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(57) Abstract: Provided herein are methods
and computer-readable storage media related
to cell-free DNA and uses thereof to determ-
ine risk of a condition in a subject. In one em-
bodiment, the method comprises analyzing
nucleic acids from cell-free DNA extracted
from a biological sample obtained from the
subject to identify a plurality of loci, the nuc-
leic acids comprising first nucleic acids of the
subject and second nucleic acids not native to
the subject; determining an allele of each of
the plurality of loci; selecting at least one in-
formative locus from the plurality of loci
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Box No. II 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. & Claims Nos.: 8, 12-47, 53, 56-81, 85-103, 107-117, 122-133, 138-141, 147-150, 157 ‘
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 (Continuvation of item 3 of first sheet)

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

See Extra Sheet

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. }Av{ 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, 9-11, 48-52, 54, 55, 82-84, 104-106

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.
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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 neéd to be paid..

Group |: claims 1-7, 9-11, 48-52, 54, 55, 82-84, and 104-106 are drawn to a method of assessing risk and treating a subject, the method
comprising analyzing cell-free DNA from a biological sample obtained from a subject, determining the amount of cell-free DNA not native
_to a subject and then administering therapy to the subject.

Group |I: claims 118-121 are drawn to a method of evaluating a subject, comprising: calculating a value for a Predictive Model of
Formula 1, Formula 2 or Formuta 3.

Group |lI: claims 134-137, 142-146, and 151-156 are drawn to a computer-readable storage medium.

The inventions listed in Groups |-l 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 special technical features of Group |, a method of assessing risk and treating a subject, the method comprising analyzing cell-free
DNA from a biological sample obtained from a subject, determining the amount of cell-free DNA not native to a subject and then
administering therapy to the subject are not present in Groups Il and IlI; the special technical features of Group Il are drawn to a method
of evaluating a subject, comprising: calculating a value for a Predictive Mode! of Formula 1, Formula 2 or Formula 3, are not present in
Groups | and |lI; and the special technical features of Group lIl, a computer-readable storage medium are not present in Groups | and Il.

Additionally, Groups I-1Il share the technical features of a method comprising determining an allele of each of a plurality of loci; sefecting
at least one informative locus from the plurality of loci based on the determining of the allele; calculating an estimated allele frequency of
a first allele at the at least one informative locus using a statistical distribution; determining an amount of cell-free DNA not native toa -
subject in the cell-free DNA based on the estimated allele frequency; and determining a risk in the subject based on the determined
amount of the cell-free DNA not native to the subject in the cell-free DNA; quantifying an amount of celi-free DNA extracted from a

- biological sample obtained from a recipient of a transplant; determining a risk of a systemic disease in the recipient of a transplant based
on the determined amount of the cell-free DNA; and calculating a value for a Predictive Model of Formula 1, Formula 2 or Formula 3.
However, these shared technical features do not represent a contribution over the prior art.

Specifically, US 2009/0087847 A1 to Lo et al. discloses a method comprising: determining’an allele of each of a plurality of loci (wells.
would be expected to contain both loci, Para. [0152]; wells containing just the overrepresented allele with respect to wells containing just
the reference allele, Para. [0159); determining allelic imbalance, Para. [0162]); selecting at least one informative locus from the plurality
of loci based on the determining of the aliele (determining the fractional concentration of fetal DNA would be through the quantification of
polymorphic [allelic] differences between the pregnant women and the fetus...targeting polymorphic [allelic] sites at which the pregnant
woman is homozygous and the fetus is heterozygous, The amount of specific allele can be compared with the amount of the common
allele, Para. {0278]; The proportion of the overrepresented allele among all the informative wells (Pr) was determined, Para. [0221];
"informative loci" refers to a locus where the genotype of the subject is homozygous for the major allele, while the genotype of the
nucleic acid not native to the subject is homozygous or heterozygous for the minor allele, as defined by the instant invention); calculating
an estimated allele frequency of a first allele at the at least one informative locus using a statistical distribution (abundance [frequency] of
the A and the G alleles in the DNA sample, Para. [0076] 20 wells are positive for the A allele, 24 wells are positive for the G allele, and

. 28 wells are positive for both alleles. The A allele would be regarded as the reference allele because less wells are positive for this
allele...mr [reference allele per well] can be calculated using the Poisson [staticitical] distribution, Para. [0299]; the number of positive
wells for the two alleles would be 1: 1 and, thus, the expected proportion of informative wells, Para. [0300]); determining an amount of
cell-free DNA not native to a subject in the cell-free DNA based on the estimated allele frequency (the sequencing technique on plasma
cell-free DNA may be used to detect the chromosomal aberrations in the plasma DNA for the detection of a specific cancer, Para.
[0280]); a second set of quantitative data indicating a second amount of a background [non-native] nucleic acid sequence different from
the clinically relevant nucleic acid sequence...determining a parameter from the two data sets, Para. [0016]; the abundance [frequency]
of the A and the G alleles in the DNA sample, Para. [0076)); and determining a risk in the subject based on the determined amount of
the cell-free DNA not native to the subject in the cell-free DNA and quantifying an amount of cell-free DNA extracted from a biological
sample obtained from a recipient of a transplant; and determining a risk in the subject based on the determined amount of the cell-free
DNA not native to the subject in the cell-free DNA (a second set of quantitative data indicating a second amount of a background nucleic
acid sequence [non-native] different from the clinically relevant nucleic acid sequence...the reference nucleic acid sequence is...the
background nucleic acid sequence...comparing the parameter to the first cutoff value...and based on the comparison, determining a
classification of whether a nucleic acid sequence imbalance [risk] exists, Para. [00186); the sequencing technique on plasma cell-free
DNA may be used to detect the chromosomal aberrations in the'plasma DNA for the detection of a specific cancer, Para. [0280]; this
invention...relates to the diagnostic testing of genotypes and diseases...detection of cancer and...monitoring transplantation...in a
sample, Para. {0003]).

Further, WO 2011/015944 A1 to Gornik et al. discloses calculating a value for a Predictive Model of Formula 1 (Results show that
cell-free DNA measured in both plasma and serum of patients with acute pancreatitis on the first day after hospital admission is
significantly higher in patients who developed severe pancreatitis than in those with mild disease, Pg. 26, Lns. 15-17; Total hospital
length of stay (LOS) and hospital mortality were used as outcome measures, Pg. 19, Lns. 26-28).

It would have been obvious to one of ordinary skill in the art at the time of the invention to modify the method of Lo et al. to include
calculating a value for a Predictive Model of Formula 1 as taught by Gornik et al. in order to determine the risk or |Ike|lh00d of developing
a disease or condition. .

The inventions listed in Groups I-Ill therefore lack unity under Rule 13 because they do not share a same or corresponding special
technical feature.
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