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FIGURE 1: Comparison of average fragment size densities.
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“P"  document published prior to the international filing date but later than  “&*  document member of the same patent family
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P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Authorized officer

Harry Kim

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)

10

20

30

40

50



(32) JP 2023-541368 A 2023.10.2

INTERNATIONAL SEARCH REPORT Tnternational application No.

PCT/US2021/048272

Box No. 11 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 intemmational application that do not comply with the prescribed requirements o such an
extent that no meaningful international search can be carried out, specifically:

3 Claims Nos.: €2, 63, 106-108
because they are dependent claims and are not drafted in seccordance with the second and third sentences of Rule 6.4(a).

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

This [nternational Searching Authority found multiple inventions in this international application, as follows:
See axtra shest(s).

1 |:| As all required additional search fees were timely paid by the appticant, this international search report covers all searchable
claims,

2. D As all searchable claims could be searched without effort justifying additional fees, this Autherity 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, ﬁ " No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentionad in the claims; it is covered by claims Nos.:

1-6, 9, 10, 12, 64-67 .

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 bat the applicable protest
tee was not paid within the tme Hmil specified i the Invitation.

D Wo protest accompanied the payment of additional search feas.
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Continued from Box No. Ill Observations where unity of invention is lacking

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

Group I+: claims 1-61, and 64-105 are drawn to methods and systems that utflize analysis of cell-free DNA (cTDNA) fragment slze
density in a sample obtained from a patlent to diagnose and predict cancer status.

The first invention of Group I+ is restricted to 2 method of determining the cancer status of & subject comprising: (a) analyzing a shape of
a curve of call free DNA (cfDNA) fragment size density in a sample from a subject, wherein a difference in the shape of the curve of
ciDNA from the subject and that from a reference sample of a healthy subject, is indicative of cancer in the subject. Itis belleved that
claims 1-6, 9, 10, 12, and 64-87 read on this first named inventlon and thus these claims will be searched without fee to the exient that
they read on the method of determining the cancer status of a subject comprising: (a) analyzing a shape of a curve of cell free DNA
(cfDNA) fragment size density in a sample from a subject, wherein a differenge in the shape of the curve of cfDNA fram the subject and
that from a reference sample of a healthy subject, is indicative of cancer in the subject,

Applicant is invited to alect additional methods andfor systems to be searched in a specific combination by paying additional fes for each
sel of alection. An exemplary election would be a method of determining the cancer status of a subject comprising: (a) analyzing a
shape of a curve of cell free DNA (cfDNA) fragment size density in a sample from a subject, wherein a diffarenca in the shape of the
curve of ¢fDNA from the subject and that from ‘a reference sample of a haalthy sublect, is indicative of cancer in the subject; and {b)
administering & cancer treatment to the subject, and further compriging characterizing the componants by statistical parameters and
contributlon to the overall mixture, the stalistical parameters comprising mean, variance or shape. Additional methods and/or systems
wlil be searched upon the payment of additional fees. Appiicants must specify the claims that read on any additional elected inventions.
Applicants must further indicate, if applicabte, the claims which read on the first named inventlon if different than what was indicated
above for this group. Failure to clearly idantify how any pald additional Invention fees are to be applied to the “+" group(s) will result in
only the first claimed invention to be searchad/examined.

The inventions listed in Groups I+ do not ratate to a single general inventive cencept 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 |+ formulas do not share a significant structural element responsible for diagnosing and predicling cancer status requiring
the salection of altarnative mathods where “A method of determining the cancer status of & subject comprising: (a) analyzing a shape of
a curve of cell free DNA (cIDNA) fragment size density in @ sample from a subject, wherein a difference in the shape of the curve of
cfDNA from the subject and that from a reference sample of a heallhy subjedt, is indicative of cancer in the subject,” and "A mathod of
pradicting cancer status of a subject compriging: (a) analyzing a shape of a curva of cell free DNA (¢fDNA) fragment size density in 8
sample obtained from the subject; (b) comparing the shape of the curve of cfDNA fragment size density of the sample to a reference
curve shapa; and (c) detecting cancer in the subject when tha shape of the curve of cfDNA fragment size density of the sample is
differant from the reference curve shape, thereby predicting the cancer status of the subject,” and “A mathod of treating cancer in a
subject comprising: (a) detecting cancer in the subject, wherein said detecting cancer comprises analyzing a shape of a curve of cell free
DNA {cfDNA) fragment size density In a sample obtained from the subject; comparing the shape of the curve of cfDNA fragment size
denslity of tha sample to a taference curve shape: and detecting cancar in the subject when the shape of the curve of cfDNA fragment
size densily of the sample is differant from the referenca curve shape: and (b} administering to the subject a cancer treatment, thareby
traating cancer in the subject,” and “A mathod of manitoring cancer in a subject comprising: (a) determining cancear status in the subject,
wherain the cancer status is determined by analyzing a shape of a curve of cell free DNA {¢cIDNA) fragment size density in a first sampls
obtained from the subject: comparing the shape of the curve of cfDNA fragment slze densily of the first sample o a reference curve
shape; and datecting cancer in the subject when the shape of the curve of cfDNA fragment size density of the first sample is different
from tha referance curve shape; {b) administering a cancer treatment to the subject; (c) delermining a shape of a curve of ¢ciDNA
fragment size density of a second sample obtalned from the subject; and (d) comparing tha shape of tha curve of cfDNA fragment size
density of the second sample to the shape of the curve of cfDNA fragment size density of the first sample andlor to the reference curve
shape, thersby menitoring cancer in the subject” and *A systam camprising: (a) a sequencer configurad to generate a low-coverage
whole gencme saquencing data sat for a sample; and (b) a computer systern having a non-ransitory computer readable medium with
instructions to: (i) process the low-gcoverage whole genome sequencing data set to produce a curve of fragment size density of the
sample; (il) fit the curve of fragment size density of the sample to at least two different sets of established stalistical parameters to
produca at least two suggested curve fits; {iil) display the at least two suggested curve fits, enabling a user to select at Ieast one of said
at least two suggested curve fits for further processing; and (iv) display a suggested curve fit line corresponding to a selectad suggested
curve fit of {jii) together with a reference curve fit line, enabling a comparison between the selected suggested curva fit line and the
reference curve fit ling,” and “A method of determining the cancer status of a subject comprising: (a} analyzing a shape of a curve of cell
free DNA (cfDNA) fragment size density of dinucleosomal DNA fragments in a sample from a subject, wherein a difference in the shape
of the curve of cfDNA from the subject and that from a referance sample of a healthy subject, is indicativa of cancer in the subject,” and
“A method of pradicting cancer status of a subject compriging: {a) analyzing a shape of a curve of cell frea DNA (cfDNA) fragment size
density of dinuclecsomal DNA fragments in a sampla abtained from the subject; {b) comparing the shape of the curva of ¢fDNA fragmaent
size density of the sample to a refarence curve shape; and (c) detecting cancer in the subject whan the shape of the curve of cfDNA
fragment size density of the sample is different from the reference curve shape, thereby predicling the cancer sialus of the subject,” and
“A method of treating cancer in a subject compriging: {a) detecting cancer in the subject, wherein said detecting cancer comprises
analyzing a shape of a curve of cell free DNA (cfDNA) fragment size density of dinucleosomal DNA fragments in a sample obtained from
the subject; comparing the shape of the curve of cfDNA fragment size density of the sample to a reference curve shape; and detecling
cancar in the subjact when the shape of the curve of cfDNA fragment size density of the sample is different from the raference curve
shape; and (b} administering to tha subject a cancer treatment, thareby treating cancar In the subject,” and “A method of monitoring
cancer in a subject comprising; (a) determining cancer status in the subject, wherein the cancer status is determined by analyzing a
shape of a curve of cell free DNA, (cfTDNA) fragment size denslty of dinucleosomal DNA fragments in a first sample obtained from the
subject; comparing the shape of the curva of cfDNA fragment size density of the first sampie to a reference curve shape; and detacting
cancer in the subject when the shape of the curve of clDNA fragment size density of the first sample is different from the reference curve
shape; (b) administaring 4 cancer treatment to the subject; (¢) determining a shape of a curva of ¢fDNA fragment size density of
dinucleosomal DNA fragments in a second sample obtained from the subject; and (d) comparing the shape of the curve of cflDNA
fragment size density of the second sample to the shape of the curve of ciDNA fragment size densily of the first sample andfor to the
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reference curve shape, thereby monitoring cancer in the subject.”

Additionafly, gven if Groups 1+ were considered to share the technicel features of a method of determining the cancar status of a subject
comprising; (a) analyzing a shape of a curve of cell free DNA (cfDNA) fragment size density in a sample from a subject, wharain a
difference in the shapa of the curve of cfDNA from the subject and that from a reference sample of a healthy sublect, s indicetive of
cancer in the subject,” and “A method of predicting cancer status of a subject comprising: {z1) analyzing a shape of a curve of cell free
DNA (cfDNA) fragment size density in a sample obtained from the subject; (b} comparing the shapa of the curve of cfONA fragment size
density of tha sample to a reference curve shape; and (c) detecting cancer in the subject when the shape of the curve of cfDNA fragment
size density of the sample is diffarent from the reference curve shape, thereby pradicting the cancer status of the subject, and a methed
of trealing cancer in a subject comprising: (a) detecting cancer in the subject, wherein said detecting cancer comprises analyzing a
shapa of a curve of cell frea DNA (cfDNA) fragment size density in a sample obtained from the subject; comparing the shapa of the
curve of ¢fDNA fragment slze density of the sample to a reference curve shaps; and datecting cancer in the subject when tha shape of
the curve of cfDNA fragment size density of the sample is different from the reference curve shape; and (b) administering o the subject a
cancer lreatment, thereby treating cancer in the subject, and a methed of monitoring cancer in a subject comprising: (a) determining
cancer status in the subject, wherein the cancer status is detarmined by analyzing a shape of a curve of call free DNA {¢fDNA) fragment
size density in a first sample obtained from the subject; comparing the shape of the curve of cfDNA fragment size density of the first
sample to a reference curve shape; and detecting cancer In the subject when the shape of the curve of cfDNA fragment size density of
the firsl sample is differant from the reference curve shape; (b) administering a cancer treatmant to the subject; (c) determining a shape
of a curve of ¢fDNA fragment size density of a second sample cbtained from the subject; and (d) comparing the shape of the curve of
cfDMA fragment size density of the second sampie to the shape of the curve of ¢fDNA fragment size density of the first sample andlor o
the refergnce curve shape, thereby monitoring cancer In the subject, and a system comprising: (a) a sequencer configured to generate a
low-coverage whole genome sequencing data set for a sample; and (b} a computer system having a non-transitory computer readable
medium with instructions to: (i} process the low-coverage whole genome saquencing data sel to preduce a eurve of fragment size
density of the sample; (ii) fit the curve of fragment siza density of the sample to at least two differant sets of established statistical
parameters to produce at least two suggested curve fits; (it} display the at least two suggested curve fits, enabling a user lo selact at
lsast one of said at least two suggasted curve fits for further processing; and (iv) display a suggested curve fit line corresponding to a
selacted suggestec curve fit of (jii) togelher with & reference curve fit line, enabling a comparison between the selected suggested curve
fit ine and the reference curve fit ine, and a method of determining the cancer status of a subject compriging: (a) analyzing a shape of a
curve of cell free DNA (cfDNA) fragment size density of dinucleosomal DNA fragments in a sample from a subject, wherein a difference
in the shape of the curve of cfDNA from the subject and that from a reference sample of 2 haalthy subject, is indicative of cancer in the
subject, and a method of pradicting cancer status of a subject comprising: (a) analyzing a shape of a curve of cell free DNA (cfDNA)
fragment size density of dinuclecsomal DNA fragmants in a sample obtalned from the subject; (b} comparing the shape of the curve of
cfDMNA fragment size densily of the sample to a reference curve shape; and (¢) detecting cancer In the subject when the shape of the
curve of cfONA fragment size densily of the sample is different frorn the raference curve shape, thereby predicting the cancer status of
the subject, and a method of treating cancer in a subject comprising: {a) detecting cancer in the subject, wherein said detecting canger
comprises analyzing a shape of a curve of cell frae DNA (cfDNA) fragment size density of dinucleosomal DNA fragments in a sample
obtained from the subject; comparing the shape of the curve of cTDNA fragment size density of the sample to a reference curve shape;
and deteciing cancer in the subject when the shape of the curve of ¢IDNA fragment size density of the sample is differant from the
reference curve shape; and (b) administering to the subjact a cancer treatment, thereby treating cancer in the subject, and & method of
manitaring cancer in a subject comprising: {a) determining cancer status in the subject, wherein the ¢ancer status Is determined by
analyzing a shape of a curve of cell free DNA {cIDNA) fragment size density of dinucleosomal DNA fragments in a first sample obtained
trom the subject; comparing the shape of the curve of cfDNA fragment size density of the first sampls to a reference curve shape; and
detecting cancer in the subject when the shape of the curve of cfDNA fragment size density of tha first sample is different from the
reference curve shape; (b} administering a cancer treatment 1o the subject; {c) determining a shapa of a curve of cfDNA fragment size
density of dinuclsosomal DNA fragments in a second sample obtained from the subject; and (d) comparing the shape of the curve of
ciDNA fragment size density of the second sample o the shape of the curve of cfDNA fragment slze density of the first sample and/or to
the reference curve shape, theraby monitoring cancer in the subject. However, these shared technical features do nol represent a
caontribution over the prior art.

Specifically, US 2018/0208999 A1 to The Chinese University Of Hong Kong Office Of Research And Knowledge Transfer Services et al.
discloses a method of determining the cancer status of a subject (& mathod of presant disclosure can determine if & subject has cancer
... amethod of the present disclosure may be used o determine a stage of cancer in a subject, or the progression of cancer in a subject
aver time (e.g., using samples obtained from a subject at different times), Para. [0003]) comprising: (a) analyzing a shape of a curve of
cell free DNA (¢TDNA) fragment size denslty in a sample from a subject {analysls of the count, the fragmentation pattems, and size of
call-free nuctslc acids, e.g., plasma DNA and serum DNA, Para. [0003); provided at least one of the three parameters (e.9., sensitivity,
specificity, and the threshold setting}, and ROC curve may determine the value or expected value for any unknown parameter, Para.
0087]; a method of present disclosure can determine if a subject has cancer ... a method of the present disclosure may be used to
determine a stage of cancer in a subject, or the progression of cancer in a subject over time {e.g., using samples obtained from a subject
at difierent times), Para, [0003]), wharaein a diffarence in the shape of the curve of cfDNA from the subject and that from a refarence
sample of a healthy subject, is indicative of cancer in the subject (the difference in range of abundance of plasma HPY DNA sequences
in a sample can be reflactive of the stage of the HPV-related cancer. Additionally, the difference in the order of magnitude of the plasma
HPV DNA sequences can be reflective of cancers of different tissue arigin, Para. [0179); [(lhe increased prababillty can be comparad
between the pathological state and a non-pathological state, for exampls in patients with and withgut a cancer and quantified as
likelihood ratio or relative probability. The likelihood ratio can be determined basad on the probability of detgeting at least a threshold
number of prefarrad ends in the tested sample or based on the probabillty of detacting the preferred ends in patienis with such a
condition than patients without such a condition, Para. [Q0B7]); a method of predicting cancer status of a subject (& method of presant
disclosure can determine if a subject has cancer, Para. [D003]; the achieved accuracy in discriminating between samples of a set can
include; a positive pradictive value (PPV} of the determining the level of pathology is at least & percent, 7 percent, or 8 percent, wherein
a sensitivity of the determining the level of pathology, Para. [0265]) comprising: (a) analyzing a shape of a curve of cell free DNA
{cfONA) fragment size density in a sample obtained from the subject (analysis of the count, the fragmentation patterns, and size of
cell-free nucleic aclds, e.g., plasma DNA and serum DNA, Para. [0003]; provided at least one of the three parameters (&.g., sensitivity,
specificity, and the threshold setting), and ROC curve may determine the value or expacted value for any unknown parameter, Para.
0087]; a method of present disciosure can determine i a subject has cancer ... a msethod of the present disclosure may be used to
determine a siage of cancer in a subject, or the progression of cancer in a subject over time (e.g., using samples obtained from a subjecl
at different times), Para. [0003]) (b) cemparing the shape of the curve of cfDNA fragment size density of the sample to a reference curve
shape; and (c) detecting cancer In the subject when the shape of the curve of cfDNA fragment size density of the sample is different froffj
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the referance curve shapa, theraby predicting the cancer status of the subject (the difference in range of abundance of plasma HPV DNA
sequences in a sample can ba refiective of tha stage of the HFV-related cancar. Additionally, the difference in the order of magnitude of
the plasima HPV DNA sequences can be reflective of cancers of different tissue origin, Para. [0179]; [tlhe increased probability can be
compared between the patholagical state and a non-pathological state, for example in patients with and without a cancer and quantified
as likelihood ratio or refative probability. The likelihood ratis can be determined based on the probability of detecting at least a threshold
aumber of preferrad ends in the tested sample or basad on the probabillly of detecting the prefemred ends in patients with such a
condition than patients without such a condition, Para. [0087]); a method of monitoring cancer in a subject (screening can check if cancer
is prasent in someone who Is not known previously 1o have cancer. Assessment can investigate someone who has been diagnosed with
cancer to monitor the progress of cancer over ime, study the effectiveness of therapiaes or to determine the prognasis, Para. [0077])
camprising: {c) determining a shape of a curve of GfDNA fragment size density of a second sample obialnad from the subject (first
sample that end on the posiiion normallzad agsinst a number of nucleic acld molacules from a second sampla (8.9., a reference sample)
that end on the position, As yet another example, the rate may be based on a number of nuclelc acid melecules from a first sample that
end on a first set of positions (e.g., genomic pesitions within one or more first windows) normalized against a number of nuclsic acid
molecules from a second sample {.g., a refarenca sample) that end on a second set of posiions, Para. [0089]); and (d) comparing the
shapa of the curve of cfDNA fragment size density of the second sampls to the shape of the curve of <fDNA fragment size density of the
firsl sample andjor to the reference curve shape, thereby monitoring cancer in the subject (analysis of the count, the fragmentaticn
patterns, and size of cell-free nucleic acids, e.g., plasma DNA and serurn DNA, Para. [0003]; provided at least one of the three
parameters (e.g., sensitivity, specificity, and the threshald setting), and ROC curve may determine the value or expected value for any
wnknown parameter, Para, 0097]; a method of presant disclosure can determine if a subject has cancer ... a method of the presant
disclosure may ba used to detenmine a stage of cancer in a subject, or the progression of cancer in a subject over time (e.g., using
samples obtained from a subject at different times), Para. (0003]; first sample that end on the position normalized against a number of
nucleic acid matecules from a second sample, Para, [0088]).

Further, US 2017/0002072 A1 to The Trustees Of The University Of Pennsylvania teaches a method of treating cancer in a subject (a
method for treating ovarian cancer in a subject, Para. [0028])); (b) admInistering o the subject a cancer treatment, theraby treating
cancar In the subject (administering to the subject an effective amount of a genetically madified T call ...thereby treating the ovarian
cancer in the subject, Para. [0028]). ! ’

Further, WO 2018/169042 A1 to Cornell University et al. teachas a system {a systam for genetic screening a subject for cancer is
provided, Para. [0017]) comprising: (a) a sequencer configured to generate a low-coverage whole genome sequencing data sel for a
sample (sequencing procassing, Para. {0017]; he features comprising a8 median depth coverage per window and a representative
fragment size per window ...arranged to nomalize the compendium of reads to produce a filtered read set for the genome-wids
compendium of reads, Para, [0018)); and (b) a computer system having a non-transitory computer readable medium with instructions
[computer readable medium comprising computer-executable instructions, which, when executed by a processor, cause the processor
1o carry out a method or a set of steps, Fara. [0038]; non- transitory computer-readable mediurm can be provided in which a first program
is stored for causing a computer to perform the disclosed methods, Para. [00272]) to; (i} pracess the low-coverage whole genome
sequencing data sel to produce a curve of fragment size density of the gampie {a system of componenis integrated to perdomn the
methods described. For example, the workflow of FIG. 1A can be provided as a system of compenaents or stations for identifying high-
guality low-abundance, tumer- specific markers present in efDNA of eancer patients, Para, [00273]; whole genome-sequencing data from
iung patierits with variable fraction of tumor reads, Para, [0013]; ha artefactual noise-removing engine is configurad to implement an
optimal raceiver operating characteristic (ROC) curve which comprises a probabilistic classification of the reads in the compendium
based on bass—quality {(BQ) scere of the read; mapping-guatity (MQ) score of the read; fragment size of the read; or variable allele
fraquency (VAF) of the read, Para. [0044]); {ii} fit the curve of fragment size density of the sample to at least two different sets of
eslablished statistical parameters to produce at least two suggested curve fits ([olther parameters such as (5) position in the read (RP);
{6) sequence context (SCY; (7) abundance; {§) sequencing depth and/or {9} sequencing emror may alse be used. The noise removal step
120 can comprise implementing an optimal receiver aperating characteristic (ROC) curve which comprises a probabilistic classificalion
of the genatic markers in the compandium based on a joint base-quality (BQ) and mapplng-quality (MQ) scare. Typically, the joint BQMQ
score is provided as a matrix (x. y), wherein x is the BQ score and y is the MQ score. In exemplary embodiments, a joint BOMQ score
bstwaen 10 and 50 (for each parameter} is typlcally employed, Para. [00144]); {iii) display the at least two suggested curve fits, enabling
a user to select at least one of said at least two suggested curve fils for further procassing {Jo]ther parameters such as (5} position in the
read (RPY, (6) sequence context {SC); {7) abundancs; (8) sequencing depth andfor (9) sequencing efror may also be used. The noise
removal elep 120 cen comprise Implementing an optimal raceiver operating characteristic (ROC) curve which comprises a prababilistic
classification of the genatic markers in the compendium based on a joint base-quality (BQ) and mapping-quality (MQ) score. Typically,
the joint BOMQ score is provided as a matrix (x. y), wherein x is the BQ score and v is the MQ score. In exemplary embodiments, a joint
BQMQ score betwean 10 and 50 (for each parameter) is typically employed, Para. [00144]); and (iv) display a suggested curve fit line
carresponding {o a selected suggested curve fit of (ili) togaether with a reference curve fit line, enabling a comparison between the
selected suggesled curve fit llne and the reference curve fit line ([clther parameters such as (5) position in the read (RP); {6) sequence
context {SC); (7) abundances; (8) sequencing depth and/or (8) sequencing error may also be used. The noise removal step 120 can
comprise implementing an optimal raceiver operating characteristic (ROC) curve which comprises a probabillistic classification of the
genetic markers in the compendium based on a joint base-quality (BQ) and mapping-quality (MQ) score. Typically, the joint BQMQ score
is provided as a matrix (X, ¥}, wherain x is the BCQ score and y is tha MQ scara. In exemplary embodiments, a jeint BOMQ score between
10 and 50 (for each parameter) is typically employed, Para. [00144]).

The inventians listed in Groups I+ therefore lack unity under Rule 13 because they do not gshare a same or comesponding special
technical features.
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