licensed-in group for that reason alone.

Figure 2 shows estimated phase transition probabilities and

clinical approval success rates by source of the compound.
As expected, the estimated overall clinical approval success
rate is substantially higher for the licensed-in drugs than for
self-originated drugs (27 vs. 16%). However, the estimated
transition probabilities for phase III and regulatory review
are identical for licensed-in and self-originated drugs. The
higher estimated clinical approval success rate for licensed-in

drugs derives from higher transition probabilities at phases I
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and II. This suggests that many of the licensed-in drugs were
acquired after phase I or phase II testing had already been
conducted by the licensor.

Success rates by therapeutic class

Prior research has shown that success rates for new drugs
vary by therapeutic class.»>!4716 Tabie 2 shows current and
maximum-possible success rates and the percentage of self-
originated drugs that have had a reported final outcome by
therapeutic class. Given that the number of compounds avail-
able for analysis is greatly reduced when the data are stratified
into therapeutic categories, the entire study period (1993-2004)
is used. Explicit results are reported for the seven therapeutic
classes with the most new drugs taken into clinical testing over
the study period (=80 compounds). These seven classes account
for 85% of all self-originated drugs that were included for analy-
sis. The proportion of drugs in these classes that have reached a
final outcome varied from 71% for antineoplastic/immunologic
drugs to 89% for systemic anti-infectives.

Vable 3 shows the estimated phase transition and clini-
cal approval success probabilities for the seven therapeutic
classes and one miscellaneous category. There was substantial
variability by class for both the phase transition probabilities

and the clinical approval success rates. More than 70% of the
self-originated drugs in the antineoplastic, musculoskeletal, and
respiratory categories moved from phase I testing to phase II
testing, whereas fewer than 60% of the self-originated drugs in
the systemic anti-infective and central nervous system (CNS)
categories did so. One-third or fewer of the self-originated
drugs in the respiratory, cardiovascular, and CNS categories
proceeded from phase II to phase III testing, but nearly half
of the antineoplastic/immunologic drugs moved from phase II
trials to much more expensive phase III testing. However, once
antineoplastic/immunologic drugs reached phase 111, they had
a relatively low estimated probability (55%) of having an appli-
cation for marketing approval submitted to the US Food and
Drug Administration. Similarly, only 50% of gastrointestinal/
metabolism drugs and 46% of CNS drugs moved from phase
1IT to regulatory review. In contrast, the systemic anti-infective,
musculoskeletal, and respiratory drug categories had relatively
high estimated probabilities of getting to regulatory review after
they had entered phase I1I (79% or higher).

‘The estimated clinical approval success rates for self-originated
drugs varied substantially by therapeutic class. The CNS (8%),
cardiovascular (9%), gastrointestinal/metabolism (9%), and res-
piratory (10%) categories had relatively low estimated approval

Table 2 Currentand maximum-possible success rates by therapeutic class for self-originated compounds first tested in humans from

1993 t0 2004
Approved Open Percentage Current Maximum-possible

Therapeutic class n molecules molecules? completed (%)®  successrate (%)? success rate (%)P
Antineoplastic/immunologic 254 18 75 70.5 7.1 36.6
Cardiovascular 134 4 24 82.1 3.0 209

CNS 235 9 40 83.0 3.8 209
Gl/metabolism 120 4 28 76.7 33 26.7
Musculoskeletal 88 8 18 79.5 9.1 295
Respiratory 83 4 15 81.9 48 229
Systemic anti-infective 122 19 14 88.5 156 27.0
Miscellaneous 189 21 25 86.8 1.1 243

CNS, central nervous system; Gl, gastrointestinal.

aThrough June 2009. PAssumes that all open compounds will eventually be approved.

Table 3 Phase transition and clinical approval probabilities by therapeutic class for self-originated compounds first tested in humans

from 1993 to 2004

Therapeutic class Phase -1l (%)

Phase I1-111 (%)

Clinical approval

Phase llI-RR (%) RR-approval (%) success rate (%)

Antineoplastic/immunologic 71.8 49.0 553 100 194
Cardiovascular 62.9 324 64.3 66.7 87
CNS 59.6 330 464 90.0 8.2
Gl/metabolism 67.5 349 50.0 80.0 9.4
Musculoskeletal 724 352 80.0 100 204
Respiratory 72.5 20.0 85.7 80.0 9.9
Systemic anti-infective 58.2 52.2 786 100 239
Miscellaneous 62.8 48.7 69.8 91.3 19.5

Through June 2009.

CNS, central nervous system; Gl, gastrointestinal; RR, regulatory review.
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success rates. In contrast, systemic anti-infectives had a relatively
high clinical approval success rate (24%). Although the sample sizes
are much smaller, the rankings of approval success rates by thera-
peutic class were generally similar for the two study subperiods.

Success rates by product type

We also analyzed phase transition probabilities and clinical
approval success rates by product type. Specifically, we exam-
ined outcomes by grouping drugs into small- and large-molecule
categories. Large-molecule compounds comprise a minority of
the compounds in the pipelines of the 50 largest pharmaceutical
firms, but their number is still significant. For all compounds
and for the entire study period, large-molecule compounds con-
stituted 15% of the total number of drugs. There was a slight
downward trend in that percentage over time, from 17% for the
1993-1998 period to 13% for the 1999-2004 period. Given that
large pharmaceutical firms often seck licensing candidates from
small biopharmaceutical firms, the percentage of large-molecule
compounds was lower (but not much lower) for self-originated
drugs. Of the self-originated drugs over the entire study period,
12% were large-molecule compounds (14% for 1993-1998 and
11% for 1999-2004). The large-molecule category is dominated
by monoclonal antibodies and recombinant proteins. For self-
originated drugs during the entire study period, 47% of the large
molecules were monoclonal antibodies, 43% were recombinant
proteins, and 10% were other biologics.

Figure 3 shows our results for estimated transition and clinical
approval success probabilities by product type. Estimated transi-
tion probabilities for all phases were higher for large molecules.
The estimated clinical approval success rate for large molecules
(32%) was much higher than for small molecules (13%). Studies
have indicated that success rates differ within the monoclonal
antibody class by type of antibody (murine, chimeric, human, or
humanized).2® However, overall, the estimated clinical approval
success rates for recombinant proteins and monoclonal anti-
bodies did not differ by much (34% for recombinant proteins
and 36% for monoclonal antibodies for self-originated drugs).
The large-molecule subtypes, however, did vary somewhat

96%

84%

74%

53%

32%

Transition probability

Phase I-II Phase I~ Phase Ill-

NDA/BLA Sub

NDA/BLA Sub—
NDA/BLA App

Phase |-
NDA/BLA App

Small molecule M Large molecule

Figure 3 Phase transition probabilities and clinical approval success
probabilities by type of compound, for self-originated compounds first tested
in humans from 1993 to 2004. BLA, biologics license application; NDA, new
drug application.
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in their estimated phase transition probabilities. Specifically,
recombinant proteins had higher phase transition rates for the
early clinical phases but a lower estimated phase transition prob-
ability for phase III to regulatory review (66% for recombinant
proteins and 87% for monoclonal antibodies).

SUMMARY

We estimated phase transition probabilities and clinical approval
success rates for drugs in the pipelines of the 50 largest pharma-
ceutical firms by sales. These firms are likely to represent very
large proportions of the total number of investigational drugs
and of aggregate industry R&D expenditures. For self-originated
new drugs that first entered clinical testing in 1993-2004 and
were observed through mid-2009, the results indicated that
approximately one in six drugs that enter the clinical testing
pipeline will eventually obtain approval for marketing in the
United States. The data did not support the hypothesis of a
within-period trend, but the overall estimated clinical approval
success rate is lower than it has been for prior periods. 11171
Although the overall success rate was fairly constant over the
study period, we did find that the failures occurred somewhat
earlier in the clinical process for the latter half of the study
period. This has implications for the average cost of new drug
developmen‘[.10 However, the reduction in cost because of a rela-
tively modest improvement in the speed at which firms identify
failures may easily be more than offset by increases over time
in the out-of-pocket costs of conducting clinical trials. There is
evidence to show that clinical trials have become more complex,
and therefore probably costlier, in recent years.9 In addition,
when viewed against the background of reported costs of new
drug development in earlier periods, the increasing complexity
of clinical trials and the overall drop in clinical approval success
rates strongly suggest that new drug R&D costs have continued
to increase at a high rate in recent years.

We also found, as we have in the past, that clinical approval
success rates differ by therapeutic class in any given period. Our
analysis of self-originated drugs found estimated clinical approval
success rates that varied from 8% for CNS drugs to 24% for sys-
temic anti-infectives. This variability in success rates by thera-
peutic class might be explained, at least partially, by differences in
the uncertainty (inherent in the differing scientific objectives and
underlying science knowledge base) about the regulatory stand-
ards that must be satisfied for different drug classes. For example,
efficacy end points for antibiotics are often clearly defined and can
be assessed in a relatively straightforward way. In contrast, it can
often be difficult to prove the efficacy of psychotropic compounds,
or to establish causal links between these drugs and side effects.

Finally, we did find substantial differences in clinical approval
success rates by product type (large vs. small molecules). The
success rate for large molecules (nearly one-third) is consist-
ent with the findings from a study of biopharmaceutical R&D
costs covering a somewhat earlier period.® We also found higher
phase transition rates at all phases for large molecules. Although
R&D costs should be much lower for large molecules given that
success rates in this category are substantially higher, other
factors may offset that impact. This appears to be the case for
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large-molecule development; the overall projected cost per new
small-molecule drug was found to be similar to the reported cost
per large-molecule drug.®
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/456,720 04/26/2012 Sunil GUPTA FR2009/121 US CNT
CONFIRMATION NO. 1083
5487 POA ACCEPTANCE LETTER
ANDREA Q. RYAN
SANOF ORI RN
000000065404649

55 Corporate Drive
MAIL CODE: 55A-505A
BRIDGEWATER, NJ 08807
Date Mailed: 12/10/2013

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 12/04/2013.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/sleutchit/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant Sunil GUPTA Examinen SJames D, Anderson
Serial No..  13/4588,720 Group Art 1828
Unit;
Filadh Apeil 28, 2012 Cont No. 1083
Title: MOVEL ANTITUMORAL USE OF CARAZITAXEL

POWER OF STTORNEY FOR PATENT APBLICATION

Commissioner for Patents
O, Box 14588
Alexandria, VA 22313-1480

t, Josigne MERLUIER . an Authorized Signatery of Aventis Phanms SA.L
Assignes of the above-identified Application, hereby appoint the attormeys and/or agents
associated with the Customer No.{s) provi cie:} below as attorneys andier agev s with full

power fo prosscute s application on behalf of Assignes and 1o transact all of Assignes’s

business in connection with the above-identified Application in the Patent and Trademark
Office:

Customer No.: 005487

By Jogiane MERLIER

Tille: FR Siie Heoad Giohal P"ter*t "“\e*atimm

Date: 24™ July, 2073 AVENTIS PHARMA B4

20 avenus Raymend &von
82180 ANTONY « Francs

Adé;‘ess telephone calls {o: ROE Nanors B 508 <88 288
Kelly L. Bender, Reg. No. 52,610
Sancftl US

Telaphone (B08) 8816782
Tedafax {308} 3817832
Customer No. 808487

01866



Electronic Acknowledgement Receipt
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Application Number: 13456720
International Application Number:
Confirmation Number: 1083
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First Named Inventor/Applicant Name:

Sunil GUPTA

Customer Number:

5487

Filer:

Kelly L. Bender/Brian Pritchett

Filer Authorized By:

Kelly L. Bender

Attorney Docket Number:

FR2009/121 US CNT

Receipt Date: 04-DEC-2013
Filing Date: 26-APR-2012
Time Stamp: 09:00:56

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
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Total Files Size (in bytes); 475153

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
13/456,720 04/26/2012 Sunil GUPTA FR2009/121 US CNT 1083
5487 7590 09/16/2013 | |
EXAMINER
ANDREA Q.RYAN
SANOFI ANDERSON, JAMES D

55 Corporate Drive
MAIL CODE: 55A-505A
BRIDGEWATER, NJ 08807

| ART UNIT | PAPER NUMBER |
1629
| NOTIFICATION DATE | DELIVERY MODE |
09/16/2013 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

USPatent.E-Filing @sanofi.com
andrea.ryan @sanofi.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
13/456,720 GUPTA, SUNIL

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
JAMES D. ANDERSON 1629 ,S\ltgt”s

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
)X Responsive to communication(s) filed on 7/16/2013.
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____.
2a)X] This action is FINAL. 2b)[] This action is non-final.

3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.

4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims
5)[X Claim(s) 1,2,4,6-11,13-19 and 24 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7)X Claim(s) 1,2,4,6-11,13-19 and 24 is/are rejected.
8)[] Claim(s) _____is/are objected to.
9] Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww usplo gov/patents/init_events/peh/indax.jsp or send an inquiry to PPHieaedback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[]Some * ¢)[] None of the:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) D Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.
2) x Information Disclosure Statement(s) (PTO/SB/08) I:l oth
Paper No(s)/Mail Date 7/16/2013. ther

U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-13) Office Action Summary Part of Paper No./Mail Date 20130909
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Application/Control Number: 13/456,720 Page 2
Art Unit: 1629

The present application i1s being examined under the pre-AIA first to invent
provisions.
DETAILED ACTION
Formal Matters
Applicants' response and amendments to the claims, filed 7/16/2013, are
acknowledged and entered. Claims 3, 5, 12, 20-23, and 25-33 have been cancelled
by Applicant. Claims 1-2, 4, 6-11, 13-19, and 24 are pending and under

examination.

Response to Arguments
Any previous rejections and/or objections to claims 3, 5, 12, 20-23, and 25-33

are withdrawn as being moot in light of Applicant’s cancellation of the claims.

Applicants' arguments, filed 7/16/2013, have been fully considered but they

are not deemed to be persuasive. Rejections and/or objections not reiterated from

previous office actions are hereby withdrawn. The following rejections and/or

objections are either reiterated or newly applied. They constitute the complete set

presently being applied to the instant application.
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Application/Control Number: 13/456,720 Page 3
Art Unit: 1629

Information Disclosure Statement
Receipt 1s acknowledged of the Information Disclosure Statement filed
7/16/2013. The Examiner has considered the references cited therein to the extent

that each 1s a proper citation. Please see the attached USPTO Form 1449.

Claim Rejections - 35 USC § 103

The following 1s a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or
described as set forth in section 102 of this title, if the differences between the subject
matter sought to be patented and the prior art are such that the subject matter as a
whole would have been obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject matter pertains. Patentability
shall not be negatived by the manner in which the invention was made.

This application currently names joint inventors. In considering
patentability of the claims under 35 U.S.C. 103(a), the examiner presumes that the
subject matter of the various claims was commonly owned at the time any
inventions covered therein were made absent any evidence to the contrary.
Applicant 1s advised of the obligation under 37 CFR 1.56 to point out the inventor
and invention dates of each claim that was not commonly owned at the time a later
mvention was made in order for the examiner to consider the applicability of 35
U.S.C. 103(c) and potential 35 U.S.C.102(e), (f) or (g) prior art under 35

U.S.C. 103(a).
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Application/Control Number: 13/456,720 Page 4
Art Unit: 1629

Claims 1-2, 4, 8-12, 13-19, and 24 remain rejected under 35 U.S.C. 103(a) as
being unpatentable over Mita et al. (Clinical Cancer Research, 2009, vol. 15, pages
723-730) (Published Online January 15, 2009) in view of Tannock et al. (N. Engl.

J. Med., 2004, vol. 351, pages 1502-1512).

Claimed Invention

The amended claims are drawn to treating prostate cancer in a patient
comprising administering to said patient cabazitaxel (XRP6258) in combination
with prednisone or prednisolone, wherein the patient has hormone refractory
prostate cancer and wherein the patient has been previously treated with a

docetaxel containing regimen.

Teachings of Mita et al.

Mita et al. disclose a Phase I and pharmacokinetic study of cabazitaxel
(XRP6258), administered as a 1-hour intravenous infusion every 3 weeks in
patients with advanced solid tumors. See Abstract.

Mita et al. disclose that cabazitaxel (XRP6258) has shown broad spectrum
antitumor activity in mice bearing s.c. implanted human xenografts, including Du-
145 prostate cancers. See page 724, left column, first full paragraph.

Mita et al. disclose that the encouraging spectrum of antitumor activity of

XRP6258 1in experimental tumor models, particularly its notable activity
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against docetaxel-resistant, Pgp-expressing malignancies, served as a
rationale to clinical evaluations. See page 724, left column, second full paragraph.

Regarding claims 8-11, Mita et al. disclose that XRP6258 was administered
as a 1-hour 1v. infusion every 3 weeks at a starting dose of 10 mg/m2, with
subsequent incremental increases to 15, 20, and 25 mg/m2 dose levels. See page
724, right column, “Drug administration” and “Dose escalation”.

Regarding claims 14-16, Mita et al. disclose pharmacokinetic variables
observed in patients at all tested dose levels, including AUC, Cmax, and clearance
falling within the scope of the instant claims. See Table 5.

Regarding claims 17-19, Mita et al. disclose monitoring blood neutrophil
counts, i.e., absolute neutrophil counts (ADC), and that at the highest dose level (25
mg/m2), the ADC was < 1,500 cellssrmm3 (990) and at that dose level there were
cases of Grade 3 and Grade 4 neutropenia. Mita et al. disclose that the rate of dose
Iimiting toxicity (DLT) exceeded the predefined limits of tolerability at the 25
mg/m2 dose level. See Table 3; page 726, left column, second full paragraph.

Regarding anticancer activity, Mita et al. disclose that evidence of anticancer

activity was observed in a patient with prostate cancer metastatic to liver and

bones whose disease had progressed through surgical castration, bicalutamide,
diethyl stilbestrol, and mitoxantrone and prednisone. Further evidence of

anticancer activity was observed in a patient with hormone- and docetaxel-
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refractory prostate cancer metastatic to bone and iliac lvmph nodes. See

page 727, left column, "Anticancer activity".

Mita et al. differ from the instant claims in that while Mita et al.
unequivocally teach, suggest, and motivate the administration of carbazitaxel to
treat prostate cancer, including metastatic, hormone- and docetaxel-refractory
prostate cancer, Mita et al. does not disclose combining carbazitaxel with

prednisone.

Teachings of Tannock et al.

Tannock et al. disclose that mitoxantrone plus prednisone reduces pain and
improves quality of life in men with advanced, hormone-refractory prostate cancer,
but it does not improve survival. Tannock et al. disclose a study comparing the
effects of docetaxel combined with prednisone to mitoxantrone combined with
prednisone. See Title; Abstract.

Regarding claim 8, Tannock et al. disclose that prednisone was administered
at a dose of 56 mg twice daily, thus teaching administration of prednisone at a dose
of 10 mg/day. See Abstract; page 1504, left column, “Randomization and
Treatment”.

Regarding claims 17-19, Tannock et al. disclose that a dose reduction or

treatment delay was stipulated for patient who had an absolute neutrophil count of
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less than 1500 per cubic millimeter (for those receiving weekly docetaxel). See page
1504, right column, first full paragraph.

Tannock et al. disclose that when given with prednisone, treatment with
docetaxel every 3 weeks led to superior survival and improved rates of response in
terms of pain, serum PSA level, and quality of life, as compared to mitoxantrone
plus prednisone, and conclude that docetaxel plus prednisone is the preferred
option for most patients with hormone-refractory prostate cancer. See

Abstract; page 1511, right column, last paragraph.

Principles of Law

“In rejecting claims under 35 U.S.C. § 103, the examiner bears the initial
burden of presenting a prima facie case of obviousness. Only if that burden is met,
does the burden of coming forward with evidence or argument shift to the
applicant.” In re Rijckaert, 9 F.3d 1531, 1532 (Fed. Cir. 1993) (citations omitted). In
order to determine whether a prima facie case of obviousness has been established,
we consider the factors set forth in Graham v. John Deere Co., 383 U.S. 1, 17 (1966):
(1) the scope and content of the prior art; (2) the differences between the prior art
and the claims at 1ssue; (3) the level of ordinary skill in the relevant art; and (4)
objective evidence of nonobviousness, if present.

“The combination of familiar elements according to known methods is likely

to be obvious when it does no more than yield predictable results.” KSR Int’l Co. v.
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Teleflex Inc., 550 U.S. 398, 416 (2007). “In determining whether obviousness is
established by combining the teachings of the prior art, ‘the test is what the
combined teachings of the references would have suggested to those of ordinary skill
in the art.”” In re GPAC Inc., 57 F.3d 1573, 1581 (Fed. Cir. 1995).

“[Ihn a section 103 inquiry, ‘the fact that a specific [embodiment] 1s taught to
be preferred is not controlling, since all disclosures of the prior art, including
unpreferred embodiments, must be considered.”” Merck & Co. Inc. v. Biocraft
Laboratories Inc., 874 F.2d 804, 807 (Fed. Cir. 1989) (quoting In re Lamberti, 545

F.2d 747, 750, 192 USPQ 278, 280 (CCPA 1976).)

Analysis & Examiner’s Determination of Obviousness

It would have been prima facie obvious to one of ordinary skill in the art at
the time the invention was made to combine the teachings of the references so as to
administer cabazitaxel in combination with prednisone as taught by Mita et al. in
view of the teachings of Tannock et al. to patients with hormone-refractory prostate
cancer previously treated with docetaxel.

One would have been motivated to do so because Mita et al. teach that
cabazitaxel 1s effective in treating prostate cancer metastatic to liver and bones
whose disease had progressed through surgical castration, bicalutamide, diethyl
stilbestrol, and mitoxantrone and prednisone and hormone- and docetaxel-

refractory prostate cancer metastatic to bone and iliac lymph nodes when
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administered as a single agent. The motivation to add prednisone to such
treatment 1s clearly seen in Tannock et al., who teach that administration of the
taxane, docetaxel, in combination with prednisone is effective in treating hormone-
refractory prostate cancer. As such, the skilled artisan would predict that addition
of prednisone to the treatment regimen of Mita et al. would also be effective in
treating hormone-refractory prostate cancer, including prostate cancers refractory

to docetaxel therapy.

Claims 6-7 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Mita et al. (Clinical Cancer Research, 2009, vol. 15, pages 723-730) (Published
Online January 15, 2009) in view of Tannock et al. (N. Engl. J. Med., 2004, vol.
351, pages 1502-1512) as applied to claims 1-2, 4, 8-12, 13-19, and 24 above, and

further in view of Didier et al. (US 2005/0065138 A1l; Published Mar. 24, 2005).

Mita et al. and Tannock et al. teach as applied to claims 1-2, 4, 8-12, 13-19,
and 24, supra, which teachings are herein incorporated by reference in their
entirety. Claims 6-7 differ from Mita et al. and Tannock et al. in that the references

do not disclose an acetone solvate of carbazitaxel.

Teachings of Didier et al.

Didier et al. disclose acetone solvates of carbazitaxel. See Abstract; Claims.
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Didier et al. disclose acetone solvates containing between 5% and 8% of

acetone. See page 1, [0020].

Analysis & Examiner’s Determination of Obviousness

It would have been prima facie obvious to one of ordinary skill in the art at
the time the invention was made to combine the teachings of the references so as to
administer the acetone solvate of cabazitaxel in combination with prednisone as
taught by Mita et al. in view of the teachings of Tannock et al. and Dinier et al.

The skilled artisan would expect that the acetone solvate of carbazitaxel
would possess the same anticancer properties as the free base compound. As both
carbazitaxel and the acetone solvate thereof were known in the art, selection of
either one for use in treating prostate cancer would have been prima facie obvious

to the skilled artisan.

Response to Arguments

Applicant submits that the claimed elements of the present invention were
not known in the prior art and the combination of Mita and Tannock would not
have provided a reasonable expectation of predictable results. Accordingly,
Applicant respectfully submits that any presumption of obviousness based on the
combination of these references 1s not warranted. In support of the above,

Applicants present the following arguments.
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Applicant argues that Mita nowhere suggests that one skilled in the art
should use cabazitaxel for the treatment of prostate cancer based on these results,
as the efficacy data provided is only "preliminary" evidence. Accordingly, given the
extremely limited nature of the patients described in Mita and the complexity of
treatment of cancer, Applicant argues that one skilled in the art would not have the
requisite reasonable expectation that the results of this phase 1 trial would
translate to patients with hormone refractory metastatic prostate cancer, who were
previously treated with a docetaxel-containing regimen when evaluated in a
statistically relevant setting (such as a Phase III trial).

This 1s argument 1s not persuasive because as taught by Mita and admitted
by Applicants, Mita indicated that evidence of anticancer activity was noted in two
patients, including one patient with "hormone- and docetaxel-refractory prostate
cancer metastatic to bone and iliac lymph nodes." It is well established in the art
that Phase I clinical trials are used as a basis for continuing Phase IT and Phase III
clinical trials. Given the documented evidence of anti-cancer activity in the Phase I
trial taught by Mita against hormone- and docetaxel-refractory prostate cancer
metastatic to bone and iliac lymph nodes, the skilled artisan would have been
1mbued with at least a reasonable expectation of success in treating such prostate
cancer. This 1s clearly evidenced by Mita who in fact demonstrate that carbazitaxel
1s clinically effective in treating hormone- and docetaxel-refractory prostate cancer

metastatic to bone and iliac lymph nodes. In response to Applicants’ assertion that
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that Mita nowhere suggests that one skilled in the art should use cabazitaxel for
the treatment of prostate cancer based on these results, as the efficacy data
provided 1s only "preliminary” evidence, this i1s precisely what Mita suggests. Mita
in fact explicitly states, “[T]he general tolerability and encouraging antitumor
activity in taxane-refractory patients warrant further evaluations of XRP6258
[cabazitaxel]". See Abstract.

Applicant next argues that there 1s nothing in Tannock which would provide
one skilled in the art with the reasonable expectation (or even prediction as
asserted in the Office Action), that a combination comprising docetaxel would have
any similar effectiveness when used in combination with cabazitaxel. Applicants
assert that the Office Action provides no evidence or even arguments explaining
why one skilled in the art would reasonably have such an expectation, especially in
patients with docetaxel-resistant prostate cancer.

In response, the Examiner respectfully submits that Tannock teaches that
docetaxel plus prednisone treatment led to superior survival and improved rates of
response 1n terms of pain, serum PSA level, and quality of life, as compared to
mitoxantrone plus prednisone, and conclude that docetaxel plus prednisone is
the preferred option for most patients with hormone-refractory prostate
cancer. Based on this teaching, the skilled artisan would clearly and
unequivocally be motivated to administer docetaxel plus prednisone to treating

hormone-refractory prostate cancer. Taken together with the teachings of Mita, the
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skilled artisan would have been motivated to substitute cabazitaxel for docetaxel in
such as treatment regimen because Mita teaches that cabazitaxel is superior to
docetaxel in many aspects including lower affinity for P-gp, a linear PK profile, and
better tolerance and administration profile. Mita further teaches that cabazitaxel is
effective in treating hormone- and docetaxel-refractory prostate cancer metastatic to
bone and iliac lymph nodes. Thus, when viewed in combination, Mita et al. and
Tannock et al. teach, suggest, and clearly motivate the administration of
cabazitaxel and prednisone to treat patients with hormone- and docetaxel-refractory

prostate cancer as presently claimed.

Conclusion

THIS ACTION IS MADE FINAL. Applicant 1s reminded of the extension of
time policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire
THREE MONTHS from the mailing date of this action. In the event a first reply is
filed within TWO MONTHS of the mailing date of this final action and the advisory
action 1s not mailed until after the end of the THREE-MONTH shortened statutory
period, then the shortened statutory period will expire on the date the advisory
action 1s mailed, and any extension fee pursuant to 37 CFR 1.136(a) will be

calculated from the mailing date of the advisory action. In no event, however, will
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the statutory period for reply expire later than SIX MONTHS from the mailing date

of this final action.

If applicants should amend the claims, a complete and responsive reply will
clearly identify where support can be found in the disclosure for each amendment.
Applicants should point to the page and line numbers of the application
corresponding to each amendment, and provide any statements that might help to
1dentify support for the claimed invention (e.g., if the amendment is not supported
1n ipsis verbis, clarification on the record may be helpful). Should applicants present
new claims, applicants should clearly identify where support can be found in the
disclosure

Any inquiry concerning this communication or earlier communications from
the examiner should be directed to JAMES ANDERSON whose telephone number 1s
(671)272-9038. The examiner can normally be reached on MON-FRI 9:00 am - 5:00
pm EST.

If attempts to reach the examiner by telephone are unsuccessful, the
examiner’s supervisor, Jeffrey Lundgren can be reached on 571-272-5541. The fax
phone number for the organization where this application or proceeding is assigned

1s 571-273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications 1s available through Private PAIR
only. For more information about the PAIR system, see http://pair-direct.uspto.gov.
Should you have questions on access to the Private PAIR system, contact the
Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like
assistance from a USPTO Customer Service Representative or access to the
automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-
272-1000.

/James D. Anderson/
James D. Anderson, Ph.D.
Primary Patent Examiner, Art Unit 1629
UNITED STATES PATENT AND TRADEMARK OFFICE
400 Dulany Street
Alexandria, VA 22314-5774
Tel. No.: (671) 272-9038
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