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RARA AGONISTS FOR THE TREATMENT OF AML AND MDS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from U.S. provisional patent application serial
number 62/320,352, filed April 8, 2016, the disclosure of which is hereby incorporated by

reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] Retinoids are a class of compounds structurally related to vitamin A, comprising
natural and synthetic compounds. Several series of retinoids have been found clinically useful in
the treatment of dermatological and oncological diseases. Retinoic acid and its other naturally
occurring retinoid analogs (9-cis retinoic acid, all-trans 3,4-didehydro retinoic acid, 4-oxo
retinoic acid and retinol) are pleiotropic regulatory compounds that modulate the structure and
function of a wide variety of inflammatory, immune and structural cells. They are important
regulators of epithelial cell proliferation, differentiation, and morphogenesis in lungs. Retinoids
exert their biological effects through a series of hormone nuclear receptors that are ligand

inducible transcription factors belonging to the steroid/thyroid receptor super family.

[0003] The retinoid receptors are classified into two families, the retinoic acid receptors
(RARs) and the retinoid X receptors (RXRs), each consisting of three distinct subtypes (a, B, and
v). Each subtype of the RAR gene family encodes a variable number of isoforms arising from
differential splicing of two primary RNA transcripts. All-trans retinoic acid is the physiological
hormone for the retinoic acid receptors and binds with approximately equal affinity to all the
three RAR subtypes, but does not bind to the RXR receptors for which 9-cis retinoic acid is the
natural ligand. Retinoids have anti-inflammatory effects, alter the progression of epithelial cell
differentiation, and inhibit stromal cell matrix production. These properties have led to the
development of topical and systemic retinoid therapeutics for dermatological disorders such as
psoriasis, acne, and hypertrophic cutaneous scars. Other applications include the control of acute

promyelocytic leukemia, adeno- and squamous cell carcinoma, and hepatic fibrosis.
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[0004] A limitation in the therapeutic use of retinoids has stemmed from the relative
toxicity observed with the naturally occurring retinoids, all-trans retinoic acid and 9-cis retinoic
acid. These natural ligands are non-selective in terms of RAR subtype and therefore have

pleiotropic effects throughout the body, which are often toxic.

[0005] Various retinoids have been described that interact selectively or specifically with
the RAR or RXR receptors or with specific subtypes (a, B, v) within a class. RARA specific
agonists have held high promise for the treatment of cancers and many have entered human
clinical trials. However, only one RARA specific agonist, tamibarotene, has ever been approved
for the treatment of cancer. Moreover, tamibarotene is only approved in Japan and only for the
treatment of acute promyelocytic leukemia, despite trials in the US and Europe. The disconnect
between the theoretical efficacy of RARA agonists in cancer and the dearth of regulatory
approvals for such agents raises the question of why such agonists are not effective and safe in
humans. Therefore, there is a need to better understand why RARA agonists have not met their

therapeutic potential.

[0006] Recent advances in genomic technology and the understanding of gene regulatory
circuits has led to the discovery of super enhancers. Whereas many genes in a given tissue or
cancer type may be regulated by the presence of enhancers in proximity to the gene coding
region, a small minority of these represent a highly asymmetric and disproportionately large
loading of transcriptional marks and machinery relative to all other active genes. Recent
discoveries suggest that such enhancers are tied to genes of special relevance to the function and
survival of the cell harboring them. As such, an association of a super enhancer with a gene

indicates the relative significance of said gene to the survival of that cell.

SUMMARY OF THE INVENTION

[0007] The present disclosure provides technologies for detecting one or more IRF8
biomarkers (e.g., presence, level, form, and/or activity of one or more /RF'8 gene components or
products, including for example /RF'8 super enhancer strength, ordinal rank, or prevalence rank
and IRF8 mRNA level or prevalence rank). The present disclosure demonstrates that cells (e.g.,

cancer cells or cells from a subject suffering from non-APL AML or MDS) containing one or
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more IRF8 biomarkers, wherein the IRF8 biomarker is or comprises expression of one or more
of elevated IRF8 mRNA levels or a super enhancer associated with an /RF'§ gene are more

susceptible to the effects of a RARA agonist, such as tamibarotene.

[0008] The various embodiments, aspects and alternatives of this invention solve the
problem of defining which cellular populations are sensitive to agonists of retinoic acid receptor
alpha (“RARA”), identifying patient populations that will benefit from treatment with RARA
agonists (e.g., stratifying patients for treatment with a RARA agonist; separating RARA agonist
responders from non-responders) and providing treatment therapies directed at such patient
populations. The solution is based, at least in part, upon our discovery that elevated expression
of one or more IRF8 biomarkers in certain cancer cells is indicative that such cells will be
substantially more responsive” than similar cells that do not have an elevated IRF8 biomarker to

treatment with a RARA agonist (e.g., tamibarotene).

[0009] In some embodiments, the present disclosure relates to a method of treating
cancer (e.g., non-APL AML or MDS) in a subject (e.g., a human) based on the level of IRF8
mRNA in the subject’s cancer cells, wherein the method comprises a step of administering to the
subject an amount of a RARA agonist (e.g., tamibarotene) effective to treat the disease. In some
aspects of these embodiments, the level of IRF8 mRNA in the subject’s cancer cells is equal to

or above a pre-determined threshold level.

[0010] In some embodiments, the present disclosure relates to a method of treating
cancer, wherein the method comprises a step of administering tamibarotene to a subject having a
cancer, wherein the cancer is determined to have an IRF8 biomarker, wherein the IRF8
biomarker is or comprises expression of one or more of elevated IRF8 mRNA levels or a super

enhancer associated with an /RF'8 gene.

[0011] In some embodiments, the present disclosure relates to a method comprising a
step of administering therapy to a subject determined not to express one or more of elevated
RARA mRNA levels or a super enhancer associated with a RARA gene; and not to express one
or more of elevated IRF8 mRNA levels or a super enhancer associated with an IRF8 gene,

wherein the therapy does not include administration of tamibarotene.
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[0012] In some embodiments, the present disclosure relates to a method of treating
cancer, the method comprising a step of administering therapy to a subject determined (a) not to
express one or more of elevated RARA mRNA levels or not to have a super enhancer associated
with a RARA gene whose strength and/or ordinal rank is above a pre-determined threshold; and
(b) to express one or more of elevated IRF8 mRNA levels or a super enhancer associated with an

IRF'8 gene, wherein the therapy is tamibarotene.

[0013] In some embodiments, the present disclosure relates to a method of treating
cancer, the method comprising a step of administering therapy to a subject determined not to
express one or more of elevated RARA mRNA levels or a super enhancer associated with a
RARA gene; and to express one or more of elevated IRF8 mRNA levels or a super enhancer

associated with an IRF8 gene, wherein the therapy is tamibarotene.

[0014] In some embodiments, the present disclosure relates to a method of treating
cancer, the method comprising steps of receiving information related to IRF8 mRNA level in a
subject suffering from a cancer; and administering to the subject tamibarotene if the information
indicates the IRF8 mRNA level or super enhancer level is equal to or above that of a reference.
In some aspects, a reference is a pre-determined threshold. In some aspects, a pre-determined

threshold is a cutoff value or a prevalence cutoff.

[0015] In some embodiments, the present disclosure relates to a method of treating
cancer, the method comprising steps of receiving information related to the presence of a super
enhancer associated with an /RF'8 gene in a subject suffering from a cancer; and administering to
the subject tamibarotene if the information indicates that a super enhancer is associated with an

IRF8 gene.

[0016] In some embodiments, the present disclosure relates to a method of predicting the
efficacy of a RARA agonist in a treatment of a cancer comprising the steps of determining if the
cancer comprises a cell having IRF8 mRNA level that is equal to or above that of a reference,
wherein the IRF8 mRNA level is equal to or above that of a reference is predictive of RARA
agonist efficacy in the treatment. In some aspects, a reference is a pre-determined threshold. In

some aspects, a pre-determined threshold is a cutoff value or a prevalence cutoff.
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[0017] In some embodiments, the present disclosure relates to a method of predicting the
efficacy of a RARA agonist in a treatment of a cancer comprising the steps of determining if, in
a subject suffering from a cancer, the cancer comprises a cell that has a super enhancer
associated with an /RF'8 gene, wherein the presence of a super enhancer associated with an /RFS8

gene indicates efficacious treatment of the cancer with a RARA agonist.

[0018] In some embodiments, the present disclosure relates to a method comprising steps
of obtaining a biological sample comprising cancer cells from a subject suffering from cancer;
and detecting in the biological sample one or more of IRF8 mRNA level is equal to or above that
of that of a reference; or a super enhancer associated with an /RF'§ gene. In some aspects, a
reference is a pre-determined threshold. In some aspects, a pre-determined threshold is a cutoff

value or a prevalence cutoff.

[0019] In some embodiments, the present disclosure relates to a method of diagnosing,
prognosing, or treating a subject suffering from a cancer comprising the steps of obtaining a
sample of the cancer from the subject; and determining in the sample one or more of an IRF8

mRNA level or the presence of a super enhancer associated with an /RF'8 gene in the subject.

[0020] In some embodiments, the present disclosure relates to a method of diagnosing,
prognosing, or treating a subject suffering from a cancer comprising the steps of obtaining a
sample of the cancer from the subject; determining in the sample IRF8 mRNA level or the
presence of a super enhancer associated with an /RF8 gene in the subject; and administering a
therapeutic composition comprising a RARA agonist if one or more of (a) IRF8 mRNA level is
equal to or above that of that of a reference; or (b) a super enhancer associated with an /RF§
gene. In some aspects, a reference is a pre-determined threshold. In some aspects, a pre-

determined threshold is a cutoff value or a prevalence cutoff.

[0021] In some embodiments, the present disclosure relates to a method comprising
detecting one or more of RARA mRNA level or the strength or ordinal rank of a super enhancer
associated with a RARA gene in a biological sample obtained from a subject with a cancer; and
detecting one or more of IRF8 mRNA level or a super enhancer associated with an /RF8 gene in
the biological sample if the biological sample does not express one or more of elevated RARA

mRNA level equal to above that of a reference or a super enhancer associated with a RARA gene
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which has a strength or ordinal rank that is equal to or above a pre-determined threshold. In
some aspects, a reference is a pre-determined threshold. In some aspects, a pre-determined

threshold is a cutoff value or a prevalence cutoff.

[0022] In some embodiments, the present disclosure relates to a method comprising
detecting one or more of RARA mRNA level or the strength or ordinal rank of a super enhancer
associated with a RARA gene in a biological sample obtained from a subject with a cancer; and
detecting one or more of IRF8 mRNA level or a super enhancer associated with an /RFS8 gene in
the biological sample if the biological sample does express one or more of elevated RARA
mRNA level equal to above that of a reference or a strength or ordinal rank of a super enhancer

associated with a RARA gene which is equal to or above a pre-determined threshold.

[0023] In some embodiments, the present disclosure relates to a method comprising
detecting one or more of IRF8 mRNA level or a super enhancer associated with an /RFS8 gene in
a biological sample obtained from a subject with a cancer; and detecting one or more of RARA
mRNA level or the strength or ordinal rank of a super enhancer associated with a RARA gene in
the biological sample if the biological sample does not express one or more of elevated IRF8

mRNA level equal to above that of a reference or a super enhancer associated with an /RF'§ gene.

[0024] In some embodiments, the present disclosure relates to a method comprising
detecting one or more of IRF8 mRNA level or a super enhancer associated with an /RFS8 gene in
a biological sample obtained from a subject with a cancer; and detecting one or more of RARA
mRNA level or the strength or ordinal rank of a super enhancer associated with a RARA gene in
the biological sample if the biological sample does express one or more of elevated IRF§ mRNA

level equal to above that of a reference or a super enhancer associated with an /RF'8 gene.

[0025] In some embodiments, the present disclosure relates to a method of diagnosing
and treating a human subject suffering from a disease selected from non-APL AML and MDS,
the method comprising:

a. diagnosing whether the subject has a tamibarotene-sensitive form of the
disease based on a level of IRF8 mRNA previously determined to be present in a sample of

diseased cells from the subject; and
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b. administering to the subject an amount of tamibarotene effective to treat

the disease.

[0026] In some aspects of these embodiments, the level of IRF8 mRNA is equal to or

above a pre-determined threshold.

[0027] In some aspects of any of the foregoing embodiments which comprise the
treatment of a subject with tamibarotene, the subject is administered a combination of

tamibarotene and a second therapeutic agent.

[0028] In some embodiments, the present disclosure relates to a method of treating a
cancer selected from non-APL or MDS in a subject based upon a level of RARA mRNA and or a
level of IRF8 mRNA in the subject’s cancer cells, wherein the treatment comprises administering
to the subject a combination of tamibarotene and a second therapeutic agent. In some aspects of
these embodiments, the subject has a RARA mRNA level equal to or above a threshold value. In
some aspects of these embodiments, the subject has an IRF8 mRNA level equal to or above a
threshold value. In some aspects of these embodiments, the subject has both a RARA mRNA
level equal to or above a threshold value and an IRF8 mRNA level equal to or above a threshold

value. In some aspects of these embodiments, the subject is suffering from non-APL AML..

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Figure 1 depicts IRF8 mRNA levels in seven different AML cell lines. Cell lines
indicated by the red bars demonstrate substantial responsiveness to tamibarotene treatment. Cell

lines indicated by the blue bars demonstrate little or no responsiveness to tamibarotene treatment.

[0030] Figure 2 shows correlation of tamibarotene anti-proliferative potency (ECs value,
nM) with IRF8 mRNA levels as measured by RNA-seq. Note that the top-left point with IRF8
mRNA level = 1 (log10) and tamibarotene ECsy value imputed as 50 uM (non-responsive)
represents data from 2 AML cell lines with low IRF8 mRNA levels and no anti-proliferative
response to tamibarotene. The correlation of tamibarotene sensitivity with IRF8 mRNA levels

was highly significant (p = 0.0001, Spearman’s correlation, two-tailed).
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[0031] Figure 3 depicts a rank order graph of IRF8 mRNA level in individual patient
AML samples and AML cell lines as measured by RNA-Seq. The AML cell lines PL21, which
was the cell line that had the lowest IRF8 mRNA level of any responsive cell line, and Kasumi,
which was the cell line that had the highest IRF8 mRNA level of any cell line unresponsive to
tamibarotene, are indicated. In this population, a 25% prevalence cutoff is equal to a RNA-Seq

TPM value of approximately logy(7).

[0032] Figure 4 depicts the correlation between IRF8 mRNA level and RARA mRNA

level in non-APL AML cell lines tested for response to tamibarotene.

[0033] Figure 5 depicts the correlation between IRF8 mRNA level and RARA mRNA
level in a population of AML patient samples. The dotted lines represent a 25% prevalence

cutoff for each mRNA

[0034] Figure 6 shows correlation of tamibarotene anti-proliferative potency with /RFS
enhancer strength in AML cell lines. Plot of AML cell line tamibarotene sensitivity (ECsp value,
nM) as a function of /RF8 RECOMB enhancer scores. Note, top-left point with IRF8 enhancer
score = 0 and tamibarotene ECs value imputed as SOuM (non-responsive) represents results of 3
AML cell lines with no detectable /RF8 enhancer peak and no anti-proliferative response to

tamibarotene.

[0035] Figure 7 depicts /RF8 enhancer strength in AML patient samples. Rank order
plot of /RF§ enhancer strength under the RECOMB scoring method for 66 AML patient
samples. Each bar represents the /RF'S8 enhancer strength for a single AML patient. The Y-axis
demonstrates individual /RFS enhancer strength as a multiple of the cutoff (defined as 1.0,
indicated by dotted line) between super-enhancers (>1.0) and typical enhancers (<1.0). Patient
samples above this threshold appear in white fill while those below are in black. 14 of the 66
patient samples (21% of the population) exceed the 1.0 threshold and were deemed to have /RF8
SEs.

[0036] Figure 8 shows correlation of IRF8 mRNA levels with /RF'S enhancer strength in
AML patient samples. Plot of IRF8 mRNA transcript abundance by quantile normalized RNA-
seq (log; TPM; Y-axis) as a function of /RF'8§ RECOMB enhancer strength (X-axis) in 49
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primary patient samples (those with both enhancer and expression values). The Spearman Rho

correlation estimate is ~.0.81, with a p-value of 2.2x10™"%.

[0037] Figure 9 shows distribution of /RF'§ enhancer strength in AML cell lines. Plot of
IRF8 enhancer strength under the RECOMB scoring method for 26 AML cell lines. Each bar
represents the /RF'S enhancer strength for a single AML cell line. The Y-axis illustrates
individual /RF'8 enhancer strength as a multiple of the cutoff (defined as 1.0, indicated by dotted
line) between super-enhancers (>1.0) and typical enhancers (<1.0). Cell lines above this
threshold appear in white fill, while those below are in black. Nine of the 26 AML cell lines
(34% of the population) exceed the 1.0 threshold and were deemed to have /RI"S SEs.

[0038] Figure 10 shows correlation of IRF8 mRNA levels with /RF&8 enhancer strength in
AML cell lines. Plot of IRF8 mRNA transcript abundance by quantile normalized RNA-seq
TPM (Y-axis) as a function of /RF'§ RECOMB enhancer strength (X-axis) in all non-APL AML
cell lines for which both RNA-seq and ChIP-seq data was available. The Spearman Rho

correlation estimate is ~0.82, with a p-value ~2x107.

[0039] Figure 11 depicts the response, as measured by % CD45™ cells, to daily dosing of
tamibarotene in two different patient-derived mouse xenograph AML models. Fig. 11 also
depicts the % CD45" cells in different organs and biological fluids, as well as the time of

survival of the mouse models.

[0040] Figure 12 depicts the response, as measured by % CD45™ cells, to daily dosing of
tamibarotene in two additional patient-derived mouse xenograph AML models. Fig. 12 also
depicts the % CD45" cells in different organs and biological fluids in those models, as well as the

time of survival in those models.

[0041] Figure 13 depicts the IRF8 mRNA level and the RARA mRNA level in each of
the four AML patient samples used in the xenograph experiments depicted in Figs. 11 and 12.
Only the tamibarotene-responsive AM8096, which produced a tamibarotene-responsive
xenograph, demonstrated an IRF8 mRNA above a 100 TPM threshold. AM8096 and AM5512
(which demonstrated some responsiveness to tamibarotene) demonstrated a RARA mRNA level

above a 10 TPM threshold.
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[0042] Figure 14 depicts a rank ordering of IRF8 mRNA levels detected in a variety of
AML cell lines, AML primary patient samples, normal blood cells and AML PDXs.

[0043] Figure 15 depicts isobolograms for combinations of tamibarotene and azacitidine

in various AML cell lines. Asterisks indicate data points outside the maxima of the isobologram.

[0044] Figure 16 depicts isobolograms for combinations of tamibarotene and arsenic
trioxide in various AML cell lines. Asterisks indicate data points outside the maxima of the

isobologram.

[0045] Figure 17 depicts isobolograms for combinations of tamibarotene and Ara-C in

various AML cell lines. Asterisks indicate data points outside the maxima of the isobologram.

[0046] Figure 18 depicts isobolograms for combinations of tamibarotene and
daunorubicin in various AML cell lines. Asterisks indicate data points outside the maxima of the

isobologram.

[0047] Figure 19 depicts isobolograms for combinations of tamibarotene and
methotrexate in various AML cell lines. Asterisks indicate data points outside the maxima of the

isobologram.

[0048] Figure 20 depicts isobolograms for combinations of tamibarotene and idarubicin

in various AML cell lines. Asterisks indicate data points outside the maxima of the isobologram.

[0049] Figure 21 depicts isobolograms for combinations of tamibarotene and sorafenib in

various AML cell lines. Asterisks indicate data points outside the maxima of the isobologram.

DEFINITIONS

[yl

[0050] In this application, unless otherwise clear from context, (i) the term “a” may be
understood to mean “at least one”; (i1) the term “or” may be understood to mean “and/or’”; (iii)
the terms “comprising” and “including” may be understood to encompass itemized components
or steps whether presented by themselves or together with one or more additional components or
steps; and (iv) the terms “about” and “approximately” may be understood to permit standard
variation as would be understood by those of ordinary skill in the art; and (v) where ranges are

provided, endpoints are included.

10
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[0051] Those skilled in the art will appreciate that one or more chemical compounds
whose structure is depicted herein may have one or more isomeric (e.g., enantiomeric,
diastereomeric, and geometric (or conformational)) and/or tautomeric forms; for example, R and
S configurations for each asymmetric center, Z and E double bond isomers, and Z and E
conformational isomers. In some embodiments, teachings included herein may be applicable to
and/or encompass any and all such forms. Therefore, unless otherwise stated, single
stereochemical isomers as well as enantiomeric, diastereomeric, and geometric (or
conformational) mixtures of the present compounds may all be within the scope of the invention.
Similarly, unless otherwise stated, all tautomeric forms of the compounds of the invention are
within the scope of the invention. Furthermore, those skilled in the art will appreciate that, in
some embodiments, chemical structures depicted herein may encompass compounds that differ
only in the presence of one or more isotopically enriched atoms. For example, compounds
whose structure is identical to that depicted except for replacement of hydrogen by deuterium or
trittum, or replacement of a carbon by a >C- or "*C-enriched carbon, are within the scope of this
invention. In certain embodiments, such compounds may be useful, for example, as analytical
tools, as probes in biological assays, and/or as therapeutic agents in accordance with the present

invention.

[0052] Agonist: As used herein, the term “agonist” may be used to refer to an agent,
condition, or event whose presence, level, degree, type, or form correlates with increased level or
activity of another agent (i.e., the agonized agent). In general, an agonist may be or include an
agent of any chemical class including, for example, small molecules, polypeptides, nucleic acids,
carbohydrates, lipids, metals, and/or any other entity that shows the relevant activating activity.
In some embodiments, an agonist may be direct (in which case it exerts its influence directly
upon its target); in some embodiments, an agonist may be indirect (in which case it exerts its
influence by other than binding to its target; e.g., by interacting with a regulator of the target, so

that level or activity of the target is altered).

[0053] Agonist Therapy: As used herein, the term “agonist therapy” refers to
administration of an agonist that agonizes a particular target of interest to achieve a desired
therapeutic effect. In some embodiments, agonist therapy involves administering a single dose

of an agonist. In some embodiments, agonist therapy involves administering multiple doses of

11
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an agonist. In some embodiments, agonist therapy involves administering an agonist according
to a dosing regimen known or expected to achieve the therapeutic effect, for example, because
such result has been established to a designated degree of statistical confidence, e.g., through

administration to a relevant population.

[0054] Antagonist: As used herein, the term “antagonist” may be used to refer to an
agent, condition, or event whose presence, level, degree, type, or form correlates with decreased
level or activity of another agent (e.g., the inhibited agent, or target). In general, an antagonist
may be or include an agent of any chemical class including, for example, small molecules,
polypeptides, nucleic acids, carbohydrates, lipids, metals, and/or any other entity that shows the
relevant inhibitory activity. In some embodiments, an antagonist may be direct (in which case it
exerts its influence directly upon its target); in some embodiments, an antagonist may be indirect
(in which case it exerts its influence by other than binding to its target; e.g., by interacting with a

regulator of the target, so that level or activity of the target is altered).

[0055] Approximately: As used herein, the term “approximately” or “about,” as applied
to one or more values of interest, refers to a value that is similar to a stated reference value. In
certain embodiments, the term “approximately” or “about” refers to a range of values that fall
within 25%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%,
5%, 4%, 3%, 2%, 1%, or less in either direction (greater than or less than) of the stated reference
value unless otherwise stated or otherwise evident from the context (except where such number

would exceed 100% of a possible value).

[0056] Acute Promyelocytic Leukemia: As used herein, the term “Acute Promyelocytic
Leukemia” or “APL” refers to a subtype of acute myelogenous leukemia (“AML”) characterized
by a genetic translocation between human chromosomes 15 and 17. Accordingly, the term
“Non-APL AML” refers to any subtype of AML that is not characterized by such a genetic

translocation.

[0057] Biological sample: As used herein, the term “biological sample” refers to any
sample obtained from an individual suffering from a disease to be treated by the methods of this
invention, including tissue samples (such as tissue sections and needle biopsies of a tissue); cell

samples (e.g., cytological smears (such as Pap or blood smears) or samples of cells obtained by
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microdissection); bone marrow samples (either whole, complete cell fractions thereof, or
subpopulations of cells therein); or cell fractions, fragments or organelles (such as obtained by
lysing cells and separating the components thereof by centrifugation or otherwise). Other
examples of biological samples include blood, serum, urine, semen, fecal matter, cerebrospinal
fluid, interstitial fluid, mucus, tears, sweat, pus, biopsied tissue (e.g., obtained by a surgical
biopsy or needle biopsy), nipple aspirates, milk, vaginal fluid, saliva, swabs (such as buccal
swabs), or any material containing biomolecules that is derived from a first biological sample. In
some aspects, a biological sample from a subject suffering from non-APL. AML or MDS is a
bone marrow aspirate. In other aspects, a biological sample from a subject suffering from non-
APL AML or MDS is a fractionated whole blood sample. In more specific aspects, a biological
sample from a subject suffering from non-APL AML or MDS is a PBMC fraction from the
subject’s whole blood (a “PBMC sample”). In still more specific aspects, a PBMC sample from
a subject suffering from non-APL AML or MDS is further enriched for specific blasts using
various enrichment techniques such as antibody-linked bead enrichment protocols, fluorescent
label cell sorting, or other techniques known in the art (an “enriched PBMC sample”). In some
embodiments, as will be clear from context, the term “sample” refers to a preparation that is
obtained by processing (e.g., by removing one or more components of and/or by adding one or
more agents to) a primary sample. Such a “processed sample” may comprise, for example
nucleic acids or proteins extracted from a sample or obtained by subjecting a primary sample to
techniques such as amplification or reverse transcription of mRNA, isolation and/or purification

of certain components, efc.

[0058] Biomarker: As used herein, the term “biomarker” refers to an entity whose
presence, level, or form, correlates with a particular biological event or state of interest, so that it
is considered to be a “marker” of that event or state. To give but a few examples, in some
embodiments, a biomarker may be or comprises a marker for a particular disease state or stage,
or for likelihood that a particular disease, disorder or condition may develop. In some
embodiments, a biomarker may be or comprise a marker for a particular disease or therapeutic
outcome, or likelihood thereof. Thus, in some embodiments, a biomarker is predictive, in some
embodiments, a biomarker is prognostic, in some embodiments, a biomarker is diagnostic, of the

relevant biological event or state of interest. A biomarker may be an entity of any chemical
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class. For example, in some embodiments, a biomarker may be or comprise a nucleic acid, a
polypeptide, a lipid, a carbohydrate, a small molecule, an inorganic agent (e.g., a metal or ion),
or a combination thereof. In some embodiments, a biomarker is a cell surface marker. In some
embodiments, a biomarker is intracellular. In some embodiments, a biomarker is found outside
of cells (e.g., is secreted or is otherwise generated or present outside of cells, e.g., in a body fluid
such as blood, urine, tears, saliva, cerebrospinal fluid, etc. In some embodiments, term refers to
a gene expression product that is characteristic of a particular tumor, tumor subclass, stage of
tumor, etc. Alternatively or additionally, in some embodiments, a presence or level of a
particular marker correlates with activity (or activity level) of a particular signaling pathway, for
example that may be characteristic of a particular class of tumors. The statistical significance of
the presence or absence of a biomarker may vary depending upon the particular biomarker. In
some embodiments, detection of a biomarker is highly specific in that it reflects a high
probability that the tumor is of a particular subclass. Such specificity may come at the cost of
sensitivity (e.g., a negative result may occur even if the tumor is a tumor that would be expected
to express the biomarker). In some embodiments, a biomarker may be or comprise an IRF8
biomarker (e.g., presence, level, form, and/or activity of one or more /RF& gene components or
products, including for example /RF'8 super enhancer strength, ordinal rank, or prevalence rank
and IRF8 mRNA level or prevalence rank). In some embodiments, a biomarker may include a
RARA biomarker (e.g., one or more RARA biomarkers (e.g., presence, level, form, and/or
activity of one or more RARA gene components or products, including for example RARA super
enhancer strength, ordinal rank, or prevalence rank and RARA mRNA level or prevalence rank).
In some embodiments a biomarker refers to a combination of one or more biomarkers, such as

IRF8 and RARA.

[0059] Cancer: As used herein, the term “cancer” refers to a malignant neoplasm or
tumor (Stedman’s Medical Dictionary, 25th ed.; Hensly ed.; Williams & Wilkins: Philadelphia,
1990). The terms “neoplasm” and “tumor” are used herein interchangeably and refer to an
abnormal mass of tissue wherein the growth of the mass surpasses and is not coordinated with
the growth of a normal tissue. A “malignant neoplasm” is generally poorly differentiated
(anaplasia) and has characteristically rapid growth accompanied by progressive infiltration,

invasion, and destruction of the surrounding tissue. Furthermore, a malignant neoplasm
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generally has the capacity to metastasize to distant sites. In some embodiments a cancer is any
malignant neoplasm or tumor wherein an IRF8 biomarker is correlated with responsiveness to a
RARA agonist such as tamibarotene. In some embodiments a cancer is acute myelocytic

leukemia (AML). In some embodiments a cancer is non-APL AML.

[0060] Combination therapy: Asused herein, the term “combination therapy” refers to
those situations in which a subject is simultaneously exposed to two or more therapeutic
regimens (e.g., two or more therapeutic agents). In some embodiments, two or more agents or
may be administered simultaneously; in some embodiments, such agents may be administered
sequentially; in some embodiments, such agents are administered in overlapping dosing
regimens. In some embodiments, “administration” of combination therapy may involve
administration of one or more agents to a subject receiving the other agents in the combination.
For clarity, combination therapy does not require that individual agents be administered together
in a single composition (or even necessarily at the same time), although in some embodiments,
two or more active agents, entities, or moieties may be administered together in a combination
composition, or even in a combination compound (e.g., as part of a single chemical complex or

covalent entity).

[0061] Cutoff value: As used herein, the terms “cutoff” and “cutoff value” means a value
measured in an assay that defines the dividing line between two subsets of a population (e.g.,
responders and non-responders). Thus, a value that is equal to or higher than the cutoff value
defines one subset of the population; and a value that is lower than the cutoff value defines the

other subset of the population.

[0062] Diagnostic information: As used herein, “diagnostic information” or
“information for use in diagnosis” is information that is useful in determining whether a patient
has a disease, disorder or condition and/or in classifying a disease, disorder or condition into a
phenotypic category or any category having significance with regard to prognosis of a disease,
disorder or condition, or likely response to treatment (either treatment in general or any
particular treatment) of a disease, disorder or condition. Similarly, “diagnosis” refers to
providing any type of diagnostic information, including, but not limited to, whether a subject is
likely to have or develop a disease, disorder or condition, state, staging or characteristic of a

disease, disorder or condition as manifested in the subject, information related to the nature or
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classification of a tumor, information related to prognosis and/or information useful in selecting
an appropriate treatment. Selection of treatment may include the choice of a particular
therapeutic agent or other treatment modality such as surgery, radiation, etc., a choice about
whether to withhold or deliver therapy, a choice relating to dosing regimen (e.g., frequency or
level of one or more doses of a particular therapeutic agent or combination of therapeutic

agents), etc.

[0063] Dosage form or unit dosage form: Those skilled in the art will appreciate that the
term “dosage form” may be used to refer to a physically discrete unit of an active agent (e.g., a
therapeutic or diagnostic agent) for administration to a subject. Typically, each such unit
contains a predetermined quantity of active agent. In some embodiments, such quantity is a unit
dosage amount (or a whole fraction thereof) appropriate for administration in accordance with a
dosing regimen that has been determined to correlate with a desired or beneficial outcome when
administered to a relevant population (i.e., with a therapeutic dosing regimen). Those of
ordinary skill in the art appreciate that the total amount of a therapeutic composition or agent
administered to a particular subject is determined by one or more attending physicians and may

involve administration of multiple dosage forms.

[0064] Dosing regimen: Those skilled in the art will appreciate that the term “dosing
regimen” may be used to refer to a set of unit doses (typically more than one) that are
administered individually to a subject, typically separated by periods of time. In some
embodiments, a given therapeutic agent has a recommended dosing regimen, which may involve
one or more doses. In some embodiments, a dosing regimen comprises a plurality of doses each
of which is separated in time from other doses. In some embodiments, individual doses are
separated from one another by a time period of the same length; in some embodiments, a dosing
regimen comprises a plurality of doses and at least two different time periods separating
individual doses. In some embodiments, all doses within a dosing regimen are of the same unit
dose amount. In some embodiments, different doses within a dosing regimen are of different
amounts. In some embodiments, a dosing regimen comprises a first dose in a first dose amount,
followed by one or more additional doses in a second dose amount different from the first dose
amount. In some embodiments, a dosing regimen comprises a first dose in a first dose amount,

followed by one or more additional doses in a second dose amount same as the first dose amount
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In some embodiments, a dosing regimen is correlated with a desired or beneficial outcome when

administered across a relevant population (i.e., is a therapeutic dosing regimen).

[0065] Effective amount: As used herein, an “effective amount” of a compound
described herein, such as of Formula (I) refers to an amount sufficient to elicit the desired
biological response, i.e., treating the condition. As will be appreciated by those of ordinary skill
in this art, the effective amount of a compound described herein, such as of Formula (I) may vary
depending on such factors as the desired biological endpoint, the pharmacokinetics of the
compound, the condition being treated, the mode of administration, and the age and health of the
subject. An effective amount encompasses therapeutic and prophylactic treatment. For example,
in treating cancer, an effective amount of an inventive compound may reduce the tumor burden

or stop the growth or spread of a tumor.

[0066] Enhancer: As used herein, the term “enhancer” refers to a region of genomic
DNA acting to regulate genes up to 1 Mbp away. An enhancer may overlap, but is often not
composed of, gene coding regions. An enhancer is often bound by transcription factors and

designated by specific histone marks.

[0067] Hydrate: As used herein, the term “hydrate” refers to a compound which is
associated with water. Typically, the number of the water molecules contained in a hydrate of a
compound is in a definite ratio to the number of the compound molecules in the hydrate.
Therefore, a hydrate of a compound may be represented, for example, by the general formula R-x
H,0, wherein R is the compound and wherein x is a number greater than 0. A given compound
may form more than one type of hydrates, including, e.g., monohydrates (x is 1), lower hydrates
(x 1s a number greater than O and smaller than 1, e.g., hemihydrates (R-0.5 H,0O)), and
polyhydrates (x is a number greater than 1, e.g., dihydrates (R-2 H,0) and hexahydrates (R-6
H,0)).

[0068] IRF8 gene: Asused herein, the term “/RF'8 gene” refers to a genomic DNA
sequence that encodes an interferon consensus sequence-binding protein or splice variant thereof
and specifically excludes gene fusions that comprise all or a portion of the /RF'§ gene. In some

embodiments, the /RF'S gene is located at chr16:85862582-85990086 in genome build hg19.
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[0069] “Improve,” “increase” or “reduce”: Asused herein or grammatical equivalents
thereof, indicate values that are relative to a reference measurement, such as a measurement in
the same individual prior to initiation of a treatment described herein, or a measurement in a
control individual (or multiple control individuals) in the absence of the treatment described
herein. In some embodiments, a “control individual” is an individual afflicted with the same

form of disease or injury as an individual being treated.

[0070] Messenger RNA transcript: As used herein, the term “messenger RNA
transcript” or mRNA refers to the RNA transcription product from the DNA sequence that

include one or more of the gene coding region.

[0071] Ordinal rank: As used herein, the term “ordinal rank” of a specified value means
the rank order of that value as compared to a set of other values. For example, an ordinal rank of
100 in terms of the strength of a super enhancer associated with a RARA gene in a test cell as
compared to other super enhancers in the test cell means that 99 other super enhancers in the test

cell had greater strength than the super enhancer associated with a RARA gene.

[0072] Patient: As used herein, the term “patient” or “subject” refers to any organism to
which a provided composition is or may be administered, e.g., for experimental, diagnostic,
prophylactic, cosmetic, and/or therapeutic purposes. Typical patients include animals (e.g.,
mammals such as mice, rats, rabbits, non-human primates, and/or humans). In some
embodiments, a patient is a human. A human includes pre and post-natal forms. In some
embodiments, a patient is suffering from or susceptible to one or more disorders or conditions.
In some embodiments, a patient displays one or more symptoms of a disorder or condition. In

some embodiments, a patient has been diagnosed with one or more disorders or conditions

[0073] Pharmaceutically acceptable salt: As used herein, the term “pharmaceutically
acceptable salt” refers to those salts which are, within the scope of sound medical judgment,
suitable for use in contact with the tissues of humans and lower animals without undue toxicity,
irritation, allergic response and the like, and are commensurate with a reasonable benefit/risk
ratio. Pharmaceutically acceptable salts are well known in the art. For example, Berge et al,
describe pharmaceutically acceptable salts in detail in J. Pharmaceutical Sciences, 1977, 66, 1—

19, incorporated herein by reference. Pharmaceutically acceptable salts of the compounds of this
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invention include those derived from suitable inorganic and organic acids and bases. Examples
of pharmaceutically acceptable, nontoxic acid addition salts are salts of an amino group formed
with inorganic acids such as hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric acid,
and perchloric acid or with organic acids such as acetic acid, oxalic acid, maleic acid, tartaric
acid, citric acid, succinic acid, or malonic acid or by using other methods known in the art such
as ion exchange. Other pharmaceutically acceptable salts include adipate, alginate, ascorbate,
aspartate, benzenesulfonate, benzoate, bisulfate, borate, butyrate, camphorate, camphorsulfonate,
citrate, cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate, formate, fumarate,
glucoheptonate, glycerophosphate, gluconate, hemisulfate, heptanoate, hexanoate, hydroiodide,
2-hydroxy—ethanesulfonate, lactobionate, lactate, laurate, lauryl sulfate, MALATle, maleate,
malonate, methanesulfonate, 2—naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate,
palmitate, pamoate, pectinate, persulfate, 3—phenylpropionate, phosphate, picrate, pivalate,
propionate, stearate, succinate, sulfate, tartrate, thiocyanate, p toluenesulfonate, undecanoate,
valerate salts, and the like. Salts derived from appropriate bases include alkali metal, alkaline
earth metal, ammonium and N"(C,— alkyl), salts. Representative alkali or alkaline earth metal
salts include sodium, lithium, potassium, calcium, magnesium, and the like. Further
pharmaceutically acceptable salts include, when appropriate, nontoxic ammonium, quaternary
ammonium, and amine cations formed using counterions such as halide, hydroxide, carboxylate,

sulfate, phosphate, nitrate, lower alkyl sulfonate, and aryl sulfonate.

[0074] Population: As used herein, the term “population” or “population of samples”
means a sufficient number (e.g., at least 30, 40, 50 or more) of different samples that reasonably
reflects the distribution of the value being measured in a larger group. Each sample in a
population of samples may be a cell line, a biological sample obtained from a living being (e.g.,
a biopsy or bodily fluid sample), or a sample obtained from a xenograph (e.g., a tumor grown in
a mouse by implanting a cell line or a patient sample), wherein each sample is from a living
being suffering from or from a cell line or xenograph representing, the same disease, condition or

disorder.

[0075] Prevalence cutoff: As used herein, the term “prevalence cutoff” for a specified
value (e.g., the strength of a super enhancer associated with an /RF8 gene) means the prevalence

rank that defines the dividing line between two subsets of a population (e.g., responders and non-
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responders). Thus, a prevalence rank that is equal to or higher (e.g., a lower percentage value)
than the prevalence cutoff defines one subset of the population; and a prevalence rank that is
lower (e.g., a higher percentage value) than the prevalence cutoff defines the other subset of the

population.

[0076] Prevalence rank: As used herein, the term “prevalence rank” for a specified
value (e.g., the strength of a super enhancer associated with an /RF8 gene) means the percentage
of a population that are equal to or greater than that specific value. For example a 35%
prevalence rank for the strength of a super enhancer associated with an /RF'§ gene in a test cell
means that 35% of the population have an /RF'§ gene enhancer with a strength equal to or greater

than the test cell.

[0077] Prognostic and predictive information: Asused herein, the terms “prognostic
information” and “predictive information” are used to refer to any information that may be used
to indicate any aspect of the course of a disease or condition either in the absence or presence of
treatment. Such information may include, but is not limited to, the average life expectancy of a
patient, the likelihood that a patient will survive for a given amount of time (e.g., 6 months, 1
year, 5 years, etc.), the likelihood that a patient will be cured of a disease, the likelihood that a
patient’s disease will respond to a particular therapy (wherein response may be defined in any of
a variety of ways). Prognostic and predictive information are included within the broad category

of diagnostic information.

[0078] Rank ordering: As used herein, the term “rank ordering” means the ordering of

values from highest to lowest or from lowest to highest.

[0079] RARA gene: As used herein, the term “RARA gene” refers to a genomic DNA
sequence that encodes a functional retinoic acid receptor-a gene and specifically excludes gene

fusions that comprise all or a portion of the RARA gene. In some embodiments, the RARA gene

is located at chr17:38458152-38516681 in genome build hg19.

[0080] Reference: as used herein describes a standard or control relative to which a
comparison is performed. For example, in some embodiments, an agent, animal, individual,
population, sample, sequence, or value of interest is compared with a reference or control agent,

animal, individual, population, sample, sequence or value. In some embodiments, a reference or
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control is tested and/or determined substantially simultaneously with the testing or determination
of interest. In some embodiments, a reference or control is a historical reference or control,
optionally embodied in a tangible medium. Typically, as would be understood by those skilled
in the art, a reference or control is determined or characterized under comparable conditions or
circumstances to those under assessment. Those skilled in the art will appreciate when sufficient
similarities are present to justify reliance on and/or comparison to a particular possible reference

or control.

[0081] Response: As used herein, a response to treatment may refer to any beneficial
alteration in a subject’s condition that occurs as a result of or correlates with treatment. Such
alteration may include stabilization of the condition (e.g., prevention of deterioration that would
have taken place in the absence of the treatment), amelioration of, delay of onset of, and/or
reduction in frequency of one or more symptoms of the condition, and/or improvement in the
prospects for cure of the condition, etc. In some instances, a response may be a subject’s

response; in some instances a response may be a tumor’s response. .

[0082] Solvate: As used herein, the term “solvate” refers to forms of the compound that
are associated with a solvent, usually by a solvolysis reaction. This physical association may
include hydrogen bonding. Conventional solvents include water, methanol, ethanol, acetic acid,
DMSO, THF, diethyl ether, and the like. The compounds described herein, such as of Formula
(I) may be prepared, e.g., in crystalline form, and may be solvated. Suitable solvates include
pharmaceutically acceptable solvates and further include both stoichiometric solvates and
non-stoichiometric solvates. In certain instances, the solvate will be capable of isolation, for
example, when one or more solvent molecules are incorporated in the crystal lattice of a
crystalline solid. “Solvate” encompasses both solution-phase and isolable solvates.

Representative solvates include hydrates, ethanolates, and methanolates.

[0083] Strength: As used herein, the term “strength” when referring to a portion of an
enhancer or a super enhancer, as used herein means the area under the curve of the number of
H3K27Ac or other genomic marker reads plotted against the length of the genomic DNA
segment analyzed. Thus, “strength” is an integration of the signal resulting from measuring the
mark at a given base pair over the span of the base pairs defining the region being chosen to

measure.
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[0084] Subject: As used herein, a “subject” to which administration is contemplated is a
human (e.g., a male or female of any age group, e.g., a pediatric subject (e.g., infant, child,

adolescent) or adult subject (e.g., young adult, middle—aged adult, or senior adult)).

[0085] Super Enhancer: As used herein, the term “super enhancer” refers to a subset of
enhancers that contain a disproportionate share of histone marks and/or transcriptional proteins
relative to other enhancers in a particular cell. Because of this, a gene regulated by a super
enhancer is predicted to be of high importance to the function of that cell. Super enhancers are
typically determined by rank ordering all of the enhancers in a cell based on strength and
determining using available software such as ROSE

(https://bitbucket.org/young computation/rose), the subset of enhancers that have significantly
higher strength than the median enhancer in the cell (see, e.g., United States patent 9,181,580,

which is herein incorporated by reference.

[0086] Threshold: As used herein, the terms “threshold” and “threshold level” mean a
level that defines the dividing line between two subsets of a population (e.g., responders and

non-responders). A threshold or threshold level may be a prevalence cutoff or a cutoff value.

29 CC

[0087] Treatment: As used herein, the terms “treatment,” “treat,” and “treating” refer to
reversing, alleviating, delaying the onset of, or inhibiting the progress of a “pathological
condition” (e.g., a disease, disorder, or condition, or one or more signs or symptoms thereof)

29 CC

described herein. In some embodiments, “treatment,” “treat,” and “treating” require that signs or
symptoms of the disease disorder or condition have developed or have been observed. In other
embodiments, treatment may be administered in the absence of signs or symptoms of the disease
or condition (e.g., in light of a history of symptoms and/or in light of genetic or other
susceptibility factors). Treatment may also be continued after symptoms have resolved, for

example, to delay or prevent recurrence.

[0088] As used herein, the terms “condition,” “disease,” and “disorder” are used

interchangeably.
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DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS OF THE INVENTION

RARA and IRF8

[0089] The retinoic acid receptor subtype alpha (RARA) is a nuclear hormone receptor
that acts as a transcriptional repressor when unbound or bound by an antagonist, and as a gene
activator in the agonist-bound state. The natural ligand of RARA is retinoic acid, also known as

all-trans retinoic acid (ATRA), which is produced from vitamin A.

[0090] Super-enhancers (SEs) are large, highly-active chromatin regions that regulate
key cell identity genes, including oncogenes in malignant cells. Using a gene control platform,
we identified SEs genome-wide in 60 primary AML patient samples to enable the discovery of
novel tumor vulnerabilities. One of the SEs that exhibited a differential presence among patient

samples was associated with the RARA gene encoding RARA.

[0091] Studies have demonstrated good correlations between tamibarotene
responsiveness and either or both of RARA super enhancer strength and mRNA levels. However,
for each of these potential RARA biomarkers, there was a middle range within which
tamibarotene responsiveness was mixed. The present disclosure provides insights and
technologies that help resolve such equivocal responsiveness results, and provides various
compositions and methods useful in, among other things, characterizing, identifying, selecting,
or stratifying patients based on likely responsiveness to tamibarotene therapy. For example, the
present disclosure provides technologies that embody, define and/or utilize one or more IRF8
biomarkers (e.g., presence, level, form, and/or activity of one or more /RF'§ gene components or
products, including for example /RF'8 super enhancer strength, ordinal rank, prevalence rank, or

IRF8 mRNA levels), and demonstrates their usefulness in cancer therapy.

[0092] Using various AML cell lines and patient samples previously analyzed for
strength and ordinal of RARA enhancers, RARA mRNA levels and responsiveness to
tamibarotene, we looked for additional biomarkers that would correlate with responsiveness to
tamibarotene. Interferon response factor 8 (IRF8) mRNA levels were found to be upregulated in
similar patient populations as RARA. IRF8 is an interferon responsive transcription factor
known to be critical to hematopoiesis and whose signaling loss causes aberrant expansion of

immature myeloid cells. In AML, IRF8 overexpression is observed and may correlate with poor
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clinical outcome. Despite this upregulation, IRF8 signaling is actually impaired by repressive
transcriptional cofactors and potentially RARA when it is in a SE-driven repressive state.
Furthermore, interferon-o itself, the upstream signaling ligand for IRFs, exhibits pro-

differentiation effects in AML and signaling cross-talk with the RARA pathway.

[0093] The present disclosure describes genome-wide expression and enhancer level
analysis of a panel of AML patient tumor samples and cell lines to examine the correlation of
IRF8 gene enhancer strength, IRF8 mRNA levels, and sensitivity to tamibarotene. The panel of
AML cell lines was previously tested for and shown to have a correlation between its sensitivity
to the anti-proliferative effects of the RARA agonist tamibarotene and both RARA enhancer
strength and RARA mRNA levels. In this application we demonstrate that IRF8 mRNA levels
are also elevated in AML cell lines and AML patient samples that have elevated RARA mRNA
levels and that there is a correlation between IRF8 mRNA levels and responsiveness to a RARA
agonist, such as tamibarotene. We also demonstrate that there is a correlation between IRF'8
enhancer strength (e.g., the presence of super-enhancer associated with /RF§8), IRF8 mRNA
levels, RARA mRNA levels and responsiveness to tamibarotene. Thus, /RF§ enhancer strength
or IRF8 mRNA levels may be used alone, or in conjunction with RARA enhancer strength or
RARA mRNA levels to identify patients that will be responsive to treatment with a RARA

agonist, such as tamibarotene.

IRES and RARA Super-Ionhancer Identification and Determination of Threshold Levels

[0094] The identification of an enhancer or super enhancer may be achieved by various
methods known in the art, for example as described in Cell 2013, 155, 934-947 and
PCT/US2013/066957, both of which are incorporated herein by reference. In some
embodiments, the identification of a super enhancer is achieved by obtaining cellular material
and DNA from a cancer sample in a patient (e.g., from a biopsy). The important metrics for
enhancer measurement occur in two dimensions -- the length of the DNA over which genomic
markers (e.g., H3K27Ac) are contiguously detected -- and the compiled incidence of genomic
marker at each base pair along that span of DNA constituting the magnitude. The measurement

of the area under the curve (“AUC”) resulting from integration of length and magnitude analysis
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determines the strength of the enhancer. It is the strength of the /RF'§ or RARA super enhancer
relative to a control that is used in one aspect of the present invention to determine whether or
not a subject will be responsive to a RARA agonist (e.g., tamibarotene). It will be readily
apparent to those of skill in the art, in view of the instant specification, that if the length of DNA
over which the genomic markers is detected is the same for both /RF'§ or RARA and the control,
then the ratio of the magnitude of the /RF'§ or RARA super enhancer relative to the control will
be equivalent to the strength and may also be used to determine whether or not a subject will be
responsive to a RARA agonist. In some embodiments, the strength of the /RF§ or RARA
enhancer in a cell is normalized before comparing to other samples. Normalization is achieved
by comparison to a region in the same cell known to comprise a ubiquitous super-enhancer or
enhancer that is present at similar levels in all cells. One example of such a ubiquitous super-
enhancer region is the MALAT1 super-enhancer locus (chr11:65263724-65266724) (genome
build hg19).

[0095] It has been determined through H3K27Ac ChIP-seq methods that there is a super-
enhancer locus associated with the RARA gene at chr17:38458152-38516681 (genome build
hg19) and that there is a super-enhancer locus associated with the /RF'8 gene at chr16:85862582-
85990086 (genome build hgl9).

[0096] ChIP-sequencing, also known as ChIP-seq, is used to analyze protein interactions
with DNA. ChIP-seq combines chromatin immunoprecipitation (ChIP) with massively parallel
DNA sequencing to identify the binding sites of DNA-associated proteins. It can be used to map
global binding sites precisely for any protein of interest. Previously, ChIP-on-chip was the most
common technique utilized to study these protein—-DNA relations. Successful ChIP-seq is
dependent on many factors including sonication strength and method, buffer compositions,
antibody quality, and cell number ; see, e.g., T. Furey, Nature Reviews Genetics 13, 840-852
(December 2012); M L. Metzker, Nature Reviews Genetics 11, 31-46 (January 2010); and P.J
Park, Nature Reviews Genetics 10, 669-680 (October 2009)) . Genomic markers other that
H3K27Ac that can be used to identify super enhancers using ChIP-seq include, P300, CBP,
BRD2, BRD3, BRD4, components of the mediator complex (J Loven, et al., Cell, 153(2):320-
334, 2013), histone 3 lysine 4 monomethylated (H3K4mel), or other tissue specific enhancer
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tied transcription factors (E Smith & A Shilatifard, Nat Struct Mol Biol, 21(3):210-219, 2014) (S
Pott & Jason Lieb, Nature Genetics, 47(1):8-12, 2015).

[0097] In some embodiments, H3K27Ac or other marker ChIP-seq data super-enhancer
maps of the entire genome of a cell line or a patient sample already exist. In some embodiments,
one would simply determine whether the strength, or ordinal rank of the enhancer or super-
enhancer in such maps at the chr17:38458152-38516681 (genome build hg19) locus was equal to
or above the pre-determined threshold level. In some embodiments, one would simply determine
whether the strength, or ordinal rank of the enhancer or super-enhancer in such maps at the
chr16:85862582-85990086 (genome build hg19) locus was equal to or above the pre-determined
threshold level.

[0098] It should be understood that the specific chromosomal location of IRF8, RARA,
and MALATI may differ for different genome builds and/or for different cell types. However,
one of skill in the art, in view of the instant specification, can determine such different locations

by locating in such other genome builds specific sequences corresponding to the RARA and/or

MALATI loci in genome build hg 19.

[0099] Other methods for identifying super enhancers include chromatin
immunoprecipitation (JE Delmore, et al., Cell, 146(6)904-917, 2011) and chip array (ChIP-chip),
and chromatin immunoprecipitation followed by qPCR (ChIP-qPCR) using the same
immunoprecipitated genomic markers and oligonucleotide sequences that hybridize to the
chr17:38458152-38516681 (genome build hg19) RARA locus or chr16:85862582-85990086
(genome build hg19) IRF'8 locus. In the case of ChIP-chip, the signal is typically detected by
intensity fluorescence resulting from hybridization of a probe and input assay sample as with
other array based technologies. For ChIP-qPCR, a dye that becomes fluorescent only after
intercalating the double stranded DNA generated in the PCR reaction is used to measure

amplification of the template.

[0100] In some embodiments, determination of whether a cell has an /RFS8 super
enhancer strength equal to or above a requisite threshold level is achieved by comparing /RF§
enhancer strength in a test cell to the corresponding /RIS strength in a population of cell

samples, wherein each of the cell samples is obtained from a different source (e.g., a different
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subject, a different cell line, a different xenograph) reflecting the same disease to be treated. In
some aspects of these embodiments, only primary tumor cell samples from subjects are used to
determine the threshold level. In some aspects of these embodiments, at least some of the
samples in the population will have been tested for responsiveness to a specific RARA agonist in
order to establish: a) the lowest /R/"8 enhancer strength of a sample in the population that
responds to that specific RARA agonist (“lowest responder”); and, optionally, b) the highest
IRF'8 enhancer strength of a sample in the population that does not respond to that specific
RARA agonist (“highest non-responder”). In these embodiments, a cutoft of /R/"§ enhancer
strength above which a test cell would be considered responsive to that specific RARA agonist is
set: 1) equal to or up to 5% above the /RF8 enhancer strength in the lowest responder in the
population; or ii) equal to or up to 5% above the /RF'§ enhancer strength in the highest non-
responder in the population; or ii1) a value in between the /RF'8 enhancer strength of the lowest

responder and the highest non-responder in the population.

[0101] It should be understood that in the above embodiments that not all of the samples
in a population necessarily are to be tested for responsiveness to a RARA agonist, but all
samples are measured for /RI'S enhancer strength and/or IRF8 mRNA levels. In some
embodiments, the samples are rank ordered based on /RIS enhancer strength. The choice of
which of the three methods set forth above to use to establish the cutoff will depend upon the
difference in /RIS enhancer strength between the lowest responder and the highest non-
responder in the population and whether the goal is to minimize the number of false positives or
to minimize the chance of missing a potentially responsive sample or subject. When the
difference between the lowest responder and highest non-responder is large (e.g., when there are
many samples not tested for responsiveness that fall between the lowest responder and the
highest non-responder in a rank ordering of /RF'8 enhancer strength), the cutoff is typically set
equal to or up to 5% above the /RF'S8 enhancer strength in the lowest responder in the population.
This cutoff maximizes the number of potential responders. When this difference is small (e.g.,
when there are few or no samples untested for responsiveness that fall between the lowest
responder and the highest non-responder in a rank ordering of /RF8 enhancer strength), the
cutoff is typically set to a value in between the /RF'§ enhancer strength of the lowest responder

and the highest non-responder. This cutoff minimizes the number of false positives. When the
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highest non-responder has an /RF'§ enhancer strength that is greater than the lowest responder,
the cutoff is typically set to a value equal to or up to 5% above the /RF§ enhancer strength in the
highest non-responder in the population. This method also minimizes the number of false

positives.

[0102] In some embodiments, determination of whether a cell has an /RFS8 super
enhancer equal to or above a requisite threshold level is achieved by comparing the ordinal of
IRF'8 enhancer strength in a test cell to the ordinal of /RIS enhancer strength in a population of
cell samples, wherein each of the cell samples is obtained from a different source (e.g., a
different subject, a different cell line, a different xenograph). In these embodiments, at least
some of the samples in the population will have been tested for responsiveness to a specific
RARA agonist in order to establish: a) the lowest /RF'§ enhancer strength ordinal of a sample in
the population that responds to that specific RARA agonist (“lowest ordinal responder”); and,
optionally, b) the highest /RF§ enhancer strength ordinal of a sample in the population that does
not respond to that specific RARA agonist (“highest ordinal non-responder”). In these
embodiments, a cutoff of /RF8 enhancer strength ordinal above which a test cell would be
considered responsive to that specific RARA agonist is set: 1) equal to or up to 5% above the
IRF'8 enhancer strength ordinal in the lowest ordinal responder in the population; or ii) equal to
or up to 5% above the /RF§ enhancer strength ordinal in the highest ordinal non-responder in the
population; or ii1) a value in between the /RF'S enhancer strength ordinal of the lowest ordinal

responder and the highest ordinal non-responder in the population.

[0103] It should be understood in the above embodiments, that typically not all of the
samples in a population need to be tested for responsiveness to a RARA agonist, but all samples
are measured for /RS enhancer strength and the ordinal of /RF'§ enhancer strength compared to
other enhancers in the same sample is established. The ordinal is typically obtained by
measuring the strength of all other enhancers in the cell and determining what rank (e.g., the

ordinal) in terms of strength the /RF'S§ enhancer has as compared to the other enhancers.

[0104] In some embodiments, the samples are rank ordered based on the ordinal of /RFS
enhancer strength. The choice of which of the three methods set forth above to use in order to
establish the cutoff will depend upon the difference in ordinal of /RF'8 enhancer strength between

the lowest ordinal responder and the highest ordinal non-responder in the population and whether
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the cutoff is designed to minimize false positives or maximize the number of responders. When
this difference is large (e.g., when there are many samples not tested for responsiveness that fall
between the lowest ordinal responder and the highest ordinal non-responder in a rank ordering of
ordinals of /RF& enhancer strength), the cutoff is typically set equal to or up to 5% above the
ordinal of /RF'8 enhancer strength in the lowest ordinal responder in the population. When this
difference is small (e.g., when there are few or no samples untested for responsiveness that fall
between the lowest ordinal responder and the highest ordinal non-responder in a rank ordering of
ordinal of /RF'8 enhancer strength), the cutoff is typically set to a value in between the ordinal of
IRF'8 enhancer strength of the lowest ordinal responder and the highest ordinal non-responder.
When the highest ordinal non-responder has an ordinal of /R/"8 enhancer strength that is greater
than that of the lowest responder, the cutoff is typically set to a value equal to or up to 5% above

the ordinal of /RF'§ enhancer strength in the highest ordinal non-responder in the population.

[0105] In some embodiments where a test cell or sample is compared to a population, the
cutoff value(s) obtained for the population (e.g., IRF§ enhancer strength or /RF§ enhancer
ordinal) is converted to a prevalence rank and the cutoff is expressed as a percent of the
population having the cutoff value or higher, e.g., a prevalence cutoff. Without being bound by
theory, applicants believe that the prevalence rank of a test sample will be similar regardless of
the methodology used to determine /RF'§ enhancer strength. Thus, a prevalence cutoff
determined for one parameter (e.g., /RF'§ enhancer strength ordinal) is portable and can be
applied to another parameter (e.g., IRF8 mRNA level) to determine the cutoff value for that other
parameter. This allows the determination of a cutoff value for any parameter without having to
experimentally determine the correlation between levels of such parameter and responsiveness to
a RARA agonist. All that needs to be determined is what level of such other parameter

corresponds to the prior determined prevalence cutoff in a population.

[0106] In some embodiments, the methods discussed above can be employed to simply
determine if a diseased cell from a subject has a super enhancer associated with an /RF8 gene.
In these embodiments, the presence of an /RF§-associated super enhancer indicates that the
subject will respond to a RARA agonist. In one aspect of these embodiments, the cell is
determined to have a super enhancer associated with an /RF8 gene when the /RF'8-associated

enhancer has a strength that is equal to or above the enhancer associated with MALAT-1. In
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alternate aspects of these embodiments, the cell is determined to have a super enhancer
associated with an /RF'8 gene when the /RF§-associated enhancer has a strength that is at least
10-fold greater than the median strength of all of the enhancers in the cell. In other alternate
aspects of these embodiments, the cell is determined to have a super enhancer associated with an
IRF'8 gene when the /RI"8-associated enhancer has a strength that is above the point where the

slope of the tangent is 1 in a rank-ordered graph of strength of each of the enhancers in the cell.

[0107] In some embodiments, the methods discussed above can be employed to
additionally determine if a diseased cell from a subject expresses a super enhancer associated
with a RARA gene that has a strength, ordinal rank, or prevalence rank that is equal to or above a
pre-determined threshold level. In some aspects of these embodiments, a determination that
either: a) the diseased cell has a super enhancer associated with a /RF§ gene (or that such super
enhancer has a strength or ordinal rank that is equal to or above a pre-determined threshold level,
or b) the diseased cell has a super enhancer associated with a RARA gene that has a strength or
ordinal rank that is equal to or above a pre-determined threshold level indicates that the subject
will respond to a RARA agonist. In other aspects of these embodiments, a determination that: a)
the diseased cell has a super enhancer associated with a /RF'§ gene (or that such super enhancer
has a strength or ordinal rank that is equal to or above a pre-determined threshold level; and b)
the diseased cell has a super enhancer associated with a RARA gene that has a strength or ordinal
rank that is equal to or above a pre-determined threshold level indicates that the subject will

respond to a RARA agonist.

IREFS mRNA Level Determination

[0108] In some embodiments, IFR8 mRNA levels may be used instead of super-enhancer
strength or ordinal rank to determine sensitivity to a RARA agonist. IRF8 mRNA may be
quantified and correlates very well with super-enhancer strength at that locus (Figure 10). We
have determined that mRNA transcripts encoding IRF8 correlate with sensitivity to RARA
agonists (Figure 8), and thus in some embodiments, IRF8 mRNA levels can be used to identify

cells that will respond to RARA agonists.
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[0109] In some embodiments, sequences of one or more biomarkers (e.g., epigenetic
markers such a transcript level) are assessed. In some embodiments, DNA sequencing may be
used to determine the sequence of individual genes, larger genetic regions (e.g. clusters of genes
or operons), full chromosomes or entire genomes. In some embodiments, RNA sequencing may
be used. One of skill in the art would understand various methods available to determine
sequences of individual genes, larger genetic regions (e.g. clusters of genes or operons), full
chromosomes or entire genomes. In some embodiments, next-generation sequencing may be
used. In some embodiments, next-generation sequencing of full genomes may be used. In some

embodiments, sequencing may be utilized to quantify level of transcript.

[0110] In some embodiments, IRF8 mRNA levels in a subject (e.g., in a tumor sample, in
a cancer cell sample, in a blood sample, etc.) are compared, using the same assay, to the IRF8
mRNA levels in a population of subjects having the same disease or condition to identify RARA
agonist responders. In these embodiments, at least some of the samples in the population will
have been tested for responsiveness to a specific RARA agonist in order to establish: a) the
lowest IRF8 mRNA level of a sample in the population that responds to that specific RARA
agonist (“lowest mRNA responder”); and, optionally, b) the highest IRF8 mRNA level of a
sample in the population that does not respond to that specific RARA agonist (“highest mRNA
non-responder”). In these embodiments, a cutoff of IRF8 mRNA level above which a test cell
would be considered responsive to that specific RARA agonist is set: 1) equal to or up to 5%
above the IRF8 mRNA level in the lowest mRNA responder in the population; or i1) equal to or
up to 5% above the IRF8 mRNA level in the highest mRNA non-responder in the population; or
ii1) a value in between the IRF8 mRNA level of the lowest mRNA responder and the highest

mRNA non-responder in the population.

[0111] In some embodiments not all of the samples in a population need to be tested for
responsiveness to a RARA agonist, but all samples are measured for IRF8 mRNA levels. In
some embodiments, the samples are rank ordered based on IRF8 mRNA levels. The choice of
which of the three methods set forth above to use to establish the cutoff will depend upon the
difference in IRF8 mRNA levels between the lowest mRNA responder and the highest mRNA
non-responder in the population and whether the cutoff is designed to minimize false positives or

maximize the potential number of responders. When this difference is large (e.g., when there are
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many samples not tested for responsiveness that fall between the lowest mRNA responder and
the highest mRNA non-responder in a rank ordering of IRF8 mRNA levels), the cutoff is
typically set equal to or up to 5% above the IRF8 mRNA level in the lowest mRNA responder in
the population. When this difference is small (e.g., when there are few or no samples untested
for responsiveness that fall between the lowest mRNA responder and the highest mRNA non-
responder in a rank ordering of IRF8 mRNA levels), the cutoff is typically set to a value in
between the IRF8 mRNA levels of the lowest mRNA responder and the highest mRNA non-
responder. When the highest mRNA non-responder has an IRF8 mRNA level that is greater than
the lowest mRNA responder, the cutoff is typically set to a value equal to or up to 5% above the

IRF8 mRNA levels in the highest mRNA non-responder in the population.

[0112] In some embodiments, the population is rank ordered based on IRF8 mRNA level.
In these embodiments, the IRF8 mRNA level in each sample is measured and compared to the
mRNA levels of all other mRNAs in the cell to obtain an ordinal ranking of the IRF8 mRNA
level. A cutoff based on IRF8 mRNA ordinal ranking is then determined based on samples in
the population tested for responsiveness to a RARA agonist in the same manner as described
previously for determining an /RF8 super enhancer strength ordinal cutoff. The determined
IRF8 mRNA ordinal cutoff is then used either directly or to determine a prevalence cutoff, either
of which is then used to stratify additional samples for potential responsiveness to a RARA

agonist.

[0113] In some embodiments, the cutoff for IRF8 mRNA levels is determined using the
prevalence cutoff established based on /R/"§ enhancer strength or /RF'S enhancer strength
ordinal, as described above. In some aspects of these embodiments, a population is measured for
mRNA levels and the prior determined prevalence cutoff is applied to that population to
determine an mRNA cutoff level. In some aspects of these embodiments a rank-order standard
curve of IRF8 mRNA levels in a population is created, and the pre-determined prevalence cutoff

is applied to that standard curve to determine the IRF8 mRNA cutoff level.

[0114] In some aspects of embodiments where a test cell or sample is compared to a
population, the cutoff mRNA level value(s) obtained for the population is converted to a
prevalence rank and the mRNA level cutoff is expressed as a percent of the population having

the cutoff value or higher, e.g., a prevalence cutoff.
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[0115] Without being bound by theory, applicants believe that the prevalence rank of a
test sample and the prevalence cutoff in a population will be similar regardless of the

methodology used to determine IRF8 mRNA levels.

[0116] In some aspects of these embodiments, a subject is identified as a RARA agonist
responder if its IRF8 mRNA level corresponds to a prevalence rank in a population of about
80%, 79%, 78%., 77%, 76%, 75%, T4%., 3%, 72%, T1%, 70%, 69%., 68%., 67%, 66%, 65%,
64%, 63%, 62%, 61%, 60%, 59%., 58%. 57%, 56%, 55%, 54%, 43%, 42%, 51%, 50%, 49%,
48%, 47%, 46%, 45%, 44%, 43%, 42%, 41%, 40%, 39%, 38%, 37%, 36%, 35%, 34%., 33%,
32%, 31%, 30%, 29%, 28%, 27%, 26%, 25%, 24%, 23%, 22%, 21%, or 20% as determined by
IRF8 mRNA levels in the population. In some embodiments, the cutoff value is established
based on the prevalence cutoff established for /RF'§ enhancer strength. In some embodiments,
the cutoff value is established based on the prevalence cutoff established for /RF'§ enhancer
strength ordinal. In some embodiments, the cutoff value is established based on IRF8 mRNA
levels. In some embodiments, a cutoff value for AML, non-APL AML, or MDS patients is
established based on the prevalence value determined for /RF8 enhancer strength ordinal, and
that prevalence value is used to determine the cutoff value for IRF8 mRNA levels. In some
embodiments, the cutoff value for AML, non-APL AML or MDS patients is determined using a
prevalence cutoff of between about 20-45% (e.g., between about 20-25%, 25-30%, 25-35%, 25-
40%, 20-30%, 20-35%, 20-40%, 20-45%, 21-34%, 22-34%, 25-34%, 21-25%, 22-25%, 23-25%,
24-25%, or 21-22%). In some embodiments, the cutoff value for AML, non-APL AML or MDS
patients is determined using a prevalence value of 34%. In some embodiments, the cutoff value
for AML, non-APL AML or MDS patients is determined using a prevalence value of 25%. In
some embodiments, the cutoff value for AML, non-APL AML or MDS patients is determined
using a prevalence value of 22%. In some embodiments, the cutoff value for AML, non-APL

AML or MDS patients is determined using a prevalence value of 21%.

[0117] In still other embodiments, a population may be divided into three groups --
responders, partial responders and non-responders and two cutoff values or prevalence cutofts
are set. The partial responder group may include responders and non-responders, as well as
those population members whose response to a RARA agonist was not as high as the responder

group. Inthese embodiments, two cutoff values or prevalence cutoffs are determined. This type
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of stratification may be particularly useful when in a population the highest IRF8 mRNA non-
responder has an IRF8 mRNA levels that is greater than the lowest RARA mRNA responder. In
this scenario the cutoff level or prevalence cutoff between responders and partial responders is
set equal to or up to 5% above the IRF8 mRNA level of the highest IRF8 mRNA non-responder;
and the cutoff level or prevalence cutoff between partial responders and non-responders is set
equal to or up to 5% below the IRF8 mRNA level of the lowest IRF8 mRNA responder. The
determination of whether partial responders should be administered a RARA agonist will depend

upon the judgment of the treating physician and/or approval by a regulatory agency.

[0118] Methods of quantifying specific RNA sequences in a cell or biological sample are
known in the art and include, but are not limited to, fluorescent hybridization such as utilized in
services and products provided by NanoString Technologies, array based technology
(Affymetrix), reverse transcriptase qPCR as with SYBR® Green (Life Technologies) or
TagMan® technology (Life Technologies), RNA sequencing (e.g., RNA-seq), RNA
hybridization and signal amplification as utilized with RNAscope® (Advanced Cell

Diagnostics), or northern blot.

[0119] In some aspects of these embodiments, the level of RNA transcript (either mRNA
or another RARA or IRF'S transcript) in both the test cell and the control cell or all members of
the population are normalized before comparison. Normalization involves adjusting the
determined level of an /RI"8 or RARA RNA transcript by comparison to either another RNA
transcript that is native to and present at equivalent levels in both of the cells (e.g., GADPH
mRNA, 18S RNA), or to a fixed level of exogenous RNA that is “spiked” into samples of each
of the cells prior to super-enhancer strength determination (J Lovén et al., Cell, 151(3):476-82
(2012); J Kanno et al., BMC Genomics 7:64 (2006); J Van de Peppel et al., EMBO Rep 4:387-93
(2003)).

Cancers and Other Diseases

[0120] The methods of the present disclosure are useful to treat any cancer that is
characterized by the association of a super enhancer with /RF8 or an IRF8 mRNA level that is
equal to or above a threshold level in such cancer. Super enhancer-associated /RIS genes may

be more prevalent in certain types of cancers than others. In some embodiments, super
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enhancer-associated /RF8 genes may be more prevalent in non-APL AML and in MDS than

other cancers or pre-cancerous conditions.

[0121] In some embodiments, the disease to be treated in the methods of the invention is
cancer. In some embodiments, the disease to be treated is selected from non-APL AML and
MDS. In some embodiments, the disease to be treated is non-APL AML and MDS that is not

characterized by a chromosomal translocation involving an /RF& gene.

[0122] In some embodiments, the subject to be treated with a RARA agonist (e.g.,
tamibarotene) is suffering from relapsed or refractory non-APL AML. A subject is classified as
having relapsed or refractory non-APL AML if they: a) do not demonstrate a partial response
after a first cycle of induction chemotherapy; or b) do not demonstrate a complete response after
a second cycle of induction chemotherapy; or c¢) relapse after conventional chemotherapy; or d)

relapse are undergoing a single stem cell transplantation.

[0123] In some embodiments, the subject to be treated with a RARA agonist (e.g.,
tamibarotene) is suffering from refractory MDS. A subject is classified as having refractory
MDS if they: a) are categorized as having high risk or intermediate-2 MDS (as determined using
the International Prognostic Staging System (“IPPS”)) and have failed to achieve any
hematologic improvement (as measured by IWG 2006 criteria) after at least 4 cycles of induction
therapy with hypomethylating agents (e.g., azacitidine, decitabine), or has relapsed after any
duration of complete or partial response; or b) are categorized as IPSS intermediate-1 or low-risk
MDS and are either transfusion dependent or have failed treatment with erythropoiesis

stimulating agents (ESA).

[0124] In other embodiments, the subject to be treated with a RARA agonist (e.g.,
tamibarotene) is an elderly unfit subject. The term “elderly unfit” as used herein means the
subject is a human at least 60 years of age and who is determined by a physician to not be a

candidate for standard induction therapy.

RARA Agonists

[0125] The choice of RARA agonist with which to treat a patient identified as having a

super enhancer level may be made from any RARA agonist known in the art. It is preferable that
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a RARA agonist utilized in the methods of the invention be specific for RARA and have
significantly less (at least 10X less, at least 100X less, at least 1,000X less, at least 10,000X less,

at least 100,000X less) agonistic activity against other forms of RaR, e.g., RaR-3 and RaR-y.

[0126] In some embodiments, a RARA agonist is selected from a compound disclosed in
or any compound falling within the genera set forth in any one of the following United States
patents: US 4,703,110, US 5,081,271, US 5,089,509, US 5,455,265, US 5,759,785, US
5,856,490, US 5,965,606, US 6,063,797, US 6,071,924, US 6,075,032, US 6,187,950, US
6,355,669, US 6,358,995, and US 6,387,950, each of which is incorporated by reference.

[0127] In some embodiments, a RARA agonist is selected from any of the following
known RARA agonists set forth in Table 1, or a pharmaceutically acceptable salt thereof, or a

solvate or hydrate of the foregoing:

Table 1. Exemplary RARA Agonists useful in the invention.
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[0128] In some embodiments, a RARA agonist is tamibarotene.
Therapeutic Regimens
Markers and Characterization
[0129] In some embodiments, technologies provided by the present disclosure involve

assessment of type of cancer from which a patient is suffering. In some embodiments, a patient
is suffering from non-APL acute myelocytic leukemia (AML). In some embodiments, a patient

is suffering from or myelodysplastic syndrome (MDS).

[0130] In general, the present disclosure provides technologies according to which one or
more markers or characteristics of a subject is analyzed and/or assessed; in some embodiments, a

therapeutic decision is made based on such analysis and/or assessment.
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[0131] In some embodiments, a marker is an agent or entity whose presence, form, level,
and/or activity is correlated in a relevant population with a relevant feature (e.g., type or stage of
cancer). In some embodiments, the present disclosure contemplates identification, classification,
and/or characterization of one or more biomarkers relevant for the treatment of non-APL. AML
with a RARA agonist. In some embodiments, the present disclosure contemplates identification,
classification, and/or characterization of one or more biomarkers relevant for the treatment of

MDS with a RARA agonist.

[0132] In some embodiments, classification of a patient as suffering from a particular
type of cancer may involve assessment of stage of cancer. In some embodiments, classification
of a patient as suffering from a particular type of cancer may involve assessment of disease
burden in the patient (e.g. the number of cancer cells, the size of a tumor, and/or amount of

cancer in the body).

[0133] In general, type of cancer may be assessed in accordance with the present
invention via any appropriate assay, as will be readily appreciated by those of ordinary skill in
the art. A variety of assays for cancer type are known in the art including, for example, those
that utilize histological assessment (e.g., of a biopsy sample), imaging (e.g., magnetic resonance
imaging (MRI), positron emission tomography (PET), computed tomography (CT) ultrasound,

endoscopy, x-rays (e.g., mammogram, barium swallow, panorex), ductogram, or bone scan.

[0134] In some embodiments, RARA agonist therapy comprises assessing a level of one
or more biomarkers indicative of a stage or a form of non-APL. AML or MDS. In some
embodiments, RARA agonist therapy comprises assessing IRF8 mRNA level and, optionally,
RARA mRNA level. In some embodiments, RARA agonist therapy comprises the presence of a
super enhancer associated with an /RF'§ gene and, optionally, the strength or ordinal rank of a
super enhancer associated with a RARA gene. In some embodiments, RARA agonist therapy
comprises assessing IRF8 mRNA level or the presence of a super enhancer associated with an
IRF8 gene and, optionally RARA mRNA level, the strength or ordinal rank of a super enhancer
associated with a RARA gene.

[0135] Without being bound by theory, applicants believe that subsets of PBMCs that
have only one of CD34 or CD117 markers can also be used effectively to determine IRF8
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mRNA or super-enhancer levels. Moreover, certain IRF8 mRNA analysis techniques, such as
RNAScope® do not require enriching a PBMC sample prior to analysis because those
techniques provide analytical enrichment of mRNA from the desired cells based on the use of

specific oligonucleotide hybridization/amplification procedures.
Patient Populations

[0136] In some embodiments, RARA agonist therapy is administered in accordance with

the present disclosure to one or more patients (e.g., to a patient population) as described herein.

[0137] In some embodiments, a patient population includes one or more subjects (e.g.,
comprises or consists of subjects) suffering from cancer. In some embodiments, a patient
population includes one or more subjects suffering from non-APL. AML. In some embodiments,

a patient population includes one or more subjects suffering from MDS.

[0138] In some embodiments, a patient population includes one or more subjects (e.g.,
comprises or consists of subjects) who received previous therapy for treatment of cancer (e.g.,
non-APL AML or MDS). In some embodiments, a patient population includes one or more
subjects (e.g., comprises or consists of subjects) who have not received previous therapy for
treatment of cancer (e.g., non-APL AML or MDS). In some embodiments, a patient population
comprises or consists of patients who have not received previous therapy for treatment of non-

APL AML or MDS.

[0139] In some embodiments, a patient who received previous therapy may have
received previous therapy selected from the group consisting of chemotherapy, immunotherapy,
radiation therapy, palliative care, surgery, and combinations thereof. In some embodiments, a
patient has received a transplant. In some embodiments, a patient has received standard
cytotoxic chemotherapy. In some embodiments, standard cytotoxic chemotherapy includes
cytarabine and/or an anthracycline. In some embodiments, standard cytotoxic chemotherapy
may include additional chemotherapy and/or hematopoietic stem cell transplantation (HSTC). In
some embodiments, a patient has received hypomethylating agents. In some embodiments, a

patient has received lenalidomide.

[0140] In some embodiments, a patient population includes one or more subjects (e.g.,

comprises or consists of subjects) who have received and/or are receiving other therapy, e.g., so
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that a RARA agonist therapy (e.g., tamibarotene) composition is administered in combination
with the other therapy (e.g. chemotherapy agents). In some embodiments, such other therapy
may comprise or consist of therapy for cancer (e.g., as described herein), pain, nausea,
constipation, for treatment of one or more side effects (e.g., pruritus, hair loss, sleeplessness,
etc.) associated with cancer therapy, etc., or any combination thereof. The present invention
provides a method of treating non-APL AML or MDS, which comprises treating a patient
identified as having non-APL AML or MDS, with a therapeutically effective amount of RARA

agonist therapy (e.g., tamibarotene) or a pharmaceutically acceptable salt thereof.

[0141] In some embodiments, the present invention provides a method of preventing or
delaying the onset of non-APL. AML or MDS, comprising administering to a patient identified to
be in need of prevention, or delaying the onset, of non-APL AML or MDS a prophylactically
effective amount of a RARA agonist therapy (e.g., tamibarotene) or a pharmaceutically

acceptable salt thereof.

[0142] In some embodiments, the invention provides a method for treating a patient for
non-APL AML or MDS previously treated with a treatment regimen comprising chemotherapy
by administering to such a patient a therapeutically effective amount of a RARA agonist therapy
(e.g., tamibarotene) or a pharmaceutically acceptable salt thereof. In some embodiments, the
present disclosure provides a method for treating a patient for non-APL. AML or MDS where no
standard therapies exist. In some embodiments, the present disclosure provides a method for

treating a patient that is not suited for standard therapy.

[0143] In some embodiments, a patient may also have diseases associated with MDS,
such as bone marrow failure, peripheral blood cytopenias and associated complications of
anemia, infection or hemorrhage. In some embodiments, a patient may have MDS that

progresses to AML.

[0144] In some embodiments, a patient or patient population may not be (e.g., may
exclude) a patient who is or may be pregnant. In some embodiments, a patient or patient
population may be monitored for one or more signs of pregnancy, delivery, and/or lactation prior

to and/or during administration of RARA agonist therapy. In some embodiments, RARA agonist
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therapy may be reduced, suspended, or terminated for a patient who is determined to display one

or more signs of pregnancy, delivery, and/or lactation.

[0145] In some embodiments, a patient or patient population may not be (e.g., may
exclude) a patient who has a previous history of hypersensitivity to an ingredient of
tamibarotene. In some embodiments, a patient or patient population may not be (e.g., may
exclude) a patient who is receiving vitamin A formulations. In some embodiments, a patient or

patient population may not be (e.g., may exclude) a patient who has hypervitaminosis A.

[0146] In some embodiments, a patient or patient population may not be (e.g., may
exclude) an elderly patient. In some embodiments, a patient or patient population may be or
include one or more elderly patients. In some embodiments, an elderly patient may be monitored
more frequently to detect potential adverse events (including for example, low levels of serum
albumin and/or elevated concentrations of free drug in plasma, etc) as compared with one or
more younger patients. In some embodiments, RARA agonist therapy may be reduced,
suspended, and/or terminated for an elderly patient determined to display one or more signs of

such an adverse event.

[0147] In some embodiments, a patient or patient population may not be (e.g., may
exclude) a pediatric patient. In some embodiments, a patient or patient population may be or
include one or more pediatric patients. In some embodiments, a pediatric patient may be
monitored more frequently to detect potential adverse events (including for example, increased
intracranial pressure, etc.) as compared with one or more older patients. In some embodiments,
RARA agonist therapy may be reduced, suspended, and/or terminated for a pediatric patient

determined to display one or more signs of such an adverse event.

[0148] In some embodiments, RARA agonist therapy in accordance with the present
disclosure is reduced, suspended or terminated for a particular patient if and when the patient
develops one or more adverse reactions such as, for example headache, rash, dry skin, eczema,
exfoliative dermatitis, bone pain, joint pain, fever, increased leucocyte count, decreased
haemoglobin, increased AST, increased ALT, increased LDH, increased ALP, increased TG,
increased TC, follicitis, folliculitis, increased CRP, and combinations thereof. Alternatively or

additionally, in some embodiments, RARA agonist therapy in accordance with the present
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disclosure is reduced, suspended or terminated for a particular patient if and when the patient
develops one or more adverse reactions such as, for example thrombosis (e.g., brain infarction,
pulmonary infarction, arterial thrombosis, venous thrombosis, etc.), vasculitis, delirium, toxic
epidermal necrosis (Lyell syndrome), erythema multiforme, increased intracranial pressure, and

combinations thereof.

[0149] In some embodiments, the present invention provides use of a compound (e.g.,
tamibarotene) or a pharmaceutically acceptable salt thereof for the manufacture of a medicament
useful for treating, preventing, or delaying the onset of non-APL. AML or MDS. In some
embodiments, the patient is suffering from cancer (e.g., non-APL AML or MDS). In some
embodiments, the patient is suffering from cancer (e.g., non-APL AML or MDS) that is resistant
to other therapies (e.g., chemotherapy). In some embodiments, the cancer is determined to have
an IRF8 biomarker, wherein the IRF8 biomarker is or comprises expression of one or more of
elevated IRF8 mRNA levels or a super enhancer associated with an /RF'S§ gene. In some
embodiments, the cancer is determined to express or more of elevated RARA mRNA levels or a
super enhancer associated with a RARA gene. In some embodiments, the cancer is determined
not to express or more of elevated RARA mRNA levels or a super enhancer associated with a

RARA gene.
Dose Forms and Dosing Regimens

[0150] In general, each active agent (e.g., tamibarotene) for use in accordance with the
present invention is formulated, dosed, and administered in a therapeutically effective amount
using pharmaceutical compositions and dosing regimens that are consistently with good medical
practice and appropriate for the relevant agent(s) and subject. In principle, therapeutic
compositions can be administered by any appropriate method known in the art, including,
without limitation, oral, mucosal, by-inhalation, topical, buccal, nasal, rectal, or parenteral (e.g.,
intravenous, infusion, intratumoral, intranodal, subcutaneous, intraperitoneal, intramuscular,
intradermal, transdermal, or other kinds of administration). In some embodiments, a RARA

agonist (e.g., tamibarotene) will be administered orally.

[0151] In some embodiments, a dosing regimen for a particular active agent may involve

intermittent or continuous administration, for example to achieve a particular desired
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pharmacokinetic profile or other pattern of exposure in one or more tissues or fluids of interest in

the subject receiving therapy.

[0152] In some embodiments, different agents administered in combination may be
administered via different routes of delivery and/or according to different schedules.
Alternatively or additionally, in some embodiments, one or more doses of a first active agent is
administered substantially simultaneously with, and in some embodiments via a common route

and/or as part of a single composition with, one or more other active agents.

[0153] Factors to be considered when optimizing routes and/or dosing schedule for a
given therapeutic regimen may include, for example, the particular indication being treated, the
clinical condition of a subject (e.g., age, overall health, prior therapy received and/or response
thereto, etc.) the site of delivery of the agent, the nature of the agent, the mode and/or route of
administration of the agent, the presence or absence of combination therapy, and other factors
known to medical practitioners. For example, in the treatment of cancer, relevant features of the
indication being treated may include, among other things, one or more of cancer type, stage,

location, etc.

[0154] In some embodiments, one or more features of a particular pharmaceutical
composition and/or of a utilized dosing regimen may be modified over time (e.g., increasing or
decreasing amount of active in any individual dose, increasing or decreasing time intervals

between doses, etc.), for example in order to optimize a desired therapeutic effect or response.

[0155] In general, type, amount, and frequency of dosing of active agents in accordance
with the present invention are governed by safety and efficacy requirements that apply when
relevant agent(s) is/are administered to a mammal, preferably a human. In general, such features
of dosing are selected to provide a particular, and typically detectable, therapeutic response as
compared with what is observed absent therapy. In some embodiments, a RARA agonist (e.g.,

tamibarotene) will be administered continuously.

[0156] In context of the present invention, an exemplary desirable therapeutic response
may involve, but is not limited to, inhibition of and/or decreased tumor growth, tumor size,
metastasis, one or more of the symptoms and side effects that are associated with a tumor, as

well as increased apoptosis of tumor cells, therapeutically relevant decrease or increase of one or
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more cell marker or circulating markers and the like. Such criteria can be readily assessed by
any of a variety of immunological, cytological, and other methods that are disclosed in the

literature.

[0157] In some embodiments, it may be desirable to tailor dosing regimens, and
particularly to design sequential dosing regimens, based on timing and/or threshold expression
levels of inducible markers, whether for particular types of tumors, particular tumors, particular
patient populations (e.g., carrying genetic markers), and/or particular patients. In some such
embodiments, therapeutic dosing regimens may be combined with or adjusted in light of
detection methods that assess expression of one or more inducible markers prior to and/or during

therapy.

[0158] In some embodiments, a RARA agonist (e.g., tamibarotene) therapy regimen
comprises at least one (or includes or consists of exactly one) dose of about 1 mg/m?, 2 mg/m’, 3
mg/m’, 4 mg/m’, 5 mg/m’, 6 mg/m?, 7 mg/m’*, 8 mg/m*, 9 mg/m’, 10 mg/m’*, 11 mg/m?, 12
mg/m’, 13 mg/m’, 14 mg/m?, 15 mg/m’, 16 mg/m’>, or a dose between any two of these values of
tamibarotene. In some embodiments, a tamibarotene therapy regimen comprises a dose of 6
mg/m”. In some embodiments, a tamibarotene therapy regimen comprises a dose of 4 mg/m”.

In some embodiments, a tamibarotene therapy regimen comprises a dose of 2 mg/m”*. In some

embodiments, a tamibarotene therapy regimen comprises a dose of 1 mg/m”.

[0159] In some embodiments, a RARA agonist (e.g., tamibarotene) therapy regimen
comprises a plurality of doses of a tamibarotene composition. In some such embodiments, a
tamibarotene therapy regimen comprises, for example 2, 5, 10, 20, 30, 60, 90, 180, 365 doses or
a number of doses between any two of these values and/or comprises a repeated pattern of doses
(e.g., at least one cycle of two daily doses, which cycle may be repeated, optionally with a period
of alternative administration, or optionally no administration, separating different cycles). In
some embodiments, a tamibarotene therapy regimen is administered twice a day. In some
embodiments, a tamibarotene therapy regimen is administered once a day. In some
embodiments, a tamibarotene therapy regimen comprises a total dose of 6 mg/m”, divided as

twice daily oral dosing.
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[0124] In some embodiments, a RARA agonist (e.g., tamibarotene) therapy regimen may be
administered to a subject or population of patients known to have consumed, or not consumed,
some amount of food before, during or after the administration. The terms “before
administration” and “after administration” with respect to food intake may refer to a period of
time of about 1, 2, 3,4, 5,6,7, 8,9, 10, 11, 12, 14, 16, 18, 20, 22, 24, 30, 42, or 72 hours, or
longer, before or after the administration. In some embodiments, the term “administering ...
with regard to food intake” implies that the subject or population of patients consumes food
before the administration (e.g., fed state). In some embodiments, the term “administering ...
with regard to food intake” implies that the subject or population of patients consumes food after
the administration. In some embodiments, the term “administering ... with regard to food
intake” implies that the subject or population of patients consumes food during the
administration. Alternatively, in some embodiments, the term “administering ... with regard to

food intake” means the subject or population of patients is in a fasted state during administration.

[0160] In some embodiments, food intake includes high fat foods or a high fat diet. In
some embodiments, a RARA agonist (e.g., tamibarotene) therapy regimen is administered to a
subject in a fasted state. In some embodiments, a RARA agonist (e.g., tamibarotene) therapy

regimen is administered to a subject in a fed state.
Formulations

[0161] A pharmaceutical composition, as used herein, refers to a mixture of a compound,
such as tamibarotene, with other chemical components, such as carriers, stabilizers, diluents,
dispersing agents, suspending agents, thickening agents, and/or excipients. The pharmaceutical
composition facilitates administration of the compound to an organism. Pharmaceutical
compositions containing a compound may be administered in therapeutically effective amounts
by any conventional form and route known in the art including, but not limited to: intravenous,
oral, rectal, aerosol, parenteral, ophthalmic, pulmonary, transdermal, vaginal, otic, nasal, and

topical administration.

[0162] One may administer the compound in a local rather than systemic manner, for
example, via injection of the compound directly into an organ, often in a depot or sustained

release formulation. Furthermore, one may administer pharmaceutical composition containing a
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compound in a targeted drug delivery system, for example, in a liposome coated with organ-
specific antibody. The liposomes will be targeted to and taken up selectively by the organ. In
addition, the pharmaceutical composition containing a compound may be provided in the form of
a rapid release formulation, in the form of an extended release formulation, or in the form of an
intermediate release formulation. In some embodiments, the extended release formulation
releases the compound for over 1 hour, over 2 hours, over 3 hours, over 4 hours, over 6 hours,
over 12 hours, over 24 hours, or more. In some embodiments, the extended release formulation
releases the compound at a steady rate for over 1 hour, over 2 hours, over 3 hours, over 4 hours,

over 6 hours, over 12 hours, over 24 hours, or more.

[0163] For oral administration, a compound can be formulated readily by combining the
active compounds with pharmaceutically acceptable carriers or excipients well known in the art.
Such carriers permit the compounds described herein to be formulated as tablets, powders, pills,
dragees, capsules, liquids, gels, syrups, elixirs, slurries, suspensions and the like, for oral
ingestion by a subject to be treated. Generally, excipients such as fillers, disintegrants, glidants,
surfactants, recrystallization inhibitors, lubricants, pigments, binders, flavoring agents, and so
forth can be used for customary purposes and in typical amounts without affecting the properties
of the compositions. In some embodiments, the excipient is one or more of lactose hydrate, corn
starch, hydroxypropyl cellulose and/or magnesium stearate. In some embodiments, tamibarotene

may be formulated with one or more of lactose hydrate, corn starch, hydroxypropyl cellulose

and/or magnesium stearate.

[0164] The identification of acceptable formulations of tamibarotene can be achieved by
various methods known in the art, for example as described in US 20100048708, which is

incorporated herein by reference.
Combination Therapy

[0165] Those of ordinary skill in the art, reading the present disclosure, will readily
appreciate that a RARA agonist (e.g., tamibarotene), as described herein, may in certain
embodiments be combined with other anti-cancer therapies, including for example
administration of chemotherapeutic agents, other immunomodulatory agents, radiation therapy,

high-frequency ultrasound therapy, surgery, FDA approved therapies for treatment of cancer, etc.
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[0166] In some embodiments, a RARA agonist is utilized in combination with one or
more other therapeutic agents or modalities. In some embodiments, the one or more other
therapeutic agents or modalities is also an anti-cancer agent or modality; in some embodiments

the combination shows a synergistic effect in treating cancer.

[0167] Known compounds or treatments that show therapeutic efficacy in treating cancer
may include, for example, one or more alkylating agents, anti-metabolites, anti-microtubule
agents, topoisomerase inhibitors, cytotoxic antibiotics, angiogenesis inhibitors,
immunomodulators, vaccines, cell-based therapies, organ transplantation, radiation therapy,

surgery, etc.

[0168] In some embodiments, a RARA agonist (and/or other therapy with which it is
combined) may be combined with one or more palliative (e.g., pain relieving, anti-nausea, anti-
emesis, etc.) therapies, particularly when relieves one or more symptoms known to be associated
with the relevant cancer, or with another disease, disorder or condition to which a particular

cancer patient is susceptible or from which the particular cancer patient is suffering.

[0169] In some embodiments, agents used in combination are administered according to
a dosing regimen for which they are approved for individual use. In some embodiments,
however, combination with a RARA agonist (e.g., tamibarotene) permits another agent to be
administered according to a dosing regimen that involves one or more lower and/or less frequent
doses, and/or a reduced number of cycles as compared with that utilized when the agent is
administered without a RARA agonist (e.g., tamibarotene). Alternatively or additionally, in
some embodiments, an appropriate dosing regimen involves higher and/or more frequent doses,
and/or an increased number of cycles as compared with that utilized when the agent is

administered without a RARA agonist (e.g., tamibarotene).

[0170] In some embodiments, one or more doses of agents administered in combination
are administered at the same time; in some such embodiments, agents may be administered in the
same composition. More commonly, however, agents are administered in different compositions
and/or at different times. In some embodiments, tamibarotene is administered sequentially

and/or concurrently with other therapeutic agents (e.g., chemotherapy).
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[0171] In some embodiments, the combination therapies disclosed herein are only
administered if a subject has a RARA mRNA level equal to or above a threshold value. In some
embodiments, the combination therapies disclosed herein are only administered if a subject has
an IRF8 mRNA level equal to or above a threshold value. In some embodiments, the
combination therapies disclosed herein are only administered to a subject that has both a RARA
mRNA level equal to or above a threshold value and an IRF8 mRNA level equal to or above a
threshold value. In some aspects of any of these embodiments, the subject is suffering from non-

APL AML.

[0172] In some embodiments, the therapeutic agent to be combined with a RARA agonist
(e.g. tamibarotene) is selected from a DNA methyltransferase inhibitor, a DNA synthase
inhibitor, a topoisomerase inhibitor, a FLT3 inhibitor, a folate inhibitor, a BRD4 inhibitor, a Zn
finger transcription factor inhibitor, a GCR inhibitor, a CDK?7 inhibitor, an HDAC inhibitor, a
JMID3/JARIDI1B inhibitor, or an EZH2 inhibitor. In other specific aspects, that second agent is
selected from a LSD1 inhibitor, a proteasome inhibitor, a DNA damage repair inhibitor, a PARP
inhibitor, a mTOR inhibitor, a DOTI1L inhibitor, a tubulin inhibitor, a PLK inhibitor, or an

Aurora kinase inhibitor.

[0173] In some embodiments, a RARA agonist (e.g., tamibarotene) can be administered
with decitabine, azacitidine, ara-C, daunorubicin, idarubicin, arsenic trioxide and/or fIt3
inhibitors. In some embodiments, a RARA agonist (e.g., tamibarotene) can be administered with
IDH inhibitors, BRD4 inhibitors (e.g., JQ1), HDAC inhibitors (e.g., SAHA and MC1568), HMT
inhibitors (e.g., EPZ6438, UNC0638, SGC707, EPZ5676, UNCO037 and PFI-2) and/or KDM
inhibitors (e.g., GSKJ4, RN-1 and GSK-LSD1).

[0174] In some embodiments, the subject is suffering from AML and tamibarotene is
administered in combination with a second agent selected from azacytidine, arsenic trioxide,
midostaurin (only in those AML subjects characterized by high FLT3 mRNA levels), cytarabine,
daunorubicin, methotrexate, idarubicin, sorafenib (only in those AML subjects characterized by
high FLT3 mRNA levels), decitabine, quizartinib (only in those AML subjects characterized by
high FLT3 mRNA levels), JQ1 (a BRD4 inhibitor), ATO, prednisone (only in those AML
subjects characterized by high GCR mRNA levels), SAHA, and GSKJ4 (only in those AML
subjects characterized by high JMJD3/JARID1B mRNA levels).
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Kits

[0175] A kit comprising one or more reagents for detecting one or more IRF8 biomarkers
can be provided in a kit. In some instances, the kit includes packaged pharmaceutical
compositions of the present invention comprising a written insert or label with instructions to use
a RARA agonist (e.g., tamibarotene) in a subject suffering from a cancer and who has been
determined to have a super enhancer associated with an /RF'§ gene having a strength, or ordinal
rank equal to or above a threshold level, or an IRF8 mRNA level equal to or above a reference
(e.g., threshold level). As described in detail above, the threshold level is determined in a
population of samples from either subjects diagnosed as suffering from the same disease or cell
lines or xenograph models of the same disease as that for which the pharmaceutical composition
is indicated for treatment. The instructions may be adhered or otherwise attached to a vessel
comprising a RARA agonist. Alternatively, the instructions and the vessel comprising a RARA
agonist will be separate from one another, but present together in a single kit, package, box, or

other type of container.

[0176] The instructions in the kit will typically be mandated or recommended by a
governmental agency approving the therapeutic use of a RARA agonist. The instructions may
comprise specific methods of determining whether a super enhancer is associated with an /RFS
gene, as well as quantification methods to determine whether an enhancer associated with an
IRF8 gene is a super enhancer, quantification methods to determine IRF8 mRNA levels; and/or
threshold levels of super enhancers or IRF8 mRNA at which treatment with a packaged RARA
agonist is recommended and/or assumed therapeutically effective. In some aspects, the
instructions direct that the composition be administered to a subject whose IRF8 mRNA level
falls in at least the 30" percentile of a population whose IRF8 mRNA levels have been measured.
In some aspects of these embodiments, a subject is identified as a RARA agonist responder if its
IRF8 mRNA level prevalence rank is about 80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%,
T1%, 70%, 69%., 68%, 67%, 66%, 65%., 64%, 63%, 62%, 61%, 60%, 59%, 58%, 57%, 56%,
55%, 54%, 43%, 42%, 51%, 50%, 49%, 48%., 47%, 46%, 45%, 44%, 43%, 42%, 41%, 40%,
39%, 38%, 37%, 36%, 35%, 34%., 33%., 32%., 31%, 30%, 29%, 28%., 27%, 26%, 25%, 24%,
23%, 22%, 21%, or 20% in a population whose IRF8 mRNA levels have been measured. In
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some aspects, the instructions direct that the composition be administered to a subject whose

IRF8 mRNA level as measured by a specific assay

[0177] The instructions may optionally comprise dosing information, the types of cancer
for which treatment with a RARA agonist was approved, physicochemical information about a
RARA agonist; pharmacokinetic information about a RARA agonist, drug-drug interaction
information. In some embodiments, the instructions direct that the composition be administered
to a subject diagnosed as suffering from AML. In some embodiments, the instructions direct that
the composition be administered to a subject diagnosed as suffering from non-APL. AML. In
some aspects, the instructions direct that the composition be administered to a subject diagnosed
as suffering from MDS. In some aspects, the pharmaceutical composition comprises

tamibarotene.
EXAMPLES

[0178] In order that the invention described herein may be more fully understood, the
following examples are set forth. The synthetic and biological examples described in this
application are offered to illustrate the compounds, pharmaceutical compositions, and methods

provided herein and are not to be construed in any way as limiting their scope.

Example 1: IRF8 mRNA Levels in Non-APL AML Cell Lines Correlate with Responsiveness to
a RARA Agonist

[0179] We previously tested several AML cell lines for sensitivity to tamibarotene and
demonstrated that sensitivity correlated very well with each of RARA super enhancer strength,
RARA super enhancer strength ordinal and RARA mRNA level. This was done as described

below.

[0180] On the day of the experiment, cells were homogenized using Accumax (EMD
Millipore), counted, and adjusted to 60,000 cells/mL in appropriate growth media. Using a
Biotek EL406, 50 ul of cells were distributed into white (ATPlite) or black (CyQuant) 384-well
plates (Thermo). Cells were returned to 37 °C incubator to allow adhesion. After three hours,
compounds were added to plates using a 20 nl 384-well pin transfer manifold on a Janus

workstation. Stocks were arrayed in 10 point quadruplicate dose response in DMSO stock in
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384-well compound plates. After addition of compound, plates were incubated for five or ten

days in a 37 °C incubator.

[0181] Cell viability was read out using ATPlite (Perkin Elmer) or CyQuant (Life
Technologies). For ATPlite, plates were removed from the incubator and brought to room
temperature prior to use. Lyophilized powder of ATPlite reagent was resuspended in lysis buffer
and diluted 1:2 with distilled water. 25 pL of this solution was added to each well using the
Biotek liquid handler. Plates were incubated for 15 min at room temperature before the
luminescence signal was read on an Envision Plate Reader (Perkin Elmer). For CyQuant,
reagents were mixed as per manufacturer’s instructions in PBS (Gibco). Reagent was added
using a multichannel pipet and plates were replaced in incubator for 30 minutes prior to readout

on an Envision Plate Reader (Perkin Elmer).

[0182] Data acquired as described was stored and grouped in Microsoft’s Excel and
analyzed using GraphPad Prism Software. Curve fits to calculate ECsy and Ep,x were done in
GraphPad Prism version 6.0 using four parameter (Hill slope not assumed to be equal to 1) non-
linear regressions with the log10 transformed data of the compound concentrations plotted
against the percent viability of the cells when normalized to DMSO only treated wells included

on the plate. Edge wells were excluded.

[0183] We used an Affymetrix GeneChip® PrimeView  Human Gene Expression Array
to initially examine seven of these AML cell lines (four sensitive to tamibarotene - NOMO-1,
OCI-AML3, MV-4-11, and Sig-MS5; and three insensitive - KGla, OCI-M1 and Kasumi-1) for
other mRNAs that might be specifically elevated in the tamibarotene sensitive cell lines and
identified IRF8 mRNA as a potential candidate. We then quantified IRF8 mRNA levels in each
of these seven AML cell lines previously, as well as several other AML cell lines tested for
sensitivity to tamibarotene by performing RNA-seq analysis as set forth below. The results for
the first seven cell lines are shown in Fig. 1. Interestingly, NOMO-1 did not have a high RARA
mRNA level, but was responsive to tamibarotene. The fact that NOMO-1 had elevated IRF8
mRNA levels helped clarify this seeming inconsistency and further validated the use of IRF8

mRNA levels to predict responsiveness to tamibarotene.

57



WO 2017/177167 PCT/US2017/026657

[0184] RNA preparation: Cell suspension was transferred to microcentrifuge tubes and
washed with 1 mL of PBS. Cell pellets were re-suspended in 200 uL. of TRIzol. 20 pL of
miRNA Homogenate Additive from the Ambion miRVana miRNA Isolation Kit (AM1561) was
added, mixed, and incubated on ice for 10 minutes. 20 uL. of bromochloropropane was added,
mixed, incubated at room temperature for 5 minutes, and centrifuged at 12,000 x g for 10
minutes at 4°C. 62 uL of the aqueous phase was added to 78 uL of ethanol and transferred to a
filter column. The isolation was continued according to Ambion’s Total RNA Isolation protocol.
Sample was tested for quality control on a bioanalyzer and then sent to the Whitehead

Sequencing Core, (Cambridge, MA) for sequencing.

[0185] RNA-seq data processing: Reads were aligned to the HG19 transcriptome using
rsem v1.2.21 software (rsem-calculate-expression; parameters = -p 4 --samtools-sort-mem 3G --
ci-memory 3072 --bowtie-chunkmbs 1024 --quiet --output-genome-bam --bowtie2 --bowtie2-
path /data/devtools/bowtie2-2.0.5 --strand-specific) and then mRNA quantification was done
using the same rsem suite (rsem-parse-alignments, rsem-build-read-index, rsem-run-em) and
reported in transcripts per million (TPM). All protein coding genes were then extracted for each

sample and their scores were quantile normalized.

[0186] We then compared sensitivity to tamibarotene to IRF8 mRNA levels as shown in
Fig. 2 and Table 1.

Table 1: AML cell line IRF8 mRNA levels and tamibarotene anti-proliferative potency

. IRFS mRNA Tamibar?tene anti-
Cell Line (TPM) proliferative potency
(ECSO, IIM)
EOL-1 484 .38 0.89
Kasumi-1 16.34 >50000
KG-1a 1.84 >50000
PL21 190.02 141
MV4-11 699 .41 0.17
HL60* 6.73 1.64
OCI-AML3 739.29 0.34
OCI-AML2 451.94 0.34
Nomo-1 24219 0.48
OCI-M1 1.02 >50000
HEL 1.00 >50000
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*HL60 is an APL cell line.

[0187] As can be seen from the above table, all tamibarotene-responsive cell lines, except
for HL60, had an IRF8 mRNA level of greater than 190 TPM (logy(7.57)) in the assay, while
non-responsive cell lines all had an IRF8 mRNA level of less than 16.5 TPM (log,(4.03)). The
responsiveness of HL60 to tamibarotene without a concomitant high level of IRF8 mRNA (6.73
TPM) suggests that correlation between IRF8 mRNA level and tamibarotene sensitivity may not
hold for APL and thus may be better suited to stratify subjects suffering from non-APL. AML.
Figure 2 removes the data point for HL60.

[0188] IRF8 mRNA levels were determined for a large number of different types of
samples -- normal blood cells, AML cell lines, primary AML patient samples and AML PDXs.
Data obtained were plotted in rank order, and the results are presented graphically in Figure 14.
As can be seen, Figure 14 does not show any correlation between IRF8 mRNA levels and
presence of disease; and IRF8 levels appear to be distributed in a reasonably similar manner in

normal cells as compared with diseased cells, cell lines and PDXs.

Example 2: Determination of IRF8 mRNA Threshold Values for RARA Agonist Treatment

[0189] The AML cell line results suggest a cutoff value of between 15.5 and 190 TPM
(i.e., between log;(4.03) and log,(7.57) in the RNA-Seq assay. We chose a population of AML
patient samples (kindly provided by Stanford University) in order to examine the distribution of
IRF mRNA levels and to determine prevalence cutoffs based on the cutoff values. We added to
that population AML cell lines and then generated a rank-ordered graph. Fig. 3 shows that rank-
ordered distribution of IRF8 mRNA levels in the combined patient sample/AML cell line
population. We determined that a prevalence cutoff of 25% corresponded to an IRF mRNA

value of approximately logx(7).

Example 3: Correlation of IRF8 mRNA and RARA mRNA Levels

[0190] We next compared IRF8 and RARA mRNA levels in AML cell lines and patient
population to determine correlation. Fig. 4 shows that some cell lines that responded to
tamibarotene have relatively low RARA mRNA, but a high level of IRF8 mRNA. Fig. 5 shows
that a subset of patients, too, demonstrates high IRF8 mRNA levels, but relatively low RARA
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mRNA levels and vice versa. This supports the idea that measuring both IRF8 and RARA
mRNA in a patient and selecting that patient for treatment with a RARA agonist, such as
tamibarotene, if either mRNA level is above a threshold value may optimize the treatable patient

population.

Example 4: A Super Enhancer Associated with IRF8 Correlates with Responsiveness to RARA
Agonist Treatment

[0191] We next examined /RF8 enhancer strength in several AML cell lines and patient

samples as follows.

[0192] Cell Fixation: For cells in suspension, typically a 1/10 volume of fresh 11%
formaldehyde solution was added to cell suspension, mixed and the mixture was allowed to sit at
room temperature (RT) for 8 min. Then 1/20 volume of 2.5 M glycine or 1/2 volume of 1 M Tris
pH 7.5 was added to quench formaldehyde and incubated for at least 1 min. Cells were rinsed 3
times with 20-50 mL cold 1x phosphate-buffered saline (PBS), centrifuged for 5 min at 1250 x g
to pellet the cells before and after each wash. Cells were then transferred to 15 mL conical tubes
and centrifuged at 1250 x g for 5 minutes at 4°C. The supernatant was removed, residual liquid
was removed by dabbing with a Kimwipe, and then the pelleted cells were flash frozen in liquid

nitrogen and stored at -80°C.

[0193] Bead Preparation: Approximately 60 pL of Dynabeads® Protein G per 2 mL
immunoprecipitate (Invitrogen) were used. Beads were washed 3 times for 5 minutes each with
1.0 mL blocking buffer (0.5% BSA w/v in PBS) in a 1.5-mL Eppendorf tube. A magnet
(Invitrogen) was used to collect the beads (and allowed magnet binding for at least 1 full minute)
after each wash and the supernatant was then aspirated. The washed beads were re-suspended in
250 uL blocking buffer to which 6 ug of antibody was added and the mixture was allowed to
incubate with end-over-end mixing overnight (minimum 6 hours). The antibody-bound beads
were washed 3 times for 5 min each with 1 mL blocking buffer and re-suspended in blocking
buffer (60 uL per IP). These last washes and resuspensions were done once the cells were

sonicated (see 9.1.1.3) and just prior to overnight immunoprecipitation.

[0194] Cell Lysis: Protease inhibitors at 1x (Complete, Roche; prepared by dissolving
one tablet in 1 mL H,O for 50x solution and stored in aliquots at -20°C) were added to all lysis
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buffers before use. Each tube of cells (approximately 5x10” cells) was re-suspended in 5-10 mL
of lysis buffer 1 (LB1; 140 mM NaCl, 1 mM EDTA, 10% glycerol, 0.5% NP-40, 0.25% Triton
X-100) and rocked at 4°C for 10 minutes. The cells were centrifuged at 1250 x g x 5 min in
tabletop centrifuge at 4°C and the supernatant aspirated off. The cells were re-suspended in 5
mL Lysis Buffer 2 (LB2; 200 mM NaCl, 1 mM EDTA, 0.5 mM EGTA, 10 mM Tris pH 8) and
incubated end-over-end at 4°C for 10 minutes. The cells were again pelleted at 1250 x g for 5
min in tabletop centrifuge at 4°C and washed in 2-5 mL Covaris sonication buffer (10 mM Tris
pH 8.0, 1 mM EDTA, 0.1% SDS). The pellet was centrifuged at 1250 x g for 5 min in tabletop
centrifuge at 4°C. The cells were pelleted at 1250 x g for 5 min in a tabletop centrifuge at 4°C

and re-suspended at a concentration of 20-50 million cells/1 mL of Covaris sonication buffer.

[0195] Chromatin Immunoprecipitation: Fifty uL of antibody-conjugated beads prepared
as described above was added to the cleared cellular extract (as described above in Cell Lysis)
solution in 1.5 ml tubes and rocked overnight at 4°C (minimum 8 hours) to immunoprecipitate

DNA-protein complexes.

[0196] Wash, elution, and cross-link reversal: All buffers used in these steps were ice
cold. A magnetic stand was used to precipitate magnetic beads, washed 3 times, 5 minutes each,
with gentle end-over-end mixing with 1 mL Wash Buffer 1 (S0 mM HEPES pH 7.5; 140 mM
NaCl; 1 mM EDTA; 1 mM EGTA; 0.75% Triton-X; 0.1% SDS; 0.05% DOC), washed once for
5 minutes with 1 mL Wash Buffer 2 (S0 mM HEPES pH 7.5; 500 mM NaCl; 1 mM EDTA,; 1
mM EGTA; 0.75% Triton-X; 0.1% SDS; 0.05% DOC); and once for 5 minutes with 1 mL Wash
Buffer 3 (10 mM Tris pH 8.0; 1 mM EDTA,; 50 mM NaCl). All residual wash buffer was
aspirated and the beads were centrifuged gently at 1250 x g for 1 min; the tubes were replaced
onto the magnet and all traces of buffer were removed. Elution buffer at a volume of 210 pL
was added (50 mM Tris pH 8; 10 mM EDTA; 1% SDS) and eluted at 65°C for 60 min with brief
vortexing to re-suspend beads every 15 min. The beads were separated from the supernatant
using the magnet and 200 pL of supernatant was removed and placed in a clean tube for reverse
cross-linking. Both IP and whole cell extract fractions were reverse x-linked overnight at 65°C
(minimum 8 hours, but maximum 18 hours). Heating was then used to separately reverse cross-

linked both the sample for immunoprecipitation and the whole cell extract fractions by
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incubating overnight at 65°C (minimum 8 hours, but maximum 18 hours). The heating

facilitated the hydrolysis of the formaldehyde cross-links.

[0197] Cleanup and purification of DNA: Tris-EDTA buffer (50 mM Tris pH 8; 1 mM
EDTA) and 2.7 uL of 30 mg/ml RNaseA (0.2 mg/mL final concentration) at a volume of 200 puL
was added to each sample, mixed and incubated at 37°C for 2 hours. Then 5 uL of calcium
chloride solution (300 mM CaCl; in 10 mM Tris pH 8.0) was added to each sample along with 4
uL of 20 mg/ml proteinase K (0.2 mg/mL final concentration), mixed and incubated at 55°C for
60 minutes. Then 400 uL of phenol:chloroform:isoamyl alcohol at 25:24:1 ratio (Sigma Aldrich
#P3803) was added to each tube, mixed on a vortex mixer on low setting (5/10) and inverted

each tube to mix further.

[0198] A PhaseLock Gel™ tube (Qiagen, 3 Prime) was prepared for each sample by
centrifuging the tube at room temperature for 30 seconds at 10,000 RPM. Next, the sample
DNA in phenol:chloroform:isoamyl alcohol was added to the PhaseLock Gel ™ tube and
centrifuged at 12,000-16,000 x g for 2 minutes at room temperature. Then the aqueous solution
was transferred to a new 1.6 mL tube (top fraction), added 20 uL of 5 M NaCl, and 1.5 puL of 20
ug/ul glycogen (30 ug total), then added 1 mL of EtOH, and mixed by vortex or inversions.
The sample was then incubated at -20°C overnight (6-16 hours). The mixture was centrifuged at
20,000 x g for 20 minutes at 4°C to pellet the DNA, the supernatant was removed with 1 mL
pipette tip, washed the pellets in 800 puL of 80% EtOH, centrifuged at 20,000 x g for 20 minutes
at 4°C, and removed the supernatant with 1 mL pipette tip. The sample was centrifuged again
for 1 min at 20,000 x g, supernatant removed, and the pellet allowed to air dry for 5-20 minutes.
The pellets should not have a halo of water around them and should be glassy or flaky dry. The

pellet was then dissolved in 60 pL of water, using 50 pL for sequencing.

[0199] ChilP-seq data processing: Reads for both the ChIP-seq IP and IN were aligned
to the HG19 genome using Bowtie2 v.2.0.5 software (parameters = -p 4 —sensitive). This
resulted in genome-wide BAM files summarizing the alignment of both the IP and IN

sequencing experiments.

[0200] Creating a universal IRF8 enhancer score dataset: A universal IRF8 enhancer

score dataset was generated that could apply in all downstream analyses. Peaks observed
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genome-wide in the aligned H3K27Ac read data with MACS v1.4 using the aligned I[P BAM
were designated as the ChIP-seq foreground data and the aligned IN BAM as the control
background data. A stringent p value cutoff of 10” was used, but otherwise used the default
parameters. These peaks were then merged if they had >12,500 base pairs between them in the
human reference genome. This set of peaks is referred to as the ROSE peaks, and the rank of the
highest-scoring ROSE peak overlapping the IRF8 transcript for a given sample is recorded as
“IRF8 ROSE Rank” for that sample.

[0201] The set of ROSE peaks was then filtered for “blacklist regions” as defined by
ENCODE (https://sites.google.com/site/anshulkundaje/projects/blacklists) and ENCODE Project
Consortium (2012) to remove ChIP-seq artifacts.

[0202] The filtered set of ROSE peaks from the primary patient samples were then
merged into a universal H3K27Ac enrichment map by taking the union of the coordinates of
each peak from a given sample with all of the peaks that overlapped it from the other samples.
This generated a universal map of H3K27Ac enrichment. Then each enriched region was
quantified within this universal map within each sample (including cell lines) by, for a given
region, summing the number of IP reads that mapped within the region and dividing by the
number of reads mapping in the full experiment multiplied by a million (“reads per million”, or
RPM). A similar RPM score for the IN reads was calculated. The IN RPM was subtracted from
the IP RPM to achieve the overall score for a given region within the universal map for a given
sample. A negative binomial distribution was fit to the scores for a given sample using the
fitdistr function in the R MASS library v7.3.45. The tail of the distribution was located as the
point where the cumulative distribution function of this negative binomial crossed 0.99
(equivalent to a p value of 0.01). The overall scores for all of the sample’s regions by this point
were divided, so that any region of enrichment that scored in the bottom 99% of the fitted
negative binomial distribution scored below 1 (deemed a “typical enhancer”) and any region that
scored above the 99% mark scores above 1 (deemed a “super-enhancer”). These scores are
termed the “RECOMB” scores for each sample against a universal map. Each sample’s
RECOMB scores was then normalized against all other samples using quantile normalization,

and with the floor set at 0.
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[0203] Visualization of ChlP-seq data: The genome-wide localization of H3K27Ac was
visualized using the Integrative Genomics Viewer (IGV) version 2.3.60 after converting the
BAM files to IGV formatted t files using MACS2 to create a pileup (extsize 200) and the
igvtools v2.3.9 software’s igvtools toTDF command. The Y-axis of each track is set to begin
just above the level of noise (0.25) and end at a level that approximates half the level required to
view the full height of the peak over a control region centered at the MMALAT! gene.

Table 2. AML cell line /RF'§ enhancer strength, mRNA level and tamibarotene anti-proliferative
potency

IRF8 mRNA Tamibarotene anti-
. IRF8 enhancer . .
Cell Line (RECOMB) (logz) proliferative potency
(ECs0, nM)
EOL-1 0.77 8.96 0.89
Kasumi-1 1.22 4.06 >50000
KG-1a 0.00 0.68 >50000
PL21 3.10 7.69 1.41
MV4-11 2.44 9.48 0.17
HL60* 0.17 2.63 1.64
0CI-AML3 1.72 9.65 0.34
OCI-AML2 1.36 8.88 0.34
Nomo-1 1.58 8.04 0.48
0CI-M1 0.00 0.04 >50000
HEL 0.00 0.00 >50000
Sig-M5 1.53 8.53 0.46
THP-1 1.87 8.73 0.95
*HL60 is an APL cell line.
[0204] The data above demonstrates that an /RF§ RECOMB enhancer score of > 1.0 (a

RECOMB score of > 1.0 defines a super enhancer) correlates well with responsiveness to
tamibarotene. Excluding the HL60 APL cell line, that cutoff value produced 1 false positive
(Kasumi-1) and one false negative (EOL-1) out of twelve non-APL AML cell lines tested.
Raising the cutoff to a RECOMB score of > 1.25 would eliminate the false positive, while
lowering the cutoff to a RECOMB score of > 0.75 would eliminate the false negative. This data
is also presented in graph form in Figure 6. A similar correlation between IRF8 mRNA level and
responsiveness to tamibarotene was also observed, with cell lines having a IRF8 mRNA

TPM(log,) value of greater than 4.25 all demonstrating tamibarotene sensitivity.
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[0205] We then applied enhancer profiling by ChIP-seq to a subset of AML patient
samples. The IRF'§ locus enhancer strength varied widely among the 66 AML patient samples,
with 21% (14/66) of the patients having a SE indicated by RECOMB scores surpassing 1.0
(Figure 7). Most patient samples exhibited minimal enhancer activity, including the lowest 14%

(9/66) which had no quantifiable /RF8 enhancer.

Example 5: Correlation of IRF8 mRNA and /RF8 Enhancer Strength

[0206] Quantification of IRFS enhancer and correlation of ChlP-seq and RNA-seq data:
The quantile-normalized RECOMB score was used across all patients for the region called as an
enhancer in the universal map that overlapped /RFS8: chr16:85862582-85990086. This was
correlated with the quantile-normalized TPM expression estimates for the full /RF8 gene model
from RSEM using Spearman correlation. Only patients with both RNA-seq and ChIP-seq were

used. The same analysis was performed in cell lines, but excluded APL cell lines.

[0207] To enable proxy estimation of /RFS SE by IRF8 mRNA measurement, the
correlation between the two was examined in the same AML patient cohort. The IRF8 mRNA
measured by RNA-seq was compared with the /RF8 locus enhancer measure by RECOMB score
for the H3K27ac (Figure 8). IRF8 mRNA levels also varied widely among samples in this
cohort and the IRF8 mRNA levels were highly correlated with IRF8 enhancer strength

(Spearman Rho correlation estimate ~.0.81, p-value of 2.2x10™'%).

[0208] We also profiled the value of /RF8 enhancer strength and IRF8 mRNA levels in
26 AML cell lines. Several of these cell lines were tested previously for antiproliferative
sensitivity to tamibarotene (see Table 2). As observed in AML patient samples, AML cell lines
exhibited a broad distribution of /RF'8 enhancer strengths (Figure 9). /RF8 enhancer strength
and IRF8 mRNA levels also varied widely in 26 AML cell lines, 9 (34%) of which had /RF§
RECOMB values of > 1.0.

[0209] As with the AML patient samples, the AML cell lines exhibited a strong
correlation of IRF8 mRNA levels with the /RF'8 enhancer strength (Figure 10; Spearman Rho
correlation estimate ~.0.82, p-value of 2 x10°°), thus supporting IRF8 mRNA as a proxy measure

of IRF'8 enhancer strength.
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Example 6: Response of PDX models to Tamibarotene and Correlation with IRF8§ mRNA
Levels

[0210] Different AML patient sample (AM8096, AMS5512, AM7577 and AM7440)-
derived xenograft models in BALB/c nude immunocompromised mice are prepared by Crown

Biosciences (Beijing, China) essentially as follows.

[0211] Approximately 2 x 10° cells from each patient sample are suspended in 100 pL
PBS and injected into separate mice (n=3 for each different patient sample and for the control)
by IV tail injection. For AM5512, AM7577 and AM7440 xenographs, tumor burden is
considered high enough to start treatment when the concentration of human CD45" cells reaches
~1-5% in the animal’s peripheral blood. Human CD45" cells are detected in mouse blood
(obtained via eye bleeds) using a fluorescence activated cell sorter and FITC anti-human CD45
(Biolegend, Cat# 304037). For AM8096 xenographs, treatment is begun 40 days after injection

of cells.

[0212] Tamibarotene is administered orally in pH 8 adjusted PBS, 1% DMSO on a daily
schedule at a final dose of 6 mg per kg body weight in a 10ml/kg volume. Mice in the vehicle
arm are given the same schedule, volume, and formulation, but lacking tamibarotene. Human
CD45" cell levels in peripheral blood from the treated animals and control animals are measured

once a week.

[0213] AMS5512 and AM8096 xenographs show a significant reduction in the total % of
CD45" cells, as well as in the % of CD45™ cells in blood, bone marrow and spleen, when treated
with tamibarotene as compared to the vehicle control after 35 days of treatment (Figure 11). On
the other hand, AM7577 and AM7440 show no significant reduction in tumor volume between
the tamibarotene treated and vehicle treated animals either overall or in any of blood, bone

marrow or spleen (Fig. 12).

[0214] We then measured both the IRF8 and RARA mRNA levels in each of the four
patient samples used in the xenograph study (Fig. 13). The two non-responders in the xenograph
study, AM7577 and AM7440, have IRF8 mRNA levels that fall well below 100 TPM in the
assay. One of the responders, AM8096, has an IRF8 mRNA level that is above 350 TPM. The
other responder, AMS5512, has a very low level of IRF8 mRNA. Interestingly, these four
samples showed a similar pattern of RARA mRNA level, with AM7577 and AM7440 having
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RARA mRNA levels below any determined prevalence cutoff (e.g., a 36% prevalence cutoff),
AMB096 being significantly above that prevalence cutoff and AM5512 also being below the
prevalence cutoff, but having significantly higher RARA mRNA than either of the AM7577 or
AM7440 non-responders.

Example 7: Obtaining and Preparing Patient Samples for Determining IRF8 mRNA Levels and

ChIP Sequencing

[0215] Blood (8 mL) was drawn from non-APL AML patients and collected into an 8 mL
BD Vacutainer CPT Sodium Citrate tube. Following blood collection, the tube was gently hand
inverted 8-10 times to ensure adequate missing of the anticoagulant. The tube was stored upright
at room temperature prior to centrifugation which was performed within two hours of collection.
The blood sample was then centrifuged at room temperature (18-25°C) for 20 minutes at 1500-
1800 RCF (relative centrifugal force). After centrifugation, the blood separated into layers. The
bottom layers below the gel plug were a red layer at the absolute bottom (red blood cells) and a
thin gray layer above this (granulocytes and density solution). Directly above the gel plug was a
clear layer of density solution, then a white layer (mononuclear cells and platelets) and a
yellowish layer (plasma) on top. The white layer (up to 1 mL in volume) containing PBMCs was
removed immediately after centrifugation with a Pasteur pipette. If necessary, the PBMCs can
be stored in a cryovial containing 20% v/v BloodStor® freezing media (BioLife Solutions)

which is added dropwise followed by gentle hand inversion to mix.

[0216] The PBMC fraction obtained in the previous step (thawed if previously frozen)
was then treated simultaneously with human CD117 MicroBeads (Miltenyi Biotec) and human
CD34 MicroBeads (Miltenyi Biotec), following manufacturer’s directions for magnetic labeling
and magnetic separation of labeled cells. Messenger RNA was then extracted from the isolated

CD347/CD117" cells and quantitated using qPCR as described above.

Example 8: Synercy between Tamibarotene and Other Agents Correlates with RARA mRNA

Levels.

[0217] Using a Biotek EL406, 50 pL of cell media containing 20-60,000 cells/ml was
distributed into white 384-well Nunc plates (Thermo). Suspension cells then received compound

immediately while adherent cells lines were given one hour to reattach to the surface of the plate
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prior to compound addition. Tamibarotene and the second agents to be tested were dissolved in
DMSO and arrayed on 384 well compound storage plates (Greiner). Each compound plate
received tamibarotene and one second agent each in 5 different doses centered approximately on
the ECs of the given compound for a given cell line, providing a total of 25 different dose

combinations of the two agents.

[0218] Compound arrays were distributed to assay plates using a 20 nl 384-well pin
transfer manifold on a Janus MDT workstation (Perkin Elmer). Each plate contained 8 replicates
of all 5 by 5 compound concentrations in addition to five doses of each compound on its own in
quadruplicate. After addition of compounds, cell plates were incubated for 5 daysina 37 °C
incubator. Cell viability was evaluated using ATPlite (Perkin Elmer) following manufacturer
protocols. Data was analyzed using commercially available CalcuSyn software and visualized
using GraphPad Prism Software. Isobolograms plotting each of the 25 dose combination of
tamibarotene and the second agents were generated and analyzed for the presence of synergy. In
the isobolograms, the straight line connecting the abscissa and the ordinate values of 1.0
represents growth inhibitions that were additive for the combination of the two compounds.
Plots that fall below the straight line represented synergistic growth inhibitions, with plots that
fall below that line and one connecting the abscissa and the ordinate values of 0.75 represent
mild synergy. Plots that fall between a line connecting the abscissa and the ordinate values of
0.75 and a line connecting the abscissa and the ordinate values of 0.25 represent moderate
synergy. Plots that fall below a line connecting the abscissa and the ordinate values of 0.25
represent strong synergy. Data points that are outside the maxima in each isobologram are
indicated by the number of asterisks in the upper right hand corner of the isobologram and

represent data points of no synergy.

[0219] We tested azacytidine, arsenic trioxide, midostaurin, cytarabine, daunorubicin,
methotrexate, idarubicin, sorafenib, decitabine, quizartinib, ABT199 (a BCL2 inhibitor), JQ1 (a
BRD4 inhibitor), ATO, prednisone, SAHA, GSKJ4 (a JMID3/JARID1B inhibitor) and EPZ6438
(an EZH2 inhibitor) as second agents in these assays against various AML cell lines. Figures 15-
21 depict isobolograms for various second agents in combination with tamibarotene in different

cell lines.
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[0220] For combinations of azacytidine and tamibarotene, moderate to strong synergy
was observed for Sig-MS5; moderate synergy was observed for KG-1a and NOMO-1; and mild-
to-moderate synergy was observed for MV-4-11 (see Figure 15). No synergy was observed for

Kasumi-1 or OCI-M1 (data not shown).

[0221] For combinations of arsenic trioxide and tamibarotene, strong synergy was
observed for Sig-M5 and MV411; and moderate synergy was observed for NOMO-1 (see Figure
16). None-to-mild synergy was observed for Kasumi-1, and no synergy was observed OCI-M1

(data not shown).

[0222] For combinations of cytarabine (Ara-C) and tamibarotene, some moderate
synergy was observed for KG-1a and OCI-M1, but no synergy was observed for HL-60 (see
Figure 17). For MV-411 the large number of data points outside the maxima (7 of 25) and the

large number that showed strong synergy makes interpretation difficult.

[0223] For combinations of daunorubicin and tamibarotene, strong synergy was observed
for Kasumi-1 and NOMO-1; and moderate synergy was observed for Sig-MS5 and MV-4-11 (see
Figure 18). No synergy was observed OCI-M1 (data not shown).

[0224] For combinations of methotrexate and tamibarotene, moderate synergy was
observed for NOMO-1, Sig-M5 and MV-4-11 (see Figure 19). None-to-mild synergy was

observed for Kasumi-1, and no synergy was observed for OCI-M1 (data not shown).

[0225] For combinations of idarubicin and tamibarotene, moderate synergy was observed
for NOMO-1, Sig-M5 and MV411 (see Figure 20). No synergy was observed for Kasumi-1 or
OCI-M1 (data not shown).

[0226] Inconclusive results were observed for a combination of sorafenib and
tamibarotene in MV411, NOMO-1, KG-1a and Sig-M5 because of the large number of data
points outside the maxima (see Figure 21), but no synergy was observed for that combination in
OCI-M1 (data not shown). Sorafenib is a FLT3 inhibitor and we also observed synergy for
combinations of tamibarotene and other FLT3 inhibitors, such as midostaurin and quizartinib, in
some of the cell lines. Without being bound by theory, we believe that synergy with FLT3
inhibitors requires both high RARA and/or high IRF8 mRNA levels, as well as high FLT3

mRNA levels. This “conditional” synergy was also seen with the GCR inhibitor prednisone,
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which seemed to require high GCR mRNA levels as well as high RARA and/or high IRF8
mRNA levels. It was also observed with the IMID3/JARID1B inhibitor GSKJ4, which seemed
to require high JMJD3/JARID1B mRNA levels as well as high RARA and/or high IRF8 mRNA

levels to see synergy.

[0227] We observed no synergy in any cell lines tested for a combination of the BCL2
inhibitor ABT199 and tamibarotene. We also did not observe synergy with a combination of the

EZH?2 inhibitor EPZ6438 and tamibarotene.

[0228] We did, however observe synergy for a combination of the HDAC inhibitor
SAHA and tamibarotene in high RARA and/or high IRF8 mRNA AML cell lines.

[0229] In addition, strong synergy was observed for a combination of decitabine and

tamibarotene in HL-60 and KG-1a cells (data not shown).

[0230] We also observed synergy for a combination of the Zn finger transcription factor

inhibitor ATO and tamibarotene.

[0231] Without being bound by any particular theory, it can be hypothesized that non-
APL AML characterized by high RARA levels, high IRF8 level or a combination of both are
likely to respond synergistically to combinations of tamibarotene and one or more of azacytidine,
arsenic trioxide, midostaurin (in AML characterized by high FLT3 mRNA levels), cytarabine,
daunorubicin, methotrexate, idarubicin, sorafenib (in AML characterized by high FLT3 mRNA
levels), decitabine, quizartinib (in AML characterized by high FLT3 mRNA levels), JQ1 (a
BRD4 inhibitor), ATO, prednisone (in AML characterized by high GCR mRNA levels), SAHA,
and GSKJ4(in AML characterized by high IMJD3/JARID1B mRNA levels).
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CLAIMS

1. A method of treating cancer, the method comprising a step of
administering tamibarotene to a subject having non-APL acute myelocytic leukemia (AML) or
myelodysplastic syndrome (MDS),

wherein an IFR8 biomarker has been detected in a PBMC sample or an enriched PBMC
sample from the subject, the IRF8 biomarker being selected from the group consisting of /RF'S
enhancer strength equal to or above a pre-determined threshold, IRF8 mRNA level equal to or

above a predetermined threshold, and combinations thereof.

2. The method of claim 1, wherein a RARA biomarker has also been detected in the PBMC
or an enriched PBMC sample from the subject, the RARA biomarker being selected from the
group consisting of RARA enhancer strength equal to or above a pre-determined threshold,

RARA mRNA level equal to or above a predetermined threshold, and combinations thereof.

3. The method of claim 2, wherein the subject has non-APL AML.

4. A method of treating a cancer selected from non-APL AML and MDS, the method
comprising a step of’
administering a RARA agonist to a subject having the cancer, wherein a PBMC sample
or an enriched PBMC sample from the subject is determined to have an IRF8 biomarker,
wherein the IRF8 biomarker is or comprises expression of one or more of elevated IRF8

mRNA levels or a super enhancer associated with an /RFS8 gene.
5. The method of claim 4, wherein the PBMC sample or an enriched PBMC sample from
the subject is determined to express elevated IRF8 mRNA levels through detection of a level

equal to or above a pre-determined threshold level.

6. The method of claim 4, wherein the PBMC sample or an enriched PBMC sample from

the subject is determine to express a super enhancer associated with an /RF8 gene when the
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super enhancer has a strength, ordinal rank or prevalence rank that is equal to or above a pre-

determined threshold level.

7. The method of claim 5, wherein the pre-determined threshold level is a pre-determined

prevalence cutoff level.

8. The method of claim 7, wherein the pre-determined prevalence cutoff for non-APL AML
or MDS is between about 15 to about 40%.

0. The method of any one of claims 1-8, wherein the subject further has been demonstrated

to show elevated RARA mRNA levels or a super enhancer associated with a RARA gene.

10. The method of claims 1-8, wherein the subject has further been demonstrated not to show

elevated RARA mRNA levels or a super enhancer associated with a RARA gene.

11. The method of claim 10, wherein the subject was demonstrated not to show elevated
RARA mRNA levels or a super enhancer associated with a RARA gene prior to demonstration
that the subject shows elevated IRF8 mRNA levels or a super enhancer associated with an /RF§

gene.

12. The method of claim 10, wherein the subject was demonstrated not to show elevated
RARA mRNA levels or a super enhancer associated with a RARA gene simultaneously to
demonstration that the subject shows elevated IRF8 mRNA levels or a super enhancer associated

with an /RFS8 gene.

13. The method of any one of claims 4-12, wherein the cancer is non-APL acute myelocytic

leukemia (AML).

14. A method of administering therapy to a subject having non-APL. AML or MDS, wherein
a PBMC sample or an enriched PBMC sample from the subject is determined
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a. not to express one or more of elevated RARA mRNA levels or a super enhancer
associated with a RARA gene; and

b. not to express one or more of elevated IRF8 mRNA levels or a super enhancer
associated with an /RIS gene,

wherein the therapy does not include administration of tamibarotene.

15. The method of claim 14, wherein the therapy does not include administration of a RARA

agonist.

16. A method of treating non-APL. AML or MDS, the method comprising a step of
administering therapy to a subject, wherein a PBMC sample or an enriched PBMC sample from
the subject is determined:
a. to express one or more of elevated RARA mRNA levels or a super enhancer
associated with a RARA gene; and
b. to express one or more of elevated IRF8 mRNA levels or a super enhancer
associated with an IRF8 gene,

wherein the therapy is a RARA agonist.

17. A method of treating non-APL. AML or MDS, the method comprising a step of:
administering therapy to a subject, wherein a PBMC sample or an enriched PBMC
sample from the subject is determined:
a. not to express one or more of elevated RARA mRNA levels or a super enhancer
associated with a RARA gene; and
b. to express one or more of elevated IRF8 mRNA levels or a super enhancer
associated with an /RIS gene,

wherein the therapy is a RARA agonist.
18. A method of treating non-APL AML or MDS, the method comprising steps of:

a. receiving information related to IRF8 mRNA level in a PBMC sample or an enriched

PBMC sample from a subject suffering from non-APL AML or MDS; and
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b. administering to the subject a RARA agonist if the information indicates the IRF8

mRNA level or super enhancer level is equal to or above that of a reference.

19. A method of treating non-APL AML or MDS, the method comprising steps of:

a. receiving information related to a super enhancer associated with an /RF§ gene,
wherein the super enhancer has a strength, ordinal rank, or prevalence rank that is equal to or
above a pre-determined threshold level in a PBMC sample or an enriched PBMC sample from a
subject suffering from non-APL AML or MDS; and

b. administering to the subject a RARA agonist if the information indicates that a super
enhancer associated with an /RF'8 gene has a strength, ordinal rank or prevalence rank that is

equal to or above a pre-determined threshold level.

20.  The method of any one of claims 16-19, wherein the RARA agonist is tamibarotene.

21. A method of predicting the efficacy of a RARA agonist in a treatment of non-APL AML
or MDS comprising the step of’

determining if a PBMC sample or an enriched PBMC sample from a subject suffering
from non-APL. AML or MDS has an IRF8 mRNA level that is equal to or above that of a
reference,
wherein an IRF8 mRNA level that is equal to or above that of a reference is predictive of RARA

agonist efficacy in the treatment.

22. A method of predicting the efficacy of a RARA agonist in a treatment of a cancer
comprising the steps of

a. determining if a PBMC sample or an enriched PBMC sample from a subject suffering
from non-APL. AML or MDS has a super enhancer associated with an /RFS§ gene,

b. wherein the super enhancer has a strength, ordinal rank, or prevalence rank that is

equal to or above a pre-determined threshold level in a subject suffering from a cancer.

23. A method comprising steps of:
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a. obtaining a PBMC sample or an enriched PBMC sample from a subject suffering from
non-APL AML or MDS;
b. detecting in the biological sample one or more of:
1) IRF8 mRNA level is equal to or above that of that of a reference; or
i1) a super enhancer associated with an /RFS8 gene, wherein the super
enhancer has a strength, ordinal rank or prevalence rank that is equal to or above a

pre-determined threshold.

24, A method of diagnosing, prognosing, or treating a subject suffering from non-APL AML
or MDS comprising the steps of

a. obtaining a PBMC sample or an enriched PBMC sample from the subject;

b. determining in the sample one or more of an IRF8 mRNA level or a super enhancer

associated with an /RF'8 gene in the subject.

25. A method of claim 24, wherein the subject is administered a therapeutic composition

comprising a RARA agonist if the IRF8 mRNA level is equal to or above that of a reference.

26. A method of claim 24, wherein the subject is administered a therapeutic composition
comprising a RARA agonist if a super enhancer associated with an /RI"8 gene has a strength,

ordinal rank or prevalence rank that is equal to or above a pre-determined threshold.

27. A method of diagnosing, prognosing, or treating a subject suffering from non-APL AML
or MDS comprising the steps of
a. obtaining a PBMC sample or an enriched PBMC sample from the subject;
b. determining in the sample IRF8 mRNA level or a super enhancer associated with an
IRF8 gene in the subject; and
c. administering a therapeutic composition comprising a RARA agonist if one or more of:
1) IRF8 mRNA level is equal to or above that of that of a reference; or
i1) a super enhancer associated with an /RF'§ gene, wherein the super enhancer has

a strength, ordinal rank or prevalence rank that is equal to or above a pre-determined
threshold.
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28. The method of any one of claims 24, 25 or 27, wherein the RARA agonist is

tamibarotene.

29. A method comprising:

a. detecting one or more of RARA mRNA level or a super enhancer associated with a
RARA gene in a PBMC sample or an enriched PBMC sample obtained from a subject with non-
APL AML or MDS;

b. detecting one or more of IRF8 mRNA level or a super enhancer associated with an
IRF'8 gene in the biological sample if the biological sample does not express one or more of
elevated RARA mRNA level equal to above that of a reference or a super enhancer associated
with a RARA gene which has a strength, ordinal rank or prevalence rank that is equal to or above

a pre-determined threshold.

30. A method comprising:

a. detecting one or more of RARA mRNA level or a super enhancer associated with a
RARA gene in a PBMC sample or an enriched PBMC sample obtained from a subject with non-
APL AML or MDS;

b. detecting one or more of IRF8 mRNA level or a super enhancer associated with an
IRF& gene in the biological sample if the biological sample does express one or more of elevated
RARA mRNA level equal to above that of a reference or a super enhancer associated with a
RARA gene which has a strength, ordinal rank or prevalence rank that is equal to or above a pre-

determined threshold.

31 A method comprising:

a. detecting one or more of IRF8 mRNA level or a super enhancer associated with an
IRF8 gene in a PBMC sample or an enriched PBMC sample obtained from a subject with non-
APL AML or MDS;

b. detecting one or more of RARA mRNA level or a super enhancer associated with a
RARA gene in the biological sample if the biological sample does not express one or more of

elevated IRF8 mRNA level equal to above that of a reference or a super enhancer associated with
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an /RF8 gene which has a strength, ordinal rank or prevalence rank that is equal to or above a

pre-determined threshold.

32. A method comprising:

a. detecting one or more of IRF8 mRNA level or a super enhancer associated with an
IRF8 gene in a PBMC sample or an enriched PBMC sample obtained from a subject with non-
APL AML or MDS;

b. detecting one or more of RARA mRNA level or a super enhancer associated with a
RARA gene in the biological sample if the biological sample does express one or more of
elevated IRF8 mRNA level equal to above that of a reference or a super enhancer associated with
an /RF8 gene which has a strength, ordinal rank or prevalence rank that is equal to or above a

pre-determined threshold.

33. A method of any one of claims 29-32, wherein the steps of detecting can be performed

simultaneously.

34. A method of any one of claims 29-32, further comprising administering a RARA agonist
to the subject.

35.  The method of claim 34, wherein the RARA agonist is tamibarotene.

36. A method of any one of claims 29-35, wherein the step of detecting mRNA level is
performed using fluorescent hybridization, PCR, qPCR, gqRT-PCR, RNA sequencing, RNA
hybridization and signal amplification or northern blot.

37. A method of any one of claims 29-35, wherein the step of detecting a super enhancer is
performed using H3K27Ac ChIP-seq, chromatin immunoprecipitation and chip array (ChIP-

chip) or chromatin immunoprecipitation followed by qPCR (ChIP-qPCR).

38. A method of treating non-APL. AML or MDS, the method comprising a step of:

78



WO 2017/177167 PCT/US2017/026657

administering a combination of tamibarotene and a second therapeutic agent to a subject
having non-APL AML or MDS, wherein a PBMC sample or an enriched PBMC sample obtained
from the subjecr is determined to have an IRF8 biomarker and/or a RARA biomarker, wherein:

the IRF8 biomarker is or comprises expression of one or more of elevated IRF§ mRNA
levels or a super enhancer associated with an /RF§ gene;

the RARA biomarker is or comprises expression of one or more of elevated RARA
mRNA levels or a super enhancer associated with an RARA gene; and

the second therapeutic agent is selected from a DNA methyltransferase inhibitor, a DNA
synthase inhibitor, a topoisomerase inhibitor, a FLT3 inhibitor, a folate inhibitor, a BRD4
inhibitor, a Zn finger transcription factor inhibitor, a GCR inhibitor, a CDK?7 inhibitor, an HDAC
inhibitor, a JMJD3/JARID1B inhibitor, an EZH2 inhibitor, a LSD1 inhibitor, a proteasome
inhibitor, a DNA damage repair inhibitor, a PARP inhibitor, a mTOR inhibitor, a DOTIL

inhibitor, a tubulin inhibitor, a PLK inhibitor, or an Aurora kinase inhibitor.

39. The method of claim 38, wherein the cancer is non-APL AML.

40. The method of claim 38 or 39, wherein the second therapeutic agent is selected from a
DNA methyltransferase inhibitor, a DNA synthase inhibitor, a topoisomerase inhibitor, a FLT3
inhibitor, a folate inhibitor, a BRD4 inhibitor, a Zn finger transcription factor inhibitor, a GCR
inhibitor, a CDK7 inhibitor, an HDAC inhibitor, a JMJD3/JARID1B inhibitor, and an EZH2

inhibitor.

41. The method of claim 40, wherein the second therapeutic agent is selected from
azacytidine, arsenic trioxide, midostaurin, cytarabine, daunorubicin, methotrexate, idarubicin,
sorafenib, decitabine, quizartinib, JQ1, ATO, prednisone, SAHA, and GSKJ4, wherein:

if the second therapeutic agent is midostaurin, sorafenib or quizartinib, the agent is only
administered if the cancer is additionally determined to have an elevated FLT3 mRNA level;

if the second therapeutic agent is prednisone, the agent is only administered if the cancer
is additionally determined to have an elevated GCR mRNA level; and

if the second therapeutic agent is GSKJ4, the agent is only administered if the cancer is

additionally determined to have an elevated JMJD3 and/or JARID1B mRNA level.
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INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/026657
A. CLASSIFICATION OF SUBJECT MATTER
INV. A61K31/192 A61K31/167 A61K31/232 A61K31/235 A61K31/25
A61K31/353 A61K31/40 A61K31/4025  A61K31/4155  A61K31/426
A61K31/44 A61K31/4436  A61K31/498 A61K31/519 A61K31/5377

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61K

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, BIOSIS, CHEM ABS Data, EMBASE, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

abstract

paragraph [0073]
paragraph [0248]
table 1

claims 1-148

paragraph [0001] - paragraph [0052]

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2015/101618 Al (INSERM INST NAT DE LA 1-28,
SANTE ET DE LA RECH MEDICALE [FR]; 34-41
UNIVERSITE PA) 9 July 2015 (2015-07-09)
abstract
page 2, line 21 - page 4, line 5
page 5, line 20 - line 22
X WO 2015/085172 A2 (CELGENE CORP [US]) 1-28,
11 June 2015 (2015-06-11) 34-41

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

28 June 2017

Date of mailing of the international search report

28/08/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Taylor, Mark

Form PCT/ISA/210 (second sheet) (April 2005)
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International application No
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C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X TAMURA TOMOHIKO ET AL: "Regulation of 1-28,
myelopoiesis by the transcription factor 34-41
IRF8",
INTERNATIONAL JOURNAL OF HEMATOLOGY,
ELSEVIER SCIENCE PUBLISHERS, NL,
vol. 101, no. 4, 7 March 2015 (2015-03-07)
, pages 342-351, XP035478338,
ISSN: 0925-5710, DOI:
10.1007/S12185-015-1761-9
[retrieved on 2015-03-07]
abstract
Conclusions and perspectives
E WO 2017/091762 Al (I0 THERAPEUTICS INC 1-28,
[US]; UNIV JOHNS HOPKINS [US]) 34-41
1 June 2017 (2017-06-01)
abstract
paragraph [0005] - paragraph [0026]
examples 2,3
paragraph [0053] - paragraph [0055]
table 1
claims 1-26
X,P WO 2016/144976 Al (KING S COLLEGE LONDON 1-28,
[GB]; NOELLE RANDOLPH J [US]; LORD GRAHAM 34-41
M [GB]) 15 September 2016 (2016-09-15)
abstract
paragraph [0012] - paragraph [0013]
paragraph [0034]
paragraph [0043]
example 6
paragraph [0125]
paragraph [0159]
claims 1-30
X,P WO 2016/161107 Al (SYROS PHARMACEUTICALS 1-28,
INC [US]) 6 October 2016 (2016-10-06) 34-41
abstract
paragraph [0006] - paragraph [0042]
claims 1-23
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International application No.
INTERNATIONAL SEARCH REPORT PCT/US2017/026657
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-23, 38-41(completely); 24-28, 34-37(partially)

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-23, 38-41(completely); 24-28, 34-37(partially)

A method of treating cancer, especially AML or MDS,

comprising a step of administering a RARA agonist,
especially tamibarotene.

2. claims: 29-33(completely); 24-28, 34-37(partially)

A method of diagnosis cancer and prognosing the effects of
the treatment of cancer, especially AML or MDS, using a RARA

inhibitor, such as tamibarotene, involving the detection of
IFR8 mRNA or super enhancers.
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Information on patent family members

International application No

PCT/US2017/026657
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2015101618 Al 09-07-2015 EP 3089743 Al 09-11-2016
US 2016317579 Al 03-11-2016
WO 2015101618 Al 09-07-2015

WO 2015085172 A2 11-06-2015 AU 2014360328 Al 16-06-2016
CA 2932120 Al 11-06-2015
EA 201691144 Al 30-11-2016
EP 3077548 A2 12-10-2016
JP 2017501400 A 12-01-2017
KR 20160090345 A 29-07-2016
PH 12016501041 Al 04-07-2016
US 2016313300 Al 27-10-2016
WO 2015085172 A2 11-06-2015

WO 2017091762 Al 01-06-2017  NONE

WO 2016144976 Al 15-09-2016 US 2016317654 Al 03-11-2016
WO 2016144976 Al 15-09-2016

WO 2016161107 Al 06-10-2016 US 2016355888 Al 08-12-2016
WO 2016161107 Al 06-10-2016

Form PCT/ISA/210 (patent family annex) (April 2005)
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