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Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing filed or furnished:

a. (means)

D on paper

in electronic form

b. (time)
S R
[\l in the international application as filed
D together with the international application in electronic form
El subsequently to this Authority for the purposes of search
2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additional copies is identical to that in the application as filed or does
not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

SEQ ID NOs:1 and 2 were searched.
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Box No. I1 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. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D 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. D 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. III  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 first Extra Sheet(s).

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

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

3. D 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. m 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.:

1-7, 11-16, 20, 22-31, 34-61, and 63 to the extent that they read on marker ABCB1 (DMR 11), corresponding to
87229775-87229856 of chromosome 7, and SEQ ID NOs:1 and 2.

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

D 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.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)



PCT/US2014/024589 29.09.2014

INTERNATIONAL SEARCH REPORT International application No.

PCT/US2014/024589

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group |+: claims 1-63 are drawn to methods, kits, and systems for screening a neoplasm in a sample obtained from a subject, and
compositions comprising oligonucleotide/nucleic acid reagents for the same.

The first invention of Group I+ is restricted to methods, kits, and systems for screening a neoplasm in a sample obtained from a subject,
comprising assaying a methylation state of a marker in a sample obtained from the subject, wherein the marker comprises a base in a
differentially methylated region (DMR) selected to be marker ABCB1 (DMR 11, wherein DMR 11 is the first specifically named DMR to
appear in the claims), corresponding to 87229775-87229856 of chromosome 7; further restricted to oligonucleotides and/or nucleic
acids, and compositions and kits comprising the same, said oligonucleotides and/or nucleic acids selected to be SEQ ID NOs: 1 and 2
for the amplification of marker ABCB1 (DMR 11), corresponding to 87229775-87229856 of chromosome 7. It is believed that claims 1-7,
11-16, 20, 22-31, 34-61, and 63 read on this first named invention and thus these claims will be searched without fee to the extent that
they read on marker ABCB1 (DMR 11), corresponding to 87229775-87229856 of chromosome 7, and SEQ ID NOs:1 and 2.

Applicant is invited to elect additional markers comprising DMRs and/or oligonucleotides with specified SEQ ID NO for each method, kit,
system, or composition to be searched in a specific combination by paying additional fee for each set of election. An exemplary election
would be methods, kits, and systems for screening a neoplasm in a sample obtained from a subject, comprising assaying a methylation
state of a marker in a sample obtained from the subject, wherein the marker comprises a base in a differentially methylated region
(DMR) selected to be marker ADCY1 (DMR 14), corresponding to 45613877-45614564 (forward) and 45613878-45614572 (reverse) of
chromosome 7; further restricted to oligonucleotides and/or nucleic acids, and compositions and kits comprising the same, said
oligonucleotides and/or nucleic acids selected to be SEQ ID NOs: 7 and 8 for the amplification of marker ADCY1 (DMR 14),
corresponding to 45613877-45614564 (forward) and 45613878-45614572 (reverse) of chromosome 7. Additional markers and/or
oligonucleotides will be searched upon the payment of additional fees. Applicants must specify the claims that read on any additional
elected inventions. Applicants must further indicate, if applicable, the claims which read on the first named invention if different than
what was indicated above for this group. Failure to clearly identify how any paid additional invention fees are to be applied to the “+"
group(s) will result in only the first claimed invention to be searched/examined.

The inventions listed in Groups 1+ do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT Rule
13.2 they lack the same or corresponding special technical features for the following reasons:

The Groups I+ formulas do not share a significant structural element, requiring the selection of alternatives for the marker “differentially
methylated region (DMR) selected from a group consisting of DMR 1-107 from Table 1, DMR 1-449 from Table 10, and a DMR
corresponding to Chr16 58497395-58497458" and oligonucleotide “oligonucleotide comprising a sequence selected from the group
consisting of SEQ ID NO: 1-202".

The Groups I+ share the technical features of a method of screening for a neoplasm in a sample obtained from a subject, the method
comprising: 1) assaying a methylation state of a marker in a sample obtained from a subject, and 2) identifying the subject as having a
neoplasm when the methylation state of the marker is different than a methylation state of the marker assayed in a subject that does not
have a neoplasm, wherein the marker comprises a base in a differentially methylated region (DMRY); an oligonucleotide comprising a
sequence complementary to a chromosomal region having a base in a DMR,; an oligonucleotide sensitive to methylation state of a DMR;
a kit and composition comprising a bisulfite reagent, and a control nucleic acid comprising a DMR and having a methylation state
associated with a subject who does not have a cancer; a composition comprising a nucleic acid comprising a DMR and a
methylation-sensitive restriction enzyme; a composition comprising a nucleic acid comprising a DMR and a polymerase; a method:for
screening for a neoplasm in a sample obtained from a subject, the method comprising: a) determining a methylation state of a marker in
the sample comprising a base in a DMR, b) comparing the methylation state of the marker from the subject sample to a methylation
state of the marker from a normal control sample from a subject who does not have a cancer, ¢) determining a confidence interval and/or
a p value of the difference in the methylation state of the subject sample and the normal control sample; a method for screening for a
neoplasm in a sample obtained from a subject, the method comprising reacting a nucleic acid comprising a DMR with a bisulfite reagent
to produce a bisulfite-reacted nucleic acid, sequencing the bisulfite reacted nucleic acid to provide a nucleotide sequence of the
bisulfite-reacted nucleic acid, comparing the nucleotide sequence of the bisulfite-reacted nucleic acid with a nucleotide sequence of a
nucleic acid comprising the DMR from a subject who does not have a cancer to identify differences in the two sequences, and identifying
the subject as having a neoplasm when a difference is present; a system for screening for a neoplasm in a sample obtained from a
subject, the system comprising an analysis component configured to determine the methylation state of a sample, a software component
configured to compare the methylation state of the sample with a control sample or a reference sample methylation state recorded in a
database, and an alert component configured to determine a single value based on a combination of methylation states and alert a user
of a cancer-associated methylation state. However, these shared technical features do not represent a contribution over the prior art.

Form PCT/ISA/210 (extra sheet) (July 2009)
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Specifically, US 2013/0022974 A1 to Chinnaiyan et al. discloses a method of screening for a neoplasm in a sample obtained from a
subject (methods of screening for the presence of prostate cancer in a subject, comprising contacting a biological sample from a subject
with a reagent for detecting the methylation status of one or more genes, Para. [0008]), the method comprising: 1) assaying a
methylation state of a marker in a sample obtained from a subject (a biological sample from a subject with a reagent for detecting the
methylation status of one or more genes ...detecting the methylation status of said genes using an in vitro assay, Para. [0008]), and 2)
identifying the subject as having a neoplasm when the methylation state of the marker is different than a methylation state of the marker
assayed in a subject that does not have a neoplasm, wherein the marker comprises a base in a differentially methylated region (DMR)
(wherein a higher degree of methylation of said genes in said sample relative to the level of methylation in normal prostate cells in
indicative of prostate cancer in said subject, Para. [0008]; 18 regions based on M-NGS data were selected and their methylation status
was validated using a standard bisulfite sequencing technique ...this included fifteen differentially methylated regions (DMRs), Para.
[0122]); a method for screening for a neoplasm in a sample obtained from a subject (methods of screening for the presence of prostate
cancer in a subject, comprising contacting a biological sample from a subject with a reagent for detecting the methylation status of one
or more genes, Para. [0008]), the method comprising: a) determining a methylation state of a marker in the sample comprising a base in
a DMR (a biologica! sample from a subject with a reagent for detecting the methylation status of one or more genes ...detecting the
methylation status of said genes using an in vitro assay, Para. [0008]; 18 regions based on M-NGS data were selected and their
methylation status was validated using a standard bisulfite sequencing technique ...this included fifteen differentially methylated regions
(DMRs), Para. {0122]), b) comparing the methylation state of the marker from the subject sample to a methylation state of the marker
from a normal control sample from a subject who does not have a cancer (wherein a higher degree of methylation of said genes in said
sample relative to the level of methylation in normal prostate cells in indicative of prostate cancer in said subject, Para. [0008]), ¢)
determining a confidence interval and/or a p value of the difference in the methylation state of the subject sample and the normal control
sample (the built-in meta-analysis tool rank orders the genelist by the p-value, which is determined by Student's t-test for comparisons
made within each available dataset, for example Cancer vs. Normal, Para. [0088)); a method for screening for a neoplasm in a sample
obtained from a subject (methods of screening for the presence of prostate cancer in a subject, comprising contacting a biological
sample from a subject with a reagent for detecting the methylation status of one or more genes, Para. [0008]), the method comprising
reacting a nucleic acid comprising a DMR with a bisulfite reagent to produce a bisulfite-reacted nucleic acid (bisulfite conversion was
performed, Para. [0136}), sequencing the bisulfite reacted nucleic acid to provide a nucleotide sequence of the bisulfite-reacted nucleic
acid (universally methylated control DNA and unmethylated control fetal DNA were validated by bisulfite sequencing, Para. [0025]),
comparing the nucleotide sequence of the bisulfite-reacted nucleic acid with a nucleotide sequence of a nucleic acid comprising the
DMR from a subject who does not have a cancer to identify differences in the two sequences, and identifying the subject as having a
neoplasm when a difference is present (specific genomic regions of interest in WFDC2 gene promoter were PCR amplified and the DNA
methylation status of CG residues was characterized ...the WFDC2 promoter region showed a high frequency of methylation compared
to normal counterparts; four different PCR products that monitored 26 CG position in WFDC2 promoter were characterized by
EpiTYPER analysis. Samples are represented in rows and CG position monitored is represented in columns. Unmethylated state and
increasing degree of methylation at each position per sample is represented as a heatmap, Paras. [0136] and [0137]; wherein a higher
degree of methylation of said genes in said sample relative to the level of methylation in normal prostate cells in indicative of prostate
cancer in said subject, Para. [0008]); a composition comprising a nucleic acid comprising a DMR (purified DNA was used as template for
PCR reactions with primers and synthesized according to bisulfite converted DNA sequences for the regions of interest ...the PCR
product was gel purified and cloned into pPCR4 TOPO TA sequencing vector, Para. [0100]; this included fifteen DMRs, Para. {0122]) and
a methylation-sensitive restriction enzyme (methylation-sensitive

restriction enzymes, Para. [0113]).

Further, US 2006/0253259 A1 to Fernandez discloses a system for screening for a neoplasm in a sample obtained from a subject
(systems-biology software, which provides diagnostic or therapeutic guidance, Abstract; detect presence and/or sequence and/or
structure of any DNA molecules including profiling for changes in methylation, Para. [0051]), the system comprising an analysis
component configured to determine the methylation state of a sample (detect presence and/or sequence and/or structure of any DNA
molecules including profiling for changes in methylation, Para. [0051]; methylation abnormalities in the promoter CpG islands of p16,
HOX A9, MAGE A1 and MAGE B2 can be detected in sputum of lung cancer patients with DNA sensor 201, Para. [0054]), a software
component configured to compare the methylation state of the sample with a control sample or a reference sample methylation state
recorded in a database (software to detect selected discriminatory peaks separate cancer from non-cancer groups, Para. [0066]; control
parameter, Para. [0096]), and an alert component configured to determine a single value based on a combination of methylation states
and alert a user of a cancer-associated methylation state (detect presence and/or sequence and/or structure of any DNA molecules
including profiling for changes in methylation, Para. [0051]; methylation abnormalities in the promoter CpG islands of p16, HOX A9,
MAGE A1 and MAGE B2 can be detected in sputum of lung cancer patients with DNA sensor 201, Para. [0054]; systems-biology
platform 104 may alert medical professionals when host patient is determined via sense or simulation approach to detect genomic
mutation, Para. [0158]).

Further, US 2012/0164110 A1 to Feinberg et al. discloses an oligonucleotide comprising a sequence complementary to a chromosomal
region having a base in a DMR (the probe, primer, or primer pair, can be capable of selectively hybridizing to the DMR either with or
without prior bisulfite treatment of the DMR, Para. [0110]; nucleic acid hybridization reactions ...will vary, depending on the ...degree of
complementarity, Para. [0102]; a primer pair specific for methylated residues within a DMR, Para. [0097]); an oligonucleotide sensitive
to methylation state of a DMR (a primer pair specific for methylated residues within a DMR. In these embodiments, selective
hybridization or binding of at least one of the primers is dependent on the methylation state of the target DNA sequence, Para. [0097]);
a kit (the present invention provides a kit for determining a methylation status of one or more DMRs of the invention, Para. [01 10])
comprising a bisulfite reagent (the kit can provide reagents for bisulfite pyrosequencing, Para. [0111]), and a control nucleic acid
comprising a DMR and having a methylation state associated with a subject who does not have a cancer (differentially methylated
regions (DMRs) between B-iPSC and F-iPSC as a negative control, Para. [0044]); a composition comprising a nucleic acid comprising a
DMR (a primer pair specific for methylated residues within a DMR. In these embodiments, selective hybridization or binding of at least
one of the primers is dependent on the methylation state of the target DNA sequence, Para. [0097]) and a polymerase (reagents for
bisulfite pyrosequencing, Para. [0111]; a nucleic acid amplification, polymerase chain reaction (PCR), methylation specific PCR, Para.
[0093]; an enzyme such as T7 polymerase, Para. [0108]).

The inventions listed in Groups I+ therefore fack unity under Rule 13 because they do not share a same or corresponding special
technical features.
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