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METHODS AND COMPOSITIONS FOR
CORRELATING GENETIC MARKERS WITH
RISK OF AGGRESSIVE PROSTATE CANCER

STATEMENT OF PRIORITY

[0001] This application is a continuation application of,
and claims priority to, U.S. application Ser. No. 13/344,907,
filed Jan. 6, 2012, which claims the benefit, under 35 U.S.C.
§119(e), of U.S. Provisional Application Ser. No. 61/430,
352, filed Jan. 6, 2011, the entire contents of each of which
are incorporated by reference herein.

STATEMENT OF GOVERNMENT SUPPORT

[0002] This invention was made with government support
under Grant Nos. CA129684, CA106523, CA105055,
CA95052, CA1125117, CA133009 and CA131338 awarded
by the National Cancer Institute and Grant Nos. PC051264
and W81XWH-09-1-0488 awarded by the Department of
Defense. The government has certain rights in the invention.

FIELD OF THE INVENTION

[0003] The present invention provides methods and com-
positions directed to identification of genetic markers asso-
ciated with prostate cancer.

BACKGROUND OF THE INVENTION

[0004] Prostate cancer accounts for one-fourth of all can-
cer diagnoses in men in the United States, with an estimated
192,280 new cases in 2009 (1). Although most men will
have an indolent form of the disease, aggressive prostate
cancers are currently the second leading cause of cancer
deaths in men in the United States. Most cases of prostate
cancer are diagnosed as a result of having an elevated serum
level of prostate-specific antigen (PSA). PSA-based disease
screening leading to early detection and treatment of pros-
tate cancer (PCa) has contributed to the reduction in mor-
tality observed for this disease in the United States over the
past several years (1). However, results from two large
randomized trials in Europe and the US provide strong
evidence that PSA-based screening for PCa is associated
with a high risk of overdiagnosis (2,3). In the European trial,
PSA screening was associated with decreased PCa related
mortalitiy but at a great cost: ~1,410 men needed to be
screened, and 48 additional PCa cases would need to be
treated to prevent one death from PCa (2). Although inter-
pretation of these findings is still a subject of discussion, the
current inability to accurately distinguish risk for life-threat-
ening, aggressive PCa from the overwhelming majority of
indolent cases contributes to the dilemma.

[0005] Recent breakthroughs in genome-wide association
studies (GWAS) have led to the discovery of more than two
dozen reported single nucleotide polymorphisms (SNPs)
that are associated with PCa risk by comparing men with and
without PCa using case-control study designs (6-25). Unfor-
tunately, none of these PCa risk associated SNPs consis-
tently distinguishes risk for more or less aggressive cancer
(26-28), nor are they associated with prostate cancer-specific
mortality (29). As a result, there has been much debate
regarding the clinical utility of these SNPs as a risk strati-
fication tool (30,31). Clearly, an alternative approach is
needed to identify genetic markers that distinguish those
men who are at risk for developing more aggressive PCa.
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[0006] The present invention overcomes previous short-
comings in the art by identifying significant statistical asso-
ciations between genetic markers and prostate cancer. Thus,
the present invention provides methods and compositions
for identifying a subject at increased risk of developing
aggressive prostate cancer by detecting the genetic markers
of this invention in the subject.

SUMMARY OF THE INVENTION

[0007] The present invention provides a method of iden-
tifying a human subject as having an increased risk of
developing aggressive prostate cancer, comprising detecting
in a nucleic acid sample from the subject a T allele at single
nucleotide polymorphism rs4054823 in chromosome region
17p12, wherein the detection of said allele identifies the
subject as having an increased risk of developing aggressive
prostate cancer.

[0008] Also provided herein is a method of identifying a
human subject as having an increased risk of developing
aggressive prostate cancer, comprising detecting in a nucleic
acid sample from the subject an allele that is in linkage
disequilibrium with the T allele at single nucleotide poly-
morphism rs4054823 in chromosome region 17p12, wherein
the detection of said allele identifies the subject as having an
increased risk of developing aggressive prostate cancer.
[0009] Furthermore, the present invention provides a kit
containing oligonucleotides and other reagents for detecting
an allele or combination of alleles of this invention.
[0010] Additionally provide herein is a computer-assisted
method of identifying a proposed treatment for aggressive
prostate cancer as an effective and/or appropriate treatment
for a subject carrying a genetic marker correlated with
aggressive prostate cancer, comprising the steps of: (a)
storing a database of biological data for a plurality of
subjects, the biological data that is being stored including for
each of said plurality of subjects: (i) a treatment type, (ii) at
least one genetic marker associated with aggressive prostate
cancer, and (iii) at least one disease progression measure for
prostate cancer from which treatment efficacy can be deter-
mined; and then (b) querying the database to determine the
dependence on said genetic marker of the effectiveness of a
treatment type in treating prostate cancer, thereby identify-
ing a proposed treatment as an effective and/or appropriate
treatment for a subject carrying a genetic marker correlated
with prostate cancer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1. Flow chart of the study design. Numbers of
subjects with more or less aggressive prostate cancer in each
study population are indicated in parentheses.

[0012] FIG. 2. Frequency of TT genotype of rs4054823 at
17p12 among PCa patients from the (A) JHH population and
(B) CAPS population of Sweden.

DETAILED DESCRIPTION OF THE
INVENTION

[0013] The present invention is explained in greater detail
below. This description is not intended to be a detailed
catalog of all the different ways in which the invention may
be implemented, or all the features that may be added to the
instant invention. For example, features illustrated with
respect to one embodiment may be incorporated into other
embodiments, and features illustrated with respect to a
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particular embodiment may be deleted from that embodi-
ment. In addition, numerous variations and additions to the
various embodiments suggested herein will be apparent to
those skilled in the art in light of the instant disclosure,
which do not depart from the instant invention. Hence, the
following specification is intended to illustrate some par-
ticular embodiments of the invention, and not to exhaus-
tively specity all permutations, combinations and variations
thereof.

[0014] The present invention is based on the unexpected
discovery of particular alleles of single nucleotide polymor-
phisms (SNPs) that are statistically associated with an
increased risk of developing aggressive prostate cancer.
There are numerous benefits of carrying out the methods of
this invention to identify a subject having an increased risk
of developing aggressive prostate cancer, including but not
limited to, identifying subjects who are good candidates for
prophylactic and/or therapeutic treatment, and screening for
cancer at an earlier time or more frequently than might
otherwise be indicated, to increase the chances of early
detection of an aggressive prostate cancer.

[0015] Thus, in one aspect, the present invention provides
a method of identifying a subject (e.g., a human subject) as
having an increased risk of developing aggressive prostate
cancer, comprising detecting in a nucleic acid sample from
the subject a T allele at single nucleotide polymorphism
rs4054823 in chromosome region 17p12, wherein the detec-
tion of said alleles identifies the subject as having an
increased risk of developing aggressive prostate cancer.
[0016] The present invention further provides a method of
identifying a subject as having an increased risk of devel-
oping aggressive prostate cancer, comprising detecting in a
nucleic acid sample from the subject an allele in linkage
disequilibrium (LD) with the T allele at single nucleotide
polymorphism rs4054823 in chromosome region 17pl2.
Alleles in LD with the T allele at single nucleotide poly-
morphism rs4054823 in chromosome region 17pl2 are
provided herein in Table 1. Such alleles can be detected
individually (e.g., detection of a risk allele at a single SNP
location) as well as in any combination (e.g., detection of a
risk allele at more than one (e.g., 2,3, 4,5,6,7,8,9, 10, etc.)
SNP location). In some embodiments, when analyzed in
combination, the combination can comprise detection of the
T allele at rs4054823 in addition to detection of one or more
of the alleles of Table 1. In some embodiments, the combi-
nation can be a (e.g., any) combination of the alleles of Table
1 without the T allele of rs4054823.

[0017] Insome embodiments of this invention, the subject
can be homozygous for the T allele at single nucleotide
polymorphism rs4054823 in chromosome region 17p12. In
other embodiments, the subject can be heterozygous for the
T allele at single nucleotide polymorphism rs4054823 in
chromosome region 17pl12. The presence of the T allele,
either homozygously or heterozygously, at single nucleotide
polymorphism rs4054823 in chromosome region 17pl2
identifies the subject as having an increased risk of devel-
oping aggressive prostate cancer. In the methods provided
herein wherein a combination of alleles is analyzed, the
subject can be heterozygous or homozygous for any given
allele in any combination relative to the other alleles in the
combination.

[0018] In certain embodiments of this invention, the meth-
ods described herein can be employed to identify 1) a subject
at increased or decreased risk of a more aggressive form of
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prostate cancer (e.g., having a Gleason score of 7 (4+3) to
10), 2) a subject at increased or decreased risk of a poor
prognosis (e.g., increased likelihood the cancer will metas-
tasize, will be poorly responsive to treatment and/or will
lead to death) once cancer has been diagnosed in the subject;
and/or 3) a subject at increased or decreased risk of an early
age of onset of prostate cancer (e.g., aggressive prostate
cancer), by identifying in the subject the alleles of this
invention.

[0019] It is further contemplated that the methods of this
invention can be carried out to diagnose aggressive prostate
cancer in a subject, by detecting the T allele of SNP
rs4054823 and/or detecting any combination of the alleles of
this invention in nucleic acid from the subject.

[0020] In further aspects, the present invention provides a
kit for carrying out the methods of this invention, wherein
the kit can comprise oligonucleotides (e.g., primers, probes,
primer/probe sets, etc.), reagents, buffers, etc., as would be
known in the art, for the detection of the alleles of this
invention in a nucleic acid sample. For example, a primer or
probe can comprise a contiguous nucleotide sequence that is
complementary (e.g., fully (100%) complementary or par-
tially (50%, 60%, 70%, 80%, 90%, 95%, etc.) complemen-
tary) to a region comprising an allele of this invention. In
particular embodiments, a kit of this invention will comprise
primers and probes that allow for the specific detection of
the alleles of this invention. Such a kit can further comprise
blocking probes, labeling reagents, blocking agents, restric-
tion enzymes, antibodies, sampling devices, positive and
negative controls, etc., as would be well known to those of
ordinary skill in the art. Thus, in some embodiments, the
present invention provides a kit comprising oligonucleotides
to detect the T allele of single nucleotide polymorphism
rs4054823 in chromosome region 17pl2 in a nucleic acid
sample. In further embodiments, the present invention pro-
vides a kit comprising oligonucleotides to detect an allele or
combination of alleles in linkage disequilibrium with the T
allele of single nucleotide polymorphism rs4054823 in chro-
mosome region 17p12 in a nucleic acid sample, such as the
alleles set forth in Table 1 herein. Such oligonucleotides can
be identified and prepared and employed in methods accord-
ing to the teachings and protocols described herein and as
are well known in the art.

DEFINITIONS

[TPNE IR

[0021] As used herein, “a,” “an” or “the” can mean one or
more than one. For example, “a” cell can mean a single cell
or a multiplicity of cells.

[0022] Also as used herein, “and/or” refers to and encom-
passes any and all possible combinations of one or more of
the associated listed items, as well as the lack of combina-
tions when interpreted in the alternative (“or”

[0023] Furthermore, the term ‘“about,” as used herein
when referring to a measurable value such as an amount of
a compound or agent of this invention, dose, time, tempera-
ture, and the like, is meant to encompass variations of 20%,
+10%, £5%, £1%, +0.5%, or even x0.1% of the specified
amount.

[0024] As used herein, the term “prostate cancer” or
“PCa” describes an uncontrolled (malignant) growth of cells
in the prostate gland, which is located at the base of the
urinary bladder and is responsible for helping control uri-
nation as well as forming part of the semen. Symptoms of
prostate cancer can include, but are not limited to, urinary
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problems (e.g., not being able to urinate; having a hard time
starting or stopping the urine flow; needing to urinate often,
especially at night; weak flow of urine; urine flow that starts
and stops; pain or burning during urination), difficulty
having an erection, blood in the urine and/or semen, and/or
frequent pain in the lower back, hips, and/or upper thighs.
[0025] As used herein, the term “aggressive prostate can-
cer” means prostate cancer that is poorly differentiated,
having a Gleason grade of 7 or above. An “indolent prostate
cancer” means prostate cancer having a Gleason grade
below 7 (e.g., 6 or less). The Gleason grading system is the
most commonly used method for grading PCa and is well
known in the art.

[0026] All the SNP positions described herein are based on
Build 36.
[0027] The term “chromosome region” as used herein

refers to a part of a chromosome defined either by anatomi-
cal details, especially by banding, or by its linkage groups.
The particular chromosome region of this invention is
17p12.

[0028] Also as used herein, “linked” describes a region of
a chromosome that is shared more frequently in family
members or members of a population manifesting a particu-
lar phenotype and/or affected by a particular disease or
disorder, than would be expected or observed by chance,
thereby indicating that the gene or genes or other identified
marker(s) within the linked chromosome region contain or
are associated with an allele that is correlated with the
phenotype and/or presence of a disease or disorder (e.g.,
aggressive PCa), or with an increased or decreased likeli-
hood of the phenotype and/or of the disease or disorder.
Once linkage is established, association studies (linkage
disequilibrium) can be used to narrow the region of interest
or to identify the marker (e.g., allele or haplotype) correlated
with the phenotype and/or disease or disorder.

[0029] Furthermore, as used herein, the term “linkage
disequilibrium” or “LD” refers to the occurrence in a popu-
lation of two or more (e.g., 2, 3, 4, 5, 6, 7, 8, 9, 10, etc.)
linked alleles at a frequency higher or lower than expected
on the basis of the gene frequencies of the individual genes.
Thus, linkage disequilibrium describes a situation where
alleles occur together more often than can be accounted for
by chance, which indicates that the two or more alleles are
physically close on a DNA strand.

[0030] The term “genetic marker” or “polymorphism” as
used herein refers to a characteristic of a nucleotide
sequence (e.g., in a chromosome) that is identifiable due to
its variability among different subjects (i.e., the genetic
marker or polymorphism can be a single nucleotide poly-
morphism an allele of a single nucleotide polymorphism, a
restriction fragment length polymorphism, a microsatellite,
a deletion of nucleotides, an addition of nucleotides, a
substitution of nucleotides, a repeat or duplication of nucleo-
tides, a translocation of nucleotides, and/or an aberrant or
alternate splice site resulting in production of a truncated or
extended form of a protein, etc., as would be well known to
one of ordinary skill in the art).

[0031] A “single nucleotide polymorphism™ (SNP) in a
nucleotide sequence is a genetic marker that is polymorphic
for two (or in some case three or four) alleles. SNPs can be
present within a coding sequence of a gene, within noncod-
ing regions of a gene and/or in an intergenic (e.g., intron)
region of a gene. A SNP in a coding region in which both
forms lead to the same polypeptide sequence is termed
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synonymous (i.e., a silent mutation) and if a different
polypeptide sequence is produced, the alleles of that SNP are
non-synonymous. SNPs that are not in protein coding
regions can still have effects on gene splicing, transcription
factor binding and/or the sequence of non-coding RNA.
[0032] The SNP nomenclature provided herein refers to
the official Reference SNP (rs) identification number as
assigned to each unique SNP by the National Center for
Biotechnological Information (NCBI), which is available in
the GenBank® database.

[0033] In some embodiments, the term genetic marker is
also intended to describe a phenotypic effect of an allele or
haplotype, including for example, an increased or decreased
amount of a messenger RNA, an increased or decreased
amount of protein, an increase or decrease in the copy
number of a gene, production of a defective protein, tissue
or organ, etc., as would be well known to one of ordinary
skill in the art.

[0034] An “allele” as used herein refers to one of two or
more alternative forms of a nucleotide sequence at a given
position (locus) on a chromosome (e.g., at a single nucleo-
tide polymorphism). An allele can be a nucleotide present in
a nucleotide sequence that makes up the coding sequence of
a gene and/or an allele can be a nucleotide in a non-coding
region of a gene (e.g., in a genomic sequence). A subject’s
genotype for a given gene is the set of alleles the subject
happens to possess. As noted herein, an individual can be
heterozygous or homozygous for any allele of this invention.
[0035] Also as used herein, a “haplotype” is a set of alleles
on a single chromatid that are statistically associated. It is
thought that these associations, and the identification of a
few alleles of a haplotype block, can unambiguously iden-
tify all other alleles in its region. The term “haplotype” is
also commonly used to describe the genetic constitution of
individuals with respect to one member of a pair of allelic
genes; sets of single alleles or closely linked genes that tend
to be inherited together.

[0036] The terms “increased risk” and “decreased risk™ as
used herein define the level of risk that a subject has of
developing aggressive prostate cancer, as compared to a
control subject that does not have the alleles of this invention
in the control subject’s nucleic acid.

[0037] A sample of this invention can be any sample
containing nucleic acid from a subject, as would be well
known to one of ordinary skill in the art. Nonlimiting
examples of a sample of this invention include a cell, a body
fluid, a tissue, biopsy material, a washing, a swabbing, etc.,
as would be well known in the art.

[0038] A subject of this invention is any animal that is
susceptible to prostate cancer as defined herein and can
include, for example, humans, as well as animal models of
prostate cancer (e.g., rats, mice, dogs, nonhuman primates,
etc.). In some aspects of this invention, the subject can be
Caucasian (e.g., white; European-American; Hispanic), as
well as of black African ancestry (e.g., black; African,
Sub-Saharan African, African American; African-European;
African-Caribbean, etc.) or Asian. In further aspects of this
invention, the subject can have a family history of prostate
cancer or aggressive prostate cancer (e.g., having at least one
first degree relative having or diagnosed with prostate cancer
or aggressive prostate cancer) and in some embodiments, the
subject does not have a family history of prostate cancer or
aggressive prostate cancer. Additionally a subject of this
invention can have a diagnosis of prostate cancer or aggres-
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sive prostate cancer in certain embodiments and in other
embodiments, a subject of this invention does not have a
diagnosis of prostate cancer or aggressive prostate cancer. In
yet further embodiments, the subject of this invention can
have an elevated prostate-specific antigen (PSA) level and in
other embodiments, the subject of this invention can have a
normal or non-elevated PSA level. In some embodiments,
the PSA level of the subject may not be known and/or has
not been measured.

[0039] As used herein, “nucleic acid” encompasses both
RNA and DNA, including cDNA, genomic DNA, mRNA,
synthetic (e.g., chemically synthesized) DNA and chimeras,
fusions and/or hybrids of RNA and DNA. The nucleic acid
can be double-stranded or single-stranded. Where single-
stranded, the nucleic acid can be a sense strand or an
antisense strand. In some embodiments, the nucleic acid can
be synthesized using oligonucleotide analogs or derivatives
(e.g., inosine or phosphorothioate nucleotides, etc.). Such
oligonucleotides can be used, for example, to prepare
nucleic acids that have altered base-pairing abilities or
increased resistance to nucleases.

[0040] An “isolated nucleic acid” is a nucleotide sequence
that is not immediately contiguous with nucleotide
sequences with which it is immediately contiguous (one on
the 5' end and one on the 3' end) in the naturally occurring
genome of the organism from which it is derived or in which
it is detected or identified. Thus, in one embodiment, an
isolated nucleic acid includes some or all of the 5' non-
coding (e.g., promoter) sequences that are immediately
contiguous to a coding sequence. The term therefore
includes, for example, a recombinant DNA that is incorpo-
rated into a vector, into an autonomously replicating plasmid
or virus, or into the genomic DNA of a prokaryote or
eukaryote, or which exists as a separate molecule (e.g., a
c¢DNA or a genomic DNA fragment produced by PCR or
restriction endonuclease treatment), independent of other
sequences. It also includes a recombinant DNA that is part
of a hybrid nucleic acid encoding an additional polypeptide
or peptide sequence.

[0041] The term “isolated” can refer to a nucleic acid or
polypeptide that is substantially free of cellular material,
viral material, and/or culture medium (e.g., when produced
by recombinant DNA techniques), or chemical precursors or
other chemicals (when chemically synthesized). Moreover,
an “isolated fragment” is a fragment of a nucleic acid or
polypeptide that is not naturally occurring as a fragment and
would not be found in the natural state.

[0042] The term “oligonucleotide” refers to a nucleic acid
sequence of at least about five nucleotides to about 500
nucleotides (e.g. 5, 6, 7, 8, 9, 10, 12, 15, 18, 20, 21, 22, 25,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 100, 125,
150, 175, 200, 250, 300, 350, 400, 450 or 500 nucleotides).
In some embodiments, for example, an oligonucleotide can
be from about 15 nucleotides to about 30 nucleotides, or
about 20 nucleotides to about 25 nucleotides, which can be
used, for example, as a primer in a polymerase chain
reaction (PCR) amplification assay and/or as a probe in a
hybridization assay or in a microarray. Oligonucleotides of
this invention can be natural or synthetic, e.g., DNA, RNA,
PNA, LNA, modified backbones, etc., as are well known in
the art.

[0043] The present invention further provides fragments
of the nucleic acids of this invention, which can be used, for
example, as oligonucleotides, primers and/or probes. Such
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fragments or oligonucleotides can be detectably labeled or
modified, for example, to include and/or incorporate a
restriction enzyme cleavage site when employed as a primer
in an amplification (e.g., PCR) assay.

[0044] The detection of a polymorphism, genetic marker
or allele of this invention can be carried out according to
various protocols standard in the art and as described herein
for analyzing nucleic acid samples and nucleotide
sequences, as well as identifying specific nucleotides in a
nucleotide sequence.

[0045] For example, nucleic acid can be obtained from
any suitable sample from the subject that will contain
nucleic acid and the nucleic acid can then be prepared and
analyzed according to well-established protocols for the
presence of genetic markers according to the methods of this
invention. In some embodiments, analysis of the nucleic
acid can be carried by amplification of the region of interest
according to amplification protocols well known in the art
(e.g., polymerase chain reaction, ligase chain reaction,
strand displacement amplification, transcription-based
amplification, self-sustained sequence replication (3 SR),
Qp replicase protocols, nucleic acid sequence-based ampli-
fication (NASBA), repair, chain reaction (RCR) and boo-
merang DNA amplification (BDA), etc.). The amplification
product can then be visualized directly in a gel by staining
or the product can be detected by hybridization with a
detectable probe. When amplification conditions allow for
amplification of all allelic types of a genetic marker, the
types can be distinguished by a variety of well-known
methods, such as hybridization with an allele-specific probe,
secondary amplification with allele-specific primers, by
restriction endonuclease digestion, and/or by electrophore-
sis. Thus, the present invention further provides oligonucle-
otides for use as primers and/or probes for detecting and/or
identifying genetic markers according to the methods of this
invention.

[0046] In some embodiments of this invention, detection
of an allele or combination of alleles of this invention can be
carried out by an amplification reaction and single base
extension. In particular embodiments, the product of the
amplification reaction and single base extension is spotted
on a silicone chip.

[0047] In yet additional embodiments, detection of an
allele or combination of alleles of this invention can be
carried out by matrix-assisted laser desorption/ionization-
time of flight mass spectrometry (MALDI-TOF-MS).
[0048] It is further contemplated that the detection of an
allele or combination of alleles of this invention can be
carried out by various methods that are well known in the
art, including, but not limited to nucleic acid sequencing,
hybridization assay, restriction endonuclease digestion
analysis, electrophoresis, and any combination thereof.
[0049] The genetic markers (e.g., alleles) of this invention
are correlated with (i.e., identified to be statistically associ-
ated with) aggressive prostate cancer as described herein
according to methods well known in the art and as disclosed
in the Examples provided herein for statistically correlating
genetic markers with various phenotypic traits, including
disease states and pathological conditions as well as deter-
mining levels of risk associated with developing a particular
phenotype, such as a disease or pathological condition. In
general, identifying such correlation involves conducting
analyses that establish a statistically significant association
and/or a statistically significant correlation between the
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presence of a genetic marker or a combination of markers
and the phenotypic trait in a population of subjects and
controls (e.g., a population of subjects in whom the pheno-
type is not present or has not been detected). The correlation
can involve one or more than one genetic marker of this
invention (e.g., two, three, four, five, or more) in any
combination. An analysis that identifies a statistical asso-
ciation (e.g., a significant association) between the marker or
combination of markers and the phenotype establishes a
correlation between the presence of the marker or combi-
nation of markers in a population of subjects and the
particular phenotype being analyzed. A level of risk (e.g.,
increased or decreased) can then be determined for an
individual on the basis of such population-based analyses.
[0050] Thus, in certain embodiments, the present inven-
tion provides a method of screening a subject for a genetic
marker (e.g., an allele at a SNP site) that is associated with
aggressive prostate cancer, comprising: a) performing a
population based study to detect polymorphisms (e.g.,
alleles) in a group of subjects with aggressive prostate
cancer and a group of control subjects; b) identifying
polymorphisms in the aggressive prostrate cancer group of
subjects that are statistically associated with the presence of
aggressive prostate cancer; and ¢) screening a subject for the
presence of the polymorphisms identified in step (b).
[0051] The present invention further provides a method of
identifying an effective and/or appropriate (i.e., for a given
subject’s particular condition or status) treatment regimen
for a subject with aggressive prostate cancer, comprising
detecting one or more of the polymorphisms and genetic
markers associated with aggressive prostate cancer of this
invention in the subject, wherein the one or more polymor-
phisms and genetic markers are further statistically corre-
lated with an effective and/or appropriate treatment regimen
for aggressive prostate cancer according to protocols as
described herein and as are well known in the art.

[0052] Also provided is a method of identitying an effec-
tive and/or appropriate treatment regimen for a subject with
aggressive prostate cancer, comprising: a) correlating the
presence of one or more genetic markers of this invention in
a test subject or population of test subjects with aggressive
prostate cancer for whom an effective and/or appropriate
treatment regimen has been identified; and b) detecting the
one or more markers of step (a) in the subject, thereby
identifying an effective and/or appropriate treatment regi-
men for the subject.

[0053] Further provided is a method of correlating a
polymorphism or genetic marker of this invention with an
effective and/or appropriate treatment regimen for aggres-
sive prostate cancer, comprising: a) detecting in a subject or
a population of subjects with aggressive prostate cancer and
for whom an effective and/or appropriate treatment regimen
has been identified, the presence of one or more genetic
markers or polymorphisms of this invention; and b) corre-
lating the presence of the one or more genetic markers of
step (a) with an effective treatment regimen for aggressive
prostate cancetr.

[0054] Examples of treatment regimens for prostate can-
cer are well known in the art. Subjects who respond well to
particular treatment protocols can be analyzed for specific
genetic markers and a correlation can be established accord-
ing to the methods provided herein. Alternatively, subjects
who respond poorly to a particular treatment regimen can
also be analyzed for particular genetic markers correlated
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with the poor response. Then, a subject who is a candidate
for treatment for aggressive prostate cancer can be assessed
for the presence of the appropriate genetic markers and the
most effective and/or appropriate treatment regimen can be
provided as early as possible.

[0055] In some embodiments, the methods of correlating
genetic markers with treatment regimens of this invention
can be carried out using a computer database. Thus the
present invention provides a computer-assisted method of
identifying a proposed treatment for aggressive prostate
cancer and/or appropriate treatment for a subject carrying a
genetic marker correlated with aggressive prostate cancer.
The method involves the steps of (a) storing a database of
biological data for a plurality of subjects, the biological data
that is being stored including for each of said plurality of
subjects, for example, (i) a treatment type, (ii) at least one
genetic marker associated with aggressive prostate cancer
and (iii) at least one disease progression measure for aggres-
sive prostate cancer from which treatment efficacy can be
determined; and then (b) querying the database to determine
the correlation between the presence of said genetic marker
and the effectiveness of a treatment type in treating aggres-
sive prostate cancer, to thereby identify a proposed treatment
as an effective for aggressive prostate cancer and/or an
appropriate treatment for a subject carrying a genetic marker
correlated with aggressive prostate cancer. In such methods,
the genetic marker associated with aggressive prostate can-
cer can be a T allele in single nucleotide polymorphism
rs4054823 in chromosome region 17p12.

[0056] In some embodiments, treatment information for a
subject is entered into the database (through any suitable
means such as a window or text interface), genetic marker
information for that subject is entered into the database, and
disease progression information is entered into the database.
These steps are then repeated until the desired number of
subjects has been entered into the database. The database
can then be queried to determine whether a particular
treatment is effective for subjects carrying a particular
marker or combination of markers, not effective for subjects
carrying a particular marker or combination of markers, etc.
Such querying can be carried out prospectively or retrospec-
tively on the database by any suitable means, but is generally
done by statistical analysis in accordance with known tech-
niques, as described herein.

[0057] The following examples are not intended to limit
the scope of the claims to the invention, but are rather
intended to be exemplary of certain embodiments. Any
variations in the exemplified methods that occur to the
skilled artisan are intended to fall within the scope of the
present invention. As will be understood by one skilled in
the art, there are several embodiments and elements for each
aspect of the claimed invention, and all combinations of
different elements are hereby anticipated, so the specific
combinations exemplified herein are not to be construed as
limitations in the scope of the invention as claimed. If
specific elements are removed or added to the group of
elements available in a combination, then the group of
elements is to be construed as having incorporated such a
change.

EXAMPLES

[0058] Abstract.
[0059] Autopsy studies suggest that most aging men will
develop lesions that, if detected clinically, would be diag-
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nosed as prostate cancer (PCa). Most of these cancers are
indolent and remain localized; however, a subset of PCa is
aggressive and accounts for more than 27,000 deaths in the
United States annually. Identification of factors specifically
associated with risk for more aggressive PCa is urgently
needed to reduce overdiagnosis and overtreatment of this
common disease. To search for such factors, the frequencies
of SNPs were compared among PCa patients who were
defined as having either more aggressive or less aggressive
disease in four populations examined in the Genetic Markers
of Susceptibility (CGEMS) study performed by the National
Cancer Institute. SNPs showing possible associations with
disease severity were further evaluated in an additional three
independent study populations from the United States and
Sweden. In total, 4,829 and 12,205 patients with more and
less aggressive disease, respectively, were studied. It was
found that the frequency of the TT genotype of SNP
rs4054823 at 17p12 was consistently higher among patients
with more aggressive compared with less aggressive disease
in each of the seven populations studied, with an overall P
value of 2.1x107® under a recessive model, exceeding the
conservative genome-wide significance level. The difference
in frequency was largest between patients with high-grade,
non-organ-confined disease compared with those with low-
grade, organ-confined disease. This study demonstrates that
inherited variants predisposing to aggressive but not indo-
lent PCa exist in the genome and demonstrates the clinical
potential of such variants as potential early markers for risk
of aggressive PCa.

[0060] Study Subjects.

[0061] Seven independent populations were included in
this study (Table 2). The first four populations were from the
publicly available CGEMS study, and include the Prostate,
Lung, Colon and Ovarian (PLCO) Cancer Screening Trial,
the American Cancer Society Cancer Prevention Study II
(CPS-1I), the Health Professionals Follow-up Study (HPFS),
and the Alpha-Tocopherol, Beta-Carotene Cancer Preven-
tion Study (ATBC) (9, 11). PCa aggressiveness was defined
by the CGEMS study as follows: patients with clinical stage
T3/T4 or Gleason score of 7 or higher (stage and grade
designations as described herein) based on biopsy specimens
were classified as having more aggressive disease, whereas
the remaining patients were classified as having less aggres-
sive disease.

[0062] The other three populations were from our collab-
orative research group, including a hospital-based case
series from the Johns Hopkins Hospital (JHH), and two
population-based studies based on the National Prostate
Cancer Register of Sweden; a case-control study; CAncer
Prostate in Sweden (CAPS) (41, 26), and a case series of
PCa patients treated for localized PCa (PROCAP) (42, 43).

[0063] PCa patients from the CAPS study were identified
and recruited from four regional cancer registries in Sweden,
diagnosed between July 2001 and October 2003. Patients
were classified as having more aggressive disease if their
cancers met any of the following criteria: advanced stage as
evidenced by disease spread outside of the prostate; pres-
ence of cancer in the lymph nodes or other metastatic sites
(clinical stage T3/T4, N+, M+, respectively); presence of
poorly differentiated cancer at biopsy as indicated by a high
Gleason score (i.e., 4+44=8 or higher; Gleason scores are the
sum of the two most prevalent histologic patterns, rated on
a scale of 1-5, with 5 being the most poorly differentiated);
or a serum PSA level associated with a high likelihood of
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extensive disease (>50 ng/ml (n=1,231). Otherwise, the
patients were classified as having less aggressive disease
(n=1,619) (Table 4).

[0064] The PCa patients from the JHH study were men
who underwent radical prostatectomy for treatment of PCa
at JHH from Jan. 1, 1999, through Dec. 31, 2008. Because
of the non-JHH populations analyzed in this study including
only individuals of European descent, the JHH population
was similarly confined. Tumors were graded and staged after
resection; those with Gleason scores of 7, with the most
prevalent pattern being 4, or higher, or stage T3b or higher,
or N+ or M+ were defined as more aggressive disease
(n=1,408). Tumors with Gleason score of 7 with most
prevalent pattern 3, or lower and no evidence of disease
dissemination (pathologic stage T2/N0O/MO) were defined as
having less aggressive disease (n=4,318) (Table 5).

[0065] The PROCAP study was a cohort of PCa patients
diagnosed predominantly with clinically localized disease
between 1997 and 2002 and recruited from the National
Prostate Cancer Register of Sweden. Among 4,356 patients,
210 were classified as having more aggressive disease
(clinical stage T3/T4, N+, M+, Gleason Score =8, or pre-
treatment serum PSA =50 ng/mL). The remaining 4,159
patients were classified as having less aggressive disease.

[0066] SNPs and Genotyping Methods.

[0067] The genotyping data for ~27,000 SNPs in four
CGEMS study populations (PLCO, CPS-II, HPFS, and
ATBC) were publically available. These SNPs were geno-
typed because they were significantly associated with PCa
risk in the first-stage GWAS of the CGEMS study (PLCO)
using a case-control analysis (11). Individual genotype data
from PLCO were obtained through an approved data request
application. Summary genotype information from CPS-II,
HPFS, and ATBC were downloaded from a publicly acces-
sible CGEMS website (cgems.cancer.gov/data/).

[0068] SNP genotyping in the CAPS, JHH, and PROCAP
subjects was performed using the MassARRAY iPLEX
genotyping system (Sequenom) at Wake Forest University.
Duplicate test samples and two water samples (PCR nega-
tive controls) that were blinded to the technician were
included in each 96-well plate. The rate of concordant
results between 100 duplicate samples was >99%.

[0069] Statistical Analysis.

[0070] Allele frequency differences between two groups
of patients were tested for each SNP using a %> test with 1
degree of freedom within each population. The allelic odds
ratio (OR) and 95% confidence interval (95% CI) were
estimated based on a multiplicative model. Genotype fre-
quency differences between two groups of patients were also
tested using both a dominant and a recessive model for SNPs
that were confirmed in an allele test from multiple popula-
tions. Results from multiple populations were combined
using a Mantel-Haenszel model in which the populations
were allowed to have different allele frequencies but were
assumed to have a common OR. The homogeneity of ORs
among different study populations was tested using
Breslow-Day 7 test.

[0071] For SNPs that were confirmed to be significantly
associated with aggressiveness of PCa, a > test using a 2xK
table was performed for Gleason scores and T-stage, in
which K is the number of possible categories within each
variable. All reported P values were based on a two-sided
test.
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[0072] To identify inherited genetic markers that are asso-
ciated with aggressiveness of PCa, publicly available geno-
type data were analyzed for ~27,000 SNPs across the
genome among 1,980 patients with more aggressive disease
and 2,109 patients with less aggressive disease from four
CGEMS study populations (PLCO, CPS-II, HPFS, and
ATBC) using a case-case analysis (FIG. 1, Table 2). Based
on the results of a combined allelic test, a subset of SNPs
(n=74) was selected for further evaluation, where P<0.05 for
the difference between more and less aggressive disease, and
the direction of association was consistent among the four
studies. These SNPs were subsequently evaluated in an
independent cohort of 1,231 patients with more aggressive
disease and 1,619 patients with less aggressive disease from
the CAPS study (Table 4). Six of these 74 SNPs were
confirmed; P<0.05 for the allelic test, with the same direc-
tion of association (Table 7). These six SNPs were then
evaluated in 1,408 patients with more aggressive disease and
4,318 patients with less aggressive disease from the Johns
Hopkins Hospital (JHH) study population (Table 5). One
SNP (rs4054823 at 17p12) had a marginally different allele
frequency between the two types of PCa patients (P=0.051),
with the same direction of association as in the previous
studies (Table 8). This SNP was further evaluated in an
additional independent Swedish PCa patient population
(PROCAP), comprising 210 patients with more aggressive
disease and 4,159 patients with less aggressive disease. The
allelic test confirmed the association (P=0.01).

[0073] As summarized in Table 3, the frequency of allele
T of SNP rs4054823 was consistently higher in patients with
more aggressive disease compared with patients with less
aggressive disease in each of the four CGEMS populations,
and was significant in the combined allelic test (P=9.8x10~
4). The T allele of rs4054823 was also more frequent in
patients with more aggressive disease in each of the three
independent populations in the confirmation stage, with a
value of P=5.0x10"* from a combined allelic test. Combin-
ing the data from all seven populations, the allelic test of the
SNP and aggressiveness of PCa was highly significant
(P=2.1x107%). When genotype frequencies of this SNP
between the two types of PCa were tested using dominant
and recessive models, the recessive model (allele T) was
most significant (P=2.1x107%). This P value exceeded a
study-wide significance level at a 5% false positive rate
using a conservative Bonferroni correction (27,000 SNPs
and three genetic models). The TT genotype was found in
32% of 4829 cases with aggressive disease and 28% of
12,205 cases with less aggressive disease. Compared with
PCa patients who had CC or CT genotypes, patients who had
the TT genotype of this SNP had an odds ratio (OR) of 1.26
(95% confidence interval [CI], 1.16-1.36) for aggressive
PCa. No heterogeneity was observed in the OR estimates
among different populations (P=0.56, Breslow-Day test).

[0074] To overcome potential limitations arising from the
heterogeneous definitions of aggressive PCa used among
these seven study populations, and to more fully character-
ize the association, an in-depth analysis was performed of
the correlation of SNP rs4054823 with specific clinicopatho-
logic variables of PCa including tumor grade as assessed by
Gleason score and TNM stage in populations for which this
information was available. This analysis was first performed
in patients from JHH for the following reasons: (i) a large
number of patients (n=5,955) recruited from the same hos-
pital were available; (ii) all patients were treated with radical
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prostatectomy and thus, unlike patients receiving either no
or nonsurgical treatment, their tumors were available for
extensive pathologic evaluation; and (iii) tumors were uni-
formly graded and staged by pathologists at JHH using the
same protocol (32, 33). In this analysis, it was found that the
frequency of the TT genotype was lower in patients with
well-to moderately differentiated cancers (29%, 28%, and
30% in cancers with Gleason scores =6, 3+4, and 4+3,
respectively) and increased only in patients with more
poorly differentiated tumors, i.e., Gleason scores =8 (35%),
P=0.002 from a 7> test comparing patients with Gleason
score =8 and <8 (FIG. 2A). Similarly, it was found that the
frequency of the TT genotype was lower in patients with low
disease stage (pT2, 29% and pT3a, 28%) and was increased
in patients with higher disease stage (zpT3b, 34%; P=0.03,
from a 7 test comparing patients with stage =pT3b and
<pT3b). The difference in TT genotype frequency was
largest between the most extreme groups with regard to
likelihood of disease progression and lethality: 29% of
patients with the least aggressive disease (Gleason score =6
and organ-confined stage, pT2, n=3,080), compared with
46% of patients with the most aggressive PCa (Gleason
score =8 and non-organ-confined stage, =pI3b, n=136;
OR=2.11; 95% CI: 1.507-2.99), P=1.6x107>.

[0075] The association of this SNP with clinicopathologic
variables was also examined in the Swedish CAPS popula-
tion, although this population differed from the JHH popu-
lation in that the treatments included multiple modalities
(none, radiation, surgery, and hormonal), resulting in less
uniform tumor staging and grading. In this population, the
TT genotype frequency also increased with increasing Glea-
son score and stage; the largest difference was between the
most and least aggressive PCa patients (FIG. 2B). The
pattern of association, however, differed from that of JHH:
a threshold increase of TT genotype frequency in patients
with Gleason score =8 or stage =zpT3b was observed in the
JHH patients, whereas a gradual increase of TT genotype
frequency was observed with increasing Gleason score or
stage in CAPS patients. This difference may be due to the
pathologic evaluation of prostatectomy specimens in the
JHH study versus the clinical grading of biopsy specimens
and clinical staging of the majority of cases in the CAPS
study. Typically, a ~20-30% discrepancy in grading and
staging is observed between clinical and pathologic evalu-
ations of the same patient (34).

[0076] This study reflects an important shift in genetic
association studies of PCa. Most studies to date have
searched for inherited genetic variants that predispose men
to overall PCa risk, by comparing men with and without PCa
using a case-control design. In contrast, this study was
strategically designed to identify inherited genetic markers
that distinguish between risk for aggressive versus indolent
PCa, by comparing SNPs among PCa patients with these
two disease phenotypes using a case-case design. The need
for this change in approach is supported by several trends,
including a concern over increased rates of diagnosis and
treatment of indolent disease and the lack of consistently
validated markers of aggressive disease identified using
currently used case-control study designs (26).

[0077] In this study, a SNP has been identified with a
genotype frequency that is consistently different between
patients with more or less aggressive PCa in each of the
seven independent populations studied. The difference
between the two types of PCa was statistically significant
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(P=2.1x107®), exceeding a conservative study-wide and
even genome-wide significance level. More importantly, the
difference in frequency was largest between patients with
high-grade, non-organ-confined disease and thus at high risk
for adverse outcomes compared with patients with low-risk,
low-grade, organ-confined disease.

[0078] It is of interest to note that the frequency of the TT
genotype of SNP rs4054823 in unaffected controls is similar
to that observed in less aggressive cases (Table 6), and is
significantly higher only among more aggressive cases. This
observation implicates such SNPs as not only being infor-
mative of risk for aggressive PCa at the time of diagnosis,
but also before diagnosis, to possibly target men for more
effective PSA screening based on their risk for clinically
important PCa.

[0079] Based on this study, it is envisioned that a panel of
SNPs with characteristics similar to the one described here
could be an important part of a genetic-based, targeted PSA
screening strategy that is effective in reducing the number of
men requiring disease screening, thereby reducing overdiag-
nosis while also decreasing mortality by facilitating identi-
fication of those men at risk for aggressive PCa at a stage
when the disease is potentially curable.

[0080] All publications and patent applications, nucleotide
sequences and/or amino acid sequences identified by Gen-
Bank® Database Accession numbers are herein incorporated
by reference to the same extent as if each individual publi-
cation or patent application or sequences was specifically
and individually indicated to be incorporated by reference.
[0081] Although the foregoing invention has been
described in some detail by way of illustration and example
for purposes of clarity of understanding, it will be apparent
that certain changes and modifications may be practiced
within the scope of the list of the foregoing embodiments
and the appended claims.
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TABLE 1

Risk Allele Distribution of 183 Aggressive Versus 184 Non-Aggressive Prostate
Cases in a Johns Hopkins Hospital Population

Risk  Frequency in aggressive Frequency in non-aggressive
SNP CHR  Position Alleles allele prostate cancer prostate cancer OR
1817641637 17 12957061 C/T T 0.67 0.67 1.03
1811654550 17 13499770 T/C C 0.59 0.56 1.15
1s2190856 17 13502089 T/G G 0.58 0.55 1.13
1s7215323 17 13509789 A/G A 0.43 0.36 1.39
187215137 17 13509982 A/G G 0.59 0.58 1.06
1812948596 17 13511800 T/C T 0.30 0.29 1.01
1862056886 17 13512134 C/T T 0.53 0.50 1.14
1862056887 17 13512555 A/G A 0.23 0.21 1.13
1$9890022 17 13516145 T/C T 0.26 0.24 1.12
1$9892382 17 13516433 T/C C 0.60 0.58 1.10
1858402698 17 13516645 G/A G 0.26 0.24 1.14
1$9898581 17 13517421 G/C G 0.26 0.25 1.08
1s8077904 17 13519696 C/G G 0.60 0.58 1.11
1$9914411 17 13520722 G/C G 0.22 0.21 1.06
1$9916271 17 13520827 A/T A 0.26 0.23 1.15
159895696 17 13522216 A/C A 0.26 0.24 1.13
1$9896834 17 13522666 C/T T 0.60 0.58 1.12
152874922 17 13523506 T/C C 0.61 0.58 1.12
1813342347 17 13523600 A/C A 0.26 0.23 1.16
1813342371 17 13523675 T/G T 0.26 0.23 1.16
1s8071527 17 13523773 G/A A 0.60 0.58 1.11
1$9899320 17 13526026 C/G C 0.26 0.24 1.14
1855904171 17 13526981 C/G C 0.26 0.24 1.14
1$9909795 17 13527634 C/T C 0.25 0.24 1.11
1862056948 17 13530709 A/G A 0.25 0.24 1.09
1855777305 17 13531676 G/A G 0.30 0.29 1.01
1$12602893 17 13534884 T/G T 0.25 0.21 1.25
rs11078175 17 13536856 C/T T 0.61 0.58 1.13
1862056953 17 13536977 G/A G 0.26 0.23 1.15
154622548 17 13538724 C/T T 0.57 0.52 1.23
1528824801 17 13541019 G/A G 0.26 0.23 1.15
1812325885 17 13543663 T/C C 0.60 0.57 1.11
1$9910556 17 13544834 T/C C 0.60 0.58 1.10
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TABLE 1-continued

Risk Allele Distribution of 183 Aggressive Versus 184 Non-Aggressive Prostate
Cases in a Johns Hopkins Hospital Population

Risk  Frequency in aggressive Frequency in non-aggressive

SNP CHR  Position Alleles allele prostate cancer prostate cancer OR
1517588248 17 13548141 G/C G 0.26 0.24 1.13
1511078178 17 13548190 A/T T 0.60 0.58 1.11
1517588297 17 13548205 T/C T 0.25 0.21 1.21
152874927 17 13548602 C/T C 0.25 0.21 1.21
158074120 17 13549576 A/G G 0.60 0.58 1.10
159908002 17 13549722 C/T C 0.26 0.23 1.17
1559486592 17 13550210 A/G A 0.25 0.23 1.13
154791554 17 13552900 G/A G 0.25 0.22 1.20
1511656731 17 13552932 T/A T 0.25 0.21 1.21
1556662934 17 13555214 A/G A 0.26 0.23 1.18
1512949913 17 13556021 G/T T 0.59 0.57 1.07
1512453942 17 13560013 C/G C 0.25 0.21 1.24
1513353193 17 13562260 A/G A 0.25 0.22 1.20
159911679 17 13562733 G/A A 0.78 0.73 1.34
1511078179 17 13563342 G/T T 0.79 0.74 1.30
1512942445 17 13564329 C/T T 0.87 0.86 1.13
1512940830 17 13564583 G/A G 0.19 0.16 1.17
1517665271 17 13564994 C/T T 0.81 0.78 1.23
1556216350 17 13565289 C/T T 0.81 0.78 1.23
1516948318 17 13565430 A/G G 0.78 0.73 1.35
154054823 17 13565749 C/T T 0.61 0.57 1.21
1512942294 17 13566080 T/G G 0.78 0.72 1.39
1512942086 17 13566150 T/C C 0.78 0.73 1.38
TABLE 2 TABLE 2-continued

Number of Patients with More or Less Aggressive
Prostate Cancer in Each of Seven Populations

Number of Patients with More or Less Aggressive
Prostate Cancer in Each of Seven Populations

No. of Prostate Cancer Patients

No. of Prostate Cancer Patients

Study Population More Aggressive Less Aggressive Study Population More Aggressive Less Aggressive
N THH? 1,408 4318
CGEMS PROCAP$ 210 4,159
PLCO 691 489
ACS(CPS-1I) 926 699 Total 4,829 12,205
HPFS 123 405
ATBC 240 516 *In the CGEMS study, more aggressive disease is defined as Gleason = 7 or T-stage = T3.
*n the CAPS study, more aggressive disease is defined as Gleason = 8 or T-stage = T3.
Subtotal 1,080 2,109 ;13?251]\1}?{ study, more aggressive disease is defined as Gleason = (4 + 3) or T-stage =
CAPS? 1,231 1,619 SIn the PROCAP study, more aggressive disease is defined as Gleason = 8 or N+.
TABLE 3
Association of SNP rs4054823 at 17p12 with Aggressiveness of PCa
Genotype Frequency Allele Test
Study Aggressive Nonaggressive Frequency (T)
Populations cC CT TT CC CT TT Agg Nonagg OR (95% CI) P
CGEMS study
ACS 171 467 275 152 349 183 0.56 0.52 1.15 (1.00-1.32) 0.05
ATBC 52 119 67 124 253 132 0.53 0.51 1.10 (0.88-1.37) 0.39
HPFS 29 43 46 75 191 123 0.57 0.56 1.04 (0.78-1.40) 0.78
PLCO 119 332 233 104 253 126 0.58 0.52 1.28 (1.08-1.51)  3.7E-03
Sub Total 371 961 621 455 1046 564 0.56 0.53 1.17 (1.06-1.28)  9.8E-04
Confirmation
CAPS 247 589 387 331 841 428 0.56 0.52 1.11 (1.00-1.24) 0.04

JHH 280 662 448 912 2152 1217 0.56 0.54 1.09 (1.00-1.19) 0.05
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TABLE 3-continued

Association of SNP rs4054823 at 17p12 with Aggressiveness of PCa

PROCAP 35 93 81 853 2079 1215 0.61 0.54
Sub Total 571 1344 916 2096 5072 2860 0.56 0.54
All Populations 942 2305 1537 2551 6118 3424 0.56 0.54

131 (1.07-1.61)  0.01
112 (1.05-1.19)  5.0E-04
1.13 (1.08-1.19)  2.1E-06

Genotype Test

Study Recessive Dominant
Populations OR (95% CI) P OR (95% CI) P
CGEMS study

ACS 1.18 (0.95-1.47) 0.14 1.24 (0.97-1.58)  0.09
ATBC 1.12 (0.79-1.58) 0.52 1.15 (0.80-1.66)  0.45
HPFS 1.38 (0.90-2.12) 0.14 0.73 (045-1.20) 0.21
PLCO 1.46 (1.13-1.89)  3.6E-03  1.30 (0.97-1.75) 0.08
Sub Total 1.27 (1.10-1.47)  9.1E-04  1.18 (1.00-1.38) 0.04
Confirmation

CAPS 1.27 (1.08-1.49) 4.5E-03  1.03 (0.86-1.24) 0.75
JHH 1.19 (1.04-1.35)  1.0E-02  1.04 (0.90-1.21) 0.61
PROCAP 1.53 (1.15-2.03)  3.5E-03  1.29 (0.89-1.87) 0.18
Sub Total 1.25 (1.13-1.37)  6.2E-06  1.06 (0.95-1.18) 0.32

All Populations  1.26 (1.16-1.36)  2.1E-08  1.09 (1.00-1.20)  0.05

Recessive and dominant models are defined in terms of risk allele T. For Subtotal and All Populations, the P value or OR (95%
CI) were calculated from the CMH test. Breslow-Day P value for all populations/recessive mode is 0.5646.

TABLE 4

Clinical and Demographic Characteristics of Subjects in CAPS

No. (%) of cases

Aggressive Localized All cases No. (%) of controls
Characteristic (n =1,231) (n =1,619) (n = 2,899) (n=1,722)
Age at enrollment (y)
Mean (SD) 68.04 (7.32) 65.14 (6.74) 66.36 (7.13) 67.15 (7.39)
Age, y, at diagnosis
65 514 (41.75) 926 (57.19) 1469 (50.78) N/A
>65 717 (58.25) 693 (42.81) 1424 (49.22) N/A

Family history
(first-degree relatives)

No
Yes
Missing data
PSA levels at diagnosis
for cases or at enrollment
for controls (ng/mL)

4
4.01-9.99
10-19.99
20-49.99
50-99.99
100
Missing
T-stage

N-stage

NO
N1

1013 (82.29)
218 (17.71)
0

36 (2.95)
171 (14.00)
216 (17.69)
252 (20.64)
229 (18.76)
317 (25.96)

10

2 (0.16)
147 (12.07)
242 (19.87)
724 (59.44)
103 (8.46)

13

222 (70.03)
95 (29.97)
914

1295 (79.99)
324 (20.01)
0

185 (11.61)
755 (47.39)
438 (27.50)
215 (13.50)

0

0

26

7 (0.44)
933 (58.24)
662 (41.32)

0
0
17

302 (100.00)

0
1317

2,342 (80.95)
551 (19.05)
0

221 (7.85)

926 (32.91)

654 (23.24)

467 (16.60)

229 (8.14)

317 (11.27)
85

9 (0.32)
1080 (38.30)
904 (32.06)
724 (25.67)
103 (3.65)
79

524 (84.65)
95 (15.35)
2280

1,565 (90.57)
163 (9.43)
0

1,438 (83.56)
230 (13.36)
37 (2.15)
13 (0.76)
2 (0.12)
1 (0.06)
1

N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A

Jun. 22,2017
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TABLE 4-continued

Clinical and Demographic Characteristics of Subjects in CAPS

No. (%) of cases

Aggressive Localized All cases No. (%) of controls
Characteristic (n =1,231) (n =1,619) (n = 2,899) (n=1,722)

M-stage

MO 589 (68.25) 655 (100.00) 1244 (81.95) N/A

M1 274 (31.75) 0 274 (18.05) N/A

MX 368 964 1381 N/A

Gleason (biopsy)

4 9 (0.83) 98 (6.32) 107 (4.06) N/A

5 43 (3.96) 247 (15.93) 290 (10.99) N/A

6 153 (14.08) 832 (53.64) 985 (37.34) N/A

7 414 (38.09) 374 (24.11) 788 (29.87) N/A

8 258 (23.74) 0 258 (9.78) N/A

9 185 (17.02) 0 185 (7.01) N/A

10 25 (2.30) 0 25 N/A

Missing 144 68 261 N/A

Forty-nine patients could not be classified as having aggressive or localized disease because of missing phenotypes.

TABLE 5

Clinical and Demographic Characteristics of Study Subjects

No. (%) of cases

Aggressive Indolent All cases Controls
Characteristic (n = 1,408) (n = 4,318) (n = 5,955) (n = 482)
Age at enrollment (y)
Mean (SD) 59.8 (6.72) 57.7 (6.49) 58.3 (6.69) 59.91 (7.19)
Age at diagnosis (y)
=65 1,112 (78.98) 3,833 (88.77) 5,115 (85.89)
>65 296 (21.02) 485 (11.23) 839 (1409)
PSA levels at diagnosis
for cases or at enrollment
for controls (ng/mL)
=4 139 (9.87) 1,095 (25.36) 1,262 (21.19) 481 (99.79)
4.01-9.99 611 (43.39) 2,264 (52.43) 2,951 (49.55) 0
10-19.99 182 (12.93) 247 (5.72) 451 (7.57) 0
20-49.99 84 (5.97) 36 (0.83) 131 (2.2) 0
50-99.99 34 (2.41) 4 (0.09) 58 (0.97) 0
=100 63 (4.47) 3 (0.07) 117 (1.96) 0
Missing 196 (13.92) 669 (15.49) 985 (16.54) 1(0.21)
T-stage
TO NA NA NA NA
T1 NA NA NA NA
T2 368 (26.14) 3,416 (79.11) 3,850 (64.65) NA
T3a 536 (38.07) 902 (20.89) 1,454 (24.42) NA
T3b/c 355 (25.21) 0 355 (5.96) NA
T3/T3X 9 (0.64) 0 15 (0.25) NA
T4 3 (0.21) 0 3 (0.05) NA
X 137 (9.73) 0 278 (4.67) NA
N-stage
NO 1,085 (77.06) 4,318 (100) 5,469 (91.84) NA
N1 140 (9.94) 0 (0) 140 (2.35) NA
NX 183 (13) 0 (0) 346 (5.81) NA
M-stage
MO NA NA NA NA
M1 NA NA NA NA

MX 1,408 4318 5,955 NA
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TABLE 5-continued

Clinical and Demographic Characteristics of Study Subjects

No. (%) of cases

Aggressive Indolent All cases Controls
Characteristic (n = 1,408) (n = 4,318) (n = 5,955) (n = 482)
Gleason score (biopsy)
=4 0 0 2 (0.03) NA
5 2 (0.14) 67 (1.55) 73 (1.23) NA
6 23 (1.63) 3,042 (70.45) 3,104 (52.12) NA
73+4) 106 (7.53) 1,254 (29.04) 1,411 (23.69) NA
7(4+3) 667 (47.37) 0 667 (11.2) NA
8 317 (22.51) 0 317 (5.32) NA
9 265 (18.82) 0 265 (4.45) NA
10 18 (1.28) 0 18 (0.3) NA
Missing 10 (0.71) 0 98 (1.65) NA
A total of 229 patients could not be classified as having aggressive or indolent disease because of missing
phenotypes.
TABLE 6
Genotype Frequency of SNP 154054823 at 17p12 in Controls
as Well as Case Patients With Aggressive or Indolent Disease
Genotype frequency
Study Controls Aggressive Indolent
population cCc CT TT cC CT TT cCc CT TT
CGEMS study
ACS 339 904 532 171 467 275 152 349 183
ATBC 228 473 219 52 119 67 124 253 132
HPFS 126 304 181 29 43 46 75 191 123
PLCO 226 548 319 119 312 233 104 253 126
Sub total 919 2,229 1,251 371 961 621 455 1,046 564
Confirmation
CAP5 362 865 484 247 589 387 331 841 428
JHH 106 234 140 289 662 448 912 2,152 1,217
Sub total 468 1,099 624 536 1,251 835 1,243 2,993 1,645

All populations 1,387 3,328 1,875 907 2212 1456 1,698 4,039 2,209

Genotype test (recessive model for T)

Controls vs. Controls vs.
Study aggressive indolent
population OR (95% CI) P OR (95% CI) P
CGEMS study
ACS 1.01 (0.85-1.20) 0.937 0.85 (0.70-1.04) 0.116
ATBC 1.25 (0.91-1.73) 0.166 1.12 (0.87-1.44) 0.371
HPFS 1.52 (1.01-2.28) 0.045 1.10 (0.83-1.45) 0.504
PLCO 1.25 (1.02-1.54) 0.031 0.86 (0.67-1.09) 0.208
Sub total 1.15 (1.02-1.29) 0.019 0.95 (0.84-1.08) 0.386
Confirmation
CAP3 1.17 (1.00-1.37) 0.050 0.93 (0.79-1.08) 0.322
JHH 1.14 (0.91-1.44) 0.244 0.96 (0.78-1.19) 0.734
Sub total 1.16 (1.02-1.33) 0.023 0.94 (0.83-1.06) 0.318

All populations ~ 1.16 (1.06-1.26)  1.1E-03  0.94 (0.87-1.03) 0.188

P value and OR (95% CI) in combined populations are for the CMH test. In Controls vs. Aggressive, the Breslow-Day P
value for all populations is 0.4142.
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TABLE 7: Confirmation of SNPs Associated With Aggressiveness of Prostate Cancer in CAPS

CGEMS, 1st stage CGESM, 2nd stage CAPS
a e = @ = 5 o] —a 3 @ 5 © o = _ L -
z E £ =z 8 3 9 8 8 S 3 3 2 ¥ g 8 z S
F ct < £ L o ot : E [ < t t T Y
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2 £ £ g g o 9 3 g g o @ I £ £
R 2 S 2 L g E ok g £
S 5 T 3 ¢ f T 1 T i :
1 - > - [ e
I . i3 i3 < 3
[y & £ @ A £ ) =
o -4 o o
< < <
rs9438989 1 39,041,936 G 0.24 0.2 T 024 024 0.8664 0.99
rs4950142 1 98,263,698 C 023 027 T 022 023 0.3348 084
15603246 1 186624862 G 045 0.41 A 045 045 07575 1.02
rs288324 2 183527094 A 048 043 Cc 048 049 01625 0.93
rs2048716 2 184,291,156 A 017 021 3 C 0198 o049 06158 0.97
rs6738940 2 208,868,469 G 017 021 0.0185 & A 016 0.16 0.6966 097
rs7631088 3 1,054,024 G 048 052 00435 ; A 0.49 0.48 06587 1.02
1512490386 3 4,021,849 A 015 012 00175 ;;w G 014 014 03879 0.94
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TABLE 7 CONTINUED

CGEMS, 1st stage ﬁ CGESM, 2nd stage i CAPS
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TABLE 7 CONTINUED

CGEMS, 1st stage CGESM, 2nd stage CAPS
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TABLE 7 CONTINUED

CGEMS, iststage CGESM, 2nd stage CAPS
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TABLE 8: Confirmation of SNPs Associated With Aggressiveness of Prostate Cancer in CAPS

CGEMS, Ist stage CGESM, 2nd stage BB cenns S
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15886505 7 8,559,297 A 043 0.5 4.5E-04 046 049 008 056 061 012 048 048 049  0.63
52713328 7 9,260,649 A 018 013 6.3E04 017 014 001 022 02 039 015 014 017 099
1510217763 9 22,583914 A 019 022 0.03 Eawmat 0.19 023 003 017 02 017 021 021 021 042
151320722 11 79156374 T 036 041 001 1 035 039 003 044 044 095 035 037 038 024
154054823 17 13,565,749 T 042 048 37E-03 &= 044 048 005 047 049 039 043 044 046 0.05

+For 154054823, the numbers of aggressive and indolent subjects arc 1408 and 4318, respectively.
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That which is claimed is:

1. A method of identifying a human subject as having an
increased risk of developing aggressive prostate cancer,
comprising detecting in a nucleic acid sample from the
subject a T allele at single nucleotide polymorphism
rs4054823 in chromosome region 17p12, wherein the detec-
tion of said allele identifies the subject as having an
increased risk of developing aggressive prostate cancer.

2. A method of identifying a human subject as having an
increased risk of developing aggressive prostate cancer,
comprising detecting in a nucleic acid sample from the
subject an allele that is in linkage disequilibrium with the T
allele at single nucleotide polymorphism rs4054823 in chro-
mosome region 17p12, wherein the detection of said allele
identifies the subject as having an increased risk of devel-
oping aggressive prostate cancer.

3. The method of claim 1, wherein the subject is homozy-
gous for the T allele at single nucleotide polymorphism
rs4054823.

4. The method of claim 1, wherein detecting is carried out
by an amplification reaction.

5. The method of claim 1, wherein detecting is carried out
by an amplification reaction and single base extension.

6. The method of claim 5, wherein the product of the
amplification reaction and single base extension is spotted
on a silicone chip.

7. The method of claim 1, wherein detecting is carried out
by matrix-assisted laser desorption/ionization-time of flight
mass spectrometry (MALDI-TOF-MS).

8. The method of claim 4, wherein the amplification
reaction is a polymerase chain reaction.

9. The method of claim 1, wherein detecting is carried out
by sequencing, hybridization, restriction endonuclease
digestion analysis, electrophoresis, or any combination
thereof.
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10. A computer-assisted method of identifying a proposed
treatment for aggressive prostate cancer as an effective
and/or appropriate treatment for a subject carrying a genetic
marker correlated with aggressive prostate cancer, compris-
ing the steps of:

(a) storing a database of biological data for a plurality of
subjects, the biological data that is being stored includ-
ing for each of said plurality of subjects:

(1) a treatment type,

(ii) at least one genetic marker associated with aggres-
sive prostate cancer, and

(iii) at least one disease progression measure for pros-
tate cancer from which treatment efficacy can be
determined; and then

(b) querying the database to determine the dependence on
said genetic marker of the effectiveness of a treatment
type in treating prostate cancer, thereby identifying a
proposed treatment as an effective and/or appropriate
treatment for a subject carrying a genetic marker cor-
related with prostate cancer.

11. The method of claim 10, wherein the genetic marker
associated with aggressive prostate cancer is a T allele in
single nucleotide polymorphism rs4054823 in chromosome
region 17p12.

12. The method of claim 1, wherein the subject has an
elevated prostate serum antigen level.

13. The method of claim 1, wherein the subject has a
family history of prostate cancer.

14. Akit comprising oligonucleotides to detect the T allele
of single nucleotide polymorphism rs4054823 in chromo-
some region 17p12 and/or a risk allele of a single nucleotide
polymorphism in linkage disequilibrium with single nucleo-
tide polymorphism rs4054823 in chromosome region 17p12
in a nucleic acid sample.
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