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KiF18A INHIBITORS FOR TREATMENT OF NEOPLASTIC DISEASES
CROSS REFERENCE TO RELATED APPLICATIONS

[G001]  This application claims under 35 U.S.C. §119(e} the benefit of U.5. Provisional
Application No. 63/008,637, filed April 14, 2020, U.S. Provisional Application No. 83/055,111,
filed July 22, 2028, and U.8. Provisional Application No. 83/085,607, filed September 30, 2020,

The entire contents of each application are incorporated hersin by reference.
INCORPORATION BY REFERENCE OF MATERIAL SUBMITTED ELECTRONICALLY

[0002] Incorporated by reference in its entirsly is a computer-readable nuclectide/amino acid
sequence listing submitted concurrently herewith and identifisd as follows: 227 854 byts ASCH
{Text) file named "A-2807-WO-PCT_Seqglisting.bt”; created on March 22, 2021,

BACKGROUND

[0003] Cancer is one of the most widespread diseases afflicting mankind, and a leading
cause of death worldwide. In the United States alone, cancer is the second most common
cause of death, only surpassed by heari diseass. In an effori 0 find an effective frsatment or a
cure for one or more of the many different cancers, over the last couple of decades, numerous
groups have invested a tremendous amount of time, effort and financial resources. However, o
daie, of the available cancer treatmenis and therapies, only a few offer any considerable degree

of success.

[0004] Cancer is often characterized by deragulation of normal cellular processes or
unregulated cell proliferation. Cells that have been transformed to cancerous celis proliferate in
an unconirolied and unregulated manner leading to, in some cases, metastasis or the spread of
the cancer. Damage {0 one or mors genes, responsible for the celivlar pathways, which control
progress of proliferation through the cell cycle and centrosome cycle, can cause the loss of
normal regulation of cell proliferation. These dereguiated genes can code for various tumor
suppressor or oncogene proteins, which participate in a cascade of events, leading fo
unchecked cell-cycling progression and cell proliferation. Various kinase and kinasin proieins
have been identified, which play key roles in cell cycle and mitotic regulation and progression of

normal dividing calls and cancer cells.

[0005] Cancer pathways, phenotypes, differentiation state associated with mitotic and
replicative stress may lead 1o specific vulnerabilities associated with mitotic entry, mitotic spindle

formation, centrosome integrity and positioning, MT-kinelochore attachment, sister chromatid
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cohesion, and SAC control. Thus, a strategy to improve the clinical potential of new antimitotic
therapies should exploit a fumor-specific vulnerability while sparing or reducing the coliateral
damage to normal tissues. KIF18A is an emerging and promising anticancer target as KiF{18A
inhibition leads o aclivation of the SAC in mitosis, induction of multipolarity and apoptosis, and
inhibits the growth of subset of human cancer cell lines while sparing normal dividing somatic

cells.

[6008]  Mitosis is the process by which a eukaryotic cell segregates iis duplicatad
chromosomes info two identical daughter nuciel. it is generally followed immediately by
cytokinesis, which divides the nuclsi, cyloplasm, organelles and cell membranes into two
daughtsr cells containing roughly sgual sharss of these cellular componeants. Mitosis and
cytokinesis together define the mitotic (M) phass of the cell cycle—the division of the mother cell
into two daughter cells, genetically identical to each other and o their parent cell. The process
of mitosis is complex and highly regulated. The sequence of events is divided into distinct
phases, corresponding to the completion of one set of activities and the start of the next. These
stages arg prophase, prometaphase, metaphass, anaphase and telophase. During the process
of mitosis duplicated chromosomes condense and altach to spindle microtubule (MT) fibers that
pull the sister chromatids o opposite sides of the cell. Spindle assembly checkpoint (SAC) is
active until all sister chromatids are properly attached {o the spindle kinetochors fibers and
spindie tension is achisved during metaphase, if no errors are detecled the cells progress to

anaphase. The cell then divides in cylokinesis, o produce two identical daughter calls.

[a0071  Normally, cell-cycle checkpoints are activated if errors are detscted {(&.g. DNA
damage, DNA replication fork stall/collapse, centrosome aberrations, chromosome mis-
segregation, micronuciei formation). if these errors o the genome cannat be fixed, the cell
normally undergoes call arrest and apoptosis. However, if the cell is allowed to move through its
call-cycle and progress unchecked, then muiations, chromosome mis-segregation, centrosome
aberrations can accumulate over time. These gene/karyotype/centrosome alternations can
accrue and eventually leading cell progeny with pre-malignant or malignant neoplastic

characteristics (&.g. uncontrolied proliferation) through adaptation.

[0008] Cancers with high infratumor haterogeneity and chromosomal instability {CIN) have

complex karyotypes due to continuous chromosomal changes resulting from numerical (gain or
loss) and structural alfernations. The mechanisms believed to contribule to CIN include defects
in kinetochore MT attachment dynamics, centrosome copy number, mitotic checkpoint function,

chromosoms cohesion, and cell cycle regulation. Chromosome instability (CIN) is associated
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with an increased level of replicative and mitolic stress enriched for genetic lesions in a subset
of tumor supprassor and oncogenes (examples include but not limited o TPS3, RE1, BRCAT,
BRCAZ, homologous recombination deficient (HRD) genes, FBXW7, CCNE1, MYC) that
regulate cell-cycle progression/checkpoeints, centrosome-cycle, and DNA repair (SL Thompson
et al Current Biology. 2010;20:285-85 and R Nagel et al EMBO Reports 2016;17:1516-1531).

[000%] Mitosis, or cell division, is a validated point-of-intervention in treating cancer.
Approved antimitotic drugs are anti-cancer agenis that inhibit the function of microtubules.
Microtubules are protein polymers formed by a-tubulin and 8-tubulin heterodimers that play an
important role in the formation of the mitotic spindle apparatus and cylokinesis at the and of
mitosis. Anti-cancer agents that targst microlubules represent a proven approach for intervaning
in the proliferation of cancer cells. Taxanes are the most prominent class of antimifotic agent
that includes paciitaxel (taxol) and docetaxsl (laxotere). The vinca alkaloids are a class of
microtubule-destabilizing agents that includes vincristing, vinblastine, and vinorsibine. Other
new tubulin binding anti-cancer drugs include ixabepilone and eribulin. These antimitolic agents
act to prevent the proliferation of cancer cells by sither stabilizing- or destabilizing-microtubules.
This dirsct inhibition of microtubules resulis in cell arrest and death through apoptosis, milotic
catastrophe, and lethal multipolar division. Paclitaxel was the first compound of the taxane
saries to be discoversd. Docetaxel, a structural analog of paciitaxel, was later discovered.
Paclitaxe! and docetaxel are commaonly used to treat a variety of human malignancies, including
ovarian cancer, breast cancer, head and neck cancer, lung cancer, gastic cancer, gsophageal
cancer, prostate cancer, and AlDS-related Kaposi's sarcoma. The primary side effect of taxanses
is myelosuppression, primarily neutropenia, while other side effects include peripheral edema,

and neurotoxicily {peripheral neuropathy).

[0016] Resistance {o anti-mitotic agents such as taxaneas is a complicating factor to
successful cancer treatment and is often associated with increasead expression of the MDR-1
encoded gene and its product, the P-glycoprotein (P-gp). Other documented mechanisms of
acquired resistance to taxanes include wbulin mutations, overexpression, ampiification, and
isotype switching). Mulations in o~ or $-tubulin inhibit the binding of taxanes {o the correct place
on the microtubules; this renders the drug ineffective. Resistance io other anticancer drug
classes, including, without limitation to chemotherapeutic agenis (e.g. platinum agents,
anthracyclines) and fargeted therapies {e.g. TKI, PARP inhibitors) has become a major
drawback in the sffective treatment of cancer and inevitably leads to patient death.

Conssguently, development of drug resistance remains a problem with all anticancer therapiss.
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[0011] Precision medicing is aimed at improving cancer patient response rates by reducing
toxicities to normal tissues and utilizing stratification markers {o enrich for patients most likely to
benafit from therapy treatment or importantly to exclude patients unlikely to benefif. A
biomarker guided approach has the potential 1o customizing cancer patient treatment {o achisve
higher response rates and o drive improvement in patient oulcomes and guality of life. There is
a tack of establishad stratification marksrs {biomarkers) availabls for selscling patients most

likely to benefit from current anti-mifotic therapies.

fG0121 Thus, there is a need for biomarkers {o identify patients will benefit from KIF18A

inhibitor treatment.
SUMMARY

[0013] Presented herein for the first time are data evidencing biomarkers of sensifivity to
KIF18A inhibitor treatment. Cancer cells exhibiting an inactivated TH53 gene and/or al least
one of: (i} an inaclivated Rb7T gene, (i} an amplified CCNET gene, gene copy number gain of
the CONET gene, or overexprassion of a CCNET gense product, (i} an inactivated BRCA gene
or (iv) a combination thereof, demonstrated sensitivity to treatment with a KIF18A inhibitor. Also
provided herein are data demonstrating that KIF18A inhibitor-sensitive cancer celis exhibit a
reduced or lost sensilivity or resistance {o CDK4/6 inhibitors. The data further support that
CDK4/8 inhibitor-sensitive cancer ceils exhibit a reducad or lost sensitivity or resistance to

KIF 18A inhibifors.

[6014] The prasent disclosure provides methods of defermining a treatment for a subject with
a neoplastic disease (e.g., cancer). In exemplary embodimentis, the method comprises
assaying a sample obtained from the subject for (&) an inactivated TP53 gene and/or (b) atleast
one of: (i) an inactivated Rb1 gene, (i) an amplified CCNET gene, gene copy number gain of
the CONET gene, or averexpression of a CCNET gene product, (iil) an inactivated BRCA gene
or {iv) a combination thereof. In various aspecits, the treatment determined for the subject
comprises of a KIF18A inhibifor, when the sample is posilive for an inactivated TFP53 gene
andfor positive for at least one of an inactivated Rb7 gene, (i) an amplified CCNET gene, gene
copy number gain of the CCNET gene, or overexpression of a CCNET gene product, (i) an
inactivated BRCA gene or {iv) a combination thereof. In exemplary embodiments, the method
comprises determining sensitivity of the neoplastic disease o treatment with a CDK4/6 inhibitor.
in various aspects, the treatment for the subject is determined as a treatment comprising a

KIF 18A inhibitor, when the neoplastic disease is insensitive or resistant to the CDK4/8 inhibitor,

in exemplary embodiments, the method comprises determining sansitivity of the neoplastic
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disease {o treatment with a KIF18A inhibilor. In various aspects, the treatment for the subjectis
determined as a freatment comprising & CDK4/S inhibitor, when the neoplastic disease is

insensitive or resistant to the KIF{18A inhibitor.

[0018] Methods of identifying a subject with a neoplastic disease as sensitive 1o treaiment
with a KIF18A inhibitor are provided herain. In exemplary embodiments, the meathod comprisas
assaying a sampie obtained from the subject for (8) an inactivated TP53 gene andfor (bb) at least
one of: (i} an inactivaied Rb7T gane, {ii) an amplified CCNET gene, gensa copy number gain of
the CCNET gene, or overexpression of a CCNET gene product, (i) an inactivated BRCA gene
or {iv) a combination thereof. In various instances, the subject is identified as sensilive {0
treatment with a KIF18A inhibitor, when the sample is positive for an inactivated TP33 gene
andfor positive for at least one of an inactivated Rh 7 gens, (i) an amplified CCNET gene or
overexpression of a CCNET gene product, {iil) an inactivated BRCA gene or (iv) a combination

thereof,

[0016] The present disclosure additionally providas a method of identifying a subject with a
neoplastic disease as responsive to treatment with a KIF18A inhibitor. In exemplary
embodimenis, the method comprises determining the sensitivity of the neoplastic disease o
treatment with a KIF18A inhibitor. In various aspects, the subject is identified as responsive to
treatment with a KIF18A inhibitor, when the cancer cells of the sample ars insensitive to the
CDK4/8 inhibitor.

[0017]  Methods of maintaining sensitivity of a neoplastic disease to treaiment with a CDK4/6
inhibitor in a subject are provided herein. In exemplary embodiments, the method comprises

adrninistering to the subject a KIF18A inhibitor.

[6018] Methods of treating a subjsct with a nsoplastic disease, 8.¢., msthods of treating the
neoplastic disease in a subject, are provided herein. In exemplary embodiments, the method
comprises administering a KIF18A inhibitor {o treat the patient. Oplionally, the neoplasiic
disease is resistant to treatment with a CDK4/6 inhibitor. In various instances, the subjectis or
has been treated with 2 CDK4/6 inhibitor. In various aspscis, the KIF18A inhibitor is co-
administered with the CDK4/6 inhibitor. In various instancas, the method comprises
administering a pharmaceuiical combination comprising a CDK4A/6 inhibitor and a KIF18A
inhibitor. Accordingly, a pharmaceutical combination comprising a KIF18A inhibitor and a
CDK4/6 inhibitor is provided herein.
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[0018] Maethods of inducing or increasing tumor ragrassion in a subject with a tumor are
additionally provided herein. In exemplary embodiments, the method comprises administering
fo the subject a KIF18A inhibitor in an amount effective to induce or increase tumor regrassion.
The present disclosure also provides methods of reducing tumeor growth or cancer growth in a
subject. In exemplary embodiments, the method comprises administering o the subject a

KIF 18A inhibitor in an amount effective o reduce tumor or cancer growth. Msthods of inducing
or increasing death of tumor cells or cancer cells in a subjsct are provided herein. The method
in exemplary embodiments comprises administering 1o the subject a KIF18A inhibitor in an
amount effective to induce or increase death of the tumor cells or cancer cells. in various
aspects, the neoplastic disease is a cancsr, optionally, breast cancer, ovarian cancer, or
prostate cancer. In various instances, the neoplasiic dissass is triple-negative breast cancer
{TNBC), non-luminal breast cancer, or high-grade serous ovarian cancer (HGSOC). In
exemplary aspecis, the neoplastic disease is an endometrial cancer, opticnally, serous
endometrial cancer. Optionally, the cancer comprises cells that are positive for an inactivated
TPS53 gene and/or positive for at least one of an inactivated Rb gene, (it} an amplifisd CCNET
gens or overaxpressed CONET gene product, (illy an inactivated BRCA gene or {iv) a
combination thereof. In some aspscts, the cancer comprises cells that are positive for a mutant
TF53 gene. In various instances, the cancer comprises cells that are positive for an amplified
CCNET gene, a silenced BRCAT gene, a deficient RbT gene, or a combination thereof.
Optionally, the KIF18A inhibitor is administered for oral administration, optionally once a day. In
exemplary aspecis, the amount of the KIF18A inhibitor is effective to induce at least 50% or at
least 75% (&.q., at least 80% or 85% or at least 90% or 85%) tumor regression, compared {o a
contrel. In various instances, the KIF18A inhibitor selectively treats the neoplastic disease,
selectively induces or increases tumor regression, selectively reduces tumor or cancer growth,
andfor selectively induces or increasas death of tumor or cancer cells and the KIF18A inhibitor
is not foxic fo normal somatic cells. in various aspects, the KiF18A inhibitor treals the
neoplastic disease, induces or increases umor regression, reduces tumor or cancer growth,
and/or induces or increases death of tumor or cancer celis and the proliferation of the normal
somatic cslls in the subject is substantially the sams as the proliferation of the normal somatic
calls of a control subject. In exemplary inslances, the KIF18A inhibitor reats the neoplastiic
disease, induces or increases fumor regression, reduces tumor or cancer growth, and/or
induceas or increases death of tumor or cancer cells and the level of apoptosis of normal somatic

cells is not increased in the subject, relative 1o the level of apopiosis of normal somatic cells of a
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control subject, optionally, wherein the level of apoptosis of normal somatic cells is substantially

the sams as the level of apoptosis of the normal somatic cells of a control subject.

fG0201  In various aspects of the present disclosure, the KIF18A inhibitor is a compound of
formuia {1). In exemplary aspects, the KIF18A inhibitor is Compound C1, Compound C2,
Compound C3, Compound C4, Compound C8, Compound C8, Compound C7, Compound €8,
Compound C8, Compound C10, Compound C11, Compound C12, Compound C13, or

Compound C14, or any pharmacsutically-accepiable sall thereof, as described hersin.

[0021] In alternative aspecis, the KIF18A inhibilor is a large molecule KiF18A inhibitor, such

as a non-coding RNA, e.g., an siRNA,
BRIEF DESCRIPTION OF THE DRAWINGS

fa0221  Figures 1A-1C provide tables referenced in Example 1. Figure 1A provides Table 1A
which lists tissue culture growth conditions for the indicated cell line originating from the
indicated lissue. Figure 1B provides Table 1B which lists the seeding densily for the NCA for
each tested cell line. Figure 1C provides Table 1C which lists cancer call lines and their
sansitivity {0 a first KIF18A inhibitor.

f00231  Figures 2A to 2F are graphs of POC plotted as a function of concentration of KIF18A
inhibitor {solid squares) or CDK4/6 inhibilor (open circles). Figures 2A-2C demonstrate KIF18A
inhibitor-sensitive, CDK4/6 inhibitor-insensitive cells. cells and Figures 2D-2F demonsirats

KiF18A inhibitor insansitive cells, CDK4/8 inhibiior-sensitive calls.

f0024] Figure 3A is a graph plotting the POC as a funclion of concentration of KIF18A
inhibitor for the OVCAR-8 HGSOC cell line. Figure 3B is a graph plotting the POC as a function
of conceniration of KIF18A inhibitor for the MX-1 TNBC cellline. Figure 3C is a graph plotting
the POC as a funclion of concentration of KIF18A inhibitor for the MAX401TNL TNBC cell lins.
Figure 3D is a graph plotting the POC as a funclion of concentraiion of KIF18A inhibilor for the
HCC-1837 TNBC cell line. Figure 3E is a graph plotting the POC as a function of concentration
of KIF18A inhibitor Compound C14, Olaparib, Paclitaxel, Doxorubicin, or Carbopiatin for the
OVCAR-8 cancer csll line.

[0025] Figure 4A providsas Table 2 which lists cancer cell lings and thair sensilivity fo a
second KIF18A inhibitor. Figure 4B provides Table 3 which lists cancer cell lines and their
sensitivity to a second KIF18A inhibitor. Figure 4C is a graph plotting the POC as a function of
cancantration of KIF18A inhibitor for breast and ovarian cancer cell lines which demonsirated

sensilivity to KIF18A inhibifor freatment. Figure 4D is a graph piotiing the POC as a function of
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concentration of KIF18A inhibilor for breast and ovarian cancer cell lines which were insensitive
to KIF18A inhibitor treatment. Figure 4E is a graph plotting the POC as a function of
concentration of KIF18A inhibitor for a second group of ovarian and breast cancer cell lines
which demonsirated sensitivity to KIF18A inhibilor treatment. Figure 4F is a graph plotting the
POC as a function of concentration of KIF18A inhibitor for a second group of ovarian and breast

cancer cell lines which were insensitive to KIF18A inhibitor treatment.

[0028] Figure BA is a graph of the tumor volume of KIF 18A inhibilor-treated or vehicle-freated
mice plotted as a funclion of time after cell implantation. Figure 5B is & graph of the body
weight of KIF18A inhibitor-treated or vehicle-treated mice plotted as a function of ime afler cell

implantation.

[0027] Figure 8A is a graph of the fumor volume of KIF18A inhibitor-treated or vehicle-treated
mice plotted as a function of time after cell implantation. Figure 88 is a graph of the body
weight of KIF18A inhibitor-treated or vehicle-treated mice plotied as a function of tims after cell

implantation.

[6028] Figure 7A is an image of DMSO-treated cells or KIF18A inhibilor cells as described
herein. Figure 7B is a pair of graphs demonstrating the % p-Histone or Pericentrin spots plotied
as a function of KIF 18A inhibitor concantration. Figure 7C is a table listing the £ECS5Q of the
KIF18A inhibitor with respect to p-Histone or Pericentrin spots, as described herein.

[0028] Figure 8A is a series of images of two types of cancer cells stained for centrin-3,
percentrin, or centrosome markers upon ireatment with KIF18A inhibitor or with DMSO control.
Figure 8B is a Western biot showing the protein levels of ¢-PARP in cells treated with DMSO
control, KIF18A inhibitor, or Eg5 Inhibitor. GADPH is a loading control.

[0030] Figure 9 is a serigs of Wastern blots showing ths lavels of the indicated profeins (of-
PARP, Cyclin B1, Mcl-1 Cyclin E1, KIF18A, BubR1) in synchronized or asynchronized cells
treated with DMSO control or KIF18A inhibitor. B-actin is a lvading control,

f00311  Figure 10A is a series of Wastern blots showing the levels of the indicated proteins (p-
Histone H3, y-H2A X, ¢-PARP, BubR1, Total HECH, p-Hec1} in cells traated with DMSQO cantrol
or KIF18A inhibilor. GADPH is a loading control. Figure 10B is a pair of images showing celis
stained for ¢cGAS (greemn), vHZA X (red), or DAPI (blug). Cells were treated with DMSO canirol
or KIF18A inhibitor.

[6032] Figure 11 is a pair of images showing celis stained for Cantrin-3 {green), KIF18A (red),
or DNA (DAPI {(blug)). Cells were treated with DMSO conirol or KIF18A inhibitor.
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[0033] Figure 12 is a graph of p-Histone H3 in cells trealed with the indicated amount of a
KiIF18A inhibitor of vehicle control.

fa034]  Figure 13A is a graph of the POC plotted as a function of concentration (log
concentration) of cells treated with KIF18A inhibitor Compound C14 in the presence {(open
circles) or absence (closed circles) of a P-gp inhibitor. Figure 13B is a graph of the POC plotted
as a function of concentration {log concentration) of cells treated with paclitaxel (tubulin} in the

prasance (open circles) or absence (closed circlas) of a P-gp inhibitor.

[0038] Figure 14A is a series of FACS plots demonstrating DNA content of human bone
marrow mononuciear cells (HBMNC) treated with DMSO, KiIF18A inhibitor Compound CB or
Compound C11, ispinesib, paclitaxsl or palbociclib. Figure 14B is a graph demonstrating %
human bone marrow mononuclear cells (HBMNC) from Donor 37812 or Donor 37534 stained
with anti-Brdl (fop graph) or in SubG1 of the cell cycle (bottom graph) wherein the HBMNC
were reated with DMSO, KIF18A inhibiter Compound C% or Compound C11, ispinesib (Eg5h),
paclitaxel (tubulin} or palbociclib (CDK4/8) for 48 hours. Figure 14C is a graph of the live csll
count (per 1 x 10°%) of cells from Donor 37612 or Donor 37534 after treatment with DMSO,
KIF18A inhibilor Compound C2 or Compound C11, ispinesib (EqgH), paclitaxel (tubulin) or
palbociclib CDK4/8) for 96 hours. Figure 14D is a series of graphs plotting the % of human
Foreskin Fibroblast (hFSF) celis stained positive for BrdU treated with DMSO or different doses
of KIF18A inhibitor Compound C11, ispinesib (Egh), or palbociclib (CDK4/8) for 48 hours.
Figure 14E is a series of graphs plolting the % of human mammary epithelial cells (HMEC)
stained positive for BrdU treated with DMSO or different doses of KIF18A inhibitor Compound
C11, ispinesib (EgS), or palbociclib (CDK4/8} for 48 hours.

[00368] Figures 15A-15E are heatmaps demonsirating relative total object count (Figure 154),
BrdU incorporation (Figure 15B), cl-PARP expression {Figure 158C), p21 protein expression
{Figure 15D}, and yHH2X expression (Figure 15E) of cells treated with DMSO, KIF18A inhibifor
Compound C8 or Compound C11, BI-2536 PLK1, paciitaxe! (tubulin), ispinesib (Eg5),
(38K923295 (CENP-E), Nutlin-3A (MDM2), or palbociclib (CDK4/8).

[0037] Figure 16 is a series of Western blots of lysates of normal HMEC (Lefi panel) and BT-
549 TNBC cells {right panel} treated with individual KIF18A siRNAs, or non-targeting conirol
{NTC) siRNA, or Positive Control (+ Control, Hela cells treated with nocodazole (NOC) or
Jurkat cells treated with staurosporine). Western blots for cleaved PARP (ch-PARP) apoplosis

marksr and B-actin to demonstrate equal protein loading in each lane.
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[0038] Figure 17A is a series of graphs of the POC of cells treated with KIF18A siRNA, non-
targeting control (NTC) siRNA siRNAg, or positive control siRNA (Eg5 siRNA). Dotfted-line
indicates 50% cell growth inhibition based on NTC siRNAs control. KIF18A siRNAs reduced
counts »50% relative to NTC siRNA were considered as KIF18A siRNA sensitive with p-value <
0.05. Figure 178 is a table providing the legend for the graph of Figure 18A with cell line
information (tissus origin, tumor subtype, and geneatic status). p-values and cell growth
inhibition KIF18A siRNAs relative to NTC. KIF18A siRNAs reduced counts »50% relative o NTC
siRNA were considered as KIF18A siRNA sensitive with p-value < 0.05. Figure 17C is a
Weastern blot of lysates of KIF18A siRNA sensitive or insensitive cells showing KiF18A and B~

actin protsin exprassion levels.

[0038] Figure 18 is a graph of the sensitivily {o KIF18A inhibitor Compound C9 for each of the

four groups of breast and ovarian cancer cell lines differing by WGD status and TP53 status.

[0040] Figure 19A provides ADP-Glo concentration-response profiles of KIF18A motor
activity pressnted as MT-ATPase luminescencs signal relative to DMSO control (POC), valuss

rapresant mean + SEM from three independent expariments.

[00411  Tumor efficacy and tolerability analysis of Compounds C8 and C12 in OVCAR-3
HGSOC (Figure 19B) or CAL-51 TNBC tumor xenografis (Figure 18C). Mice with established
turnors administered P dose of vehicls alone, Compound C8 at 100 mg/kg, or Compound C12
at 25 myglkg daily for 18 conseculive days. Graphs show lumor volume (Ieft, efficacy) and body
weight {right, tolerability) measurements presented as mean £ SEM versus lime (days) {(n = 10
per group). Treatment groups compared to vehicle alone group, ™ p < 0.0001 by RMANOVA

followed by Dunnett test for multiple comparisons.

[0042] Tumor efficacy, tolerability, tumor re-growth analysis of C8 and €12 in OVCAR-8

HGSOC tumor xenografts, Graphs of Figure 19D show fumor volume (lefi, efficacy) and body
weight (right, tolerability) measurements presented as mean £ SEM versus time (days) (n = 10
per group). Treaiment groups compared {o vehicle alone group, *p < 0.0001 by RMANOVA

followad by Dunnett test for multiple comparisons.
DETAILED DESCRIPTION

[0043) Methods of Determining Treatment, Methods of Identifving Responders fo Treatment,
and Related Methods

[06044] The prasent disclosure provides methods of determining a treatiment for a subject with

a neoplastic diseass {e.g., cancer). In exemplary embodiments, the method comprises

10
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assaying a sample obiained from the subject for (8) an inaclivated TP53 gene and/or (b} at least
one of: (i} an inactivaied RHT gane, {ii) an amplified CCNET gene, gensa copy number gain of
the CONET gene, or overexprassion of a CCNET gene product, (i) an inactivated BRCA gene
or (iv) a combination thereof. In various aspects, the treatment determined for the subject
camprises a KIF18A inhibitor, when the sample is positive for an inactivated 7F53 gene and/or
positive for at least one of an inactivated Rb7 gene, (ii) an amplified CONET gene, gene copy
number gain of the CONET gene, or overexpression of a CONET gene product, (i) an

inactivated BRCA gene or (iv) a combination thereof.

[0045] In exemplary embodiments, the method comprises determining sensitivity of the
nsoplastic disease to treatment with a CDK4/8 inhibilor. In various aspects, the treatmsnt for
the subject is determined as a trealment comprising a KIF18A inhibifor, when the neoplastic

disease is insensilive or resistant to the CDK4/6 inhibifor.

[0048] In sexemplary embodiments, the method comprises determining sensilivity of the
neoplastic disease o treaiment with a KIF18A inhibitor. In various aspects, the treatmesnt for the
subject is dstermined as a treatment comprising a CDK4/6 inhibifor, when the neoplastic

disease is insansitive or resistant {o the KiF18A inhibitor.

[0047] Methods of identifying a subject with a neoplastic disease as sensilive {o freatmant
with a KIF18A inhibitor are provided herein. In exemplary embodiments, the mathod comprises
assaying a sample obtained from the subject for (8) an inactivated TRP53 gens andior (i) at least
one of: (i) an inactivaied RbT gene, {ii) an amplified CCNET gene, gene copy number gain of
the CCNET gene, or overexpression of a CONET gene product, (iil} an inactivated BRCA gene
or (iv} a combination thereof. In various instancas, the subject is identified as sensilive to
treatment with a KIF18A inhibitor, when the sample is positive for an inactivated TPE3 gene
and/or positive for at least one of an inactivated Rb7 gene, (i) an amplified CCNET gene, gene
copy number gain of the CCNET gane, or overexpression of a CCNET gene product, (i) an

inactivated BRCA gene or {iv) a combination thereof.

f0048] The present disclosure additionally provides a method of identifying a subject with a
neoplastic disease as responsive to treatment with a KIF18A inhibitor. In exemplary
embodiments, the method comprises determining the sensitivity of the neoplastic disease o
treatment with a KIF18A inhibitor. In various aspects, the subject is identified as responsive to
treatment with & KIF18A inhibitor, when the cancer cells of the sample are insensilive to the
CDK4/8 inhibitor.

11
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[0048] Maesthods of maintaining sensitivity of a neoplastic disease to treatment with a CDK4/8

inhibitor in a subjact are provided herein. In exemplary smbodiments, the method comprises

administering to the subject a KIF18A inhibifor.

[005¢] Methods of determining efficacy of reatment with a KIF18A inhibitor in a subject are

furthermore provided herein. In exemplary ambodiments, the method comprises assaying a

sample obtained from the subject after commencement of freatment with the KIF18A inhibitor

for one or mors of

a)
b)

c)

e)

f}

2y

h)

expression level of p-Histone H3

cenfrosome features {(centricie and PCM markers include but not limited t©
centrin-1-3, pericentrin, y-iubulin; measure spoiting pattern or fragmentation,
pole-to-pole distance}, nsis

chromosome features (DNA dyes; measure mitolic chromatin dimensions,
lagging chromosomes/anaphase bridges, micronuclei formation),

spindle features (fubulin markers, measure multipolarity and spindle geometry},
KIF 18A protein localization (KIF18A marker; measure localization of KIF18A in
mitosis,

KiF18A protein post-iransiational modification {KIF 18A protein doublet detection
by Western analysis),

protein or gene sxprassion modulation (such as cyclin B1, sscurin, p-histone H3
{ser-10), cyclin E1, Mci-1, BubR1, SAC components, , c-PARP, cl-caspase-3/-7},
markers of apoptosis {such as TUNEL), DNA damage and repair {such as y-
H2AX (Ser-139).

[0031] KIF18A inhibitors

[0052] The preseni disclosure relates to KIF18A inhibitors. The term "KIF18A inhibitor”
means any compound useful for modulating KIF18A protein alone or in a bound complex with

microtubules (MT) for trealing KIF18A-mediated conditions and/or diseases, including

neoplastic diseases {e.g., cancer), inflammation, or ciliopathologies. The KIF18A inhibitor

compounds disclosed herein have MT-based KIF18A modulatory activity and, in particular,

KIF18A inhibitory activity. To this end, the present disclosure also provides the use of thase

compounds, as well as pharmaceutically acceptable salts thereof, in the preparation and

manufacture of a pharmaceutical composition or medicament for therapeutic, prophylactic,

acute or chronic ireatment of KIF18A mediated diseases and disorders, including without

12
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limitation, cancer. Thus, the compounds of the present disclosure are useful in the manufaciure

of anfi-cancer madicamsants.

[G053Y  In various aspects, the term "KIF18A inhibitor” means any compound or molecule that
targets KIF18A and reduces or inhibits KIF18A activity. KIF18A gens belongs 1o Kinesin-8
subfamily and is a plus-end-directed motor. KIF18A is belleved {o influence dynamics at the plus
end of kinetochore microtubules to control correct chromosome positioning and spindle tension.
Deplefion of human KIF18A leads to longer spindles, increased chromosome oscillation at
metaphase, and activation of the mifotic spindle assembly checkpoint in Hela cervical cancer
cells (Mi Mayr et al, Current Biclogy 17, 488-98, 2007). KIF18A is averexpressed in various
types of cancars, inciuding but not limited to colon, breast, lung, pancreas, prostate, bladder,
head, neck, cervix, and ovarian cancers. Overexpression of KIF18A dampens sister chromatid
oscillation resulting in tight metaphase plates. Inachivation of KIF18A motor function in KIF18A
knockout mice or by mutagenic ethyimethanosulfonate (EMS) treatment in KIF18A8%20%%2 mice
{missanse mutation {R308K) in the motor domain) resulting in viable mice with no gross
abnormalities in major organs except for clear teslis atrophy and sterility (J Stumpff el a
Developmental Cell. 2008;14.252-262; J Stumpff &t al Developmental Cell. 2012,22:1017-
1029; X8 Liu et al. Genes & Cancer. 2010;1:26-39; CL Fonseca et al J Cell Biol. 2019;1-18, A
Czachanski et al Developmental Biology. 2015;402:253-262. & Rath, F Kozielski. Nature
Reviews Cancer. 2012;12:527-539). Normal human and mouse KiF18A-deficient somatic cells
werg shown to complete cell division with relatively normal mitotic progression but without
proper chromosome alignment resuliing in daughier celis with a normal karyolype, some defects
in exit from mitosis were noted in a subset of normal cells resulting in micronuclet formation on
siower proliferation {CL Fonseca et al J Cell Biol. 2019;1-16}. These genetlic studies suggest
that normal germ and somatic celis have different dapsndency on requirements for
chromosome alignment and indicate that KIF18A may be dispsnsable in normal euploidy
samatic cell division (X8 Liu et al Genes & Cancer. 2010,1:26-39; A Czechanski et &l
Developmental Biology. 2015;402:253-262). In normal human tissues, exprassion of KIF18Ais
slevated in tissues with actively cycling cells, with highest expression in the testis (GTEx Portal,
GTEx Portal, J Lonsdale et al Naturs Genetics. 2013:29,45:580). In various aspects, the KIF18A
inhibitor inhibits ATPase activity. For example, the KIF18A inhibitor inhibits MT-ATPass activity

and nof basal AT Pase activily.

[0054] The reduction or inhibition provided by the KIF18A inhibitor may not be a 100% or

complste inhibition or abrogation or reduction. Rathsr, there ars varying degrees of reduction or
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inhibition of which one of ordinary skill in the art recognizas as having a potential benefit or
therapsutic effect. In this regard, the KIF18A inhibitor may inhibif the KiF18A protein(s) to any
amount or level. In exemplary embodiments, the reduction or inhibition provided by the KIF18A
inhibitor is at least or about 10% reduction or inhibition {&.g., at least or about 20% reduction or
inhibition, at least or about 30% reduction or inhibition, at least or about 40% reduction or
inhibition, at lsast or about 50% reduction or inhibition, at least or about 60% reduction or
inhibition, at least or about 70% reduction or inhibition, at least or about 80% reduction or
inhibition, at least or about 80% reduction or inhibition, at least or about 95% reduction or

inhibition, at isast or about 98% reduction or inhibition).

[0058]  In sxemplary embodiments, the KIF18A inhibitor compounds that can bs used in the

present methods of the present disclosure is a small molecule compound of formula ()

or any pharmacsutically-acceptable salt thereof, whersin:

X'is N or -CR®;

X2is N or -CRS5;

XKis N or -CR*;

X*is N or -CR?¥;

wherein 0, 1, or 2 of X!, X2 XC and X% is N;

RY is -CN, or a group -Z-R¥ wharein Z is -Cpaalk-, -NR'. -NRU"SO,,
-SONRY- -NRILS(EO)=NH), -S(=0)=NH)-, -8- -5(=0), -80;, Cpaali-0-, -{C=0}-,
H{C=OINRM- -C=N(OH)-, or -NR"™{C=0); or

the group -Z-R'? is -N=8(=0)}-(R");, wherein the two R'? pair can alternatively combine
with the sulfur atom atiached to each of them to form a saturated or partially-saturated 3-, 4-, 5-,
or 8-membered monocyclic ring containing 9, 1, 2 or 3 N atoms and 0, 1, or 2 atoms selecled
from O and S;

R? is halo or a group -Y-R™ wherein Y is -Ceoasalk-, -N{Cpialk)-Coaalk-,
~C{=0YNR*RYCy.aalk), ~-O-Coaalk-, 8, S=0, 5(=0),, -S0:NR", or -S(=0){=NH)-;
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R?is H, halo, Crsalk, or Cishaloalk;

R4is H, halo, R* or R,

R5is H, halo, Ciealk, or Cishaloalk:

RE is H, halo, Cisalk, Cishaloalk, -O-Cigalk, or -0O-R% wherein R®is a saturated or
partially-saturated 3-, 4+, 5, or G-membered monocychic ring containing G, 1, 2 or 3 N aloms and
0, 1, or 2 atoms selected from O and S

R7is H, halo, Cisalk, or Cishaloalk:

R%is H, halo, Crealk, Cishaloalk, -OH, -0-R38, or -Q-R¥;

R®is H, halc, Crsalk, or Cishaloalk;

i R‘\Od
. "‘RiCG
ng »T Rﬂ)f

, and ;

Each of R02 R Rifc Q104 R1oe R0 Q1% RO RW and R is H, halo, R1%, or R

or alternatively, each of R and R pair, R' and R pair, R'% and R pair, R"% and
R1% pair, or R and R'%pair, independently, can combine with the carbon atom attached {o sach
of them to form a salurated or partiaily-saturated 3-, 4+, 8-, 6-membered monocyclic ring spire to
the R* ring; whearein said 3-, 4-, 5-, 6-membsred monocyclic ring confains ¢, 1, 2 or 3 N atoms
and 0, 1, or 2 atoms selecied from O and 8, and further wherein said 3-, 4-, 5-, S-membered
monocyclic ring is substituled by 0, 1, 2 or 3 group(s) selected from F, CI, Br, Ciealk,
Cishaloalk, -OR?, -OC . haloalk, CN, -NR?R?, or oxo,

RYis H, Ci.4alk, or Cishaloalk;

R is H, R gr R1b:

R'Zis H, Ri2 or R12v:

R g R or R

R REa RiGk R11a R122 and R'% s independently, at each instance, seiecled from the
group consisting of a saturated, partially-saturated or unsalurated 3-, 4+, 5-) 8-, or 7-mambered

monocyclic or 4-, 5-, 8-, 7-, 8-, 8~ 10, 11+, or 12-memberad bicyclic ring confaining 0, 1, 2 or3 N
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atoms and 0, 1, or 2 atoms selgcled from O and S, which is substituted by 8, 1, 2 or 3 group(s)
salected from F, Ci, Br, Cisalk, Ci.shaloalk, -ORe, -OCi4haloalk,
CN, ~C{=0)RP, -C(=0)OR?3, -C{=0O)NR2R?, -C{=NRINRR?, -OC{=0O)RP,
-OC(=OINRR?, -0OC,:alkNRR?, -QC,:alkOR?2, -8R?2 -S(=0RP, -S(=0)RP, -S{=0):NRR?,
~NR2R3, -N{R&C{E=OIRY, -N(RHC(=OIORP -N(R?)C(=OINRR?, ~N{ROC{=NRINR*R®,
SNRHS(=0RRE,  -NRHSECRNR#RY, -NR3C.salkNR2R?,  -NR2CusalkOR?,  -CisalkNRRA
-Cr5alkOR?, -CiaalkN{ROC(=OIRY, -CisalkkOC{=0O)RE, -CiaalkC(=0OINR2R?2, -CiaalkC(=0)0OR?,
R and oxo;

R Re RIG R R and R g independently, at each instance, selected from the
group consisting of Ciealk substituted by 0, 1, 2, 3, 4, or 5 group(s) selscted from F, Ci
Br, -OR?, -OC, 4haloalk, or CN;

R'is independently, at each instance, sslected from the group consisting of a saturated,
pariially-saturated or unsaturated 3-, 4-, §-, 6-, or 7-membered monocyclic or 4-, 8-, 6-, 7-, 8-, 8-,
10-, 11-, ar 12-memberead bicychic ring containing 0, 1, 2 or 3 N atoms and 0 or 1 atoms selected
from O and 3, which is subsiituted by 0, 1, 2 or 3 group(s) selected from F, Cl, Br, Cisalk,
Ciashaloalk, ~OR?, -OCishaloalk, CN, -C(=0)R>, -C(=0)0R3, -C{(=0O)NR2R?, -C{=NRINRR4,
-QC{=0)R®, -OCEOINR#R, -OC,.0akNR2R?, -GGz ealkOR?, -SRa, -5{=0)R?,
SS(=0RRP, -S(EORNRRY, WNR2R2, -N(RHCEOIRY,  -N{RHCE=O)ORD,-N(RHCEOINR*R?,
-N{RAC(=NRHNRIR?, -N(ROS(=0):RP, -N(ROS(=0)NRPR?, -NRCosalkNRIR?, -NR3C,.salkOR?,
-CsalkNR2R?, -CiealkOR?, -CraalkN(RHC{=OIRY, -C15alkOC(=0)RP, -CaalkC{=C)NR2R?,
-CraalkC(=0)OR3, and oxo;

R# is independently, at each instance, H or R?, and

RP is independently, at each instance, Cusalk, phenyi, or benzyl, wherein the Cisalk is
being subsiitted by 0, 1, 2 or 3 substituenis selected from  halg,
~OH, -OC ik, ~-NHp, -NHC 4alk, -CC{=0)C4alk, or ~-N{Caalk)Ci4alk; and the phenyl or benzyi
is being substituted by 0, 1, 2 or 3 substiluents selected from halo, Ciaalk, Cizhaloalk,
-OH, -OC4alk, -NH;, -NHC, 4alk, -OC{E=QC4alk, or -N{C14all)Craalic
[00588] Preparation of the compounds of formula () can be found in the previously filed US
provisional patent applications serial nos. 62/783,061 and 62/783,068; sach of which was filed
on 20 Dec 2018; and 62/882 255 and 62/882,268; each of which was filed on 02 Aug 2010,

[O0571  In ancther embodiment, the present invention provides the method of any one of the
preceding embodiments, whersin the KIF18A inhibitor is a compound of formula (1), or the

pharmaceuticaliy-acceptable salt thersof, wherein 0 of X, X8, X¥and X*is N.
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[0058] In another embodiment, the present invention provides the method of any ons of the
pracading embodiments, wherein the KIF18A inhibitor is a compound of formula (1), or the

pharmaceuticaliy-acceptable salt thereof, wherein 1 of X', X2 X3and X*is N.

[0058] In another embodiment, the present invention provides the method of any one of the
preceding embodiments, wherein the KIF18A inhibitor is a compound of formula (1}, or the

pharmaceuticaliy-acceptable salt thereof, wherein 2 of XY, X2, X3and X*is N.

f00601 In another embodiment, the present invention provides the method of any one of the
preceding embodiments, wherein the KIF18A inhibitor is a compound of formula (I}, or the
pharmaceuticaliy-acceptabls salt thereof, wherein each of X' and X?is N; X% is -CR®; and X* is

-CR# having the formula (1a):

/,’f
R® {ia).

[6084] In another embodiment, ths present invention provides the mathod of any one of the
preceding embodiment, wherein the KIF 18A inhibiior is a compound of formula (1), or the
pharmaceuticaliy-accepiable salt thersof, wherein X' is -CR®; X2 is -CR5; X3is N; and X4 is -CRS,

having the formula {ib)

210a

R‘.Qi E R'IOI)
R1EL R‘.Oc
gt R 108
RS N

p S .
r{ify \//u\j/l \\E/R

6 ! i
R H - \i///’/\1

R
R (ib).

17



WO 2021/211549 PCT/US2021/027042

[0062] In another embodiment, the present invention provides the method of any ons of the
pracading embodiment, wharein the KIF18A inhibitor is a compound of formula (§), or the
pharmaceuticaliy-acceptable salt thereof, wherein X' is N; X2 is -CR%, X?is -CR®; and X*is -CR¥,

having the formula (ic):

te).

[0083] In another embodiment, the present invention provides the method of any ons of the
preceding embodiment, wherein the KIF18A inhibitor is a compound of formula (i), or the
pharmaceutically-acceptable salt thersof, wherain X' is -CR?; X% is -CR%, X¥is -CR?; and X% is
-CR having the formula (Id):

10a
i pios

! 'it [
R‘.OC
/}Rwoc

R? (id).

[00684] In another embodiment, the present invention provides the msthod of any one of the
preceding embodiment, wherein the KIF 18A inhibifor is a compound of formula (I}, or the
pharmaceuticaliy-acceplable salt thersof, wharsin X' is -CR®; X2 is -CRS; X3is -CR®; and X4 is

-N; having the formula (le):
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R']Oa
ij. R‘-C‘b
Ri0 p10s
Fgfi \E R”:Or}
R3 \ R® N7
0 s L
a = )l\/
R 4 N =] Y
RS 4 w’ o 1
R R
R (ie).

[0065] In another embodiment, the present invention provides the method of any one of the
preceding embodiment, wharein the KIF18A inhibitor is a compound of formula (1), or the
pharmaceutically-acceptable sali thereof, wherein RY is H or methyl. In another sub-

gmbodiment, RY is H.

[0088] In another embodiment, the present invention provides the method of any one of the
preceding embodiment, wherein the KIF 18A inhibitor is a compound of formula (1), or the
pharmaceuticaliy-acceptable salt thersof, whearein each of R0 R19d R19e R19 Q109 RI0h Q101
and R'%is M, halo, Crsalk, or Ci4haloalk; and each of R'92 and R'%" pair combing with the
carbon atom attached o each of them form a saturated 3-, 4-, or 5-membered monocyclic ring
spiro to the RXring; wherein said ring contains 8, 1, 2or 3 N atoms and 0, 1, or 2 aloms

selected from O and S.

{80871  In another embodiment, the present invention provides the method of any one of the
preceding embaodiment, wherein the KIF18A inhibitor is a compound of formula (§), or the
pharmaceuticalliy-acceptabls salt thereof, wherein each of R0e, R1W R1% RI0T Rilg RIt RO
and R'% is H, methyl, or sthyl; and each of R'% and R pair combine with the carbon atom

attached to each of them form a cyclopropyl, cyclobuiyvi, or cyclopentyl ring spire to the R¥ring.

[0068] In another embodiment, the present invention provides the method of any one of the
preceding smbodiment, wherein the KIF18A inhibitor is a compound of formula (1), or the

pharmaceutically-accaptabls sall thereof, wherein the KIF18A or the pharmaceutically-

acceptable salf thereof, wherein the group
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[0068] In another embodiment, the present invention provides the method of any ons of the
pracading embodiment, wharein the KIF18A inhibitor is a compound of formula (§), or the
pharmaceuticaliy-acceptable salt thereof, wherein R? is a group ~Z-R'¢;, wherein Z is
-S(=0}=NH)-, -NH8Q;, -80;-, -80:NH-, or -NH-; and R'? is cyclopropyl, -CHCH-OH,
~CGH{CH)CH-OH, -C{CH;33.CH.-0OH, methyloxetanyl, or tert-buiyl.

[0070] In another embodiment, the presant invention provides the method of any ons of the
pracading embodiment, wherein the KIF18A inhibitor is a compound of formula (§), or the
pharmaceuticaliy-acceptable sali thereof, wherein R is a group -Z-R'?; wherein £ is -NHSO- or
-NH-; and R'? is -CHCHz-OH, -CH{CHa)CHx-OH, or ~-C{CH3},CH»-OH.

{88711 In another embodiment, the present invention provides the msthod of any one of the
preceding embodiment, wherein the KIF 18A inhibifor is a compound of formula (1), or the
pharmaceutically-accepiable salt thersof, wherein R' is a group ~Z-R'?, whersin Z is -NHSO,-
and R*? is ~-CHaCHz-0OH.

[0072] In another smbodiment, the present invention provides the method of any ons of the
pracading embodiment, wherein the KIF18A inhibitor is a compound of formula (§), or the
pharmaceutically-acceptable salt thereof, wherein R? is a group —Y-R'%; wherein Y is -Co.salk-,
-0-Coaaik-, 8, S=0, S(=0)s, or -SOuNH-; and -R" is 4 4-difluoro-1-piperidinyl; ~-CHCHx-CF3,
tert-butyl, cyclopentyl, or Z-methylmorpholiny.

[0073] In another embodiment, the present invention provides the method of any ons of the
precading embodiment, wherein the KIF18A inhibitor is a compound of formula (i), or the
pharmaceuticaliy-acceptabls sali thersof, wherein R? is piperidinyl or morpholinyl substituted by
1, 2 or 3 group(s) selected from F, Cl, Br, methyl, or CF3; or R? is -O-CHCH,-CF3, -SONH-
C(CHa)a, or -80;-cyclopentyl.

[0074] In another embodiment, the present invention provides the method of any ons of the
preceding embodiment, wherein the KIF18A inhibitor is a compound of formula {1}, or the
pharmaceuticaliy-acceptable salt thersof, wherein R? is a group ~Y-R'%; wherein Y is -Coaalk-;

and -R"is 4 4-difluoro-1-piperidinyt or 2-methylmorpholinyl.

[8075]  In another embodiment, the present invention provides the method of any one of the
preceding embodiment, wherein the KIF18A inhibitor is a compound of formula (1), or the

pharmaceutically-acceptabie salt thereof, wherein R* is H or methyl.
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[0076] In another embodiment, the present invention provides the method of any ons of the
pracading embodiment, wharein the KIF18A inhibitor is a compound of formula (§), or the

pharmaceuticaliy-acceptable salt thereof, wherein R%is H.

[0077] In another embodiment, the present invention provides the method of any one of the
praceding embodiment, wherein the KIF18A inhibitor is a compound of formula (i), or the

pharmaceuticaliy-acceptable salt thereof, wherein R®is H.

f00781  In another embodiment, the present invention provides the method of any one of the
preceding embodiment, wherein the KIF18A inhibitor is a compound of formula (8), or the

pharmaceuticaliy-accepiable salt thereof, wherein R7 is H.

[80873] In another embodiment, the present invention provides the msthod of any one of the
preceding embodiment, wherein the KIF 184 inhibifor is a compound of formula (), or the

pharmaceutically-accepiable salt thereof, wherein R% is H.

[00808] In another embodiment, the present invention provides the method of any one of the
preceding embodiment, wherein the KIF 18A inhibitor is a compound of formula (1), or the

pharmaceuticaliy-acceptable salt tharsof, wharein R%is H.

fG0811  In ancther embodiment, the present invention provides the method of any one of the
preceding embodiment, wherein the KIF 18A inhibitor is a compound of formula (i), or the
pharmaceutically-acceptable salt thersof, whersin said compound is selected from the group

consisting of:

Ex. #* Chemical Structurs Chemical Name

2-(8-Azaspiro]2.5loctan-6-yh-4-(R-
cyclopropylsulfonimidoyl)-N-(2-
{4,4-diflucro-1-piperidinyl}-6-
methyl-4-pyrimidinyhbenzamide

C1

21



WO 2021/211549

PCT/US2021/027042

Ex. #~

Chemical Structure

Chemical Name

C2

2~-(G-azaspiro[2 Sloctan-G-yl)-4-(S-
cyclopropylsulfonimidoyl-N-{2-
{4,4-difluoro-1-piperidinyl}-6-
methyl-4-pyrimidinyl)benzamide

C3

4-{{2-Hydroxyethylisulfonamido)-2-
{B-azaspiro]2.5locian-6-yi)-N-{6-
(3,3, 3-trifluoropropoxypyridin-2-
yiibenzamide

C4

N-(8-(4 4-diftuoropipsridin-1-yi)-4-
methyipyridin-2-yi)-4-({2-
hydroxyethyhsulfonamido)-2-(6-
azaspiro[2. 5joctan-6-yhbenzamids

C5

{R}-N-(2-(4 4-diflucropiperidin-1-
yi-G-methylpyrimidin-d-yi)-4-({2-
hydroxy-1-
methylethyhsulfonamido}-2-(6-
azaspirof2.Sloctan-6-yhbenzamide

Ca

{S)»-N-(2-(4, 4-diflucropiperidin-1-
yii-8-methylpyrimidin-4-ybh-4-({(2-
hydroxy-1-
methylethyhsulfonamido}-2-(6-
azaspirof2. 5loctan-8-yhbenzamide

C7

M-(3-{4 4-diflucropiperidin-1-yi}-5-
methyiphenyh-4-{(2-
hydroxyethyhsulfonamido}-2-(6-
azaspiro[2.Sloctan-8-yhbenzamide
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Ex. #~

Chemical Name

c8

N-(3-{N-(tert-
Butylsulfamoyliphenyl}-4-((3-
methyloxetan-3-yhsulfonyl)-2-
{8-azaspiro{2 Bloctan-B-
yhibenzamide

Co

4-(N-(teri-butysulfamoyl)-N-(3-
(N-{fert-butylysulfamoyiphenyl)-
2-(B-azaspirof2 Sloctan-6-
yhibenzamide

C10

A-(3-(N-(tert-
Butyhsulfamoyliphenyl}-6-({1-
hydroxy-2-methylpropan-2-
yhaming)-2-(6-

azaspiro{2 5loctan-6-
yhnicotinamide

C11

N-(3-
{cyclopentyisulfonylphanyl)-6-
{{1-hydroxy-2-methylpropan-2-
yhamino)-2-(8-

azaspire]2 Sloctan-6-
yhnicotinamide

c12

(R)-4-((2-
Hydroxyethyl}sulfonamido)-N-
{68-(2-methyimorpholino)pyridin-
2-yh-2-(6-azaspiro]2 Sloctan-6-
yhbenzamide

C13

(S)-4-{(2-
Hydroxyethylisulfonamido)-N-
{6-(2-methyimorpholino)pyridin-
2-yh-2-{6-azaspirc]2 Sloctan-6-
yhbenzamide
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Ex #* Chemical Struclure Chemical Name
VA
/’X
j N-(2-{4 4-Difluoropiperidin-1-
I\"N/ o ./*\\'N yE)~6—methy!pyrimidin-4-y|)f4~
C14 ] I i P {({2-hydroxyethyhsulfonamido)-
o A7 N NN 2-(B-azaspiro[2.5]octan-6-
O\ % H \[ H .
-y o A yhbenzamide
HOY N ﬁ N ST

* Ex. # stands for the example no. as well as the KIF18A Inhibitor Compound’s short name used herein,

&.4., in EXAMPLES.

[0082]

in another embodiment, the present invention provides the method of any one of the

pracading smbodiments, wherein the KIF18A or the pharmaceulically-acceptable sait thereof,

such as sulfate, HCI mesylate, {osylate, or besylate sali, wherein said compound is

;which is named 2-(6-Azaspiro]2. 5loctan-6-yi}-4-{R-

cyclopropylsulfonimidoyi}-N-(2-{4 4-difluoro-t-piperidinyi)-&-methyl-4-pyrimidinylibenzamide. In

a sub-embodiment, the saltis a HC! sall, wherein said compound is named 2-(6-

Azaspiro[2 Sloctan-6-yii-d-( R-cyclopropyisulforimidoyl)-N-(2-(4 4-diflucro-1-piperidinyh)-6-

methyl-4-pyrimidinyiibenzamide hydrochioride.

[0083]

in another embodiment, the present invention provides the method of any ons of the

pracading embodiments, wherein the KIF18A or the pharmaceutically-acceptable sait thereof,

such as sulfate, HCI mesylate, {osylate, or besylale salt, wherein said compound is

; which is named 2-(8-azaspiro[2.5loctan-8-yh-4-(S-

24




WO 2021/211549 PCT/US2021/027042

cyclopropyisulfonimidoyl}-M-(2-(4 4-diflucro~1-piperidinyl}-6-methyl4-pyrimidinylibenzamide. In
a sub-embodiment, the saliis a HCI salt, wherein said compound is named 2-(6-
azaspire]2.8loctan-6-y[)-4-(S-cyclopropylsulfonimidoy)-N-(2-(4 4-difiucro-1-piperidinyl)-6-~
methyl-4-pyrirmidinyiibenzamide hydrochioride.

[0084] In another embodiment, the present invention provides the method of any one of the

preceding embodiments, whersin the KIF18A or the pharmacsutically-accepiable salf thereof,

wherein said compound is s which is named 4-
{((2-Hydroxyethyhsulfonamido)-2-(6-azaspirof2 . 5loctan-6-y)-N-(6-(3,3, 3-trifluoropropoxypyridin-
2-yhbenzamide. in a sub-embodiment, the sait is a HCI salt, wherein said compound is named
4-{{Z2-Hydroxyethyhsulfonamide)-2-{B-azaspirof2 Sloctan-8-yh-N-(6-(3,3,3-

trifluoropropoxy)pyridin-2-yhbenzamids hydrochloride.
[6085]  In another embodiment, the present invention provides the method of any one of the

preceding embaodiments, wherein the KIF18A or the pharmacsutically-acceptable salt thereof,

such as sulfate, HCI, mesylale, tosylale, or besylate salt, wherein said compound is

; which is M-(6-(4,4-diflucropiperidin-1-yl}-4-
methylpyridin-2-y1)-4-((2-hydroxyethylisulfonamido}-2-(6-azaspircf2 Bloctan-G-yhbenzamide. in
a sub-smbodiment, the saltis a HCI salt, whersin said compound is namsd N-{6-(4 4-
difluorapiperidin-1-y-4-methylpyridin-2-yh-4-((2-hydroxyethyhsulfonamido)-2-(6-

azaspiro[2.5loctan-6-yhbenzamide hydrachioride.

[0088] In ancther embodiment, the present invention provides the method of any one of the
pracading smbodiments, wherein the KIF18A or the pharmaceulically-acceptable sait thereof,

such as sulfate, HCI mesylate, tosylate, or besylate sali, wherein said compound is
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; which is named (R)-N-(2-{4,4-
difluoropiperidin-1-yl}-G-methylpyrimidin-4-yl)-4-((2-hydroxy-1-methylethvhsulfonamido)-2-(6-
azaspirof2 Sjoctan-G-yhbenzamide. In a sub-embodiment, the sail is & HCI salt, wherein said
compound is namsd (R)-N-(2-(4 4-difluoropiperidin- 1-yl}-8-methylpyrimidin-4-yD-4-{{2-hydroxy-
t-methylathylisulfonamido)-2-(B-azaspiro]2.5]octan-6-yhbenzamide hydrochioride,

[00871  In another embaodiment, the present invention provides the method of any one of the

praceding embodiments, wherein the KIF18A or the pharmaceutically-acceptable sait thereof,

such as sulfate, HCI mesylale, tosylate, or besylate sali, wherein said compound is

; which is named (8)-N-{2-{4 4-difluoropiperidin-
1-y-6-mathylpyrimidin-4-yi}-4-((2-hydroxy-1-msthylethylisulfonamido}-2-(B-azaspiro]2. Sloctan-
B-yhbenzamids. In a sub-embodiment, the sailt is a HCI salt, wherein said compound is named
{8)-N-(2-(4 4-difiuoropiperidin-1-yi-6-methyipyrimidin-4-y-4-((2-hydroxy-1-
methylethyl)sulfonamido)-2-(8-azaspire[2 . Sloctan-6-yihbenzamide hydrochlioride.

[0088] In another embodiment, ths present invention provides the mathod of any one of the

preceding embodiments, whersin the KIF18A or the pharmacsutically-accepiable salt thereof,

such as sulfate, HCI, mesylate, tosylale, or besylate salt, wherein said compound is

; which is named A-(3-(4 4-difluoropiperidin-1-y-5-
methyiphenyh-4-((2-hydroxyethyhsulfonamido}-2-(B-azaspirof2 Sloctan-G-yhbenzamide. In a

sub-embodiment, the sailtis a HCI salt, wherein said compound is named N-(3-(4.4-
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difluoropiperidin-1-yi}-5-methylphanyi)-4-{(2-hydroxysthylisulfonamido)}-2-(6-azaspiro[2 . 5]octan-
B-yhbenzamids hydrochlorids.
f30881  In another embodiment, the present invention provides the method of any one of the

preceding embodiments, wherein the KIF18A or the pharmacsutically-accepiable salt thereof,

such as sulfate, HCI, mesylate, tosylate, or besylate salt, wherein said compound is

; which is namsad N-{3-{N-(tert-
Butylsulfamoyhpheanyl}-4-((3-mesthyloxetan-3-yhsulfonyi}-2-(6-azaspirof2 S]octan-6-
viibenzamide, In a sub-embodiment, the salt is a HCI salt, wherein said compound is named N-
(3-(N-(tert-Butylisulfamoyhphenyh-4-((3-methyloxetan-3-yljsulfony)-2-(6-azaspiro|2. Sloctan-6-

vibenzamide hydrochioride.

f0096] In ancther embodimant, the present invention provides the method of any ons of the
pracaeding embodiments, wherein the KIF18A or the pharmaceulically-acceptable salt thereof,

such as sulfate, HCI, mesylate, fosylate, or besylate sali, wherein said compound is

H ¢
s O
] N O H
O i O\\S,N\}<
©
; which is named 4-(N-(

) E : (tert-buiyhsulfamoyl}-N-{3-(N-

{fert-butyhsulfamoyhphenvl)-2-(6-azaspiro[2 . Bloctan-6-yihibenzamide. in a sub-embodiment, the

salt is a HCI salt, whersin said compound is named 4-{N-(ferf-butylsulfamoyl)-N-(3-(N-(fert-
butyhsulfamoyliphenyl)-2-(6-azaspiro{2 Sloctan-6-yhbenzamide hydrochioride.

{60811  In another embodiment, the present invention provides the method of any one of the
preceding embaodiments, wherein the KiF18A or the pharmaceutically-acceplable salt thereof,

such as sulfate, HCI, mesyvlate, tosylate, or besylate salt, wherein said compound is
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; which is named N-(3-(N-(ferd-
Butyhsulfamoybhphenyl)-6-{{1-hydroxy-2-mathylpropan-2-yliamino}-2-(6-azaspiro2 Sloctan-6-
yhinicotinamide. In a sub-embodiment, the saltis a HC! salt, wherein said compound is named
N-(3-(N-(fert-Butyl)sulfamoylh phenyl}-6-({1-hydroxy-2-methylpropan-2-yhamino}-2-(6-
azaspiro[2.Sloctan-B-yhnicotinamide hydrochioride.

{08921 In another embodiment, the present invention provides the msthod of any one of the

preceding embodiments, whersin the KIF18A or the pharmacsutically-accepiable sall thereof,

such as sulfate, HCI, mesvlate, tosylate, or besylate salt, wherein said compound is

; which is named 4-(N-(fert-butylisulfamoy-N-(3-(N-
{tert-butyDsulfamoyhphenyl)-2-(6-azaspiro[2 Bloctan-G-yhbenzamids. In a sub-embodiment, the
saltis a8 HCI salt, wherein said compound is named N-(S-{cyclopentylsulfonyhphenyh-8-((1-~

hydroxy-2-mesthylpropan-2-yhamino)-2-(G-azaspiro]2 .5]octan-G-yhinicotinamide hydrochloride.

f3093] In another embodiment, the present invention provides the method of any ong of the
preceding embodiments, whersin the KIF18A or the pharmacsutically-accepiable salt thereof,

such as sulfate, HCI, mesylate, tosylate, or besylate salt, whersin said compound is

; which is named (R)-4-{{2-
Hydroxysthylisulfonamide)}-A-(B-(2-methyimorpholino)pyridin-2-y1)-2-{6-azaspiro{2.5]octan-6-
yhbenzamide. In a2 sub-embodiment, the sait is a HCI salt, wherein said compound is named
{Ry-4-{{2-Hydroxyethyhsulfonamido)-N-(6-(2-methyimorpholino)pyridin-2-yi}-2-(8-

azaspiro[2 Sloctan-B-yhbenzamide hydrochioride.
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[0094] In another embodiment, the present invention provides the method of any ons of the
pracading embodimeants, wherein the KIF18A or the pharmaceutically-acceptable salt thereof,

such as sulfate, HCL mesylate, {osylate, or besylate sali, wherein said compound is

; which is namsd (S)-4-({2-~
Hydroxyethylisulfonamido)-M-(B-(2-methylmorpholinojpyridin-2-y1)-2-(6-azaspiro[2.5]octan-6-
yiibenzamide. In a sub-embodiment, the salt is a HC! salt, wherein said compound is named
(S}-4-{(2-Hydroxyethyijsuifonamido)-N-(6-(2-methyimorpholinopyridin-2-yi}-2-(6-

azaspire[2. Bloctan-B-yhbenzamide hydrochiorids.

[6095]  In another embodiment, the present invention provides the method of any one of the
preceding embaodiments, wherein the KIF18A or the pharmacsutically-acceptable salt thereof,
such as sulfate, HCI, mesylale, tosylale, or besylate salt, wherein said compound is

N/
X

)

ey
////\W// I / \ -N/\

8-methylpyrimidin-4-yh-4-((2-hydroxysthyhsulfonamido)-2-(G-azaspire[2 Bloctan-8-

;s which is named N-(2-{4 4-Difluoropiperidin-1-yi)-

vibenzamide. In a sub-embodiment, the salt is g HCI salt, wherein said compound is named N-
(2-{4 4-Diflucropiperidin-1-y)-8-methylpyrimidin-d-yh-4-({2-hydroxysthyl}sulfonamido}-2-(8-

azaspiro[2.5loctan-G-yhbenzamide hydrochioride.

fa0861 It is confemplated that the KIF18A inhibitor compounds include all pharmaceutically
acceptable isotopically-labelled compounds of the present invention wherein one or more atoms
ars replaced by atoms having the same atomic number, but an atomic mass or mass number

diffsrent from the atomic mass or mass number which predominates in nature.

[00871  Examples of isctopes suilable for inclusion in the compounds of the invention include,
but are not limited o, isctopes of hydrogen, such as °H and 3H, carbon, such as ''C, *C and

e, chiorine, such as **Cl, fluorine, such as '°F, iodine, such as 2% and '®, nitrogen, such as
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BN and *N, oxygen, such as ¥Q, Y0 and 8Q, phosphorus, such as ¥P, and sulphur, such as
353-

[a088) Certain isctopically-labelied compounds of the present invention, for example, those
incorporating a radioactive isctope, are useful in drug and/or substrate tissue distribution
studies. The radioactive isotopes tritium, i.e. *H, and carbon-14, iL.e. "C, are particularly useful

for this purposs in view of thair ease of incorporation and ready means of detection.

[0099] Substitution with heavier isotopes such as deuterium, i.e. °H, may afford certain
therapeutic advantages resulting from greater metabolic stability, for example, increased in vivo

half-life or reduced dosage requirements, and hence may be preferred in some circumstances.

[001060] Substitution with positron emitting isotopes, such as ''C, 8F, 150 and "N, can be
useful in Positron Emission Topography (PET) studies for examining substrate receptor

CCCUpAncy.

[00101] Isotopically-labeled compounds of the present invention can generally be prepared
by conventional technigues known {o those skilled in the art or by processes analogous to those
described in the accompanying Examples and Preparations using an appropriate isciopically-

labeled reagent in place of the non-labeled reagent previously employed.

[00162] Pharmaceutically acceptable soivales in accordance with the invention include those
wherein the soivent of crysiallization may be isotopically substituted, e.g. D0, ds-acetone, ds-
DMSO.

[00103] Specific embodiments of the present invention include the compounds exemplified in
the Examples below and their pharmaceutically acceplable salts, complexes, solvales,

polymorphs, sterecisomers, metabolites, prodrugs, and other derivatives thergof,

[60104] Unless otherwise spacified, the following definitions apply to terms found in the

specification and claims:

f00108)  "C..palk” means an alkyl group comprising a minimum of o and a maximum of p
carbon atoms in a branched or linear relationship or any combination of the thres, wherein o
and B represent integers. The alkyl groups described in this section may also contain one or
two double or tripie bonds. A designation of Coalk indicates a direct bond. Examples of Ci.

salky! include, but are not limited {o the following:

€3
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[00168] The terms "oxo” and "thioxo” represent the groups =0 {as in carbonyl} and =5 {as in

thiscarbonyl), respactively.
[00107] “Halo” or “halogen” means a halogen atom selected from F, Cf, Brand L.

[00108] °“C.haloalk” means an alk group, as described above, wherein any number --at least

one-~ of the hydrogen atoms attached {o the alk chain ars replaced by F, Ci, Bror |

[60168] The group N(R®R? and the like include substituenis where the two R groups

together form a ring, optionally including a N, O or 8 atom, and include groups such as:

3K % r

‘——N/—\/Ra — NR? g o mm e
% ) : \__/ P |

[00110]  The group N(C.palk) Copalk, wherein o and B are as defined above, include
substituents where the two Copalk groups togsther form a ring, optionally includinga N, Cor 8

atom, and include groups such as:

%——NQ gw— DNH %— mmc1_4:aik %-——NDO% -------- NOI

[001141]  “Bicychic” structure means a group that featurss two joined rings. A bicyclic ring can
be carbocyclic {all of the ring atoms are carbons), or helerccyclic (the rings atoms consist, for
exampile, 1, 2 or 3 heleroatoms, such as N, O, or S, in addition to carbon atoms). The two rings
can both be aliphatic {(e.g decalin and norbornane), ar can bs aromatic {e.g naphthalene), or a
combination of aliphatic and aromatic (e.g. tetralin). Bicyclic rings include (a) spirocyclic
compounds, wherein the two rings share only one single atom, the spiro atom, which is usually

a quaternary carbon. Examples of spirocyclic compound include, but are not limited to:

PP G o O
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[00112] (b) fused bicyclic compounds, wherein two rings share two adjacent aioms. In other
words, the rings share one covalent bond, 7.e. the bridgehsad atoms are directly connected

{e.g. a-thujene and decalin}). Examples of fused bicyclic rings include, but are nof limitad to:

CO OO Cpon O
f\f\\ s Co @J oW
o COCO O
L 2D UL OO
OO ) @ij} O

[00413] ; and (¢} bridged bicyclic compounds, wherein the two rings share three or more

Ve
z( >
\/

atoms, separating the two bridgehead atoms by a bridge containing at least one atom. For
example, norbornane, alse known as bicyeio[2.2 1lheptane, can be thought of as a pair
of cyclapentane rings each sharing three of their five carbon atoms. Examples of bridged

bicychic rings include, but are not limited to:

Ay Ar Ty 3.3

[60114] “Carbocycle” or "Carbocychc means a ring comprising by itsslf or in combination
with other terms, represenis, unless otherwise stated, cyclic version of “C,palk”. Examples of
carbocycle include cyciopentyl, cyclohexyl, 1-cyclohexenyl, 3-cyclohexenyl, cycichepiyi,

cyclobutylene, cyclohexylene and the like.

[00118] "Pharmaceutically-acceptable salt” means a salt prepared by conventional means,
and are well known by those skilled in the art. The "pharmacologically acceptable salts” include
basic salts of inorganic and organic acids, including but not limited {0 hydrochioric acid,
hydrobromic acid, sulfuric acid, phosphoric acid, methanesulfonic acid, ethanesuifonic acid,
malic acid, acetic acid, oxalic acid, tartaric acid, citric acid, actic acid, fumaric acid, succinic

acid, maleic acid, salicylic acid, benzoic acid, phenylacetic acid, mandelic acid and the like.

[
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Whan compounds of the invention include an acidic function such as a carboxy group, then
suitable pharmaceutically accaptable cation pairs for the carboxy group are well known to those
skilled in the art and include alkaline, alkaline earth, ammonium, quaternary ammonium cations
and the like. For additional examples of "pharmacologically acceptable salls," see infra and
Berge et. al., J. Pharm. Sci. 66:1 {(1877).

[00118] “Saturated, partialiy-saturated or unsaturated” includes substituents salurated with
hydrogens, substituents completaly unsaturated with hydrogens and substituenis partially

saturated with hydrogens.

[00117]  Ii should be noled that compounds of the invention may conlain groups that may
gxist in tautomeric forms, such as cyclic and acyclic amiding and guanidine groups, heteroatom

substituted heteroaryl groups (Y = O, §, NR), and the like, which are illusirated in the following

examples:
TQ . R NHR'
) ~ . PN

RHNT NR"

y vH Y
ﬁ/ A
Y —
%.// \l/
o o '8} OH
/‘]\\/LR. g N

and though one form is named, described, displayed and/or claimed herein, all the tautomeric

forms are intended fo be inherently included in such name, description, display and/or claim,

[00118] Prodrugs of the compounds of this invention are also contemnplated to be usad in the
method of this invention. A prodiug is an aclive or inactive compound that is medified
chemically through in vivo physiological action, such as hydrolysis, metabolism and the like, into
a compound of this invention following administration of the prodrug to a patient. The suitability
and techniguss involved in making and using prodrugs are well known by those skilled in the

art. For a general discussion of prodrugs involving aslers see Svensson and Tunek Drug

[
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Metabolism Reviews 165 (1988) and Bundgaard Design of Prodrugs, Elseviar {1885},

Examples of a masked carboxylate anion include a varisty of esters, such as atkyl {for exampie,
methyl, sthyl), cycloalkyl {for exampls, cyclohexyl), aralkyl (for example, benzyl, p-
methoxybenzyl), and alkyicarbonyloxyalkyl (for example, pivaioyloxymethyl). Amines have been
masked as arylcarbonyloxymethyl substituted derivatives which are cleaved by esterases in vivo
releasing the free drug and formaldehyde (Bungaard J. Med. Chem. 2503 {(1988)). Also, drugs
containing an acidic NH group, such as imidazole, imide, indols and the like, have been masksd
with N-acyloxymethyl groups (Bundgaard Design of Prodrugs, Elsevier (1885)). Hydroxy groups
have been masked as esters and sthers. EP 038,051 (Sloan and Little, 4/11/81) discloses

Mannich-base hydroxamic acid prodrugs, their preparation and use.

[00118] The specification and claims contain listing of species using the language "selectsd
from...and .. and“s...or... {somelimes referred to as Markush groups). When this
fanguage is used in this application, uniess othaerwise stated it is meant to include the group as
a whole, or any single members therecf, or any subgroups thereof. The use of this language is
merely for shorthand purpases and is not meant in any way o limit the removal of individual

elementis or subgroups as needed,.

[00120)  Invarious aspecis, the KIF18A inhibitor is a large molecule compound, e.¢., 8 nucleic
acid, oligonuclectide, polynucieotide, polypeptide, protein. In various instances, the KIF18A
inhibitor is a molsculs that targets and/or binds to a nucleic acid encoding KIF18A. In various
aspects, the nucleic acid encoding KIF18A is the human KIF18A gene saquence {provided
herein as SEQ D NO: 30) or the human KIF18A mRNA sequence (provided herein as SEQ 1D
NO: 31) and the encoded KIF18A protein comprises the amino acid sequence of SEQ 1D NO:
.

[00121] Optionally, the KIF18A inhibitor comprises a nucleic acid that targeis and/or binds {o
a nucleic acid encoding KiIF18A, optionally, SEQ 1D NG: 30 or 31). In exemplary aspects, the
KIF18A inhibitor comprises a nucleic acid comprising a nucleotide sequence which is
complementary to a portion of a nucleic acid encoding KIF18A {e.g., SEQ 1D NO: 30 or 31).
Optionally, the KIF18A inhibitor comprises a nucleic acid comprising a nucleotide sequence

which binds to a portion of Exon 3, Exon 4, or Exon 7 of the KIF 18A gene.

f00122] By "nucleic acid” as used herein includes "polynucieoctide,” "oligonucleatide,” and
"nucleic acid molecule,” and generally means a polymer of DNA or RNA, or modified forms
thersof, which can be single-stranded or double- stranded, synthesized or obtained {e.g.,

isolated and/or purified) from natural sources, which can contain natural, non-natural or altered
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nucleotides, and which can coniain a natural, non-natural or allered inter-nuclectide linkage,
such as a phosphoroamidate linkage or a phosphorothicaie linkage, instead of the
phosphodiester found between the nuclestides of an unmuodified oligonuclestide. The nucleic
acid, in various aspects, comprises any nuclectide sequence which targeis and/or binds o a
nucleic acid encoding KIF18A. In some embodiments, the nucleic acid does not comprise any
insertions, deletions, inversions, and/or substitutions. In other embodiments, the nucleic acid
comprises ong of more insertions, delstions, inversions, andfor substitutions. The nucleic acids
in some aspects are constructed based on chemical synthesis and/or enzymatic ligation
reactions using procedures known in the art. See, for example, Sambrook el. al., supra; and
Ausubel et 2l supra. For sxampls, a nuclsic acid can be chemically synthesized using
naturally ocourring nuclectides or variously modified nuclsotides designsd {o increass the
biological stability of the molecules or o increase the physical stability of the duplex formed
upon hybridization {&.g., phosphorothicate derivatives and acridine substituted nuclectides).
Examples of modified nuclectides that can be used o generate the nucleic acids include, but
are not limited to, 5-fluorouracil, 5-bromouraci, 5-chlorouracil, S-iodouracil, hypoxanthine,
xanthine, 4-acelylcylosine, 5-{carboxyhydroxymethyl) uracl, 5~ carboxymethylaminomethyl-2-
thiouridme, 5-carboxymethylaminomethviuracil, dihydrouracil, beta-D-galactosylgueosine,
inosine, Ne-isopentenyladenine, 1-methylguanine, 1-methylinosine, 2 2-dimethylguanine, 2-
methyladenine, 2-methylguaning, 3-methylcytosing, 5-methylcyiosine, N -substiluted adenine,
7-methyiguaning, 5-meathylammomethyluracil, 5- methoxyvaminomethyi-2-thiouracil, beta-D-
mannosyl gueosine, 5'- methoxycarboxymethyiuracil, 5-methoxyuracil, 2-methylthio-Né-
isopenienviadenine, uracil- 5-oxyacetic acid (v}, wybutosine, pseudouratil, queuosine, 2-
thiocytosine, S-methyh-2- thiouracil, 2-thicuracil, 4-thiouraci, S-methyluracil, uracil-5-oxyacetic
acid methylester, 3- (3-amino-3-N-2-carboxypropyl) uracil, and 2, 8-diaminopuring. Alternatively,
one or mors of the nucleic acids of the present disclosurs can be purchased from companies,

such as Macromolecular Resources (Fori Colling, CQ) and Synthegen (Houston, TX).

[00123] In various aspects, the KIF18A inhibilor reduces expression of KIF18A. In various
aspects, the KIF18A inhibitor is a non-coding RNA {(ncRNA) which reduces expression of
KIF18A. In examplary aspects, the KIF18A inhibitor reduces exprassion of a KIF18A gens
andfor a gene product thereof (s.g., KIF18A mRNA, KIF18A protein). The reduction of
expression of a KIF18A gene and/or a gene product thereof {e.g., KIF18A mRNA, KIF18A
protein) provided by the KiF18A inhibitor may not be a 100% or compiete reduction or inhibition
or abrogation. Rather, thers are varying degress of reduction of which ong of ordinary skill in

the art recognizes as having a potential benefit or therapeutic affgct. In this regard, the KIF18A
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inhibitor may reduce expression of the KIF18A gene and/or gene product {o any amount or
level. In exemplary embodiments, the reduction provided by the KIF18A inhibifor is at least or
about 10% reduciion {g.q., at least or about 20% reduction, at least or about 30% reduction, at
least or about 40% reduction, at least or about 50% reduction, at least or about 80% reduction,
at least or about 70% reduction, at least or about 80% reduction, at least or about 90%
reduction, at lsast or about 85% reduction, at least or about 98% reduction). Suitable methods
of determining expression levels of nucleic acids (e.g., KIF18A genes, KIF18A RNA  e.qg.,
MRNA}Y are known in the art and include but not limited to, guantitalive polymerase chain
reaction (gFCR)} {&.g., quantitative real-time PCR {gRT-PCR)}, RNAseqg, and Northarn blotiting.
Techniquss for measuring gene sxpression include, for exampls, gene expression assays with
or without the use of gene chips or gene exprassion microarrays are describsd in Onken et al|
J Molec Diag 12(4): 4861-488 (2010); and Kirby et. al., Adv Clin Chem 44: 247-292 (20407).
Affymetrix gene chips and RNA chips and gene expression assay kits {e.g., Applisd
Biosystems™ TagMan® Gene Expression Assays) are also commercially available from
companies, such as ThermoFisher Scientific (Waltham, MA). Suitable msthods of determining
expression levels of proteins are known in the art and include immunoassays (e.g., Western
blotting, an enzyme-linked immunosorbent assay (ELISA), a radicimmunoassay {(RIA)},
immunohistochemical assay and immunchisiochemical assay) or bead-bhased multiplex assays,
e.g., those described in Djoba Siawaya JF, Roberts T, Babb C, Black G, Golakai HJ, Stanley K|
et al. (2008) An Evaluation of Commercial Fluorescent Bead-Based Luminex Cytokine Assays.
PLOS ONE 3(7): 25835,

f00124]  In various aspecis, the KIF18A inhibitor is an ncRNA which is not franslated into a
protein. in sxemplary aspects, the KIF18A inhibitor is a2 short neRNA, e g., comprising less than
about 30 nucleotides). In alternative aspects, the KIF18A inhibitor is a long ncRNA, e.g.,
comprising greaier than about 200 nucleotides), including but not limited to a long non-coding
RNA {IncRNA). Qptionally, the shorl ncRNA is a microRNA (miRNA), short interfering RNA
{siRNA}, or a PiWl-interacting RNA {piRNA). in various aspects, the ncRNA is a small nucieolar
RNA {(snoRNA), small nuclear RNA (snRNA), exiracellular RNA (exRNA), or a smali Cajal body-
specific RNA (scaRNA). See, &.¢., Estellar, Nature Reviews Genetics 12 861-874 (2011}

[60128]  In exemplary instances, the KIF18A inhibitor is a molecule which mediates or triggers
RNA interference (RNAD. In exemplary aspects, the KIF18A inhibitor is an RNAI trigger. RNAI
is a ubiguitous mechanism of gene regulation in pianis and animals in which target mRNAs may

be degraded in a sequence-specific manner (Seften et. al., Nature Reviews Drug Discovery 18:
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421-448 (2019); Sharp, Genes Dev., 15, 485-480 (2001); Hulvagner &t. al., Curr. Opin. Genst.
Dev.,, 12, 225-232 (2002); Fire et. al., Nature, 381, 806-811 (1998); Zamore et. al,, Cell, 101, 25-
33 (2000)). The RNA degradation process is mediated by the dsRNA-specific endonuclease
Dicer, which promoiles cleavage of long dsRNA precursors into double-siranded fragments
between 21 and 25 nuclestides long, termed small interfering RNA (siRNA, also known as short
interfering RNA} (Zamors, et. al., Csll. 101, 25-33 (2000); Elbashir el. al., Genes Dev., 15, 188-
200 (2001), Hammond et. al., Nature, 404, 293-206 (2000); Bernstein el. al., Nature, 409, 363-
366 (2001)). siRNAs are incorporated inlo a large protein complex that recognizes and cleaves
target mRNAs (Nykanen et al,, Cell, 107, 308-321 (2001). The requirement far Dicer in
maturation of siRNAs in calls can be bypassed by introducing synthstic 21-nuclectide siRNA
duplexas, which inhibit expression of transfectad and endogenous genas in a varisty of
mammalian cells (Elbashir el. al,, Nature, 411: 404-498 (2001)).

[00126] siRNAs may be sngineered and/or synthesized to enter a cell through endocylosis,
and, directly interact with RNAI enzymes, Dicer and TAR RNA-binding protein (TRBP) in the
cytosol to form the RISC-loading complex (RLC) and undergo strand selection {0 producs the
mature RNA-induced silencing complex (RISC), The mature RISC regulaies gens expression
by inhibiting mRNA translation, inducing mRNA sequestration into cytoplasmic bodies,
promoting mRNA degradation, and directing transcriptional gene silencing. siRNAs usually
have full complementarity {0 a single target mRNA {o induce potent and namrowly targeted gene

silencing.

[001271  In exemplary aspects, the KIF18A inhibilor mediates RNAI and in various instances
is a siRNA molecule specific for inhibiling the expression of the nucieic acid {e.g., the mRNA)
encoding the KIF18A protein. The term "siRNA” as used herein refers {o an RNA (or RNA
analog) comprising from about 10 to about 50 nucleotides {(or nucleotide analogs) which is
capable of directing or mediating RNAIL in exemplary embodiments, a siRNA moleculs
comprises about 15 o about 30 nuclectides (or nucleotide analogs) or about 18 o about 25
nuclectides (or nucleotide analogs), £.g., 18-21 nucleotides {or nuclectide analogs). The siRNA

can be doubls or single stranded.

[00128] In alternative aspects, the KIF18A inhibilor is a short hairpin RNA (shRNA) molecule
specific for inhibiting the expression of the nucleic acid (e.g., the mRNA) encoding the KIF18A
protein. The term “shRNA” as used herein refers to 2 molecule of about 20 or more base pairs
in which a single-stranded RNA partially contains a palindromic base sequence and forms a

double-strand structure therein {i.e., 3 hairpin structure). An shRNA can bs a siRNA {(or siRNA
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analog) which is folded into a hairpin structure. shRNAs typically comprise about 45 to about 80
nucleotides, including the approximately 21 nucleotide antisense and sanse portions of the
hairpin, optional overhangs on the non-loop side of about 2 to about 6 nucleotides fong, and the
loop portion that can be, e.g., about 3 to 10 nuclectides long. The shRNA can be chemically
synthesized. Alternatively, the shRNA can be produced by linking sense and antisense strands
of a DNA sequence in reverse directions and synthasizing RNA in vitro with T7 RNA
polymerase using the DNA as a template. Though not wishing {o bs bound by any theory or
mechanism, it is believed that after shRNA is introduced into a cell, the shRNA is degraded into
a length of about 20 bases or more {e.g., representatively 21, 22, 23 bases), and causes RNA],
leading to an inhibitory effect. Thus, shRNA elicits RNAJ and therefore can be ussd as an
effective component of the disclosure. shRNA may preferably have a 3'-protruding end. The
length of the double-siranded portion is not particularly limited, but is preferably aboui 10 or
more nucleotides, and more preferably about 20 or more nucleotides. Here, the 3’-protruding
end may be preferably DNA, mors preferably DNA of at lsast 2 nuclestidss in length, and even

more preferably DNA of 2-4 nuclsotides in length.

[00128] In exemplary aspects, the KIF18A inhibitor is a microRNA {miRNA). As used herein
the term “microRNA” refers {o a small (e.g., 15-22 nucleotides), non-coding RNA molecule
which base pairs with mRNA molecules {o silence gene exprassion via translational repression
or targel degradation. microRNA and the therapeutic potential thereof are described in the art.
See, e.g., Mulligan, MicroRNA: Expression, Defection, and Therapeufic Sirategies, Nova
Science Publishers, Inc., Hauppauge, NY, 2011, Bader and Lammars, “The Therapeutic

Potential of microRNAS” Innovations in Pharmaceutical Technology, pages 52-55 (March 2011).

[001308] In various aspects, the KIF18A inhibitor is an RNA frigger which is a perfectly base-
paired dsRNAs or shori hairpin RNAs (shRNAs) ranging from 15 to 30 bp in overall length. In
various instances, the KIF18A inhibitor is a larger (>21 bp) RNA duplex which interacts with the
RNAI pathway enzyme Dicer for cleavage and handoff {o the RLC. In allernative aspects, the
KIF18A inhibiter is a shorter (<21 bp} siRNA or an analogue thereof that is able to bypass Dicer
cleavage and enter the RISC via interactions mediated by the TRBP. This second pathway may
still function in Dicer's absence. In various aspscts, the KIF18A inhibiior is an ss-siRNA,
sshRNA, hydrophobically-modifisd siRNA, sisiRNA, siRNA (ESC), siRNN, GalXC, DsiRNA, or
shRNA, as described in Setlen et al, supra, 2018, Exemplary KIF18A inhibitors which mediate
genome editing to cause reduced expression of KIF18A gene or (o cause a complete
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elimination of KIF18A gene function, e.g., a gens knock-out, are described herein. In exemplary

aspects, the KIF 18A inhibiior comprises a sequence of SEQ [D NO: 12-18.
[00131)  Pharmaceutical Compositions, Dosing, And Routes OFf Administration

[00132] In various aspects, the KIF18A inhibilor is provided as part of a pharmaceutical
composilion. Accordingly, pharmaceutical compositions including a compound as disclosed
herein, together with a pharmaceutically accepiable excipient, such as, for example, a diluent or
carrier, are provided by the present disclosure. Compounds and pharmaceutical compositions
suitable for use in the present invention include those wherein the compound can be
administered in an effective amount to achieve its intended purpose. Administration of the

compound described in more detall below.

[00133] Suiiable pharmaceutical formulations can be determined by the skilled artisan
depending on the route of administration and the desired dosage. See, e.g., Remington’s
Pharmaceutical Sciences, 1435-712 (18th ed., Mack Publishing Co, Easton, Pennsylvania,
1980y, Formulations may influence the physical siats, stability, rate of in vivo release and rate
of in vivo clearance of the administered agenis. Depending on the route of adminisiration, a
suitable dose may be calculated according to body weight, body surface areas or argan size.
Further refinement of the calculations necessary {o determine the appropriate treatment dose is
routinely made by those of ordinary skill in the art without undue experimentation, especially in
light of the dosags information and assays disclosed herein as well as the pharmacokinetic dala

obtainable through animal or human clinical trials.

fG0134] The phrases ‘pharmaceutically acceptable” or "pharmacologically acceptable” refer
to molecular entities and compositions that do not produce advarse, allergic, or other untoward
raactions when administered to an animal or a human. As used hersin, “pharmacsutically
acceptable & includes any and all solvents, dispersion media, coalings, aniibacterial and
antifungal agents, isotonic and absorption delaying agents and the like. The use of such
excipients for pharmacsutically active substances is well known in the arl. Except insofar as
any conventional media or agent is incompatible with the therapeutic compositions, ifs use in
therapeutic compositions is contemplated. Supplementary aclive ingredients also can be
incorporaied into the compositions. In exemplary embodiments, the formulation may comprise
corn syrup salids, high-oleic safflower oil, coconut oil, soy oil, L-leucine, calcium phosphate
tribasic, L-tyrosine, L-proline, L-lysine acelate, DATEM (an emulsifier), L-glutamine, L-valine,
poiassium phosphate dibasic, L-isoleucing, L-argining, L-alanins, glycine, L-asparaging

monohydrate, L-serine, potassium citrate, L-threonineg, sodium citrate, magnsasium chioride, L-
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histiding, L-methionine, ascorbic acid, calcium carbonate, L-glutamic acid, L-cysting
dihydrochioride, L-tryptophan, L-aspartic acid, choline chloride, taurine, m-inositol, ferrous
sulfate, ascorbyl palmitate, zinc sulfate, L-camiting, alpha-locopheryl acetats, sodium chiorids,
riacinamide, mixed tocopherols, calcium pantothenate, cupric sulfate, thiamine chioride
hydrochioride, vitamin A palmitale, manganese sulfate, riboflavin, pyridoxine hydrochioride, folic
acid, bsta-carotens, potassium iodide, phylioquinone, biotin, sodium selenate, chromium

chioride, sodium molybdate, vitamin D3 and cyanocaobalamin.

fG0138] The compound can be present in a pharmaceutical composition as &
pharmaceutically accepiable salt. As used herein, “pharmaceutically acceptable salls” includs,

for sxample base addition salts and acid addition salts.

[00138] Pharmacsutically acceptable base addition salts may be formed with metals or
arnines, such as alkali and alkaline earth metals or organic amines. Pharmaceutically
acceptable salts of compounds may also be prepared with a pharmacsutically acceptable
cation. Suitable pharmaceutically acceptable cations are well known 1o those skilled in the art
and include alkaling, alkaling earth, ammonium and guatsrnary ammonium cations. Carbonates
or hydrogen carbonates are also possible. Examples of metals used as cations are sodium,
potassium, magnesium, ammonium, calcium, or ferric, and the like. Examples of suitable
amines include isopropylamineg, trimethylamine, histiding, N N'-dibsnzyisthvlenadiamine,
chioroprocaineg, choline, diethanolamine, dicyclohexylaming, sthylensdiamine, N-

methylglucamine, and procaine.

f00137] Pharmacsutically acceptable acid addition salts include inorganic or organic acid
salts. Examples of suitable acid salts include the hydrochlorides, formates, acetates, cifratss,
salicylates, nitraies, phosphaies. Other suitable pharmaceutically acceptable salis are well
known to those skilled in the art and include, for example, formic, acetic, cifric, oxalic, tartaric, or
mandelic acids, hydrochioric acid, hydrobromic acid, sulfuric acid or phosphoric acid; with
organic carboxylic, sulfonic, sulfo or phospho acids or N-substituted sulfamic acids, for example
acetic acid, frifluorcacetic acid (TFA), propionic acid, glycolic acid, succinic acid, maleic acid,
hydroxymaleic acid, methylimaleic acid, fumaric acid, malic acid, tartaric acid, lactic acid, oxalic
acid, gluconic acid, glucaric acid, glucuronic acid, citric acid, benzoic acid, cinnamic acid,
mandelic acid, salicylic acid, 4-aminasalicylic acid, 2-phenoxybenzoic acid, 2-aceloxybenzoic
acid, embonic acid, nicotinic acid or isonicotinic acid; and with amino acids, such as the 20
alpha amino acids involved in the synthesis of proteins in nature, for example glutamic acid or

aspartic acid, and also with phenvlacetic acid, msthaneasulfonic acid (mesylate), toluenesuifonic
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acids (losylate), ethanesulfonic acid, 2-hydroxyethanesulfonic acid, ethans 1,2-disulfonic acid,
benzenesuifonic acid (besylate), 4-methylbenzenssulfonic acid, naphthalene 2-sulfonic acid,
naphthalene 1,5-disulfonic acid, 2- or 3-phosphoglycerale, glucose 6-phosphate, N-
cyclohexylsulfamic acid (with the formation of cyclamates), or with other acid organic

campounds, such as ascorbic acid.

[00138] Pharmacsutical compositions containing the compounds disclosed herein can be
manufacturad in a conventional manner, &.Q., by conventional mixing, dissolving, granulating,
dragee-making, levigating, emulsifying, encapsulating, entrapping, or lyophilizing processes,

Proper formulation is dependent upon the route of administration chosen.

[00138] Fororal administration, suitable compositions can be formulated readily by
combining a compound disclosed herein with pharmaceutiically acceptable excipients such as
carriers well known in the art. Such excipients and carriers enable the present compounds {o
be formulated as tablets, pills, dragees, capsuies, liquids, gels, syrups, slurries, suspensions
and the liks, for oral ingestion by a patiant to be treated. Pharmaceutical preparations for oral
uss can be obtained by adding a compound as disclosed hersin with a solid excipisnt, optionally
grinding a resulling mixture, and processing the mixiure of granules, after adding suitable
auxiliaries, if desired, io obtain tableis or dragee cores. Suilable excipients include, for example,
fillers and celluloss preparations. If desired, disintegrating agenis can be added.
Pharmacesutically acceptable ingredients are well known for the various types of formulation and
may be for example binders (e.g., natural or synthetic polymers), lubricants, surfaclants,
sweelening and flavoring agents, coating maiterials, preservatives, dyes, thickeners, adjuvants,

antimicrobial agents, antioxidants and carriers for the various formulation types.

[80140] Vvhen a therapeutically effective amount of a compound disclosed herain is
adminisiered orally, the composition typically is in the form of a solid (e.g., tablsl, capsule, pill,

powder, or troche) or a liquid formulation {e.g., agueous suspension, solution, elixir, or syrup).

[00141]  When administerad in tablet form, the composition can additionally contain a
functional solid and/or solid carrier, such as a gelatin or an adjuvant. The tablet, capsule, and
powder can contain about 1 to about 85% compound, and preferably front about 15 to about

90% compound.

[00142]  When administered in liquid or suspension form, a funclional liguid and/or a liquid
carrier such as water, petroleum, or oils of animal or plant origin can be added. The liquid form

of the composition can further contain physiclogical saline solution, sugar alcohol solutions,
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dextross or sther saccharide solutions, or glycols. When administered in liquid or suspension
form, the composition can contain about 8.5 {o about 80% by weight of a compound disclosed
herein, and preferably about 1 {o about 50% of a compound disclosed hsarain. In one
embodiment contemplated, the liquid carrier is non-agqueous or substantially non-aquesus. For
administration in liquid form, the compasition may be supplied as a rapidly-dissolving solid

formulation for dissolution or suspension immediately prior to administration.

[60143] When a therapeutically effective amount of a compound disciosed herain is
administered by intravenous, cutaneous, or subcutaneous injection, the composition is in the
form of a pyrogen-free, parenterally acceptable agueous solution. The preparation of such
parentaraily acceptable solutions, having due ragard to pH, isotonicity, stability, and the like, is
within the skill in the arl. A preferred composition for intravenous, cutaneous, or subcutaneous
injection typically contains, in addition to a compound disclosed herein, an isotonic vehicle.
Such compaositions may be prepared for administration as solutions of free base or
pharmacologicaily acceptable salts in water suitably mixed with a surfactant, such as
hydroxypropylceliulose. Dispersions also can be prepared in glycerol, liquid polyethylene
glycols, and mixtures thereof and in oils. Under ordinary conditions of slorage and use, these

preparations can optionally contain a preservative to prevent the growth of microorganisms.

[00144] Injeciable compositions can include sterile aqueous solutions, suspensions, or
dispersions and sterile powders for the extsmporanaous preparation of sterile injectable
solutions, suspensions, or dispersions. In all embodiments the form must be slerils and must
be fluid to the exiant that easy syringability exists. 1 must be stable under the conditions of
manufaciure and storage and must resist the contaminating action of microorganisms, such as
bacteria and fungi, by optional inclusion of a preservative. The carrier can be a solvent or
dispersion medium coniaining, for example, water, ethanol, polyol {e.g., glycersl, propylene
ghycol, and liquid polysthylene glycol, and the like), suitable mixtures thereof, and vegstabls oils.
in one embodiment contemplated, the carrier is non-aqueous or substantially non-agqueous.
The proper fluidily can be maintained, for example, by the use of a coating, such as lecithin, by
the maintenance of the required particle size of the compound in the embodiment of dispsrsion
and by the uss of surfactanis. The prevention of the action of microorganisms can be brought
about by various antibacterial and antifungal agents, for example, parabens, chiorobutano,
phenol, sorbic acid, thimerosal, and the like. In many embodiments, it will be preferable to

include isolonic agents, for example, sugars or sodium chioride. Prolonged absorption of the
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injectable compaositions can be brought about by the use in the compaositions of agents delaying

absorption, for example, aluminum monostearats and gelatin.

[a0148] Sterile injectable solutions are prepared by incorporating the active compounds in the
required amount in the appropriate solvent with various of the other ingredients enumerated
above, as required, followed by fillered slerilization. Genesrally, dispersions are prepared by
incorporating the various sterilized active ingredients info a sterile vehicle which contains the
basic disparsion medium and the required other ingredisnts from those snumerated above. In
the embodiment of sterile powders for the preparation of sterile injectable solutions, the
preferred methods of preparation are vacuum-drying and freeze-drying technigues which yield a
powder of the active ingredient plus any additional desired ingredient from a previously sterile-

filtered solution thereof.

[00148] Slow release or sustained release formulations may aiso be prepared in order o
achisve a controlled release of the aclive compound in contact with the body fluids in the Gl
fract, and to provide a substantially constant and effective levsl of the active compound in the
blood plasma. For example, relgass can be conirolled by one or mors of dissolution, diffusion,
and ion-exchange. In addition, the slow release approach may enhance absorption via
saturable or limiting pathways within the Gl tract. For example, the compound may be
embedded for this purpose in a polymer matrix of a biclogical degradable polymer, a water-
soluble polymer or a mixiure of both, and optionally suitable surfactanis. Embedding can mean
in this contexi the incorporation of micro-particles in a matrix of polymers. Controlled release
formulations are also obtained through encapsulation of dispersed micro-particles or emulsified

micro-droplets via known dispersion or emulsion coating technologies.

[80147] For administration by inhalation, compounds of the present invention are
conveniently delivered in the form of an aerosol spray presentation from pressurized packs ora
nebulizer, with the use of a suitable propellant. In the embodiment of a pressurized aerosol, the
dosage unit can be determined by providing a valve to deliver a metered amount. Capsules and
cartridiges of, e.g., gelatin, for use in an inhaler or insufflaior can be formulated containing a

powder mix of the compound and a suilable powder base such as lactose or starch.

[00148] The compounds disclosed herein can be formulaied for parenteral adminisiration by
injection {e.q., by bolus injection or continuous infusion). Formulations for injection can be
presented in unit dosage form (8.¢., in ampules or in multidose containers), with an added

preservative. The compositions can take such forms as suspensions, solutions, or emulsions in
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oily or agueous vehicles, and can contain formulatory agents such as suspending, siabilizing,

andfor dispersing agenis.

[30148] Pharmaceutical formulations for parenteral administration include agueous solutions
of the compounds in water-soluble form. Additionally, suspensions of the compounds can be
prepared as appropriaie oily injection suspensions. Suitable lipophilic solvents or vehicles
include fatty oils or synthetic fatty acid esters. Agueous injection suspensions can coniain
substances which increase the viscosity of the suspension. Optionally, the suspension also can
contain suitable stabilizers or agents that increase the solubility of the compounds and allow for
the preparation of highly concentrated solutions. Allernatively, a present composition can be in

powder form for constitution with a suitable vehicle (g.g., sterils pyrogen-free water) before uss.

[00150] Compounds disclosed herain also can be formulated in rectal compositions, such as
suppositories or retention enemas (e.g., containing conventional supposiiory bases). In addition
to the formulations described previously, the compounds also can be formulated as a depot
preparation. Such long-acting formulations can be administered by implaniation (s.g.,
subcutaneously or intramuscularly} or by intramuscular injection. Thus, for exampls, ths
compounds can be formulated with suilable polymeric or hydrophobic materials (for example, as
an emulsion in an acceptable oil) orion exchange resins, or as sparingly soluble derivatives, for

exampis, as a sparingly soluble salt.

[00181} In particular, a compound disclossed herein can be administered orally, buccally, or
sublingually in the form of iablets coniaining excipients, such as starch or lacltoss, or in capsules
or ovules, either alone or in admixture with excipients, or in the form of elixirs or suspensions
containing flavoring or coloring agents. Such Hguid preparations can be prepared with
pharmaceutically acceptable additives, such as suspending agents. A compound also can be
injected parenterally, for example, intravenously, intramuscularly, subcutaneously, or
intracoronarily. For parenteral administration, the compound is best used in the form of a sterile
aqueous solution which can contfain other substances, for exampile, salts, or sugar alcohols,

such as mannitol, or glucoss, to make the solution isotonic with bload.

[00182] For velerinary use, a compound disclosed hergin is administered as a suitably
acceptable formulation in accordance with normal veterinary practice. The veterinarian can
readily determine the dosing regimen and route of administration that is most appropriate for a

particular animal.
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[00183] In some embodiments, all the necessary components for the freatment of KIF18A-
related disorder using a compound as disclosed herein either alone or in combination with
another agent or intervention traditionally usad for the treatment of such disease may be
packaged into g kit. Specifically, the present invention provides a kit for use in the therapeutic
intervention of the dissase comprising a packaged set of medicaments that include the
compound disclosad herein as well as buffers and other components for preparing deliverable
forms of said medicaments, and/or devices for delivering such medicaments, and/or any agenis
that are used in combination therapy with the compound disclosed herein, and/or instructions for
the treatment of the disease packaged with the medicaments. The instructions may be fixed in
any tangible medium, such as printed papsr, or a computer readable magnetic or optical
medium, or instructions {o reference a remots computer data source such as a world wide web

page accessible via the internetl.

[00154] A “therapsutically effective amount” means an amount sffective to traat or o prevent
development of, or to alleviate the existing symptoms of, the subject being treated.
Determination of the effsclive amounts is well within the capability of those skilied in the art,
especially in light of the detailed disclosure provided herein. Generally, a “therapeutically
effective dose” refers o that amount of the compound that resulis in achieving the desired
sffect. For example, in one preferred embodiment, a therapeutically effective amount of a
compound disclosed herein decreases KIF18A activily by at least 5%, compared fo control, at
least 10%, at least 15%, atleast 20%, atleast 25%, al least 30%, at least 35%, at least 40%, at
loast 45%, at least 50%, at least 55%, atlsast 80%, at least 65%, at least 70%, atleast 75%, at

least 80%, at least 85%, or at least 80%.

[001588] The amount of compound administered can be dependent on the subject being
freated, on the subject's age, health, sex, and weight, the kind of concurrent treatment (if any),
saverity of the affliction, the nature of the sffect desired, the manner and frequency of trealmant,
and the judgment of the prescribing physician. The frequency of dosing also can be dependent
on pharmacodynamic effects on arlerial oxygen pressures. While individual needs vary,
determination of optimal ranges of effsctive amounts of the compound is within the skill of the

art. Such doses may be administered in a single dose or it may be divided into muilliple doses.
[00158) Assaying for Inactivaied Genes, Amplified Genes, and Expression Levels

[001587] In various embodiments of the methods of the present disclosure, the methods
comprise assaying a sample for an inactivated gene {8.g., inactivated TP53 gene, inactivated

Rb1 gene, and/or inactivated BRCA). As used herein, the term “inactivated” in the context of a
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genea refers to a reduction or loss of function of the gene or gene product encoded by the gene.
The inactivation of a gene may be causad by one or more known mechanisms. For exampie,
the inactivation of the gene may be caused by a variation in (including, e.g., a loss of) DNA
sequence, RNA sequence or protein sequence, relative to the corresponding wild-type gene,
RNA, or protein or may be caused by an epigenetic variation that does not involve any

alterations in the DNA sequence of the gene.

[00158] In various aspecis, the assaying siep comprises dsatecting the presancs of a variation
or anomaly in a gene or a gene product encoded by the gene, which variation or anomaly is
relative o the corresponding wild-type gene or gene product, and which presence of the
variation lsads to or is associated with a silencing of the gane, a reduction or loss of expression
of the gene or gene product encoded by the gene, a reduction or loss of function of the gene or
gene product encoded by the gene, or a combination thereof. In various instances, the gene
product is an RNA transcript or a protein. in various instances, the variation leads {o atleast a
reduction or loss of function of the gene or gene product encoded by the gene. In various
instances, the variation leads to al lsast a reduction or loss of function of the 7753 gene or gene
product encoded by the TFP53 gene. In various instances, the variation leads to al least a
reduction or loss of function of the Rb1 gene or gene product encoded by the RHT gene. In
various instances, the variation leads {0 at least a reduction or loss of function of the BRCA

gene or gene product encoded by the BRCA gene.

[00158] The variation in the gene may be present anywhers in the gene, e.g., within an intron
or exon, within a & -untransiated region (8-UTR), or a ¥-untransiated region (3-UTR). The
variation may be present within or at any part of the transcript (8.g., RNA transcript, primary
transcript, pre-mRNA, mRNA) encoded by the gene, or may be present within or at any part of

the protein encoded by the gene.

[001608] In various aspects, the variation is a difference in DNA sequence, RNA sequence or
protein sequence, relative to the corresponding wild-type gene, RNA, or protein. In various
aspects, the sample is assayed for the inactivated gene Dy analyzing the nuclectide sequence
of the gene, analyzing the nucleotide ssquence of an RNA encoded by the gene, or analyzing
the amingo acid sequence of the profein encoded by the gane and comparing the sequence of
gene of the sample to the corresponding wild-type human sequence of the gene, RNA, or
protein. in exemplary aspects, the variation comprises a deletion, insertion, or substitution of
one or more nucleotides in the DNA sequence or RNA sequence, a delstion, insertion, or

substifution of one or more amino acids in the protein sequence, relative to the corresponding

48



WO 2021/211549 PCT/US2021/027042

wild-type gene, RNA, or protein. In exemplary aspects, the variation comprises a deletion,
insertion, or substitution of one or more nucleotides in the DNA sequence or RNA sequsncs, a
delstion, insertion, or substifution of ong or more amino acids in the profein sequence, relative
to the carresponding wild-type gene, RNA, or protein that may result in g gene copy number
gain or amplification of the DNA, RNA, or profein. In various aspects, the assaying comprises
detecting the presance of a gene mutation in the gene. In varicus aspscls, ths assaying
comprises detecling the presence of a gens mutation in the gens or loss of nucleotides in the
gene. In exemplary instances, the gene mutation is a missense mutation, nonsense mutation,
insertion, deletion, duplication, frameshift mutation, truncation, or a repeat expansion. in
various instances, the inactivated TRE3 gene comprisss 3 muiation, delstion, or truncation, the
inactivated RB7 gene comprises a mulation, deletion, or fruncation, and/or the inactivated BRCA
gene comprises a mutation, delelion, or truncation. As used herein, the ferm "BRCA gene’
refers {o the BRCAT or the BRCAZ gene. In exemplary instances, the BRCA gene is BRCAT,
in exemnplary aspects, the BRCA gene is B8RCAZ.

[80161] In various insfances, the variation is epigenetic and does not involve any alterations
in the DNA sequence of the gene. In exemplary aspecis, the inactivated gene is apigenetically
silenced and optionally involves a covalent modification of the DNA or histone profeins. The
covalent modification of the DNA may be, for example, a cytosine methylation or
hydroxymethylation. The covalent modification of the histone protein may be, for example, a
lysine acelylation, lysine or arginine methylatlion, sering or threonine phosphorylation, or lysine
ubiguitination or sumoylation. Mechanisms of gene silencing can occur during franscription or
translation. Exemplary mechanisms of gene silencing include but are not limited 1o DNA
methylation, histone modification, and RNA interference (RNAI. In various aspects, the
inactivated gene is an spigenetically silenced gene having an epigenetically silenced promoter.
Optionally, the inactivated TP53 gene has an epigenetically silenced TP53 promoter or the
inactivated Rb7 gene has an epigenetically silenced RbT promoter or the inactivated BRCA
gene has an epigenetically silenced S8RCA promoter. Suitable techniques to assay for
gpigenetic silencing include but are not limited {o chromatin immunoprecipitation (ChiP-on chip,
ChiP-Seq) flusrescent in sify hybridization (FISH), msthylation-sensilive restriction enzymass,
DNA adenine methyltransferass identification (DamiD) and bisulfite sequencing. Ses, e.q.,

Verma et al., Cancer Epidemioclogy, Biomarkers, and Frevention 23: 223-233 {(2014).

[00182] In various aspects, the inactivated gene is inactivated by a virus-induced gene

sitencing (VIGS). In various instances, ths inactivated TR53 gene is inactivated by a viral
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protein, e.g., human papiliomavirus {HPV)} E8 prolein. Optionally, the HPV EB protein interacts
with the p33 protein encoded by the TRP53 gane and renders the p53 protein inactive. In various
instances, the inactivated Rb7T gene is inactivated by a viral protein, s.g., HPV E7 protein.
Optionally, the HPV E7 protein interacts with the Rb protein encoded by the Rb17 gene and
renders the Rb protein inaclive. Such modes of silencing are known in the art. See, &.¢., Jiang
and Milner, Oncogene 21: 8041-6048 {2002).

[60163]  In various embodiments of the methods of the present disclosure, the methods
comprise assaying a sample for a gene amplification, e.q., CCNET ampilification, or an increase
in the number of copies of a gene, e.g., a gene copy number gain of the gena. In various
instances, the sample is assayed for the gain or amplified gene by DNA- or RNA-based
fechniques (gene axpression analysis [comparative genomic hybridization, RNA-based
hybridization], NGS, PCR, or Southern blot) or by molecular cytogenetic techniques (FISHZ with
gene-specific probes, CISH (chromeogenic in situ hybridization). In varicus aspects, competitive
or quantitative PCR, genomic hybridization to ¢cDNA microarrays, hybridization and
guantification of gene probes to RNA are carried out to detsct the gene amplification or gene
copy numbear gain. See., &.g., Harlow and Stewart, Genome Res 3; 163-168 (1993); Haiskanen
et. al., Cancer Res 80(4): 798-802 (2000). In various instances, the method comprises
assaying a sampie for a gene copy number gain or amplification of an MDM?2 gene andiar a
gene copy number gain or amplification or mutation of an FBXWY gene. In exemplary aspecis,
the method comprises assaying a sample for a geng copy number gain or amplification of an
MDM2 qgene and a reduction in p53 protein levels. In exemplary aspecis, the method comprises
assaying a sample for a mutation in an FBXWY gene and an overexpression of a gene product
encoded by the CCNET gene. Next Generation Sequencing (NGS) may also be emiployed as a
method by which {o detsct a gene copy number gain or loss or a gene amplification whereby
genelic areas ars sequenced and sequencing reads are comparad {o other genes to deduce

gain or loss of the gene of inferest.

[00164] In exemnplary aspects, the inactivated TP53 gene (i) comprises a TR53 gene
mutation, delstion, truncation, and/or an epigenetically silenced TF53 promoter, (i) is
inactivated by a viral protein or via gene ampilification of an MDM2 gene, or (i) a combination
thereof. Optionally, the viral protein is a Human Papillomavirus (HPV) ES protein. in exemplary
aspects, the inactivated Rb1 gene (i) comprises an Rb7T gene mutation, delstion, truncation,
and/or an epigenetically silenced Rb{ promoter, (i} is inactivated by a viral protein or (i) a

combination thereof. Optionally, the viral protein is a Human Papillomavirus (HPV) E7 protein.
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in exemplary aspects, the inactivated BRCA gene (i) comprises a BRCA gane mutation,
deletion, runcation, and/or an epigenstically silenced BRCA promoter. Optionally, the BRCA
gens is a BRCA1T gane. Aliernatively, the BRCA gens is a BRCAZ gsne.

[00168] In various aspects, the inactivated TF53 gene, inactivaled Rb7 gene, CCNET gene
copy number gain or amplification and/or inactivated BRCA gene is prasent in the germiine calls
of the neoplastic disease {e.g., cancer). In various aspects, the inactivated TPS53 gene,
inactivated Rb71 gene, CCNET gane copy number gain or ampilification and/or inactivated BRCA
gene is present in the germiine cells of the neoplastic disease {(e.¢., cancer) and absent from
somatic cells of the neoplastic dissase (e.g., cancer). Optionally, due to somatic mutations of
the neoplastic diseass, the somatic calls of the neoplastic dissass have reverted back to wild-
fype genoctype and thus do not exhibil the inactivated TP33 gene, inaclivated Rb7 gene, CCNET
gene copy number gain or amplification and/or inactivated BRCA gene, though the germiine
celis of the neoplastic dissase stili demonstrate inactivated 7P533 gens, inactivaled RbT gene,
CCNET gene copy number gain or amplification and/or inactivated BRCA gene. For example,
the neoplastic disease may be a PARP inhibitor-resistant cancer and anly the germmline cells of
the cancer have an inaclivated BRCA1 gene, whereas the somatic cells of the cancar exhibit a

restored BRCA1 coding region and function.

[001686] In exemplary instances, the assaying step comprises a cytogenstics method andior
molecular meathod for detecting the presence of an inactivated or amplifisd gens or gene copy
number gain, e.g., an inactivated TP33 gene, inactivaled Rb 1 gene, amplified CCNET gene or
inactivated BRCA gene. In exemplary aspects, the assaying step comprises direct DNA
sequencing, DNA hybridization and/or restriction enzyme digestion. Optionally, the cylogeneatics
method comprises karyolyping, flucrescence in situ hybridization (FISH}, comparative genomic
hybridization (CGH), or a combination theraof. In various instances, the molecular method
comprises rastriction fragmaent length polymorphism (RFLP), amplification refractory mutation
system (ARMS), polymerase chain reaction (PCR}, multiplex ligation dependent probe
amplification (MLPA), denaturing gradient gel electrophoresis (DGGE), single sirand
canformational polymorphism {(SSCP), heteroduplex analysis, chemical cleavags of mismatch
{CCM), protein truncation {est (PTT), oligonuclectide ligation assay (OLA), or a combination
thereof. Optionally, the PCR is a mulliplex PCR, nested PCR, RT-PCR, orreal time quantitalive
PCR. In various aspects, the assaying siep comprises assaying expression levels of RNA or
protein encoded by the TP53 gene, Rb7 gene, CONE1 gens, and/or the BRCA gene. In various
aspects, the assaying step comprises ARMS, FISH, [HC, or NGS. Such techniques are
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described in Su et al., J Experimental Clin Cancer Research 36: 121 (2017) and He et al,, Blood
127(24): 3004-3014 (2016}, In various instances, the assaying step comprises whols-exome
sequencing or whole genome sequencing. In exemplary aspects, the assaying comprisas a
liquid biopsy. Liquid biopsies are described in detail in the art. See, e.q., Poulet et al., Acta
Cylol 83{(6). 448-455 {2019}, Chen and Zhao, Hum Genomics 13(1): 34 (2019).

[00167] In various aspects, the gene copy number gain or amplification leads to
overaxpressed or increased levels of the gene products {e.g., RNA and/or protain) encoded by
the gene. Methods of detecling increased levels in RNA and/or protein are known in the art. In
exemplary aspects, the gene copy number gain or amplification of the CCNET gene leads {0
pvarexpressed or increased levels of the gens products encoded by the CCNET gens. In
exemplary aspecis, the overexprassion of the CCNE1 gene product is caused by a mutation in
an FBXW7 qene. In various aspects, the sample is positive for overexprassion of the CONE1

gene products and a mutation in an FBXWY gene.

[00168}] In various instances, the methods of the present disclosure comprise msasuring a
level of exprassion of a gene, via RNA transcripts, e.¢g., a messenger RNA (mRNA), ora
profein, in a sample {e.g., a sample comprising lissue or blood) obtained from a subject. In
exemplary aspects of the presently disclosed methods, the method comprises measuring the
level of expression of TF33, Rb1, BRCA, CCNET, or any gene product encoded by the gene, or
any combination thereof. Suilable mathods of determining exprassion levels of nucleic acids
{2.g., genes, RNA, mRNA) are known in the art and include but not limiled to, quantitative
polymerase chain reaction (gPCR) {e.q., quantifative real-time PCR (gRT-PCR)), RNAseqg,
MNanostring, and Northern blotting.  Technigues for measuring gene expression alseo include, for
examyie, gene expression assays with or without the use of gene chips or gene expression
microarrays are described in Onken et al., J Molec Diag 12(4): 461-488 (2010}, and Kirby et
al., Adv Clin Chem 44: 247-292 (2007). Affymetrix gene chips and RNA chips and gens
expression assay kits {8.g., Applied Biosyslems™ TagMan® Gene Expression Assays) are also
commercially available from companies, such as ThermoFisher Scientific (Waltham, MA), and
Nanostring (Geiss et. al., Nature Biotechnology 26: 317-325 (2008)). Suitable methods of
determining expression leveals of profeins ars known in the art and includs immunoassays (&.q.,
Western bloiting, an enzyme-linkad immunosorbent assay (ELISA), a radicimmunocassay (RIA),
and immunohistochemical assay) or bead-based multiplex assays, e.g., those described in
Dijoba Siawaya JF, Roberis T, Babb C, Black G, Golakai HJ, Stanley K, et al. (2008} An

Evaluation of Cammercial Fluorescent Bead-Bassd Luminex Cytakins Assays. PLoS ONE 3(7):
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e2535. Proteomic analysis which is the systematic identification and gquantification of proteins of
a particular biclogical systam are known. Mass spectromelry is typically the technique used for
this purpose.

[0016%]
complementary DNA (cDNA) based on the RNA encoded by said gene. Briefly, the method

in exemplary aspects, the method comprises measuring the level of a

comprises extracting or isolating RNA from the sample (e.g., from the tumor celi{s) of the
sampla) and synthesizing ¢DNA based on RNA isolated from the sampls. Allernatively or
additionally, in some aspects, measuring the expression level comprises isolating RNA from the
sample, producing complemsentary DNA (CDNA) from the RNA, amplifying the cDNA and
hybridizing the cDNA 0 a gene exprassion microarray. Accordingly, in some aspscis,
measuring the expression level comprises isolating RNA from the sample and quantifying the
RNA by RNA-Seq. In alternative or addifional aspects, the level of expression is determined via
an immunchistochemical assay. In exemplary aspects, measuring the sxpression level
comprises contacting the sample with a binding agentio TP53, Rb{, BRCA, or CCNET, ora
gene product thereof, or a combination thereof. In some aspscts, the binding agent is an
aniibody, or antigen-binding fragment thereof. In some aspects, the binding agent is a nucleic
acid probe specific for TRP53, Rb1, BRCA, or CCNE1, or an RNA transcript thereof, or a

complement thereof.

[00178] Once the expression level of TRPS3, Rb1, BRCA, or CCNET, or the gene product
thereof, is measured from the sample obtained from the subject, the measured exprassion level
may be compared o a reference level, normalized to & housskeeping gene, mathematically
transformed. in exemplary instances, the measured expression level of TP53, Rb7, BRCA, or
CCNE1, or the gene product thereof, is centered and scaled. Suitable techniques of centering
and scaling biclogical data are known in the arl. See, e.g., van den Berg et. al., BMC Genomics
70142 (2008).

[a0171]  The wild-type TPA3, Rbi1, COCNET, and BRCA genes, as well as the RNA and
proteins encoded by these genes, are known in the art. Exemplary sequences of each are

available ai the website for the National Center for Biotechnology Information (NCBI) and

provided in the sequence listing submitted herawith.

TABLE A
Gene name NCEI, HUGO .
(abbreviation, _ MRNA SEQIDNO: | , rotein SEQ ID NO:
. Accession No. Accession No.
full) Gene 1D No.
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TP53 7157, 11898 NM _000546.6 1 NP_000537.3 2
RB1 5025, 9884 NM_000321.3 3 NP _000312.2 4

CCNEH1 898, 1539 NM 0012384 5 NP 0012281 8
BRCA1 672, 1100 NM 007294 .4 7 NP 0082251 7
BRCAZ 875, 11014 NM_000058 .4 g NP _000050.3 10

[00172] In exemplary embodiments, the methods comprise measuring additional genes,
RNA, and/or proteins not listed in Table A In exemplary embodiments, the methods comprise
measuring the expression level of at least one additional gens, RNA, or protein. in exemplary
instances, the methods comprise measuring the expression level of atlsast 2, 3, 4, 5 or more
additional gsnes, atleast 2, 3, 4, 5 or mors additional RNA, and/or atleast 2, 3, 4, 5 or more
additional proteins in the sample. In exemplary instances, the methods comprise measuring the
expression level of at least 10, 15, 20 or more additional genes, at least 10, 15, 20 or more
additional RNA, and/or at least 10, 15, 20 or more additional proteins in the sample. In
gxemplary instances, the methods comprise maasuring the sxpression level of at least 58, 100,
200 or more addiiional genas, at least 50, 100, 200 or mors additional RNA, and/or at least 50,
100, 200 or more additional proteins in the sample. In exemplary instances, the methods
comprise measuring the expression level of a plurality of different genss, a plurality of RNA,
and/or a plurality of protsins, in addition to one or more listed in Table A. In exemplary aspects,
the methods comprise measuring the expression of ong or more homologous recombination
deficiency (HRD) genes, including but not limited to BRCA1, BRCA2, ATM, ATRX, BARD1,
BLM, BRIP1, CDK12, CHEK1, CHEK2, FANCA, FANCC, FANCD2, FANCE, FANCF, FANCI,
FANCL,K FANCM, MRE11, NBN, PALB2, RADS0D, RADS1, RADS1B, RADS1C, RADS1D,
RADS2, RADS4L, and RPA1T (DR Hodgson st al British Journal of Cancer. 2018;118:1401-8; AL
Heeke et al JCO Precis Oncol. 2018;2:1-3). In exemplary aspecis, the methods comprise
measuring the expression of one or more kinesin genes, ABC transporter genes, SAC genes,
kinetochore genes, EMT genes, PAMS0 signature (B Wallden et al BMC Medical Genomics.
2015;8(1):84), genes of the CIN25/70 gene signatures (SL Carter et al Nature Genstics.
2006,38(0).1043-8), or a combination thereof,

[80173] The assaying step allows for the sampls io be identified as “positive” or "negative” for
{a) an inactivated TP53 gene and/or (b) at least one of: () an inactivated Rb7T gene, (i) an

ampiified CCNET gene, gene copy number gain of the CCNET gene, or overexpression of a
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CCNET gene product, (i) an inactivated BRCA gene or (iv) a combination thereof. As used
herein, the term “positive” in the context of a sample means that an inactivated TPS53 gens
and/or () at least one of. (i) an inactivated Rb7T geng, (i) an amplified CCNET gens, gene copy
nurmber gain of the CONET gene, or overexpression of a CONET gene product, (i) an
inactivated 8RCA gene or {iv} a combination thereof is/are present in the sample. As used
herein, the term “negative” in the context of a sample means that an inactivated TP33 gene
andfor (b) at least one of: (i) an inactivated RbH1 gene, (i) an amplified CCNET gene, gene copy
number gain of the CONET gene, or overexpression of a CONET gene product, (i) an
inactivated BRCA gene or (iv} a combination thereof is/are absent from the sample, 8.g., the
sample does not have an inactivated TP53 gene and/or (b) at lsast one of. (i) an inactivated
Rb1 gene, (i} an amplified CCNET gene, gene copy number gain of the CONET gens, or
overexpression of a CCNET gene produch, (ili) an inactivated BRCA gene or {iv) a combination

thereof is/are present in the sample.
[00174] Responsiveness, Sensifivity and Resistance

[80175] The present disclosure relates to responsiveness, sensitivity and/or resistance to a
drug, &.g., KIF18A inhibitor, CDK4/6 inhibitor. The present disclosure provides a meathod of
identifying a subject with a neoplastic disease as sensitive or responsive {o reatment with a
KIF18A inhibitor is provided herein. A methed of determining a treatment for g subject with a
necoplastic disease comprising determining sensitivity of the neoplastic dissase o a KIF18A
inhibitor or determining sensitivity of the neoplastic disease to & CDK4/8 inhibitor are disclosed
herein. The present disclosure also relates to method of treating a subject with a neoplastic

disease which is resistant to treatment with a CDK4/6 inhibitor.

[00176] As ussd herein “sensifivity” refers o the way a neoplastic disease {e.g., cancer,
tumor) reacts {o a drug/compound, e.g., a8 KIF18A inhibilor, CDK4/8 inhibitor). In exemplary
aspects, "sensitivity” means “‘responsive fo treatment” and the concepts of “sensitivity” and
‘rasponsiveness” are positively associated in that a neoplastic disease {&.g., tumor or cancer
cell) that is responsive 1o a drug/compound treaiment is said to be sensitive to that drug.
“Sensilivity” in exemplary instances is defined according to Pelikan, Edward, Glossary of Terms
and Symbols used in Pharmacology (Pharmacology and Experimental Therapeutics
Department Glossary at Boston University School of Medicine), as the ability of a population, an
individual or a tissue, relative {o the abilities of others, to respond in a qualitatively normal
fashion o a particular drug dose. The smaller the dose required producing an effect, the more

sensitive is the responding system. "Sensitivity” may be measured or described quantitatively in
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terms of the point of intersection of a dose-gffect curve with the axis of abscissal values or a line
parallel {o it; such & point corresponds to the dose just required o producs a given degree of
effact. In analogy to this, the "sensitivity” of a measuring system is dafined as the lowest input
{smallest dose) required producing a given degree of cutput (effect). In exemplary aspects,
“sensilivily” is opposite (o “resistance” and the concept of “resistance” is negatively associated
with “sensitivity’. For example, a tumor that is resistant to a drug treatment is sither not
sansitive nor responsive o that drug or was initially sensitive o the drug and is no longer
sensitive upon acquiring resistance; that drug is not an effective treatment for that tumor or

cancer cell.

[80177] The term ‘responsiveness” as used herein refers to the sxtent of a therapeutic
response or responsiveness of a cancer cell or tumor to a drug/compound (g.q., a KIF18A
inhibitor, @ CDK4/6 inhibitor) or other trealment (e.q., radiation therapy) as per Response
Evaluation Criteria in Solid Tumors (RECIST) or other like criteria. RECIST is a set of crileria o
evaluale the progression, stabilization or responsivenass of fumors and/or cancer celis jointly
created by the National Cancer Inslitute of the United States, the National Cancer Institute of
Canada Clinical Trials Group and the European Organisatlion for Research and Treatment of
Cancer. According to RECIST, certain tumors are measured in the beginning of an evaluation
{s.g., a clinical trial}, in ordsr to provide a baseline for comparison after treatment with a drug
{e.g., CDK4/6 inhibitor). The response assessment and evaluation criteria for fumors are
published in Eisenhauer st. al., Eur Jd Cancer 45:228-247 (2009) and Litiere el. al., Journal of
Clinical Oncology 37{13): 1102-1110 (2019) DOL 10.1200/4C0.18.01100. Briefly, Section 4.3
of Eisenhauer et. al., 2008, supra, teaches response criteria to be used {o determine objective

turnor response for target lesions, as follows:

Response Type Signifies that:

Disappearance of all farget lesions. Any pathological
Complete Response (CR) lymph nodes (whether target or non-target) must have
reduction in short axis to <10 mm.

Atlsast a 30% decrease in the sum of diametsrs of
Partial Response (PR) target lesions, {aking as refsrence the bassline sum
diamsters.

Neither sufficient shrinkage to qualify for PR nor
Siable Disease (8D) sufficient increase to qualify for PD, taking as
reference the smallest sum diamsters while on siudy
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Atleast 2 20% increase in the sum of diameters of
farget lesions, taking as refersnce the smallest sumon
study {this includes the bassline sum if thatis ths
smallest on study). In addition {o the relative increase
of 20%, the sum must also demonstirate an absolute
increase of at least 5 mm. (Note: the appearance of
one or more new lesions is also considered
prograssion).

Progressive Disease (PD)

[00178] Inideal cases, a drug or other treaiment results in CR or PR as best over-ali
response with durable duration of response (DOR). Responses of 8D with short DOR or PD in
some aspects arg used to show that a drug is not an effective trealment for cancer orthat a

turmor has stopped responding {o treatment.

[00178) In exemnplary aspects, responsiveness accounts for or is based on clinical benefit
rate (CBR) which is defined as the proportion of patisnts in whom the best overali response is
determined as complets response (CR), partial response (PR} or stable diseass (8D > 16
weeks and 24 weeks, Optionally, the CEBR relates to proportion of patients in whom the best
overall response is determined as complete response (CR), partial response (PR) or siable
disease {(80) > 16 weeks and 24 weeks wherein the patients have refractory or relapsed breast

cancer or ovarian cancer.

[001808] As recognized by ong of ordinary skill in the arl, such a tumor or cancer cell is
understood as one that has lost sensitivity to treatment and/or one that has become resistanito

treatment.

[00181] Provided harsin ars methods of identifying a subject with a neoplastic dissass as
sansitive or responsive o treatment with a KIF18A inhibilor. In exemplary embodiments, the
method comprises assaying a sample obltained from the subject for (8) an inactivated TFR53
gene andior () atleast one of: (i) an inactivated Rb7 gene, (i) an amplified CONET gens, gene
capy number gain of the CCNET gene, or overexpression of a CCNET gene product, (iii} an
inactivated BRCA gene or (iv) a combination thereof, wherein the subject is ideniified as
sansitive to freatment with a KIF 18A inhibitor, when the sample is positive for an inactivated
TP53 gene and/or positive for at least one of an inactivated Rb7 gene, (i) an amplified CCNET
gene, gene copy number gain of the CONET gene, or overexpression of a CONET gene
embodiments, the method comprises determining the sensitivity of the neoplastic disease to

treatment with a CDK4/G. In various aspects, when the neoplastic disease is not sensitive to the
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CDK4/8 inhibitor, the neoplastic disease is deemed as sensitive {o the KIF18A inhibitor. In
various aspects, methods of identifying a subject with a neoplastic disease as sansitive or
responsive to treatment with a CDK4/6 inhibitor are provided. In exemplary aspects, the
method comprises determining the sensitivity of the neoplastic disease o treatment with a
KIA18A inhibitor. in various aspecis, when the neoplastic disease is not sensitive to the KIF18A
inhibitor, the neoplastic diseass is deemed as sensitive to the CDK4/6 inhibitor. In various
aspects, the methods identify the subject as ons who is likely {0 achieve a complete response
upon freatment with the KIF18A inhibiter. In various aspects, the methods identify the subject
as one who is likely to achieve at least a parlial response upon treatment with the KiF18A
inhibitor. in various aspects, the methods identify the subject as one who is liksly to not exhibit

stable dissase or progressive disease upon treaimeant with the KIF18A inhibitor.

[00182]  Without being bound o any particular theory, in exemplary embodiments, a
neoplastic disease which is sensitive or responsive {o a CDK4/8 inhibitor is not sensitive or
responsive {0 a KIF18A inhibitor and a neoplastic disease which is sensilive or responsive to a
KIF18A inhibitor s not sansitive or responsive to a COK4/6 inhibitor. Thus, the presant
disclosure provides a method of determining a treatment for a subject with a neoplastic disease
comprising determining the sensitivity of the neoplastic disease to treatment with a KIF18A
inhibitor or a CDK4/6 inhibitor. In various aspsecis, when the neoplastic disease is insensitive to
the CDKA4/8 inhibitor, the freatment for the subject is determined as a treatment comprising a
KiF18A inhibitor and when the neoplastic disease is insensitive {o the KIF18A inhibitor, the
freatment for the subject is determined as a treatmeant comprising a CDK4/8 inhibitor.
Accardingly, the present disclosure provides methods of freating a subject with a neoplastic
disease resistant to treatment with a CDK4/8 inhibitor, comprising administering a KIF18A
inhibitor o {reat the patient and methods of freating a neoplastic disease in a subject who is or
has been traated with a CDK4/8 inhibifor, comprising administering to the subject a KIF18A
inhibitor, optionally, wherein the KIF18A inhibitor is co-administered with the CDE4/6 inhibitor,
Also, the present disclosure provides methods of freating a subject with a necplastic disease
rasistant to treatment with a KIF18A inhibitor, comprising administering a CDK4/6 inhibitor to
freat the patient and methods of freating a neoplastic disease in a subject who is or has bsen
treated with a KiF18A inhibitor, comprising adminisiering to the subject a CDKA4/G inhibitor,
optionally, wherein the CDK4/6 inhibifor is co-administered with the KiF18A inhibitor.
Pharmaceutical combinations comprising a CDK4/8 inhibitor and a KIF 18A inhibitor are
provided.
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[00183] In various instances of the presenily disclosad methods, the method further
comprises determining the sensitivity {o a CDK4/6 or determining the sensitivity o a KIF18A
inhibitor. in various instancss, the mathod comprisas assaying for the ssnsitivity to a CDK4/6
inhibitor. In various aspecis, assaying the sensitivity comprises measuring or describing
gquantitatively in {erms of the point of intersection of a dose-effect curve with the axis of
abscissal values or a line paraliel to it; wherein the point corresponds o the dose just raquired
to produce a given degree of effect. In various aspects, assaying the sensifivity comprises
carrying out one or more of a nuclear count assay, a centrosome count assay, growth assay,

and/or tumor regression assay, such as those described herein. See, e.g., Examples 1-4.

[60184] In various instances of the pressntly disclosed methods, the sensitivity to a CDK4/6
inhibitor is determinad by assaying a sample oblainsd from the subject for the absence of (i) an
inactivated Rb7 gene, (ii) an amplified CONET gene, gens copy number gain of the CONEY

gene, or overexpression of a CONET gene preduct, or (iil) a combination thereof,

[00185] Methods of mainiaining sensitivity of a neoplastic diseass to rsatment with a CDK4/6
inhibitor in a subject are provided herein. In exemplary ambodiments, ths method comprises
administering to the subject a KIF18A inhibitor. In various aspects, at least 50% of the
sensitivity to the treatment is maintained. Optionally, at least or about a 50% increase, af least
or about a 60% increase, at lsast or about a 70% increase, at least or about a 80% increase, at
least or about @ 90% increass, at least or about a 85% increass, or at least or about a 88%

increass, at least or about a 100% increass) of the sensitivity 1o the treaiment is maintained.
[00188) Additional Sfeps

[00187] With regard to the msathods of the invention, the mathods may include additional
steps. For sxample, the msthod may include repeating one or more of the recited step{s) of the
method. Accordingly, in exemplary aspecis, the method comprises assaying a second sample
obtained from the subject for {a) an inactivated TP53 gene and/or (b) at least one of. (i) an
inactivated Rb71 gene, {ii) an amplifisd CONET gene, gens copy number gain of the CONET
gene, or overexpression of a CONET gene product, (i) an inaclivated BRCA gens or (iv) a
combination thereof, wherein the second sample is obtained from the subject at a different time
point, relative to the iime at which the first sample was obtained from the subject. in exemplary
aspects, the method comprises assaying a sample obtained from the subject every month,
every 2 months, every 3 months, every 4 months, or every 8 1o 12 months, wherein the

assaying is based on a different sample obtained from the same subject.
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[00188}] In exemplary aspects, the presently disclosed method further comprises obtaining a
sample from the subject. In various aspects, a sample is obiained by biood draw, apheresis,

lsukapheresis, biopsy or by collsction of urine.

[00188}] In exemplary aspects, the method further comprises administering a KIF18A inhibitor
once the need therefor has been determined. Methods of administering a KIF18A inhibitor to a
subject may bs the same as or similar o any of the presently disciossd methods of

adrministering a pharmaceutical combination.

[00180] In various aspects, the method further comprises assaying the sample for spindle
assembly checkpoint (SAC) activation, centrosome aberrations, mullipolar spindles or a
combination thereof. Suilable methods of assaying the sample for these

charactaristics/features are described herein. See, Examples 5-10.

[00191]  Any and all possible combinations of the steps described herein are contemplated for

purposes of the inventive methods
[001%82] Fharmaceutical Combinations

[60193] In exemplary embodimenis, the KIF18A inhibitor described herein is administered
alone, and in allernative embodiments, the KIF18A inhibitor described herein is administered in
combination with another therapeutic agent, e.g., ancther KIF18A inhibitor but a different type
{8.g., structure), or ancther therapeutic which doss not inhibit KIF18A. In exemplary aspects,
the other therapautic aims o treat or prevent a neoplastic disease. In exemplary aspects, the
other therapeutic is CDK4/G inhibitor. Accordingly, the present disclose provides
pharmaceutical combinations comprising a KIF18A inhibifor. The pharmaceutical combination
comprises a KIF18A inhibitor and anocther active agant. In exemplary instances, the KIF{18A
inhibitor is formulated with the other active agant and the two active agenis are administersed
simulianeously. In exemplary instances, the KIF18A inhibitor is not formulated with the other
active agent and the two active agents may be administered separaiely or together. In various

aspects, the two active agents are administered to the subject seguentially.

[00194] In exemplary smbodiments, the pharmaceutical combination comprises a KIF18A
inhibitor and a CDK4/8 inhibitor. In various aspects, the KIF18A inhibitor is formulated
separately from the CDKE4/6 inhibitor.

[00188}] In various aspecis, the pharmaceutical combination or KIF18A inhibitor or CDK4/6
inhibitor is formulated with a pharmaceutically accepiabls carrier, diluent, or excipieni, including,

for example, acidifying agents, additives, adsorbentis, aerosol propelianis, air displacement
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agents, alkalizing agents, anlicaking agents, anticoagulants, antimicrobial preservatives,
antioxidants, antiseptics, bases, binders, buffering agents, chelating agents, coating agsnts,
coloring agents, desiccants, detergenis, diluents, disinfectants, disintegrants, dispersing agents,
dissolution enhancing agents, dyes, emeliients, emulsifying agents, emulsion stabilizers, fillers,
film forming agents, flavor enhancers, flavoring agents, flow enhancers, gelling agents,
granuiating agents, humectants, lubricants, mucoadhesives, ointment bases, aintments,
oleaginous vehicles, organic bases, pastille bases, pigmentis, plasticizers, polishing agenis,
preservatives, sequestering agents, skin penetrants, solubilizing agents, solvents, stabilizing
agents, suppository bases, surface active agents, surfactants, suspending agents, swestening
agents, therapeutiic agents, thickening agenis, tonicity agents, {oxicity agenis, viscasity-
increasing agents, watsr-absorbing agents, water-miscible cosolvenis, water sofieners, or

wetiing agenis.

[00186] In various aspects, the pharmaceautical combination or KIF18A inhibitor or CDK4/6
inhibitor is formulated for oral adminisiration or systemic ar parenteral administration {8.g.,
intravenous, subculaneous, intramuscular adminisiration). In various aspects, the KIF18A
inhibitor is formulated for oral administration. In various aspecis, the CDK4/8 inhibilor is

formuiated for oral administration.
[G0187)  CDK4/8 inhibitors

[00198] As used herein, the term “CDK4/8 inhibitor” refers o any compound or molscule that
targets the cyclin-dependent kinases, CDK4 and CDKS, and reduces or inhibits their enzyme
activity, e.g., kinase activity. In exemplary aspects, the CDK4/8 inhibitor acts on CDK4 and
CDKS6 fo induce call-cycle arrest. During cell cycle progression, CDK4 and CDKS target the
growth-suppressive protein, retinoblastoma protein (Rb}, for phasphorylation, and the Rb protein
is inactivated when phosphorylated. When CDE4 and CDKS are inhibited by CDKA4/6 inhibitors,
Rb is not phosphorylated {(or is less phosphorylated) such that Rb is free to carry out its growth-
suppressive function. In exemplary embodiments, the CDK4/G inhibitor is a serine/threonine
kinase inhibitor, a Cylochrome P450 (CYP450) 3A Inhibitor, or both. in various aspects, the
CDK4/6 inhibitor inhibits the phosphorylation of retinoblastoma (Rb) protein. In various aspects,
the CDKA4/8 inhibitor inhibits the function of CYP4503A

f00198]  The reduction or inhibition provided by the COK4/8 inhibitor may not be a 100% or
complete inhibition or abrogation or reduction. Rather, there are varying degrees of reduction or
inhibition of which one of ordinary skill in the art recognizes as having a potential benefit or
therapsutic effect. In this regard, the CDK4/G inhibitor may inhibit the CDIKK4 and/or CDKES
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protein(s} to any amount or level. In exemplary embodiments, the reduction or inhibition
provided by the CDK4/86 inhibifor is af least or about 10% reduction or inhibition {(8.q., at least or
about 20% reduction or inhibition, at least or about 30% reduction or inhibition, at [east or about
40% reduction or inhibition, at least or about 50% reduction or inhibition, at least or about 80%
reduction or inhibition, at least or about 70% reduction or inhibilion, at least or about 80%
reduction or inhibition, at lsast or about 0% reduction or inhibition, at least or about 85%

reduction or inhibition, at least or about 98% reduction or inhibition).

fG0200] In exemplary aspecis, the CDK4/6 inhibilor comprises a structure:

[Structurs 1} or {Structurs H].

[00204]  In various aspecis, the CDK4/8 inhibitor comprises a siructure of Structure | or
Structure I and further comprises a structure of A-B, wherein A comprises a bicyclic structure
and B comprises a monocychic structure. In exemplary aspects, A-B comprises a structure of

Structure  or Structure [V or Structure V.
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[Structure Hi] [Structure V] [Structure V]

f00202] In exemplary aspects, B of Structure Il or IV is & cyclopentane. In exemplary

aspects, B of Structure V comprises a pyrimidine.

[60203] In various aspects, the CDK4/6 inhibitor comprisas the structurs of
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{palbociclib]
or a pharmacsuticaily acceptable salt thersof.

in various aspects, the CDK4/6 inhibitor comprises the structure of

fribociclib]
or a pharmacsuticaily acceptable salt thereof.

in various instances, the CDK4/8 inhibitor comprises the structurs of

N S e
ST L

{abemaciclib]

or a pharmaceuticaily acceptable salt thereof.
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[00204] Methods of Treatment

[00208] Additionally provided herein are methods of reating a neoplastic diseasein a

subject.

[002068] As used herein, the ferm “treal” as well as words related thereto, do not necessarily
imply 100% or complele treatmeant. Rather, there are varying degrees of treaiment of which one
of ordinary skill in the art recognizes as having a potential benefit or therapeutic effect. In this
respect, the methods of treating a neoplastic disease of the present disclosure can provide any
amount or any level of trealment. Furthermore, the treatment provided by the methods of the
present disclosure can include freatment of one or more conditions or symptoms or signs of the
nsoplastic disease being traated. Also, the treatment provided by the msthods of the prasent
disclosure can encompass slowing the progression of the neoplastic disease. For example, the
methods can treat neoplasiic disease by virtue of enhancing the T cell activily or an immune
response against the neoplastic disease, reducing fumor or cancer growth or tumeor burden,
reducing metastasis of tumor cells, increasing celi death of tumor or cancer cells or incraasing
tumor regression, and the like. In accordancs with the forsgoing, provided herein are methods
of reducing tumor growth or tumor burden or increasing fumor regression in a subject. In
exemplary embodiments, the method comprises administering to the subject a KIF18A inhibitor
optionally in combination with a CDK4/8 inhibitor. In sxemplary embodiments, the subjectis ar
has been treated with 2 CDK4/6 inhibitor, and the method comprises administering to the
subject a KIF18A inhibitor. The farms “lreat’, "ireating” and "ireatment” as used herein refer io
therapy, including without limitation, curative therapy, prophylactic therapy, and preventative
therapy. Prophyiactic treatmeant generally constitutes either preventing the onset of disorders

altogether or delaying the onset of a pre-clinicaily evident siage of disorders in individuals.

[00207] In various aspects, the methods freat by way of delaying the onset or recurrence of
the neoplastic disease by at least 1 day, 2 days, 4 days, 6 days, 8 days, 10 days, 15 days, 30
days, two months, 3 months, 4 months, 6 months, 1 year, 2 vears, 3 vears, 4 years, or more. In
various aspects, the methods treat by way increasing the survival of the subject. In exemplary
aspects, the methods of the presant disclosure provide treatment by way of delaying the
occurrence or onset of metastasis. In various instances, the methods provide treaiment by way
of delaying the occurrence or onset of a new metastasis. Accordingly, provided herein are
methods of delaying the occurrence ar onset of metastasis in a subject with cancer. In
exemplary smbodiments, the method comprises administering a KIF18A inhibitor to the subject
optionally in combination with a CDK4/8 inhibitor.
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[00208] In exemplary instances, the treatment provided may be described in terms of or
supported by data obtained from a clinical irial wherein the endpoints of the frial are
progression-frae survival (PFS), overall survival (O8), or time {o deterioration of Eastern
Cooperative Oncology Group (ECOG) performance status. In various aspects, the present
disclosure provides a method of increasing PFS, OS, or time o deterioration of ECOG
performance status in a subject with a neoplastic disease. In examplary embodiments, the
neoplastic disease is rasisiant o or with a reduced sensitivity 10 a CDK4/8 inhibilor, and the
method comprises administering o the subject a KIF18A inhibitor optionally in combination with
a CDK4/6 inhibitor. As used herein, the {erm “progression-frae survival” or “PFS” msans the
time a treatsd patient sxperisnces without cancer gstiing worss (by whatever measure is baing
used to measurs worsening). The term “overall survival” means how long the patient lives afler
treatment, ECOG performance siatus is a grade or score according {0 a scale used by doctors
and researchers {0 assess a patient’s disease, e.g., how the disease is progressing/regressing,
how the disease affects the daily living abilities of the patient, and determing appropriate

treatment and prognosis. ECOG performance stalus is determined according to the following

criteria:

SCORE | ECOG

O Fully active, able to carry on all pre-disease performance without restriction

1 Restricted in physically strenuous activity but ambulatery and able to carry
out work of a light or sedentary nature, e.g., light house work, office work

2 Ambulatory and capable of all selfcare but unable to carry out any work
activities. Up and about more than 50% of waking hours

3 Capable of only limited seifcars, confined {o bed or chair more than 50% of
waking hours

4 Completely disabled. Cannot carry on any selfcare. Totally confined o bed
or chair

5 Dead

Oken el al, Am. J. Clin. Oncol 5: 849-655 (1982)

f00208] In exemplary embodiments, the method of trealing a subject for a neoplastic disease
comprises administering a KIF18A inhibitor {0 the subject, whersin the subject comprises cells
that are positive for (a) an inactivated TF53 gene andior {b) at least one of: {i) an inactivated
Rb7T gene, (i} an amplified CCNET gene, gene copy number gain of the CONET gene, or
overexpression of a CCNET gene produdt, {il) an inactivated BRCA gene or (iv) a combination
thereof, said method comprising administering a KIF18A inhibitor to the subject.
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[00218] In exemplary embodiments, the method of treatling a subject with a neoplasiic
disease comprises {A) assaying a sample obtained from the subject for {a) an inactivated TRS3
gens and/or {b) at least one of. (i) an inactivated Rb7T gene, (i) an amplified CCNET gens, gene
copy number gain of the CCNET gene, or overexpression of g CCNET gene product, (i) an
inactivated 8RCA gene or (iv} a combination thereof, and (B) administering a KIF18A inhibilor {o
a subject who is positive for an inactivated TP53 gene and/or positive for al least one of an
inactivated Rb7 gene, {ii) an amplifisd CONET gene, gensg copy number gain of the CONEY
gene, or overexpression of 8 CONET gene product, (i) an inactivated B8RCA genes or (ivi a

combination thereof,

[60241]  In exemplary embodiments, the neoplastic dissass is resistant {o freatment with a
CDK4/8 inhibifor and the method of trealing a subject with such a neoplastic disease comprises

administering a KIF18A inhibitor {o ireat the patient.

[00212] In exemplary embodiments, the subject is or has been treated with a CDK4/6
inhibitor and the method treating such a subject comprises administering o the subject a
KIF18A inhibitor, optionally, wherein the KIF18A inhibifor is co-administerad with the CDK4/6

inhibitor.

[00213] In exemplary embodiments, the method of treating a neopiastic disease in a subject
comprises administering to the subject a presently disclosed pharmaceutical combination
comprising a KIF18A inhibitor. In exemplary instances, the pharmacesutical combination
comprises a KIF18A inhibiior and a CDK4/8 inhibitor.

[00214] In various aspects, the cancer comprises cells that are positive for an inactivated
TP53 gene and/or positive for at least one of an inactivated RbT gene, (i) an ampilified CONET
gene, gene copy number gain of the CCNET gene, or overgxprassion CCNET gene product, (il

an inactivated BRCA gene or (iv) a combination thersof.

[002158]  In exemplary aspects, the KIF18A inhibitor is administered to the subject daily (1 time
per day, 2 times per day, 3 times per day, 4 times per day, 5 fimes per day, 6 times per day),
thres times a week, twice a week, every two days, every three days, every four days, svary five
days, every six days, weekly, bi-weekly, every three weeks, monthly, or bi-monthly. In various
instances, the CDK inhibitor is administered once daily to the subject. Oplionally, the KIF18A

inhibitor is administered orally once a day.

[00216] Methods of inducing or increasing fumor regression in a subjsct with a tumor are

additionally provided herein. In exemplary embodiments, the method comprises administering
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to the subject a KIF18A inhibitor in an amounti effeclive to induce or increase tumor regression.
The present disclosure also provides meathods of reducing tumor growth or cancer growth in a
subject. In sxemplary embodiments, the method comprises administering o the subject a
KIF18A inhibitor in an amount effective {0 reduce tumor or cancer growih. Methods of inducing
or increasing death of tumor cells or cancer cells in a subject are provided herein. The method
in exemplary embodimenis comprises administering to the subject a KIF18A inhibitor in an
amount effective {o induce or increases death of the tumor cells or cancer celis. In various
aspects, the neoplastic disease is g cancer, oplionally, breast cancer, ovarian cancer, or
prostate cancer. In various instances, the neoplastic dissase is triple-negative breast cancer
{TNBC), non-luminal breast cancer, or high-grade serous ovarian cancer (HGSCC). In
exemplary aspects, the neoplastic dissase is an endomstrial cancer, oplionally, ssrous
endometrial cancer. Optionally, the cancer comprises cells thal are posiiive for an

inactivaled TP53 gene and/or posifive for at least one of an inactivated Rb gene, (i} an amplified
CONET gene or overexpressed CCNET gene product, (i) an inactivated BRCA gene or {iv) a
combination thereof. In some aspscts, the cancer comprises cells that are positive for a mutant
TP53 gene. In various instances, the cancer comprises celis that are positive for an ampilified
CCNET gene, a silenced BRCAT gene, a deficient Rb7 gene, or a combination thersof.
Optionally, the KIF18A inhibitor is administered for oral administration, optionally once a day. In
exemplary aspecis, the amount of the KIF18A inhibitor is effective induce at least 50% or at
least 75% (g.q., at least 80% or 85% or at least 80% or 895%) tumor regression, compared (o a

control.

[00217] In exemplary embodiments, the methods of the present disclosure are
advantageously highly specific {o ceils of the neoplastic disease. In varicus aspecis, the

KIF 18A inhibitor effsclively treats the naoplastic disease, induces or incraases tumor
regrassion, reduces fumor or cancer growth, or induces or increases death of a tumor or cancer
cell, with little to no toxicity fo normal somatic cells in the subject. In various aspects, the

KIF 18A inhibitor is administered in an amount effective 1o treat the neoplastic disease, mainiain
sensitivily o treatment with 2 COK4/6 inhibitor, induce or increase tumaor regression, reduce
tumor or cancer growth, and/or induce or increase death of a tumor or cancer cell, without a
substantial decrease in the profiferation of normal somatic cells in the subject. In exemplary
instances, the KiF18A inhibifor is administered in an amount effective o treatl the neoplastic
disease, mainiain sensitivity {o treatment with a CDK4/6 inhibitor, induce or increase tumor
ragression, reduce fumor or cancer growth, or inducs or increase death of a tumor or cancer

cell, without a substantial increass in the apoptosis of normal somalic cells. As used herein, the
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termt “normal” in reference to celis means cells that are not neoplastic and/or not diseased. In
various aspects, the normal somatic cells are human bone marrow mononuclear calls. In
various instances, the normal somatic cells are not genetically characterized as TP53%WY or are
genetically characlerized as TP3IWT. In various aspects, the KIF18A inhibitor causes not more
than a 25% increase in the apoplosis of normal somatic cells. In various aspects, the KIF18A
inhibitor causes not more than a 25% decrease in the proliferation of normal somatic cells in the
subject. Optionally, the increase in the apopiosis of normal somatic cells or the decrease in the
profiferation of normal somatic cells is less than about 20%, less than aboul 15%, less than
about 10%, less than about 8%, less than about 8%, less than about 7%, less than about 6%,
less than about 5%, less than about 4%, less than about 3%, less than about 2%, or less than
about 1%. Methods of measuring the proliferation of normal somatic cells and/or apoptosis of

normal somatic cells are described herein.
[00218] Neoplastic disease

[00218] As used herein, the term “neoplastic disease” refers o any condition that causes
growth of a tumor. In exemplary aspects, the tumor is a benign tumor. In exemplary aspects,
the tumor is a malignant tumor. In various aspects, the neoplastic disease is cancer. The
cancerin various aspects is acute lymphocyiic cancer, acute myeloid leukemia, alveclar
rhabdomyosarcoma, bone cancer, brain cancer, breast cancer, cancer of the anus, anal canal,
or anorectumn, cancer of the eye, cancer of the intrahspatic bile duct, cancer of the joints, cancer
of the neck, galibladder, or pleura, cancer of the nose, nasal cavity, or middle ear, cancer of the
oral cavity, cancer of the vulva, chronic lymphocytic lsukemia, chronic mysloid cancer, colon
cancer, esophageal cancer, cervical cancer, gastrointestinal carcinoid tumor, Hodgkin
lymphoma, hypopharynx cancer, Kidney cancer, larynx cancer, liver cancer, lung cancer,
malignant mesothelioma, melanoma, multiple myeloma, nasopharynx cancer, non-Hodgkin
tymphoma, ovarian cancer, pancreatic cancer, periioneum, omentum, meseniery cancer,
pharynx cancer, prosiate cancer, rectal cancer, renal cancer {e.g., renal cell carcinoma (RCC)),
small intestine cancer, soft lissue cancer, stomach cancer, testicular cancer, thyroid cancer,
urgter cancer, or urinary bladder cancer. In particular aspects, the cancer is head and neck
cancer, ovarian cancer, cervical cancer, bladder cancer, oesophageal cancer, pancreatic
cancer, gasiroiniestinal cancer, gasiric cancer, breast cancer, endometrial cancer, colorscial
cancer, hepatoceliular carcinoma, glioblastomna, bladder cancer, lung cancer, .g., non-small
cell lung cancer (NSCLC), or bronchioicalvealar carcinoma. In particular embodiments, the

tumnor is non~-small call lung cancer (NSCLC), head and nack cancer, renal cancer, friple
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negative breast cancer, or gastric cancer. In sxemplary aspects, the subject has a tumor (8.g.,
a solid tumor, a hematological malignancy, or a lymphoid malignancy) and the pharmaceutical
composition is adminisiered to the subject in an amount effective to freat the fumor in the
subject. In other exemplary aspects, the tumor is non-small cell lung cancer (NSCLC), small
cell lung cancer (SCLC), head and neck cancer, renal cancer, breast cancer, melanoma,
ovanan cancer, liver cancer, pancreatic cancer, colon cancer, prostaie cancer, gastric cancer,
lymphoma or leukemia, and the pharmacsutical composition is adminisiered {o the subject in an

amount effective to treat the tumor in the subject.

[00220] The terms "cancer” and "cancerous” when used herein refer {o or describe the
physiological condition in mammals that is typically characterized by unrsguiated cell growth.
Examples of cancer include, without limitation, carcinoma, lymphoma, sarcoma, blastoma and
leukemia. More particular examples of such cancers include squamous cell carcinoma, ung
cancer, pancrealic cancer, cervical cancer, bladder cancer, hepatoma, breast cancer, colan
carcinoma, and head and neck cancer, ovarian cancer, and endometrial cancer. While the term
"cancer” as used herein is not imited {0 any one specific form of the disease, itis balieved that
the methods of the invention will be particularly effeclive for cancers which are found o be
accompanied by unregulated levels of KIF18A or dependent on KIF18A for proper chromosome

sagregation and survival in the mammal.

[00221} In various aspects, the cancer is metasiatic, the tumor is unresectable, or a
combination thereof. In various aspects, the neoplastic disease is positive for an inactivated
TR53 gene and/or positive for at least one of an inactivated Rb7 gene, (i) an amplified CCNET
gene, gene copy number gain of the CONET gene, or overexpression of a CONET gene
praduct, (i) an inactivated BRCA gene or (iv) a cambination thereof. In various aspects, the
neoplastic disease is triple negative breast cancer (TNBC), nonluminal breast cancer {e.g.,
basal ke mesenchymal), or high grade serous ovarian cancer (HGSOC). In various aspects,
the neoplastic disease is resistant or not sensitive {(insensifive) {o treatment with a CDK4/6
inhibitor. in variocus aspectis, the neoplastic disease is resistant or not sensitive {(insensitive) to
treatment with a CDK4/6 inhibitor and is Rb1 proficient (vs. Rb1 deficient}. In various aspects,
the neoplastic disease is resistant to fraatment with a KIF18A inhibitor. In various aspects, the
neoplasiic disease is rasisiant {o treatment with a KiF18A inhibitor and Rb1 daficient (vs. Rbi

proficient).

[00222] In exemplary aspects, the neoplastic disease is 2 breast cancer, optionally, luminal

braast cancar or TNBC. in various aspects, the breast cancer has besn (a) histologically or
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cytologically confirmed metastatic or locally recurrent estrogen receptor (ER)}negative (e.g.,
<1% by immunchistochemistry {HHC], (b) progesterons recepior (PR)-nagative {e.g., <1% HC)
and {c} human epidermal growth facior receplior 2 (Her?)-negative (either fluorescent in sifu
hybridisation [FiSH] negative, 0 or 1+ by IHC, or IHC2+ and FiSH negative per ASCO/CAP
definition). In exemplary aspecis, the neoplastic disease is relapsed and/or refractory {o at least
one ling of systemic chamotherapy in the meiastalic seiting or intolerant of existing therapy(iss)
known {o provide clinical benefit for the neoplastic disease. in exemplary instances, the cancer
has been treated with an immune checkpoint inhibitor. In various instances, the breast cancer
is hormane receptor (HR)-positive and/or HERZ-nagative. In various aspsects, the breast cancer
is advanced breast cancer and/or metastalic breast cancer. iy various aspscis, the breast
cancer is HR+/HERZ- advanced or metasiatic breast cancer that has progressed after
endocrine therapy. In some aspects, the breast cancer is a hormone receptor-posiiive
(HR+)}/HER2-negative (HERZ2-) advanced or metastatlic breast cancer previously treated with
endocring therapy and chemotherapy after the cancer has spread/metastasized. In various
instances, the canceris an HR+/HER2- advanced or metastatic breast cancer that has not been
freated with hormonal therapy {(Arimidex (chemical name: anastrozole), Aromasin (chemical
name: exemesiane), and Femara (chemical name: lefrozole). In various inslances, the breast
cancer is HR+/HER2- advanced or metastalic breast cancer that has grown afier being treated
with hormonal therapy. In various instances, the breast cancer is 2 HERZ-posilive breast
cancar, including but not limited to those that are similar to the HER2-positive breast cancer
cells of Table 2. Optionally, the breast cancer is a HER2-positive, estrogen recaptor (ER)-
negative breast cancer. In various aspects, the neoplastic disease is ovarian cancer, optionally,
high grade serous ovarian cancer (HGSOC). Optionally, the ovarian cancer is platinum-
resistant HGSOC. in exemplary aspects, the ovarian cancer is primary peritonsal cancer or
fallopian-tube cancer. In various aspscis, the neoplastic disease is metasiatic or unressciable
HGSQC, with platinum-resistance defined as progression during or within & months of a
platinum-containing regimen. In various aspects, the ovarian cancer has been oris being
treated with platinum-resistant recurrence therapy. In various aspects, the neopiastic diseass is
serous endomestrial cancer. Optionally, the neoplastic disease is melastalic or recurrent serous
endometrial cancer. In various inslances, the endomelrial cancer is relapsed andior refraciory
to at least one line of systemic therapy in the metastatic/recurrent setting or infolerant of existing
therapy(ies) known to provide clinical benefit for the neoplastic disease. In various instances,

the neoplastic disease is an advanced or metastatic solid tumor that is unreseciable and
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relapsed andfor refractory o at least one line of systemic chemotherapy or intolerant.

Optionally, the advanced or mstastatic solid tumor is TPE3WT,

f30223] In various instances, the neoplastic disease is resistant {o treatment with one or more
drugs. in various aspects, the neoplastic disease exhibits reduced sensilivity to treatment with
one or more drugs. Optionally, the neoplasiic disease is a multidrug resistant neoplastic
disease. In exemplary instances, the tumor or cancer celis (8.¢., of the neoplastic disease) ars
multidrug resistant tumor or cancer cells and/or exhibit increased expression of the Multidrug
resistance 1 (MDR-1) gene and/or a gene product thereof. In exemplary instances, the tumor or
cancer cells {e.g., of the neoplastic disease) exhibil increased expression of a P-glycoprotein
{P-gp} encoded by MDR-1 gens. In various aspects, the neoplastic disease exhibiis reduced
sensilivity or resistance io treatment with an anti-mitotic agent or anthracycline antibiotic,
optionally, paclitaxel or doxorubicin. In various aspects, the tumor or cancer cells {e.g., of the
neoplastic disease) exhibil mutations in a tubulin gene, overexpression of tubulin, twbulin
amplification, and/or isolype swilched tubulin expression. In various aspects, the mutations in
a- or B-tubulin inhibit the binding of taxanas to the correct place on the microiubulss, thereby
rendering the taxane ineffective. In exemplary aspects, the neoplastic disease exhibiis reduced
sensitivity or resistance fo treatment with any one or more of a platinum agent an anthracycline,
a targetsd therapy (e.g. TKi, PARP inhibitors).

[00224] In various aspects, the nsoplastic disease is a cancer comprising one or mors whole
genome duplication or whols genome doubling (WGD) evenis. WGD in the context of cancer is
discussed in Lens and Hemdema, Nature Reviews Cancer 19: 32-45 (2019); Ganem et

al., Current Opinion in Genatics & Development 17, 157182, and Davoli et. al., Annual Review
of Cell and Developmental Biology 27, 585-610.

[00225] Subjects

[00226] In exemplary embodiments of the present disclosure, the subject is a mammal,
including, but not limited to, mammals of the order Rodentia, such as mice and hamsters, and
mammals of the order Logomorpha, such as rabbils, mammals from the order Carnivora,
including Felines (cais) and Canines {dogs), mammals from the order Articdactyla, including
Bovines (cows) and Swines {pigs) or of the order Perssodactyla, including Equines (horses). In
some aspects, the mammals are of the order Primates, Ceboids, or Simoids (monkeys) or of the
order Anthropoids (humans and apes). In some aspects, the mammal is a human. In various
aspects, the subject has a neoplastic disease, e.g., any one of thoss described herein. The

term “patient’, "subject’, or "mammal” as used herein rafers to any “patient’, "subject’, or
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"mammal” including humans, cows, horses, dogs and cais. In one embodiment of the invention,

the mammal is & human.

fa0227)  In exemplary aspects, the subject has cancer with a metastasis, an unresectable
tumor, or a combination thereof. In various aspects, the cancer or tumeor exhibiis or has
exhibited a resistance or reduced sensitivity to treatment with a CDK4/6 inhibilor. In exemplary
aspects, the subject has breast cancer, optionally, luminal breast cancer or triple negative
braast cancer {(TNBC). In various aspects, the breast cancer has been () histologically or
cytologically confirmed metastatic or locally recurrent estrogen recepior (ER)}-negative (2.g.,
<1% by immunchistochemistry [IHC]}, (b) progesterone receptor (FR)-negative (a.g., <1% IHC)
and {c} human epidermal growth factor receptor 2 (Her2)-negative (sithsr fluorescant in situ
hybridisation [FISH] negative, 0 or 1+ by IHC, or IHC2+ and FiSH negative per ASCO/CAP
definition). In exemplary aspects, the subject is relapsed and/or refractory to at least one line of
systemic chemotherapy in the melastatic selting or infolerant of existing therapy(ies) known {a
provide clinical benefii for their condition. in examplary instances, the subject has prior exposure
to an immune checkpoint inhibitor. In various instancses, the breast cancer hormone recepior
{HR)-positive and/or HER2-negative. In various aspects, the breast cancer is advanced breast
cancer and/or metastatic breast cancer. In various aspects, the subject has HR+/HER2-
advanced or melastatic breast cancer that has progressed afier {aking endocrine therapy. In
some aspects, the subject is a harmone rsceptor-positive (HR+YHERZ-negative (HER2-)
advanced or metastatic breast cancer patient previously treated with endocring therapy and
chemotherapy after cancer has spread/metasiasized. In various instances, the subject has
HR+HERZ2- advanced or metastatic breast cancer that has not been treated with hormonal
therapy before in postmenopausal women (Arimidex {chemical name: anastrozole}, Aromasin
{chemical name: sxemestane), and Femara (chemical name: letrozole). In various instances,
the subject is a posimanopausal woman with HR+/HER2- advanced or mstasiatic breast cancer
that has grown after being freated with hormonal therapy. In certain aspects, the subjectis a
pre/perimenopausal or postmenopausal woman with HR+, human epidermal growth factor
raceptor 2 (HER2)-negative advanced or metastiatic breast cancer, and has received endocrine-
based therapy. Optionally, the subjsct is 3 postmenopausal woman with HR+, HER2- advanced
or metasiatic breast cancer, and has received initial endocrine-basead therapy or has dissase
progression upon treatment with the endocrine therapy. In various aspects, the subject has
ovarian cancer, optionally, high grade serous ovarian cancer (HGSOC). Optionally, the ovarian
cancer is platinum-resistant HGSOC. In exemplary aspeacts, the subject has primary peritoneal

cancer and/or fallopian-iube cancer. In various aspects, the subject has a histologically or
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cytologically confirmed diagnosis of metastatic or unrasectable HGSOC, with platinum-
resistance dsfined as progression during or within 8 months of a platinum-containing regimen.
in various aspects, the subject has ovanan cancer and has received or is receiving platinum-
resistant recurrence therapy. In various aspecis, the subject has serous endometrial cancer.
Optionally, the subject has a hisiologically or cytologically confirmed diagnosis of metastiatic aor
recurrent serous endometrial cancer. [n various instances, the subject is relapsed and/or
refractory to at least one line of systemic therapy in the metasiatic/recurrent setiing or intolerant
of exisling therapy{(ies) known {0 provide clinical benefit for their condition. In various instances,
the subjsct has an advanced or metastatic solid tumor that is unresectable and relapsed and/or
rafractory to at least ons line of systemic chematherapy or infolerant. Optionally, the advanced

or meiastatic solid tumor is TPS3MUT,

[00228] In exemplary aspects, the subject does not have any of the following: (8) aciive brain
metasiases, (b) primary ceniral nervous system (CNS) tumor, hematological malignancies or
lymphoma, {¢) uncontrolied pleural effusions(s}, pericardial effusion, or ascites, (d)

gastrointestinal (G} tract disease causing the inability to take oral medication.
[00228] Samples

[00230]  With regard {o the methods disclosed hersin, the sample comprisas a bodily fluid,
including, but not limited to, blood, piasma, serum, iymph, breast milk, saliva, mucous, semen,
vaginal secretions, celiular extracts, inflammatory fluids, cerebrospinal fluid, feces, vitreous
humor, bone marrow aspirate, peritonsal cavily fluid (e.g., malignant ascites), or urine obtained
from the subject. In exemplary aspects, the sample is a composite panel of at least two of the
foregoing samples. in some aspscis, the sample is a composite panel of at ieast two of a biood
sample, a plasma sample, a serum sample, and a urine sample. In exemplary aspects, the
sample comprises blood or a fraction thereof (8.9., plasma, serum, fraction oblained via
leukopheresis). In various aspects, the sample comprises cancer cells, tumor cells, non-tumor
cells, blood, blood cells, or plasma. In exemplary instances, the sample comprises celi-free
DNA (cfDNA). In exemplary instances, the sample comprises gernitine cells of the neoplastic
disease {e.g., cancer). In exemplary instances, the sample comprises somatic celis of the

neoplastic disease (8.q., cancer).
f00231]  Conirols

f00232] Inthe methods described herein, the level that is determined may be the same as a

control level or a cut off level or a threshold level, or may be increased or decreased relative o
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a control level or a cut off level or a threshold level. In some aspects, the conirol subjectis a
matched control of the same spacies, gender, ethnicity, ags group, smoking status, BMI, current
therapeutic regimen status, medical history, or a combinaiion thareof, but differs from the
subject being diagnosed in that the conirel does not suffer from the disease in question or is not

at risk for the disease.

[00233] Relative to a control level, the level that is defermined may an increased level. As
ussd herein, the ferm “increased” with respect to level (8.Q., expression level, biological activity
level) refers to any % increase above a control level. The increased level may be at least or
about a 5% increase, at least or about a 10% increase, at least or about a 15% increase, at
least or about 3 20% increase, at least or about 3 25% increase, at least or about a 30%
increase, at least or about a 35% increase, at least or about a 40% increase, at least or about a
45% increase, at least or about a 50% increase, at least or about a 55% increase, at least or
about a 80% increase, at least or about a 85% increase, at least or about a 70% increase, at
least or about @ 75% increase, at least or about a 80% increase, at least or about a 85%
increases, at least or about g 80% increase, at least or about a 85% increass, relative to a

control level,

[00234] Relative to a conirol level, the level that is determined may a decreased level. As
used herein, the term “decreasad” with respect {0 level (8.¢., expression level, biclogical activity
level) refers to any % decrease below a control level. The decreased lavel may be at lsast or
about a 5% dsacrease, at least or about a 10% decrease, at lsast or about & 15% decrease, at
least or about a 20% decrease, at least or about a 25% decrease, at least or about a 30%
decrease, at least or about a 35% decrease, at least or about g 40% decreass, at least or about
a 45% decrease, at least or about a 50% decrsase, al least or about g 55% decrease, al least
or about a 80% decrease, at least or about 2 65% decrease, at lsast or about a 70% decrease,
at least or about a 75% decrease, at least or about a 80% decrease, at ivast or about a 85%
decrease, al least or about a 80% decrease, af lsast or about a 95% decrease, relative o a

control fevel.
[00238) Exemplary Embodiments

[00238] Exemplary embodimenis of the present invention include but are not limited to the

following:

E1. A method of determining & freatment for 2 subject having a neoplastic disease, said

method comprising, consisting sssentially, or consisting of assaying a sampls obiained from the
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subject for {a) an inactivaied TPS53 gene and/or (b) at least one of: {§) an inactivaied RbT gene,
{(ity an amplified CCNET gene or overexprassion of a CCNET gane product, (i) an inactivated
BRCA gene or (iv) a combination thereof, wherein the treatment delerminsad for the subject
comprises, consists essentially of, or consists of a KIF18A inhibitor, when the sample is positive
for an inactivated TF53 gene and/ or positive for at least one of an inactivated Rb7 gene, (i) an
amplified CCNET? gens or ovarexprassion of @ CCNET gene product, (i) an inactivated BRCA

gene or (iv) a combination thereof.

2. A method of freating a subject having a neoplastic disease, said method comprising,
consisting essentially of, or consisting of (A) assaying a sample oblained from the subject for (a)
an inactivated TP53 gene and/or (b) atf Isast one of. (i) an inactivated Rb7 gane, (i} an amplified
CCNET gene or overexpression of a CONET gene product, (i) an inactivated BRCA gens or
{iv} a combination thereof, and (B) administering a KIF18A inhibitor to a subject that is positive
for an inactivated TF53 gene and/or positive for at least one of an inactivated Rb7 gene, (i) an
amplified CCNET? gens or oversxprassion of a CCNET gens product, (i) an inactivated BRCA
gene or {iv) a combination thereol, optionally, wherein the method further comprises obtaining

the sample from the subject.

£3. A method of trealing a subject having a neoplastic disease, wherein the subject
comprises cells that are positive for (3) an inactivated TRP53 gane and/or (b) at least one of. (i)
an inactivated RHT gene, {ii) an amplified CCNET gene or overexpression of a CONET gene
product, {iil) an inactivated BRCA gens or (iv) a combination thereof, said method comprising,

consisting essentially of, or consisting of administering a KIF18A inhibifor {o the subject.

£4. A method of identifying a subject having a neoplastic disease as sensitive to reatment
with a KIF18A inhibitor, said method comprising, consisting essentiaily of, or consisting of
assaying a sample obtained from the subject for (8) an inaclivated TFP53 gens and/or (b) at least
one of: (i) an inactivated RbT gene, (i) an amplified CCNET gene or overexpression of a
CCNET gene product, (ili) an inactivated SBRCA gene or {iv) a combination thereof, wherein the
subject is identified as sensifive {0 treatment with a KIF18A inhibitor, whan the sampls is
positive for an inactivated TPS53 gene and/or positive for at least one of an inactivated Rb7
geng, (il) an amplified CCNET gene or averexpression of a CONET gene product, (i) an

inactivated BRCA gene or (iv} a combination thersof.
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£5. The method of any ong of the preceding embodiments, wherein the inactivated TP53
gene (i) comprisas a TP53 gene mutation, deletion, truncation, and/or an epigenetically silenced
TRE3 promoter, (i) is inactivated by a viral protein or via amplification of an MDM2 gene, or {iii)

a combination thereof.

E6. The method of embodiment ES, wherein the viral protein is a Human Papillomavirus
(HPV) E8 protein,

7. The method of any ane of the preceding embadiments, wherein the inaclivated Rb7
gene (i) comprises an Rb7T gene mutation, deletion, fruncation, and/or an epigenetically silenced

R4 promaoter, (i) is inactivated by a viral protein or (iil} a combination thereof.

E8. The method of embodiment E7, whersin the viral protein is a Human Papiilomavirus
(HPV) E7 protein.

£9. The method of any ong of the precsding smbodimsents, wherein the overexpression of

the CCNE1 gene product is caused by a mutation in an FBXw7 gene.

E10.  The method of any one of the preceding embodiments, wherein the inactivated BRCA
gene {i} comprises a BRCA gene mutation, deletion, truncation, and/or an epigenstically

silenced 8RCA promoter.
E11.  The method of embodiment E10, wherein the BRCA gane is a BRCAT gene.
£12. The method of embodiment E10, wherein the BRCA gene is a BRCAZ2 gene.

E13.  Ths method of any one of the preceding embodiments, further comprising detsrmining
the sensilivity to a CDKA4/8 inhibitor of celis of the sample, optionally, assaying for the sensitivity
to & CDK4/6 inhibitor.

E14.  Ths method of any one of ths preceding embodiments, wherein the assaying siep
comprises a cyiogenetics method and/or molecular method for detecting the presence of an
inactivated TP53 gene, inaclivated Rb7T gene, ampilified CCNET gene or overexpression of a

CCNET gene product, or inactivated BRCA gene.

E15.  The method of any ons of the preceding smbodiments, wherein the assaying step

camprises dirsct ssquencing, DNA hybridization and/or restriction enzyme digestion.
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£168.  The method of embodiment £14, wherein the cytogenetics meathod comprises
karyolyping, fluorescence in situ hybridization (FISH), comparative genomic hybridization

{CGH), or a combination thereof.

£17.  The method of embodiment E14, wherein the molecular method comprises restriction
fragment length polymorphism (RFLP), amplification refractory mutation system (ARMS),
polymerase chain reaction (PCR), multiplex ligation dependent probe ampilification (MLPA),
denaturing gradient gel electrophoresis (DEGE), single strand conformational polymorphism
(SSCP), heteroduplex analysis, chemical cleavage of mismatch (CCM), protein truncation test

(PTT), cligonuclectide ligation assay (OLA), or a combination thergof.

£18.  The method of embodiment E17, wherain the PCR is a multiplex PCR, nested PCR, RT-
PCR, or real time PCR.

£18.  The method of any ons of the preceding embodiments, wherein the assaying step
comprises assaying expression levels of RNA or profein encoded by the 7P53 gene, RbT gene,
CCNET gene, and/or the BRCA gene,

£20. A method of determining a treatment for a subject having a neoplastic disease, said
methed comprising, consisting essentially of, or consisting of determining sensitivity of the
neoplastic disease o treaiment with a COK4/6 inhibitor, whersin the treaiment for the subjsect is
determined as a reatment comprising a KIF 184 inhibilor, when the neoplastic disease is
insensitive to the CDK4/6 inhibifor.

£21. A method of determining a freatment for a subject having a necplastic diseass, said
method comprising, consisting essentially of, or consisting of determining sensitivity of the
neoplastic disease to treaiment with a KIF18A inhibitor, wherein the treatment for the subject is
determined as a freatment comprising, consisting essentially of, or consisting of a CDK4/6

inhibitor, when the neoplastic disease is insensitive {o the KIF18A inhibitor.

£22. A method of treating a subject having a neoplastic disease resistant {0 treatmeant with a
CDK4/G inhibitor, said method comprising, consisting essentially of, or consisting of

administering a KIF18A inhibitor to treat the patient.

£23. A methed of treating a neoplastic diseass in a subject who is or has been trealed with a

CDK4/6 inhibitor, said method comprising, consisting assentially of, or consisting of
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administering to the subject a KIF18A inhibitor, optionally, wherain the KiF18A inhibitor is co~
administered with the CDK4/6 inhibitor.

E24. A method of maintaining sensitivity of a neoplastic disease o treatment with a CDK4/6
inhibitor in 2 subject, said method comprising, consisting essentiaily of, or consisting of

administaring o the subject a KIF18A inhibitor.

E25. A method of identifying a subject having a cancer as responsive {o ireatmeniwith a
KIF18A inhibitor, said method comprising, consisting essentially of, or consisting of determining
the sensitivity of the neoplastic diseass {0 freatment with a KIF18A inhibitor, whersin the subject
is identified as responsive {o treaiment with a KIF18A inhibitor, when the cancer cells of the

sample are insensifive to the CDK4/8 inhibitor,

E26.  The method of any one of embodiments E20-E25 wherein sensitivity to a CDK4/8
inhibitor is determined by assaying a sample obilained from the subject for the absencs of (i) an
inactivated Rb7 gene, {ii) an amplified CONET gene or overexpression of a CCNET gene

product, or (iil) a combination thereof.

£27. The method of any one of the preceding embodiments, wherein the sample comprises
cancer cells, tumor cells, non-tumor cells, biood, bload cells, or plasma, optionally, whersin the

sample comprises germiline cancer calls or somatic cancer cells.
£28. The method of embodiment E27, wherein the sampie comprises celi-free DNA (¢cfDNA).

229 A pharmaceutical combinatlion comprising, consisting essentially of, or consisting of &
CDK4/8 inhibitor and a KIF18A inhibitor.

E30.  Ths method or pharmaceutical combination of any ons of embodiments E20-E29

wherein the CDK4/8 inhibitor is palbociclib, ribociclib, and/or abemaciclib.

£31.  The method of any ong of embodiments E23, E27, E28, and E30, wherein the KIF18A
inhibitor and the CDK4/8 Inhibitor are separately administerad io the subject.

E32.  The method of any one of embodiments E23, E27, E28, E30, and E31, wherein the
KIF18A inhibitor is formulated and/or packaged separately fram the CDK4/6 inhibitor.

E33.  Ths method of any one of ths preceding embodiments, wherein the neoplastic dissase is

a cancer, optionally, breast cancer.
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£34.  The method of embodiment £33, wherein the cancer comprises cells that are positive for
an inactivaied TP53 gene andfor positive for at least one of an inactivated Rb gene, (i) an
amplified CCNET gane or overexpressed CCNET gane product, (i) an inactivated BRCA gene

or (iv) a combination thereof.

E35.  Tha method of any one of the preceding embodiments, wherein the neoplastic disease is
friple-negative breast cancer (TNBC), non-luminal breast cancer, or high-grade ssrous ovarian
cancer (HGSOC).

E£36. The method or pharmaceutical combination of any one of the preceding embodiments,

wherein the KIF18A inhibitor is administered for oral administration, optionally once a day.

E37. A method of treating a subject having a neoplastic disease, said method comprising,
cansisting essentially of, or consisting of administering to the subject a KIF18A inhibitor in an

amount effective {0 treat the neoplastic dissase.

E£38. A method of inducing or increasing tumor regression in a subject with a iumor, said
method comprising, consisting essentially of, or consisting of administering to the subject a

KIF18A inhibitor in an amount effective to inducing or increasing tumaor regression.

£3%. A method of reducing fumor or cancer growth in a subject with a tumor, said msthod
comprising, consisting assentially of, or consisting of administering o the subject a KIF18A

inhibitor in an amount effective to reducing tumor or cancer growth.

240, A method of inducing or increasing death of tumor or cancer cells in a subject, said
method comprising, consisting sssentiially of, or consisting of administering fo the subject a

KIF18A inhibitor in an amount sffective to inducing or increasing death of tumor or cancer cells.

E41.  The method of any one of the preceding embodiments, wherein the neoplastic disease is
a cancer, optionally, breast cancer, ovarian cancer, endometrial cancer, lung cancer, or prosiate

cancer.

E42.  The method of embodiment E41, wherein the naoplastic disease is triple-negative breast

cancer {TNBC), non-luminal breast cancer, or high-grade serous ovarian cancer (HGSOC).

E43.  Ths method of embodiment E42, wherein the neoplastic diseass is TNBC.
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£44.  The method of embodiment £42, wherein the nsoplastic disease is non-luminal breast

cancer,
E45  The method of embodiment E42, wherein the neoplastic disease is HGSOC.

£46.  The method of embodiment £E41, wherein the nsoplastic disease is an endometrial

cancer, optionally, serous endometrial cancer.

E47.  The method of any one of embodiments E41 to £46, wherein the cancer comprises cells
that are positive for an inactivated 7753 gene and/or positive for at least one of an inactivated
Rb gens, (ii) an amplified CCNET gene or overexprassed CCNET gene product, (i) an

inactivated BRCA gene or (iv) a combination thereof,

£48.  The method of embodiment E47, wherein the cancer comprises ceils that are positive for

a mutant TP53 gene.

£48. The method of embodiment £E47 or £E48, wherein the cancer comprises cells that are
positive for an amplified CONET gens, a silenced BRCAT gene, a deficient Rbf gene, ora

combination thereof.

£58.  The method of any ong of the preceding embodiments, wherein the KIF18A inhibitor is

administered for oral administration, optionaily once a day.

E51.  The method of any one of the preceding embodiments, wherein the amount of the

KIF18A inhibitor is effective induce at least 50% tumor regression, compared {0 a conirol

E52.  Ths method of any one of the preceding embodiments, whersin the amount of the

KIF18A inhibiior is effective induce al least 75% tumor regression, compared to a conirol,

£53.  The method of any one of the preceding embaodiments, wherein the amount of the
KIF18A inhibitor is sffsctive induce at least 80% or 85% tumor regression, compared (o a

control.

E54.  The method of any one of the preceding embaodiments, wherein the amount of the
KIF18A inhibitor is effective induce at least 80% or 95% tumor regression, comparaed o a

control.
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£55.  The method of any ong of the preceding embodiments, wherein the KIF18A inhibitor is a

compound of formula (I):

ar any pharmaceutically-acceptable salt thereof, wherein:

K'is N or -CRS;

XZis N or -CR%;

X3is N or -CR¥;

Ktis N or -CRS®;

wherein 0, 1, or 2 of X, X&, X? and X*is N;

R' is -CN, or a group -Z-R* wherein Z is -Cgaalk-, -NR'. -NR"SO:s,
-SONRM- -NRU-S(=0)=NH), -8(=0)=NH)-, -8-, -8(=0)-, -80;, Cpsalk-0-, -(C=0)-,
{C=0)NRM-, -C=N(CH)-, ar -NR"{C=0}; or

the group -Z-R™ is -N=8(=0){R"?}); , wherein the two R pair can alternatively combins
with the sulfur atom aitached {o sach of them fo form a saturated or partially-saturated 3~ 4-, 5
or 8-membered monocyclic ring containing 0, 1, 2 or 3 N atoms and 0, 1, or 2 aloms selected
from O and S,

R? is halc or a group =Y-R™, wherein Y is -Cosalk-, -N{Coiak)-Coaalk-,
~C{=OINRIRYCyaalk), -0-Coualk-, 8, =0, S{=0),, -SO:NR®, ar -S(=0){=NH}-;

R3is H, halo, Ciealk, or Cishaloalk;

R4is H, halo, R* or R,

R%is H, halo, Ci.salk, or Cishaloalk;

R5 is H, halo, Cisalk, Cighaloalk, -0-Cyisalk, or -0-R% wherein R% is a saturated or
partially-saturated 3-, 4-, 5-, or 6-memberad monocychic ring containing 0, 1, 2 or 3 N atoms and
0, 1, or 2 atoms selected from O and 5;

R7is H, halo, Crsalk, or Crshaloalk;

R&is H, halo, Cisalk, Crshaloalk, -OH, -O-R%, or -O-R¥;

R?is H, halo, Craalk, or Cishaloalk;
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R703
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»L R , and :
Each of R'E()a’ REOb, Ri(ﬁc’ RHM! R'IOe’ Rmf, REOQ! R'eOh’ Ri(‘zi’ and Ri@j is H’ haia, Rﬁ]k, or Ri@!;

or alternatively, each of R and R pair, R'% and R pair, R'% and R pair, R*%and
R'% pair, or R" and R'% pair, independently, can combineg with the carbon atom aftached to each
of them o form a saturated or partiaily-saturated 3-, 4-) 5-) 6-membered monocyclic ring spirc to
the R* ring; wherein said 3-, 4-, 5-, 6-membered monocyclic ring contains 8, 1, 2 or 3 N atoms
and €, 1, or 2 atoms selected from O and &, and further whergin said 3-, 4-, 5-, 8-membered
monocyclic ring is substituted by 0, 1, 2 or 3 group(s) selected from F, Cl, Br, Ciaalk,
Ci.shaloalk, -OR?, -OC.shaloalk, CN, -NR2R?, or oxo;

RYis H, Ciaalk, or Ciahaloalk;

R'ig H, R'2 or R

Ri2ig H, R gy R12>:

R13 jg R1% gy R“:Sb;

Ria R RIK RMa R123 and R is independently, at each instance, selected from the
group consisting of a salurated, partially-saturated or unsaturated 3-, 4-, 5-, 8-, or 7-membered
monoocyclic or 4-, 5-, 6~ 7~ 8- 8-, 10+, 11-, or 12-membered bicyclic ring containing 0, 1, 2 or3 N
atomns and 0, 1, or 2 atoms selected from © and S, which is substiluted by 0, 1, 2 or 3 group(s)
selected from F, Ci, Br, Crealk, Ci.shaloalk, -OR2 -0G4haloalk,
CN, -C{=0)R", -C{=0)OR?, ~C{=0)NRR?, -C=NR#NRR?, ~OC{(=0}R",
-OC{(=0INRR? -OC0alkNRR?, -OC;salkOR3, -8SR?8 -8(=0)RP, -8(=0)RP, -B{(=0ORLNRR?
-NR#R3 -N{R2YC{=0O}RP, -N(RHC(=OIORP,-N(RECE=OINRR?, ~N{ROHIC(=NRINR?R?,
SNRDSEORR?,  -NROS(EORNRIRY,  -NRPCaalkNRAR?, -NR2CoqalkOR?,  -CrealkNRR®,
-CrsalkOR3, -CrealkN{ROC(=OIRP, -CrsakOC(=0IR?, -CiealkC{=OINRR?, -CsalkC{(=0)OR?,

R and oxo;

80



WO 2021/211549 PCT/US2021/027042

R Ree R RV R and RYY s independently, at each instance, selected from the
group consisting of Cosalk substituled by 0, 1, 2, 3, 4, or 5 group(s) selected from F, Ci,
Br, -OR2, -0C, 4haloalk, or CN;

R' is independently, at each instance, sslected from the group consisting of a saturated,
partially-saturated or unsaturated 3+, 4-, 5+, 8-, or 7-membered monocyclic or 4+, 8-, 6+, 7+, 8-, &,
10-, 11~, ar 12-membersad bicyclic ring containing 8, 1, 2 or 3 N atoms and 0 or 1 atoms selected
from O and 3, which is subsiifuted by 0, 1, 2 or 3 group(s) selected from F, Ci, Br, Cisalk,
Cirshaloalk, -OR?, -OCshaloalk, CN, -C{=0O)R®, -C{(=0)OR?, -C(=OINR2R2, -C{=NRINR*R?,
-OC{=Q)R", -QCEOINR#R?, -OCsalkNR2R?, -OCa5alkOR?, -SRe3, -S{=0)R?,
-S(=0)RRP, -S{E=0NRARY, WNRRE N(RZICEOIRY,  -NRHIC(=OYORY -N(RHCECOINR*R?,
SN{RIC(=NRHNRIR? -N(RAS(=0),RY, -N(R3)S(=0);NR*R? -NR*C,5alkNR3R?, -NR3C,5alkOR?,
-CrsalkNR2R?, -Ci6alkOR?, -CiaalkN{RHCE=OIRY, -C5alkOC{=0ORE, -CiaalkC{=0)NR2R?,
-CreatkC(=OYOR?, and axg;

R? is independently, at each instance, H or RY, and

Rb is independently, at each instance, Ciealk, phenyi, or benzyl, wherein the Cisalk is
being  subsiituted by 0, 1, 2 or 3  substituenits selected from  halo,
-OH, ~-OCaalk, -NHy, -NHC zalk, -OCCEOIC4alk, or -N{C1.4alk)Craalk; and the phenyl or benzyl
is being substituted by 0, 1, 2 or 3 substiluenis selected from halo, Ciasalk, Ciahaloalk,
-OH, ~-OC.4alk, -NHz, -NHC.4alk, -OC{=0)C1.4alk, or -N{Ct.4alk)Ci.aalikc

E568.  Ths method of any one of the preceding embodiments, wherein the KIF18A inhibiior is a
compound of formula (1), or the pharmaceutically-acceptable salt thereof, wherein § of X, X2, 20
and X*is N.

ES7.  Ths method of any one of ths preceding embodiments, wherein the KIF18A inhibiforis a
compound of formula (1), or the pharmaceutically-accaptable salt thereof, wherein 1 of X¥, X2, X0
and X*is N.

£58. The method of any one of the preceding emboediments, wherein the KIF18A inhibitoris a
compound of formula (1), or the pharmaceutically-acceptable sall thereof, wherein 2 of X', X2, 303
and X4is N

£58.  The method of any one of the preceding embodiments, wherein the KIF18A inhibitoris a
compound of formula (1), or the pharmaceutically-accaptable salt thereof, wherein each of X
and X%is N; X% is -CR*; and X4 is -CR?®; having the formula (1a):
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RS {1a).

£60.  The method of any one of the preceding embadiments, wherein the KIF18A inhibitoris a
compound of formula (1), or the pharmaceuticaliy-acceptable salt thersof, wherein X' is -CRS5;
X2 is -CR®; X*is N; and X? is -CRY; having the formula {Ib):

(ib).

£61.  The method of any one of the preceding embodiments, whersin the KIF18A inhibitor is a
compound of formula (1), or the pharmaceutically-acceptable salt thereof, wherein X' is N;
X2 ig ~CR5; X3is -CR? and X* is -CR?; having the formula (lc):

RS ().
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£62.  The method of any ong of the preceding embodiments, wherein the KIF18A inhibitor is a
compound of formula (1), or the pharmaceutically-acceptable salt thersof, wharein X1 is -CRS,
X2 is -CR®; X*is -CR®; and X* is -CR?®; having the formula (Id):

Rt Na

R0

R1G \
7 t
3 =S

RS RS

R? (id).

£63.  The method of any one of the preceding embadiments, wherein the KIF18A inhibitor is a
compound of formula (1), or the pharmaceulically-acceptable salt thereof, wherein X' is -CRS5,
X2 is -CR®; X*is ~CR?; and X% is -N; having the formula (ls):

R® (ie).

E64.  The method of any ong of the preceding embodiments, wherein the KIF18A inhibitoris a
compound of formula (1), or the pharmaceutically-acceptable salt thereof, wherein R¥Vis H or

methyl.

£65.  The method of any ong of the preceding embodiments, wherein the KIF18A inhibitor is a
compound of formula (1), or the pharmaceutically-acceptable salt thersof, whsarein sach of R¢,
R19d R10e RIO R0 RO 210 and R0 s H, halo, Cisalk, or Cishaloalk; and each of R' and

R1% pair combine with the carbon atom attached to each of them form a saturated 3-, 4-, or 5-
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membered monocyclic ring spiro to the R*ring; wherein said ring contains G, 1, 2 or 3 N atoms

and @, 1, or 2 afoms sslected from Q and S,

E66.  The method of any one of the preceding embodiments, wherein the KIF18A inhibitor is a
compound of formula (1), or the pharmaceuticaliy-acceptabie sall thereof, wherein each of R0
R0 R R R R R and R1% is H, methyl, or sthyl; and each of R'% and R pair
combine with the carbon atom aftached fo each of them form a cyclopropyl, cyciobutyl, or
cyclopentyl ring spirc to the R¥ ring.

E67. The method of any one of the preceding embodimentis, wherein the KIF18A inhibitor is a

compound of formula (1), or the pharmaceutically-acceptable sall thereof, wherein the group

R“G“ R'iOh
R0 Rioe

j: Drj
R0 Ri0e

ng ’ML E“;‘SO‘
is

£68. The method of any one of the preceding embodiments, wherein the KIF18A inhibitoris a
compound of formula (1), or the pharmaceutically-accaptable sall thereof, wherein R’ is a group
~Z-R%; wherein Z is - SEOH=NH)}-, -NHSO, -80,-, -80:NH-, or -NH-; and R'? is cyclopropyl,
~CHZCHz-OH, -CH{CH2)CH-GH, -C(CH1),CH,-OH, methyloxetanyl, or tert-butyl.

£688. The method of any one of the preceding embodiments, wherein the KIF18A inhibitoris a
compound of formula (1), or the pharmaceuticaliy-acceptable salt thersof, wherein R is a group
~Z-R¥2: wherein Z is -NHSOz or -NH-; and R? js -CHyCHx-OHM, -CH{CH3)CH2-OH, or
~C{CHa)2CH-OH,

E78.  The method of any one of the preceding embodiments, wherein the KIF18A inhibitoris a
compound of formula (1), or the pharmaceutically-accaptable sall thereof, wherein R’ is a group
~Z-R'%; wherein Z is -NHSO2- and R'? is -CHCH-OH.

E71.  The method of any one of the preceding embodiments, wherein the KIF18A inhibitoris a
compound of formula (1), or the pharmaceuticaliy-acceptable salt thereof, wherein R? is a group
~Y-R' wherein Y is ~Coaalks, -0-Coaalk-, 8, 8=0, 5(=0),, or -SCNH-; and -R'*is 4 4-difluoro-
1-piperidinyl; -CH2CH2-CFa, tert-butyl, cyclopentyi, or 2-methyimorpholinyl.
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£72.  The method of any ong of the preceding embodiments, wherein the KIF18A inhibitor is a
compound of formula (), or the pharmaceutically-acceptable salt thersof, wharein R% s
piparidinyt or morpholinyt substituted by 1, 2 or 3 group(s) selscted from F, Ci, Br, methyl, or
CFa; or R? is -0O-CHaCHp-CF3, ~S0:NH-C{CHa)s, or -S0Oz-cyclopentyl.

E73.  Tha method of any one of the preceding embodiments, wherein the KIF18A inhibitoris a
compound of formula (1), or the pharmaceufically-accaptable salt thereof, wherein R? is a group
=Y-R'%; wherein Y is -Coqalk-; and -R'%is 4 4-difluore-1-piperidiny! or 2-methyimorpholinyl.

E74.  The method of any one of the preceding embodiments, wherein the KIF18A inhibitoris a
compound of formula (1), or the pharmaceutically-acceptable salt thereof, wherein R4 is H or

methyl,

E75.  The method of any one of the preceding embodiments, wherein the KIF18A inhibitoris a

compound of formula (1), or the pharmaceutically-acceptable salt thereof, wherein R% is H.

E78.  Ths method of any one of the preceding embodimenis, wherein the KIF18A inhibiloris a

compound of formula (1), or the pharmaceutically-accaptable salt thereof, wherein R®is H.

E77. The method of any ong of the preceding embodiments, wherein the KIF18A inhibitor is a

compound of formula (1), or the pharmaceuticaliy-acceptable salt thereof, whersin R7 is H.

E78.  The method of any onsg of the preceding embodiments, wherein the KIF18A inhibitoris a

compound of formula (1), or the pharmaceutically-accepiable salt thereof, wherein R% is H.

E79.  Tha method of any one of the preceding embeodiments, wherein the KIF 18A inhibitoris a

compound of formula (1), or the pharmaceutically-accaptable sall thereof, wherein R® is H.

E80.  The method of any one of the preceding embodiments, wherein the KIF18A inhibitoris a
compound of formula (1), or the pharmaceulicaliy-acceptable salt thereof, whersin said

compound is selacied from the group consisting of:
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Ex #

Chemical Structure

Chemical Name

Ct

2-(B-Azaspiro{2 Sloctan-8-yi-4-(R-
cyclopropylsulfonimigoyh-N-(2-

(4, 4-difluoro-1-piperidiny)-6-
methyl-4-pyrimidinybbenzamice

C2

2-(B-azaspirof2.5joctan-8-y}-4-{S-
cyclopropylsulfonimidoy-N-(2-

{4, 4-difluore-1-piperidinyi-6-
methyl-4-pyrimidinyl)benzamide

C3

4-({2-Hydroxyethylysulfonamido)-2-
{G-azaspiroi2. Sjoctan-6-yh-N-(6-
(3,3, 3-triftuoropropoxy)pynidin-2-
yhbenzamide

C4

N-{B-{4 4-diftuoropiperidin-1-yi)-4-
methylpyridin-2-yi)-4-((2-
hydroxyethyhsulfornamido)-2-(6-
azaspirof2.5]joclan-8-yhibenzamide

{Ry-N-(2-(4 4-difluoropiperidin-1-
yh-8~-methylpyrimidin-4-yl)-4-((2-
hydroxy-1-
methylethyhsulfonamido)-2-(6-
azaspirol2 Sloctan-&-yhhenzamide
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Ex #

Chemical Structure

Chemical Name

C8

{S)-N-(2-(4 4-diftuoropiperidin-1-
yh-8~methylpyrimidin-4-v)-4-((2-
hydroxy-1-
methylethylsulfonamido)-2-(6-
azaspiro]2 Sloctan-G-yhbenzamide

N-(3-(4,4-difluoropipernidin-1-yi}-5-
methyiphenyl-4-((2-
hydroxyethybsulfonamido}-2-(6-
azaspirol2 Slactan-g-yhibenzamide

c8

N-(3-(N-(tert-
Butyhsulfamovhpheny-4-((3-
methyloxetan-3-yhsulfonyly-2-(6-
azaspirol2 Sloctan-&-yhbenzamide

cg

4-{N-{terf-butylsulfamoyi)-N-{3-(N-
(fert-butyhsulfarmoyhphenyl)-2-(8-
azaspirof2.5loclan-8-yhbenzamide

C10

N-(3-(N-(tert-
Butyhsulfamoyhphenyh-8-{(1~
hydroxy-2-methylpropan-2-
yhaming)-2-(8-azaspirc{2.5loctan-
S-ylnicotinamide

C11

HOY

N-{3-{cyclopentylsulfonyhphenyi)-
§-({1-hydroxy-2-methyipropan-2-
yhamino)-2-(6-azaspirai2. Sloctan-
S-yhinicotinamide
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Ex # Chemical Structure Chemical Name
O e
H o E (Ry-4-{(2-
0 ~ NN N/\}y Hydroxyethylsulfonamido)-f-(8-
G12 HO~ g H i\/o (2-methylmorphotino)pyridin-2-yl)-
N N 2-(B-azaspirof2.5joctan-6-
H yhbenzamide
O =
M . l & {S)4-{(2-
3 N N N/\\T“ Hydroxyethylsulfonamido}-N-(8-
13 HO A L\/O (2-methyimorpholino)pyridin-2-yl-
&N "N 2-(B-azaspirof2.Sjoctan-6-
© yhbenzamide
N
\ j S N-(2-(4,4-Difluoropiperidin-1-yh-6-
NYO ¢ TN methylpyrimidin-4-yD-4-((2-
C14 L i [ ! f N SRS
N N P hydroxyethysulfonamido)-2-(8-
0P I I ﬁ N \L azaspiro]2 5loctan-6-yDhenzamide
PN /S\ //I\¥~ /I ~. 7% F
HO ~ N N N \
H F

* Ex. # stands for the example no. as well as the KIF18A Inhibitor Compound’s short name used herein,

e.g., in EXAMPLES.

£81.

The method of any one of the preceding sembodiments, wherein the KIF18A inhibitor is a

compound of formula (1), or the pharmaceuticaliy-accepiable salt thergof, wherain said
compound is any one of compounds C1, C2, C3, C4, C5, C8, C7, €8, C8, C10, C11, C12, C13,

or C14, or the pharmaceutically-acceptable salt thersof.

£82.

besylate salt.

£83.

£84.

The msthod of embodiment E&81 wherein said salt is sulfate, HCI, mesylats, tosvlate, or

The method of embodiment E82 wherein said salt is HCI salt.

The method of any one of the preceding embodiments, wherein the KIF18A inhibitor

selectively freats the neoplastic disease, selectively induces or incraassas tumor regression,

salectively reduces fumor or cancer growth, and/or selectively induces or increases death of

fumor or cancer cells and the KIF18A inhibitor is not toxic to normal somatic cells.

£85.

The method of any one of the preceding embodiments, wherein the KiF18A inhibitor

treats the nsoplastic disease, induces or increasas tumor ragrassion, reduces tumor or cancer
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growth, and/or induces or increases death of tumor or cancer cells and the proliferation of the
normal somatic cells in the subject is subsiantially the same as the proliferation of the normal

somatic cells of a conirol subject.

£86. The method of any ong of the preceding embodiments, wherein the KIF18A inhibitor
treats the neoplastic disease, induces or increasas tumor regression, reduces tumor or cancer
growth, and/or induces or increases death of tumor or cancer cells and the level of apoptosis of
normal somatic cells is notincreased in the subject, relative to the level of apoptosis of normal
samatic cells of a control subject, optionally, wherein the level of apopiosis of normai somatic
cells is substantially the same as the level of apoplosis of the normal scmatic cells of a cantrol

subject.

E87.  The method of any one of embodiments E84-E86, wherein the normal somatic cells are
hurnan bone marrow mononuclear cells, human mammary epithelial cells, or human foreskin

fibroblast cells.

E£88. The method of any ong of embodimenis E84-E87, wherein the normal somatic cells are

not TRPEIMUT or wherein the normal somatic cells are TPAIWT,

E£8%. The method of any one of the preceding emboediments, wherein the neoplastic disease is

a multidrug resistant neoplastic dissase.

£90.  The method of any one of the preceding embaodiments, wherein the fumor or cancer
cells are multidrug resistant tumor or cancer cells and/or exhibit increased expression of the

Multidrug resistance 1 (MDR-1) gene and/or a gene product thersof.

£981.  The method of embodiment E99, whersin the tumor or cancer cells exhibit increased

expression of a P-glycaprotein (P-gp).

£92. The method of any one of the preceding embodiments, wherein the neoplastic disease is
rasisiant io treatment with an anti-mitotic agent or anthracycline antibiotic, optionally, paclitaxel

or doxorubicin,

£93. A method of trealing a neoplastic disease in a subject who is or has been treated with an
anti-mitotic agent or anthracycline antibiotic, said method comprising, consisting essentially of,

or consisting of administering a KIF18A inhibitor o the subject.
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£84. The method of any ong of the preceding embodiments, wherein the KIF18A inhibitor

raduces expression of a KIF184A gene and/or a KIF18A gane product.
£S5 The method of embodiment E94, wherein the KIF18A inhibitor is a non-coding RNA.
£96. The method of embodiments £85, wherein the KIF 18A inhibitor mediates RNAI.

E97.  The method of any one of the preceding embodiments, wherein the KIF18A inhibiior is
an sikRNA,

£98. The method of embodiment E87, wherein the siRNA comprises a sequence of any one
of SEQ ID NOs: 12-18.

E99.  The method of any one of the preceding embodiments, comprising, consisting

essentially of or consisting of assaying for an inactivated 7753 gens.

E100. Ths method of any one of the preceding embodiments, comprising, consisting

essentially of or consisting of assaying for an inactivated Rb7 gene.

£101. The method of any ong of the preceding embodiments, comprising, consisting
essentially of or consisting of assaying for an amplified CCONET gene or averexpression of a
CCNET gene product.

£102. The method of any one of the preceding embodiments, comprising, consisting

sssentially of or consisting of assaying for an inactivated 8RCA gene.

E£103. The method of any ong of the precsding embodiments, comprising, consisting
sssentially of or consisting of assaying for an inactivated TP53 gene and an inactivaied Rb7

gens.

£184. The method of any one of the preceding embodiments, comprising, consisting
sssentially of or consisting of assaying for an inactivated TP53 gene and an amplified CCNET

gens or overgxpression of a CCNET gene product.

E105. The method of any one of the preceding embodiments, comprising, consisting
essentially of or consisting of assaying for an inactivated 7P53 gene and an inaclivated BRCA

gens.
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£186. The method of any ong of the preceding embodiments, comprising, consisting
assentially of or consisting of assaying for an inactivated RbT gene and an ampilified CCNET

gens or gvaraxpression of a CCNET gene product.

£187. The method of any ong of the preceding embodiments, comprising, consisting
essentially of or consisting of assaying for an inactivated R671 gene and an inaclivated BRCA

gens.

E108. The method of any one of the preceding embadiments, comprising, consisting
essentially of or consisting of assaying for an amplified CCONET gene or averexpression of a

CCNET gene product and an inactivated BRCA gene.

E108. The method of any one of the preceding embodiments, comprising, consisting
essentially of or consisting of assaying for an inactivated TP53 gene, an inactivated Rb1 gene,

and an amplified CCNET gene or overexpression of a CONET gene product.

E1180. The method of any one of the preceding embodiments, comprising, consisting
essentially of or consisting of assaying for an inactivated TPS53 gene, an inactivated RbT gene,

and an inactivaied BRCA gene.

£111. Ths mesthod of any one of the preceding embodiments, comprising, consisting
essentially of or consisling of assaying for an inactivated TRP53 gene, an amplifisd CCNET gene

or overexpression of a CONET gene product, and an inactivated BRCA gene.

£112. The method of any one of the preceding embodiments, comprising, consisting
essentially of or consisting of assaying for an inactivated Rb{ gene, an amplifisd CCNET gene

or overexpression of a CONET gene product, and an inaclivated BRCA gene.

E113. The method of any one of the preceding embodiments, comprising, consisting
essentially of or consisting of assaying for an inactivated 7P53 geneg, an inactivaled Rb{ gene,
an amplified CCNET gene or overexpression of a CCNET gene product, and an inactivated
BRCA gene.

£114. The method of any one of the preceding embodiments, wherein the neoplastic disease is
a cancer comprising one or more whole genome duplication or whole genome doubling (WGD)

events.
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[00237] The following examples are given merely to illusirate the present invention and not in

any way to limit its scope.
EXAMPLES

EXAMPLE 1

[00238] This example dascribes an analysis of cancer cell lines for sensitivily to a KIF18A
inhibitor, relative to CDK4/6 inhibitors and an Eg5 inhibitor,

[00238] A KIF18A inhibitor, Compound C14, was svaluated in a 4-day image-based nuclear
count assay {(NCA) using a panel of cancer cell lines including breast cancer call lines, ovary
cancer cell lines, and a prosiate cancer cell line. Eg5 motor inhibitor {Ispinesib) was used as a
cyiotoxic control. A CDK4/8 inhibitor (Palbociclib) was used as a comparaior agent active in call
lines with an intact Rb pathway (T VanArsdale et al, Clinical Cancer Research. 2015;1,21.2905-
2810y,

[00240] A description of the human cancer call lines and the cell culture mathods for the cell
lines are provided in Table 1A of Figure 1A, All human cancer cell lines were obtained from the
American Type Culture Coliection (ATCC) (Manassas, VA) uniess otherwise specified. The
breast cancer cell lineg CAL-51 was obtained from DEMZ {GmbH). National Cancer instifute
{NCI Ovarian cancer cel lines OVCAR-8_NCUVADR-RES expressing P-glycoprotsin {(P-gp) and
OVCAR-5 were obtained from Amgen Cell Bank, MAX401NLPDX cell line was obtained from
Charles River Laboratories. Cell lines usad in this report were authenticated by ATCC using
Short Tandem Repeats (STR) method except for OVCAR-S cancer cell line ariginally obtained
by ACH from NCIi, STR profile obtained from ATCC for OVCAR-5 cells was searched against
the ExFasy database and showed 1009 maich with OVCAR-5. Ali call line cultures were

maintained in at 37°C in an aimosphsre of 5% CO,.

[00241] Cancer cell lines were sasded in a Corning 86-well Flat Clear Botlom Black
Polystyrens plate {Corning, NY) in 100 ul of appropriats complets media at the appropriats
density and grown for 24 hours, A description of the cell ling seeding densilies used in the NCA

studies are provided in Tabls 1B of Figurs 1B.

[60242] In one set of experimants, in preparation for cell treatmeant, a 2X concentration of one
of: Compound C14, Pablociclib (CDK4/6 inhibitor), or Ispinesib (Eg) inhibitor), was serial diluled
into 100 pl of complete media using the BRAVO [final 20-point concentration range of 10 uM to
0.0003 oM (for Compound C14 or Palbociclib) and 1 uM o 0.00003 1M (Ispinesib), using

92



WO 2021/211549 PCT/US2021/027042

staggered dose approach]. The compound was added to the cells with a final volume of 200 pl

in complete media containing 0.5% DMSO.

[00243] In a second set of experiments, in preparation for cell traatment, 2X concenfration of
one of. Compound C14, Claparib (PARP inhibitor), Paclitaxe! (taxane), Doxorubicin
{anthracycling), and Carboplatin (Platinum) were serial diluted into 100 b of complete media
using the BRAVO [final 20-point concentration range of 10 1M to 0.0003 1M {Compound C1i4),
100 uhd to 0.003 uM (Olaparib, Carboplating, 1 uM to 0.00003 uM (Paclitaxel}, and 2 uM o
0.00006 uM (Doxorubicin) using staggered dose approach]. Compound was added o the cells

with a final volume of 200 b in complete media containing 0.5% BDMSQ.

[00244] After 4 days (86 hours) or 8 days (144 hours) of treatment, the cells were fixed by
removing 100 ul of complete media from each well and replacing it with 100 ul of

2x formaldehyde {(final 4%6) and incubating the plaies for 15 minutes at room iemperature. Afler
fixation, the cells were permeabilized and stained in 200 ul. Wash Buffer (1% BSA, 0.2% Triton
X~108, 1X PRS) containing 2 ug/mb Hoechst 33342 DNA dye. The plates were sealed and
incubated for 1 hour at room temperature in the dark. Cells were stored at 4°C in the dark until
data acquisition. Imaging data was acquired on Cellomics ArrayScan VTI HCS Reader
(SNO30G0745F, ThermoFisher Scientific) using the Target Activation V4 Assay protocal (Ve
6.6.0 (Build 8153} with a 10X objsctive, coliecied 18-fields per well). The Vaiid Ohject Count
was delermined using Hoechst 33342 nuclear objsct fealures {(area, iotal and variable intensity
in Channel 1) that were within + 3 SD of the DMSO-treated control. The Tofal Valid Object
Count was represenied as a Count POC (Percentage of DMSO Conirol} using the following

formula:

Count POC = (Tofal Valid Object Count in trealed well) + (Tofal Valid Object Courd in DMSO treaied
wells) x 100

[00248] Compound concentration and Count POC values were plotted using GraphPad
Prism software {(V7.0.4) and curve-fitting was performed with 4-parameter equation {variable
slope). The concentration-response curves and standard deviation represent fwo independent

experiments run in duplicate.

[00246] Table 1C {Figure 1C} indicatas the Mean Count ECy value for each ceall line and the

Span (POC Top ~ Bottam), if the Span did not exceed >50%, the cell line was considered
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insensitive. A Mean Count ECsp value ( + SD) across all sensitive cell lines was determined for

each test agent.

[00247] Consensus information for Table 10, Cell line characteristics (lissue type, tumor
subtype, TRPE3 mutation staius, Rb pathway status} were obtained from the following online

databases {Cancer DepMap and CCLE (hitps://depmap.org/portal/depmap), Broad Insiifute;

Cell Model Passpaorts (htlps/cellmodelpassports. sanger.ac.uk/passports), Sanger Institute

IARC (hito//p53.larc fyQtherResources. aspx), International Agency for Research on Cancer)
and references (UBrien et al, 2018; Kenecny st al, 2012; Finn et al, 2009, Dai et al, 2017,
Tilley et al, 1880; Witkiewicz et al, 2018).

[00248] Abbreviations for Table 1C. missense mutation (MM), nonsense mutation (NM),
frame shift deletion (FSD), frame shift insertion (FS1), stop codon (%), frame shift (fs),
ampiification (AMP), proficient (PROF), deficient (DEF), amino acid (A A), positive (POS),
negative (NEG), ssirogen receptor (ER}, and androgen receptor (AR}, Information for MDA-
MB-453 HER-2 amplification siatus uncertain (7).

f0024%] References for Table 1C:

[00253] O'Brien N, Conklin D, Beckmann R, Luo T, Chau K, Thomas J, et al. Preclinical
activity of absmaciclib alone or in combination with antimitolic and targetsd therapies in breast
cancer. Molecular Cancer Therapeutics. 2018;17(5):887-907.

[00251] Konecny GE, el al. Expression of p16 and retinoblastoma determines response o
CDK4/6 inhibition in ovarian cancer. Clinical Cancer Ressarch. 2011 Mar 15,17(6):1591-1602.

[00252] Finn RS etal PD 0332091, a selective cyclin D kinase 4/8 inhibitor, preferantially
inhibits proliferation of luminal estrogen recaptor-positive human breast cancer cell lines in vitro.
Breast Cancer Research. 2008;11(8):R77.

[00253] Dai X, Cheng H, Bai Z, Li I Breast cancer cell line classification and its refevance

with breast tumor subtyping. Journal of Cancer. 2017;8(16):3131.

[002584] Tilley WD, Wilson CM, Marceili M, McPhaul MJ. Androgen receptor gene expression

in human prostate carcinoma cell lines. Cancer Research, 1990 ;50(17),5382-5386.

[G02588] Witkiewicz AK, Chung S, Brough R, Vail P, Franco J, Lord CJ, Knudsen ES.
Targsting the vulnerability of RB tumor suppressor loss in triple-negative breast cancer. Cell
reports. 2018,22(5):1185-1199.

4



WO 2021/211549 PCT/US2021/027042

[002588] As shown in Table 1C of Figure 1C, all call lines that exhibited sensitivity to the
KIATBA inhibitor were mutant TRE3 cancer cell lines. Seven of the twelve cell lines were scored
as “sensitive” and showed similar 4-day Mean Count ECso values (0.0563 uM with 5D 10.008).
Five Rb-proficient cancer cell lines including four TR53%T lines (CAL-51, ZR-75-1, MCF-7,
OVCAR-5) and one TRE3NM line (MDA-MB-453) were Palbociclib-sensitive and KIF18A
inhibitor-insensiiive. In all KIF18A inhibitor-sensitive cell lines, except for one (HCC-1937
BRCA1T mutant), the cells lines had either a CCNE1 ampiification or an RbPEF status. Together,
these data indicate KIF18A inhibitor and Palbociclib have distinct and largely nonoverlapping
sansitivity profiles suggesting that Rb pathway status may serve as segmentation biomarker
{e.g. RB1 loss and CCE7 amplification). KIF18A4 inhibitor sensifivity profile is clearly distingt
from cytotoxic effects of ispinesib, with a focal sensifivity profile suggesting only a subsef of

cancer cell lines exhibit a heighiened mitotic-specific vulnerability and KIF18A dependence.

[002587] Figures 2A-2F are graphs of the Count POC values for six of the tesied cell lines
plotted as a function of concentration of the KIF18A inhibitor. The six cell lines of Figure 2A-2F
were BT-548 (a TNBC characterized as TPS3WT and REBPED), OVCAR-3 (an HGSOC
characterized as TPAIMYT and CONE1AMR), DU-148, a CR-PC characterized as TP53MT and
RBUEFY CAL-51, a TNBC characterized as TP53%" and RBPRYF), OVCAR-5, an HGSQC
characterized as TP53WT and RBPFOT}, and ZR-75, a luminal braast cancer characlerized as
TRE3W gand RBPROT). The concentration-response fitted-curves of Figure 2A-2F are
represented as the mean count based on percentage of control (DMSO) with error bars (SD).
The assay was performed in duplicate in two independent experiments. Interestingly, those cell
lines that were sensitive to KIF18A inhibilor were not sensilive to the CDK4-6 inhihiior,
palbociclib and vice versa. Theses daia suggsst that CDK4/6 inhibitor cancer cell sensitivity may
sarve as a negaiive pradictor for cancer cell sensitivity to KIF18A inhibitors, and that Rb
pathway inactivation {e.g. RB7 loss and CCE7 amplification) may serve as polential response

biomarkers to KIF18A inhibitor treatment.

[00258] Figures 3A-3D represents a serigs of graphs of the Count POC values for four of the
tested cell lines plolted as a function of conceniration of KIF18A inhibitor. The four cell lines of
Figures 3A-3D were OVCAR-8 {an HGSOC characierized as TPH3MUT and BRCAStencedy  MX-1
{a triple negative breast cancer (TNBC characterized as TPEIVYT and BRCATWTY MAX401NL
PDX {a TNBC characterized as TPE3VYT gnd BRCATWN), and HCC-1837 {a TNBC
characterized as TPS3MT and BRCATWT) As shown in each graph of Figurss 3A-3D, the
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TP&3MWT and BRCA1-deficient cancer cell lines demonstrated sensitivity to treatment with the
KIF 18A inhibifor with Count EC5C values in 0.051 to 0.082 uM range.

[00259] Figure 3K is a graph of the Count PQC values for the OVCAR-8 NCI-ADR RES
subline plotted as a function of concentration of the KIF18A inhibitor, PARP inhibitor, paciitaxel,
doxorubicin, or carboplatin, As shown in Figure 3E, the cell ling demonsirated the greatest
sansitivity io the KIF18A inhibitor. OVCAR-8 NCI-ADR RES ceils overexpress drug pump MDR1
or ABCRB1 gene {encodss for F-glycoprotein) known to induce multi-drug resistance o anti-
cancer agents (A Vert of al OncoTargats and Therapy 2018:11,221-37), this data suggests that
KIF18A inhibitor sensitivity due o drug-sfflux is only modestly impacted relative to olaparib,
paclitaxel, and doxorubicin. Furthermore, multiple ABCB1 franscriptional fusions have been
reported in chemotherapy resistant recurrent ovarnan cancer (EL Christie et al Nature
Communications. 2019:20;10:1-10}).

EXAMPLE 2

[80260] This example demonstrates an analysis of cancer cell lines for sensilivily to a KIF18A

inhibitor Compound C8.

[00261] An analysis was carried out fo identify cancer cell lines sensitivity profile {o the
KIF18A inhibitor Compound C8. In this analysis, a panel of differant human breast and ovarian
cancer cell lines (Table 2 of Fiqure 4A and Table 3 of Figure 4B), were used in either a 4-day or

&-day cancer cell line growth assay screen.

[00262] In the 4-day growth assay screen, cancer cell lines were treated in 86-well tissue
culiure platss at pre-optimized seeding dansity. Growth media conditions were determined by
ChemPartners (Shanghai, China). After 24 hours, cslls ware treated with KIF18A inhibitor
{Compound C8; final 10-point concentration range 2.0 1M to 0.0001 M, 3-fold dilution) in a 4-
day cell growth assay based on quantitation of ATF as an indicalor of viable celis using
CeliTiter-GLO 2.0 readout (CTG, Promega). CTG assay was performed in duplicate for sach
call line. Detsction was performed using luminescence plate reader and expressed as ralative
luminescence units (RLU) based on POC (percentage of DMSQO control). Raw data was
provided to Amgen for curve-fitling analysis with 4-parameter eguation (variable siope) using
GraphPad Prism software (V7.0.4). The conceniration-response curves and standard
deviations were graphed {representative curves shown in Figures 4C and 4D}, Reportsd values

for EC80 (IP) and Span (diffsrence belween Max and Min response for filted points) for sach
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cancer cell line and classified cell lines as sensitive io KiF18A inhibitor compound when EC50
value < 0.1 uM and Span 2 40.

f302683] An expanded screen was performed using 6-day growth assay, cancer cell lines
were treated in black 384-well tissue culiure plates at 500-1500 celis per well. Growth media
conditions were determined by Horizon Discovery (Cambridge, United Kingdomy). After 24
hours, cells were freated with KIF18A inhibitor (Compound C8; final 11-point concentration
range 2.0 uM to 0.0000338 1M, 3-fold dilution) in a 6-day cell growth assay basead on
quantitation of ATP as an indicator of viable cells using CeliTiter-GLO 2.0 readout {(Promega).
Luminesceance was detected using Envision plate reader (Perkin Elmer) and expressed as
relative luminescence units (RLU) based on POC {percentage of contral). Raw dala was
provided to Amgen for curve-fitting analysis with 4-parameter equation (variable siope) using
GraphPad Prism software {(V7.0.4). The coanceniration-response curves and standard
deviations were graphed {representative curves shown in Figures 4E-4F). Curve-fitling analysis
was also performed using Horizon’s proprietary softwars. Horizon Discovery reported values for
ECS50 (IP) and Max Response (Observed) for each cancer cell ling and classified cell lines as
sensitive to KIF18A inhibitor compound when EC50 value < 0.1 uM and Max Response 2 58.5.

[002684] Additionally, a cell count cell ine growth assay screen was carried out with the
KIF18A inhibilor, as follows: a subset of breast and ovarian cancer call lines were scresned
with KIF 18A inhibitor Compound C@ as described above using imaging-based Nuclsar Count
Assay (NCA). Internal data KIF18A inhibitor either 4- or 8-day NCA. Curve-fitting was
performed at Amgen using GraphPad Prism 7. Reported values: ECE0 value (IP) and Span
(difference between Max and Min response for fitted points) for each cancer celi line and
classified cell lines as sensitive {o KIF18A inhibitor compound when 1C50 valus < 0.1 uM and
Span 2 40,

fG02858] The resulis of the cell count assays are shown in Table 2 and Table 3 and Figures
4C-4F. Table 2 is a summary of the analysis for the panel of human breast cancer celi lines and

Table 3 is a sumimary of the analysis for the panel of human ovarian cancer csll ines.

[00268] In Tables 2 and 3, *?” means that there were differences in sensilivity calls between
the first screen and the second screen, and "ND” means not determined. The screen was
carried out sither through a first screen or a second screen. The first screen (ChemPartner, CF)
was a 4-day CeliTiter-Glo® assay (CTG) assay. Curve-fitling was psrformsd using GraphPad
Prism 7. The reported values in Tables 2 and 3 are: EC50 value (iP) and Span or Max

Response (difference between Max and Min response for fitted poinis). The first screen
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sensitivity scoring [Sensitive cell line group defined as Span 240 with EC50 value < 0.1 puM].
The second screen (Horizon Discovery, HR) was a 6-day CTG assay. Curve-fifting was
performed by HR. The reporied values in Tables 2 and 3 are: EC30 value {IP) and Max
Response (Observed). The second screen sensitivity scoring [Sensitive cell line group defined
as Span 259.5 with EC50 value < 0.1 yM]. A third screen {Amgen, AM) ook place and it was
either a 4-day or 8-day nuclear count assay (NCA). Curve-fitling was performad using
GraphPFad Prism 7. Ths reporied values of Tables 2 and 3 are: EC50 valus (IP) and Span
{difference between Max and Min response for fitled points). The third screen sensitivily scoring

[Sensitive celi line group defined as Span 240 with EC50 value < 8.1 uM].

[00267] Consensus information for Figures 4A-4F. Cell line characteristics (lissue type,
fumor subtype, TRP53 mulation status, TPS53 variani type, ph8 protein change) were obtained
from the following online databases {Cancer DepMap and CCLE

{hitps.//depmap.org/porial/depmap), Broad Institute; Celi Model Passports

{htlps://celimodeipassports sanger. ac uk/passports), Sanger Institule IARC

(htlp://p53.jarc. fi/CtherResources. aspx), international Agancy for Research on Cancer) and
references {Dai et al Joumnal of Cancer, 2017, O’Brien et al Mol. Cancer Ther,, 2018, Domcke et
al Nature Comm., 2013},

[00268] Abbreviations for Table 2 and Table 3. ChamPariner screen (CP), Horizon
Discovery scraen (HR), Amgen screen (AM), not determiined (NI, (TNBC), high grads serous
ovary cancer (HGSOC), estrogen receplor (ER), negalive (NEG), positive (POS), HER2
recepior positive (HER2), luminal A (LumA), luminal B (LumB), mutant (MUT), wild-type (WT),
loss of exprassion (LOE), missense mutation (MM}, nonsense mutation (NM), frame shift
deletion (FSD), frame shift insertion (FSH, stop codon (7}, frame shift (FS), splice site {(SS), in
frame deletion (IFD), in frame inssrtion (IF]), silent {8), amino acid (A A}, sensilivity column
differences in calls between CP and HR screens {?), and fumor subtype and TP53 consensus

columns calls uncertain (7).

[00268] Tumor Sublypes: Source XDai et al Journal of Cancer_2017, O'Brien et al Mol
Cancer Ther._2018 (Breast), Domcke et al_Nature Comm 2013 (Ovarian Cancer). TNEC =
Triple negative breast cancer, HGSOC = high grade sarous ovary cancer, ER = Estrogen
Receptor, NEG = Negaltive, POS = Positive, HER2 = HERZ recepior positive, LumA = lunimal A,

LumB = juminal B, ? = subtype uncertain.

[00270] TPS53 status: Source CCLE/Sanger/lARC calls: If consensus calls were uncertain
gither looked in the literature or list as uncertain (7). MUT (mutant), WT (wild-typa), LOE (loss of
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expression). Variant Classification. MM (Missense_Mutation}, NM {(Nonsense_Mutation), S8
{Splice_Site), IFD (In_Frame_Dsb), FSI (Frame_Shift_ing), FSD {Frame_S8hift_Del), NULL, IFi

{In_Frame_Ins}, Silent.
[00271] References for Table 2 and Table 3.

{00272 Dai X, Cheng H, Bai Z, Li J. Breast cancer cell line classification and iis relevance

with breast tumor sublyping. Journal of Cancer. 2017,;8(18):3131.

f00273] OBrien N, Conklin D, Beckmann R, Luo T, Chau K, Thomas J, et al. Preclinical
activity of abasmaciclib alone or in combination with antimitotic and targeted therapies in breast
cancer. Molecular Cancer Therapeutics. 2018;17(5):897-807.

[00274] Domcke 8, Sinha R, Laving DA, Sander C, Schuitz, N, Evalualing cell lines as

turmour models by comparison of genomic profiles. Nature Communications, 2013; 4(1): 1-10.

[00278] As shown in Table 2, breast cancer cell fines sensitive {o treaiment with the KIF18A
inhibitor were positive for a mutant TRPS3 gene, many of which expressed a mutant TRPS3 protein
due to a missense mutation. None of the nine TP33 wild-type breast cancer cell linas were
sansitive to KIF18A inhibitor including two TNBC lines (CAL-51, DU4475). All breast cancer cell
lines that were sensitive o treatment with the KIF18A inhibitor had a negative estrogen receptor
(ER} status and about three-quariers of these cell lines also had a negative HER2 staius. None

of the luminal A or luminal B breast cancer cell lines were sensitive {o KIF18A inhibitor.

[00278] As shown in Table 3, ovarian cancer cell lines that were sensitive {0 freatment with
the KIF18A inhibifor were positive for a mutant TPE3 gene, many of which expressed a mutant
TP53 protein due to & missense mutation. None of the nine TPS3 wild-lype ovarian cancer cell
lines were sensitive to KIF18A inhibilor. Formost of these cancer cell lines, the tumor subtype
was “likely” or “possibly” a high grade serous ovarian cancer (MGSOC) based on molscular

classification (8. Domcke et al Nature Communications 2013:4:1-10).

[00277] Representative concentration-response curves from the first screen (Figures 4C-40)
and second screan (Figures 4E-4F} are shown in Figures 4C-4F, raspaciively. As shown in
Figures 4C-4F | the KIF18A inhibiior sensilivity profiles were grouped inio “sensitive” (Figures

4C, 4E) and “insensitive” (Figures 4D, 4F) for breast and ovarian cancer cell lines.
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EXAMPLE 3

[00278] This example demonstrates KIF18A inhibitor Compound C14 induces tumor
regressions in human OVCAR-3 HGSOC xenograft model (TRPE3MUT, CONETA) in female

athymic nude mice.

[00273] To demonsirate the effect the KIF18A inhibitor has on fumor regression OVCAR-3
cells were re-selecied in vivo and subsequently (CVCAR-38Q3). Female athymic nude mice
were injected with 5 x 10%cells in 0.1 mb subcutanecusly in the right flank. After tumors weare
established (average tumor volume of 150 mm®), animals were randomized into 4 treatment
groups (vehicle alone, KIF18A inhibitor at 10, 30, or 100 mg/kg) with 10 animals per group and
treated orally once per day (PO, QD) starting on day 25 post-tumor implantation. Tumor
measurement was calculated from the length, width and hsight of tumors measured with a
PRO-MAX electronic digital caliper (Japan Micrometer Mig. Co. LTD). The tumeor volume was
calculated as [L x W = H] and expressed in mm®. Tumor volume and animal body weight
measurements wars delermined twice per wask (study siart day 25, study end day 45}, A single
mouse was removed from the study (KIF18A inhibitor 30 mg/kg group} dus o abdominal

distention, a finding likely unrelated {o compound.

[00280] Tumor Growth Inhibition (TG and Tumor Regression formulas.

% TS comparad to vehiole oontrad

%V HL200 -

TRegrassion comprred final Ruror volurae

[00281] Data was ploited using GraphPad Prism software (V7.0.4), tumor volume and body
weight daia are expressed as means plus or minus standard error of the mean and plotied as a
function of ime. Statistical significance of observed differences between growth curves were
calculated using SLACRK package (v.1.0.3). Statistical significance for tumor regressions were
performed by paired Student's +-Test on the intial and final tumor volumes with significant tumor
regression p-values (***p < 0.0001) for all three KIF18A inhibitor treatment groups. KIF18A
inhibitor dose 10 mg/kg (81% regression, § of 10 tumor-free), 30 mg/kg (98% regression, 8 of §
turnor-free), and 100 mg/kg (97% regression, 7 of 10 tumor-free). No evidence of overt toxicity
was cbssrved in the KIF18A inhibitor treated groups as delermined by changes in animal body

weight relative to vehicle treated group.
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[00282] The resulis are shown in Figures 5A-5B. As shown in Figure 3A, oral daily
adrministration of KIF18A inhibitor significantly inhibited the growth of OVCAR-3 HGSOC tumors
{TP53 mutant, CCNE1 amplified) and induced regressions ai all three doses. Asssssment of
tumor re-growth potential after cessation of KIF18A inhibitor showed durable fumor regressions
and cures in 2 50% of the animais with no evidence of overt toxicity, indicating KIF18A inhibifor

was wall-tolerated.
EXAMPLE 4

[00283] This example demonstrates KiF18A Inhibitor Compound C14 induces tumeor
regressions in human OVCAR-8 HGSOC xenograft mode! (TFRH3VWT BRCA15enced) in femnale
athymic nude mice.

[00284] Femals athymic nude mics were injecied with 5 x 105 QOVCAR-8 calls in 0.1 mi
subcutaneously in the right flank. Animals with established tumors were randomized (average
turnor volumes of ~134 mm®) into 4 treatment groups (vehicle alone, Compound C14 at 10, 30,
or 108 mg/kg) with 10 animals per group and treated orally once per day (PO, QD) starting on
day 25 post-iumor implantation. Tumor volume and animal body weight measurements were
determined twice per week (study start day 25, study end day 47). Tumor measurements,
formulas, and regression analysis as described above for Figures 5A-5B. Data was plotied
using GraphPad Prism software (V7.0.4}, tumor volume and body weight dala are expressad as
means plus or minus standard error of the mean and plotied as a function of time. Siatistical
significance of observed differences betweasn growth curves were calculated using SLACR
package {v.1.0.3). Statistical significance for tumor growth inhibition was determined for
Compound C14 10 mg/kg group {(87% TGI, p = 0.003) by RMANOVA with a Dunnetil's
comparison relative to vehicle group. Statistical significance for tumor regrassions was
performed by paired Sludent's -Test based on the initial and final tumor volumes with
Compound C14 30 my/kg (86% regression, p < 0.0001, 4 of 10 fumor-free), and Compound
C14 100 mg/kg (98% regression, p < 0.0001, 8 of 10 fumor-free). No evidence of avert toxicity
was observed in the Compound C14 treated groups as determined by changes in animal body

weight relative to vehicle trealed group.

[00288] The resulis are shown in Figure 8A-6B. As shown in Figures 8A-8B, oral daily
adrministration of KIF18A inhibitor significantly inhibited the growth of OVCAR-8 HGSOC tumors
(TP53 mutant, BRCA1Sesd and induced regressions at 30 mg/kg and 100 mg/kg doses with

no evidence of overt toxicity, indicating KIF18A inhibitor was well-tolerated.
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EXAMPLE S

[00288] This example describes a study {o analyze the effects of a KIF18A inhibifor on the

mitotic phenotype of cancer cells.

[00287] To analvze the effects of a KIF18A inhibitor on the mitolic phenociype of cancer cslls,
an imaging-based Centrosome Count Assay (CCA) carried out using a KIF18A inhibitor was
carried out. In preparation for plating, MDA-MB-157 TNBC cells were resuspended seven fimes
through a 10 mbL syringe with 18-G needle {o create a single-cell suspension. Cells were seeded
at a density of 30000 celis per well using the BRAVDO Automated Liquid Handling Platform
{Agilent Technolagies, Santa Clara, CA) into Corning 86-well Flat Clear Bottom Black
Polystyrene plate {Corning, NY) in 100 ul of complete media and grown for 24 hours. In
preparation for cell freatment, a 2X concentration of KIF18A inhibilor Compound C14 was serial
diluted using the BRAVO {final 20-point concentration range 5.0 M to 0.00015 uM, using
staggered doss approach) into 100 uL of complets media and then added to the 100 pl of
complete media containing the plated cells with a final DMSGO concentration of 0.5%. After 24
hours of ireatment, 100 ul of complste msadia was removsd from each well and the cells wers
fixed by adding 100 pL formaldehyde (final 4%%) to sach well containing remaining 100 b
complete meadia and incubated for 20 minutas at room lemperature. After fixation, the liquid
was removed and the cells were washed in 200 ul of Wash Buffer (194 BSA, 0.2% Triton X-100,
X PBS). Wash Buffer is replaced with 100 L per well of Blocking Buffer (2 drops of horse
serum (Vector Labs, Burlingame, CA) per 5 mbL Wash Buffer) and incubated overnight at 4°C.
The nexiday, cells were washed with 200 ul per well Wash Buffer. Cells are stained with anti-
p-Histone H3 mouse antibody (0.5 ug/mb, 05-808, aka pH3 or p-HH3, Millipore) and anti-
pericentrin rabbit antibody (0.5 ug/mlL, ab4448-100, Abcam) in 100 uk Wash Buffer for 2 hours
at room temperature. Cells were washed twice with 200 ul Wash Buffer. Cells were stained
with Invitrogen goat anti-mouse IgG-alexa-847 (A21238) and goat anti-rabbit igG-alexa-488
{A11834) at 1 ug/ml in Wash Buffer containing Hoechst 33342 DNA dye (2 ug/mb) for 2 hours
at room temperaturs, in the dark. Cells were washed twice with 200 pl per well Wash Buffer.
After the last wash, 150 ul of 1X PBS was added to each well and the plates were sealed
(Perkin Elmer, Waltham, MA). Imaging data was acquired on Cellomics ArrayScan VTI HCS
Reader (SNO30Q0745F, ThermoFisher Scientific) using the SpotDetector. V4 Assay protocaol
{(Ver 6.6.0 (Build 8153) with a 20X objective, experiment #1 collected 100-fields per well;

experiment #2 collected 67-fields per well). First, acquired mitotic index data (percentage of p-
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Histone H3 positive objects) was acquired as described above. Nexi, a virtual scan was
conducted with a channel swap (using p-Hisione H3 positive objects as the primary object for
segmentation, instead of the nuclear object) to enumerats the number of pericenirin spots for
each mitolic object. The percentage of mitolic objects with > 2 pericentrin spots (proxy for
centrosome number} was dstermined for each well. The minimal number of p-Histone H3

positive objacis was sat at 250 objects per well for DMSO control. The data outputs include:

(1) Valid Object Count. This representis the tolal valid nuclear object count per well
{based on Object Area.Ch1 and Object. Varintensity. Ch1 were used {0 set range for valid

objects, objects outside this range were regjected).

(2) Selected Object Count, pHH3. This represents the {otal valid p-Hisione H3 positive
mitotic object count based on the set flucrescence intensity threshold using alexa-647

{channei 3}.

(3} % Selected Object pHH3. This represents the percentage of p-Histone H3 posilive
objects [(Selected Object Count, pHH3 + Valid Object Count) x100}

{4y %HIGH_ObjeciSpotTotalCountCh2.

[00288] The percentage of p-Histone H3 positive mitotic objacis for each KIF18A inhibitor
concentration was plotled using GraphPad Prism software (V7.0.4) and concentration-response
curves were fitled using 4-parameter equation (variable slope}. The mean EC5C value and

standard deviation were determinad from two indspendent experiments run in duplicate.

[60288] Respresentative fisld-level images of DMSO- and KIF18A inhibitor-treated cells are

provided in Figure 7A. KIF18A inhibitor concentration-response fitted-curves showing the mean
percentage of mitotic objects with >2 pericentrin spois or the meaan percentage of p-Histone H3
positive objects are provided in Figure 7B. Error bars (SD) are shown. The mean EC50 values

for pericentrin spot count and p-Histone H3 are shown in the table of Figure 7C.

f002808] The black objects in Figure 7A represent p-Histone H3 positive mitotic cells.
Enumsrated grey spois {pericenirin positive) for each p-Histone H3 positive mitotic cell. As
shown in Figures 7A to 7C, freatment with KIF18A inhibitor activales the spindle assembly
checkpoint (SAC) in mitosis, measured by the increase In p-Histone H3 positive celis with an
EC50 value of 0.0784 M. KIF18A inhibitor induced a concentration-dependsnt increase in
pericentrin spotiing (-2 spots per mitotic object) with EC50 value 0.0522 uM was similar to p-

Histone H3 assay ECH0 value suggesting these mitotic phenotypes are likely coupled in MDA-
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MB-157 cells. Together, these data suggasi that inhibition of KIF18A ATPase motor activity with
KIF18A small moleculs inhibitors leads to mitotic call arrast and excessive pericentrin spotiing.

EXAMPFLE 6

[00281}] This example describes a study o analyze the effects of a KIF18A inhibitor on milotic

cantrosome/chromosome features and apoptosis of cancer celis.

[00282] To analyze the effects of a KIF18A inhibitor on mitotic centrosomes/chromosome
features and apoptosis of cancer celis, cenfrosome features in CAL-51 and MDA-MB-157 TNBC
cells were analyzed by an immunofluorescence imaging analysis. Cells were seeded into Cell
Carrier Ulira 96-wsll Polystyrens plate (PerkinElmer) in 200 ul of complete media and grown.
After 24 hours, cells were treaied for 24 hours with DMSO {0.05%) or KIF18A inhibitor
Compound C11 (0.5 uM). Cells were fixed with 2% formaldehyde for 20 minutes at room
ternperature followad by permeabilization in 1X PBS with 0.1% Triten X-100 for 20 minutes at
room temperature. Cells were washed iwice with 200 ul Wash Buffer (1X PBS/0.5% BSA,
Rockiand Iimmunochemicals). Cells are stained with 100 pl anti-CETN3 mouse antibody
{1:2000, HOO0G1070-MO1, Abnova) and anti-pericentrin rabbif antibody (1:2000, ab4448-100,
Abcam) in 200 pl of Wash Buffer and incubated overnight at 4°C. Cells were washed twice
with 200 ul Wash Buffer. Cells were stained with 100 ul secondary antibodies [goat anti-mouse
igG-alexa-488 {1.1000, A11029, Invitrogen) and goat anii-rabbit igG-alexa-647 (1:1000,
AZ1244, Invitrogen) in Wash Buffer for 2 hours at room temperature protected for light. Celis
wers washed twice followed by addition of 100 ul Wash Buffer containing Hoechst 33342 DNA
dye (2 ng/mb). Cells were imaged on a PerkinElmer Ultraview Vox dual spinning disc confocal
microscope using & 60x oil immersion objeclive with laser excitation wavelengths of 405nm
{Hoechst), 488nm (alexa-488), and 847nm (alexa-647). Representaiive maximal projection
images were collected for mitotic objects from each treatment well. The images are shown in

Figure 8A.

[00283] In a separate experiment, a Western blotting analysis was carried out. Briefly, CAL-
51 and MDA-MB-157 TNBC cell lings were sseded into G~well plates at a density of 125000,
and 150000, per well, respectively, in complete growth media. The next day, cells were treated
with DMSO, KIF18A inhibitor (0.5 uM), or Eg5 inhibitor lspinesib {0.05 uM) in 3 mL of complete
media at a final DMS0 concentration of $.5%. After 48 hours, cell lysates were prepared for
each treatment group (combined media and cells from 3 wells). Cells were lysed and Western

bloiting was carried out as essentially described in Example 5. Primary antibodies included
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mouse anti-cleaved-PARP (cl-PARP) #51-900017, BD Pharmingen, 1:500), mouse anti-cyclin
B1 (554179, BD Pharmingen, 1:500), and rabbit anti-GAPDH (2118, Cell Signaling, 1:10,000).
The results are shown in Figure 88,

[00234] As shown in Figures 8A and 8B, treatment of TNBC celi lines with a KIF18A inhibitor
selectively induced alterations in mitotic cell cenfrosome features {pericentriolar material and
centriole numerical changes and fragmentation) and apoptosis anly in MDA-MB-157 TP53
mutant and CCNE1 amplified cells, whereas the CAL-51 TP53 wild-type cells showed no
changes in centrosoms featuras or apoplosis relative to DMSO freated calls. Together these
data suggest that TP53 mutani TNBC cells are dependent on KIF18A motor activity Tor proper
chromosome alignment and segregation, and that KIF18A inhibition leads to SAC activation

and/or aberrate centrosome features resulting in multipolar spindles and apoptosis.
EXAMPLE 7

[00288] This example demonstrates a time courss study of cell cycle and apopiosis protein
exprassion in HGSOC cells trealed with a KIF18A inhibitor

[00288] OVCAR-3 HGSOC celis were seeded at a density of 1.4 million cells into 100 mm
tissus culture plates in 10 mbL of complete growth media. The next day, complete growth media
cantaining 2 mM thymidine was added to the cells and incubated for 16 hours. Calls were
washed thrice in 1X PBS before adding complete growth media for 8 hours, followed by and
second 2 mM thymidine block for 16 hours. The double thymidine block arrested cells in G1/S
phase of the cell cycle. Cells were release from G1/S block by first washing thrice in 1X PBS
before adding complete growth media with DMSO or KIF 18A inhibitor {Compound C11 at 0.5
ubd). Celi lysates were prepared at multiple time points {4, 8, 10, 12, 14, and 24 hours). As
controls, asynchronous growing OVCAR-3 cells were treated DMSO or KIF18A inhibitor
{Compound C11 at 0.5 uM) and lysates were prepared at 24 hours. Primary antibodies included
mouse anti-cleaved-PARP (cl-PARP) (51-900017, BD Pharmingen, 1:500), mouse anti-cyclin
B1 (854179, BD Pharmingen, 1:500}, rabbit anti-Mcl-1 (8453, Cell Signaling, 1:500}, mouse
anti-Cyclin £E1 (MS-870-P, HE12, NeoMarkers, 1:2000), mouss anti-BubR1 (612503, BD
Pharmingen, 1:5000), and rabbit anti-KIF18A (HPA030484, Simga, 1:2000), and mouse anti-B-
actin (AS441, Simga, 1:5000). The results are shown in Figure 8.

f002987] Animage of the blot is shown in Figure 8. As shown in Figure 9, the KIF18A
inhibitor-treated cells showed an incraass in cyclin B1 and cl-PARP protein levels and a

decreass in Mcl-1 and cyclin E1 levels. Also, an increase in KIF18A and BubR1 protein levels



WO 2021/211549 PCT/US2021/027042

are shown. In Figure 8, “FL” refers to the full length Cyclin E1 protein and *LMW refers {o the
low molscular weight form of Cyclin E1. The BubR1 protein blots as a protein doublet due to

post fransiational modification, &.¢. phosphoryiated, forms and un-muodified forms.

[00288}] The resulis suggest that KIF18A inhibitor treatment of OVCAR-3 HGSOC cslls show
marked changes in proleins that regulate cell cycle and mitolic progression {cyclin B1, cyclin E1,
BubR1, KIF18A) and apoptosis (Mcl-1, cl-PARP), these changss could sarve as markers of

target engagement in KIF18A inhibitor sensifive cancers.
EXAMPLE 8

[00288] This example demonstrates the effscts on mitosis, DNA damage and apoptosis in
TNBC cells {TPS3 muiant, RB1 deficient) freated with two KIF18A inhibitors.

fA0300]  In order to analyze the effects on mitosis, BT-549 TNBC cells were seeded info 6-
well plates at a density of 100, 000 per well in 3 replicate wells in 4 mb of complete growth
media. The nexti day, cells were treated with DMSQO, KIF18A inhibitor #1 {Compound C11, 6.5
1), or KIF18A inhibitor #2 (Compound C8, 0.01 uM) in 4 mL of complete media at a final
DMSO concentration of 0.5%. Afier 48 hours, cell lysatss were prapared for each treatment
group {combined meadia and cells from 3 walls) using Minute™ Total Protsin Extraction kit (8D-
001, Invent Biotechnologies) lysis conditions according to manufaciures protocol, supplemenied
with protease inhibitor cockiail (cOmplete™, Roche) and phospatase inhibitors (PhosphoSiop,
Roche). Primary antibedias included rabbit anti-p-Histone H3 (serine-10) {06-570, Millipore, 1:
2000}, mouss anti-yH2A X (serins-138) (05-636, Millipore, 1: 2000}, mouse anti-cleaved-PARP
{cl-PARP) (#51-800017, BD Pharmingen, 1:500), mouse anti-BubR1 (812503, BD Pharmingen,
1:5000), mouse anti-total HEC1T (ab3613, ABCAM, 1. 1000}, rabbit anti-pHEC 1{serine-55)
{(GTX70017, Genstex, 1: 500}, and rabbit anti-GAPDH (2118, Cell Signaling, 1:10,000}.An
image of the Westarmn blot is shown in Figure 10A.

fO0301] Also, cGAS and yH2ZA X {serine-138) immunostaining in BT-548 TNBC celis was
carried out. Cells were seeded info Lab-Tek Z-well chamber slides at a density of 50,000 celis
per chamber in complete growth media and grown for 2 days to approximately 50% confluency.
Cells were treated for 48 hours with DMSO (0.1%;), KIF18A inhibitor (Compound C8, §.2 uM} in
2 mi of complete madia. Cells were fixed in 4% formaldehyde for 15 minuies af room
ternperature followed by secondary fixation in ice-cold 30% methanol for 10 minutes at 4°C.
After fixation, cells were washed in 2 ml of Wash Buffer (1% BSA, 0.2% Triton X-100, 1X PBS)

and blocked 1 ml of Blocking Buffer {2 drops of horse serum (Vsclor Labs, Burlingame, CA) per
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5 mbl Wash Buffer). Cells are stained with anli-cGAS rabbil antibody (1:500, 15102, Celi
Signaling) and anti-yH2A X (serine-138) mouse antibody (1:1000, 05-838, Millipors) in 1 mb of
Wash Buffer for 2 hours at room temperature. Cslis ware washed fwice with 2 mL Wash Buffer.
Cells were stained with secondary antibodies [goat anti-mouse igG-alexa-488 (1:2000, A11029,
invitrogen) and goal anti-rabbit 1gG-alexa-568 (1:2000, A11036, Invitrogen) in Wash Buffer
containing DAP! DNA dye {(1:5000, 268288, Millipore) for 1 hour at room temperature protected
for lighi. Cells were washed twice with 2 mlb and chambers were removed and a drop of
Prolong Anti-Fade {(P38934, Invitrogen) was added before mounting coverslips onto glass
siides. Wide-field images were caplured using 40x objective on upright Nikon Eclipse NI-E epi-
fluorescence niicroscope running Elements softwars. Repraseniative images taken with a 40x

wide field objective are provided in Figurs 10B.

[00362]  As shown in Figure 10A, treatment of TP53 mutant and RB1 loss TNBC cells with a
KIF18A inhibitors leads o increased expression of mitolic markers (p-Histone H3, p-HEC1T,
BubR1 doublel), DNA damage marker (yHZA X}, and apoptosis marker (c-PARP), suggesting
KIF18A inhibition lsads to SAC activation resulling in an incraase in DNA damags and
apoptosis, these changeas could sarve as markers of farget engagement in KIF 18A inhibitor

sensitive cancers.

f00303]  As shown in Figure 10B, cytoplasmic micronuclei stained positive for cGAS andior
yH2A X suggesting that KIF18A inhibitor treatment leads o increase in DNA damage and cGAS

positive micronuclel which may serve as a source of immunostimulatory cyioplasmic DNA.
EXAMPLE 8

[00304] This example demonsirates an experiment to analyze the effect of KIF18A protein

localization in mitosis in cancer celis ireated with a KIF18A inhibitor.

[00308] To analyze the effect of KIF18A protein localization in cancer cells freated with a
KIF18A inhibitor, KIF18A and Centrin-3 immunostaining in Hela cells (Figure 11). Cells were
saaded into Lab-Tek 2-well chamber slides at a density of 100,000 cells per chamberin
complete growth media and grown for 2 days to approximatsly 80% confluency. Cells were
freated for 6 hours with DMSO, KIF18A inhibitor (Compound C8, 0.05 uM) in 2 miL of complets
media. Cells were fixed in 4% formaidehyde for 15 minutes at room temperature followed by
secondary fixation in ice-cold 80% mathano! for 10 minutes at 4°C. Afler fixation, cells were
washed in 2 mL of Wash Buffer (1% BSA, 0.2% Triton X-100, 1X PBS) and blocked 1 mlb of

Blocking Buffer (2 drops of horse ssrum (Vector Labs, Burlingame, CA) per 5 mL Wash Buffer).
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Cells are stained with anti-KIF18A rabbit antibody (1:30008, A3031-080A 05-806, Bethyl) and anti-
CETNS3 mouse antibody {(1:1000, HOO001070-M0O1, Abnova) in 1 mbL of Wash Buffer for 2 hours
at room temperaturs. Cells were washed twice with 2 ml Wash Buffer. Cells were stained with
secondary antibodies [goat anti-mouse 1gG-alexa-488 (1:2000, A11029, Invitrogen) and goat
anti-rabbit 1gG-alexa-568 (1:2000, A11038, Invilrogen) in Wash Buffer containing DAPI DNA
dye (1:5000, 268298, Millipore) for 1 hour at room temperature protecied for light. Cells were
washed dwice with 2 mbL and chambers were removed and a drop of Prolong Anti-Fade
{(P36934, invitrogen) was added before mounting coverslips onto glass slides. Wide-field
images were captured using 40x objective an upright Nikon Eclipse NI-E spi-fluorescence
microscope running Elsments software. Represeniative images of immunosiainsd mitotic cells

are provided in Figure 11. KIF18A is shown in red and centrin-3 is shown in green.

[00308] As shown in Figure 11, KIF18A inhibitor freatment resulls in KIF18A protein mis-
focalization in mitosis, thess changes in KIF18A protein localization could serve as marker of

target engagement in cancers and surrogate proliferating normal tissues.
EXAMPLE 10

fG0307] This example demonstrates Compound C14 induces p-Histone H3 mitotic marker in
Hurnan OVCAR-3 HGSOC tumor xenograft model (TRE3YWT, CCNETAYRY in Female Athyric
Nude Mice.

[00308] Female athymic nude mice were injecied with 5 x 10°0OVCAR-3 cells in 0.1 ml
subcutaneously in the righi flank. After tumors were established (average tumor volume of 450
fo 750 mm®), animals were randomized into 5 treatment groups (vehicle alone, KIF18A inhibitor
at 3, 10, 30, or 100 mg/kg) with 3 animals per group. Tumor and blood plasma were collected
24 hours post-treatment for pharmacokinetic analysis and tumor for pharmacodynamic analysis.
Preparations of tumor prolein lysates from snap frozen, pulverized, and lysed and processed
using EpiQuik Total Histone Extraction Kit (OP-0008 Epigentek, Farmingdale, NY) protocol.
Protein lysate concentrations were determined using a BCA Protein Assay Kit (23227, Pisrce,
Rockford, IL}. Lysates normalized for total protein per well were loaded onto Measo Scale
Discovery (MSD) electrochemiluminescent immunoassay plates at 30 yg/well in lysis buffer a
processed of pHH3 MSD analysis according to the manufacturer's protocol for the single-plex
MSD assays using phospho-Histone H3 (serine-10) antibody (pHH3) and analyzed on a Sector
imager S16000 luminescence detection reader (MSD, Gaithersburg, MD). Lysales were
normalized for total protein and pHH3 fold induction raprasents the group averages raw MSD

value divided by the averags raw MSD value of the vshicle treated group. Data was plofted
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using GraphPad Prism software (V7.0.4), the column graph shows the level of pHH3 signal
rapresanted as mean RU for each treatment group with standard error of the mean (SEM). The
fold induction in pHHS is notad for each KIF18A inhibitor freatment group relalive {0 mean
baseline pHH3 signal for vehicle group. The micromolar concentration of KIF18A inhibitor in
plasma and tumor are indicated on the right vertical axis. Statistical significance was delermined
by cne-way ANOVA followsd by Dunnetf’s post hoc analysis ("™*p = 0.0002, ***p £ 0.0001).

[60308] A graph of the luminascence raprassanting p-Histone H3 level was plotted for each
dose of KIF18A inhibitor (or vehicle control) is shown in Figure 12, The graph shows the level of
p-Histone H3 signal represented as mean RUs for each treatment group with SEM. The fold
induction in p-Histone H3 is noted for each KiF 18A inhibitor treatment group relative to mean
baseline p-Histone signal for vehicle group. The concentration of KIF18A inhibitor (M) in
plasma (&) and tumor (&) are indicated on the right vertical axis. Siatistical significance was
determined by one-way ANOVA followed by Bunnelt's post hoc analysis (“**p = 0.0002,

****n < 0.0001).

[00316]  As shown in Figure 12, KIF18A inhibitor induced a dose-dependent increase in p-
Histone H3 mitotic marker levels in the OVCAR-3 HGSOC (TRE3WT CONETAYY tumor
xenografts in mice. These data suggest that increased levels of p-Histone H3 was dose- and
exposurg-dependent indicating p-Hisione M3 is a suitable pharmacodynamic marker, where a 2
4 6-foid induction of p-Histone H3 signal correlated with tumor regressions at KIF18A inhibitor

doses = 10 mgrkg.
EXAMPLE 11

[00311] This example describes exemplary sieps for making exempilified KIF18A inhibitors

that can be used in the methaods of the invention.

f00312] The following abbreviations may be used throughout this example:

AcOH acetic acid
ag or aq. agusous
BOC or Boe feri-butyloxycarbonyi
DCE 1,2-dichloroethane
DCM DCM
DMAP 4~-dimethylaminopyriding
DMF N N-dimethylformamide
DMSC dimethyi sulfoxide
ESiorES electrospray ionization
Et ethyl
ELO diethyl ether
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EtOH sthyl alcohol
EtOAC EtCAc
G grams
H hour
HPLO high pressure liquid chromatography
iPr isopropyl
iPraNEt or DIPEA N-ethyl diisopropylamineg (Hinig's base)
KOAc potassium acetate
LAH lithium aluminum hydride
LDA lithium diisopropylamide
LC MS, LCMS, LC-MS or LC/MS liquid chromatography mass spectroscopy
nvz mass divided by charge
Me mathyl
MaOH methanol
Mg milligrams
Min minutes
i rrifliliters
MS mass specira
NMR nuclear magnetic resonance
RTorrt room temperature
sat. or satd. saturated
SFC supercritical fluid chromatography
TEA or EtaN trimethylamine
TFA triflucroacetic acid
THF tetrahydrofuran
Aaniphos 4. 5-bis{diphenylphosphino}-9 8-dimethyixanthene

f00313] Unless otherwiss noted, all materials were obtained from commercial suppliers and

used without further purification. All paris are by weight and temperatures are in degrees

centigrade unless otherwise indicaied. All microwave assisted reactions were conducted with a

Smith Synthesizer™ from Biotage™. All compounds showed NMR specira consistent with their

assigned structures. Melling points were determined on a Buchi apparatus and are

uncorrected. Mass spectral data was determined by electrospray ionization technigue. Al

examples were purified to >80% purity as determined by high~-performance liguid

chromatography. Unless otherwise stated, reactions were run at room temperature.

[00314] In synthesizing compounds of the present invention, it may be desirable to use

cariain leaving groups. The term “leaving groups” ("LG”) generally refer {o groups that are

displaceable by a nucleophile. Such leaving groups are known in the arl. Examples of leaving

groups include, buf are not limited to, halides {(s.g., |, Br, F, Cl), sulfonates {(e.g., mesyiate,

tosylate), sulfides (&.g., SCH3), N-hydroxysuccinimide, N-hydraxybenzotriazole, and the like.

Examples of nucleophiles include, but are not limited {o, amines, thiocls, alcehols, Grignard

raagents, anionic spscies (e.g., alkoxidss, amidses, carbanions) and the liks.

110




WO 2021/211549 PCT/US2021/027042

[00318] The examples presented below illustrate specific embodiments of the present
invention. These sxamples are meant to be raprasentative and are notf intended fo limit the

scope of the claims in any mannear.

[00318] Iiis noled that when a percent (%) is used with regard o a liquid, it is a percent by
volume with respect {o the solution. When used with a solid, it is the percent with regard to the
solid composition. Materials obtained from commarcial suppliers were typically used without
further purification. Reactions involving air or moisture sensitive reagents were typically
performed under a nitrogen or argon atmosphere. Purily was measured using high performance
liquid chromatography (HPLC) system with UV delection at 254 nm and 215 nm (System A
Agilent Zorbax Eclipse XDB-C8 4.6 x 150 mmy, 5 um, 5 to 100% CHiCN in H.O with §.1% TFA
for 15 min at 1.5 mb/min; System B: Zorbax 8B-C8, 4.6 x 75 mm, 10 to 90% CHaCN in H;0
with 0.1% formic acid for 12 min at 1.0 mb/min) {Agilent Technologies, Santa Clara, CA). Silica
gel chromatography was generally performed with prepacked silica gel carlidges (Biotags,
Uppsala, Sweden or Teledyne-Isco, Lincoln, NE). 'H NMR spectra were recorded on a Bruker
AV-400 (400 MHz) spectrometer {Bruker Corporation, Madison, Wi} or a Varian (Agilsnt
Technologies, Santa Clara, CA) 400 MHz spectrometer at ambieni temperature. All observed
protons are reported as paris per million (ppm) downfield from tetramethyisitane (TMS) or other
internal reference in the appropriate solvent indicated. Data are reporied as follows: chemical
shift, mulliplicity (s = singlet, d = doublet, t = triplet, g = quartst, br = broad, m = multiplet},
coupling constanis, and number of protons. Low-resolution mass spectral (MS) data were
determined on an Agilent 1100 Series (Agilent Technologies, Sania Clara, CA) LC/MS with UV

detection at 254 nm and 215 nm and a low resonance electrospray mode (ESI).

[00317] PREPARATION OF INTERMEDIATE COMPOUNDS INTERMEDIATES 1-13:

[00318] Intermediaie 1. 2-(4 4-Difluoropiperidin-1~y}-6-methylpyrimidin-4-amine

: A
r><-/NH HC!
F
/[ DIPEA, NMP, NZ™
N 180°C, 30 h Py
P NN NH,
o N NH F J

Intermediate 1

[00318] A mixture of 2-chloro-6-methyipyrimidin-4-amine {46 g, 320 mmol, Combi-Biocks,
San Diego, CA), 4 4-difluoropiperidine hydrochioride (76 g, 481 mmol, Combi-Blocks, San
Diego, CA} and DIPEA (188 mi, 861 mmol) in NMP (460 mL, 10.00 ml/g) was taken in an
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autoclave (1 L) and heated at 180 °C for 30 h. The reaction midure was cooled {o room
temperafure and quenched with water (500 mL), extracted with ethyi aceiate (2 x 1000 mb). The
organic layer was washed with brine (500 ml), dried (Na,80Qy), filtered and concentrated undsr
reduced pressure. The crude material was adsorbed onto a plug of silica gel and purified by
column chromatography over silica gel (60-120 mesh), eluting with 56% fo 100% E in hexanes
as an eluent to give the product. This was re-dissolved in ethyl acetate (500 miL), washad with
water (2 x 500 mkb). The organic layer was dried (Na;S0y), fillered and concenirated under
reduced pressure. The yellow solid was once again suspended in hexanes (400 mbL) and stirred
for 30 min. The slurry was fillered, washed with hexanes {100 mL), dried under vacuum o
provide the title compound (58 g, 79% yield) as a pale yellow solid. "H NMR (400 MHz, DMSO-
ds} B ppm 8.33 (s, 2H), 5.83 (s, 1H}, 3.80 - 3.78 (dd, /= 6.8, 4.7 Hz, 4H), 2.08 (s, 3H), 1.95 ~
1.85 (1, J=14.2, 5.7 Hz, 4H). m/Az (ESI): 2282 (M+H)

[00320] Intermediate 2: 6-(3,3,3-Trifluoropropoxy)pyridin-2-amineg
e F NaH, Dicxanse,

l NN 90 °C, 2 h F\i\/\ /L I
N F OH F~ o N7 N,

Intermediate 2

[00321] To a solution of 6-flucropyridin-Z-amine (50 g, 450 mmol, Combi-Blocks) in 1,4-
dioxane (500 mL) was added 3,3,3-triflucropropan-1-ai (102 g, 892 mmoi, Apolio} under
nitrogen atmosphere and the reaction was cooled to 0 °C. NaH (60% in mineral oil, 42.8 g, 1780
mmol) was added to the reaction mbxture at € °C and the resulting mixiure was stirred at 80 °C
for 2 h. The raaction mixture was quenchead with cold water (500 mL) and exiracted with ethyl
acetate (2 x 1000 mL). The combined organic extracts were dried (Na,SQ,), filtered, and
concentrated under reduced pressure. The crude residue was purified by column
chromatography over silica gel (80-120 mesh) using 10% ethyl acelats in hexanes {o give the
title compound {45 g, 50 % vield) as a pale brown oif. *H NMR (40C MHz, DMSO-ds): §7.30 ~
726 (=78 Hz, 1H), 6802 -6.00(dd, J=7.8,0.8 Hz, 1H), 588~ 5.86 (m, 3H), 4.36 - 4.33 (i,
J=82 Hz 2H), 2.79 - 287 (gi, J= 11.5, 6.2 Hz, 2H). nvz (ESI): 207.1 (M+H)".

[00322] Intermediate 3: 6-(4,4-Difluoropiperidin-1-yl}-4-msthyipyridin-2-amins
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F‘>CNH HO! s
F PMB-NH,, Pd(CAC),,

N 2 BINAP, C8,004,
DIPEA, NMP, J 1,4-dioxane, 100 °C

autoclave, 180 °C, 24 h _(\N \N’}\Cl
¢l F ») Step 2

i Step 1 /
’ F

f\l TFA, Anisole DCM, /E)/\E\
SN 125, 60°C, 4 h NN N,
F«I,L/j HO Step 3 F—,r\v)

F i F

Intermediate 3

[00323] 3iep 1. To an autoclave was added 2 6-dichloro-4-methylpyridine (80 g, 490 mmuol),
4, 4-diflucropiperidine hydrochioride (88 g, 540 mmol), and DIPEA (342 mi, 1880 mmol) in NMP
{800 mL). The reaction mixiure was heated at 180 °C for 24 h. The reaction mixiure was cooled
to room temperature and basified to pH~9 using 10 % agueous NaHCO; solution. The reaction
mixture was exiracted with ethyl acetate (2 x 1500 ml), washed with water (1500 mL}, dried
{(Nax30y), filtered, and concentrated under reduced pressure. The crude material was purified
by column chromatography over silica gel (80-120 mesh) using 5-10 % ethyl acetate in hexanes
to give the mixture of 2, 6-dichloro-4-rmethyipyridine and 2-chioro-6-(4 4-diflucropiperidin-1-yi)-4-
methylpyridine in 1.3 ratic (102 g) as a pale brown oil. This mixture (102 g) was further purifisd
by reverse phase chromatography using 80% acstonitrile in water as an sluent to give 2-chioro-
8-(4 4-difluoropiperidin-1-yi}-4-mathylpyriding (70 g, 58% vyield) as a pale brown liquid. 'H NMR
(400 MHz, DMSO-de): 6 6.78 (s, 1H), 8.57 (s, 1H), 3.66 (1, J = 5.6 Hz, 4H), 2.22 (5, 3H), 2.03 -
1.91 (m, 4H). m/z {ESI): 2471 (M+H)"

[00324] Siep 2: To a solution of 2-chlore-8-(4,4-diftucropipsridin-1-yli-4-methylpyridine (30.0
g, 122 mmol) in 1,4-dioxane (300 mlL) were added (4-methoxyphenyhmethanamine (23.8 mi,
182 mmol) and Cs:C03 {79 g, 240 mmol). The reaction mixiure was degassed and purged with
nitrogen for 30 min. BINAP (7.57 g, 12.2 mmol) and palladium{ihacetate (2.73 g, 12.2 mmab),
were added 1o the reaction mixture and stirred at 100 °C for 16 h. The reaction mixture was
caoled to room temperature, filtered through a CELITE® bed, and washed with ethyl acelats
{100 mL). The filtrale was concentraled under reduced pressure. The residue was extracled
with EXOAc (2 x 500 mL), washed with water (500 mL) followed by brine (500 mL). The
combinsd organic extracts were dried (NaS0,), filtered, and concenirated under reduced

pressure. The crude residue was purified by column chromatography over silica gel (68120
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mesh) using 5-8% ethy! acetate in hexanes to give 6-(4,4-difluoropiperidin-t-yl}-N-{4-
methoxybenzyl}-d-methylpyridin-2-amine (48 g, 76% vield) as a vellow ofl. 'H NMR (400 MHz,
DMSO-dey: 87.22(d, J=7.2Hz, 2H), 685 (d, J=72Hz, 2H), 684 (1, J=6.0 Hz, 1H)}, 584 (5,
TH), 5.68 (s, 1H), 431 (d, J= 8.0 Hz, 2H), 3.71 (s, 3H), 3.56 (1, J = 5.6 Hz, 4H), 2.05 (s, 3H),
1.80 ~ 1.80 (m, 4H). mi/z (ESI): 3481 (M+H)".

[00328] Step 3: To a solution of 6-(4 4-diflucropiperidin-1-yl)-N-{4-methoxybenzyl)-4-
methylpyridin-2-amine (48.0 g, 138 mmol) in dry dichloromethane (480 ml) were added anisole
(30.2 miL, 276 mmol) and TFA (240 mL, 3120 mmol). The reaction mixiure was stirred at 55 °C
for 4 h and concentrated under reduced pressure. The residus was dissolved in water (200 mL)
and basifisd with 10% agqusous sodium bicarbonate solution to pH~8 and extracted with ethyl
acetate (2 x 500 mbL). The combined organic layers were washed with water (200 mL) followed
by bring (200 ml), dried (Na:80.)}, fillered, and concentrated under reduced pressure. The
crude residue was purified by column chromatography over silica gel using 25 % o 35 % sthyl
acetate in hexanes o give 6-(4 4-diflucropiperidin-1-yh)-4d-methylpyridin-Z-amine (LCMS ~85 %)
as a brown oil. This material was further purified by reverse phase chromatography using 50-80
% acetonitrile in water {o give 6-{4 4-difluoropiperidin-1-yh-4-methyipyridin-2-amine (18.5 g, 72
ramal, 53% yield) as a brown oll. *H NMR (400 MHz, DMSO-ds): 6 5.88 (3, 1H), 5.85 (s, 1H),
548 (s, 2H), 3.56 {t, J = 5.2 Hz, 4H), 2.08 (s, 3H), 1.86 — 1.87 (m, 4H). m/z {ESI): 2282
(M+HY*

[00326]  Intermediate 4:3-(4 4-Difluoropiperidin-1-yl)-5-methylaniline

/\NH Y
'"J\/ Q Fe, NHCI !
- i P 4 e N
i - NN NG, TN
EOH, H,0,75°C £

M Pdy(dba)s, Xaniphos ¢ B
B NG i
NaOtBu toluane, 100°C  F

Intermediate 4
Step i Step 2
[00327] Siep 1 A mixture of 1-bromo-3-methyk-5-nitrobenzene (5 g, 23.14 mmol), 4,4-
difluoropiperiding {(4.21 g, 34.7 mmol), sodium fert-butoxide (68.67 g, 68.4 mmaol), Pdx(dba)s; (2.12
g, 2.31 mmol) and xantphos (1.34 g, 2.31 mmol} in toluene (50 ml) was stirred at 100 °C for 1.5
h. The reaction mixture was diluted with water and exiracted with E{OAc. The organic exiract
was washed with brine, dried over Na:S0., fillered, concentrated, and purified by silica gel
column chromatography using 10% EtQAC in petroleum ether o provide 4 4-difluoro-1-{3-

methyl-5-nitrophenylpiperidine (3.70 g, 14.44 mmol, 82% vield) as a grey solid. 'H NMR (400
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MHz, DMSO-ts): & ppm 7.55 (, J=2.3 Hz, 1 H), 7.45 (s, 1 H), 7.32 (d, J=2.3 Hz, 1 H), 3.46 (3,
J=5.8 Hz, 4 H), 2.38 (s, 3 H), 1.96 ~ 2. 04 (m, 4 H). m/z (ESI): 257.1 (M+H)*.

fa0328] Step 2 A mixdure of 4 4-difluoro-1-(3-methyl-5-nitraphenyhpiperidine (3.7 g, 14.44
mmal}, iron powder (8.06 g, 144 mmol} and ammonium chioride (7.72 g, 144 mmol) in EIOH (30
mbL) and water (7 mL) was stirred at 75 °C for 16 h. The reaction midure was filtered through a
CELITE® pad, washed with methanol, and the filtrate was concentrated. The residue was
diluted with water and extracted with EtOAc. The organic extract was washed with brine, dried
over Na,SQ,, filtered, concentrated, and purified by silica gel column chromatography eluting
with 30-40% EtQAC in petroleum ether to provide 3-(4 4-diflucropiperidin-1-yi)-5-methyianiline
(2.6 g, 11.49 mmol, 80% vyield) as a brown solid. 'H NMR (400 MHz, DMSO-ds): 8 ppm 6.00 (s,
2H),588(s, 1H),481(s5,2H),316-322(m, 4H),208(s,3H)}, 184 ~-204 (m, 4 H). miz
(ES): 2271 (M+H)y.

[003298] Intermediate 5 4-Methyl-8-morpholinopyridin-2-amine

O » = Q
3 S N E ] DIPEA, 150 °C J\\:
: K/\N
Ha {} |

N/ N saaled tube, 18 h

Intermediate 5

[00330]  To & 250-mb pressure tube were added 8-fluoro-4-methyipyridin-2-amine (10.0 g, 79
mimol, Sibian chermicals, China), morpholine (8.2%9 g, 85 mmeol), and DIPEA (41.5 mL, 238
mmol). The mixiure was heated at 150 °C for 18 h. The rsaction mixture was quanched with
water (100 mb) and exiracted with E{OAc (2 x 250 ml). The combined organic extracts were
washed with brine (200 mL), dried over anhydrous Na,SQy filtered, and concenirated under
reduced pressure. The crude residue was absarbed onto a plug of silica gel and purified by
flash chromatography through a Redi-Sep pre-packed silica gel column (40 g), eluling with a
gradisnt of 1 % to 15 % EiCAc in hexanes, io give the title compound (8.5 g, 44.0 mmol, 56%
yield) as a brown semisolid. 'H NMR (400 MHz, DMSO-ds} 8 5.75 (s, 1H), 5.67 {5, 1H), 5.44 (s,
2H), 365 (1, J= 8.4 Hz, 4H), 3.30 {4, J= 8.4 Hz, 4H), 2.06 (s, 3H). m/z (ESI): 194.2 (M+H)"

[00331] Intermediale 6. 4-lodo-2-{6-azaspiro[2 Sjoctan-G-yibenzaic acid
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g F KyCO4
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Intermediate 6

[00332} To a solution of 2-flucro-4-icdobenzaic acid {300 g, 1.13 mol, Combi-Biocks, San
Diege, CA) in DMSQO (2.1 L) was added 8-azaspiro[2.5loctane hydrochloride (216 g, 1.47 mol,
Wuxi AppTec) at 20°C. Than KCOs (468 g, 3.38 mol) was added and the reaction solution was
stirrad at 140°C for 48 hours under Nz The reaction solution was slowly poured into ice water
{4.20 L), then extracted with hexanes (2 L x 3). The water phase was separated and adjusied
to pH = 8 with HCI (2 M). Solid was precipitated out and coliecled. The solid was washad with
water (700 mb x 3} and filtered. The muoist solid was spread out on a large watch glass and
dried in the air at 25°C for 72 hours. 4-lodo-2-(6-azaspiro[2 5loctan-G-ylibenzoic acid (280 g,
777 mmol, 89 % vield) was obtained as a light yellow solid. 400 MHz DMSO-ds 8 ppm 8.07 (s,
THY, 7.76 - 7.66 {m, 2H), 310 {t, J = 5.2 Hz, 4H), 1.55 (brs, 4H), 0.41 (s, 4H}).

[00333] Intermediate 7. 4-{((G-Methyloxstan-3-vi}sulfony-2-(B-azaspire[2 5loctan-8-yl}benzoic

acid
1. KgSzOS, Pd(OAC>2, Pphd,
\ 1,10-phenanthroling,
HCGoNa, TBAR, DMSO, 3 n
-
¢ N 2 o N
' i _,) > .
' ¢ s o LHMDS, Mel
MeQ I \ MeO E = (}'/\‘\ SR —
= ‘ Step-1 g Step-2
g0

o

O TN o) [\N
o) LIOH O
MeO E = e HO i =
P g Step-3 o o
o o

Intermediate 7

[00334] Siep 1. In a glass microwave reaction vessel {20 mbL) a solution of methy! 4-iodo-2-

{6-azaspiro[Z Sloctan-G-ylibenzoate (2.0 g, 5.38 mmuol, obiained in a similar way as described
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for int. 7} in DMSO (15.0 mL) were added polassium metabisulfite {(2.40 g, 10.78 mmol), TBAB
{1.21 g, 5.93 mmol), sodium formate (0.81 g, 11.85 mmeol), triphenyl phosphine (0.212 g, 0.81
mmaol), 1,10-phenanthroline (0.146 g, 0.81 mmol} and palladium acetate (0.060 g, 0.27 mimol)
under nitrogen atmosphere. The reaction midure was degassed and purged with nitrogen for
10 min. The reaction vessel was sealed and heated at 70 °C for 3 h. The reaction midture was
cooled to RT and 3-iodooxstane (2.38 g, 12.97 mmol) was addsd and stirred at 120 °C for 4 h.
The reaction mixture was qusnched with water (100 ml) and exiracted with EiCAc (2 x 100
mb). The combined organic exiracts were washed with brine (100 mL}, dried over Na:50,,
filtered, and concentrated under reduced pressure. The crude residue was adsorbed onie a plug
of silica gel (80-120 mesh) and purifisd by silica gsl chromatography through a Redi-Sep pre-
packed silica gel column (40 g}, sluting with a gradient of 1-40% EtOAC in hexanes {o give
methyl 4-(oxetan-3-yisulfony}-2-(6-azaspiro[2.5]octan-8-yl}benzoate (360 mg, 15% vield) as a
vellow solid. "H NMR (400 MHz, Chioroform-d): § 7.78 (dd, /=81, 1.8 Hz, 1H), 751 (d, /=138
Hz, 1H), 7.38 (dd, J= 8.0, 1.8 Hz, 1H), 498 (dd, J= 7.4, 6.2 Hz, 2H), 480 (dd, J= 8.4, 7.1 Hz,
2H), 445 (1, J = 8.4, 6.2 Hz, 1H), 3.94 (s, 3H), 3.22 - 3.10 {m, 4H)}, 1.52 {t, J = 5.2 Hz, 4H),
0.38 (s, 4H). m/z (ESI): 366.1 [M+1].

[003358] Siep 2. To a solution of methyl 4-(oxetan-3-ylsulfonyl)-2-(8-azaspire{2.5loctan-6-
vitbenzoate {350 mg, ©.96 mmol) in THF (8 mL) was added LIHMDS (1.0 M solution in hexanes,
1.92 mb, 1.91 mimol) at -78 °C under nilrogen atmosphere and stirred for 1 h. lodomethane
(71.9 ul, 1.15 mimol} was added siowly to the reaction mixiure and slowly warmed to RT. The
reaction mixiure was guenched with satd. agueous NH4Cl solution (25 mbL) and extractad with
EtCAc (2 x 50 mlb). The combined organic exiracts were washed with brine (50 mL), dried over
Na 50, filtered, and concentrated under reduced pressure. The crude residue was adsorbed
onio a plug of silica gsl (80-120 mesh) and purified by silica gel chromatography through a
Redi-Sep pre-packed silica gel column (12 ¢), eluiing with a gradient of 1-50% EiQCAc in
hexanes, o give methyl 4-((3-methyloxetan-3-ysuifonyh-2-(G-azaspiro{2 5loctan-6-viibenzoate
{260 mg, 72% vyield) as a pale yellow solid. 'H NMR (400 MHz, Chloroform-d): §7.82 (d, J=8.0
Hz, 1H), 7.53 (d, J= 1.8 Hz, 1H), 741 (dd, J= 8.0, 1.6 Hz, 1H)}, 5.20 (d, /= 8.9 Hz, 2H}, 4.43
(d, J = 86.9 Hz, 2H)}, 3.97 (s, 3H}, 3.24 ~ 3.12 {m, 4H), 1.70 (s, 3H}, 1.58 (1, J = 5.4 Hz, 4H), 0.40
(s, 4H). m/z (ESI): 380.2 [M+1].

f00338] Siep 3: To a solulion of methyl 4-{(3-methyloxetan-3-yhsulfonyi)-2-(6-
azaspire|2. Sloctan-G-yhbenzoate (250 mg, 0.66 mmol) in THF (5 mL), water {5 mL) and
methanol (1 mbL} was addsad lithium hydroxide (83 mg, 2.64 mmol) and stirred at RT for 5 h. The
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reaction mixture was acidified with 1.5N HCl pH ~4. The aqueous layer was sxiracted with
EtOAC (B x 50 mlb), washsd with brine (25 ml), dried over NasSQ,, filtered, and concentrated
under reduced prassure to give 4-((3-methyloxetan-3-ylisulfonyh)-2-B-azaspirs[2. 5loctan-6-
yhbenzoie acid (200 mg, 83% vield) as an off-white solid. H NMR (400 MMz, DMSO-ch): &
16.01 (s, 1H), 8.05 (d, y= 8.1 Hz, tH), 7.91 (d, J = 1.7 Hz, 1H), 7.72 {dd, J = 8.0, 1.8 Hz, 1H),
5.01(d, J=74 Hz, 2H),4.48{d, J=7.4 Hz, 2H), 318 {t, J = 5.2 Hz, 4H), 1.80 ~ 1.52 (m, 7H),
0.41 (s, 4H). m/z (ESI): 366.2 [M+1].

[00337]  Intermediate 8. 6-(4 4-Dimethyl-2-oxooxazolidin-3-yi)-2-(6-azaspiro[2. 5joctan-6-

yhnicotinic acid,

o F 1) SOCH }*o
’ O’J\./J“N 2) BaGH BHOJL\,)\ g

e

il\x}\ X Step-1 ’\/L\ {BUCK

¢ Step-2

Intermediate 8

f00338] Step 1: 2,6-Diflucroniceiinic acid (10.6 g, 66.6 mmol) and thionyl chloride (35 mi,
480 mmol) ware combined under nitrogen and heated to gentle reflux for 2 h. The solution was
cancenirated to dryness under reduced pressure. Toluene (100 mb) was added o the crude
and it was evaporated to dryness once more. The crude acid chloride was disselved in DCM (50
miL) under nitrogen and cooled in an ice bath. A mixiure of tristhylamine (25 miL, 180 mmol}
and benzyt alcoho! (7.25 mb, 70.1 mmaol} in DCM (50 ml) was added dropwise over 10 min, and
the mixture was stirred at i for 30 min. Then, 8.1 N HCI (100 mL) was added and the phases
mixed and separated. The organic phase was {aken, dried with magnesium sulfate, and
evaporated {o dryness under reduced pressure {0 provide benzyl 2, 8-difluoronicotinate which
wasg used without purification. m/z (ESI): 250.0 (M+H)".

[00338] Step 2: 4.4-Dimethyloxazolidin-2-one (0.80 g, 8.85 mmol) was dissolved in THF (15

mb) under nitrogen. Potassium fbutoxide (0.75 g, 6.68 mmol) was added and the suspension
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stirred at RT for 5 min. A solution of benzyl 2 6-difluoronicotinate (1.60 g, 6.42 mmol} in N, N-
dimethylacetamide (40 mL) was added and the mixture was stirred at RT for 10 min. Water (75
mi), EtOAc (150 mL), and satd ammonium chioride (25 mib) were added and the phassas mixed
and separated. The organic phase was taken, washed with brine (50 mL), and evaporated to
dryness under reduced pressure. Purification by silica gel chromaiography (heptane to EtOAC
gradient) gave benzyl 6-(4 4-dimethyl-2-oxooxazolidin-3-yl)-2-flucronicotinate (1.82 g, 5.28

mimol, 82 % yield) as a white solid.

[00340] Siep 3 Benzyl 6-(4 4-dimethyi-2-oxooxazolidin-3-yl)-2-flucronicotinate (1.81 g, 5.23
mmal} was dissolved in NMP (20 ml). Cesium carbonate (2.00 g, 8.14 mmol} and 8-

azaspirof2 Sloctane (0.60 g, 5.40 mmol) wers addsd and the mixturs stirred at RT for 18 h.
Water (100 mb) and EtOAc (150 mib) were added and the phasss mixed and separaied. The
organic phass was taken, washed with brine, and evaporatsd {o dryness under reduced
pressure. Furification using the silica gel chromatography (0 % to 40 % EIOAC in haplane) gave
benzyl 6-(4 4-dimethyl-2-oxooxazolidin-3-yi)-2-{6-azaspiro[2. Sjoctan-6-yiinicotinate (1.77 g, 4.06
mimnol, 78 % vield) as 2 milky ofl. nvz (ESI): 436.1 (M+H)Y.

[00341] Step 4: Benzyl 8-(4 4-dimethyi-2-oxooxazolidin-3-yl)-2-(8-azaspiro[2.5locian-6-
yhnicotinate (1.77 g, 4.06 mmol) was dissolved in EtOAC (30 mbL) and transferred to a pressure
vassel. Ethanol (60 mbL) was added followed by 5% palladium on carbon (dry wi., 50 % watsr,
0.250 g, 0.117 mmol). The suspension was stirred under 40 psi hydrogen for 15 min. The
mixture was filtered through a pad of CELITE® and the solid washed with EiOAc (50 mL). The
combined filtrate was evaporated to dryness under reduced pressures o give 6-(4 4-dimethyl-2-
oxooxazolidin-3-yi}-2-(6-azaspirof2 Soctan-G-yhnicotinic acid (1.15 g, 3.33 mmol, 82 % yield) as
a white solid. m/z (ESI): 346.0 (M+H)Y".

[00342] Intermediate 9. N-(2-(4 4-Difluoropiperidin-1-yl)-8-methylpyrimidin-4-yi)-4-iodo-2-{8-
azaspiro]2.5loctan-8-yhbenzamide

N{»k: KN/E 1. S8OCh, cat DMF J\/L \ﬁ
. 2 H : Yy
i ,/E

2. DIPEA, KPP0, BOM

Intermediate 9

[00343] 4-lodo-2-(6-azaspiro[2. Sloctan-6-yvlibenzoic acid (150.0 g, 420 mmol, Int. 6) was
suspended in dichloromethane (1000 mb) under argon. Catalylic DMF (1.0 mb) was added
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followed by dropwise addition of a solution of thionyl chloride (54.6 g, 28 mL, 458 mmol, Sigma-
Aldrich Corporation) in dichloromethane (500 mbL) over 10 minules. Afier stirring at ambient
femperature for 30 minutes, the mixiurs was evaporated o dryness under reduced pressure.
The crude was azeotroped with toluene (2 x 300 mL) and suspended in dichloromethane (300
ml) under argon. Tribasic potassium phosphate (287 g, 1.26 mol, Sigma-Aldrich Corporation)
was added followed by a solution of 2-(4 4-difluoropiperidin-t-yi)-6-methylpyrimidin-4-amine
{100 g, 438 mmol, Int. 4) and N N-diisopropylethylamineg (200 mi, 1.14 mol, Sigma-Aldrich
Corporation} in DCM (300 mL, added over 5 minutes). The yellow mixiure was stirred at
ambient temperature for 3 hours then svaporated to dryness under reduced pressure. The
crude solids were suspendsd in dichloromethane (1 L) and stirred for 10 minutes. The mixiure
was filtered through a frit and the solids washed with additional dichloromethane (2 x 100 mL}.
The solids were discarded, and the filtrate was evaporated {o dryness undsr reduced pressure.
The crude residue was suspended in acetonitrile (750 ml) and stirred at ambient temperature
for 15 minutes. The suspension was filtered through a glass frit and the solids washed with
additional acetonitrile (75 mbL). The solids were dried under a stream of nilrogen to give N-(2-
{4 4-diftluoropiperidin-1-yl}-8-methylpyrimidin-4-yh-4-iodo-2-{6-azaspiro[2 . Sloctan-6-
yibenzamide (186 g, 328 mmol, 78 % yield). *H NMR (400 MHz, DMSO-dk) § ppm 13.38 (br s,
THY772-787 (M 3H) 738 (s, 1H)391(brs, 4 H)2989-3.06(m, 4 H)232(s, 3H)1.82-
207 (m, 4 H)y1.62-1.85(m, 4 H}0.38 (s, 4 H}. m/z (ESH): 568.0 (M-H)*.

[00344] Intermediates 10-13 were prepared following a similar procedure as described for

intermadliate 9.

fnt. # Chemical Structure Name LRMS: (ESI
+ ve ion) m/e
2 o E:j 4-iodo-2-(G-azaspiro[2.5]octan-B-y1)-N- .
10 Eo /L 1 {(6-(3,3,3-trifluoropropoxy}pyridin-2- 546.1
S T N N !’)‘i\ yhibenzamide
. A,
|\, :j 4-bromo-~N-(6-(4,4~diflusropiperidin-1-
a O N
11 ﬁ\ﬂ\ ) yi)-4-rnethylpyridin-2-yD)-2-(6- 519.2 15212
7le v i azaspiro]2 Sloctan-6-yi}benzamides
.
Br
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It # Chemical Struciure Name LRMS: (ESI

+ e on) m/z

12 & o L\N 4-bromo-N-(3-(4 4-diffuoropiperidin-1- 518.1 | 520 1
A | " )\/\ yi)-5-methylphenyl)-2-(6- 113520.

azaspirol2.Sjoctan-G-ylibenzamide

(Ri-4-indo-N-(B-(2-
methyimorpholino)pyridin-2-y1)-2-(6- 533.1
azaspirol2 Sjoctan-G-ylibenzamide

13

[00345] Exemples C1 and ©2; 2-(6-Azaspirol2 Sloctan-6-yh-4-(R-cyclopropyvisulfoninidoyh-

N-{2-{4 4-difluoro-1-piperidinyD-6-methvl-4-pyrimidinyl benzamide and 2-(6-azaspiroi2 Sloctan-

E-vh-4-{S-cyclopropvisulfonimidov-N-(2-(4 4-difiuoro-1-piperidinyl)-6-methvi-4-

pyrimidinylibenzamide

e [%
[N% 1) Pdp{dbals, \> N H\

O Xantphos, dioxane

N"'\F

NN ' ‘

7CT N ﬁk@ 2) (NH4 004, PRI(OAS), F /A‘
= F

'}‘\"
t

[00348] Step 1! Into a 20 mb microwave vessel were placed M-(2-(4 4-diflucropiperidin-1-yli)-
&-methylpyrimidin-4-yi)-4-iodo-2-(G-azaspiro{2.5joctan-8-yibenzamide (1.0C g, 1.762 mmol, Int.
19), tris {dibenzylidensacstione) dipalladium (1) {(0.161 g, 0.176 mmol) and 4,5-
bis{(diphenylphos-phino)-8,9-dimethyl-xanthene ($.102 g, 0.178 mmol} followed by 1,4-dioxane
{10 mL). The resulling mixiure was stired and purged with nitrogen for 5 min before 1,1
dimethyliristhylamine (0.616 mi, 3.52 mmol} was added under nitrogen foliowed by
cyclopropanethiol {(0.142 mL, 1.838 mmol). The vessel was sealed and subjectad {o microwave
condition (10 h, 90 °C). The crude mixiure was directly loaded onio a silica gel precolumn and
subjecied to combi-flash column chromatography on a 40-g ISCO gold column eluting with
MeOH/DCM (5 min at 0% and 25 min from 0 to 6%) twice to give 4-(cyclopropyithio)-N-(2-(4 4-
difluoropiperidin-1-yli-G-methylpyrimidin-4-y[)-2-(6-azaspiro[2 Sloctan-8-yijbenzamide (0.92 g,
1.791 minol, 102 % vield) as an off-white solid. *H NMR (400 MHz, DICHLOROMETHANE-d2) 8
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ppm 13.33 (s, 1H), 8.15 (d, J=8.20 Hz, 1H), 7.48 (s, 1H), 7.22-7.35 {m, 2H), 3.91-4.09 (m, 4H),
3.06 (brt, J=5.18 Hz, 4H), 2.35 (s, 3H), 2.17-2.28 (m, 1H), 1.62-2.10 (m, 8H), 1.52 (s, 2H), 1.13-
1.21 (m, 2H), 0.68-0.76 {m, 2H), 0.40 (s, 4H). m/z (ESD: 514.1 (M+H)".

[00347] Step 2: To a stirred solution of 4-{cyclopropyithio)-N-(2-(4 4-diftuoropiperidin-1-yi)-6-
methylpyrimidin-4-y-2-(6-azaspiro[2 5loctan-8-yhibenzamide (0.89 g, 1.733 mmol) and
ammuonium carbonate (8.250 g, 2.60 mmol) in MeOH (4.5 miL) and dichloromethane (8.0 mb}
was added (acetyloxy)(phenyl)-iodanyi acetate (1.284 g, 3.82 mmol) in one portion as a solid.
The resulling mixture was stirred in open air at rt for 18 h. The resulting mixture was directly
loaded anto silica gel precolumn (25 g) and subjected to combi-flash column chromatography
on a 40-¢g ISCO gold column eluting with MeOH/DCM (3 min at 0% and 25 min from 0 o 14%)
fo give a racemic mixiure of 4-{cyclopropanesulfonimidoyl)-N-(2-(4,4-diflucropiperidin-1-y)-6-
methylpyrimidin-4-yi-2-(6-azaspire[2 Slocian-G-yhbenzamide {0.95 g, 1.744 mmol, 101 % vyield)
as an off-white solid. The enantiomers were separated via preparative SFC using a Regis (8,8)
Whalk-01 (250 X 21 mm, Smm) with a mobile phase of 50% Liguid CO; and 50% MeOH using 2

flow rate of 80 mbL/min to generate:

[00348] [Example C1: 2-(6-Azaspire[2 Sloctan-8-v-4-(R-cyclopropyisulfonimidoyl-N-{2-(4 4~
difluore--piperidinyl-6-methyi-4-pyrimidinybbenzamide, First eluting peak, '"H NMR (400 MHz,
CHLOROFORM-d} & ppm 13.20 (br d, J=3.73 Hz, 1H), 8.44 (d, J=8.29 Hz, 1H), 7.96 (d,
J=1.45 Hz, 1H), 7.87 (dd, J=1.86, 8.29 Hz, 1H), 7.52 (5, 1H), 4.03 {br s, 4H), 3.14 (1, J=5.28 Hz,
4H), 2.83-2.83 {m, 1H), 2.44 (br s, 3H), 1.95-2.10 (m, 4H), 1.53-1.89 {m, BH), 1.45 (tdd, J=5.08,
8.92, 10.29 Hz, 1H), 1.20-1.30 (m, 1H), 1.07-1.17 {m, 1H), 0.93-1.03 (m, 1H), 0.44 (s, 4H). mz
{ESH): 545.2 (M+H)*

[00348] BExample C2: 2-(6-Azaspirol2 Sloctan-8-yl-4-(R-cyclopropyisulfonimidoyi}-N-(2-(4 4-
difluore-1-piperidinyi-@-meathyl-4-pyrimidinyhbenzamide. Second eluting peak. 'H NMR (400
MHz, CHLOROFORM-d) 8 ppm 13.20 {br d, J=3.73 Hz, 1H), 8.44 (d, J=8.28 Hz, 1H), 7.86 (d,
J=1.45 Hz, 1H), 7.87 (dd, J=1.66, 8.29 Hz, 1H), 7.52 (5, 1H), 4.03 {br s, 4H), 3.14 {1, J=5.29 Hz,
4H), 2.53-2.83 {m, 1H)}, 2.44 {(br s, 3H), 1.895-2.10 (m, 4H), 1.53-1.89 (i, 5H), 1.45 (idd, J=5.08,
8.92, 10.29 Hz, 1H}, 1.20-1.30 (m, 1H), 1.07-1.17 {m, 1H), 0.83-1.03 (m, 1H)}, 0.44 (s, 4H). m&z
(E31): 545.2 (M+H)Y. The stereochemistry assignments were arbitrary.

f00350] Example C3 4-((2-Hydroxyethylsulfonamide)-2-(6-azaspirel[2 Sloctan-6-y-A-(6-

(3.3 3-trifluoropropoxyipyridin-2-yiibenzamide
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Z-Hydroxyethane-1-sulfonamide (0.741 g, 5.92 mmol, Wuxi AppTec), sarcosine (0.172 g, 1.93
mmaol, Ark Pharm, Inc.), copper(l) iodide {8.241 g, 1.28mmol, Sigma-Aldrich Corporation),
potassium carbonate (2.78 g, 20.1 mmol, Thermo Fisher Scientific) and 4-iodo-2-(8-
azaspiro[2.5loctan-6-yh-N-(6-(3 3 3-trifluoropropoxy)pyridin-2-ylibenzamide (2.74 g, 5.02 mmol,
intermediate 38) were combined in degassed dry N N-dimethylformamide (& mL} under argon
and heated to 130 °C for 50 min. The reaction was cooled o ambient temperature, water (100
mbL) and ethyl acetats (150 ml) were added and the phases mixed and separated. The organic
laver was washed with satd NH.Cl NH,OHHO (1:1:8, 2 x 75 mb) and evaporated to dryness
under reduced pressure. The crude product was suspended in toluene (30 ml) and heated to
80 °C for 15 min. The mixture was cooled to ambient temperature and the solids were filtered
off and drisd undsr a stream of nitregen. The whits solids were suspended in water (100 ml)
and heated to 80 °C for 20 minutes. The mixture was coolad o ambisnt tamperature and the
solids dried under a stream of nitrogen io give 4-{(2-hvdroxyethyhsulfonamide)-2-(6-
azaspiro[2. 5loctan-6-yh-N-(6-(3,3, 3-triflucropropoxypyridin-2-yl)benzamide (2.41 g, 4.44 mmol,
88 % yield). "H NMR (500 MHz, DMSO-dg) 8 13.18 (s, 1H), 10.19 {br s, 1H}, 8.08 (d, J=8.72 Hz,
THY, 7.91 (d, J=7.80 Hz, 1H), 7.76 {1, J=7.96 Hz, 1H), 7.28 (d, J=1.98 Hz, tH), 7.14 {dd, J=2.07,
8.64 Hz, 1H), 8.57 (d, J=7.98 Hz, 1H), 4.93 (brs, 1H), 452 (i, J=6.12 Hz, 2H), 3.77 (1, =6 43
Hz, 2H), 3.37 (1, J=6.43 Hz, 2H), 3.00 (brt, J=4.74 Hz, 4H), 2.80-2.87 (m, 2H), 1.74 {br s, 4H),
0.39 (s, 4H). m/z (ESI) 543.2.2 (M+H)".

[00381] Example C4:. N-(6-(4 4-Diflucropiperidin-1-yi}-4d-methvioyridin-2-yli-4-((2-
hydroxyethylsulfonamido)-2-(G-azaspirel2 Sloclan-8-yvhbenzamide

Q.0
e
+ 4\1"\/\0H

Cul, (1R, 2R)-N N'-Dimethyl
1. /-c,miohexarmdiamarm
B3P0,
J; ,1 O
DMF, 80 °C 7@ \\ &
\/\OH
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[003582] A mbdure of 4-bromo-N-(6-(4,4-difluoropiperidin-1-yi}-4-methylpyridin-2-y1-2-(6-
azaspiro[2. Sloctan-6-yhbenzamide (1.0 g, 1.8 mmol, Intermediate 27), methyl 2-
sulfamoylacstate (0.3681 g, 2.89 mmol, Wuxi AppTec), potassium phosphate (1.23 g, 5.78
mmaol), (1R 2R-N1 N2-dimethyleyciohexane-1,2-diamine (0.137 g, 0.863 mmol) and copper(l)
jodide {0.183 g, 0.963 mmol) in DMF (20 mL) was heated at 90 °C for 16 h. Then the reaction
mixture was fillered through a plug of CELITE®. The filtrate was diluted with EtOAc, washed
with water, brine, dried over NaS0Q,, filtered, and concentrated. The residue was purified by
flash column chromatography eluling with a gradient of 0% to 40% E1CAc in petroleum ether io
provide A-(8-(4,4-difluoropiperidin-1-yi}-4-methylpyridin-2-y1)-4-({2-hydroxyethylsulfonamido}-2-
(B-azaspiro[2. 5loctan-B-ylibenzamids (0.580 g, 1.02 mmol, 53 % vield) as off-white solid. 'H
NMR (400 MHz, DMSO-ds} 8 ppm 12.85 (s, 1 H), 8.04 {d, J=88 Hz, 1 H), 7.51 (s, 1 H), 7.23 (d,
J=22 Hz, TH), 7.00 {dd, J=8.7, 21 Hz, 1 H), 858 (s, 1 H), 3.74 (dt, J=12.5,82 Hz, 8 H), 2.97
(f, J=52 Hz, 4 H),2.26 (5, 3 H), 1.99 (1, J=13.6, 54 Hz, 3H), 1.79 (5,4 H), 1.60 (brs, 4 H),
0.38 (s, 4 H). m/z (ESI): 564.2 (M+H)*".

[003583] Examples €5 and C6: (R)y-N-(2-(4 4-difluoropiperidin-1-y}-6-meathylpyrimidin-4-yi}-4-
{{(2-hydroxy-1-methylethylisulfonamide)-2-(6-azaspire[2. Sloctan-8-vhbenzamide and (8)-M-(2-

{4 4-difluoropiperidin-1-vi)-G-methvipyrimidin-4d-vh-4-((2-hvdroxy-1-methylethylisulfonamide)-2-

(G-azaspiro{2 Sloctan-6-ylibsnzamide

%0
y HoN” \HLOEt \Y.
N Cul, Sarcosine N7
3P0y
/\ /\ N
i \w
//\ W)\OE

DMF, 100°C, 3 h

'ﬂ\

step-1

LiBH, )1 Jl
THF/MeOH, i, 0.5 h Ny /L
= \\//0 \\/f
step-2 \/\

-8 I
[00354] Step 1: A mixure of ethyl 2-sulfamoylpropanocate (1.44 g, 7.93 mmol, |ni 22)
copper(l) iodide (0.503 g, 2.64 mmel, Strem), sarcosine (0.47 ¢, 5.29 mmol, Sigma-Aldrich
Corporation), and potassium phosphate (4.49 g, 21.2 mimol) in DMF (15 mL} was placed under

argon atmosphere and warmed to 50 °C for & min. N-(2-(4 4-diflucropiperidin-1-yi}-8-
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methyipyrimidin-d-yi}-4-iodo-2-(8-azaspire[2 . 5loctan-B-yhibenzamide (3.0 g, 5.29 mmaol, Ini. 18}
was addead and the mixiure was heated {o 100 °C for 3 h, then cooled to room temperature.
EtOAC (B0 mL), IPA (& mlL) and waler (80 mlL) were added and the mixiure was stirred
vigorously for & min. The resulting biphasic mixiure was transferred {o a separatory funnel and
the layers were separated. The aqueous layer was extracted with EtOAc (2 x 28 mbL) and the
combined exiracts were then washed with water (2 x 50 mi), 8:1 NH,CYNH.OH (1 x 50 ml),
dried over anhydrous MgSO,, fillered, and concentrated in vacuo to give an oil. The crude oil
was purified by silica gel chromatography using a Redi-Sep pre-packed silica gel column (80 gJ,
eluting with 0 to 50% EtOAc/heptane gradient, io provide sthyl 2-(N-(4-{{2-{4 4-difluoropiperidin-
1-y-6-methvipyrimidin-4d-ylicarbamovyl}-3-{6-azaspiro[2 . Sloctan-6-
yhphenyhsulfamoylpropanoats (2.76 g, 4.45 mmol, 84 % vyield) as a white solid. TH NMR {400
MHz, DMSO-ds) O ppm 1335 (5, 1 H) 10.69 (brs, 1 H) 807 (d, /=871 Hz, 1 H) 748 (s, 1 H)
7.31(d, J=1.87 Hz, 1 H) 717 (dd, J= 8.80, 1.97 Hz, 1 H) 4.06 (qd, J=7.08, 4.87 Hz, 2 H) 3.92
{brt, J=549Hz 4 H)298 (brt, J=4 77 Hz, 4 H) 232 (s, 3 H}1.85-206(m, 5H)y1.73 (brs, 4
H} 1.48 (d, J=6.84 Hz, 3 H) 1.14 {t, /=7.05 Hz, 3 H) 0.38 (s, 4 H}. "*F NMR (376 MHz, DMSO-
ds) B ppm -84.75 (s, 1 F). m/z (ESI): 621.2 (M+H)"

[003558] Step 2: To a 250 mb round botiom flask was added sthy! 2-(N-(4-((2-{4,4-
difluoropiperidin-1-yl}-6-methylpyrimidin-4-ylicarbamoyl)-3-{6-azaspiro[2 . Sjoctan-6-
yhiphenyhsulfamoypropanoate (10.38 g, 16.74 mmol) and lithium borchydride solution, (2.0M
in THF,16.7 mL, 33.5 mmol, Sigma-Aldrich Corporation) in THF (100 mbL). Methanol (4.28 mL,
134 mmol) was added slowly over 5 min and the resulting solution was stirred at room
temperature for 30 min. 1 N HCEH 20 mb) was slowly added followed by EtOAc (20 mL) and the
resuiting biphasic mbdture was fransferred {0 a separatory funnel and the phases were
separated. The aguecus layer was exiracted with EiCAc (1 x 25 ml) and the combined
gxtracts were washed with saturated NaHCO3 (1 x 50 mL), brine {1 x 50 mL), driad over
anhydrous MgSQy, filtered, and concentrated {o give 8.8 g racemic mixture. This material was
separated by preparative SFC using a Chiral Tech AD column (250 X 30 mm, 5mm) with a
mobile phase of 85% Liquid CQO; and 15% MeOH with §.2% TEA using a flowrate of 150 ml/min

fo give:

[003568] Example C5: (R:-N-(2-(4 4-difluoropiperidin-1-y[i-8-methylpyrimidin-4-yh-4-((2-
hydroxy-1-methylethyhsulfonamido)-2-(8-azaspire(2 Sloctan-8-viibenzamide. First eluting peak
(3.50 g, 8.05 mmol, 368.1 % yield, >99%ee}. TH NMR (400 MHz, DMSO-ds) d ppm 13.368 (5, 1 H)
B.O5({d J=850Hz 1H} 740 (s, T H} 731 (d, J= 187 Hz, 1 H} 717 {dd, J= 8.71, 2.07 Hz,
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1H) 3.88 - 3.97 (m, 4 H) 3.84 (dd, /=10.89,4.35 Hz, 1 H)3.37 - 3.54 (m, 1 H) 3.25- 3.30 {m, 1
HY2.97 (brt, J=477Hz, 4 H)232 (s, 3H) 1.84-2.06 (m, 4 H) 1.57 ~ 1.84 (brs, 4 H) 1.30 {d,
J=0.84 Hz, 3 H) 0.29 (s, 4 H). 2 exchangeabls protons not obssrved. °F NMR (376 MHz,
DMSO-dg) & ppm -84.74 (s, 1 F). m/z (ESI): 579.2 (M+HY™

{00357] Example C8: {S)-N-(2-(4.4-diflucropiperidin-1-v-8-methvipyrimidin-4-y[}-4-{(2-
hydroxy-1-methylethylsulfonamide)-2-(8-azaspire]2. Sloctan-G-viibenzamide. Second eluting
peak {2.66 g, 4.60 mmol, 27.5 % vield. 98.8%ee). TH NMR (400 MHz, DMSO-ds) § ppm 13.35
(s, TH)8.05(d, J=8.50 Hz, 1 H) 740 (s, 1 H) 7.31 (d, J=2.07 Hz, 1 H) 7.17 (dd, /=880, 1.97
Hz, 1H)} 3.88 - 3.87 (m, 4 H) 3.84 (dd, /=10.99, 4.35 Hz, 1 H) 3.50 (dd, J=10.99, 748 Hz, 1 H)
325-332{m, 1H)Y2.97 {brt, /=477 Hz, 4 H)2.31 (5,3H) 1.83-2.06 (m, 4 H) 1.73 (brs, 4 H)
1.30 (d, /=6.84 Hz, 3 M) 0.39 (s, 4 H). 2 exchangeable protons not observed. '°F NMR (376
MHz, DMSO-ds) 8 ppm -04.75 (s, 1 F). m/z (ESI): 579.2 (M+H)*. The stereochamisiry was

arbitrarily assigned.

[00358] Example C7:. N-(3-(4 4-difluoropiperidin-{-vi}-5-methyipheny}-4-{{2-
hydroxyethyDsulfonamido)-2-(6-azaspiref? Sloctan-8-yhbhanzamids.

% r/'\/OH
HoN~ 0
L (1R,2R)-NN-Dimethyi
JC\ O N 1,2-cyclohexanediamine N
Py P N | Cul, K4PO,, DMF, 90 °C ’AN
N N ]
F ,j i 16 h F“?'\v/j
F Br "

[00358] A midxture of 4-bromo-N-(3-(4,4-difluoropiperidin-t-yl}-5-methyiphenyi)}-2-(6-
azaspiro[? Sloctan-G-yhbenzamide (0.5 g, 0.96 mmel, Intermediate 20}, potassium phosphate
{0.614 g, 2.8% mmoi}, 2-hydroxyethane-1-sulfonamide {(0.181 g, 1.45 mmol), (1R 2R}MN1,A2-
dimsthylcyclohexane-1,2-diamine (0.06% g, 0.48 mmol} and copper(l) iodide (0.092 g, 0.48

mmal) in DMF (5 mL) was stirred at 80 °C for 16 h. The reaction mixture was quenchad with ice
water, filtered through a CELITE® bed, and extracied with EtOAc. The organic exiract was
washed with brine, drisd over Na:5Qq, filtered, concentrated, and purified by silica gel column
chromatography using 40% EtCAC in petroleum ether to provide N-(3-{4 4-diflucropiperidin-1-
yi-5-methyiphenyh-4-{(2-hydroxyethyhsulfonamido)-2-(6-azaspiro[2 Bloctan-6-ybenzamide
{0.31 g, 0.54 mmol, 56% vyield) as an off-white solid. 'H NMR (400 MMz, DMSO-de): & ppm
11.55 (s, 1 H), 10.09 (s, 1 H), 7.83 (d, y=8.5 Hz, 1 H}, 7.12 -~ 7.18 (m, 3 H), 7.03 (dd, J=8.5, 2.1
Hz, 1H}, 660 (s, 1H), 4.97 (brs, 1 H),3.76 ({, /=68 Hz, 2 H), 3.30 -3.34 {m, 6 H), 2.97 {4,
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J=5.3 Hz, 4 H), 2.27 (s, 3 H), 2.00 - 2.10 {m, 4 H), 1.55 (br s, 4 H), 0.36 (s, 4 H). m/z (ESI):
563.2 (M+H)*.
[00360]

2-(6-azaspiroi2.Sloctan-6-yhibenzamide

Example C8: N-(3-(N-{ferf-ButyhsulfamoyhphenyD-4-{(3-methvioxstan-3-vhsulfonyi)-

o g\ ®
- Q| -
@ N >LN:\S\: SN, o /@\ Q N
HO J‘\]\ ~0 H O ﬂ\ 5N N N
LAY WA
Fa H O g

By HATU, DIPEA, rt P
ol e 0

N

G

~LS
o

f00381] To a solution of 4-{((C-methyloxetan-3-yhisulfonyh-2-(6-azaspire[2 Sloctan-6-
yhbenzoic acid (120 mg, 0.33 mmol, intermediate 15) in DMF (2 ml) were added HATU (187
mg, 8.49 mmol) and DIPEA (143 ul, 0.821 mmol} at RT and stirred for 10 min. To this reaction
mixture, 3-amino-N-{tert-butyhbenzenesulfonamide (82 mg, 0.36 mmol) was added and stirred
for 12 h at RT. The reaction mixture was guenched with water (20 ml) and exiracted by EiCAc
{3 x 25 mi). The combined organic extracts were washed with brine solution (20 mL), dried over
MNa,S0;,, filtered, and concentrated under reduced pressure. The crude residus was purified by
silica gel columin chromatography using 30% EtOAc in hexanes {o give the title compound {110
mg, 58% vield) as an off-white solid. "H NMR (400 MHz, Chicroform-d); & 12.33 (s, 1H), 8.47 (d,
J=82Hz, 1H), 831 (d, J=2.1 Hz, 1H), 8.08 -~ 7.85 (m, 1H), 7.87 (d, J= 1.8 Hz, 1H), 7.78 (dd,
J=82 17 Hz 1H), 7.689(d, J=83 Hz, 1H), 7.54 ({, J= 8.0 Hz, 1H), 5.19 {d, J = 7.0 Hz, 2H),
4.52 (5, 1H), 447 (d, J=T.0 Hz, 2H), 3.16 (1, = 5.5 Hz, 4H), 1.73 (s, 3H), 1.70 - 160 (b s, 3H),
1.30 (s, OH), 0.48 (s, 4H). m/z (ESI): 576.2 [M+1].

[00362] Example C9 was prepared analogous 1o preparation of Example C8 above:
. LRME:
Ex. # Chemical Structure Name (ESH + ve jon) m/z
[z‘ A-{N-{fert-butysulfamoyl-N-
co AN 5 SN (3-(N-(tert-
H j\/ﬂ\ : )\ butyhsulfamoyliphenyly-2-(6- 577.2
>[/ 8 NS w azaspiro[2 Sloctan-8-
‘/)\s’N\*E/ yhbenzamide
g |
[00363] Exampie C10: N-(G-(N-{ferf-Butylisulfamoyhphenvl)-8-({1-hydroxy-2-methyloropan-2-

viiaming)-2-(6-azaspire[2 Sloctan-8-yhnicotinamids,
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| 1. (COCH),, DCM G N
Y 2 2 8L L
P ,l( 2. A P <2 ;}% ! O
5\14 \LO\ T | o & N/l(\
- N
_7\4’ > ,s\O NH, B %\ /O

. ]

MaOH (5 N), MeOH, 70 °C o DI
%\ N &N

‘SR

: 2 o

N

Siep~1

[003684] Slep 1 A 100-ml round-bottomed flask was charged with 6-(4,4-dimethyl-2-
oxaoxazolidin-3-yl}-2-{6-azaspiro[2 5joctan-6-yiinicotinic acid {549 mg, 1.5% mmal, intermediate
11} and DCM (8 mL). To the reaction mixiure at RT was added oxalyl dichloride (1.43 miL, 2.86
mmol, 2M in DCM) was added followed by a couple of drops of DMF. The mixture was stirred at
i for 1 h and the solvent was removed under vacuum. The residue was redissolved in DCM (10
ml) and treated with 3-amino-N-{ferf-butylibenzenesuifonamide (8.38 mi, 1.67 mmeol}, and
DIPEA {(1.3% mL, 7.95 mmob. The reaction mixture was stirred at RT for 18 h before it was
diluted with water and exiracted with E{CAc. The organic extract was washed with brine, dried
over Na:504, filiered and concentrated. The concentrate was purified by flash column
chromatography eluting with 0 % to 60 % EtOAc in heptane to N-(3-(N-(fert-
butyhsulfamoyliphenyl)-6-(4 4-dimethyl-2-oxooxazolidin-3-yi}-2-(6-azaspirc[2 . Gloctan-G-
viinicotinamide (703 mg, 1.26 mmol, 80 % vyield} as light-yellow solid. MS (ESI, Positive ion)
m/z: 556.1 [M+1].

[00365] Slep 2. A glass vial was charged with N-(3-(N-{ferf-butyhsulfamoylpheny-6-(4 4-
dimethyl-2-oxooxazolidin-3-yi}-2-(6-azaspirof2 Sjoctan-G-yhnicotinamide (703 mg, 1.26 mmol),
MeOH (2 mL)}, and sodium hydroxide {1.28 mi, 6.33 mmol, 5N}, Stirred at 70 °C for 1 h, cooled
to RT, and the solvent was removed under vacuum. The residus was partitionsd between half-
saturated NH,.CH{10 mL) and EtOAc (10 mbL). The agueous phase was exiracted with E{OAc (2
x 10 ml). The combined organic extracts were washed with water (20 ml) and dried over

Na,504 The crude material was absorbed onto a plug of silica gel and purifisd by
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chromatography through a Redi-Sep pre-packed silica gel column, eluting with a gradient of 0 %
to 60 9% EtOAc in heptans, to provide N-(3-(N-(ert-butylisulfamoyiphenyD-6-({1-hydroxy-2-
methylpropan-2-yllamino)-2-(6-azaspire[2 Sloctan-8-yhnicotinamids (485 mg, 0.92 mmol, 72 %
yield) as while sofid. TH NMR (400 MHz, DMSO-ds) S ppm 11.21 (5, 1 H), 8.32 ({, y=1.45 Hz, 1
Hj, 7.84 (dt, J=7.88, 145 Hz, 1 H), 7.71 (d, J=8.71 Hz, 1 H), 7.50 - 7.57 {m, 2 H), 7.45 (d,
J=7.88, 145Hz, 1H), 660 (s, 1H), 6.28(d, J=8.50 Hz, 1 H}, 481 ({, /=570 Hz, 1 H), 3.58 (d,
J=E 81 Hz, 2H), 341 -347 (m, 4 H), 1.44 - 151 (m, 4 H), 136 (5,8 H), 1.12 (5, 8 H), 0.31 (s, 4

H). MS (ESI, Positive ion) m/z: 530.2 [M+1].

[00388] Example C11. was prepared analogous to preparation of Example C14:
Ex Chemical Structure Name LRMS: (EmS/;Jr ve ion)
N-(3-
{cyclopentyisulfonyliph
. x o enyh-8-((1-hydroxy-2-
o SW! 1 ar methyloropan-2- 527.0
,“&f\’/ “j/ SN yhaming)-2-(6-
o ' ,;J\N/ OH azaspiro{2 Sloctan-8-
" ylinicotinamide
[00367] Examples C12-C13: was prepared analogous to preparation of Examples C3:
By LRMS: (ESI
#’ Chemical Structure Name + ve ion}
mz
A % N-(6-(4,4-Difluoropiperidin-t-yl}-4-
c12 T methylpyridin-2-yi)-4-(oxetane-3- 576.
N \N/\N’u\\/\ oo sulfonamido)-2-(6-
F j Ho PR azaspirof2.5joctan-8-yl)benzamide
N
F H \C\o
% (R)-4-{(2-
- % o W Hydroxyethyhsulfonamido}-N-(6-(2- -
C13 1. s 1 LA methylmorpholing)pyridin-2-yi)-2- 530.2
[/\? MR T g, g (6-azaspiro[2.5]octan-6-
O NS oy yhbenzamide
f00368] Example C14: N-(2-(4 4-Diflugropiperidin-1-vh-6-methvipyrimidin-4-y)-4-((2-

hydroxyethvlsulionamidol)-2-{8-azaspirol2 Sloctan-6-yhbenzamide
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[00368] A midture of 2-hydroxyethane-1-sulfonamide {1.28 g, 10.3 mmol, Wi AppTec),

capper(l) iodide (0.49 g, 2.56 mmol), polassium phosphate tribasic (5.44 g, 25.6 mimol), and
Sarcosine {0.48 g, 5.13 mmol) in a 100 mb round botiom flask was placed under argon
atmosphere. Anhydrous DMF (20 mL} was added and the mbdure was warmed to 50 C for &
minutes. N-(2-{4 4-diffucropiperidin-1-yh-8-methyipyrimidin-4-yi}-4-iodo-2-(B-azaspiro]2 5loclan-
&-yhbenzamide (2.91 g, 5.13 mmol, Int. 19) was added as a solid and the mixiure was heated io
100 °C and stirred for 2 h, then cooled to reom temperature. EtOAC (20 mb) and water 20 mib)
were added, the resulting biphasic midure was separated, and the agueous laysr was exiracted
with EtOAc (3x). The combined organic exiracts were then washed with water (2x), 9.1
NHLCI/NHLOH (ag), brine, dried over anhydrous MgSQy, filtered, and concentraied in vacuo to
give an oil. The il was purified by silica gel chromatography, eluling with 0 to 50%
EiCAc/heptane gradient, then 50% EtOAc/heptane isocratic elution, to provide an off-white
solid. This solid was suspended in methanol, filtered, and dried to give a white solid. This solid
was then suspended in water, stirred for 24 h, fillsred, and dried in vacuo to provide N-(2-(4 4-
difluoropiperidin-1-yi-G-methylpyrimidin-4-yh-4-((2-hvdroxyethyhsulfonamido)-2-(8-
azaspiro[2.5joctan-G-yhbenzamide {1.55 g, 2.75 mmol, 54% vield) as a while solid. *H NMR
(400 MHz, DMSO-ds) S ppm 13.37 (s, 1 H} 10.03 - 10.52 (m, 1 H) 8.06 (d, /= 8.71 Hz, 1 H)

41 (s, THY 728 (cd, J= 18T Hz, 1 HY7 15 (ded, /=871, 187 Hz, 1 H} 4.73-5.14 {m, 1 H)
392 (brt, J=530Hz 4 H) 377 (1, /=843 Hz, 2 H)3.34-340 (m, 2 H)2.98 (brt, J=4.58 Hz,
4 H)2.32 (3,3 H) 1.93-2.07 (m, 4 H) 1.58 - 1.85 (m, 4 H) 0.40 (s, 4 H). 'F NMR (376 MHz,
DMSO-ds) & ppm -04.74 (s, 1 F). m/z (ESI): 585.2 (M+H)".

[303370] Those skilled in the art understand that they can canveri the compounds of the
invention o their corresponding pharmaceutically acceptable salt thereof by using conventional
techniques known in the art. For example, to convert the exempilified compounds C-1t0 C-14 1o
their corresponding HC! salls, those skilled in the art would understand to use the proper
equivalent of hydrochioric acid, optionally followsd by crystallization step and drying step o

isolate the HCI salts.

EXAMPLE 12
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[00371] The following assays were used in {esting the exemplary KiF18A compounds that
can be used in the methods of the invention. Data for those examples tested in accordance with

the proceduras described below are presenied in Table 4 balow.

[00372] KIF18A Enzyme Assay: Microtubule-stimulated ATPase aclivity assay was used {o
measure KIF18A enzyme activity after reatment with compound. Compounds were 2-fold
serially diluted in DMSO (Sigma inc) over 22-point concentration range. Recombinant human
KIF18A (1-467 His-lagged) protein was exprassed using a baculovirus system and purified by
affinity chromatography by Amgen Inc. Concentrations of KIF18A protein, microtubules (MT),
and ATP in the reaction were optimized for standardized homogenous enzyme assay using
ADP-Glo™ Kinase/ATPase Assay Kit {Promega Inc). The assay measures ADP formed from
the ATPase reaction. Prepare reaction buffer [(15 mM Tris, pH 7.5 (Teknova inc), 10 mM
MgCi2 (JT Bakesr Inc), 0.01% Pluronic F-88 (Life Technologies Inc), 1 yM Taxol {Cytoskeleion
inc), and 30 ugiml pig microtubules (Cyloskeleton Incil. Add compound and KIF18A protein
{30 nhd) to prepared reaction buffer and incubated for 15 minutes at RT, next add ATP (at Kn,
75 uld} to the reaction mixture and incubated for an additional 15 minutes at RT. Mix 5 yl of
ADP-Glo™ Reagent and 2.5 pi of the reaction mixturs and incubate for 40 minutes at RT. Add
10 Ul ADP-Glo™ Detection Reagent and incubates for 40 minutes at RT. Read luminescencs
using EnVision microplate reader with ulfra-luminescence module {(Perkin Elmer inc).
Conceniration-response curve-fitting and [Cso determination was performed using Gensdata
Screener Software (Standard 15.0.1, Genadata Inc) with a four-parameter logistic regression it

maodel,

[00373] Table 4 provides data for compounds exemplified in the present application as
representative KIF18A compounds that can be used in the methods of the present invention, as

follows: compound name and biclogical data. {ICso in uM, where available. Ex. £ refers to

Example No.)
TABLE 4: BIOLOGICAL DATA
KIF18A
Ex.# | Compound Name ATPase
5(350 (HM)

2-(B-Azaspirof2.5loctan-8-yl)-4-(R-cyclopropylsulfonimidoyl)-
C1 N-{2-{4 4-difluoro-1-piperidinyl}-6-methyi-4- 0.084
pyrimidinylibenzamide

2~(G-azaspiro[? Sloctan-6-y)-4-(S-cyclopropyisulfonimidoyi)-
c2 N-(2-(4 4-difluoro-1-piperidinyl}-8-methyl-4- 0.057
pyrimidinylibenzamide
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KIF18A
Ex.# | Compound Name ATPase
iCso {HM)
4-{{2-Hydroxyethylysulfonamido)-2-(G-azaspire{2.8loctan-6- 0.095
yh-N~{6-(3 3 3-trifluoropropoxy)pyridin-2~yhbenzamide )
N-(6-{4 4-difluoropiperidin-1-yi}-d-methyipyridin-2-yh-4-((2-
C4 hydroxyethyhsulfonamido)-2-(8-azaspiro[2 Sloctan-6- 0.047
yhbenzamide

{F-N-(2-(4 4-difluoropiperidin-1-yD-G-methylpyrimidin-4-yl)-4-
Ch {{2-hydroxy-1-methylethyhsulfonamido)-2-(8- 0.062
azaspire[2.5]octan-8-ylibenzamide

(S)-N-(2-{4 4-difluoropiperidin-1-y[)-8-methyipyrimidin-4-yi)-4~
CH {{2-hydroxy-1~-methylethyhsulfonamido}-2-(6- 0.070
azaspirol[2.Sloctan-B-ylibenzamide

N-{3~{4 4-difluoropiperidin-1-yi}-5-methyiphenyl)-4-{(2-
c7 hydroxyeathyl)sulfonamido)-2-(B-azaspiro]2.5]ocian-6- 0.034
yhbenzamids
N-(3-(N-{tert-Butyhsulfamoyhphenyl}-4-((3-methyloxetan-3-
yhsulfonyh-2-(B-azaspiro[2 5loctan-8-yhbenzamide
4-{N-{teri-butyhsulfamoyh-N-(3-(N-{teri-

C9 butylisulfamoyhphenyl)-2-(6-azaspiref? Sloctan-6- 0.076
yhibenzamide
N-(3-(N-{fert-Butyhsulfamoyhphenyi)-8-((1-hydroxy-2-
C1A0 meathylpropan-2-yhamino)-2-(8-azaspire[2 5]octan-6- 0.070
yhnicotinamide
N-{3-(cyclopentylsulfonyhphenyl)-6-({1-hydroxy-2-
Ci1 methylpropan-2-yhamino)-2-(B-azaspire[2. 5loctan-6- 0.041
yhnicotinamide
{R)-4-((2-Hydroxyethyhsulfonamido)-N-(6-(2-
C12 methylmorpholino)pyridin-2-yi)-2-(B-azaspire]2 . 5loctan-6- 0.030
yhbenzamide
{(S)-4-((2-Hydroxyethyhsulfonamido)-N-(G-(2-
C13 methyimorpholino)pyridin-2-y)-2-(6-azaspire{2 .Sloctan-6- 0.048
yhibenzamide

N-(2-(4 ,4-Diflucropiperidin-t-yh)-6-methylpyrimidin-4-y}-4-{{2-
C14 hydroxysthyhsulfonamido)-2-(B-azaspira[2 . 5]ocian-6- 0.071
yhbenzamide

C3

C8 0.081

EXAMPLE 13

[00374] This example demonsirates KIF18A inhibitor activity in mullidrug resistant TP53MT
HGSOC cells.

[00378] Resistance {o anti-mitotic agents, such as taxanes, is a complicating faclor {o
successful cancer treatment and is often associated with increased expression of the MDR-1
encaded gene and iis product, P-glycoprotein (P-gp). As shown in Example 1, all cell lines that

exhibited sensitivity to a KIA18A inhibitor were mutant TP53 cancer cell lines. Here, sensitivity
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to KIF 18A inhibitor treatment is evaluated in the presence or absence of multidrug resistance in

a TPE3IWT cancer cell lins.

fa03768] A KIF18A inhibitor, Compound C14, was evaluated in a 4-day image-based nuclear
count assay {NCA) as essentially described in Example 1, except that OVCAR-8 NCI/ADR celis
treated with or without an inhibitor of P-glycoprotein (P-gp), Elacridar (GF 120818}, were ussad.
OVCAR-8 NCI-ADR cells overexprass drug pump MDR1 or ABCB1 gene (encodes for P-
glycoprotein) known to induce multi-drug resistance {o anti-cancer agents (A Vert st al
OncoTargets and Therapy 2018:11,221-37). For comparison purposes, a 4-day image-based
NCA of paclitaxel in the same OVCAR-8 NCHADR cells was carried out alongside the
Compound C14 NCA. Brisfly, OVCAR-8 cells were sseded in duplicats in a Corning 96-well
Flat Clear Bottom Black Polysiyrene plates (Corming, NY) in 100 ul of appropriate complets
media at the appropriate density and grown for 24 hours. In one set of plates, a concentration of
Compound C14 or paclitaxe! alone was serial diluted into 100 ul of complete media and then
added to the cells with a final volume of 200 pl in complets media containing 0.5% DMSO. Ina
sacond set of piates, P-gp inhibifor GF120818 (1 uM) was added to culture media along with a
concentration of Compound C14 or paciitaxsl alone was serial diluled into 100 ul of complete
media and then added o the cells with a final volume of 200 pL in complete media containing
0.5% DMSG. After 4 days (98 hours) of treatment, the cells were fixed by removing 100 pL of
complete media from gach well and replacing it with 100 b of 2x formaldehyde (final 496) and
incubating the plates for 15 minutes at room temperature. After fixation, the cells were
permeabilized and stained in 200 bl Wash Buffer (1% BSA, 0.2% Triton X-100, 1X PBES)
confaining 2 pg/mb Hoechst 33342 DNA dye. The plates were segled and incubated for 1 hour
at room temperature in the dark. Ceils were stored at 4°C in the dark until data acquisition.
imaging data was acquired on Celiomics ArrayScan VT HCS Reader (SNO3090745F,
ThermoFisher Scientific) using the Target Activation V4 Assay protocol (Ve 6.6.0 (Build 8153)
with a8 10X objective, coliscted 16-figlds per well). The Valid Chject Count was determined
using Hoechst 33342 nuclear object features {area, total and variable infensity in Channel 1)
that were within + 3 8D of the DMSOG-fraated control. The Tolal Valid Object Count was

represented as a Count POC (Percentage of DMSO Control) using the following formula:

Count POC = (Tofal Valid Object Count in trealed well) + (Total Valid Object Courd in DMSO treaied
wells) x 100
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[00377] Compound concentration and Count POC values were plotted using GraphPad
Prism software (V7.0.4) and curve-fitting was performed with 4-paramelsr equation (variable
siope). The concentration-response curves and standard deviation represent fwo independent

experiments run in duplicate.

[00378] The results of the KIF18A inhibitor NCA and the paclitaxel NCA are shown in Figures
13A and 138, respectively. In the absence of the P-gp inhibitor, the EC50 of the KIF18A
inhibitor was about 10-fold higher than the EC50 of the KIF18A inhibitor in the presence of the
F-gp inhibitor, whereas the ECS50 of paclifaxel in the absence of the P-gp inhibitor was greater
than 1 uM and the EC50 of paciitaxel in the present of the P-gp inhibitor was much less (0.0017
ubd). The fold change in potency of the KIF18A inhibitor Compound C14 in the presencs of the
P-gp inhibitor vs in the absence of the P-gp inhibilor was less than 10, whereas the fold change
in potency of paclifaxel in the presence of the P-gp inhibitor vs in the absence of the P-gp
inhibitor was greater than 500. These resulls suggest that KIF18A inhibitors are able to

effactively treat cancer cells, even multidrug resistant cancer cealls.
EXAMPLE 14

fO0378] This example demonstrates that KIF18A inhibitor treatment has minimal effects on

normal somatic cells.

[00380] The sffect KIF18A inhibitor treatment has on profiferation of normal somatic cells
{e.g., not neoplastic cells) was iested by assaying proliferation of human bons marrow
mononuclear cells (HBMNCs), primary human foreskin fibroblast cells (hFSF) and human
mammary epithelial cells via a 5-bromo-2'-deoxyuridine (BrdU} incorporation assay in which
Brdl, an analog of the nucleoside thymidine, is used to identify proliferating calls (Payton et. al,,
Molscular Cancer Therapeutics, 17{(12):2575-85 (2018)). Cslls were analyzed on BD
LSRForiessa flow cylometer using BD FACSDiva software {(BD Biosciences), and post-
acquisition data analysis was performed using FSC-Express software (De Novo). The
percentage of BrdU positive gated events on the stacked DNA content histograms were

reported.

[00381] Exemplary flow cytometry results arg shown in Figure 14A. As shown in Figure 14A,
the cell cycle DNA content profiles for either Compound C8 or Compound C11 are similar to
DMSQO treated celis, in contrast cells treated with ispinesib (Eg5), an anti-mitotic agent
{paciitaxel}, or a CDK 4/8 inhibilor {palbociclib) all showed marked sffects on celi cycle DNA

content profiles including an increase in the Sub-G1 (< 2N) population (indicating cail death).
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[00382] To further examine the effects of KIF18A inhibitor traatment on HBMNC, two normal
donors were assassed using the BrdU coupled cell cycle assay and cell count assay (96 hours)
was. As shown in Figure 148, the effect on proliferation seen in cells from the first donor was
repeated in cells from a second donor. In particular, the amount of BrdU-stained proliferating
cells treated with [spinesib, paclitaxel, or a COK 4/6 inhibitor {palbociclib) was far less than the
amount of vehicie controi-treaied BrdU-stained celis. In contrast, the amount of BrdlU
incorporatad into cells treated with a KIF18A inhibitor, either Compound C8 or Compound C11,
was about the same as vehicle control-treated BrdU-stained celis. KiF13A inhibitor treatment
was also analyzaed for impact on live cell count. After 96 hours, live celis were counted by Vi-
CELL XR Csll Viability Analyzer (Beckman Coulter). As shown in Figure 14C, calls treatsd with
ispinesib (£g5), an anti-mitotic agent (paclitaxsal), or a COK 4/8 inhibitor {(palbociclib) led to a
lower cell count, relative to vehicle control treated calis, whereas calls ireafed with a KIF18A
inhibitor (Compound C9, Compound C11) had litde to no effect on normal cell counts. As shown
in Figure 140 and 14K the effect on BrdU incorporation in hFSF and human mammary
epithelial (HMEC) celis wers not impacied at concentrations < 10 uM KIF18A inhibitor
{Compound C11) relative to DMSQO ireated cells. In conirast, a decrease in Brdl incorporation
was observed in cells freated with lspinesib (Eg8) , or a CDK 4/86 inhibitor (palbocichib). These
results suggest that, unlike other antli-cancer agents, KIF 18A inhibitors do notimpact
proliferation in normal somatic cells at the concentrations effective against KIF18A inhibitor

sensitive cancer cells.

[00383] Imaging assays were also carried out to determine the effects of KIF18A inhibitor
treatment on normal somatic cells. Arrayscan VTi multiplex imaging assays were carried out
with human FSF cells as described below. Briefly, normal human foreskin fibroblast celis were
seeded at 8000 cells per well in 98-weall imaging plates (Coring) and cultured overnight. The
next day, two replicate 86-well plates were treated with DMSO or panel of test agenis over a 8-
point concentration range using 3-foid dilution with top concentration of 10 uM (KIF18A inhibitor
Compound C11, nutlin-3a), 1 uM (KIF18A inhibifor Compound C8, Bi-2538, ispinesib,
paclitaxal), or 5 uM {(palbociclib, GSK823295). After 48 hours of treatment, one plale was
pulsed with BrdU (Invitrogen) for 3 hours before fixation. Both 86-well plates fixed with 4%
formaldehyde (Thermo Scientific), washed twice with wash buffer [PBS, 1% BS8A (Thermo
Fisher}, $.2% Triton X-100 (Sigma)}]. The first 96-well plate was processed for Brdl epitope
detection using acid wash, blocked overnight at 4°C in wash buffer supplemented with horse
sarum (4 drops serum per 10 mb) (Vector Labs) and stained with anti-BrdU-AlexaFluor-647
{B35140, invitrogsn, mouss, 3 yg per mb) and anti-p21 {1201) (2847, Cell Signaling, rabbit,
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1:400) antibodies for two hours at room temperature. Cells were washed twice in wash buffer
and siained with secondary antibody [anti-rabbit-lgG-AlexaFluor-488 (A11034, Invitrogen,
1:2000)] and incubated for one hour ai room temperature. The second 88-well plate was
blocked overnight at 4°C in wash buffer supplemented with horse serum (4 drops serum per 10
mb) (Vector Labs) and stained with anti-cl-PARP {214/215) (44-6988, Invitrogen, rabbif, 1:1500)
and anti-yH2AX (05-636, Millipors, mouss, 1:1000) antibodiss for two hours at room
temperature. Cells were washed twice in wash buffer and stained with secondary anfibodies
fanti-rabbit-igG-AlexaFluor-647 (A21248, Invilrogen, 1:2000), anti-mouse-lgG-AlexaFluor-488
(A11029, invitrogen, 1.2000}] and incubated for one hour at room temperature. Both 96-well
plates were washed fwice and counterstained with Hoeschst 33342 (Invitrogen) nuclsar dye.
imaging data was collected by widefisld imaging on ArrayScan VTi HCS Reader {Thermo
Scientific) from 64 fields par well using 20X objective. Valid nuclear cbject counis were
determined for each well as well as the percentage of BrdU, p21, ¢l-PARP, and yH2AX positive
objscts for each test agent concentration and DMSO contral. Conceniration-response

heatmaps were generated using GraphPad Prism software (V7.0.4).

[00384] The resulis are shown in Figures 15A-14E. As shown in Figures 15A-1588, cells
treated with a KIF18A inhibitor (Compound C11 or Compound C8) behaved as vehicle conirol
treated cells in terms of {otal object count and BrdU incorporation, indicating minimal effects on
cell proliferation As shown in Figures 15C-18E, cells treated with a KIF18A inhibitor (Compound
C11 or Compound C8) showed no induction of apoptosis measured by cl-PARP expression
{Figure 15C), no celi cycle arrest measured by the induction of p21 profein exprassion (Figure
150), or induction of DNA damage measured by increase in yHMH2X expression (Figure 15E). All
the comparaior agents induced one or more of these markers relative to the DMSO control
Thess resulls suggest that, unlike other anti-cancer agents, KIF18A inhibitors do not impact

proliferation in normal somatic cells.

f00388] Taken fogether, these results suggest that the effect of KIF18A inhibitors is cancer
cell-specific, has litlle to no toxicily in or on normal somatic cells, and that KIF18A inhibitor
treatment is effsctive for treating the neoplastic disease, maintaining sensitivity to treatment with
a CDK4/G inhibitor, inducing or increasing tumor regression, reducing tumor or cancer growth,
andfor inducing or increasing death of a tumor or cancer cell, without overt toxicity to normal
samatic cells, as demonstrated by a lack of a subsiantial decrease in the proliferation of normal
somatic cells in the subject and/or lack of a substantial increase in the apoptosis of normal

somatic cells.
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[00386] This example demonstrates RNA-based KIF18A inhibitors that reduce KIF18A gane

expression.

[00387] A series of seven KIF18A siRNAs was obtained from three different vendors

(Qiagen, Dharmacon, Ambion) for use in this study. Non-targeting conirol (NTC) siRNAs and

£g5 (hKiF11) siRNAs were also oblained to serve as negative conirols and positive controls,

raspectively. The nucleotide ssguences of the siRNAs are listed in Table &,

TABLES
Gene_siRNA_ID Catalog #, Sequence”® SEQID | Count Mitotic
Custom 1D NC. Assay Assay
hKIF18A_1 Si00140224 ATCCGTCTACAGTAACCTTAA i2 Yes No
hKIF18A_2 Si0140238 CAGGTGGAACTAATCTGGTTA 13 Yes Yas
hKIF18A_3 Si00140245 CAGGAGGACTTGCGACTCTACA 14 Yes Yas
hKiF18A_4 J-008849-05- UAAAUUACCCGAACAAGAA 15 Yes Yas
o005
hKIF18A_5 Si03080941 CTCOAAGTGTAAATTACCCGA 18 Yes Yes
hKiF18A_86 J-006849-03- GGAUAUAALIUGCACAGUAC 17 Yes Yes
0005
hKIF18A_7 118402 GCAGCUGGAUUUCAUAAAGTT 18 Yes No
hEgS5_1 802653770 GCCCATAAGATAGAAGATOAA 18 Yes No
(hKIF11)
nEg5_ 2 3103018783 CTCGGBAAGCTGGAAATATAA 20 Yes No
(hKiIF11)
NTC_ 1 B-G01816-01- UGGUUUACAUGUCGACUAA 21 Yes Yes
05
NTC_ 2 D-001816-02- UGGUUUACAUGUUGUGUGA 22 Yes Yes
()
NTC. 3 D-G01816-03- UGGUUUACAUGUUUUCUGA 23 Yes Yes
05
NTC_4 D-001810-04- UGGUUUACAUGUUUUCCUA 24 Yes Yes
05
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NTC_ 8 Custom AACGCAGAGTTOGACCGTTTA 25 Yes No
Random 2-4

NTC_6 Custom AAGGCGEOTCCGGCAGTTTTT 28 Yes No
Random 8-1

NTC 7 Custom M13-4 | AATGCGCTTCCCTGTTTTTAT 27 Yes No

NTC 8 Custom AACCACCTTGAACACGTATTT 28 Yes No
Random 10-1

NTC 8 Custom AAGGCCACTTGCGTCAGATYT 28 Yes No
Random 7-1

NTC (non-targeting control); *as provided by vendor

f00388] The KIF18A knockdown efficiency of each siRNA was tested by Western analysis in
BT-549, and HMEC cells. Briefly, BT-549, and HMEC cells were sesded in §-well plates
{Thermo Scientific) at 2.0 x 10° cells per well and cultured overnight. The next day, cells were
freated with RNA[ipid complex using RNAiMax Lipofectamine according to manufaciures
protocol (invitrogen) with 10 nM individual KIF18A siRNAs (n = 7) or NTC siRNA (NTC_2). After
48 hours, cell lysates were prepared using RIPA buffer and processed for Western analysis.
The level of B-actin was assayed {o demonsirate equal profein loading in each lanse. Hela cells
treated with nocodazole overnight were used as a milolic fraction posilive control and Jurkat

cells treated with staurosporine as apoptosis positive control.

[00388] As shown in Figure 16, each KIF18A siRNA (KIF18A_1 to KIF18A_7) effectively
depleted KIF18A protein expression in HMEC and BT-549 cells, whereas cells transfected with
controf siRNA (NTC_2) showed baseline KIF18A expression, as expected the Hela ceil mitotic
fraction exhibited high lsvels of KIF18A expression. These data show KIF18A inhibitors, such as
KIF18A siRNAg, induce apopiosis of BT-548 breast cancer cells without evidancs of apoptosis

in normal somatic (non-cancerous) breast epithelial cells.
EXAMPLE 16
f00388] This example explores the effects of RNA-basad KIF18A inhibilors on cancer cells.

[00391] To determine the pattern of sensitivity and phenotypes induced by siRNA-mediated
KIF18A depletion, a panel of eight cancer cell lines (¥ breasi, 1 ovarian) as well as 1 normal
hurman mammary epithelial cell line (HMEC) was assembled. The cancer call lines were
salected based on lumor sublype and genetlic background (TRP53, R8T, CCNET).
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[00382] Using an imaging-based nuclear count assay, the panel was used to delermine the
anti-proliferative effects of individual siRNAs for KIF18A {n = 7}, compared to the effecis of non-
fargeting controls (NTC, n = 8} and cyiotoxic controls (KIF11 (Eg5), n = 2), on cells treated for
four days. Cells were considered as KIF18A siRNA sensitive when »50% inhibition of cell
growth was observed. As shown in Figures 17A-178, KIF18A siRNA sensitivity was observed in
all three CCNET amplified lines HCC-1806 (TNBC), MDA-MB-157 (TNBC), OVCAR-3 (HGSOC)
and in RB1-deficient BT-54% TNBEC line. KIF18A siRNA insensitive breast cancer cell lines were
TP53 wild-type (3 of 4), RB1 proficient (4 of 4}, estrogen receptor status (ER positive 2 of 4} and
(ER negative 2 of 4). TP53 wild-type CAL-51 TNBC cells with a near normal karyolype wars
insensitive to KIF18A siRNAs as well as normal HMEC ling, consistent with findings with
immortalized human retinal pigment epithelial cell line (WTERT-RPE1). In confrast, and as
pradicted, Egb siRNAs were cyilotoxic across the cell line panel, demonstrating ils essentialily
for somatic cell division {Figure 17A). Results of the KIF18A siRNAs relative to NTC conirols
are provided in Figure 17A are sumimarized in the table (Figure 178), summary table contains
call line information, genetic background, and KIF18A vs NTC siRNA groups statistical
assessment (i-test) and level of decrease in cell growth, KIF18A profein exprassion varied

across the panel of cell lines and showed no direct correlation with sensitivity (Figure 17C).

f00383] Taken fogether, these results demonstrate that KiF18A siRNAs which deplete
KIF18A expression demonstrate selective anti-proliferative activily on cancer cells of a particular
genetic background with respect to TPS3, CCNE1, and RB1, which resulis are consistent with
earlier observations {e.g., Examples 1-10). These rasults also support that KIF18A siRNAs ars

able to induce apoptosis of cancer cells and inhibit the growth of cancer celis.
EXAMPLE 17
[00394] This example describes the malerials and methods used in Examples 15 and 16.

[003958] Cell Lines. All human cancer cell lines were obtained ATCC or DSMZ (GmbH)
unless otherwise specified. Cell lines were authenticated by ATCC using short tandem repeat
{STR} DNA analysis and referenced against ATCC or ExPasy STR databases. Normal human
mammary epithelial cell (HMEC) were purchassad from Lonza Inc. All cell line cultures were

maintained in at 37°C in an atmosphere of 5% CO..
[00398] imaging assays

[00397] ArrayScan VTi nuclear count assay {siRNAs). A panel of cell lings (HCC-1806,
BT-549, MDA-MB-157, OVCAR-3, MCF-7, CAL-51, MDA-MB-453, ZR-75-1, HMEC) weare
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seeded in 96-well imaging plates (Coming) at densities individually optimized for log phase celi
growth, Ths next day, celis were treafed with RNA-Ipid complex containing individual siRNAs
at 10 nM [KIF18A (n = 7), Eg8 (n = 2}, NTC {(n = 9}, siRNA details in (Table 5) and 0.3 yL
RNAiMax Lipofectamine (Invitrogen) according to manufactures protocol (Invitrogen). After four
days, cells were fixed with 4% formaidehyde (Thermo Scientific), washed with PBS {(Invitregen),
and stained with Hoechst 33342 {(invilrogen)} nuclear dye in wash buffer [PBS, 1% BSA (Thermo
Fisher), 0.2% Triton X-100 (Sigma)]. Valid nuclear objects (within three S of mean nuclear
object area for the control well) were enumerated using Cellomics ArrayScan VTi HCS Reader
{Thermo Scientific) equipped with 10X objective using Target Activation BicApplication (Thermo
Scientific), valid nuclear object count data was collecied for sixieen image fieids per well.
Graphing and statistical analysis performed using GraphPad Prism 7.04 (GraphPad Software}.
Data is represented as mean nuclear count and siandard error of the mean (8EM) from the
aggregated individual siRNA count data from fwo independent experiments run in duplicate
[KIF18A {(n = 28), EgS (n = 8}, NTC {n = 38)]. Significance was computed using unpaired t-test
comparing NTC and KIF18A siRNA groups.

[00398] Western analysis:

[00398] Western analysis methods. Cell lysates were prepared by combining the non-
adherent and adherent cell fractions using either RIPA Buffer (Sigma) or Minute™ Total Protein
Extraction Kit {invent Biotechnologiss), supplamented with a cockiail of protease and
phosphatass inhibitors (Roche). Total prolein concentrations were determined using Bradford
dye-binding msthod (Bio-Rad), lysates were siored at -80°C. Proleins were resolved Tris-
Glycine gel (Invitrogen) based on protein size and transferred to PDVF membrane {Bio-Rad).
Proiein membranes were incubated in 10 mb of blocking buffer [wash buffer (PBS, 0.5% Tween-
203, 5% dry milke {Albertsons), 3 drops horse serum {for mouse antibodies, Vector Labs) or goat
sarum (for rabbit antibodiss, Vector Labs)] for 60 minutes at room temperature on an orbital
shaker. Primary antibodies were addsad {o blocking buffer and incubated overnight at 4°C on an
orbital shaker. Membranes were washed thrics (15 minutes sach) followed by sscondary
aniibody treaiment using Vaciastain ABC Kit (PK-4002 {mouse), PK-4001 {rabbif}, Vector Labs).
Proiein detsction performed with Western Lighling Chemiluminescence reagsnt (Perkin Elmean)

before developing membranes on film (USA Scientific).

[00408] Westerns analysis antibodies. Anti-cleaved-PARP {cl-PARP} (51-800017, BD
Pharmingan, mouss, 1:500), anti-B-aciin (A5441, Sigma, mouse, 1:5000), anti-KIF18A
(HPAD39484, Sigma, rabbit, 1:2000),
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[00401] Assessmeant of bassline KiF18A and Cyclin E1 exprassion. A pans! of cell lines
were seeded in 6~-well plate (Thermo Scientific) at densities individually optimized for log phase
cell growth. Al approximately 80% confluency, cslis ware harvested, and cell lysaies were

prepared using RIPA buffer and processed for Western analysis as described above.

[00402] Assessment of KIF18A siRNA knockdown efficiency. HMEC, and BT-548c¢ells
were sasded in 8-well plates (Thermo Scientific) at 2.0 x 10° calis per well and cultursd
ovarnight. The nexi day, cells were treaied with RNA-lipid complex using RNAIMax
Lipofectamine according fo manufactures protoco! (Invitrogen) with 10 nM individual KIF18A
siRNAs (n = 7) or NTC siRNA (NTC_2). information on individual siRNAs are shown in Table &
After 48 hours, cell lysates were prepared using RIPA buffer and processad for Wesiern
analysis as describe above. Hela cells ireated with 0.1 pg/mi of nocodazole (Millipore)
ovarnight was used as a mitotic fraction positive control. Jurkat cells were treated with 1 ub of

staurcspering for 24 hours as a ¢l-PARP positive control,
EXAMPLE 18

[00403] This example demonstrates that TPE3™WT human breast and ovarian cancer cell lines
comprising one or more whole genome doubling (WGD) events correlate with enrichment {o

KIF18A inhibitor treatment.

[003404] KIF18A inhibitor Compound C8 was screensad using PRISM molecular barcoded
cancer cell line panel that included 59 breast and ovarian cancer cell lines (Channing Yu et ali
Nature Biotsch 2016 Apr34{4):418-23, Steven M Corsello et al Nature Cancer 2020
Feb1(2):235-248). Briefly, pool bar-coded cell lines were treated with Compound C8 (8-points,
2.5 ubd 10 0.001 ud) for 5 days. A curve-filting analysis was performed and an area under the
curve (AUC) viability value was computed for each call line. WGD status calls for each cancer
cell line was obtained from Quinion et al BioRxiv,

2020.06.18.159088; doi hitesi//idelorg/10.1101/2020 .06 18.159085. WGD scores of 0 1, 0r 2
were assigned for each cell line according o Quinton et al., 2020, supra. In this correlation
analysis, the cancer cell lines were assignad fo ong of two groups: WGD negative (0 WGD
evants) or WGD positive (1 or 2 WGD evenis). TR353 status calls for each cancer cell ling was
obtained from the Broad Instituie cancer dependency map (depmap.org, Muiation DepMap
Consortium 20Q2). A “TR53 Hotspot” status call indicated the celi line harbored a TP53
mutation and the “THF53 othes” status call indicated the cell ine had a wild-type slatus. Nex,
KIF 18A inhibitor Compound C8 AUC values for each cell line wars graphed into four groups: (1)
TP53 Other WGD (), {2) TP53 Other WGD (+), (3) TP33 Hotspot WGD (), and (4) TP53
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Hoispot WGD {(+). The lower the Compound C8 AUC viability value was ths more sensilive the
cell line was {o KIF18A inhibitor treafment. An AUC thresheold of < 0.85 was set to indicate

KIF18A inhibifor sensitivily. Graphing of data and statistical test {unpaired t-test, TFP53 Hotspot
WGD () versus WGD (+)) was performed using GraphPad Prism software. Resulis are shown

in Figure 18.

[00408] As shown in Figure 18, KIF18A inhibitor sensitivily statistically significantly corrslated
with WG positive evant in TPS3MWT cancer cells {p-value = 0.00044) suggesting that KIF18A
inhibitors reduce the growth and/or induce apoptosis of TPS3IMYT cancer cells comprising one or
more WGD svenis. These dala support that human cancers with TRPS53 MY plys one or more

WGED events ars likely 1o respond to KIF18A inhibifor therapy.
EXAMPLE 18
[00408] This example describes the characterization of three KI18A inhibitors.

[004087] A trio of KIF18A inhibitors (Compound C8, Compound C11, and Compound C12}
were synthesized and tested in vitro for KIF18A inhibitory activity. Figure 18A shows ADP-Glo
concantration-response profiles of KIF18A motor activity (presented as MT-ATPase
luminescence signal relative to DMSO control (POC)). The values represent mean = SEM from
three independent experiments. As shown in Figure 19A, all three KIF18A inhibitors C8, C11,
and C12 exhibited polent human KIF18A inhibitory activity. The IC5Cs for C8, C11 and €12
were 0.180 uM, 0.07 uM, and 0.04 pM, respactively. As in vivo studies in mice weare planned,
the mousse KIF18A inhibitory effects of Compound C8 and C12 were assayed. The IC50s for
Compounds C9 and C12 in mice were 0.232 uM and 0.039 uM, respectively, and thus
demonstrated that the KIF18A inhibitory effects of C8 and C12 were esssentially equivalent for

mouse and human KIF18A motlors.

[00408] KIF18A inhibitor cancer cell line sensitivity profiles were determined for KIF18A
inhibitor Compounds C8 and C11. Celis of various cancer cell lines were treated with DMSO or
increasing concenirations of Co or C11 for 86 h. Exemplary concentration-response profiles of
cancer cell lines Tfor C8 are provided in Figures 4C-4F. The concentration-response profiles of
some cancer cell lines {including, e.g., BT-548, OVCAR-3) for C11 were similar. Mean Count
ECs values for C8 and C11 in KIF18A inhibilor-sansitive cells (8.q., OVCAR-3 and BT-548)
were 0.021 uM and 0.047 uM, respectively. Cancer cell lines CAL-51, MDA-MG-453 and
OVCAR-S5 were insensitive to C8 and C11. Interestingly, the sensitivity profiles for C9 and C11

were opposite of a CDK 4/6 inhibitor: cancer cell lines that were sensitive to KIF18A inhibitors
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C9 and C11 were insensitive {o the CDK 4/8 inhibitor, while those cancer cell ines that were
insensitive {o KIF18A inhibitors C2 and C11 ware sensilive to the CDK 4/8 inhibitor.

fa0408] To investigate whether KIF18A inhibitory activity of Compounds C8, C11, and C12
would translate to a cellular context, pH3 and PCM spot ECso values in MDA-MB-157 cells wers
determined and the results demonstrated a near-parfect potency alignment betwean mitotic
endpoints. Indeed, the cell polency was dramatically improved for Compound C11 (> 70-fold),
Compound C8 (> 450-fold), and Compound C12 (> 120-fold) relative to a control compound.

[00410] To betler undersiand the durahility of response after KIF18A inhibilor freatment, all
five KIF18A inhibifor-sensitive cancer cell lines were freated with DMSC or Compound Ciiina
B-day cell growth assay, where the surviving cells were washed, collacted, countsd, and re-
plated in drug-free growth media and cultured for additional 7 {o 9 days. MCF-7 cells treated
with a CDK 4/6 inhibitor was included as a cytostatic comparator. As expected, treatment with
Compound C11 showed a significant decrease in cell growth and colony formation, notably, the
cells previously exposed to Compound C11 showed a marked reduction csll growth potantial
relative to DMSQO conirel, and distinct from the CDK 4/6 inhibitor. Nots that HCC-1806 and BT-
549 cells showed greater ragrowth potential relative to the other cell lines afler KIF 18A inhibilor

withdrawal.

[00414] To investigate whether KIF18A inhibitors could circumvent this normai cell toxicity
barrier, we examined the effects of Compounds C8 and C11 on a pansl of cycling normal
somatlic cell types. First, we treated human boneg marrow mononuclear cells (HBMNC) from two
normat donors with DMSQO, Compound C8 and C11 at 1 uM, ispinesib at 0.05 uM, paclitaxel at
0.05 uM, or palbociclib at 1 uM for 48 h (cell cycls) or 96 h {cell growth). Remarkably, csll cycle
analysis revealed KIF 18A inhibifor treatment had minimal diminution in BrdU incorporation {a
direct measure of DNA synthesis) relative o DMSO control, distinet from the three comparalor
agenis, ispinesib and paclitaxel were clearly cylotoxic, whereas CDK4/8 inhibitor was largely
cytostatic. Cell growth analysis at 96 h showed comparable cell counts for both KIF184A
inhibitors and DMSO control, whereas a clear reduction in cell growth was observed for
ispinesib and paclitaxsl {(~88% reduction), and to a lesser extent with palbociclib (68%

reduction).

[00412] To establish whether the observed tumor PD effect with both KIF18A inhibitors would
result in fumnor efficacy, nude mice with OVCAR-3 tumors (130 mim?®, n = 10) were dosed {P with
vehicle alons, Compound C8 at 100 mg/kg, or Compound C12 at 25 mg/kg once daily for 18

consacutive days. Remarkably, both C9 and C12 induced 73% and 46% tumor regrassions,
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respectively {p < 0.0001) (Figure 18B). €8 and C12 treaiment was well-iolerated by the mice
with no evidence of body waight loss or changes in blood counts (neutrophil, reticulocyte,
lymphocyte, monocyts, rad blood cells, and white blood celis), expected for dacrease on
monocytes with C12 (p = 0.043). Terminal PK analysis revealed C8 and C12 plasma AUC

values of 130 and 53 uM-h, respectively.

[00413] To assess anti-tumor activity of KIF18A inhibitors in near-diploid tumor modsl, nude
mice with CAL-51 tumors (140 mm®, n = 10) were dosed IP with vehicle alone, C9 at 100 mg/kyg,
or C12 at 25 mog/kg once daily for 18 consecutive days. CAL-51 was a cancer cell line that was
dernonstraied in vitro as insensitive fo C9 and C11. Both KIF18A inhibilors showed no
observable affsct on CAL-51 tumor growth relative {0 vehicle conirol (Figure 18C). Consistent
with OVCAR-3 study, KIF18A inhibitor treatment was well-iolerated by the mice with no
evidence body weight loss (Figure 18B) and terminal PK analysis showed comparable plasma

canceniration-time profiles betwean studies.

[00414] To further examing KIF18A inhibitors activity in HGSGC in vive, mice with OVCAR-8
tumors (145 mm®, n = 10) were dosed [P with vehicle alone, C% at 50 or 100 mg/kg, or C12 at
25 or 50 mg/kg once daily for 18 consecutive days. As shown in Figure 18D, treaiment with C9
or C12 resulied in 18% and 73% tumor regressions at 50 and 100 mg/kg {p < 0.0001) or 19%
and 75% tumor regressions at 25 and 50 mg/kg (p < 0.0001), respectively. As befors, inhibition
of KIF18A aclivity was well-tolerated by the mice with no evidence body weight loss {Figurs
190). At matched doses, the plasma AUC values were 2.8-fold higher for C12 in OVCAR-8
study relative to the other efficacy studies, whereas the C8 PK profiles were comparable across

studies.

[00418] Collectively, these in vivo data provide the first evidence of anti-cancer aclivity with
smali molecule inhibitors of KIF18A with a robust tumor PD response and marked fumor

ragrassions at well-tolerated doses,
EXAMPLE 20
[00418] The following materials and methods were used in the study of Example 18.

[00417]  Cell Lines. Al human cell lines were procured from ATCC or DSMZ (GmbH) unless
otherwise specified. Cell ines were authenticated by ATCC using short tandem repeat (STR)
DNA analysis and referenced against ATCC or ExPasy Cellosaurus (Robin et ai 2020) STR
databases. OVCAR-5, OVCAR-8, and OVCAR-8 NCIADR-RES (also known as ADRRES) (Vert

et al 2018} cell linss were procured from National Cancer Institute. Human bone marrow
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mononuclear celis (HEMNCs) and human mammary epithelial cells (HMECs) were procured
from Lonza Inc. Human T-cells ware isolated from Leukopaks procured from HemaCare Inec.
MDA-MB-157 Cas® cell line was procured from Cellecia inc. Kyolo Hela cell line expressing a-
tubulin-EGFP and H2B-mCherry proteins was procured from Creative Bioarray Inc. All cell line
cultures were maintained in at 37°C in an atmosphere of 5% CO.. OVCAR-3, CAL-51, and
OVCAR-8 cell lines used for in vivo studies wers delermined to be free of contamination with
mycoplasma and a panel of murine vial pathogens. Cell line information for fumor tissue type,
turmor subtype, TFP53 mutsation status, RE71 and CCNET status, and whole genome doubling
(WGE) status based on cross referenced public data sources {DepMap Consortium, IARC TP53
databass, Sangsr Cell Model Passport, Broad Institute CCLE, ATCC, DSMZ) and published
studies (Domcke et al 2013, Dai st al 2017, Quinton et ai 2020).

[60418] Chemistry. The molscular structures have been disclosed for compounds BI-2536
{Steegmaier et al 2007), BTB-1 (Catarinella el al 2009), doxorubicin (Carvaiho et al 20009},
gemcitabine (Fourquier et al 2002), GF120918 (Hyafi et al 1893), GSK823285 and ispinesib
{Rath and Kozisglski 2012}, nutlin-3a (Vassilev 2004}, paclitaxe!l and docstaxel (Parez 2000} ,
palbociclib (OLeary &t al 2016), KIF18A inhibilor compounds were synthasized by Amgen.

[00418] KIF18A inhibitor activity

[00420] KIF18A compounds C8, C11, C12 were 2-fold serially diluted over a 22-point
concentration range in DMSO using 384-well plate {Corning}. Recombinant truncated kinesin
motor proteins (human KIF18A (residues 1-487, 4 nM), mouse KIF18A (residues 1-487, 4 nM))
were expressed and purified. ADP-Glo luminescence assay {Promega) was used to measure
the MT-ATPFase motor aclivity. Porcine brain MTs were procured from Cyloskeleton Inc.
Compounds were pre-incubated for < 30 min in reaction buffer {15 mM Tris, pH 7.5, 10 mM
MgClz, 0.01% Pluronic F-88, 2% DMSO, 1 uM paclitaxel, 30 yg/mbL MTs) with motor proteins at
cancantrations indicated above, 30 uM ATP was added to iniliate the enzymatic reaction for 15
min at room temperature (RT). ADP-Glo reagents were added according to manufaciures
protocol, the luminescence intensity proportional o ADP present was measured using an
EnVision plate reader (Perkin Elmer). Raw luminescence signal data was normalized {o POC
{percenfage of positive control) and then Activity (%) was computed [POC = 100 x (sampls
signal — negative control signal) + (positive control signal — negative control signal). Activity (%)
= POC — 100]. The positive control (enzyme + subsirate)} and negative control (subsirate alone}

had equivalent concentrations of DMSO. Curve-filting and {Cse values were determined by 4-



WO 2021/211549 PCT/US2021/027042

parametsr non-linear regression equation {variable slope) using GraphPad Prism 7.05
{GraphPad Software).

[a0421] Cell growth assay. A panel of cell lines (HCC-1808, HCC-1937, BT-548, MDA-MB-
157, MCF-7, CAL-51, MDA-MB-453, ZR-75-1, OVCAR-3, OVCAR-5) were sesded in 96-well
plate at densities optimized for 98 h cali growth assay. The nexi day, cells were treaied with
DMSO or one of the following compounds: KIF18A Inhibitor Compounds C8 and C11, or
palbociclib, with {op concentration of § pM (19-point concentration range) using staggered dose
method. After 96 h, celis were fixed, stained, imaged, and analyzed as described above. Valid
nuclear object counts were determined for each well and Count POC value was computad using
the following formula [Count POC = (valid nucisar objsct count in treated wsll} + (valid nuclear
objsct count in DMSO treated wells) x 100]. Concentration-response curve-fitting was
performed by 4-parameter non-linear regression equation using GraphPad Prism 7.05. Mean
Count ECs value was computed for each cell line from two independent experiments run in
duplicate. If a maximal response of >50% was not reached at top concentration, ceil lines were
assigned Count ECso value of 6 pM and were considered insensitive. A mean Count ECse value

was compuled across sensitive cell lines for each test agent.

[00422] BrdU and cell cycle analysis. Human bone marrow mononuclear cells (HBMNCs)
from two normal donors (37612, #37534) were cultured for 8 days in defined media as
previously described (Payton et al 2018). HBMNCs were seedsd in 24-well plate at 1.2 x 10°
calls per well in duplicate plaies. Cells were treated with DMSO, Compound C8 (1 uM),
Compound C11 {1 uM), ispinesib (0.05 uM}, paclitaxel (0.1 uM), or palbociclib (1 uM). Cells
were collected at 48 h {call cycle) and 986 h {cell growth). The first set of plates were puised with
Brdi for 2 h and processing for BrdU cell cycle analysis as previously described (Paylon et al
2018). Celis were analyzed on BD LSRFortessa flow cytometer running BD FACSDiva sofiware
and post-acquisition data analysis was performead using FSC-Exprass software. Data was
reporied for the percentage of BrdlU and subG, gated populations. The second set of plates
were collected, and celis counted using Vi-CELL XR Cell Viability Analyzer (Beckman Coulter).

Graphing was performed for sach donor using GraphPad Prism 7.08.
[00423] OVCAR-3 tumor xenograft efficacy study

[00424] Mice were injected with human OVCAR-3 cells (8.0 x 10% subcutansously in the
right flank. Animals with established tumors were randomized into four groups (n = 10 per
group) with average tumor volums of 130 mm?*. Animals were dosed P with vehicle alone daily,
CY (100 mg/kg) dally, or C12 (25 myg/kg) dally. Treatment startad on day 24 post-tumor
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implantation and treatment terminal on day 42. Tumor volumes and body weights were
recordad twice par week using a digital caliper and analyiical [ab scals, raspectively. Aftar the
final dose on day 42, complets blood count analysis (n = 6 per treaiment group) was performed
by IDEXX Inc. Plasma pharmacokinetic analysis was performedfor C8 and C12 ai 2, 4, 8, 16
and 24 h {n = 2 per time point) by standard LC-MS/MS methods. The perceniage of tumaor
growth inhibition (% TG was calculated as % TGI relative to vehicls control, % TG = 100 ~
[(Treated — Initial Volume) / (Control - Initial Volume) X 100]. The percentage of tumor
regression (% TR) was calculated as % TR compared final tumeor volume {o the initial tumor
volume: % TR = 100 ~ [(Final Volume) / {initial Volume) X 108]. Data was graphed using
GraphPad Prism 7.05. Statistical analysis was performead on treatmsnt groups for tumor growth
and blood counts using repeated measures ANOVA and ons-way ANCVA, raspsaciively,

followed by Dunneit’s mulliple comparisons test.
[00425] CAL-81 tumor xenograft efficacy study

[00428] Mice ware injected with human CAL-51 cells (5.0 x 108) subcutaneously in the right
flank. Animals with established tumors were randomized into four groups (n = 10 per group)
with avarags tumor volume of 140 mm®. Animals were dosad [P with vehicle alone daily, C9
(100 mg/kg) daily, or C12 (25 mg/kg) daily. Treatment staried on day 18 post-tumor
implantation and treatment terminal on day 36. Tumor volume and body weight assessment
performed as describsd above. After the final dose on day 38, plasma pharmacuokinetic
analysis was performed as described above. All data analysis was performed as described

above.
[00427] OVCAR-8 tumor xenograft efficacy siudy

[00428]  Mice were injected with human OVCAR-8 celis (5.0 x 10%) subcutanecusly in the
right flank. Animals with established tumors were randomized into four groups (n = 10 per
group) with average tumor volume of 145 mm®. Animals were dosed P daily with vehicle alone,
CO (50 or 100 mg/kg), or C12 (25 or 50 mg/kg). Treaiment started on day 28 post-tumor
implantation and treatment terminal on day 48. Tumor volums and body weight assessment
performed as described above. After the final dose on day 48, plasma pharmacokinatic
analysis was performed as described above except blood was drawn by retro-orbital bleed

method.
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[00431] Al references, including publications, patent applications, and paients, cited herein
are hereby incorporated by reference o the same extent as if each reference were individually
and specifically indicated to be incorporated by referance and were set forth in its entirety

herein.
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[00432] The use of the terms “8” and “an” and “the” and similar referenis in the context of
describing the disclosure (aspecially in the context of the following claims) are to be construed
fo cover both the singular and the plural, unlsss otherwise indicated herein or clearly
contradicted by context. The terms “comprising,” “having,” “including,” and “containing” are {0 be
canstrued as cpen-ended terms including the indicated componeni(s) but not excluding other

elements (i.e., meaning “including, but not limited t0,”) unisss otherwise noted.

[60433] Rscitation of ranges of values harein are merely intended o serve as a shorthand
method of referring individually to each separate value falling within the range and each
endpaoint, unless otherwise indicated hersin, and each separate value and endpointis

incorporatsd into the specification as if it were individually recited herein.

[00434] All mathods described herain can be performed in any suifable order unless
otherwise indicated herein or otherwise clearly contradicled by context. The use of any and all
examples, or exemplary language (2.¢., "such as”) provided herein, is intended merely {o betler
illuminate the disclosure and does not pose a limitation on the scope of the disciosurs unisss
otharwiss claimed. No language in the specification should be construed as indicating any non-

claimed element as essential to the practice of the disclosure.

[00438] Preferred embodiments of this disclosure are described herein, including the best
mode known to the inventors for carrying out the disclosure. Variations of those praferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing descriplion. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the disclosure {0 be practiced otherwise than as
specifically described herein. Accordingly, this disciosure includes all modifications and
sguivalents of the subject matier recited in the claims appsnded hersto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the disclosure unless otherwise indicated herein or

otherwise clearly confradicted by context.
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WHAT IS CLAIMED i8:

1. A method of determining a treatment for a subject having a neoplastic dissass,
comprising assaving a sample obtained from the subject for (&) an inactivated TFP53 gene
andfor {b) al least one of. (i) an inactivated R&7 gene, (i) an amplified CCNET gene or
thereof, wherein the treatment determined for the subject comprises a KIF18A inhibitor, when
the sample is positive for an inactivated TFA53 gene and/ or positive for at least one of an

inactivated Rb7 gene, (il) an ampilified CCNET gene or oversxpression of a CCNET gene

2. A KIF18A inhibitor for use in treating a subject having a neoplastic dissass, wherein the
subject comprises cells that are posilive for (8) an inactivaled TP53 gene and/or {b) atleast one
of: (i) an inactivated Rb7 gene, {ii) an amplified CCNET gene or overexpression of a CCNET

genea product, (i) an inactivaied BRCA gene or {iv) a combination thereof.

3. A method of identifving 2 subject having a neoplastic disease as sensitive to treatment
with a KIF18A inhibitor, comprising assaying a sample oblained from the subject for (8) an
inactivated 7753 gene and/or (b) at least one of. () an inactivated RB7T gene, (ii) an amplified
CCNET gene or averexpression of a CONET gens product, (il) an inactivaied 8RCA gene or
{iv) a combination thereof, wherein the subject is identified as sensitive to treatment with a
KIF18A inhibitor, when the sample is positive for an inactivated TP53 gene and/or positive for at
least one of an inactivated Rb 7T gene, (it) an amplified CCNET gene or overexpression of a

CCNET gene product, (iii) an inactivated BRCA gene or (iv) a combination thersof.

4. A method of determining a treatment for a subject having a nsoplastic disease,
comprising determining sensitivity of the neoplastic disease to freatment with a CDK4/8
inhibitor, wherein the treatment for the subject is determined as & treatment comprising a
KIF18A inhibitor, whan the neoplastic disease is insensilive to the CDK4/6 inhibifor, or
determining ssnsitivity of the neoplastic dissase 10 freatment with a KIF18A inhibitor, wharein
the treatment for the subject is delermined as a treatment comprising a CDK4/G inhibitor, whan

the neoplastic disease is insensitive o the KIF18A inhibitor.

-~

5. A method of identifying a subject having a cancer as responsive o treatment with a

KIF18A inhibitor, comprising determining the sensitivity of the neoplastic dissass o treatment
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with a KIF18A inhibilor, wherein the subject is identified as responsive to freatment with a

KIF18A inhibitor, whan the cancer calls of the sample ars insensitive to the CDK4/8 inhibitor.

8. A KIF18A inhibitor for use in (A) freating a subject having a neoplastic diseass, wherein
the neoplastic disease is resistant to treatment with a CDK4/8 inhibifor or the subject is or has
been treated with the CDK4/8 inhibitor or (B) maintaining sensitivity of a neoplastic disease to
freatment with a CDKA4/8 inhibitor in a subject, optionally, wharein the KiF18A inhibitor is for use
together with the CDK4/6 inhibitor.

7. The method of any one of claims 4-6 wherein determining sensiivity comprises assaying
a sample oblained from the subject for the absence of (i} an inactivated Rb57 gene, (i) an
ampiified CCNET gene or overexpression of a CCNET gene product, or (iil) a combination
thereof,

8. The method of any one of the preceding claims, wharein the sample comprises cancer
calls, tumor calls, non-tumor celis, blood, blood celis, or plasma, optionally, wharein the sample

comprises germiine cancer celis or somatic cancer cells.
9. A pharmaceutical combination comprising & CDK4/6 inhibifor and a KIF18A inhibitor,

10. The msthod or pharmaceutical combination of any one of claims 4-8 wherein the

CDK4/8 inhibitor is palbociclib, ribociclib, and/or abemaciclib.

11 A KIF18A inhibitor for use in treating a subject having a neoplastic disease, inducing or
increasing fumor regression in a subject with a tumor, reducing tumor or cancer growth in a

subject with a tumor, and/or inducing or increasing death of tumor or cancer cells in a subject.

12. The method or KiF18A inhibitor for use of any one of the preceding claims, wherein the
neoplastic disease is a cancer, optionally, breast cancer, ovarian cancer, endometrial cancer,

lung cancer, or prostate cancer.

13. The method or KiF18A inhibitor for use of claim 12, wherein the neoplasiic disease is
friple-negative breast cancer (TNBC), non-luminal breast cancer, or high-grade serous ovarian

cancer (HGSOC) or an endometrial cancer, optionally, serous endometrial cancer.

14. The method or KIF18A inhibitor for use of any one of the preceding claims, wherein the

cancer comprises cells that are positive for an inactivated TRPE3 gene and/or positive for al least
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one of an inactivated R gene, (i) an amplified CCNET gene or overexpressed CONET gene

product, {il) an inactivated BRCA gens or (iv) a8 combination thereof.

15. The method or KIF18A inhibitor for use of claim 14, wherein the cancer comprises cells
that are positive for a2 mutant TP53 gene and/or comprises celis that are positive for an ampiified

CCNET gene, a silenced BRCAT gene, a deficient RbT gene, or a combination thereof.

18, The method or KIF18A inhibitor for use of any one of the preceding claims, wherein the
KIF18A inhibitor treats the neoplastic disease, induces or increases tumor regression, reduces
turnor or cancer growth, and/or induces or increases death of tumor or cancer celis and (A} the
proliferation of the normal somatic calls in the subject is substantially the same as the
proliferation of the normal somatic cells of a control subject and/or (B) the level of apopliosis of
normal somatic cells is not increased in the subject, relative 1o the level of apaptosis of normal
somatic cells of a controf subject, oplionally, wherein the level of apoptosis of normal somatic
cells is substantially the same as the level of apoptosis of the normal somatic cells of a control

subjsct.

17. The method or KiF18A inhibitor for use of claim 18, whersein the normal somatic cells are
human bons marrow mononuclear cells, human mammary epithelial cells, or human foreskin
fibroblast celis and/or the normal somatic cells are not TPE3YWT or whersin the normal somatic
calis are TRHIWY,

18. The method or KIF18A inhibitor for use of any one of the preceding claims, wherein (i)
the neoplastic disease is a multidrug resistant neoplastic disease, (i) the tumor or cancer celils
are multidrug resistant tumeor or cancer celis, (i} the tumor or cancer cells exhibit increased
expression of the Multidrug resistance 1 (MDR-1) gene and/or a gene product thersof, {iv) the
tumor or cancer cells exhibit increasad expression of a P-glycoprotein (P-gp), or (v} any

combination thersof.

19. The method or KIF 18A inhibilor for use of any one of the preceding claims, wherein the
neoplastic dissase is rasisiant {o treatment with an anti-mitotic agent or anthracycline antibiotic,

optionaily, wherein the anti-mitotic agent or anthracycline antibiotic is paclitaxel or doxorubicin.

20. The method or KIF18A inhibitor for use, or pharmacsutical combination of any one of the
pracading claims, whersin the KIF18A inhibitor is administered for oral administration, optionally

once a day.
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21. The method or KIF 18A inhibitor for use of any one of the preceding claims, wherein the
KIF18A inhibitor is KIF18A inhibitor Compound C8, also known as 4-(N-(fert-butyllsulfamoyl)-N-
(3-(N-{teri-butyhsulfamoylphenyl)-2-(G-azaspirof2 . Bloctan-6-yDbenzamids, having the structure:

; or any pharmaceutically acceptable sait thereof.

22 The method or KIF18A inhibitor Tor use of any one of the preceding claims, wherein the
KIF18A inhibitor is KIF18A inhibitor Compound C11, also known as N-(3-
{cyclopentylsulfonylphenyi)-8-({1-hydroxy-2-methyipropan-2-ylamino)-2-(6-azaspirof2 Sloctan-

B-yhnicotinamide, having the structure:

; or any pharmaceutically acceplable salt thereof.

23. The method or KiF18A inhibitor for use of any one of the preceding claims, wherein the
KIF 18A inhibitor is KIF18A inhibitor Compound C12, also known as (R)-4-((2-
Hydroxyethylisulfonamido)-N-(6-(2-methyimorpholino)pyridin-2-y)-2-(6-azaspiro{2. Sloctan-6-

vibenzamide, having the structure:

; or any pharmaceutically acceplable sall
thersof.

24, The method or KiF18A inhibitor for use of any one of the preceding claims, wherein the
KIF18A inhibitor is KIF18A inhibitor Compound C14, also known as N-(2-(4.4-Difluoropiperidin-
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1-yh-B-mathyipyrimidin-4-yi}-4-({2-hydroxyethylisulfonamido)-2-(G-azaspirof2 . 5loctan-B-
yibenzamide, having ths structure:

1

J\ :‘[/ \\‘N
//// 7 SN N/A\
N & \j i l—r
HO™ TN % N
F ; or any pharmacsutically acceptable salt thereof.

25, A KIF18A inhibitor for use in treating a neoplastic disease in a subject who is or has
been treated with an anti-mitotic agent or anthracycline antibiotic, optionally, wherein the
KIF18A inhibitor (A) reduces expression of a KIF18A gene and/or a KIF18A gene praduct (B) is
a non-coding RNA, optionally, wherein the KIF18A inhibitor mediates RNAI, andior (C} is an

siRNA, optionally, comprising a sequence of any one of SEQ {D NOs: 12-18.
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