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EPIGENETIC MARKERS AND RELATED METHODS AND MEANS FOR THE DETECTION AND MANAGEMENT
OF CERTAIN CANCERS

DESCRIPTION
[1] The present invention relates to methods of determining the presence or absence of certain cancers in a
human individual, as well as to related methods to determine the response to therapy against certain cancers in a
human individual, in particular ovarian cancer in @ woman. Such methods are based on the detection — from (eg
cell-free) DNA of said human individual — of one or more methylated (or un-methylated) CpGs being associated with
differentially methylated regions (DMRs) of the present invention; such as methylation (or un-methylation) at one or
more or all of certain CpGs being associated with such DMRs. Accordingly, such methods have diagnostic, prognostic
and/or predictive utility for detecting or managing certain cancers in women or men, in particular ovarian cancer in
women. The present invention further relates to nucleic acids comprising certain sequences that may be detected
during the method, or nucleic acids (such as probes and/or primers) that are useful to detect such sequences, as
wells as compositions, kits, computer program products and other aspects that are useful for or related to the
practice or application of such methods.
[2] Three quarters of ovarian cancers are diagnosed once the tumour has spread into the abdomen and long-
term survival rates of these women are low (10-30%) (Ref. 1). High-grade serous (HGS) ovarian cancer (OC)
accounts for 70-80% of OC deaths and the survival figures have not changed significantly over the past few decades
(Ref. 2). Early diagnosis and personalised treatment still remain the biggest unmet needs in combatting this
devastating disease (Ref. 2).
[3] A number of ovarian cancer biomarkers have been studied in the past. Amongst those, CA125, which was
discovered more than 30 years ago (Ref. 3), is still the ‘gold standard’ despite the relatively low sensitivity for early
epithelial ovarian cancer and the modest positive predictive value (Ref. 4). The 35 most promising ovarian cancer
biomarkers were evaluated in samples taken up to 6 months prior to OC diagnosis from 118 women and 951 age-
matched controls from the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial. At a fixed
specificity of 95%, CA125 had the best sensitivity (Ref. 5). The performance of CA125 dropped dramatically when
samples taken > 6 months prior to diagnosis were evaluated (Ref. 5). Recently it was demonstrated that the
performance of the Risk of Ovarian Cancer Algorithm (ROCA) demonstrates superior performance characteristics
during screening, but this requires serial blood samples that are not available in patients presenting clinically (Refs.
6, 7). In addition, the dynamics of CA125 in women undergoing neoadjuvant chemotherapy (NACT) are of limited
use in predicting disease response and outcome (Ref. 8).

[4] According to current cancer statistics for the United States (https://www.cancer.gov/about-

cancer/understanding/statistics, accessed 11-Dec-2017), in 2016, an estimated 1,685,210 new cases of cancer will

be diagnosed in the United States and 595,690 people will die from the disease. The most common cancers in 2016
are projected to be breast cancer, lung and bronchus cancer, prostate cancer, colon and rectum cancer, bladder
cancer, melanoma of the skin, non-Hodgkin lymphoma, thyroid cancer, kidney and renal pelvis cancer, leukaemia,
uterine (endometrial) cancer, and pancreatic cancer. The number of new cases of cancer (cancer incidence) is 454.8
per 100,000 men and women per year (based on 2008-2012 cases), and the number of cancer deaths (cancer
mortality) is 171.2 per 100,000 men and women per year (based on 2008-2012 deaths). National expenditures for
cancer care in the United States totalled nearly $125 billion in 2010 and could reach $156 billion in 2020.

[5] In terms of gynaecologic cancer statistics for the United States, in 2015, it was estimated that 98,280
women would be diagnosed with a gynaecologic cancer and some 30,440 will die from the disease

(http://www.foundationforwomenscancer.org/about-gynecologic-cancers/, accessed 11-Dec-2017), with an
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estimated number of new cases for 2015 of the three most prevalent gynaecologic cancer being: cervical cancer,
12,340 new cases, ovarian cancer, 21,290 new cases; and uterine cancer 54,8970 new cases.

[6] The vast majority of protein-based tumour markers are produced not only by cancerous but also non-
neoplastic normal cells; CA125 is produced by mesothelial cells (i.e. peritoneum and pleura) and hence benign or
inflammatory processes can result in aberrant elevations of serum CA125.

[7] Recently, markers based on DNA shed from tumour cells, have shown great promise in monitoring
treatment response and predicting prognosis (Refs. 9-13). But efforts to characterise the cancer genome have shown
that only a few genes are frequently mutated in most cancers with the gene mutation site differing across individuals
for similar tumours. Hence, the detection of somatic mutations is limited to patients that harbour a predefined set of
mutations. The necessity of prior knowledge regarding specific genomic composition of tumour tissues is one of the
limiting factors when using these ‘liquid biopsy” approaches for early detection or differential diagnosis of a pelvic
mass. Current technology allows for the detection of @ mutant allele fraction of 0.1% (which is one mutant molecule
in @ background of 1000 wild-type molecules) (Refs. 9, 14).

[8] The development of cell-free DNA based early cancer detection tests poses two major challenges: (1) a very
low abundance of cancer-DNA in the blood and (2) an extremely high level of “background DNA” (shed from white
blood cells (Ref. 15)) in all population based cohorts which allow for the validation of potential screening markers
years in advance of current diagnosis.

[o1 Alteration of DNA methylation (DNAme) is (i) an early event in cancer development, (ii) more frequently
observed than somatic mutations and (iii) centred around specific regions, i.e. CpG islands (Ref. 17). Together with
its chemical and biological stability, the detection of aberrant DNA methylation patterns in serum or plasma provide a
novel strategy for cancer diagnosis as evidenced by several proof of principle studies in the past (Refs. 9, 10, 13, 15,
18-20). The fact that technologies to detect DNA methylation allow for the detection of specific methylation patterns
(for example, full methylation or un-methylation) of all of (for example, between 7 and 16) certain linked CpGs in a
region of 120-150 base-pairs as opposed to single point mutations (e.g. in the TP53 gene) is likely to improve both
the performance characteristics of the test and the detection limit of the assay. Plasma SEPT9 methylation analyses —
currently the only cell-free DNA which is available for cancer screening in the clinical setting — demonstrates a
specificity of 79% and a sensitivity of 68% for detection of colon cancers (Ref. 21). Maternal plasma cell-free DNA
testing for foetal trisomy has already become clinical practice as it has a higher sensitivity and a lower false positive
rate compared to imaging-based techniques (Ref. 22).

[10] The inventors have employed two different epigenome-wide approaches to identify the most promising
DNAme-based markers, developed serum tests and validated their performance benchmarking against serum ovarian
cancer marker CA125, and also demonstrate the utility of these DNAme-based markers in other cancers.

[11] It has been suggested that DNA methylation markers have promise (and challenges) for early detection of
women’s cancers such as ovarian cancer (Ref. 20). Indeed, there are a number of publications that disclose various
epigenetic biomarkers and their association with various cancers, including women’s cancers such as ovarian cancer,
and the use of such biomarkers (including in certain combinations) for the detection and/or management of one or
more of such cancers: WO02002/018631A2; WO02002/018632A2; WO02007/019670A1; EP1862555A1;
WO02009/153667A2;  W02012/104642A1;  WO02012/138609A2;  WO02012/143481A2;  US2013/0041047A1;
WO02013/09661A1). In particular, single-CpG-resolution methylation analysis (including patterns/signatures) in certain
specific markers or genes (such as DNA hypermethylation of the CpG sites on the FAM150A, GRM6, ZNF540, ZFP42,
EOMES HOXA9, POU4F2, TWIST1, VIM, ZNF154, RIMS4, PCDHAC1, KHDRBS2, ASCL2, KCNQ1, C2CD4D, PRAC,
WNT3A, TRH, FAM78A, ZNF671, SLC13A5, NKX6-2, GP5 and HOTAIR genes) has identified cancers, or aggressive
types thereof, such as renal cell carcinomas (Arai et al, 2012; Carcinogenesis 33:1487), bladder cancer (Reinert et al,
2012; PLos ONE 10:e46297), other cancers including breast cancer (Refs. 30, 31. Legendre et al, 2015; Clinical
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Epigenomics 7:100), ovarian cancer (Teschendorff et al, 2009; PLos ONE 4: e8274) and/or association with
chemotherapeutic response in ovarian cancer (Ref. 25).
[12] Hence, there is still a need, from one or more of the above or perspectives, for improved methods to
determine the presence or absence of one or more cancers in human individuals (such as ovarian cancer in a
woman), preferably in a non-invasive manner, such as by the use of (eg cell-free) DNA of said human individual (eg
cell-free DNA isolated from a sample of a circulatory fluid). Preferably, such methods will have improved ability to
discriminate ovarian cancer from benign pelvic mass, and/or high-grade serious (HGS) ovarian cancer from less
severe or aggressive forms of ovarian cancer, such as by having improved specificity and/or sensitivity for the
phenotype/disease to be detected. Such methods would provide a significant shift in the clinical paradigm for early-
detection, diagnosis (eg by an in-vitro method) and/or management of cancers (especially ovarian cancer, and in
particular of HGS ovarian cancer and or chemotherapy-responsive ovarian cancer), and in particular providing the
potential for individualisation of treatment for women of men suffering from cancer (eg women suffering from
ovarian cancer).
[13] Accordingly, it is an object of the present invention to provide alternative, improved, simpler, cheaper
and/or integrated methods, means, compounds, compositions, kits and other aspects that address one or more of
these or other problems (such as those set forth elsewhere herein). Such an object underlying the present invention
is solved by the subject matter as disclosed or defined anywhere herein, for example by the subject matter of the
numbered itemised embodiments or the claimed embodiments.
[14] Generally, and by way of brief description, the main aspects of the present invention can be described as
follows:
[15] In a first aspect, and as may be further described, defined, claimed or otherwise disclosed herein, the
invention relates to a method of determining the presence or absence of, or response to therapy against, a cancer
in @ human individual, said method comprising the steps:
. Providing a biological sample from said human individual, said sample comprising (eg cell-free) DNA of said
human individual; and
. Determining, in at least one molecule of said (eg cell-free) DNA, the methylation status at one or more CpGs
located within one or more of the nucleotide sequences comprised in one or more of the respective DMRs of
the present invention independently selected from the group consisting of DMR#: #141, #204, #228, #144,
#123, #129, #137, #148, #150, #154, #158, #164, #176, #178, #180, #186, #188, #190, #192, #200,
#202, #208,#210, #213, #214, #219, #222, #223, #224, #225 and #226, or a nucleotide sequence present
within about 2,000bp (such as within about 200bp) 5’ or 3’ thereof, or an allelic variant and/or complementary
sequence of any of said nucleotide sequences,
wherein, the presence in at least one of said (eg cell-free) DNA molecules of one or more: (i) methylated CpGs
associated with one or more of the hyper-methylated DMRs of the present invention; and/or (ii) un-methylated CpGs
associated with one or more of the hypo-methylated DMRs of the present invention, indicates the presence of, or a
reduced response to therapy against, such cancer in said human individual.
[16] In a second aspect, and as may be further described, defined, claimed or otherwise disclosed herein, the
invention relates to a chemotherapeutic agent, such as one selected from the group consisting of: carboplatin,
paclitaxel, docetaxel, cisplatin, liposomal doxorubicin, gemcitabine, trabectedin, etoposide, cyclophosphamide, an
angiogenesis inhibitor (such as bevacizumab) and a PARP inhibitor (such as olaparib), for use in a method of therapy
of a cancer in a human individual, wherein said chemotherapeutic agent is administered to a human individual within
about 3 months of said human individual having been predicted and/or determined, using a method of the first

aspect, to not respond to a therapy against such cancer.
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[17] In a third aspect, and as may be further described, defined, claimed or otherwise disclosed herein, the
invention relates to a nucleic acid comprising a nucleic acid sequence consisting of at least about 10 contiguous
bases (preferably at least about 15 contiguous bases for any DMR other than DMR #222) comprised in a sequence
producible by bisulphite conversion of a sequence comprised within a DMR selected from the group consisting of
DMR#: #141, #204, #228, #144, #123, #129, #137, #148, #150, #154, #158, #164, #176, #178, #180, #186,
#188, #190, #192, #200, #202, #208,#210, #213, #214, #219, #222, #223, #224, #225 and #226, or an allelic
variant and/or complementary sequence of any of said nucleotide sequences.

[18] In other aspects, the invention also relates to a nucleic acid probe, a nucleic acid PCR primer pair, a
population of nucleic acids of the invention, a kit and a computer program product, in each case as may be
described, defined, claimed or otherwise disclosed herein, and in each case related to use within or in connection
with a method of the invention and/or to detect one or more a nucleic acid of the invention.

[19] The figures show:

[20] FIGURE 1 depicts the study design. Using two different epigenome-wide technologies, 711 human tissue
samples have been analysed to identify a total of 31 regions whose methylation status has been analysed in two sets
consisting of 151 serum samples. Three markers have been validated in two independent settings: (1) Serum Set 3
which consisted of 250 serum samples from women with various benign and malignant conditions of the female
genital tract; and (2) NACT (NeoAdjuvant ChemoTherapy) Set consisting of serial samples from women with
advanced stage ovarian cancer before and during chemotherapy. Samples obtainable from the UKCTOCS (United
Kingdom Collaborative Trial of Ovarian Cancer Screening) sample collection may be included in a third validation set
to include serum samples from those women in the control arm who developed ovarian cancer within 2 years; for
each case, a number of (such as three) control women who did not develop ovarian cancer within 5 years of sample
donation can been matched to those women who did so develop ovarian cancer.

[21] FIGURE 2 depicts the principles of methylation pattern discovery in tissue and analyses in serum. Reduced
Representation Bisulfite Sequencing (RRBS) was used in tissue samples in order to identify those CpG regions for
which methylation patterns discriminate ovarian cancer from other tissues, in particular blood cells which were
deemed to be the most abundant source of cell-free DNA. An example of region #141 is provided which is a 136
base-pair long region containing 7 linked CpGs. A cancer pattern may consist of reads in which all linked CpGs are
methylated, indicated by "1111111” (Panel A). The tissue RRBS data have been processed through a bioinformatic
pipeline in order to identify the most promising markers (Panel B). The principles of the serum DNA methylation
assay are demonstrated in Panel C.

[22] FIGURE 3 depicts serum DNA methylation analysis in women with benign and malignant conditions of the
female genital tract. Pattern frequencies for the different regions and CA125 levels analysed in Serum Set 3 samples
are shown and horizontal bars denote the mean (Panels A-C; ns not significant; *p<0.05, **p<0.01, ***p<0.001;
Mann-Whitney U test compared to HGS; H, Healthy; BPM, benign pelvic mass; BOT, borderline tumours; NET, non-
epithelial tumours; OCM other cancerous malignancies; NHGS, non-high grade serous ovarian cancers; HGS, high
grade serous; OC ovarian cancers). Based on Set 1&2 analyses cut-off thresholds of 0.0008, 0.0001 and 0.0001 for
regions #141, #204 and #228, respectively, to discriminate HGS OC from H or BPM women were chosen and
validated in Set 3; combining Sets 1-3 the cut-off thresholds have been refined for regions #204 and #228 so that
the final cut-offs were 0.0008, 0.00003 and 0.00001, respectively; the sample was called positive if at least one of
the three regions showed a pattern frequency above the cut-off; sensitivities and specificities to discriminate HGS
from H&BPM are shown in Panel E. The overlap between CA125 positive samples (cut-off >35IU/mL) and the three
DNA methylation (DNAme) marker panel in cases and controls is shown in Panel F.

[23] FIGURE 4 depicts the dynamics of serum DNA methylation markers and CA125 as a function of exposure to

carboplatin-based chemotherapy. The changes in pattern frequency of the three markers as well as CA125 is shown
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before compared to after 2 cycles of chemotherapy (Panels A-D). The changes of markers during chemotherapy and
whether this can predict response (as described in Supplementary Information) to chemotherapy in all patients and
in those who had no macroscopic residual disease after interval-debulking surgery (R0O/1) is shown (Panel E).
Definitions of CA125 and DNA methylation positivity are provided in FIGURE 3.

[24] FIGURE 5 depicts the algorithm which first determines sets of consecutive CpG sites of maximum size, from
which multiple potentially overlapping subsets are derived, which still meet the selection criteria.

[25] FIGURE 6 depicts cancer-specific differentially methylated region (DMR) discovery with Illumina 450K
methylation arrays. (A) Schematic illustration of DMRs that are discovered by the single CpG and range approaches.
Each horizontal line of lollipops indicates neighbouring CpGs in a single DNA molecule extracted from the indicated
tissue. Filled lollipop indicates a methylated CpG, and an unfilled lollipop indicates an unmethylated CpG. 450K
methylation arrays measure the ratio (% of methylation) of methylated and unmethylated molecules at a given
single CpG location. See Supplementary Information for details on the DMR discovery methods. “up-arrow” (4)
Single CpG DMRs (high scoring); “left/right-arrow” (€->») Range of DMR (high scoring); asterisk (*) Not identified as
DMRs because of the methylation in WBCs, “hash” (#) Not identified as high scoring DMRs with single CpG approach
because the methylation difference between OC and other control tissues (=colon, lung, liver, rectum, endometrium,
fimbriae and benign ovarian tissue) is not large enough. Identified as DMRs with range approach because the
pooling of neighbouring CpG information increases statistical robustness. (B) Example of the methylation data for a
high scoring DMR. The #228 targeted BS reaction was designed for this DMR.

[26] FIGURE 7 depicts a procedure for the isolation of cell-free DNA from a plasma or serum biological sample.
[27] FIGURE 8 depicts pattern frequencies for the different regions analysed in Serum Set 1 samples. H, Healthy;
BPM, benign pelvic mass; NHGS, non-high grade serous ovarian cancers; HGS, high grade serous ovarian cancers.
Horizontal bar denotes mean. ns not significant; *p<0.05, Mann-Whitney U test compared to HGS.

[28] FIGURE 9 depicts pattern frequencies for the different regions analysed in Serum Set 2 samples. H, Healthy;
BPM, benign pelvic mass; BOT, borderline tumour; NET, non-epithelial tumours; OCM, other cancerous malignancies;
NHGS, non-high grade serous ovarian cancers; HGS, high grade serous ovarian cancers. Horizontal bar denotes
mean. ns not significant; * p<0.05; ** p<0.01; *** p<0.001, Mann-Whitney U test compared to HGS.

[29] FIGURE 10 depicts coverage (number of reads) for the three different regions analysed in Serum Set 3
samples. H, Healthy; BPM, benign pelvic mass; BOT, borderline tumour; NET, non-epithelial tumours; OCM, other
cancerous malignancies; NHGS, non-high grade serous ovarian cancers; HGS, high grade serous ovarian cancers.
Horizontal bar denotes mean. ns not significant; * p<0.05; Mann-Whitney U test compared to HGS.

[30] FIGURE 11 depicts CA125 levels measured in the NACT (the neoadjuvant chemotherapy) Serum Set
samples. Samples taken before chemotherapy, after the first cycle of chemotherapy, and after the second cycle of
chemotherapy. ns not significant; ** p<0.01; Mann-Whitney U test compared to before chemotherapy.

[31] FIGURE 12 depicts pattern frequencies for the top 3 reactions measured in NACT Serum Set samples.
Samples taken before chemotherapy, after the first cycle of chemotherapy, and after the second cycle of
chemotherapy. * p<0.05; ** p<0.01; ** p<0.01; Mann-Whitney U test compared to before chemotherapy.

[32] FIGURE 13 depicts coverage (number of reads) for the top 3 reactions measured in NACT Serum Set
samples. Samples taken before chemotherapy, after the first cycle of chemotherapy, and after the second cycle of
chemotherapy. ns not significant; Mann-Whitney U test compared to before chemotherapy.

[33] FIGURE 14 depicts the magnitude and significance of the association between certain DMRs of the invention
and breast cancer. A box-plot of the level of methylation (average beta value “avbeta”) for each DMR in DNA isolated
from samples of normal (N) tissue, cancerous (C) tissue and white blood cells (WBC) is shown, together with the P-

value of a two-tailed Wilcoxon rank sum test.



10

15

20

25

30

35

40

WO 2018/109217 PCT/EP2017/083170

[34] FIGURE 15 depicts the magnitude and significance of the association between certain DMRs of the invention

and lung adenocarcinoma. A box-plot of the level of methylation (average beta value “avbeta”) for each DMR in DNA

isolated from samples of normal (N) tissue, cancerous (C) tissue and white blood cells (WBC) is shown, together with

the P-value of a two-tailed Wilcoxon rank sum test.

[35] FIGURE 16 depicts the magnitude and significance of the association between certain DMRs of the invention

and lung squamous cell carcinoma. A box-plot of the level of methylation (average beta value “avbeta”) for each

DMR in DNA isolated from samples of normal (N) tissue, cancerous (C) tissue and white blood cells (WBC) is shown,

together with the P-value of a two-tailed Wilcoxon rank sum test.

[36] FIGURE 17 depicts the magnitude and significance of the association between certain DMRs of the invention

and colon cancer. A box-plot of the level of methylation (average beta value “avbeta”) for each DMR in DNA isolated

from samples of normal (N) tissue, cancerous (C) tissue and white blood cells (WBC) is shown, together with the P-

value of a two-tailed Wilcoxon rank sum test.

[37] FIGURE 18 depicts the magnitude and significance of the association between certain DMRs of the invention

and pancreatic cancer. A box-plot of the level of methylation (average beta value “avbeta”) for each DMR in DNA

isolated from samples of normal (N) tissue, cancerous (C) tissue and white blood cells (WBC) is shown, together with

the P-value of a two-tailed Wilcoxon rank sum test.

[38] FIGURE 19 depicts the magnitude and significance of the association between certain DMRs of the invention

and uterine cancer. A box-plot of the level of methylation (average beta value “avbeta”) for each DMR in DNA

isolated from samples of normal (N) tissue, cancerous (C) tissue and white blood cells (WBC) is shown, together with

the P-value of a two-tailed Wilcoxon rank sum test.

[39] FIGURE 20 depicts the magnitude and significance of the association between certain DMRs of the invention

and cervical cancer. A box-plot of the level of methylation (average beta value “avbeta”) for each DMR in DNA

isolated from samples of normal (N) tissue, cancerous (C) tissue and white blood cells (WBC) is shown, together with

the P-value of a two-tailed Wilcoxon rank sum test.

[40] FIGURE 21 depicts the magnitude and significance of the association between certain DMRs of the invention

and prostate cancer. A box-plot of the level of methylation (average beta value “avbeta”) for each DMR in DNA

isolated from samples of normal (N) tissue, cancerous (C) tissue and white blood cells (WBC) is shown, together with

the P-value of a two-tailed Wilcoxon rank sum test.

[41] The present invention, and particular non-limiting aspects and/or embodiments thereof, can be described in

more detail as follows:

[42] In a first aspect, the invention relates to a method of determining the presence or absence of, or

response to therapy against, a cancer in a human individual, said method comprising the steps:

. Providing a biological sample from said human individual, said sample comprising DNA of said human
individual; and

. Determining, in at least one molecule of said DNA, the methylation status at one or more CpGs located within
one or more of the nucleotide sequences independently selected from the group consisting of: SEQ ID NOs: 1,
2,3,45,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 and 31
(for example, within one or more of the nucleotide sequences comprised in one or more of the respective DMRs
of the present invention independently selected from the group consisting of DMR#: #141, #204, #228, #144,
#123, #129, #137, #148, #150, #154, #158, #164, #176, #178, #180, #186, #188, #190, #192, #200,
#202, #208,#210, #213, #214, #219, #222, #223, #224, #225 and #226), or a nucleotide sequence present
within about 2,000bp (such as within about 200bp) 5’ or 3’ thereof, or an allelic variant and/or complementary

sequence of any of said nucleotide sequences,
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wherein, the presence in at least one of said DNA molecules of one or more: (i) methylated CpGs associated with
(such as located within) one or more of the hyper-methylated DMRs of the present invention (eg, as identified in
TABLE 1A), for example associated with (such as located within) one or more of said nucleotide sequences
independently selected from: SEQ ID NOs: 1, 2, 3, 4, 10, 12, 14, 15, 18, 19, 20, 21, 23, 24, 25, 26, 27, 28, 29 and
30; and/or (ii) un-methylated CpGs associated with (such as located within) one or more of the hypo-methylated
DMRs of the present invention (eg, as identified in TABLE 1B), for example associated with (such as located within)
one or more of said nucleotide sequences independently selected from: SEQ ID NOs: 5, 6, 7, 8, 9, 11, 13, 16, 17, 22
and 31, indicates the presence of, or a reduced response to therapy against, such cancer in said human individual.
[43] In certain embodiments of this aspect, the sample comprises cell-free DNA of said human individual, and
the determining step comprises determining, in at least one molecule of said cell-free DNA, the methylation status at
one or more of such CpGs, and wherein, the presence in at least one of said cell-free DNA molecules of one or more
of said methylated (or un-methylated) CpGs indicates the presence of, or a reduced response to therapy against,
such cancer in said human individual. In one particular such embodiment, the human individual is @ woman and the
cancer is ovarian cancer. In another particular such embodiment, the human individual is a woman and the cancer is
another gynaecological cancer (such as uterine cancer, vaginal cancer, cervical cancer, and vulvar cancer) or a
cancer of the colon or breast. In yet another particular such embodiment, the human individual is not a woman
and/or the cancer is not ovarian cancer and/or the cancer is not another gynaecological cancer (such as not uterine
cancer, vaginal cancer, cervical cancer, and/or vulvar cancer) and/or is not a cancer of the breast and/or is not a
cancer of the colon in a woman.

[44] In alternative embodiments, of this aspect, the sample comprises DNA of said human individual obtained
from a tissue sample taken from said human individual, such as a tissue sample (or biopsy) taken from (eg the site
of) a suspected cancer.

[45] In a certain particular embodiment of this aspect, the cancer is one selected from the group consisting of:
Ovarian cancer (OC), Bladder Urothelial Carcinoma (BLCA), Breast invasive carcinoma (BRCA), Cervical squamous cell
carcinoma and endocervical adenocarcinoma (CESC), Colon adenocarcinoma (COAD), Oesophageal carcinoma
(ESCA), Head and Neck squamous cell carcinoma (HNSC), Kidney cancer (eg Kidney renal clear cell carcinoma (KIRC)
and Kidney renal papillary cell carcinoma (KIRP)), Liver hepatocellular carcinoma (LIHC), Lung cancer (LC) (including
Lung squamous cell carcinoma (LSCC) and Lung adenocarcinoma (LUAD)), Pancreatic adenocarcinoma (PAAD),
Prostate adenocarcinoma (PRAD), Rectum adenocarcinoma (READ), Sarcoma (SARC), Skin Cutaneous Melanoma
(SKCM), Stomach adenocarcinoma (STAD), Thyroid carcinoma (THCA) and Uterine Corpus Endometrial Carcinoma
(UCEQ).

[46] In a first certain preferred embodiment of this aspect, the human individual is @ woman and the cancer is
one selected from the list consisting of: breast cancer, lung cancer, colon cancer, pancreatic cancer and ovarian
cancer.

[47] In a second certain preferred embodiment of this aspect, the human individual is @ man and the cancer is
one selected from the list consisting of: lung cancer, colon cancer and pancreatic cancer.

[48] In one particular preferred embodiment of this aspect, the cancer is breast cancer (and the human
individual is a woman).

[49] In another particular preferred embodiment of this aspect, the cancer is lung cancer (such as lung
adenocarcinoma or lung squamous cell carcinoma) and, for example, the human individual is a woman or a man.
[50] In yet another particular preferred embodiment of this aspect, the cancer is colon cancer and, for example,
the human individual is @ woman or a man (in particular, a man).

[51] In a yet further particular preferred embodiment of this aspect, the cancer is a pancreatic cancer and, for
example, the human individual is a woman or a man.
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[52] In one other further particular preferred embodiment of this aspect, the cancer is uterine cancer (and the
human individual is a woman).

[53] In another further particular preferred embodiment of this aspect, the cancer is cervical cancer (and the
human individual is a woman).

[54] yet another further particular preferred embodiment of this aspect, the cancer is prostate cancer (and the
human individual is @ man).

[55]1 The genomic sequence and genome coordinates (hg19) of one class of the regions of the genome used in

the present invention as a source of epigenetic markers, ie those where the presence of methylation at one or more
CpGs therein (or associated therewith, such as within about 2,000bp - such as within about 200bp - 5" or 3’ thereof),
and represent the hyper-methylated cancer-specific differentially methylated regions (DMRs) of the present
invention, are set out in TABLE 1A. Any of such CpGs (including those of an allelic variant and/or complementary

sequence of any of the respective said nucleotide sequence/s) is one considered “associated with” the respective

hyper-methylated cancer-specific DMR of the present invention.

TABLE 1A: Identity, source, genome-coordinates and genomic sequences of the hyper-methylated DMRs of the

present invention

Amplicon . . EQID
pMR | Data cool: d;:r::\tes Amplicon genomic sequence Class S N%
basis (relevant CpGs are underlined) '
# (hg19)
CATCCGGAGGCCCAGGGGTGAGGACTTCGCCACGGGAAGG
141 | RRBS chr5:178004395- | AGGCACACGATTCAGCCCATGACACCGCCACCTCGGCGTG Hyper 1
178004530 GTGCTGTAGGGGGAAGCTCAGGCACTCACCGAGGACAGGA P
CCCGGGGAATCCGCTG
GATATTCGGTGGAGAGCCGCAGCTGCCCGCCGCGGGGCCC
204 | RRBS chr1:151810784- | CAGGCGCAGCACGCTCTCGCGCGTGGGCCGCAGCTGGCAG |\, )
151810937 CACAGGAAGTCCAGGTGGAAGAGCGGCGGCGTGGGCGGCC P
CGGCGCGGCGCGECGAGTGCGGGCTGGTATCGGC
chr2:219736276- | CTICTATGGGCGAGCTGCTGCAGTGCGGCTGCCAGGCGLC
228 | 450K 219?36386 CCGCGGGCGGGCCCCTCCCCGGCCCTCCGGCCTGCCCGGC | Hyper 3
ACCCCCGGACCCCCTGGCCCCGCGGGCTCCC
CCCAGGCCTGACGTGGGTCCCCCAGGGCGGCGTCGCCAAG
144 | RRBS chr19:58220413- | GCTTAGACGCTTTCGTGCAGGAGGGACGACGACTCCCCTC Hvper 4
58220552 ACGCCTTCGTGGCCCCAACTCGGCGCTCTGCTATCTCTGA | ' YP
TCCGGTGAACACACCTCAGA
TCCCCGGAGTCCGGAGCTCAGGCCAGTGGCAGTCGACCCA
154 | RRBS chr17:70112132- | GCCCCCGAGACTCCCTCACGCCGCTCCAAAACCARAACGG Hyper 10
70112268 AGCCCAACACGAAGCTGGGTGAAGCCGTAGCTTGCAGGAG P
CCAGGGAGATGCGCTCT
GACTCGCGAGGTTTTCCAGCAGCTCATTCCGGGACGGCGG
164 | RRBS chr4:174427917- | TGTCTAGTCCAGTCCAGGGTAACTGGGCTCTCTGAGAGTC |\, 12
174428054 CGACCTCCATCGGTCTGGGAGCGAGTGGTTCGAGTTCAGA | 1P
TGCTGGGAACCGTCGCTT
GGCAGGAGCGCCCCACTATGCGCAAGCCCGTGGCCTGGAG
178 | RRBS chr19:13215409- | AGCGCTGAAGGTGGGAGGGGGAAGAGGGGCAGAACCCCCG Hyper 14
13215550 CGGGAGCGAGCGCACAGCTGCCGCCCCGTGGCCGCTTCGG P
GAATCGCTGGCTCCGGCTCTGG
CTGCAGAAGCGCACTTTGCTGAACACCCCGAGGACGTGCC
180 | RRBS chr3:192125846- | TCTCGCACAGGGAGCGCCCGTCTTTGCTGGGGCTGGAGCG Hyper i5
192125980 GCGCTTGGAGGCCGACACTCGGTCGCTGTTGGACTCCCTC P
GCCTGCCGCTTCTGC
chr9:79629064- | GTCAGACGAGAGCCTGGGGTCAATGTCGAGGTGGAGCGAC
190 | RRBS | S9c59172 GCTGGCACGGCAACCCTGAGCCTGCGCGGCCCGGCGCTAT | Hyper 18
CCCCTGGCTCTCCGCTGCTGGCTGGACCC
192 | RRBS | chr12:75601294- | CGGTAGGTCATCCAGCAGCAGGGCTCCACGTCGGTCTCGT | Hyper 19
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75601437 CGATGCCCCAGAAGGCCAGCTCCTCCTCGAAGAGCGGCCC
GCACACGTCTGCGGGGCAGTGCAGCTTGCCGGTGCGGTAG
TAATTGAGCACATAGGCGAAGACG
chr9:138999180- | AATCAGCCCAGCAACCGGCGACCCCAAGCGCGGCGACCGL
200 | RRBS 138§99294 AMAGGGAGTGCTTGCCCATCCGCGTTTGAAAGCAGACTTT | Hyper 20
TTCTCGGCAGGAACACAGGACTCACCTGCCAGTGG
GTGCGAACAAGACCGGGCGTTTCGCCGCCGACGCGAAGGG
chr1:2987508- GCTGTCTGTGCGCGGCGTTGCGGGCCCTCCGCGCGTGGGE
202 | RRBS | 5g87655 TGTGCGTGTGCGTGTTCGGGTTCGGTTCTGTGTGTGCACC | YPer 21
GCGGGCCTGCTCAGAGTCGGGACCACCG
TGCATACAGATTACTGTAGGACCATTTCCTGTGCCTTTTA
chr12:123713499 | TGCATACAG CTGTAGGACC CCTGTGCC
210 | 450K | 7joaotargg AAATTTCCTTTTCTCGTTTTATTTCACATATTCCTTTGTT | Hyper 23
. TTTTACAACTCC
chr2:106776938- | CCOCTCGGGRAATGGGARTATAGCTACATATGGGARRACGC
213 | 450K 1067.77040 GGTGCAGGGAGAAAACCAATTCAGTGAGGAGCGGAGGCGC | Hyper 24
AGGACTGTGGAGTGTGCATCCGG
chr3:141516260- | CTGCTTARAGGCGCAGAGGAGCAGCTGGGAACGAGRACRAA
214 | 450K | {4iciea03 AGCGGCCAGGCCCCCCTCGGAGGARGGAAGGAGAGAGCCC | Hyper 25
CAGGAAACAGCTGA
chr16:30484157- | GGATGAAGGATTCCTGCATCACTGTGATGGCCATGGCGCT
219 | 450K 30484257 GCTGTCTGGGTTCTTTTTCTTCGGTAGGCAAGGGAGGAGG | Hyper 26
CAGGGGRAAGGGACATGTGTCT
chr3:111809437- | TAGGCTACAGGAAGAGGCATTTCCTATAGATGACGGCTGT
222 1 450K | 141809506 AAAATTTTAAGCTGAGTTCCTCCAGGAAGT Hyper 27
chr10:120489250 | AACAGAGAGTGGTTGATAATCAGTAGAGAGAGGTTTCTAA
223 | 450K ; CTCACGGAAGTGTTTGCAATACAACCTCTTTGTACATCAG | Hyper 28
-120489333 cTGT
chri1:1874037- | GGTCCCCCTCCCCGAGCCATGAAGAGCTGCCTGCGGCCAT
224 | 450K | 1004133 CTTGGCCCTCGCACCCCGTCTCTGTCACCCCAGGCCCCTG | Hyper 29
TAACTTGCTTAACGCTT
chr7:142422193- | GRAGCTTGACACTCCTGGCCCCARACACTGCCTGGCTACA
225 | 450K , ACACGATATCCAGGGACAGATACCTTCCATGTACAGCAAG | Hyper 30
142422278 CTGTGE
[56] The genomic sequence and genome coordinates (hg19) of the other class of the regions of the genome

used in the present invention as a source of epigenetic markers, ie those where the absence of methylation at one or

more CpGs therein, (or associated therewith, such as within about 2,000bp - such as within about 200bp - 5" or 3’

thereof), and represent the hypo-methylated cancer-specific DMRs of the present invention, are set out in TABLE 1B.

Any of such CpGs (including those of an allelic variant and/or complementary sequence of the respective said

nucleotide sequence/s) is one considered “associated with” the respective hypo-methylated cancer-specific DMR of

the present invention.

TABLE 1B: Identity, source, genome-coordinates and genomic sequences of the hypo-methylated DMRs of the

present invention

DMR | Data ::\on::tl:llicr?antes Amplicon genomic sequence Class SIIE“%ID
# basis (relevant CpGs are underlined) '
(hg19)
chri6:1271152- | GCGAAGCAGGAGTAGCTGCCGGGCCCCACGAGCCTCCGTC
123 | RRBS 12712'71 CGTTCTGGTTCGGGTTTCTCCGAGTTTTGCTACCAGCCGA | Hypo 5
GGCTGTGCGGGCARCTGGGTCAGCCTCCCGTCAGGAGAGA
chr11:69054638- | ACTCTGCTGAGTGAGCTCACRAACAGGGCATAACCGAGA
129 | RRBS 69054757 CGCGGGAATGCCTGGGTCGCCGCGCAGTCACCGGGCAGGG | Hypo 6
CCGCCCTCCCCTGTGGGTCAGCARAAARCGGTGTCAAGTGA
ACTCCGCCACACACACAGCTGTACCCGGCACAACACGCGG
137 RRBS : == Hypo 7
chr12:132896275 | - 5 caGGTCACCTCAGGTCGCCTCGGGTGCTCCTCOOGCA P
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-132896404 GCCCCACGTAGACAGAAGACATTCCTCGGGCCTGGGTGCC
CAGCCTCCCG
chr2:72350509. | GAGGTAATGGAAGCGGCCATCCTTGTCCTCGCTCCGCGLC
148 | RRBS | -5309718 TGGCTGAAGCGATCGGGGTCGAACACGTTCACGTCTTTGA | Hypo 8
ACACGGGCGCTGTGTCATGGGTGTCCCGGATGCTATACAT
chr7:156735029- | GCGGGCACCTGTAGTCCCAGCTACTCGGGAGGCTGAGGLE
AGAAT TGAA A AGCTTGCAGCGA
150 | RRBS | 156735165 GGAGAATGGCGTGAACCCGGGAGGCGGAGCTTGCAGCGAG Hypo 9
CCGAGATCGCGCCACCGCACTCCAGCCTGGGCGACAGAGC
GAGACTCCGTCTAAAAA
GACTCTGTCTCAARAARAGAAAAAAATAGGGCCGGGCGCGE
158 | RRBS chr16:74441696- | TGGCTCACGCCTGTCATCCCAGCACTTTGGGAGGCCGAGG |\, o 11
74441831 CGGGTGGATCACGAGGTCGGGAGATCGATACCATCCTGGG VP
TAACACGGTGAAACCC
TAACCCATTTCTTTATTAAATTGCATGAAGAAGGCCGGGC
176 | RRBS chr6:119107203- | GCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCC | |y 13
119107340 GAGGCGGGCGGATCACGAGGTCAGGAGATCGAGACCACGG YPO
TGAAACCCCGTCTCTACT
CGTGTTAGCCAGGATGGTCTCGACCTCCTGACCTCGTGAT
186 | RRBS chr22:21483239- | CAGCCCGCCTCGGCCTCCCAAAGTGCTGGGATTARAGGCG |\, o 16
21483384 TGAGCCACCGCGCCGGGCCGAGACTCTGTCTTAARAARAA VP
AAGGCCTGGGCTGTGGCACTTTGGGA
AGAGTTGCACTCCGAAGACTCCAGATTCCGAGAGTTGCGG
188 | RRBS chr19:18497131- | AAACGCTACGAGGACCTGCTAACCAGGCTGCGGGCCARCC |\, o 17
18497271 AGAGCTGGGAAGATTCGAACACCGACCTCGTCCCGGCCCC yp
TGCAGTCCGGATACTCACGCC
ATATTAATCTTGTCCGGGCACGGTGGCTCACGCCTGTAAT
208 | RRBS chr8:55467518- | CCCAGCACTTTGGGAGGCCGAGGCGGGCGGATCACGAGGT |\, o 2
55467638 CAGGAGATCGAGACCATCCTGGCGAACATGGTGARACCTC P
G
chr1:3086452- GGGGGGACTGTCGTTAATTCACTGCCTAATGACCGCGGCC
226 | 450K 3086542 CGCGCGCTCCGAGTAATCGGGTGATGTATGTGGACTGTGC | Hypo 31
ACACCTCGTGG

[57] In particular embodiments, the present invention may not include (or not include the use of) one or more of
the specific epigenetic markers (eg the presence of absence of methylation at one or more CpGs therein, that are
within (or associated therewith, such as within about 2,000bp - such as within about 200bp - 5" or 3’ of) one or more
of the DMRs set forth in TABLE 1A or TABLE 1B), for example, the present invention may not encompass one, two,
three, four, five, six, seven, eight, nine, ten, or about 12, 15, 20, 25 28, 29, or 30 of the DMRs independently
selected from the group consisting of DMR#: #141, #204, #228, #144, #123, #129, #137, #148, #150, #154,
#158, #164, #176, #178, #180, #186, #188, #190, #192, #200, #202, #208,#210, #213, #214, #219, #222,
#223, #224, #225 and #226. In certain of such embodiments, the present invention may not encompass DMR #144
(SEQ ID NO. 4).

[58] As set out herein, the epigenetic marker (eg the presence/absence of methylation at a CpG) may be within
the nucleotide sequence of a DMR of the present invention, or may be present within about 2,000bp (such as within
about 200bp) 5’ or 3’ of such DMR sequence; ie is upstream or downstream of the DMR sequence disclosed herein.
This is because (CpG) “islands” are present throughout the genome and the cancer-specific pattern of
methylation/un-methylation described herein may equally be detectable elsewhere in such “island” such at one or
more CpGs located within about 2,000bp (eg about 200bp) 5’ or 3’ of the DMR sequence disclosed herein. Following
the disclosure herein, the person of ordinary skill will readily recognise that inspection of the human genome
sequence can identify other CpGs potentially useful epigenomic markers within any of such “islands” such as around
or associated with any of the DMRs of the present invention, and hence such other epigenomic markers (eg other
CpGs within about 2,000bp - such as within about 200bp - 5’ or 3’ of such DMR sequence) are specifically envisioned

as being within the scope of the present invention. In certain embodiments, one or more of said CpGs is located
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within about 1,750, 1,500, 1,250, 1,000, 750, 500, 250, 200, 150, 125, 100, 75, 60, 50, 40, 30, 25, 20, 15, 10 or 5
base pairs 5’ of a DMR described herein; or within about 1,750, 1,500, 1,250, 1,000, 750, 500, 250, 200, 150, 125,
100, 75, 60, 50, 40, 30, 25, 20, 15, 10 or 5 base pairs 3’ of a DMR described herein.

[59] In further embodiment, the DMR of the present invention may be a variant of the respective sequence
given herein. For example, by the deletion, addition or substitution of one or more (such as 2, 3, 4, 5 or more than
5) base pairs compared to the respective sequences. As will be understood by the person of ordinary skill, such
variants can exist in any population of women, such as by being an allelic variant or a SNP.

[60] As will also be appreciated by the person of ordinary skill, any of such sequences may be represented by (or
analysed as) a complementary sequence to any of the sequences set out herein.

[61] The term “human individual” (or “[said/the/such] individual”) will be readily understood by the person of
ordinary skill in the field of the present invention (eg, a clinical oncologist), and for the purposes herein such term is
used interchangeable with "woman or man” (and “women and/or men”, or the like, when used in the plural). Given
the types and nature of the cancers analysed herein, a human individual in the context of the present invention is,
typically, an adult human; that is one older than about 18, 20, 30, 40, 50, 60, 70 or 80 years (or even older). For
example, and in particular, the human individual may be middle-aged (eg, about 45 to 65) or elderly (eg, older than
about 65). More particularly, the human individual can, in certain embodiments, be older than about 50 years, for
example for prostate cancer. However, certain of the cancers analysed herein may occur in younger human
individuals, such as young adults (eg about 18 to 40-45). Indeed, whilst rare, such “adult” cancers may occur in
humans under the age of 18, such as in adolescent, pubescent or yet younger humans. For example, the most
common types of cancer diagnosed in the United States in 15 to 19 year-olds after lymphomas, brain and other
central nervous system tumours, and leukaemia, are gonadal (testicular and ovarian) germ cell tumours, thyroid
cancer, and melanoma (Siegel et al, 2017; A Cancer Journal for Clinicians 2017; 67:7). Accordingly, the term “human
individual” should also be understood to apply to any human under the age of 18 having, suffering from or suspected
to suffer from one of the (“adult”) cancers analysed herein, and such younger human, despite being under 18, would
still be considered a “woman” or a “man” (as applicable) for the purposes of the present invention. Furthermore, a

K

human that is classified as “intersexual” (or “transsexual”) would also be considered as a “human individual”, and
depending on the cancer such a human has, suffers from, or is suspected of suffering from, would still be considered
— for the purposes of the present invention — as a “woman” or a “man”. For example, an intersex (or transsexual)
human having a gynaecological cancer (such as ovarian cancer) would, for the purposes of the present invention, be
considered a “woman”, and an intersex (or transsexual) human having prostate cancer would, for the purposes of
the present invention, be considered a “man”. In the event an intersex (or transsexual) human has, is suffering from
or is suspect of suffering from a cancer such as lung, colon or pancreatic cancer, then such human can be
considered as a “human individual”, or either as a “woman” or a “man”, as applicable to the degree of intersex,
prevalence of sexual phenotypes, the professional judgment of the clinical oncologist or the personal preference of
the specific human. An intersex human individual suffering from breast cancer, would, for the purposes of the
present invention, typically be considered a “woman”; although cases of breast cancer in males are known.

[62] As used herein, “determining” may be understood in the broadest sense as any recognition, including
detection, localisation, diagnosis, classifying, staging or quantification of a (eg ovarian, breast, lung, colon,
pancreatic, uterine, cervical or prostate, or any other cancer analysed herein) cancer. Determining may be performed
as set out herein. In the context of the present invention, determining is, preferably, performed in respect of the
human individual (eg, woman or man, as applicable) in-vitro, for example as an in vitro method of diagnosis. That is,
the biological sample comprising (eg cell-free) DNA is obtained from the human individual, and the method of
determining (or, eg diagnosis) is conducted on such sample that is isolated and separated from said human
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individual. For example, the biological sample is processed in a laboratory and/or in plastic or glass receptacles to
analyses that the (eg cell-free) DNA of said human individual by a method of the present invention.

[63] As will be appreciated, a method that determines the response to therapy against a (eg ovarian, breast,
lung, colon, pancreatic, uterine, cervical or prostate, or any other cancer analysed herein) cancer in a human
individual (eg, a woman or man, as applicable) can be understood as a method of monitoring the increase (or
reduction) of the cancer in @ human individual previously diagnosed (eg by other methods or tests) with the cancer;
in particular providing a method of monitoring - in an individual-specific manner — the success of (chemo)therapy
administered to said human individual in reducing or otherwise treating the cancer, or other symptoms thereof.

[64] It will be understood by the person of ordinary skill that “determining” the presence or absence of (or
response to therapy against) a (eg ovarian, breast, lung, colon, pancreatic, uterine, cervical or prostate, or any other
cancer analysed herein) cancer may not be, in every and all circumstance, 100% accurate. Such determination (or
diagnoses) may be reported as a likelihood of the present or absence of the cancer, and/or interpreted in the context
of the false-positive and/or false-negative rates of such a method or test. As is conventional in diagnostic tests, such
rates can also be represented by the sensitivity and/or specificity of the test.

[65] Accordingly, in particular embodiments of the present invention, the tests or methods hereof provide a test
for the determination of ovarian cancer that has a sensitivity and/or specificity that is superior to that provided by a
CA125 test, and/or has non-overlapping false-positives and/or false-negatives with a CA125 test. Also envisioned are
embodiments of the present invention wherein a methods or test (for, eg ovarian, breast, lung, colon, pancreatic,
uterine, cervical or prostate cancer, or any other cancer analysed herein) may be provided having: (i) a sensitivity (ie
true-positive rate) of greater than about 30%, 40%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 88%, 90%,
92%, 94%, 95%, 96%, 97%, 98%, 99% or 99.5%, in particular greater than about 90%, 95% or 98%; and/or (ii) a
specificity (ie, true-negative rate) of greater than about 30%, 40%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
88%, 90%, 92%, 94%, 95%, 96%, 97%, 98%, 99% or 99.5%, in particular greater than about 55%, 60%, 70% or
80%. For example, in one embodiment, a test or method of the present invention may have a specificity of greater
than about 95% (such as about 98%) and a sensitivity of greater than about 60% (such as about 63%). In another
embodiment, a test or method of the present invention may have a specificity of greater than about 85% (such as
about 90%) and a sensitivity of greater than about 55% (such as about 58%). In yet another embodiment, a test or
method of the present invention may have a specificity of greater than about 98% (such as greater than about
99.5%) and a sensitivity of greater than about 70% (such as greater than about 75%), for example if applied to a
general population. As will be appreciated, such test parameters can depend on the population of human individuals
(eg women and/or men, as applicable) being screened, and in particular the prevalence of the cancer (eg OC, or
breast, lung, colon, pancreatic, uterine, cervical or prostate cancer, or any other cancer analysed herein) in such
population. In this regard are presented two examples: (1) in a population which has a dramatically increased
prevalence of OC (eg BRCA mutation carriers who have an OC lifetime risk of up to 60%), a lower specificity may be
applicable as the rate of false positives will be substantially lower and a false-positive result would have substantial
less impact in such women - who may eventually opt for risk reducing surgery anyway; and (2) in a general
population setting, the prevalence of OC in those women actually tested using the present invention may be
“artificially increased” by conducting a pre-screen for OC (eg, by using ROCA or other diagnostic tests/methods as
described elsewhere herein) and then conducting a test of the present invention only in the sub-population of
women who have an intermediate or elevated OC risk as determined by such pre-screen (which may be about 8% of
general female population), and in this sub-population of women, a lower specificity may also be applicable.

[66] The term “ovarian cancer” is art recognised, and encompasses any cancer that forms in tissue associated
with the ovary; in particular those that result in abnormal cells that have the ability to invade or spread to other parts

of the body. The most common type of ovarian cancer, comprising more than 95% of cases, is ovarian carcinoma.
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There are five main subtypes of ovarian carcinoma, of which high-grade serous (HGS) is most common. The other
main subtypes include: low-grade serous, endometrioid, clear cell and mucinous carcinomas. These tumours are
believed to start in the cells covering the ovaries, though some may form at the Fallopian tubes. Other types of
ovarian cancer include germ cell tumours and sex cord stromal tumours. For the purpose of the present invention,
the term “ovarian cancer” can also include peritoneal cancer and Fallopian tube cancer, in each case in women, as
both are high-grade serous, have analogous biology to ovarian cancer and have the same treatment modalities as
ovarian cancer.

[67] The various aspects and embodiments of the present invention, may apply to any one (or more) of such
specific types/subtypes of ovarian cancer, and in particular the discrimination of one types/subtypes of ovarian
cancer from others or from other disorders (such as gynaecological disorders). For example, in certain
embodiments, the present invention is used to discriminate ovarian cancer from benign pelvic mass, and/or high-
grade serious (HGS) ovarian cancer from less severe or aggressive forms of ovarian cancer, and/or or chemotherapy-
resistant from chemotherapy-responsive ovarian cancer.

[68] In other aspects or embodiments of the present invention, the test may determine (or diagnose) the
presence or absence of a cancer in a woman other than ovarian cancer (instead of, or as well as, determining the
presence or absence of, or the response to therapy against, ovarian cancer). Such other cancer may be another
gynaecological cancer (such as uterine cancer, vaginal cancer, cervical cancer, and vulvar cancer) or a cancer of the
colon or breast. Such aspects or embodiments are particular envisioned for the present invention which makes use
of one or more epigenetic markers (eg, one or more methylated CpGs, in particular the related CpGs thereof) located
within (or within about 2,000bp - such as within about 200bp - 5" or 3’ of) a nucleic acid sequence comprised in DMR
#204 [SEQ ID No. 2], optionally where the present invention makes use of one or more further epigenetic markers
within one or more other DMRs of the present invention (such as #141, #228 and/or #144 [SEQ ID NOs: 1, 3,
and/or 4, respectively]; in particular #141, and #228, or #228 and #144).

[69] In yet other aspects or embodiments of the present invention, the test may determine (or diagnose) the
presence or absence of a cancer in a woman other than ovarian cancer (instead of, or as well as, determining the
presence or absence of, or the response to therapy against, ovarian cancer). Such other cancer may be breast
cancer, lung cancer (eg lung adenocarcinoma, lung squamous carcinoma), colon cancer, pancreatic cancer, uterine
cancer or cervical cancer, or it may be bladder cancer, oesophageal cancer, head and neck cancer, kidney clear cell
cancer, kidney papillary cell cancer, liver cancer, rectum cancer, sarcoma, skin cutaneous melanoma, stomach cancer
or thyroid cancer.

[70] In yet further aspects or embodiments of the present invention, the test may determine (or diagnosis) the
presence or absence of a cancer in a man. Such other cancer may be lung cancer (eg lung adenocarcinoma, lung
squamous carcinoma), colon cancer, pancreatic cancer or prostate cancer, or it may be bladder cancer, oesophageal
cancer, head and neck cancer, kidney clear cell cancer, kidney papillary cell cancer, liver cancer, rectum cancer,
sarcoma, skin cutaneous melanoma, stomach cancer or thyroid cancer.

[71] The term “breast cancer” is art recognised, and encompasses any cancer that forms in tissue associated
with the breast; in particular those that result in abnormal cells that have the ability to invade or spread to other
parts of the body. Aspects or embodiments of the present invention in respect of breast cancer and cell-free DNA are
particular envisioned for the present invention which makes use of one or more epigenetic markers (eg, one or more
methylated CpGs, in particular the related CpGs thereof) located within (or within about 2,000bp - such as within
about 200bp - 5’ or 3’ of) a nucleic acid sequence comprised in one or more (eg, two, three or four) of the DMRs
selected from the list consisting of: #144, #188, #200, #202, #204, #210, #213, #219 and #228 (FIGURE 14), in
particular DMRs selected from the list consisting of: #200, #202, #210, #213, #219 and #228, and preferably a
combination that includes at least two of these DMRs, such as a combination of two DMRs as set forth in Table X1.
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Aspects or embodiments of the present invention in respect of breast cancer and DNA of said human individual

obtained from a tissue sample are particular envisioned for the present invention which makes use of one or more

epigenetic markers (eg, one or more methylated CpGs, in particular the related CpGs thereof) located within (or

within about 2,000bp - such as within about 200bp - 5" or 3’ of) a nucleic acid sequence comprised in one or more

(eg, two, three or four) of the DMRs selected from the list consisting of: #144, #188 and #204, and preferably a

combination that includes at least two of these DMRs, such as a combination of two DMRs as set forth in Table X2.
TABLE X1: Preferred pair-combinations of DMRs in respect of breast cancer and cell-free DNA

#200 & #202 | #200 & #210 | #200 & #213 | #200 & #219 | #200 & #228
#202 & #210 | #202 & #213 | #202 & #219 | #202 & #228
#210 & #213 | #210 & #219 | #210 & #228
#213 & #219 | #213 & #228
#219 & #228

TABLE X2: Preferred pair-combinations of DMRs in respect of breast cancer and DNA from tissue samples

#144 & #188 | #144 & #204
#188 & #204

[72] In one particular preferred embodiment of the invention, the cancer is breast cancer (and the human
individual is a woman) and one of the DMRs is #228, and more preferably another DMR is selected from one or more
of the other DMRs of the invention, such as one or more DMR selected from the list consisting of: #204, #144 and
#141. In particular of such embodiments, the sample comprises cell-free DNA of said woman (eg, cell-free DNA
isolated from a plasma or serum sample from such woman), and the determining step comprises determining, in at
least one molecule of said cell-free DNA, the methylation status at one or more of the CpGs located associated with
such DMR(s), and wherein, the presence in at least one of said cell-free DNA molecules of one or more of said
methylated CpGs indicates the presence of, or a reduced response to therapy against, such cancer in said woman.
[73] The term “lung cancer” is art recognised, and encompasses any cancer that forms in tissue associated with
the lung; in particular those that result in abnormal cells that have the ability to invade or spread to other parts of
the body, and includes lung adenocarcinoma and lung squamous cell carcinoma.

[74] The term “lung adenocarcinoma” (pulmonary adenocarcinoma) is art recognised, and encompasses lung
cancer that contains certain distinct malignant tissue architectural, cytological, or molecular features, including gland
and/or duct formation and/or production of significant amounts of mucus; in particular those cancers that result in
abnormal cells that have the ability to invade or spread to other parts of the body. Lung adenocarcinomas are highly
heterogeneous tumours. Several major histological subtypes are currently recognized by the World Health
Organisation: Non-invasive or minimally invasive adenocarcinoma, Adenocarcinoma in situ of the lung
(Bronchioalveolar carcinoma), Minimally invasive adenocarcinoma of the lung, Invasive adenocarcinoma, Acinar
predominant adenocarcinoma, Papillary predominant adenocarcinoma, Micropapillary predominant adenocarcinoma,
Solid predominant adenocarcinoma and Invasive mucinous adenocarcinoma. Aspects or embodiments of the present
invention in respect of lung adenocarcinoma and cell-free DNA are particular envisioned for the present invention
which makes use of one or more epigenetic markers (eg, one or more methylated CpGs, in particular the related
CpGs thereof) located within (or within about 2,000bp - such as within about 200bp - 5" or 3’ of) a nucleic acid
sequence comprised in one or more (eg, two, three or four) of the DMRs selected from the list consisting of: #188,
#200, #210, #213, #214, #219, #244 and #228 (FIGURE 15), in particular DMRs selected from the list consisting
of: #213, #219 and #224, and preferably a combination that includes at least two of these DMRs, such as a
combination of two DMRs as set forth in Table X3. Aspects or embodiments of the present invention in respect of
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lung adenocarcinoma and DNA of said human individual obtained from a tissue sample are particular envisioned for
the present invention which makes use of one or more epigenetic markers (eg, one or more methylated CpGs, in
particular the related CpGs thereof) located within (or within about 2,000bp - such as within about 200bp - 5" or 3’
of) a nucleic acid sequence comprised in one or more (eg, two, three or four) of the DMRs selected from the list
consisting of: #188, #200, #210, #214, and #228, and preferably a combination that includes at least two of these
DMRs such a combination of two DMRs as set forth in Table X4.

TABLE X3: Preferred pair-combinations of DMRs in respect of lung adenocarcinoma and cell-free DNA

#213 & #219 | #213 & #224
#219 & #224

TABLE X4: Preferred pair-combinations of DMRs in respect of lung adenocarcinoma and DNA from tissue samples

#188 & #200 | #188 & #210 | #188 & #214 | #188 & #228
#200 & #210 | #200 & #214 | #200 & #228
#210 & #214 | #210 & #228
#214 & #228

[75] In one particular preferred embodiment of the invention, the cancer is lung adenocarcinoma (and the
human individual is @ woman or a man) and one of the DMRs is #228, and more preferably another DMR is selected
from one or more of the other DMRs of the invention, such as one or more DMR selected from the list consisting of:
#204, #144 and #141. In particular of such embodiments, the sample comprises cell-free DNA of said human
individual (eg, cell-free DNA isolated from a plasma or serum sample from such human individual), and the
determining step comprises determining, in at least one molecule of said cell-free DNA, the methylation status at one
or more of the CpGs located associated with such DMR(s), and wherein, the presence in at least one of said cell-free
DNA molecules of one or more of said methylated CpGs indicates the presence of, or a reduced response to therapy
against, such cancer in said human individual.

[76] The term “lung squamous cell carcinoma” (squamous-cell carcinoma of the lung) is art recognised, and
encompasses a type of non-small-cell lung carcinoma and is more common in men than in women. It is closely
correlated with a history of tobacco smoking, more so than most other types of lung cancer. Currently, four variants
(papillary, small-cell, clear-cell, and basaloid) of squamous-cell carcinoma of the lung are recognised. Aspects or
embodiments of the present invention in respect of lung squamous cell carcinoma and cell-free DNA are particular
envisioned for the present invention which makes use of one or more epigenetic markers (eg, one or more
methylated CpGs, in particular the related CpGs thereof) located within (or within about 2,000bp - such as within
about 200bp - 5’ or 3’ of) a nucleic acid sequence comprised in one or more (eg, two, three or four) of the DMRs
selected from the list consisting of: #123, #144, #202, #204, #210, #213, #214, #219 and #228 (FIGURE 16), in
particular DMRs selected from the list consisting of: #213, #219 and #228, and preferably a combination that
includes at least the two DMRs #213 and #219 or #219 and #228. Aspects or embodiments of the present invention
in respect of lung squamous cell carcinoma and DNA of said human individual obtained from a tissue sample are
particular envisioned for the present invention which makes use of one or more epigenetic markers (eg, one or more
methylated CpGs, in particular the related CpGs thereof) located within (or within about 2,000bp - such as within
about 200bp - 5’ or 3’ of) a nucleic acid sequence comprised in one or more (eg, two, three or four) of the DMRs
selected from the list consisting of: #123, #144, #202, #204, #210, #213 and #214, and preferably a combination
that includes at least two of these DMRs, such as a combination of two DMRs as set forth in Table X5.

TABLE X5: Preferred pair-combinations of DMRs in respect of lung squamous cell carcinoma and DNA from tissue

samples
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#123 & #144 | #123 & #202 | #123 & #204 | #123 & #210 | #123 & #213 | #123 & #214
#144 & #202 | #144 & #204 | #144 & #210 | #144 & #213 | #144 & #214
#202 & #204 | #202 & #210 | #202 & #213 | #202 & #214
#204 & #210 | #204 & #213 | #204 & #214
#210 & #213 | #210 & #214
#213 & #214
[77] In one particular preferred embodiment of the invention, the cancer is lung squamous cell carcinoma (and

the human individual is a woman or a man) and one of the DMRs is #228, and more preferably another DMR is
selected from one or more of the other DMRs of the invention, such as one or more DMRs selected from the list
consisting of: #204, #144 and #141. In particular of such embodiments, the sample comprises cell-free DNA of said
human individual (eg, cell-free DNA isolated from a plasma or serum sample from such human individual), and the
determining step comprises determining, in at least one molecule of said cell-free DNA, the methylation status at one
or more of the CpGs located associated with such DMR(s), and wherein, the presence in at least one of said cell-free
DNA molecules of one or more of said methylated CpGs indicates the presence of, or a reduced response to therapy
against, such cancer in said human individual.

[78]
the colon; in particular those that result in abnormal cells that have the ability to invade or spread to other parts of

The term “colon cancer” is art recognised, and encompasses any cancer that forms in tissue associated with

the body. Aspects or embodiments of the present invention in respect of colon cancer and cell-free DNA are
particular envisioned for the present invention which makes use of one or more epigenetic markers (eg, one or more
methylated CpGs, in particular the related CpGs thereof) located within (or within about 2,000bp - such as within
about 200bp - 5’ or 3’ of) a nucleic acid sequence comprised in one or more (eg, two, three or four) of the DMRs
selected from the list consisting of: #123, #144, #188, #202, #204, #210, #213, #214 and #228 (FIGURE 17), in
particular DMRs selected from the list consisting of: #202 and #213, and preferably a combination that includes at
least the two DMRs #202 and #213. Aspects or embodiments of the present invention in respect of colon cancer and
DNA of said human individual obtained from a tissue sample are particular envisioned for the present invention which
makes use of one or more epigenetic markers (eg, one or more methylated CpGs, in particular the related CpGs
thereof) located within (or within about 2,000bp - such as within about 200bp - 5’ or 3’ of) a nucleic acid sequence
comprised in one or more (eg, two, three or four) of the DMRs selected from the list consisting of: #123, #144,
#188, #204, #210, #214 and #228, and preferably a combination that includes at least two of these DMRs, such as
a combination of two DMRs as set forth in Table X6.
TABLE X6: Preferred pair-combinations of DMRs in respect of colon cancer and DNA from tissue samples

#123 & #144 | #123 & #188 | #123 & #204 | #123 & #210 | #123 & #214 | #123 & #228
#144 & #188 | #144 & #204 | #144 & #210 | #144 & #214 | #144 & #228

#188 & #204 | #188 & #210 | #188 & #214 | #188 & #228

#204 & #210 | #204 & #214 | #204 & #228

#210 & #214 | #210 & #228

#214 & #228

[79]
individual is a woman or a man, in particular a man) and one of the DMRs is #228, and more preferably another

In one particular preferred embodiment of the invention, the cancer is colon cancer (and the human

DMR is selected from one or more of the other DMRs of the invention, such as one or more DMRs selected from the
list consisting of: #204, #144 and #141. In particular of such embodiments, the sample comprises cell-free DNA of

said human individual (eg, cell-free DNA isolated from a plasma or serum sample from such human individual), and
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the determining step comprises determining, in at least one molecule of said cell-free DNA, the methylation status at
one or more of the CpGs located associated with such DMR(s), and wherein, the presence in at least one of said cell-
free DNA molecules of one or more of said methylated CpGs indicates the presence of, or a reduced response to
therapy against, such cancer in said human individual.
[80] The term “pancreatic cancer” is art recognised, and encompasses any cancer that forms in tissue associated
with the pancreas; in particular those that result in abnormal cells that have the ability to invade or spread to other
parts of the body. Aspects or embodiments of the present invention in respect of pancreatic cancer and cell-free DNA
are particular envisioned for the present invention which makes use of one or more epigenetic markers (eg, one or
more methylated CpGs, in particular the related CpGs thereof) located within (or within about 2,000bp - such as
within about 200bp - 5’ or 3’ of) a nucleic acid sequence comprised in one or more (eg, two, three or four) of the
DMRs selected from the list consisting of: #144, #204, #213 and #228 (FIGURE 17), in particular DMRs selected
from the list consisting of: #204 and #213, and preferably a combination that includes at least the two DMRs #204
and #213. Aspects or embodiments of the present invention in respect of pancreatic cancer and DNA of said human
individual obtained from a tissue sample are particular envisioned for the present invention which makes use of one
or more epigenetic markers (eg, one or more methylated CpGs, in particular the related CpGs thereof) located within
(or within about 2,000bp - such as within about 200bp - 5" or 3’ of) a nucleic acid sequence comprised in one or
more (eg, two, three or four) of the DMRs selected from the list consisting of: #144 and #228, and preferably a
combination that includes at least the two DMRs #144 and #228.
[81] In one particular preferred embodiment of the invention, the cancer is pancreatic cancer (and the human
individual is @ woman or @ man) and one of the DMRs is #228, and more preferably another DMR is selected from
one or more of the other DMRs of the invention, such as one or more DMRs selected from the list consisting of:
#204, #144 and #141. In particular of such embodiments, the sample comprises cell-free DNA of said human
individual (eg, cell-free DNA isolated from a plasma or serum sample from such human individual), and the
determining step comprises determining, in at least one molecule of said cell-free DNA, the methylation status at one
or more of the CpGs located associated with such DMR(s), and wherein, the presence in at least one of said cell-free
DNA molecules of one or more of said methylated CpGs indicates the presence of, or a reduced response to therapy
against, such cancer in said human individual.
[82] The term “uterine cancer” is art recognised, and encompasses any cancer that forms in tissue associated
with the uterus; in particular those that result in abnormal cells that have the ability to invade or spread to other
parts of the body. Aspects or embodiments of the present invention in respect of uterine cancer and cell-free DNA
are particular envisioned for the present invention which makes use of one or more epigenetic markers (eg, one or
more methylated CpGs, in particular the related CpGs thereof) located within (or within about 2,000bp - such as
within about 200bp - 5’ or 3’ of) a nucleic acid sequence comprised in one or more (eg, two, three or four) of the
DMRs selected from the list consisting of: #123, #144, #188, #200, #202, #204, #213, #214 and #228 (FIGURE
17), in particular DMRs selected from the list consisting of: #200 and #213, and preferably a combination that
includes at least the two DMRs #200 and #213. Aspects or embodiments of the present invention in respect of
uterine cancer and DNA of said human individual obtained from a tissue sample are particular envisioned for the
present invention which makes use of one or more epigenetic markers (eg, one or more methylated CpGs, in
particular the related CpGs thereof) located within (or within about 2,000bp - such as within about 200bp - 5" or 3’
of) a nucleic acid sequence comprised in one or more (eg, two, three or four) of the DMRs selected from the list
consisting of: #123, #144, #188, #202, #204, #214 and #228, and preferably a combination that includes at least
two of these DMRs, such as a combination of two DMRs as set forth in Table X7.

TABLE X7: Preferred pair-combinations of DMRs in respect of uterine cancer and DNA from tissue samples
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#123 & #144 | #123 & #188 | #123 & #202 | #123 & #204 | #123 & #214 | #123 & #228
#144 & #188 | #144 & #202 | #144 & #204 | #144 & #214 | #144 & #228
#188 & #202 | #188 & #204 | #188 & #214 | #188 & #228
#202 & #204 | #202 & #214 | #202 & #228
#204 & #214 | #204 & #228
#214 & #228

[83]
the human individual is @ woman) and one of the DMRs is #228, and more preferably another DMR s selected from

In one particular preferred embodiment of the invention, the cancer is uterine (endometrial) cancer (and

one or more of the other DMRs of the invention, such as one or more DMRs selected from the list consisting of:
#204, #144 and #141. In particular of such embodiments, the sample is a sample of vaginal fluid or a cervical
smear sample from such woman, and for example comprises cell-free DNA of said woman. Alternatively, the sample
comprises cell-free DNA isolated from a plasma or serum sample from such woman. In each case, the determining
step can comprise determining, in at least one molecule of said (eg cell-free) DNA, the methylation status at one or
more of the CpGs located associated with such DMR(s), and wherein, the presence in at least one of said (eg cell-
free) DNA molecules of one or more of said methylated CpGs indicates the presence of, or a reduced response to
therapy against, such cancer in said woman.

[84]
with the cervix; in particular those that result in abnormal cells that have the ability to invade or spread to other

The term “cervical cancer” is art recognised, and encompasses any cancer that forms in tissue associated

parts of the body. Aspects or embodiments of the present invention in respect of cervical cancer and cell-free DNA
are particular envisioned for the present invention which makes use of one or more epigenetic markers (eg, one or
more methylated CpGs, in particular the related CpGs thereof) located within (or within about 2,000bp - such as
within about 200bp - 5" or 3’ of) a nucleic acid sequence comprised in one or more (eg, two, three or four) of the
DMRs selected from the list consisting of: #144, #202, #210, #213, #214, #219 and #228 (FIGURE 14), in
particular DMRs selected from the list consisting of: #210, #213, #219 and #228, and preferably a combination that
includes at least two of these DMRs, such as a combination of two DMRs as set forth in Table X8. Aspects or
embodiments of the present invention in respect of cervical cancer and DNA of said human individual obtained from
a tissue sample are particular envisioned for the present invention which makes use of one or more epigenetic
markers (eg, one or more methylated CpGs, in particular the related CpGs thereof) located within (or within about
2,000bp - such as within about 200bp - 5’ or 3’ of) a nucleic acid sequence comprised in one or more (eg, two, three
or four) of the DMRs selected from the list consisting of: #144, #202 and #214, and preferably a combination that
includes at least two of these DMRs such a combination of two DMRs as set forth in Table X9.

TABLE X8: Preferred pair-combinations of DMRs in respect of cervical cancer and cell-free DNA

#210 & #213 | #210 & #219 | #210 & #228
#213 & #219 | #213 & #228
#219 & #228

TABLE X9: Preferred pair-combinations of DMRs in respect of cervical cancer and DNA from tissue samples

#144 & #202

#144 & #214
#202 & #214

[85]
individual is a woman) and one of the DMRs is #228, and more preferably another DMR is selected from one or more

In one particular preferred embodiment of the invention, the cancer is cervical cancer (and the human

of the other DMRs of the invention, such as one or more DMRs selected from the list consisting of: #204, #144 and
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#141. In particular of such embodiments, the sample is a sample of vaginal fluid or a cervical smear sample from
such woman, and for example comprises cell-free DNA of said woman. Alternatively, the sample comprises cell-free
DNA isolated from a plasma or serum sample from such woman. In each case, the determining step can comprise
determining, in at least one molecule of said (eg cell-free) DNA, the methylation status at one or more of the CpGs
located associated with such DMR(s), and wherein, the presence in at least one of said (eg cell-free) DNA molecules
of one or more of said methylated CpGs indicates the presence of, or a reduced response to therapy against, such
cancer in said woman.

[86] The term “prostate cancer” is art recognised, and encompasses any cancer that forms in tissue associated
with the prostate; in particular those that result in abnormal cells that have the ability to invade or spread to other
parts of the body. Aspects or embodiments of the present invention in respect of prostate cancer and cell-free DNA
are particular envisioned for the present invention which makes use of one or more epigenetic markers (eg, one or
more methylated CpGs, in particular the related CpGs thereof) located within (or within about 2,000bp - such as
within about 200bp - 5" or 3’ of) a nucleic acid sequence comprised in one or more (eg, two, three or four) of the
DMRs selected from the list consisting of: #144, #188, #200, #202, #204, #219 and #228 (FIGURE 17), in
particular DMRs selected from the list consisting of: #219 and #228, and preferably a combination that includes at
least the two DMRs #219 and #228. Aspects or embodiments of the present invention in respect of prostate cancer
and DNA of said human individual obtained from a tissue sample are particular envisioned for the present invention
which makes use of one or more epigenetic markers (eg, one or more methylated CpGs, in particular the related
CpGs thereof) located within (or within about 2,000bp - such as within about 200bp - 5" or 3’ of) a nucleic acid
sequence comprised in one or more (eg, two, three or four) of the DMRs selected from the list consisting of: #144,
#188, #200, #202 and #204, and preferably a combination that includes at least two of these DMRs, such as a
combination of two DMRs as set forth in Table X10.

TABLE X10: Preferred pair-combinations of DMRs in respect of prostate cancer and DNA from tissue samples
#144 & #188 | #144 & #200 | #144 & #202 | #144 & #204
#188 & #200 | #188 & #202 | #188 & #204
#200 & #202 | #200 & #204
#202 & #204

[87] In other certain particular embodiments of the invention, a combination of the cancer and the DMR is one
selected from those shown in Table Y1 or Table Y2, in particular any such combination that is marked by “+" or “++"
as being preferred or more preferred (respectively) as being a tissue ("T"), a cell-free ("C”) or both a tissue and a
cell-free ("T/C"”) DNA marker. Raw data/graphs are not shown, but those combinations showing at least a reasonable
difference in magnitude in methylation between cancerous tissue DNA and normal tissue DNA as well as between
cancerous tissue DNA and WBC DNA are marked as “T/C”; those showing at least a reasonable difference in
magnitude in methylation between cancerous tissue DNA and normal tissue (but not meaningfully between
cancerous tissue DNA and WBC DNA) are marked as “T”; while those showing at least a reasonable difference in
magnitude in methylation between cancerous tissue DNA and WBC DNA (but not meaningfully between cancerous
tissue DNA and normal tissue DNA) are marked as “C". Those combinations of DMR and cancer showing no such
meaningful difference in methylation are marked as “NS”. The general classification of the utility of each
marker/cancer combination as preferred or more preferred is marked as “+" or “++”, respectively, and as

determined by inspection of the relative magnitudes and significances of each effect.
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TABLE Y1: DMR/cancer pair-combinations of particular utility in the present invention

Cancer/DMR #123 #137 #144 #148 | #164 | #188 | #200 #202 | #204 | #210
BLCA T/C+ | C++ | T/C++ C C+ C+ C+ T/C T/C C++
BRCA NS C++ | T/C++ C C+ T/C+ C++ C+ TC++ | C++
CESC C C++ | T/C++ NS C+ C C++ C++ C C++
COAD T/C+ C++ C++ C T/C+ C++ C C++ C+ C++
ESCA T/C C++ | T/C++ T T/C+ C C+ C C+ C++
HNSC T/C C++ | T/C++ NS T/C+ C C++ | T/C+ C+ C++
KIRC T/C+ | C++ T NS T T/C+ | C++ T/C T/C C++
KIRP T C++ T C C C++ C++ C NS C++
LIHC T C++ | T/C++ C T/C C++ C++ C T/C C++
LSCC T/C C++ | T/C++ T T/C+ C+ C+ T/C T/C T/C+
LUAD T/C C++ | T/C++ T T/C+ | T/C+ | C++ T/C NS T/C+
PAAD NS C++ | T/C++ C T/C+ C+ C+ NS C+ C+
PRAD T/C+ C++ | T/C++ C T/C+ | T/C+ C++ T/C+ C++ C
READ T/C++ | C++ C++ C T/C+ C++ C C+ C+ C++
SARC NS C++ C C C+ C C++ C C C++
SKCM C C++ ® C C+ C+ C++ C C+ C*
STAD C+ C++ | T/C++ C C+ C+ C++ C C C*
THCA C+ C++ C C C+ C C++ NS C+ C++
UCEC T/C++ | C++ | T/C++ T C++ T/C+ C++ T/C+ | TC++ C+

TABLE Y2: Further DMR/cancer pair-combinations of particular utility in the present invention

Cancer/DMR #213 | #214 | #219 | #222 | #223 | #224 | #225 | #226 | #228
BLCA C++ T/C C+ C C+ C C T/C T/C+
BRCA C++ C C++ C C+ C+ C C C++
CESC C++ C C++ C C++ C+ C C C+
COAD C++ C+ C+ T T/C C+ C NS T/C+
ESCA C++ | T/C+ C+ C T/C+ C C C T/C+
HNSC C++ T/C+ C+ C+ C+ C+ C NS C++
KIRC C++ T/C C+ C C+ C++ C C C
KIRP C++ C C++ C+ C C++ C+ C T/C
LIHC C++ C C C+ C+ C T T/C T/C
LSCC C++ T/C+ C+ T/C T/C+ C+ C T T/C+
LUAD C++ T/C+ C+ C T/C+ C+ C NS T/C
PAAD C++ C C++ C C C+ C+ C T/C
PRAD C++ C C C+ C++ C+ C++ NS C++
READ C++ C C T C C T/C NS C
SARC C++ NS C C C+ C++ NS NS NS
SKCM C+ C C+ C T/C+ C NS C C
STAD C++ C C+ C C+ C+ C C T/C+
THCA C++ T C++ C++ C+ C++ C++ C NS
UCEC C++ | T/C+ C++ C++ C++ C++ C T/C T/C+

5 [88] Accordingly, in specifically preferred embodiment, the combination of cancer and DMR(s) for use in cell-free

DNA embodiments of the invention, are any of those represented by a “"C++" or a “T/C++" in Tables Y1 or Table Y2,
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and the combination of cancer and DMR(s) for use in tissue-sample DNA embodiments of the invention, are any of
those represented by a “T/C++". AS will now be apparent to the person of ordinary skill, a plurality of the DMRs of
the invention (eg, two, three or four), each having (eg a preferred or more preferred) utility for the same cancer may
be used together, and hence such combinations are also envisioned and form other particularly preferred
embodiments of the present invention. Therefore, particularly preferred DMRs of the invention include DMR
numbers: #137 (showing utility as a cell-free methylation marker in most cancer types), #144 (showing utility as a
cell-free and/or tissue methylation maker in many cancers), #188 (showing utility as a cell-free and/or tissue
methylation maker in many cancers), #200 (showing utility as a cell-free methylation marker in many cancer types),
#210 (showing utility as a cell-free methylation marker in most cancer types), #213 (showing utility as a cell-free
methylation marker in many cancer types), #224 (showing utility as a cell-free methylation marker in many cancer
types) and #228 (showing utility as a cell-free and/or tissue methylation maker in many cancers).

[89] In a particularly preferred embodiment, a plurality of two or more DMRs of the present invention, where
such plurality comprises both DMR #228 and #144, are used as (eg cell-free) methylation markers for a cancer in a
human individual, in particular when the cancer is selected from the lists consisting of: (1) breast cancer, lung
cancer, colon cancer, pancreatic cancer and ovarian cancer, in each case when the human individual is a woman; or
(2) lung cancer, colon cancer and pancreatic cancer, in each case when the human individual is @ man. In further
preferred of such embodiments, such plurality of DMRs further includes DMR #204 and/or #141. Such embodiments
of the invention using a combination of DMRs comprising both DMR #228 and #144 also include those where, when
the human individual is @ woman, the cancer is not ovarian cancer and/or is not breast cancer and/or is not colon
cancer, such as when the human individual is a woman then the cancer is lung cancer and/or pancreatic cancer.
[90] The biological sample to be provided in this aspect of the present invention may be obtained from the
human individual (eg, a woan having, suspected of having or being investigated for having, ovarian cancer or any
other cancer (other than prostate cancer) analysed herein, or a man having, suspected of having or being
investigated for having, any cancer (other than a gynaecological cancer or breast cancer) analysed herein) by any
procedure, process or step that the person of ordinary skill will recognise. For example, a biological sample may be
obtained by surgery, biopsy, swab, collection of biological fluids etc. The biological sample may be a sample of
tissue and/or fluid of the human individual (eg the woman). Examples of a biological fluid include whole blood or a
blood fraction (eg, such as plasma or serum). In alternative examples, the sample — from a woman — may be a
biological fluid selected from the group consisting of: urine, saliva, sweat, tears, phlegm, beast milk, breast aspirate,
vaginal secretion, vaginal wash and colonic wash and cervical smear. In alternative examples, the sample — from a
man — may be a biological fluid selected from the group consisting of: urine, saliva, sweat, tears, phlegm, smegma,
semen and colonic wash.

[91] In one embodiment, the biological sample may be a liquid biological sample selected from the group
consisting of: a blood sample, a plasma sample and a serum sample. In more particular embodiments, the sample is
a plasma or serum sample from the human individual (eg the woman or man, as applicable), or is urine from the
human individual (eg the woman female or man, as applicable). In certain embodiments, the sample is substantially
(or essentially) free from cells, and/or is not a whole blood sample.

[92] In some embodiments, the biological sample is a tissue sample from the human individual, such as a
sample of a tumour or a cancer from the human individual. Such tissue sample may be a biopsy sample of the
tumour or a cancer such as a needle biopsy samples, or a tumour biopsy sections or an archival sample thereof.
Such a tissue sample may comprise living, dead or fixed cells, such as from the tumour or a cancer.

[93] Methods of collecting such biological samples will be known to the person of ordinary skill, in particular the
collection of whole blood (eg by needle-puncture of a suitable vein of the woman), and the subsequent preparation

of plasma or serum from the whole blood (such as described in the examples hereof). In particular embodiments, the
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blood may be collected, stored and/or transported in a cell-free DNA blood collection tube, such as one with a
formaldehyde-free preservative that stabilises nucleated blood cells. Such stabilisation would be expected to prevent,
or reduce, the release of genomic DNA (eg from nucleated blood cells), enhancing the isolation of high-quality cell-
free DNA which can be further used in the method or other aspects of the present invention. The use of such tubes
in the present invention can, in certain embodiments, reduce the need for immediate plasma preparation. For
example, cell-Free DNA is stable for up to 14 days, at room temperature, allowing convenient sample collection,
transport and storage over such period. Suitable blood collection tubes include the “Cell-Free DNA BCT®" of Streck
Inc, such as their research grade or CE-marked versions of this product.

[94] Accordingly, in certain embodiments, the whole blood collected, for example collected in such a free DNA
blood collection tube, may be processed within about 14 days of collection, such as within about 10 days, 7 days, 5
days, 4 days, 3 days or 2 days, or between about 30 mins and 24 hours (such as within about 12 or 8 hours) of
collection. Between collection and processing (for example during storage and/or transport) the sample may be kept
at ambient (such as room) temperature, or may be maintained at a reduced temperature by refrigeration of use of
cooling materials. Suitable reduced temperatures include about 10°C, 4°C or lower, such as about 0°C, -18°C or -
70°C, or lower such as about -200°C (as may be provided by storage in liquid nitrogen).

[95] Steps of subsequent processing can include centrifugation or other methods to separate intact cells (such as
red and nucleated blood cells) from the biological sample, preparation of plasma or serum from a blood sample
and/or extraction of cell-free DNA from the biological. Suitable methods for extraction of cell free DNA, in particular
from plasma or serum are described in the examples herein. For example, the QIAamp Circulating Nucleic Acid
and/or DNeasy Blood and Tissue extraction product series of Qiagen, as well as automated systems for DNA
extraction such as the QiaSymphony (Qiagen), Chemagen 360 (PerkinElmer). The same, analogous or modified
procedures may be used to subsequently process other biological fluids, such as urine, tears, breast aspirate or
vaginal swabs (or cervical smears), to isolate cell-free DNA therefrom, as too to subsequently process other biological
fluids such as urine, saliva, sweat, tears, phlegm, smegma, semen and colonic wash.

[96] The biological sample from the human individual (eg the woman or man, as applicable) comprises, in
certain embodiments, cell-free DNA of said human individual. The term “cell-free DNA” (or “cfDNA") is art
recognised, and includes the meaning of DNA that is found outside of a cell, such as in a biological fluid (eg blood, or
a blood fraction) of a human individual. In particular embodiments, the cell-free DNA may be circulating.
“Circulating” is also an art-recognised term, and includes the meaning that an entity or substance (eg cfDNA) is
present in, detected or identified in, or isolated from, a circulatory system of the human individual, such as the blood
system or the lymphatic system. In particular, when cfDNA is “circulating” it is not located in a cell, and hence may
be present in the plasma or serum of blood, or it may be present in the lymph of lymphatic fluid.

[97] The cell-free DNA present in such a biological sample may arise from different sources (ie, tissues or cells)
present in or of the human individual (eg the woman or man, as applicable). For example, cfDNA may derive from
nucleated (such as white) blood cells and/or other “normal” cells of the body such as dead/dying (or
apoptotic/necrotic) epithelial or other cells. Such cfDNA can be deemed “somatic” cfDNA as it is derived from cells
that are assumed to comprise a normal genomic complement, genetic and epigenetic make up of the human
individual (eg the woman or man, as applicable). In addition to such somatic cfDNA, such a biological sample may
contain cfDNA derived from other sources, and hence the total cfDNA present in, or extracted from, the biological
sample (such as plasma or serum) may be an admixture of cfDNA derived from two or more different sources, each
source providing cfDNA which may have a different genomic complement and/or genetic or epigenetic make up. In
the present invention, the determination of the presence or absence (or response to therapy against) of a cancer in
the human individual (eg ovarian cancer in a woman) is based on a differential epigenetic make up — as described for

the first time herein for the DMRs of the present invention — of (eg cfDNA) derived from cells of the cancer compared
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to that of the somatic (eg cfDNA) present in the biological sample. The (eg cell free “cf”) DNA derived from a tumour
(such as an ovarian cancer cell) can be described as (eg circulating) tumour DNA ("tDNA” or “ctDNA” if circulating
tumour DNA). In the present invention, the determination of the presence or absence (or response to therapy
against) of the cancer (eg ovarian cancer) is based on the (eg single-molecule) analysis of certain epigenetic markers
present on the tDNA/ctDNA (as applicable) derived from the cancer (eg ovarian cancer). However, cfDNA present in
such a biological sample may contain cfDNA from sources other than, or in additional to, ctDNA derived from the
cancer (eg ovarian cancer). For example, cfDNA may comprise an admixture of somatic cfDNA of the human
individual (eg a woman), and ctDNA derived from one or more other cancers (or tumorous tissues/cells) that may be
present in the human individual (eg for a woman, such as breast cancer). Furthermore, if @ woman is pregnant, the
cfDNA may comprise cfDNA derived from the foetus and/or the placenta of such foetus (Lo et al 1997, Lancet
350:485), or if the human individual (eg a woman or man, as applicable) has received a tissue, cell or blood
transplant/transfusion donated by another individual, the cfDNA of the human individual may comprise DNA derived
from the cells of such other individual.

[98] The amount of total cfDNA isolated from such a biological sample, in particular from a blood or blood-
fraction sample, may differ from human individual to human individual (eg, from woman to woman) and sample to
sample (such as, dependent on the storage, transport, temperature and other environmental conditions the samples
is subjected to, as described in the example). For example, between about 0 ng (ie, absence, or essentially absent)
and 5000 ng cfDNA per mL of plasma/serum, such as about between about 2 ng/mL or 10 ng/mL and about 2000 or
1000 ng/mL, in particular between about 2 ng/mL or 10 ng/mL and about 500 ng/mL or between about 15 ng/mL or
20 ng/mL or 30 ng/ml or 40 ng/ml or 50 ng/mL and about 500 ng/ ml, 400 ng/mL or 300 mg/mL or 250 mg/mL or
200 mg/mL, such as (eg in cases when blood is collected in a free DNA blood collection tube) between about 2
ng/mL or 20 ng/mL and about 500 ng/mL. In any of such embodiments (in particular, when the total cfDNA is at an
amount of between about 2 ng/mL or 20 ng/mL and about 500 ng/mL), the ctDNA (such as that derived from
ovarian cancer, or another cancer analysed herein) comprises at (or more than) about 0.001%, 0.0025%, 0.005%,
0.0075%, 0.01%, 0.025%, 0.05%, 0.075%, 0.1%, 0.25%, 0.5%, 0.75%, 1%, 2%, 3%, 4%, 5%, 7.5% or 10% of
the total cfDNA, such as between about 0.001% and about 10%, or between about 0.1% and about 10%, or
between about 0.5% and about 10%, or between about 0.5% and about 5%, or between about 1% and about 5%,
and/or the frequency of an epigenetic marker of the present invention (such as one associated with DMR #141,
#204, or #228) is at (or more than) about one molecule of the epigenetic marker to about 3, 5, 10, 15, 20, 25, 50,
60, 75, 100, 150, 200, 250, 500, 750, 1000, 1500, 2000, 3000, 4000, 5000, 10000 or more than 10000, such as
about 100000 molecules of total cfDNA (or fragments) presenting in or isolated from such biological sample.

[99] Cell-free DNA if present in, or isolated from, a biological sample (such as plasma or serum) is, typically,
fragmented. In certain embodiments, the average fragment size of such cfDNA may be between about 50 bp and
5000 bp, for example between about 50 bp and 3000 bp, between about 50 bp and 3000 bp, between about 50 bp
and 2000 bp, 50 bp and 2000 bp, such as between about 75 bp and 1000 bp or between about 75 bp and 750 bp, or
between about 100 bp and 300 bp, such as between about 150 bp and 200 bp. The average fragment size (and
amount/concentration) of cfDNA may be determined by any suitable methodology, as will be apparent to the person
of ordinary skill, including by capillary electrophoresis analysis and/or size fractional analysis, such as the Fragment
Analyzer and the High Sensitivity Large Fragment Analysis Kit (AATI, USA). Such characterisation can occur prior to
the determination step, as its outcome may be used to influence the number of molecules to be analysed and/or the
number of those molecules exhibiting the cancer-specific DNAme marker (as described elsewhere herein).

[100] The inventors have identified that, for certain of the DMRs of the present invention, one or more of the
CpGs therein have particular relevance for the association of such CpG's/s’ methylation status to the presence or

absence of, or response to therapy against, one or more certain cancers in a human individual (eg, an ovarian
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cancer, breast cancer, cervical cancer or uterine cancer in a woman or a prostate cancer in a man, or other certain
cancers eg bladder cancer, colon cancer, oesophageal cancer, head and neck cancer, kidney cancer, liver cancer,
lung cancer, pancreatic cancer, rectal cancer, sarcoma, skin melanoma, stomach cancer or thyroid cacner in either a
woman or a man, as applicable). The identify of those CpGs (each, a “relevant CpG”) is underlined in TABLE 1A and
TABLE 1B, as applicable, and the genomic position (hg19) of the cytosine (C) of each such relevant CpGs for such
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DMRs of the present invention is set forth in TABLE 1C.
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TABLE 1C: Genome-coordinates of the Cs for each relevant CpGs of the DMRs of the present invention

DMR# | Genome coordinates (hg19) of the Cs for relevant CpGs Class
1a | Chr5:178004422-178004427-178004442-178004460-178004468-178004471- Hvoer
178004504 P
chr1:151810811-151810814-151810816-151810828-151810835-151810841-
204 | 151810843-151810845-151810852-151810887-151810890-151810893-151810899- | Hyper
151810904-151810907-151810909
sog | CNr2:219736312-219736317-219736319-219736335-219736343-219736352- Hvoer
219736361 P
144 | chr19:58220440-58220443-58220446-58220460-58220466-58220479-58220482- Hyper
58220494-58220500-58220513-58220516
123 | chr16:1271180-1271188-1271192-1271202-1271212-1271229-1271239 Hypo
129 | chr11:69054678-69054680-69054700-69054709 Hypo
137 | chri2:132896310-132896312-132896333-132896338-132896351-132896361- oo
132896381 yp
148 | chr2:72359633-72359635-72359648-72359652-72359682 Hypo
150 | Chr7:156735054-156735067-156735078-156735086-156735093-156735105- oo
156735110-156735116-156735118-156735124-156735140 P
154 | chr17:70112177-70112190-70112193-70112209-70112221-70112237 Hyper
158 | chri6:74441733-74441743-74441771-74441776-74441787-74441793-74441801 Hypo
164 | chr4:174427997-174428007-174428018-174428027 Hyper
176 | chr6:119107242-119107244-119107282-119107287 Hypo
178 | chr19:13215489-13215495-13215499-13215510-13215521 Hyper
180 | chr3:192125900-192125924-192125927-192125938-192125945-192125949 Hyper
186 | chr22:21483289-21483317-21483327-21483329-21483332-21483337 Hypo
188 | chr19:18497159-18497226-18497233-18497239 Hypo
chr9:79629090-79629100-79629103-79629111-79629128-79629130-79629135-
190 Hyper
79629138
1gp | Chri2:75601322-75601325-75601331-75601334-75601361-75601368-75601373- Hvoer
75601379-75601385-75601403-75601408 P
s00 | Chro:138999208-138999210-138999213-138999217-138999240-138999242- Hvoer
138999264 yp
20 | Chr1:2987558-2987560-2987577-2987579-2987581-2987592-2987598-2987604- Hvber
2987610-2987627-2987629 P
208 | chr8:55467548-55467576-55467581-55467585-55467592-55467606 Hypo
210 | chr12:123713553 Hyper
213 | chr2:106776975-106776977-106777009-106777015 Hyper
214 | chr3:141516291-141516302-141516317 Hyper
219 | chr16:30484193-30484218 Hyper
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222 ¢hr3:111809470 Hyper
223 chr10:120489294 Hyper
224 | chr11:1874070-1874086-1874093 Hyper
225 chr7:142422236 Hyper
226 | chr1:3086485-3086487-3086492-3086494-3086496-3086501-3086509 Hypo

[101] An epigenetic marker of, or for use in, the present invention may comprise the presence/absence, as
applicable, of methylation at a CpG associated with (such as located within) any of the DMRs of the present invention
(or within about 2,000bp - such as within about 200bp - 5’ or 3’ thereof), and in particular the presence/absence, as
applicable, of methylation at one of the relevant CpGs associated with a given DMR of the present invention as set
forth in TABLE 1C. However, as set out herein, the determination of the presence or absence of (or response to
therapy against) a cancer in a human individual (eg an ovarian cancer in a woman) may be enhanced if, in respect of
one or more of such DMRs, the methylation status at a plurality of CpGs for such DMR is determined.

[102] Accordingly, the present invention specifically includes embodiments where the methylation status is
determined at a number being two, three, four, five, six, seven, eight, nine, ten, about 12, about 15, about 20, about
25 or more of said CpGs located within said nucleotide sequence and in particular at such number of - or up to the
maximum number of — any CpGs (or the relevant CpGs as set forth in TABLE 1C) associated with a given DMR of the
present invention. In such embodiments, the presence in at least one of said (eg cell-free) DNA molecules of at least
one, up to the respective said number (such as a number between about three and about fifteen) of methylated
CpGs or un-methylated CpGs (as applicable) located within one or more of said nucleotide sequences indicates the
presence of, or a reduced response to therapy against, the cancer in said human individual (eg an ovarian cancer in
said woman).

[103] For example, the present invention includes embodiments where the methylation status is determined at
two, three, four, five, six, seven, eight, nine, ten, 11, 12, 13, 14 or 15 CpGs (such as between about four and about
ten) located within a hyper-methylated DMR (eg, those set forth in TABLE 1A) of the present invention (or associated
therewith, such as within about 2,000bp - such as within about 200bp - 5" or 3’ thereof), and wherein the presence
of at least one methylated such CpG associated with such a hyper-methylated DMR of the invention, such as all such
CpGs or at least all of the applicable relevant CpGs in such DMR as set forth in TABLE 1C (such as at all two, three,
four, five, six, seven, eight, nine, ten, 11, 12, 13, 14 or 15, up to the maximum number of such CpGs associated with
said DMR), indicates the presence of, or a reduced response to therapy against, the cancer in said human individual
(eg an ovarian cancer in said woman). Preferably, in such embodiments, the presence of methylation at all of the
relevant CpGs (see TABLE 1C) for a given hyper-methylated DMR (eg, those set forth in TABLE 1A) indicates the
presence of, or a reduced response to therapy against, the cancer in said human individual (eg an ovarian cancer in
said woman).

[104] As another example, the present invention also includes embodiments where the methylation status is
determined at two, three, four, five, six, seven, eight, nine, ten, 11, 12, 13, 14 or 15 CpGs (such as between about
four and about ten) located within a hypo-methylated DMR (eg, those set forth in TABLE 1B) of the present invention
(or associated therewith, such as within about 2,000bp - such as within about 200bp - 5’ or 3’ thereof), and wherein
the absence of at least one methylated such CpG associated with such a hypo-methylated DMR of the invention,

such as all such CpGs or at least all of the applicable relevant CpGs in such DMR as set forth in TABLE 1C (such as at
all two, three, four, five, six, seven, eight, nine, ten, 11, 12, 13, 14 or 15, up to the maximum number of such CpGs
associated with said DMR), indicates the presence of, or a reduced response to therapy against, the cancer in said
human individual (eg an ovarian cancer in said woman). Preferably, in such embodiments, the absence of

methylation at all of the relevant CpGs (see TABLE 1C) for a given hypo-methylated DMR (eg, those set forth in
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TABLE 1B) indicates the presence of, or a reduced response to therapy against, the cancer in said human individual
(eg an ovarian cancer in said woman).

[105] As will be apparent to the person of ordinary skill, the maximum number of CpGs for which such
determination of methylation status may be made will be the number of CpGs located within the sequence that is
analysed. For example, for DMR #141 (SEQ ID No. 1), the wild-type sequence shows that 7 CpGs are located
therein (of which all 7 are underlined in TABLE 1A, are further identified in TABLE 1C and are the relevant CpGs for
such DMR), and hence such number of CpGs would represent a maximum number of CpGs in respect of such
sequence for which the methylation status may be determined and hence used to investigate the presence of, or a
reduced response to therapy against, the cancer in said human individual (eg an ovarian cancer in said woman).
[106] The status of methylation at any of such CpGs may be determined to be absent (un-methylated) or to be
present (methylated), such as in the form of methylcytosine and/or hydroxymethylcytosine and/or formylcytosine, in
particular 5-methylcytosine (5mC) or 5-hydroxymethylcytosine (5hmC) or 5-formylcytosine (5fC) (Li & Liu, 2011;
Journal of Nucleic Acids, article ID 870726. Ito et al, 2011; Science 333:1300). In one embodiment, the present
invention relates to the determination of the 5-methylation and/or 5-hydroxymethylcytosine status at one or more Cs
in said CpGs, wherein the presence of one or more 5-methylcytosine and/or 5-hydroxymethylcytosine in the CpGs (in
particular, in the relevant CpGs for a DMR, as set out in TABLE 1C) indicates the presence of, or a reduced response
to therapy against, the cancer in said human individual (eg an ovarian cancer in said woman). Any of those CpGs
investigated which are determined not to comprise 5-methylcytosine, are typically un-methylated cytosine, but in
certain embodiments one or more may comprise modifications other than 5-methylcytosine, such as 5hmC or 5fC.
Investigation of the respective modification comprised in CpGs is art know, including methylation-sensitive restriction
enzyme or bisulphite conversion/analysis (eg for 5mC and/or 5hmC) and reduced bisulphite sequencing (redBS-Seq)
(eg, for 5fC), as may be conducted by or products obtained from Cambridge Epigenetix Ltd (UK). Alternatively,
single-molecule DNA sequencing/analysis techniques (such as those utilised in the PacBio or Nanopore instruments
described elsewhere herein) may be used to determine the status and form of the methylation present at the CpGs
that are interrogated as part of the present invention.

[107] As well as the present invention including embodiments were the methylation status at one or more CpGs
(in particular, at one or more relevant CpGs) is determined located within a single DMR of the present invention (or
associated therewith, such as within about 2,000bp - such as 200bp - 5" or 3’ thereof), for example a DMR selected
from the group consisting of #141, #204 and #228 and #144 (SEQ ID NOs.: 1, 2 and 3 and 4, respectively), it
specifically envisions other embodiments wherein such CpGs are located within a plurality of DMRs of the present
invention (or associated therewith, such as within about 2,000bp - such as within 200bp - 5" or 3’ thereof). Also as
described herein, the determination of the presence or absence of (or response to therapy against) the cancer in said
human individual (eg an ovarian cancer in a woman) may be enhanced if, in respect of such plurality DMRs, the
methylation status of at least one (or more) CpGs of such DMRs is determined, especially those embodiments where
in respect of each of such plurality of DMRs, the methylation status of a plurality of CpGs (such as two, three, four,
five, six, seven, eight, nine, ten or more than ten, such as 11, 12, 13, 14 or 15, or between about four and about
ten), and in particularly of the applicable relevant CpGs for a DMR, is determined.

[108] Accordingly, in certain embodiments of the present invention, the methylation status at one or more CpGs
(in particular, of the applicable relevant CpGs) located within a number of two, three, four, five, six, seven, eight,
nine, ten or more than ten (such as 11, 12, 13, 14 or 15, or between about four and about ten) of said nucleotide
sequences (in particular, within at least two, three or four nucleotide sequences) is determined; wherein, the
presence in at least one of said (eg cell-free) DNA molecules of one or more (such as between about four and about
ten): (i) methylated such CpGs (eg the relevant CpGs set out in TABLE 1C) located within one or more of said
nucleotide sequences of the hyper-methylated DMRs (eg, those of TABLE 1A); and/or (ii) un-methylated such CpGs
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(eg the relevant CpGs set out in TABLE 1C) located within one or more of said nucleotide sequences of the hypo-
methylated DMRs (eg, those of TABLE 1B), indicates the presence of, or a reduced response to therapy, against the
cancer in said human individual (eg an ovarian cancer in said woman). In certain of such embodiments, one or more
other CpGs within the nucleotide sequence(s) may be either methylated or un-methylated (or their methylation
status undetermined), wherein said pattern of methylation can also indicate the presence of (or reduced response to
therapy against) the cancer in said human individual (eg ovarian cancer in said woman). For example, one pattern of
methylation that indicates the presence of (or reduced response to therapy against) the cancer in said human
individual (eg ovarian cancer in said woman) may be for a hyper-methylated DMRs (eg, those of TABLE 1A) that all
(or all but one, two or three) of the relevant CpGs set out in TABLE 1C for such DMR are methylated, and that all
other CpGs are either methylated or un-methylated (or their methylation status is undetermined); ie that for DMR
#228, a pattern of methylation of linked CpGs therein of "X111X111” indicates the presence of (or reduced response
to therapy against) the cancer in said human individual (eg ovarian cancer in said woman) (where “1” represents the
presence of a methylated CpG and “X” represents the presence of either a methylated or an un-methylated CpG; and
the relative position of the non-relevant CpG for #228). In another example, one pattern of methylation that
indicates the presence of (or reduced response to therapy against) the cancer in said human individual (eg ovarian
cancer in said woman) may be for a hypo-methylated DMRs (eg, those of TABLE 1A) that all (or all but one, two or
three) of the relevant CpGs set out in TABLE 1C for such DMR are un-methylated, and that all other CpGs are either
methylated or un-methylated (or their methylation status is undetermined). In certain embodiments of the present
invention, the pattern of methylation/un-methylation for a given DMR that is associated with the presence of (or
reduced response to therapy against) the cancer in said human individual (eg ovarian cancer in said woman) is
shown in Table 2B.

[109] The present invention additionally provides for particularly advantageous nucleotide sequences associated
with one or more CpGs (in particularly at least one of the applicable relevant CpGs), the methylation status of which
is associated with the presence or absence of, or response to therapy against, a cancer in a human individual (eg an
ovarian cancer in a woman). As described above, such nucleotide sequences include those selected from the group
consisting of DMR#: #141, #204, #228, #144, #123, #129, #137, #148, #150, #154, #158, #164, #176, #178,
#180, #186, #188, #190, #192, #200, #202, #208,#210, #213, #214, #219, #222, #223, #224, #225 and #226;
in particular #141 and/or #204 and/or #228 and/or #144 and/or #154 and/or #158 and/or #186 and/or #188
and/or #202 , such as preferably #141 and/or #204 and/or #228 (SEQ ID NOs: 1, 2 and 3, respectively), or in
certain other embodiments a nucleotide sequence present within about 2,000bp (such as within about 200bp) 5" or 3
thereof, and alternatively, in each case, an allelic variant and/or a complementary sequence of any of said nucleotide
sequences.

[110] Accordingly, in a particular embodiment, the method of the present invention said nucleotide sequence(s)
is/are #141 and/or #204 and/or #228 (SEQ ID NOs: 1, 2 and/or 3); for example, at least one of said nucleotide
sequences is #141; or an allelic variant and/or complementary sequence of any of said nucleotide sequences. In an
alternative embodiment, the method of the present invention said nucleotide sequence is #144 (SEQ ID NO 4), or an
allelic variant and/or complementary sequence of any of said nucleotide sequences; which embodiment may also be
include the determination of methylation status at CpGs (in particularly at the applicable relevant CpGs) located in
one or more of the nucleotide sequence #141 and/or #204 and/or #228 and/or #144 (SEQ ID NOs: 1, 2 and/or 3
and/or 4). As set out elsewhere, also envisioned are embodiments where the CpGs are located in a nucleotide
sequence present within about 2,000bp (such as within about 200bp) 5" or 3’ of each or any of the respective DMRs.
In particular of such embodiments, said nucleotide sequences and the relevant CpGs thereof are, respectively, those
set out in TABLE 1D, or an allelic variant and/or complementary sequence of any of said nucleotide sequences.
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TABLE 1D: Genomic sequences of the non-primer portion of particular DMRs of the present invention

Marker . Genome coordinates
DMR# | coordinates z:r::;'?teg og: ‘;f:illtrl:ir:;leine d)] (hg19) of the Cs for SE‘QOID
(hg19) P relevant CpGs i
chr5:178004422-
chr5:178004422 | SECCACCGGRAGGAGGCACACGATTCAGCCCA | 99604457 178004442-
141 178004505 TGACACCGCCACCTCGGCGTGGTGCTGTAGGG 178004460-178004468 156
- GGAAGCTCAGGCACTCACCG - -
178004471-178004504
chr1:151810811-
151810814-151810816-
CGCCGCGGGGCCCCAGGCGCAGCACGCTCTCG }g}giggﬁ}g}g}ggig
204 chr1:151810811 CGCGTGGGCCGCAGCTGGCAGCACAGGAAGTC 151810845-151810852 157
-151810917 CAGGTGGAAGAGCGGCGGCGTGGGCGGCCCGE ) )
Cacateactae 151810887-151810890-
== 151810893-151810899-
151810904-151810907-
151810909
chr2:219736312-
228 chr2:219736301 CGGCTGCCAGGCGCCCCGCGGGLCGGGCCCCTC 219736317-219736319- 158
-219736362 CCCGGCCCTCCGGCCTGCCCGGCACCCCCE | 219736335-219736343-
219736352-219736361
chr19:58220440-58220443-
chr19:58220438 | CCCCCCETCCCCAACGCTTAGACGCTTTCGTG ggggg;‘ggzggggﬁg:
144 : CAGGAGGGACGACGACTCCCCTCACGCCTTCG 159
-58220517 Ol 58220482-58220494-
= 58220500-58220513-
58220516

[111] As shown in the examples, a particularly useful test is provided by those embodiments of the present
invention in which the methylation status may be determined at one or more CpGs associated with each of a plurality
of the DMRs described herein. For example, more than one (such as two, three, four, five, six, seven, eight, nine or
ten) of such nucleotides sequence may be investigated for the presence or absence of methylated CpGs located
therein. In particular, where at least one methylated CpG (such as a plurality of methylated GpCs) — in particular of
the respective relevant CpGs - is determined in any one of the plurality of such nucleotide sequences associated with
a hyper-methylated DMR analysed (such as DMR #141, #204, #228 and/or #144), then a determination may be
made that the cancer is present in said human individual (eg that the ovarian cancer is present in said woman), or
that the cancer in a human individual (eg ovarian cancer in a woman) is not responding to (chemo)therapy.
Alternatively, where at least one un-methylated CpG (such as a plurality of un-methylated GpCs) — in particular of
the respective relevant CpGs - is determined in any one of the plurality of such nucleotide sequences associated with
a hypo-methylated DMR analysed (such as those set forth in TABLE 1B), then a determination may be made that the
cancer is present in said human individual (eg that the ovarian cancer is present in said woman), or that the cancer
in said human individual (eg ovarian cancer in a woman) is not responding to (chemo)therapy. As will also be
understood, the plurality of nucleotide sequences analysed for the presence or absence of methylated CpGs located
therein may include at least one nucleotide sequence associated with a hyper-methylated DMR (such as those set
forth in TABLE 1A, and in particular DMR #141, #204, #228 and/or #144 as set forth in TABLE 1D) and at least one
nucleotide sequence associated with a hypo-methylated DMR (such as those set forth in TABLE 1B), wherein the
determination of at least one methylated CpG (such as a plurality of methylated GpCs) — in particular of the
respective relevant CpGs — located in said hyper-methylated DMR and/or the determination of at least one un-
methylated CpG (such as a plurality of un-methylated GpCs) — in particular of the respective relevant CpGs — located
in said hypo-methylated DMR may be used to determine that the cancer is present in said human individual (eg that
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the ovarian cancer is present in said woman), or that the cancer in a human individual (eg ovarian cancer in a
woman) is not responding to (chemo)therapy.

[112] Accordingly, in a particular embodiment of the method of the present invention the methylation status may
be determined at one or more of said CpGs located within each of the nucleotide sequences so analysed; wherein,
the presence in at least one of said (eg cell-free) DNA molecules of one or more: (i) methylated CpGs (in particular,
the applicable relevant CpGs set forth in TABLE 1C) located within any one of said nucleotide sequences associated
with the hyper-methylated DMRs (eg as set forth in TABLE 1A); and/or (ii) un-methylated CpGs (in particular, the
applicable relevant CpGs set forth in TABLE 1C) located within one or more of said nucleotide sequences associated
with the hypo-methylated DMRs (eg as set forth in TABLE 1B), indicates the presence of, or a reduced response to
therapy against, a cancer in said human individual (eg an ovarian cancer in said woman). For example, the method
includes embodiments where the methylation status of one or more CpGs (in particular, of the applicable relevant
CpGs set forth in TABLE 1C) located in each of the nucleotide sequence #141 and #204 and #228 (SEQ ID NOs: 1, 2
and 3) - such as at least one (such as all) of such CpG in each of said sequences — is determined for at least one
molecule of said (eg cell-free) DNA, and wherein the presence in at least one of said (eg cell-free) DNA molecules of
one or more methylated CpGs located within any one of said nucleotide sequences (such as methylation at all GpCs,
or all relevant CpGs, therein, or methylation at all but one, two or three of such GpCs) indicates the presence of, or a
reduced response to therapy against, a cancer in said human individual (eg an ovarian cancer in said woman). ). As
another example, the method includes embodiments where the methylation status of one or more CpGs (in
particular, of the applicable relevant CpGs set forth in TABLE 1C) located in each of the nucleotide sequence #228
and #144 (SEQ ID NOs: 3 and 4), and optionally also in one or more of the nuclectide sequences #204 and/or #141
(SEQ ID NOs: 2 and 1, preferably SEQ ID No 2) - such as at least one (such as all) of such CpG in each of said
sequences — is determined for at least one molecule of said (eg cell-free) DNA, and wherein the presence in at least
one of said (eg cell-free) DNA molecules of one or more methylated CpGs located within any one of said nucleotide
sequences (such as methylation at all GpCs, or all relevant CpGs, therein, or methylation at all but one, two or three
of such GpCs) indicates the presence of, or a reduced response to therapy against, a cancer in said human individual
(eg an ovarian cancer in said woman). In particular of such embodiments, one or more (such as all) of said
nucleotide sequences (and the applicable relevant CpGs) are, respectively, those set out in TABLE 1D, or an allelic
variant and/or complementary sequence of any of said nucleotide sequences.

[113] One particular feature described in the examples is the presence of patterns of methylation/un-methylation
at CpGs associated with the same DMR, in particular at the relevant CpGs for such DMR. Such examples support the
assertion that the investigation, analysis and/or determination of such patterns of methylation/un-methylation are
particularly useful or advantageous tools for determining presence or absence of, or response to therapy against, a
cancer in a human individual (eg an ovarian cancer in a woman). In particular, to provide tests that have a
performance that enables them to be used in diagnostic settings; such as having a sensitivity and/or specificity as set
out herein. The number of CpGs associated with a given DMR for which the methylation status is determined will
depend on the length of nucleotide sequence analysed and the number of CpGs present therein. For a given
nucleotide sequence associated with (such as within, or within about 2,000bp - such as within about 200bp - 5’
and/or 3’ of) a DMR of the present invention, the number of CpGs for which the methylation status is determined can
range from two or more (such as three, four and five, up to the maximum number of CpGs within such nucleotide
sequence, and/or up to about nine, ten, 11, 12, 13, 14, 15, 18, about 20, about 25 or about 30. In particular
embodiments, the methylation status is determined at a number of between about 5 and about 15 of said CpGs
located within the nucleotide sequence(s), and in particular at such number of the relevant CpGs for the nucleotide
sequence(s) (eg, as set forth in TABLE 1C). In certain embodiments of the present invention, the number of (eg

relevant) CpGs for which the methylation status is determined the pattern of methylation/un-methylation for a given
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DMR that is associated with the presence of (or reduced response to therapy against) a cancer in said human
individual (eg ovarian cancer in said woman) is show in Table 2B.

[114] Accordingly, in certain methods of the present invention, the methylation status may be determined at a
number of between about 2 and about 15 (for example, between about four and about ten, such as five, six, seven,
eight or nine) of said CpGs (in particular of the relevant CpGs set forth in TABLE 1C) located within said nucleotide
sequence(s) - in particular within the nucleotide sequence(s) selected from: #141, #204 and/or #228 (SEQ ID NOs:
1, 2 and/or 3) (or selected from: #228, #144, #204 and/or #141) , or an allelic variant and/or complementary
sequence thereof; wherein the presence in at least one of said (eg cell-free) DNA molecules of at least said number
of methylated CpGs (in particular of methylated relevant CpGs set forth in TABLE 1C) located within any one of said
nucleotide sequences indicates the presence of, or a reduced response to therapy against, a cancer in said human
individual (eg an ovarian cancer in said woman).

[115] In specific of such embodiments, the methylation status may be determined at about 7 CpGs (in particular,
the 7 relevant CpGs) located within nucleotide sequence #141 (SEQ ID NO 1) and/or at about 16 CpGs (in particular,
the 16 relevant CpGs) located within nucleotide sequence #204 (SEQ ID NO 2) and/or at about 7 CpGs (in particular,
the 7 relevant CpGs) located within nucleotide sequence #228 (SEQ ID NO 3) and/or at about 11 CpGs (in particular,
the 11 relevant CpGs) located within nucleotide sequence #144 (SEQ ID NO 4) — for example those CpGs (in
particular, the applicable relevant CpGs) located within SEQ ID NOs: 156, 157, 158 and/or 159, respectively - or in
each case an allelic variant and/or complementary sequence of any of said nucleotide sequences. In particular
embodiments, the methylation status of all CpGs, or at least all of the relevant CpGs, in the given nucleotide
sequence may be determined. In one embodiment, the presence of methylation at all of said CpGs in a given
nucleotide sequence for the hyper-methylated DMRs #141, #204, #228 and/or #144 can indicate the presence of
(or reduced response to therapy against) a cancer in said human individual (eg ovarian cancer in said woman). In
other embodiments, the presence of methylation at all but one, two or three of said CpGs in one or more of said
nucleotide sequence can indicate the presence of (or reduced response to therapy against) a cancer in said human
individual (eg ovarian cancer in said woman). For example, all of the relevant CpGs for DMR #141, #204, #228
and/or #144 may be determined to be methylated, and one or more other CpGs therein they may be either
methylated or un-methylated (or their methylation status undetermined), wherein said pattern of methylation can
also indicate the presence of (or reduced response to therapy against) a cancer in said human individual (eg ovarian
cancer in said woman). In certain embodiments of the present invention, the number of (eg relevant) CpGs for which
the methylation status is determined the pattern of methylation/un-methylation for DMR #141, #204, #228 and/or
#144 that is associated with the presence of (or reduced response to therapy against) a cancer in said human
individual (eg ovarian cancer in said woman) is show in Table 2B.

[116] As will now be apparent to the person of ordinary skill, and as shown in the examples within a clinical
setting of ovarian cancer to be superior and/or complementary to a CA125 test (FIGUREs 3E and 3F), one particular
embodiment of the present invention is based on the analysis and determination of the methylation pattern of three
sets of CpGs (in particular, of the applicable relevant CpGs), each set associated with the respective one or three
DMRs: #141, #204 and #208 (or the two DMRs: #228 and #144, and optionally also either or both of the DMRs
#204 and/or #141); wherein the presence of a (marker) methylation pattern in any one of said DMRs determines
the presence or absence of, or response to therapy against, a cancer in a human individual (eg an ovarian cancer in
a woman). Therefore, one specific embodiment of the method of the present invention includes where the
methylation status is determined at about 7 CpGs (in particular, the 7 relevant CpGs) located within nucleotide
sequence #141 (SEQ ID NO 1) and at about 16 CpGs (in particular, the 16 relevant CpGs) located within nucleotide
sequence #204 (SEQ ID NO 2) and at about 7 CpGs (in particular, the 7 relevant CpGs)located within nucleotide
sequence #228 (SEQ ID NO 3) — for example located within SEQ ID NOs: 156, 157 and/or 158, respectively (or
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where the methylation status is determined at about the 7 relevant CpGs located within nucleotide sequence #228
(SEQ ID NO 3) and at about the 11 relevant CpGs) located within nucleotide sequence #144 (SEQ ID NO 4), for
example located within SEQ ID NOs: 158 and 159, respectively) - or in each case an allelic variant and/or
complementary sequence of any of said nucleotide sequences; wherein, the presence in at least one of said (eg cell-
free) DNA molecules of at least said number of methylated said CpGs (in particular, said relevant CpGs) located
within any one of said nucleotide sequences indicates the presence of, or a reduced response to therapy against, a
cancer in said human individual (eg an ovarian cancer in said woman). As described above, in certain of such
embodiments other CpGs within such nucleotide sequence may (or may not) be analysed for their methylation
status; and if their methylation status is determined then they such CpGs may be determined to be either methylated
or un-methylated, and the presence of, or a reduced response to therapy against, a cancer (eg an ovarian cancer)
may be determined in said human individual (eg said woman).

[117] For one example of such embodiment, the determination of the presence of methylation (in at least one of
said (eg cell-free) DNA molecules, such as more than 10, 20, 50, 100, 500 or 1000, or another number as set out
below) at all 7 of the relevant CpGs located within nucleotide sequence #141 (SEQ ID NO 1) indicates the presence
of, or a reduced response to therapy against, a cancer in said human individual (eg an ovarian cancer in said
woman), regardless of the methylation status of any other CpG therein and/or regardless of the methylation status of
CpGs located within nucleotide sequence #204 (SEQ ID NO 2) or nucleotide sequence #228 (SEQ ID NO 3) or
nucleotide sequence #144 (SEQ ID NO 4). As a first alternative example of such embodiment, the determination of
the presence of methylation (in at least one of said (eg cell-free) DNA molecules, such as more than 10, 20, 50, 100,
500 or 1000, or another number as set out below) at all 16 of the relevant CpGs located within nucleotide sequence
#204 (SEQ ID NO 2) indicates the presence of, or a reduced response to therapy against, a cancer in said human
individual (eg an ovarian cancer in said woman), regardless of the methylation status of any other CpG therein
and/or regardless of the methylation status of CpGs located within nucleotide sequence #141 (SEQ ID NO 1) or
nucleotide sequence #228 (SEQ ID NO 3) or nucleotide sequence #144 (SEQ ID NO 4). As a second alternative
example of such embodiment, the determination of the presence of methylation (in at least one of said (eg cell-free)
DNA molecules, such as more than 10, 20, 50, 100, 500 or 1000, or another number as set out below) at all 7 of the
relevant CpGs located within nucleotide sequence #228 (SEQ ID NO 3) or nucleotide sequence #144 (SEQ ID NO 4)
indicates the presence of, or a reduced response to therapy against, a cancer in said human individual (eg an ovarian
cancer in said woman), regardless of the methylation status of any other CpG therein and/or regardless of the
methylation status of CpGs located within nucleotide sequence #141 (SEQ ID NO 1) or nucleotide sequence #204
(SEQ ID NO 2). As will be now be appreciated, in an alternative embodiment, the presence of, or a reduced response
to therapy against, a cancer in said human individual (eg an ovarian cancer in said woman) may be also indicated
when the presence of methylation is determined at all of the relevant CpGs located within each of nucleotide
sequences 141 (SEQ ID NO 1), #204 (SEQ ID NO 2) and #228 (SEQ ID NO 3) (or at all of the relevant CpGs located
within each of nucleotide sequences #228 (SEQ ID NO 3) and 144 (SEQ ID NO 4), and optionally also, #204 (SEQ ID
NO 2) and/or 141 (SEQ ID NO 1)). In such an alternative embodiment (and as described elsewhere herein), the
number of (eg cell-free) DNA molecules in which any of such methylation patterns is determined may be less than if
only one of such DMRs is found to have such a methylation pattern. In certain embodiments of the present
invention, the number of (eg relevant) CpGs for which the methylation status is determined the pattern of
methylation/un-methylation for DMR #141, #204, #228 and/or #144 that is associated with the presence of (or
reduced response to therapy against) a cancer in said human individual (eg ovarian cancer in said woman) is show in
Table 2B.

[118] In any of the embodiments of the present invention, the biological sample can be further processed, such

as comprising a step of isolating (eg cell-free) DNA therefrom. Such isolation can include particular steps of
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centrifugation (such as density gradient ultracentrifugation, Jonathan et al (2015), J Cancer Prev Curr Res 3:00064),
treatment with ionic solutions and/or organic solvents to selectively solubilise/precipitate nucleic acids (such as cell-
free DNA), addition of (cell-free DNA) selective binding and separation moieties (such as magnetic beads) and/or
filtration or chromatographic steps; and in particular, steps of lysis of sample, absorption to a silica membrane (or
column or beads), removal of residual contaminates and/or election of pure nucleic acids, such as cell-free DNA.
Other methods of cfDNA isolation can include rapid electrokinetic isolation directly from blood (Sonnenberg et al
(2014), Clin Chem 60:500).

[119] In certain of such embodiments, the biological sample (such as plasma or serum) may be processed to
isolate (eg cell-free) DNA generally according to a process as set out in FIGURE 5. For example:

[120] Lysing samples: Free-circulating nucleic acids in biological fluids are usually bound to proteins or enveloped
in vesicles, which may utilise an efficient lysis step in order to release nucleic acids for selective binding to the
column (or to Solid Phase Reversible Immobilisation — SPRI — [paramagnetic] beads). Hence, samples may be lysed
under highly denaturing conditions at elevated temperatures in the presence of proteinase K and appropriate buffer,
such as Buffer ACL from Qiagen (cat. no. 19076), which together provide for inactivation of DNases and RNases and
complete release of nucleic acids from bound proteins, lipids, and vesicles.

[121] Adsorption to a silica membrane: Binding conditions can be adjusted by adding an appropriate buffer, such

as Buffer ACB (Qiagen) to allow binding of the circulating nucleic acids to the silica membrane. Lysates may then
then be transferred onto a separation column (such as the QIAamp Mini column, Qiagen), and circulating nucleic
acids adsorbed from a large volume onto the small silica membrane as the lysate is drawn through by vacuum
pressure. Appropriate salt and pH conditions can ensure that proteins and other contaminants, which can inhibit PCR
and other downstream enzymatic reactions, are not retained on the separation column. A vacuum manifold (e.g., the
QIAvac 24 Plus with the QIAvac Connecting System) and a vacuum pump capable of producing a vacuum of —800 to
—900 mbar (e.g., QIAGEN Vacuum Pump) may be used for the protocol. A vacuum regulator can be used for easy
monitoring of vacuum pressures and convenient vacuum release.

[122] Removal of residual contaminants: Nucleic acids remain bound to the membrane, while contaminants can

be efficiently washed away during a plurality of wash steps, such as 2 or 3 wash steps. In a single step, highly pure
circulating nucleic acids can be eluted in an appropriate buffer (such as in Buffer AVE, Qiagen), equilibrated to room
temperature.

[123] Elution of pure nucleic acids: Elution can be performed using Buffer AVE. The elution volume may be 50 ul

(or greater, such as 100ul or 150ul). If higher nucleic acid concentrations are required, the elution volume can be
reduced, such as by using 20 ul (or 50ul). Low elution volume leads to highly concentrated nucleic acid eluates. For
downstream applications that use small starting volumes (e.g., some PCR and RT-PCR assays), @ more concentrated
eluate may increase assay sensitivity. For downstream applications that use a larger starting volume, the elution
volume can be increased up to 150 ul. However, an increase in elution volume can decrease the concentration of
nucleic acids in the eluate. Eluted nucleic acids can collected in 1.5 ml microcentrifuge tubes or in microtitre plates. If
the purified circulating nucleic acids are to be stored for up to 24 hours, they can be stored at 2-8°C; and/or for
storage longer than 24 hours at —15 to —30°C.

[124] In certain embodiments of the present invention, the (eg cell-free) DNA may be subjected to an agent that
differentially modifies said DNA based on the methylation status of one or more of the CpGs. Such a modification can
facilitate the detection of differences in the methylation status. However, as described elsewhere herein, methods
are available to detect differences in the methylation status of CpGs without use of such a modifying agent.

[125] Accordingly, the present invention also includes those embodiments of the method that include a step of
treating said DNA with an agent that differentially modifies said DNA based on the methylation status of one or more

CpGs located within. Such agents will be known to the person of ordinary skill and include the use of one or more
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methylation sensitive restriction enzyme and/or of a bisulphite-based reaction. The use of bisulphite or methylation-
sensitive restriction enzymes to study differential methylation will be well known to the person of ordinary skill, who
may apply teachings of standard texts or adaptation of published methods such as Poon et al (2002), Nygren et al
(2010) or Yegnasubramanian et al (2006, Nuc Acid Res 34:e19).

[126] A methylation sensitive is a restriction enzyme that is sensitive to the DNA methylation states. Cleavage of
such a restriction enzyme’s recognition sequence may be blocked, or impaired, when a particular base in the
enzyme's recognition site is modified, eg methylated. In particular embodiments of all aspects of the invention, the
agent comprises a methylation-sensitive restriction enzyme, such as a methylation-sensitive restriction enzyme
disclosed herein; including such embodiments that comprise two, three, four, five or more of such methylation-
sensitive restriction enzymes. In particular embodiments, the reagent agent comprises: at least one methylation
sensitive enzyme; at least one methylation sensitive restriction enzyme; and/or an agent selected from the group
consisting of: Aatll, Acil, Acll, Afel, Agel, Agel-HF, Ascl, AsiSI, Aval, BceAl, BmgBI, BsaAl, BsaHI, BsiEl. BsiWI,
BsmBI, BspDI, BsrFI, BssHII, BstBI, BstUI, Clal, Eagl, Faul, Fsel, FspI, Haell, Hgal, Hhal, HinP1I, Hpall, Hpy99I,
HpyCH41V, KasI, MIul, Nael, Narl, NgoMIV, NotI, NotI-HF, Nrul, Nt.BsmAI, Nt.CviPII, PaeR7I, PIuTI, PmlI, Pvul,
PvuI-HF, Rsrll, Sacll, Sall, Sall-HF, Sfol, SgrAl, Smal, SnaBI, TspMI and Zral. In particular embodiments, said
reagent is one selected from the group consisting of: BstUI, Hhal and Hpall.

[127] Treatment of DNA with an agent comprising bisulphite (bisulfite) converts un-methylated cytosine residues
to uracil, but leaves 5-methylcytosine residues unaffected. Thus, bisulphite treatment introduces specific changes in
the DNA sequence that depend on the methylation status of individual cytosine residues, yielding single nucleotide
resolution information about the methylation status of a segment of DNA. Various analyses can be performed on the
altered sequence to retrieve this information, including the use of PCR primers and/or probes and/or sequencing that
can distinguish between such singe-nucleotide changes. As described above, other agents that may uses in methods
to determine methylation at CpGs include oxidative bisulphite (eg for analysis of 5hmC).

[128] Bisulphite modification may be conducted using eg the EZ-96 DNA methylation kit (Zymo Research), and/or
may include the steps of adding an effective amount of a bisulphite reagent to each sample, and incubating (eg in
the dark) at about 50°C for 12-16 hours (e.g., using a thermal cycler). After such incubation, prior to analysis, a step
of incubating the sample at 0-4°C (e.g., on ice or using a thermal cycler) for 10 minutes may be included.

[129] In particular embodiments of the present invention, said agent may be bisulphite and said determining step
may comprise the detection of at least one bisulphite-converted cytosine (such as one in a CpG) within one or more
of the nucleotide sequences selected from the group consisting of a sequence produced or producible following
bisulphite conversion of a sequence comprised within a DMR selected from the group consisting of DMR#: #141,
#204, #228, #144, #123, #129, #137, #148, #150, #154, #158, #164, #176, #178, #180, #186, #188, #190,
#192, #200, #202, #208,#210, #213, #214, #219, #222, #223, #224, #225 and #226; such as a sequence
consisting of at least about 10 contiguous bases (preferably at least about 15 contiguous bases for any SEQ ID other
than SEQ ID NO: 58) comprised in a sequence selected from the group consisting of SEQ ID NOs (see TABLE 2A):
32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61
and 62 (such as SEQ ID NO: 32, 33, 34 and/or 35, or in particular of SEQ ID NOs: 32 and 33 and 34, optionally also
35), or an allelic variant and/or complementary sequence of any of said nucleotide sequences. In particular
embodiments, said number of contiguous bases is at least about 16, 18, 20, 22, 24, 26, 28, 30, 35, 40, 45, 50, 55,
60, 65, 70, 75, 80, 85, 90, 95, 100, 110, 120, 10, 140, 150 or 160 bases, such as between about 80 and about 160,
such as between about 100 and about 160, in each case, independently, up to the maximum number of bases within
the sequence selected from said group; wherein one or more of the bases identified by “Y” therein is a U or T (in
particular, of a C within a CpG, such as of a relevant CpG of a hypo-methylated DMR) and, preferably, where one or
more of another of the bases identified by “Y” therein is a C (in particular, of a C within a CpG, such as of a relevant



10

15

20

25

30

35

40

WO 2018/109217 PCT/EP2017/083170
34

CpG of a hyper-methylated DMR), or an allelic variant and/or complementary sequence of any of said nucleotide
sequences. In particular embodiments, two, three, four, five, six, seven, eight, nine, ten or more than ten of the
bases identified by “Y” therein is a U or T (preferably T), such as all of the bases identified by “Y” thereinisa Uor T
(preferably T), or all but one, two, three, four, five, six, seven, eight, nine, ten or more than ten of the bases
identified by “Y” therein is @ U or T (preferably T), in particular where such other one, two, three, four, five, six,
seven, eight, nine, ten or more than ten of the bases identified by another “Y” is a C within a CpG, such as of a
relevant CpG of a hyper-methylated DMR).

[130] In particular of such embodiments, the method of the present invention may also include those wherein
said agent is bisulphite and said determining step comprises the detection of at least one (non-natural) bisulphite-
converted cytosine within a nucleotide sequence having a length of at least about 15 bp comprised in a bisulphite
conversion of a sequence comprised within DMR #141 and/or #204 and/or #228 and/or #144 (SEQ ID NOs: 32, 33
and/or 34 and/or 25, respectively), wherein one or more of the bases identified by “Y” therein is @ U or T and,
preferably, where one or more of the bases identified by “Y” (in particular, those within a CpG, such as one or more
(or all) of a relevant CpG) therein is a C, or an allelic variant and/or complementary sequence of any of said
nucleotide sequences. Such a nucleotide sequence may be at least about 16bp, 18bp, 20bp, 25bp, 30bp, 35bp,
40bp, 45bp, 50bp, 55bp, 60bp or 70bp, for example up to about 90bp, 100bp or 150bp, such as between about
100bp and about 160bp.

[131] In particular embodiments, the sequence detected may be one comprised in a bisulphite conversion of a
sequence comprised within DMR #141 and/or #204 and/or #228 and/or #144 (SEQ ID NOs: 32, 33, 34 and/or 35,
respectively), such as SEQ ID NOs: 32 or 33 or 34, (or SEQ ID NOs: 34 and 35) wherein all (or all but one, two,
three, four or five) of the cytosines of CpGs located (in particular of the relevant CpG) in the analysed sequence are
detected as a C (ie, such cytosines are determined to be methylated) and all other cytosines located in the analysed
sequence (in particular, the cytosines not of a CpG therein) are detected a U or T (ie, such other cytosines/CpGs are
determined to be un-methylated).

[132] As will now be apparent, such a detected BS converted sequence will be a non-natural sequence, as any un-
methylated cytosine (such as one outside a CpG) will have been converted to U by the bisulphite treatment, and
detected as eitheraUoraT.

[133] In other certain embodiments of the present invention, the methylation status of the one or more the CpGs
present in the (eg cell-free) DNA may be determined without use of an agent that differentially modifies said DNA
based on such methylation. For example, single molecule sequencing/analysis of DNA may be used to determine
such methylation status. Examples of such technologies include those utilised in the: (1) PacBio instruments (Pacific
Biosciences) that use Single Molecule, Real-Time (SMRT) sequencing, based on zero-mode waveguides (ZMWSs) and
phospholinked nucleotides. ZMWs allow light to illuminate only the bottom of a well in which a DNA
polymerase/template complex is immobilized. Phospholinked nucleotides allow observation of the immobilized
complex as the DNA polymerase produces a completely natural DNA strand. Such instruments can be used for the
direct detection of epigenetic modifications (Mol Genetics & Genomics, 2016; 291:1491); and (2) Nanopore
instruments (Oxford Nanopore) that use nanopored membranes to detect variations in current flow, characteristic to
the base/modified-base, as single strands of DNA pass through such nanopore (Nature 467:190). Accordingly, in
certain embodiments of the present invention the methylation status at said one or more CpGs is determined using
single molecule DNA sequencing or analysis, such as by SMRT or nanopore sequencing.

[134] Analysis of the (eg cell-free) DNA present or isolated from the biological sample may, in some
embodiments, be subjected to an amplification process, for example prior to or as part of the step of determining the
methylation status of the one or more CpGs associated with the DMR.
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[135] Accordingly, certain embodiments of the present invention may include a method that also comprises a step
of amplifying one or more regions of said (eg cell-free) DNA to produce DNA prior to or as part of said determining
step, and preferably after any optional step of treating with said agent. If more than one region of (eg cell-free)
DNA is to be amplified, this may occur as a multiplex or pool (eg, conducted in a single mixed reaction), or each
region may be amplified separately and/or individually, with the possibility that such independent amplified regions
are subsequently mixed or pooled so enable pooled and/or multiplex analysis thereon. As will be apparent, any
regions of DNA so amplified, in particular those amplified in in-vitro processes, will be synthetic (of in-vitro produced)
DNA molecules.

[136] Amplification of regions of (eg cell-free) DNA may occur by any suitable method, including polymerase chain
reaction (PCR) and rolling circle amplification. Those embodiments of the present invention that comprise PCR
amplification can further comprises specific steps that are related to the practice of PCR, such as any of those
described herein, or in particular the steps of: (A) providing a reaction mixture comprising a double-stranded target
DNA, a pair of primers (for example, a pair of primers disclosed herein) designed to amplify a region of such DNA
(such as a DMR as described herein) wherein the first primer is complementary to a sequence on the first strand of
the target DNA and the second primer is complementary to a sequence on the second strand of the target DNA, Taq
polymerase, and a plurality of free nucleotides comprising adenine, thymine, cytosine and guanine; (B) heating the
reaction mixture to a first predetermined temperature for a first predetermined time to separate the strands of the
target DNA from each other; (C) cooling the reaction mixture to a second predetermined temperature for a second
predetermined time under conditions to allow the first and second primers to hybridise with their complementary
sequences on the first and second strands of the target DNA, and to allow the Taq polymerase to extend the
primers; and (D) repeating steps (B) and (C) at least 20 times. The person of ordinary skill will readily be able to
design such PCR primers for use in the method of the invention, for example by use of primer design algorithms and
programs such as Clone Manager Professional 9 (Sci-Ed Software), Vector NTI (Life Technologies), or web-based
tools such as those found from www.ncbi.nlm.nih.gov/tools/primer-blast/ or molbiol-tools.ca/PCR.htm.

[137] Inembodiments utilising amplification of regions of (eg cell-free) DNA, include those wherein said amplified
region(s) comprises at least one of the nucleotide sequences to be analysed for the methylation status of one or
more CpGs; such as the methylation status at a plurality of CpGs (in particular of the relevant CpGs) associated in
any of DMRs of the present invention; in particular DMR #141, #204 and/or #228 (or DMR #228, #144, #204
and/or #141).

[138] Any amplified region may also comprise other sequences, such as (non-natural) synthetic sequences that
are used to identify the source (eg sample/woman) and/or the reaction. Such “molecular barcoding” is art-known.
[139] In particular embodiments, said amplification may comprise the use of the primer-pair(s) for the respective
nucleotide sequence(s) as independently selected from the group of primer-pairs set forth in each row of TABLE 3.
For example, for that embodiment of the present invention utilising the DMRs #141, #204 and #228 (or DMR #228
and #144, and optionally also #204 and/or #141), the applicable regions of (eg cell-free) DNA may be amplified with
the primers comprising (eg, consisting of) the sequences set forth in SEQ ID NOs 94 and 125; 95 and 126; and 96
and 127, respectively (or 97 and 128 for DMR #144). In particular embodiments, for any of said primers comprising
a Y, such primer may be a mixture of (degenerate) primers wherein the base at each Y is eithera C or a T; and for
those of said primers comprising a R, such primer may be a mixture of (degenerate) primers wherein the base at
each R is either a G or an A.

[140] Analysis of the methylation status of the CpGs within the nucleotide sequence of interests (such as
associated with or located within a DMR of the present invention) can be conducted by any suitable methodology.
For example, the present invention includes those method wherein the methylation status of said CpGs is determined
by a technology selected from the group consisting of: methylation specific PCR/MethylLight (eg, via use of real-time
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quantitative PCR), Epityper, nucleic acid chip-hybridisation, nucleic acid mass-spectrometry, xMAP (Luminex)
Methylated DNA immunoprecipitation (MeDIP, in which methylated DNA fragments are isolated/enriched via an
antibody raised against 5-methylcytosine (5mC)), Raindance (and other droplet digital PCR methodology — ddPCR)
and nucleic acid sequencing, preferably, (single) strand sequencing, nanopore sequencing, bisulphite sequencing,
such as targeted bisulphite sequencing. Sequencing (such targeted bisulphite sequencing) may be conducted to
enable ultra-high coverage. Also envisioned are embodiments wherein said determination step may be conducted as
a pool and/or essentially simultaneously when in respect of two, three, four or more of said nucleotide sequences.
As described above, the present in invention include embodiments where the methylation status at said one or more
CpGs may be determined using single molecule DNA sequencing or analysis, such as by SMRT or nanopore
sequencing.

[141] It will be apparent to the person of ordinary skill that bisulphite-modified DNA methylation sites may be
detected using eg methylation-specific PCR (such as using primers and/or probes that selectively bind to the
bisulphite-modified sequences) and/or by the subsequent use of restriction enzymes the recognition site of which is
created upon such bisulphite-modification. Methylation-specific PCR (*MSP”) is described by Herman et al
(US6200756, EP0954608 and related family members); and a further development of MSP using probe-based PCR
(known as “MethylLight”) is described by Laird et al (US6331393, EP1185695 and related family members).

[142] Alternative methods of detecting differences in sequences that have been converted by bisulphite-
modification include mass-spectrometry methodologies (eg MASS-Array of Sequenom) or bead-chip technologies
such as the Infinium MethylationEPIC Array or Infinium HumanMethylation450 BeadChip technologies of Illumina.
[143] In certain of said embodiments, the methylation status of said CpGs may be determined by bisulphite
sequencing, such as by single-read and/or high coverage bisulphite sequencing, such as described in the examples.
[144] As described in the example, one advantage of the present invention is that the analysis of cancer-specific
DNAme patterns from tDNA (eg ctDNA) is that a greater dynamic range can be achieved than with alternative tests,
such as CA125 for OC. The dynamic range desired for such a DNAme pattern-based test for a cancer (eg ovarian
cancer) is related to the number of molecules of said (eg cell-free) DNA (and/or amplified DNA) that are analysed in
the method. For example, the more such molecules are investigated for the presence (or absence) of the cancer-
specific epigenetic markers, the greater the dynamic range can be achieved; such as the detection of cancer-specific
markers in very rarely found tDNA (eg ctDNA) molecules present in the total DNA (or cfDNA, as applicable) of the
human individual.

[145] Accordingly, in certain embodiments, the method of the present invention includes those when the
methylation status of said CpG(s) is determined in multiple molecules of said (eg cell-free) DNA and/or amplified DNA
representing each of said nucleotide sequences.

[146] As will be appreciated, the detection of more than one molecule carrying the cancer-specific DNAme marker
would increase the confidence in the determination of the presence of (or reduced response to therapy against) the
cancer (eg ovarian cancer) that has been returned by the test. Accordingly, in particular of such embodiments, the
method can include where the presence in at least a plurality of said (eg cell-free) DNA molecules of one or more
methylated or methylated (as applicable) CpGs located (in particular, the relevant CpGs) within one or more of said
nucleotide sequences indicates the presence of, or a reduced response to therapy against, a cancer in said human
individual (eg an ovarian cancer in said woman). In such embodiments, the plurality of (eg cell-free) DNA molecules
with one or more of said methylated or methylated (as applicable) CpGs located may be a number that is at least 2,
3,4,5,6,7,18, 9 or 10, or at least about 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 70, 80, 90, 100, 125, 150, 175 or
200, or a greater number such as greater than about 500, 1,000, 5,000, 7,500, 1,000, 2,500, 5,000 or greater than
5,000 molecules.
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[147] To achieve the desired performance characteristics of the test (such as in terms of sensitivity, specificity
and/or dynamic range), a greater number of total (eg cell-free) DNA molecules may need to be analysed than the
number of those exhibiting the cancer-specific DNAme marker (ie, one or more methylated or un-methylated — as
applicable - CpGs). For example, in particular embodiments of the present invention, the methylation status of said
CpG(s) is determined in a number of molecules of said (eg cell-free) DNA and/or amplified DNA representing each of
said nucleotide sequences selected from the group consisting of at least about: 1,000, 5,000, 10,000, 50,000,
100,000, 200,000, 500,000, 1,000,000, 1,500,000, 2,000,000, 2,500,000, 3,000,000, 3,500,000, 4,000,000 and
5,000,000 molecules, or more than 5,000,000 molecules.

[148] The total number of DNA molecules to be analysed and/or that number of which, when exhibiting the
cancer-specific DNAme marker, determines the presence of (or reduced response to therapy against) a cancer (eg
ovarian cancer), can differ from test to test, sample to sample, woman to woman, man to man or population to
population. For example, particular such numbers may apply when the human individual (eg woman) carries a typical
amount of or proportion of tDNA (eg ctDNA) and total DNA (eg cfDNA), and another when she/he, or the sample
obtained from her/him, is atypical in response of total/tDNA (eg total/ctDNA) quality or amount/ratio.

[149] Accordingly, the method of the present invention includes those embodiments wherein a fraction or ratio of,
or an absolute number of, (eg cell-free) DNA molecules in said sample having said methylated or un-methylated (as
applicable) CpG(s) located within said nucleotide sequence(s) is estimated. To aid the process of determining the
presence or absence of, or response to therapy against, a cancer in a human individual (eg an ovarian cancer in a
woman), the present invention also includes certain embodiments comprising a step of comparing said fraction or
ratio with a standard or cut-off value. For example, if the measured fraction or ratio is greater than such standard or
cut-off value, then the test is interpreted to indicate the presence of a cancer in said human individual (eg an ovarian
cancer in said woman); or it is interpreted to indicate a reduced response to a therapy against a cancer in said
human individual (eg an ovarian cancer in said woman), such as persistence of the cancer (eg OC) or no response of
such cancer (eg OC to such therapy). Exemplary standard or cut-off values for such fraction or ratio of cancer-
specific patterns/markers for certain of the DMRs of the present invention include about 0.0008 for DMR #141
and/or about 0.00003 for DMR #204 and/or about 0.00001 for DMR #228.

[150] As described above, improved performance of the test of the present invention is achieved by various
means; including by the analysis of the methylation status of multiple CpGs (eg a particular DNAme marker pattern)
associated with multiple DMRs and/or the analysis of multiple (eg cell-free) DNA molecules for such multiple CpGs at
such multiple DMRs. Hence, an excess over a standard or cut-off value for the number of DNAme marker patterns
found at any of the multiple DMRs can be a particularly advantageous embodiment for the test of the present
invention. Accordingly, the test of the present invention includes those particular embodiments wherein a fraction or
ratio of (eg cell-free) DNA molecules with said methylated or un-methylated (as applicable) CpG(s) present in each of
said nucleotide sequence(s) is estimated and compared to a respective standard or cut-off value; wherein any one of
such fraction or ratios being greater than its respective standard or cut-off value indicates the presence of, or a
reduced response to therapy against, a cancer in said human individual (eg an ovarian cancer in said woman). For
example, if the methylation status of CpGs located in each of DMRs #141 and #208 and #228 is determined in a test
of the present invention, and the fraction or ratios of a SEQ ID No 63 at DMR #141 is greater than about 0.0008 or
the fraction or ratios of a SEQ ID No 64 at DMR #204 is greater than about 0.00003 or the fraction or ratios of a SEQ
ID No 65 at DMR #228 is greater than about 0.00001, then the presence of (or reduced response to therapy again)
the cancer is determined for the human individual (eg ovarian cancer is determined for the woman). Alternatively,
the use of multiple DMRs would enable a decision rule to be applied that takes into account the multiple DMRs by
using a different cut-off for some markers depending on how many markers are positive for existing cut-off values in

a single sample. Generally, for example, lower individual cut-offs can be applied the more DMRs that are found to
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give a positive result. Another example could be to define a “hyperplane” of cut-off values in N-dimensional space (N
= number of markers measured), and for any combination of marker values, it can be determined if they fall “below”
(=positive) or “above” (=negative) the hyperplane. Finally, a logistic regression model could be applied that
determines, for any combination of marker values, the likelihood of the outcome to be positive. Accordingly, the
invention also includes embodiments that may incorporate such analysis approaches when two or more of the DMRs
of the invention are utilised.

[151] As described herein, the present invention also provides advantages in that the standard or cut-off value
used in respect of a particular DNAme marker can be adapted, for example in response to desired characteristics of
the test or in response to the characteristics of the cfDNA isolated of the human individual (eg the woman).

[152] Accordingly, certain embodiments of the test of the present invention include those where said standard or
cut-off value(s) is/are modified for a given sample based on one or more of the following factors: (i) the amount or
concentration of total (eg cell-free) DNA present in said sample; and/or (ii) a baseline value of said fraction or ratio
previously determined for said woman; and/or; (iii) a value of said fraction or ratio determined from multiple samples
from a population of women representative of said woman; and/or (iv) the specificity and/or sensitivity and/or
dynamic range desired for said method of determination. In particular embodiments applied to cfDNA, said standard
or cut-off value(s) may be increased when cfDNA blood collection tubes such as Streck Tubes, are used. For
example, in such embodiments, the applicable said standard or cut-off value(s) may be increased by a factor of
about 2, 5, 10, 20, 50, 100, 200, 500 or 1000, or by a factor that is greater than 1000.

[153] In particular of such embodiments, the standard or cut-off value may be reduced for a given sample that
has an amount and/or concentration and/or quality of total (eg cell-free) DNA present in said sample that is greater
than a standard or cut-off value. Suitable methods for the inspection, estimation or determination of amount and/or
concentration and/or quality of total (eg cell-free) DNA include those described elsewhere herein. For example, if the
quality of the total DNA (eg cfDNA) of the human individual is lower than expected (such as a higher average
fragment size than as described herein), and/or if the total DNA (eg cfDNA) amount is higher (in each case indicating
that somatic DNA may have been released from eg WBCs during sample collection, transport, storage and/or
processing), then the standard or cut-off value used for the respective fraction or ration for the DNAme marker can
be reduced. This allows for more possibility to adapt the test to the individual situation or woman (or man) taking
the test.

[154] As a further embodiment of the test, it may be practiced multiple times on a given woman or man, such as
2,3,4,5,6,7,8,9, 10, about 15, about 20 or more than about 20 times (such as about 50 times). Such a repeated
test can enhance the (early) detection of a cancer in the human individual (eg ovarian cancer in the woman) and/or
the long-term response to therapy against (or monitoring of) the cancer (eg ovarian cancer). Accordingly, the test
may include those embodiments when it is practiced on multiple samples; wherein each sample is collected from the
same woman or man at different time points. For example, said multiple samples are collected from said woman or
man with an interval between them selected from the group consisting of about: 2 days, 3 days, 4 days, 5 days, 7
days, 10, days, 14 days, 21 days, 24 days, 3weeks, 4 weeks, 5 weeks, 6 weeks, 6, weeks, 8 weeks, 3 months, 4
months, 5 months, 6 months, 8 months, 12 months, 18 months, 2 years, 3 years and 5 years.

[155] In certain of such embodiments, it may be that the test of the present invention is conducted as part of a
routine screen of one or more women or men, such as part of an annual screen for the presence or absence of a
cancer (eg ovarian cancer for women). For certain women or men (or groups thereof), the period of repeat testing
may be shorter. For example, women in high risk groups for OC or breast cancer (such as those with BRAC 1/2
positive/ and/or a family history of ovarian cancer and/or belonging to certain sub-populations eg Ashkenazi women)
may be tested more frequently, for example every 6, 3, 2, or 1 month. Furthermore, those women or men for which

a cancer (eg ovarian cancer for a woman) has already been diagnosed (and perhaps already treated with
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chemotherapy) may be repeat-tested using the present invention at a frequency of about every 6, 3, 2, 1 month, or
even more frequently such as once about every two weeks or about every week.

[156] As has been shown for the CA125-based ROCA test for OC, a deviation or change from an earlier patient-
specific standard or cut-off value can provide a further enhanced test for a cancer (eg ovarian cancer). Accordingly,
for those embodiments of the present invention where a woman is tested multiple times, the presence of, or a
reduced response to therapy against, a cancer in a human individual (eg an ovarian cancer in a woman) is indicated
by - in comparison to a previous sample of said woman or man - the presence of, or an increase in the absolute
number of, or an increase in the fraction or ratio of, (eg cell-free) DNA molecules in said sample having said
methylated or un-methylated (as applicable) CpG(s) located within said nucleotide sequence(s).

[157] As shown by the examples herein, the test of the present invention can be used in combination with other
tests for cancer (eg ovarian cancer), in particular with those which reduced (or no) overlap of false positives and/or
false negatives to the test of the present invention. Exemplary such tests for eg OC, including those based on CA-
125, HEA4, transthyretin, apolipoprotein A1, beta-2-microglobin and transferrin (such as ROCA, ROMA and OVA1) are
described in more detail elsewhere herein.

[158] Accordingly, in certain embodiments of the present invention, one or more additional steps may be
conducted in respect of such other tests for ovarian cancer. In particular, one optional an additional step may
comprise that of determining (eg by an in-vitro procedure), from a blood sample from said woman human individual,
the amount present therein of one or more proteins independently selected from the group consisting of: CA-125,
HE4, transthyretin, apolipoprotein A1, beta-2-microglobin and transferrin; wherein, either or both of: (i) the presence
in at least one of said (eg cell-free) DNA molecules of one or more methylated or un-methylated (as applicable) CpGs
located within one or more of said nucleotide sequences (such as by an excess of any one of the DNAme marker
patterns of the present invention being in excess of a standard or cut-off value); or (ii) an amount of said protein(s)
present in said blood sample is greater than a standard or cut-off value for such amount or protein; indicates the
presence of, or a reduced response to therapy against, an ovarian cancer in said woman. As will be appreciated,
such additional step related to the other test for the cancer (eg ovarian cancer) may be conducted either before or
after conducting the DNAme-based aspects of the test. Indeed, the conduct of one (or other) of the tests may be
dependent on the outcome of the first, for example to provide additional sensitivity and/or sensitivity to the other all
determination, test or diagnosis.

[159] In such embodiments for OC, the protein may be determined by a ROCA, a ROMA and/or an OVAl
diagnostic test.

[160] As described elsewhere herein, the test of the present invention may be applied to different types of the
cancer (eg ovarian cancer). For example, in certain embodiments the present invention applied to OC, the ovarian
cancer may be an invasive ovarian cancer, such as an invasive epithelial ovarian cancer; in particular one selected
from the group consisting of: high grade serious (HGS), endometroid, cell-cell and mucinous ovarian cancers. In
alternative embodiments, the cancer may be peritoneal cancer or Fallopian tube cancer.

[161] In particular, the test of the present invention may be used (or useful) for distinguishing the presence of
ovarian cancer (such as one described elsewhere herein) from the presence of a benign pelvic mass in a woman.
[162] In other embodiments, the test of the present invention may be used (or useful) for determining the
response of a human individual (eg a woman) suffering from a cancer (eg ovarian cancer) to a therapy comprising
chemotherapeutic agent(s) against said cancer (eg ovarian cancer) (such as one described elsewhere herein). For
example, such a test may be conducted to predict the risk of death of said woman or man, in particular from risk of
death by the cancer (eg ovarian cancer for a woman) that is not responding to (chemo)therapy.

[163] In certain of such embodiments, the test of the present invention may be practiced on said woman or man
after one, two, three, four and/or five cycles of said (chemo)therapy.
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[164] And in further such embodiments, said sample may be obtained from said woman or man within a period
after completion of said cycle or (chemo)therapy that is selected from the group consisting of about: 2 hours, 4
hours, 6 hours, 12 hours, 18 hours, 24 hours, 36 hours, 48 hours, 3 days, 4 days, 5 days, 6, days, 7 days, 8 days, 10
days, 12 days, 14 days, 16, days, 18 days, 21 days, 24 days, 4 weeks, 5 weeks, 6 weeks, and 8 weeks.

[165] In particular such embodiments, it may be that a short-lived increase in the ratio or fraction of the DNAme
marker is observed shortly after said (chemo)therapy. Without being bound by theory, this may arise due to
death/lysis of cancer cells in response to the (chemo)therapy and their shedding of ctDNA into the blood stream of
the woman or man. Accordingly, the test of the present invention may include the monitoring of such short lived (eg
for 1, 2, 3, 5, 7, or 14 days) increase in DNAme marker(s) as an indication of (initial) response/success of the
(chemo)therapy. The test may then be repeated to monitor the reduction of the DNAme marker(s) in cfDNA after
such increases, and whether the ratio or fraction of the DNAme marker increases at a later time (indicating a
reduced response to therapy against, and/or the recurrence of, the cancer (eg ovarian cancer).

[166] In such embodiments of the present invention, said therapy includes one or more chemotherapeutic
agent(s), such as those one that is used and/or is approved (eg, by the European Medicines Agency in Europe and/or
by the Food and Drug Administration in the US) for the treatment of a cancer, in particular for the treatment of a
cancer analysed herein (eg ovarian cancer). In alternative such embodiments, the chemotherapeutic agent may be
one in development on the date hereof, or in the future. Examples of such chemotherapeutic agent include one or
more independently selected from the group consisting of: a platinum-based antineoplastic (such as carboplatin,
cisplatin, oxaliplatin, nedplatin, picoplatin or satraplatin) and a taxane (such paclitaxel or docetaxel). In particular,
the chemotherapeutic agent may be one selected from the group consisting of: carboplatin, paclitaxel, docetaxel,
cisplatin, liposomal doxorubicin, gemcitabine, trabectedin, etoposide, cyclophosphamide an angiogenesis inhibitor
(such as bevacizumab) and a PARP inhibitor (such as olaparib). Other PARP inhibitors in development include:
veliparib (ABT-888) from Abbot, MK4827 from Merck, AG-014699 of Pfizer and Iniparib (BSI-201) of Sanofi-Aventis.
Other angiogenesis inhibitors in development include aflibercept, AMG386, cediranib, sorafenib, sunitinib and
pazopanib. Antibody-drug conjugates in development include T-DM1, IMGN388, lorvotuzumab mertansine, AN-152,
S1(dsFv)-PE38, BIIB015, SAR566658, VB6-845, Thio Hu3A5-VC-MMAE, CDX-014, MEDI-547, SGN-75 and MDX-1203.
In particular embodiments, the chemotherapeutic agents may be carboplatin, cisplatin, paclitaxel or docetaxel, or
may be combination therapies thereof.

[167] A particular form of (chemo)therapy that may be used in the treatment of a cancer (eg ovarian cancer), and
one following which the test may be conducted, is neoadjuvant (chemo)therapy ("NACT").

[168] One particular advantage of the test of the present invention is that it can provide individual-specific
therapeutic options. For example, in certain embodiments of the test of the present invention, if said woman or man
is determined to respond to (for example, has responded to) said (chemo)therapy, then said woman or man may be
designated as being eligible for tumour de-baulking surgery. As will be recognised, if a woman or man is determined
to respond to such chemotherapy then tumour de-baulking surgery is an intervention that could prove life-saving. In
contrast, if a woman or man is determined to not respond to said (chemo)therapy, then said woman or man may not
be suitable for such invasive tumour de-baulking surgery. However, in such embodiments, she/he may be designated
as eligible for therapy with one or more second-line chemotherapeutic agent(s) against said cancer (eg ovarian
cancer for a woman). The response to therapy with such second-line chemotherapeutic agent(s) may also be
determined using a test of the present invention, and if such second-line chemotherapy leads to a response (such as
determined sooner by a test of the present invention), then such woman or man may then be designated as being
eligible for tumour de-baulking surgery.

[169] Said second-line (chemo)therapy includes one or more chemotherapeutic agent(s) independently selected

from the group consisting of: carboplatin, paclitaxel (such as alone, and as a weekly treatment), docetaxel, cisplatin,
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liposomal doxorubicin, gemcitabine, trabectedin, etoposide, cyclophosphamide, an angiogenesis inhibitor (such as
bevacizumab) and a PARP inhibitor (such as olaparib), or any of those chemotherapeutic agent(s) described above.
The second line chemotherapeutic agent may, in same embodiments, be the same as that used in said first therapy;
but in such alternative embodiment said (same) subsequent chemotherapeutic agent is used at a different dosage,
different administration route, different treatment regimen and/or in combination therapy together with other
treatment modalities. For example, carboplatin in combination with paclitaxel is commonly used as first line therapy,
and carboplatin (alone) may be used as the second line therapy, such as if the patient is relapse-free for 12 months.
[170] In this way, the test of the present invention provides a faster and more accurate test for determining their
response to (chemo)therapy against a cancer (eg ovarian cancer), such that the most appropriate, or additional,
therapeutic interventions can be made; ultimately increasing the success of treatment for the cancer (eg ovarian
cancer), an increase in progression free survival, overall survival and/or quality of life (such as may be measured by
pain suffered or reported and/or pain-killer use).
[171] In a first related aspect, the invention relates to a method of determining the methylation status at one
or more CpGs of (eg cell-free) DNA comprising the steps:
. Providing a biological sample, said sample comprising (eg cell-free) DNA; and
. Determining, in at least one molecule of said (eg cell-free) DNA, the methylation status at one or more CpGs
(such as one or more relevant CpGs) located within one or more of nucleotide sequences,
wherein, said one or more of the nucleotide sequences are independently selected from the group consisting of: SEQ
IDNOs: 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 and
31 (for example, within one or more of the nucleotide sequences comprised in one or more of the respective DMRs
of the present invention independently selected from the group consisting of DMR#: #141, #204, #228, #144,
#123, #129, #137, #148, #150, #154, #158, #164, #176, #178, #180, #186, #188, #190, #192, #200, #202,
#208,#210, #213, #214, #219, #222, #223, #224, #225 and #226), or a nucleotide sequence present within
about 2,000bp (such as within about 200bp) 5" or 3’ thereof, or an allelic variant and/or complementary sequence of

any of said nucleotide sequences.
[172] In a second related aspect, the invention relates to a method of detecting one or more: (i) methylated

CpGs associated with (such as located within) one or more of the hyper-methylated DMRs of the present invention;
and/or (ii) un-methylated CpGs associated with (such as located within) one or more of the hypo-methylated DMRs
of the present invention, in each case comprised in at least one molecule of (eg cell-free) DNA of a woman or man
comprising the steps:

. Providing a biological sample, said sample comprising (eg cell-free) DNA of said woman or man; and

. Determining, in at least one molecule of said (eg cell-free) DNA, the methylation status at one or more CpGs
(such as one or more relevant CpGs) located within one or more of the nucleotide sequences independently
selected from the group consisting of: SEQID NOs: 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 and 31 (for example, within one or more of the nucleotide
sequences comprised in one or more of the respective DMRs of the present invention independently selected
from the group consisting of DMR#: #141, #204, #228, #144, #123, #129, #137, #148, #150, #154, #158,
#164, #176, #178, #180, #186, #188, #190, #192, #200, #202, #208,#210, #213, #214, #219, #222,
#223, #224, #225 and #226), or a nucleotide sequence present within about 2,000bp (such as within about
200bp 5" or 3’) thereof, or an allelic variant and/or complementary sequence of any of said nucleotide
sequences,

wherein, the presence in at least one of said (eg cell-free) DNA molecules of one or more: (i) methylated CpGs

associated with (such as located within) one or more of the hyper-methylated DMRs of the present invention (eg, as

identified in TABLE 1A), for example associated with (such as located within) one or more of said nucleotide
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sequences independently selected from: SEQ ID NOs: 1, 2, 3, 4, 10, 12, 14, 15, 18, 19, 20, 21, 23, 24, 25, 26, 27,
28, 29 and 30; thereby detects said methylated CpG(s) in the (eg cell-free) DNA of said woman or man; and/or (ii)
un-methylated CpGs associated with (such as located within) one or more of the hypo-methylated DMRs of the
present invention (eg, as identified in TABLE 1B), for example associated with (such as located within) one or more

of said nucleotide sequences independently selected from: SEQ ID NOs: 5, 6, 7, 8, 9, 11, 13, 16, 17, 22 and 31;

thereby detects said un-methylated CpG(s) in the (eg cell-free) DNA of said woman or man.

[173] In a third related aspect, the invention relates to a method of diagnosing and treating a woman or man

having a cancer (eg an ovarian cancer for a woman) comprising the steps:

. Providing a biological sample from said woman or man, said sample comprising (eg cell-free) DNA of said
woman or man;

. Detecting, in at least one molecule of said (eg cell-free) DNA, whether one or more methylated or un-
methylated CpGs (such as one or more relevant CpGs) is located within one or more of the nucleotide
sequences independently selected from the group consisting of: SEQ ID NOs: 1, 2, 3,4, 5, 6,7, 8,9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 and 31 (for example, within one or
more of the nucleotide sequences comprised in one or more of the respective DMRs of the present invention
independently selected from the group consisting of DMR#: #141, #204, #228, #144, #123, #129, #137,
#148, #150, #154, #158, #164, #176, #178, #180, #186, #188, #190, #192, #200, #202, #208,#210,
#213, #214, #219, #222, #223, #224, #225 and #226), or a nucleotide sequence present within about
2,000bp (such as within about 200bp) 5’ or 3’ thereof, or an allelic variant and/or complementary sequence of
any of said nucleotide sequences;

. Diagnosing the woman or man with the cancer (eg with an ovarian cancer for a woman), such as a cancer (eg
an ovarian cancer for a woman) that does not respond to a first therapy, when one or more of: (i) said
methylated CpGs associated with (such as located within) one or more of the hyper-methylated DMRs of the
present invention (eg, as identified in TABLE 1A), for example associated with (such as located within) one or
more of said nucleotide sequences independently selected from: SEQ ID NOs: 1, 2, 3, 4, 10, 12, 14, 15, 18, 19,
20, 21, 23, 24, 25, 26, 27, 28, 29 and 30 is detected; and/or (ii) un-methylated CpGs associated with (such as
located within) one or more of the hypo-methylated DMRs of the present invention (eg, as identified in TABLE
1B), for example associated with (such as located within) one or more of said nucleotide sequences
independently selected from: SEQ ID NOs: 5, 6, 7, 8, 9, 11, 13, 16, 17, 22 and 31 is detected; and

. Treating said diagnosed woman or man by:

o Administering, or recommending administration of, an effective amount of a chemotherapeutic agent to a
woman or man diagnosed as having a cancer (eg an ovarian cancer for a woman), such as one that does
not respond to the first therapy; or

o Conducting, or recommending the conduct of, tumour debaulking surgery to a woman or man diagnosed
as having a cancer (eg an ovarian cancer for a woman) that does respond to the first therapy.

[174] In such related aspect, the chemotherapeutic agent and/or the first therapy may be one as described

elsewhere herein.

[175] In certain embodiments of such related aspect(s), the methylation status of said CpG(s) may be determined

according to one or more of the corresponding embodiments of the other aspects of the present invention; including

for example, that said (eg cell-free) DNA of the woman or man may be subjected to an agent that differentially
modifies said DNA based on the methylation status of one or more of the CpGs, and/or that the methylation status of
the one or more the CpGs is determined without use of such an agent (such as, by single molecule

sequencing/analysis of DNA). In certain embodiments of such related aspect(s), the methylation status of said
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CpG(s) may be determined by the detection of a nucleic acid of the third aspect, such as the detection of a (eg non-
natural) nucleic acid comprising at least about 15 contiguous bases comprised in SEQ ID No. 32, 33, 34 and/or 35.
[176] In further certain embodiments of such related aspect(s), the/a biological sample may be collected and/or
further processed according to one or more of the corresponding embodiments of the other aspects of the present
invention. For example, the biological sample may be obtained from a woman or man having or suspected of having
a cancer (eg ovarian cancer for a woman), or suspected to not have responded to therapy against the cancer (eg
ovarian cancer). In any such embodiments, the biological sample may be, or may be obtained by, any of the
corresponding embodiments of the other aspects of the present invention.

[177] In further of such embodiments, the method of detecting said methylated or un-methylated (as applicable)
CpG(s) (in particular, one or more relevant CpGs) may comprise the step of determining the presence or absence of,
or response to therapy against, a cancer in said human individual (eg an ovarian cancer in said woman), wherein the
detection in at least one of said (eg cell-free) DNA molecules of one or more methylated un-methylated (as
applicable) said CpGs located within one or more of said nucleotide sequences indicates the presence of, or a
reduced response to therapy against, the cancer in said human individual (eg an ovarian cancer in said woman).
[178] In a second aspect, the invention relates to a chemotherapeutic agent for use in @ method of therapy of
a cancer in human individual (eg ovarian cancer in @ woman), wherein said chemotherapeutic agent is administered
to a woman or man (as applicable) within about three months of said woman or man having been predicted and/or
determined, using a method of the first aspect, to not respond to a therapy against the cancer (eg ovarian cancer for

a woman).

[179] In a related second aspect, the invention also relates to a method of treating a cancer (eg ovarian
cancer), comprising administering an effective amount of a chemotherapeutic agent is administered to a woman or
man within about three months of said woman or man having been predicted and/or determined, using a method of
the first aspect, to not respond to a therapy against the cancer (eg ovarian cancer for a woman).

[180] In certain embodiments of such second aspect, the chemotherapeutic agent is one that is used and/or is
approved (eg, by the European Medicines Agency in Europe and/or by the Food and Drug Administration in the US)
for the treatment of a cancer, in particular for the treatment of ovarian cancer or any other cancer analysised herein.
Examples of such chemotherapeutic agent include one or more independently selected from the group consisting of:
carboplatin, paclitaxel, docetaxel, cisplatin, liposomal doxorubicin, gemcitabine, trabectedin, etoposide,
cyclophosphamide an angiogenesis inhibitor (such as bevacizumab) and a PARP inhibitor (such as olaparib). In other
embodiments, the chemotherapeutic agent may be any one of those described elsewhere herein.

[181] In any embodiments of such second aspect, the chemotherapeutic agent is administered to said woman or
man within about 3 months, or about 70, 56, 53, 49, 46, 42, 39, 35, 32, 28, 25, 21, 18, 14, 13,12, 11, 10,9, 8, 7, 6,
5, 4, 3, or 2 days or less, such as within about 24, 20, 18, 15, 12, 10, 8, 6, 5, 4, 3 or 2 hours, or within about 1 hour,
of said prediction and/or determination. Also envisioned by the present invention, is that such chemotherapeutic
agents can be used in combination formulations and/or combination treatment regimens with another
chemotherapeutic agent, other pharmaceutical agents and /or medical intervention such as radiation treatment or
surgery.

[182] A chemotherapeutic agent may be administered to said woman or man by the applicable or conventional
mode of administration, such as intravenously, intramuscularly, intradermally, orally.

[183] In such second aspect, said prediction and/or determination is made using a method of the first aspect.
That is, an embodiment of such method of the invention may be practiced, such as to determine or to predict (eg by
an increased likelihood) that said woman or man has not responded (or will not respond) to a first therapy against

the cancer (eg ovarian cancer for a woman) she/he is suffering from; or that she/he has not responded (or will not
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respond) completely, sufficiently and/or within a predetermined period of time (such as about 12 months, 6 months,
4 months, 3 months, 2 months, or about 4 weeks or 2 weeks, or about 1 week).

[184] A first therapy against the cancer (eg ovarian cancer) may be surgery, such as tumour de-baulking surgery,
or it may be treatment with a chemotherapeutic agent such as one described above. Whilst in one embodiment, the
subsequent chemotherapeutic agent used after said prediction and/or determination is different to a
chemotherapeutic agent used for said first therapy, in another aspect said subsequent chemotherapeutic agent is the
same as that used in said first therapy; but in such alternative embodiment said (same) subsequent
chemotherapeutic agent is used at a different dosage, different administration route, different treatment regimen
and/or in combination therapy together with other treatment modalities.

[185] In the context of the invention, an effective amount of a chemotherapeutic agent can be any one that will
elicit the biological, physiological, pharmacological, therapeutic or medical response of the woman or man that is
being sought by the pharmacologist, pharmacist, medical doctor, or other clinician, eg, lessening of the
effects/symptoms of the ovarian cancer.

[186] In a third aspect, the invention relates to a nucleic acid comprising a nucleic acid sequence consisting of
at least about 10 contiguous bases (preferably at least about 15 contiguous bases for any DMR other than DMR
#222) comprised in a particular (eg non-natural) sequence derived from one selected from the group consisting of
one set out in TABLE 1A, TABLE 1B or TABLE 2A (for example, a sequence consisting of at least about 10 contiguous
bases (preferably at least about 15 contiguous bases for any DMR other than DMR #222) comprised in a sequence
producible by (such as produced following) bisulphite conversion of a sequence comprised within a DMR selected
from the group consisting of DMR#: #141, #204, #228, #144, #123, #129, #137, #148, #150, #154, #158, #164,
#176, #178, #180, #186, #188, #190, #192, #200, #202, #208,#210, #213, #214, #219, #222, #223, #224,
#225 and #226; such as a sequence consisting of at least about 10 contiguous bases (preferably at least about 15
contiguous bases for any SEQ ID other than SEQ ID: NO:58) comprised in a sequence selected from the group
consisting of: SEQ ID NOs: 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54,
55, 56, 57, 58, 59, 60, 61 and 62 (such as SEQ ID NO: 32, 33, 34 and/or 35), or an allelic variant and/or
complementary sequence of any of said nucleotide sequences. In particular embodiments, said number of
contiguous bases is at least about 16, 18, 20, 22, 24, 26, 28, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95,
100, 110, 120, 10, 140, 150 or 160 bases, such as between about 80 and about 160, such as between about 100
and about 160, in each case, independently, up to the maximum number of bases within the sequence selected from

said group.

TABLE 2A: DMR-correspondence and possible sequences of the bisulphite-converted DMRs of the present invention

. . . . EQ ID
DMR# | Bisulphite-converted amplicon sequence (all CpGs are underlined) S NQO

TATTYGGAGGTTTAGGGGTGAGGATTTYGTTAYGGGAAGGAGGTATAYGATTTAGTTTATGATATYG

141 TTATTTYGGYGTGGTGTTGTAGGGGGAAGTTTAGGTATTTATYGAGGATAGGATTYGGGGAATTYGT 32
TG
GATATTYGGTGGAGAGTYGTAGTTGTTYGTYGYGGGGTTTTAGGYGTAGTAYGTTTTYGYGYGTGGG

204 | TYGTAGTTGGTAGTATAGGAAGTTTAGGTGGAAGAGYGGYGGYGTGGGYGGTTYGGYGYGGYGYGGY 33
GAGTGYGGGTTGGTATYGGT

78 | GTTTTATGGGYGAGTTGTTGTAGTGYGGTTGTTAGGYGTTTYGYGGGYGGGTTTTTTTTYGGTTTTT 34
YGGTTTGTTYGGTATTTTYGGATTTTTTGGTTTYGYGGGTTTTT
TTTAGGTTTGAYGTGGGTTTTTTAGGGYGGYGTYGT TAAGGTTTAGAYGTTTTYGTGTAGGAGGGAY

144 | GAYGATTTTTTTTAYGTTTTYGTGGT TTTAATTYGGYGTTTTGTTATTTTTGATT YGGTGAATATAT 35
TTTAGA

173 | GYCAAGTAGGAGTAGTTGTYGGGTTTTAYGAGTTTTYGTTYGTTTTGGTTYGGGTTTTTTYGAGTTT 36
TGTTATTAGTYGAGGTTGTGYGGGTAATTGGGTTAGTTTTTY GTTAGGAGAGA
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129

AATTTTGTTGAGTGAGTTTATAAATAGGGTATAATYGAGAYGYGGGAATGTTTGGGTYGTYGYGTAG
TTATYGGGTAGGGTYGTTTTTTTTTGTGGGTTAGTAARAAYGGTGTTAAGTGA

37

137

ATTTYGTTATATATATAGTTGTATTYGGTATAATAYGYGGTTATAGGTTATTTTAGGTYGTTTYGGG
TGTTTTTTTYGTAGTTTTAYGTAGATAGAAGATATTTTTYGGGTTTGGGTGTTTAGTTTTTYG

38

148

GAGGTAATGGAAGYGGTTATTTTTGTTTTYGTTTYGYGTTTGGTTGAAGYGATYGGGGTYGAATAYG
TTTAYGTTTTTGAATAYGGGYGTTGTGTTATGGGTGTTTYGGATGTTATATAT

39

150

GYGGGTATTTGTAGTTTTAGTTATTYGGGAGGTTGAGGYGGGAGAATGGYGTGAATTYGGGAGGYGG
AGTTTGTAGYGAGTYGAGATYGYGTTATYGTATTTTAGTTTGGGYGATAGAGYGAGATTTYGTTTAA
ARA

40

154

TTTTYGGAGTTYGGAGTTTAGGTTAGTGGTAGTYGATTTAGTTTTYGAGATTTTTTTAYGTYGTTTT
AAAATTAAAAYGGAGTTTAATAYGAAGTTGGGTGAAGTYGTAGTTTGTAGGAGTTAGGGAGATGYGT
TTT

11

158

GATTTTGTTTTAAAAAAGAARAAAATAGGGTYGGGYGYGGTGGT TTAYGTTTGTTATTTTAGTATTT
TGGGAGGTYGAGGYGGGTGGATTAYGAGGT YGGGAGAT YGATATTAT TTTGGGTAATAY GGTGAAAT
TT

42

164

GATTYGYGAGGTTTTTTAGTAGTTTATTTYGGGAYGGYGGTGTTTAGT TTAGTT TAGGGTAATTGGG
TTTTTTGAGAGTTYGATTTTTATYGGTTTGGGAGYGAGTGGTTYGAGT TTAGATGTTGGGAATYGTY
GTTT

43

176

TAATTTATTTTTTTATTAARATTGTATGAAGAAGGTYGGGYGYGGTGGTTTAYGTTTGTAATTTTAGT
ATTTTGGGAGGTYGAGGYGGGYGGATTAYGAGGTTAGGAGATYGAGATTAYGGTGAAATTTYGTTTT
TATT

44

178

GGTAGGAGYGTTTTATTATGYGTAAGTTYGTGGTTTGGAGAGYGTTGAAGGTGGGAGGGGGAAGAGG
GGTAGAATTTTYGYGGGAGY GAGYGTATAGTTGTYGTTTYGTGGTYGTTTYGGGAATYGTTGGTTTY
GGTTTTGG

45

180

TTGTAGAAGYGTATTTTGTTGAATATTTYGAGGAYGTGTTTTTYGTATAGGGAGYGTTYGTTTTTGT
TGGGGTTGGAGYGGYGTTTGGAGGTYGATATTYGGTYGTTGTTGGATTTTTTYGTTTGTYGTTTTTG
T

46

186

YGTGTTAGTTAGGATGGTTTYGATTTTTTGATTTYGTGATTAGTTYGTTTYGGTTTTTTAAAGTGTT
GGGATTAAAGGYGTGAGTTATYGYGTYGGGTYGAGATTTTGTTTTAAAARAARAAGGTTTGGGTTGT
GGTATTTTGGGA

47

188

AGAGTTGTATTTYGAAGATTTTAGATTTYGAGAGTTGYGGARAYGTTAYGAGGATTTGTTAATTAGG
TTGYGGGTTAATTAGAGTTGGGAAGATTYGAATATYGATTTYGTTTYGGTTTTTGTAGTTYGGATAT
TTAYGTT

48

190

GTTAGAYGAGAGTTTGGGGTTAATGTYGAGGTGGAGYGAYGTTGGTAYGGTAATTTTGAGTTTGYGY
GGTTYGGYGTTATTTTTTGGTTTTTYGTTGTTGGTTGGATTT

49

192

YGGTAGGTTATTTAGTAGTAGGGTTTTAYGTYGGTTTYGTYGATGTTTTAGAAGGTTAGTTTTTTTT
YGARGAGYGGTTYGTATAYGTTTGYGGGGTAGTGTAGT TTGTYGGTGYGGTAGTAAT TGAGTATATA
GGYGAAGAYG

50

200

AATTAGTTTAGTAATYGGYGATTTTAAGYGYGGYGATYGTAAAGGGAGTGTTTGTTTATTYGYGTTT
GAAAGTAGATTTTTTTTYGGTAGGAATATAGGATTTATTTGTTAGTGG

51

202

GTGYGAATAAGATYGGGYGTTTYGTYGTYGAYGYGAAGGGGTTGTTTGTGYGYGGYGTTGYGGGTTT

TTYGYGYGTGGGGTGTGYGTGTGYGTGTTYGGGTTYGGTTTTGTGTGTGTATYGYGGGTTTGTTTAG
AGTYGGGATTATYG

52

208

ATATTAATTTTGTTYGGGTAYGGTGGTTTAYGTTTGTAATTTTAGTATTTTGGGAGGTYGAGGYGGG
YGGATTAYGAGGTTAGGAGATYGAGATTATTTTGGYGAATATGGTGAAATTTYG

53

210

TGTATATAGATTATTGTAGGATTATTTTTTGTGTTTTTTAAAATTTTTTTTTTTYGTTTTATTTTAT
ATATTTTTTTGTTTTTTATAATTTT

54

213

TYGTTYGGGAATGGGAATATAGTTATATATGGGAAAAY GYGGTGTAGGGAGAARATTAATTTAGTGA
GGAGYGGAGGYGTAGGATTGTGGAGTGTGTATTYGG

55

214

TTGTTTAAAGGYGTAGAGGAGTAGTTGGGAAYGAGAATAAAGYGGTTAGGTTTTTTTYGGAGGAAGG
AAGGAGAGAGTTTTAGGAAATAGTTGA

56

219

GGATGAAGGATTTTTGTATTATTGTGATGGTTATGGYGTTGTTGTTTGGGTTTTTTTTTTTYGGTAG
GTAAGGGAGGAGGTAGGGGAAGGGATATGTGTTT

57

222

TAGGTTATAGGAAGAGGTATTTTTTATAGATGAYGGTTGTAAAATTTTAAGTTGAGTTTTTTTAGGA
AGT

58
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223 AAGAGAGAGTGGTTGATAATTAGTAGAGAGAGGTTTTTAATTTAYGGAAGTGTTTGTAATATAATTT 59
TTTTGTATATTAGTTGT

294 GGTTTTTTTTTTYGAGTTATGAAGAGTTGTTTGYGGTTATTTTGGTTTTYGTATTTYGTTTTTGTTA 60
TTTTAGGTTTTTGTAATTTGTTTAAYGTTT

225 GAAGTTTGATATTTTTGGTTTTAAATATTGTTTGGTTATAATAYGATATTTAGGGATAGATATTTTT 61
TATGTATAGTAAGTTGTGG

226 GGGGGGATTGTYGTTAATTTATTGTTTAATGATYGYGGTTYGYGYGTTTYGAGTAATYGGGTGATGT 62
ATGTGGATTGTGTATATTTYGTGG

Each Y, independently either C or T/U

[187] In certain embodiments of such aspect, one or more of the bases identified by “Y” in such sequences of
contiguous bases is @ U or T (preferably, a T). As will now be apparent to the person of ordinary skill, such
sequences (ie, those comprising a U and/or a T at one or more bases identified by “Y”) are non-natural sequence as
the sequence is produced following conversion of a cytosine in a natural sequence by bisulphite. In particular of such
embodiments, such a nucleic acid of the present invention comprising two, three, four, five, six, seven, eight, nine or
ten (up to the maximum number of *Ys" present in such sequence of contiguous bases) Us and/or Ts; and in more
particular of such embodiments, such a nucleic acids may comprise at least one, two, three, four, five, six, seven,
eight, nine, ten or more than ten (up to the maximum number of CpGs present in such sequence of contiguous
bases) Cs at any of the bases identified by “Y” therein, such as those “Ys” within CpGs (such as relevant CpGs)
located in such sequence of contiguous bases. In particular embodiments, two, three, four, five, six, seven, eight,
nine, ten or more than ten of the bases identified by “Y” therein may be a U or T (preferably, a T), such as all of the
bases identified by “Y” therein may be a U or T (preferably, a T), or all but one, two, three, four or five of the bases
identified by “Y” therein is a U or T (preferably, a T) and preferably all other Y’s therein (in particular, those in CpGs)
may be Cs.

[188] In other embodiments, such a nucleic acid of the invention comprises a nucleic acid sequence consisting of
said number of contiguous bases - for example, at least about 10 contiguous bases (preferably at least about 15
contiguous bases for any SEQ ID other than SEQ ID: NO:89) - comprised in a particular (non-natural) sequence
selected from the group consisting of those set forth in TABLE 2B: SEQ ID NOs: 63, 64, 65, 66, 67, 68, 69, 70, 71,
72,73,74,75,76,77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92 and 93 (such as SEQ ID NO: 63, 64,
65 and/or 66, or SEQ ID NOs: 63 and 64 and 65, or SEQ ID Nos 65 and 66, and optionally 54 and/or 53), and in
particular of such embodiments, said nucleic acid comprises a sequence selected from said group, or in each case an
allelic variant and/or complementary sequence of any of said nuclectide sequences. As will be apparent, typically a
bisulphite converted [un-methylated) cytosine would be detected as a T, particularly after an amplification (such as a
PCR) step. However, certain detection technologies (for example, those able to detect single molecules) may be able
to directly detect a bisulphite converted (un-methylated) cytosine as a U. Accordingly, the sequences of TABLE 2B are
also envisioned to encompass the analogous sequences where, instead of a T representing a bisulphite converted
(un-methylated) cytosine, such T is instead a U. The location of such Ts (eg, C in the genome sequence outside of
CpGs) will readily be identifiable by the person of ordinary skill by comparison of the sequences presented in this
TABLE 2B to the corresponding genomic sequence presented in TABLE 1A or TABLE 1B, as applicable.

TABLE 2B: Particular patterns of epigenetic markers associated with the presence of ovarian cancer detected by

particular (non-natural) sequences of the DMRs of the present invention

Total
pMR | Marker Detected sequence for No. No. of OC specific pattern SEQ
# coordinates marker (relevant CpGs of relevant of methylation D
(hg19) are underlined) C CpGs NO.
pGs
141 | chr5:178004422- | CGTTACGGGAAGGAGGTATAC 7 7 1111111 63
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178004505 GATTTAGTTTATGATATCGTT
ATTTCGGCGTGGTGTTGTAGG
GGGAAGTTTAGGTATTTATCG
CGTCGCGGGGTTTTAGGCGTA
A GTACGTTTTCGCGCGTGGGTC
chr1:151810811- | GTAGTTGGTAGTATAGGAAGT
204 151810917 ETAGGTGGAAGAG@G%G@ 18 16 1111111111111111XX 64
TGGGCGGTTCGGCGCGGYGYG
GT
. _ | YGGTTGTTAGGCGTTTCGCGG
apg | SNM2219736301- | o C e rrrrTTTTCGGTTTTT | 9 7 X111X1111 65
219736362 CGGTTTGTTCGGTATTTTCG
GGCGGCGTCGTTAAGGTTTAG
chr19:58220438- ACGTTTTCGTGTAGGAGGGAC
144 | Coroos1y GACGATTTTTTTTAGGTTTIC | 1 11 11111111111 66
GTGGTTTTAATTCGGCG
chr16:1271180- TGAGTTTTTGTTTGTTTTGGT
123 : TTGGGTTTTTTTGAGTTTTGT 7 7 0000000 67
1271240 TATTAGTTGAGGTTGTGIG
. _ | TYGAGATGTGGGAATGTTTGG
129 chri1:69054672 GTYGTYGTGTAGTTATTGGGT 8 4 X00XX00X 68
69054732 AGGGTYGTTTTTTTTTGTG
TGTGGTTATAGGTTATTTTAG
chr12:132896310- | GTTGTTTTGGGTGTTTTTTTT
137 1 137806382 GTAGTTTTATGTAGATAGAAG 7 / 0000000 69
ATATTTTTTG
TTTTYGTTTTGTGTTTGGTTG
chr2:72359624- AAGTGATTGGGGTYGAATAYG
198 | cossy TrTaveTTITTGAATATGGGY | 10 5 X0000XXX0X 70
G
TGGGAGGTTGAGGTGGGAGAA
chr7:156735054- | TGGIGTGAATTTGGGAGGTGG
150 ' AGTTTGTAGTGAGTTGAGATT 11 11 00000000000 71
156735141 GTGTTATTGTATTTTAGTTTG
GGTG
o GTYGATTTAGTTTTCGAGATT
chr17:70112163- TTTTTACGTCGTTTTAAAATT
154 | 112938 AARACGGAGTTTAATACGARG | 7 6 X111111 72
TTGGGTGAAGTCG
YGGGYGTGGTGGTTTATGTTT
chr16:74441727- | GTTATTTTAGTATTTTGGGAG
158 | - 1041802 cr1caceracaTccaTIaTGA | O 7 XX0000000 73
GGTTGGGAGATTG
YGGGAYGGYGGTGTTTAGTTT
chr4:174427946- | AGTTTAGGGTAATTGGGTTTT
164 174428028 TTGAGAGTTCGATTTTTATCG / 4 XXX1111 74
GTTTGGGAGCGAGTGGTTCG
YGGGTGTGGTGGTTTAYGTTT
chr6:119107238- | GTAATTTTAGTATTTTGGGAG
176 119107313 GTTGAGGTGGGYGGATTAYGA 9 4 XOOX0OXXX 75
GGTTAGGAGATYG
YGTGGTTTGGAGAGYGTTGAA
chr19:13215437- | GGTGGGAGGGGGAAGAGGGGT
178 : AGAATTTTYGCGGGAGCGAGC 10 5 XXX1111X1X 76
13215527 GTATAGTTGTCGTTTYGTGGT
CGTTTYG
YGTGTTTTTYGTATAGGGAGC
chr3:192125880- | GTTYGTTTTTGTTGGGGTTGG
180 | o> i5e050 AGCCECGTTTGAGSTCEATA | 9 6 XX1X11111 77
TTCGGTCG
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YGTGATTAGTTYGTTTTGGTT
. _ | TTTTAARAGTGTTGGGATTARA
196 | 2221483273 | ooGrgacTTaTToTGTTGEG | 8 6 XX000000 78
21483360 TTGAGATTTTGTTTTARAARA
ARARA
TGAGAGTTGYGGAAAYGTTAY
. _ | GRGGATTTGTTAATTAGGTTG
1gg | CMIOIBAO7ISO ) erTanTTAGAGTTCOGAA | 9 4 0XXXX000X 79
18497245 GATTTGAATATTGATTTTGTT
TYG
7962 } CGAGGTGGAGCGACGTTGGTA
190 | CrO:79629090- | B2 arrrTGAGTTTGCGCE | 8 8 11111111 80
79629145 GTTCGGCGTTATTT
CGTCGGTTTCGTCGATGTTTT
12:75601322- | AGAAGGTTAGTTTTTTTTCGA
yop | SMMIZTO0I322 o cGarncaTaTacaTTTs | 11 11 11111111111 81
75601409 CGGGGTAGTGTAGTTTGTCGG
TGCG
. _ | CGCGGCGATCGTARAGGGAGT
200 chr9:138999208 GTTTGTTTATTCGCGTTTGAA 7 7 1111111 82
138999265 AGTAGATTTTTTTTCG
YGTYGTYGAYGYGAAGGGGTT
:9987530- GTTTGTGCGCGGYGTTGYGGG
202 chr1:2987530 TTTTTCGCGCGTGGGGTGTGC 18 11 XOXX11XX111111111 83
2987630 GTGTGCGTGTTCGGGTTCGGT
TTTGTGTGTGTATCGCG
55467547~ ATGTTTGTAATTTTAGTATTT
208 chr8:554675 TGGGAGGTTGAGGTGGGTGGA 6 6 000000 84
55467607 TTATGAGGTTAGGAGATTG
¢chr12:123713533- | TTTTTAAAATTTTTTTTTTTC
210 | 153713562 GTTTTATTT ! ! ! %
. _ | GAAAACGCGGTGTAGGGAGAA
213 chr2:106776970 AATTAATTTAGTGAGGAGCGG 4 4 1111 86
106777018 AGGCGTA
chr3:141516288- | GAACGAGAATAAAGCGGTTAG
214 141516321 GTTTTTTTCGGAG 3 3 111 87
chr16:30484192- | GCGTTGTTGTTTGGGTTTTTT
219 1 30484232 TTTTTCGGTAGGTAAGGGAG 2 2 1 88
222 i:rf;g;glijgg%g NNACGGTTNN 1 1 1 89
223 chr10:120489276- | AGAGAGGTTTTTAATTTACGG 1 1 1 90
120489298 AR
chr11:1874066- TTTGCGGTTATTTTGGTTTTC
224 | o a099 GTATTTCGTTTTT =1 3 3 111 91
225 i;;;:;:;zzy GTTATAATACGATATTTAG 1 1 1 92
chr1:3086483- ATTGTGGTTTGTGTGTTTTGA
226 3086511 GTAATTGG - 7 7 0000000 93
In sequences, each Y, independently, C or T/U
In methylation pattern, each independently: 1 = methylation, 0 = un-methylation and
X = either methylation or un-methylation
[189] 1In a fourth aspect, the invention relates to a nucleic acid probe that is complementary to the particular

(eg non-natural) sequence of a nucleic acid of the third aspect, preferably wherein said nucleic acid probe is labelled.
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[190] In certain of such embodiments, the label is a detectable moiety such as detectable fluorescent moiety.
Examples of suitable fluorescent moieties include, but are not limited to, 6-carboxyfluorescein (6-FAM), VIC, HEX,
Cy3, Cy5, TAMRA, JOE, TET, ROX, R-phycoerythrin, fluorescein, rhodamin, Alexa, or Texas Red. Said nucleic acid
probe may further comprise enhancers and/or quencher molecules Iowa Black FQ, ZEN, Iowa Black RQ, TAMRA,
Eclipse, BHQ-1.

[191] Such a nucleic acid probe has utility to detect the nucleic acid of the invention to which it is complementary,
such as in the/a method of the first aspect of the invention, such as by hybridisation (and detection thereof) between
said probe and its complementary nucleic acid of the invention.

[192] In particular embodiments of said aspect, a nucleic acid probe of the present invention differential may bind
to its complementary nucleic acid of the invention depending on the methylation status of one or more CpCs within
said nucleic acid sequence. For example, a nucleic acid probe may be designed to bind only (or preferably) to: (i) a
nucleic acid used in the method of the present invention when an un-methylated cytosine in @ CpG has been
converted to U or T (following bisulphite treatment of an un-methylated such CpG); compared to (ii) a nucleic acid
used in the method of the present invention when said cytosine has not been converted following bisulphite
treatment (ie, when such CpG comprises 5-methylcytosine). As will now be apparent to the person of ordinary skill,
such specifically (or preferentially) for binding/hybridisation nucleic acid probes may be designed using routine
methodology following the disclosure of the complementary sequences herein; and will readily be usable in array
based and/or PCR-based detection technology, such as MethylLight, MSP, or BeadChip (eg Illumina Epic arrays).
[193] In a fifth aspect, the invention relates to a PCR primer pair for amplifying a nucleic acid sequence
consisting of at least 10 contiguous bases (such as the number of contiguous bases described elsewhere herein, and
preferably at least 15 contiguous bases for any SEQ ID other than SEQ ID NO:58) comprised in a sequence selected
from the group consisting of: SEQ ID NOs: 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61 and 62 (such as SEQ ID NO: 32, 33, 34 and/or 35), or a nucleotide
sequence present within about 2,000bp (such as within about 200bp) 5 or 3’ thereof, or an allelic variant and/or
complementary sequence of any of said nucleotide sequences.

[194] In certain embodiments of such aspect, at least one primer of said pair may include a sequence
corresponding to at least one (eg non-natural) bisulphite-converted CpG; such a primer pair having particular utility
in amplifying (eg by PCR amplification) bisulphite converted sequences. Indeed, in other embodiments, the primer
pair may be a degenerate primer pair such that two version of at least one of said primer pair are present such that
both the bisulphite-converted CpG (ie the CpG is un-methylated and converted to U/T) and the non-converted CpG
(ie the CpG comprises 5-methylcytosine and remains as C) are amplified/detected.

[195] In particular embodiments, a primer pair of the present invention is one selected from the group primer-
pairs set forth in each row of TABLE 3.

TABLE 3: Particular primer pairs and predicted amplicon size

. SEQ ID . SEQ ID | Amplicon
DMR# | Primer sequence 1 NO. Primer sequence 2 NO. size
141 gATTYGGAGGTTTAGGGGTGAGGATT 94 gﬁCRAATTCCCCRAATCCTAT 125 136 bp
204 gATATTYGGTGGAGAGTYGTAGTTGT 95 ACCRATACCAACCCRCACTC 126 154 bp
228 GTTTTATGGGYGAGTTGTTGTAGTG 96 Z%‘SAAACCCRCRAAACCAAAAAA 127 111 bp
TCTAAAATATATTCACCRAATC
144 TTTAGGTTTGAYGTGGGTTTTTTAG 97 ARAAATAACAAAL 128 140 bp
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123 %GAAGTAGGAGTAGTTGTYGGGTTT 98 gg;ggggéACRAAAAACTAAC 129 120 bp
129 Zgégg;ggTGAGTGAGTTTATAAATA 99 ;EZC%CTTAACACCRTTTTTACTA 130 120 bp
137 égggigiTATATATAGTTGTATTY 100 CRAAAAACTAAACACCOAAACE 131 130 bp
148 | GAGGTAATGGAAGYGGTTATTTTTG 101 | Armacpenn [CCRRRACRCCCH 439 120 bp
150 GYGGGTATTTGTAGTTTTAGTTATT 102 ETTTAAACRAAATCTCRCTCT 133 137 bp
154 gggg;GGAGTTYGGAGTTTAGGTTAG 103 i?i:i?giTCTCCCTAACTCCT 134 137 bp
158 ZcizgggTGTTTTAAAAAAGAAAAAAAT 104 iz;zggggACCRTATTACCCAAA 135 136 bp
164 gﬁTYGYGAGGTTTTTTAGTAGTTTA 105 iizé;:RACRATTCCCAACATCTA 136 138 bp
176 ZﬁggﬁgTTTTTATTAAATTGTAT 106 iigﬁAAACRAAATTTCACCRT 137 138 bp
178 ggTAGGAGYGTTTTATTATGYGTAAG 107 ECAAAACCRAAACCAACRATTC 138 142 bp
180 Eggigzéi(;YGTATTTTGTTGAATAT 108 égéﬁéﬁgRACMACRAAAAAA 139 135 bp
186 iggg;g;\gTTAGGATGGTTTYGATTT 109 EECCAAAATACCACAACCCAAA 140 146 bp
188 z;gAGTTGTATTTYGAAGATTTTAGAT 110 iig?TAAATATCCRAACTACZ—\A 141 141 bp
190 GTTAGAYGAGAGTTTGGGGTTAATGT 111 éﬁiiCAACCAACMCRAAAAA 142 109 bp
192 éiGTAGGTTATTTAGTAGTAGGGTTT 112 gigg;gCRCCTATATACTCAAT 143 144 bp
200 iéTTAGTTTAGTAATYGGYGATTTTA 113 gg?g?ﬁCAAATAAATCCTATA 144 115 bp
202 GTGYGAATAAGATYGGGYGTTT 114 ggzéTAATCCCRACTCTAAACAA 145 148 bp
208 zTAETTAATTTTGTTYGGGTAYGGTGG 115 gﬁﬁgg?ccmmmmm 146 121 bp
210 ggAGTTGTAAAAAATAAAGGAATATG 116 gigzggzégz;iz;;igACTATAAAAc 147 92 bp
213 EEEEGGGMTGGGMTATAGTTAT 117 | CCRAATACACACTCCACAATCC 148 103 bp
214 ggGTTTAAAGGYGTAGAGGAGTAGTT 118 ggzgz;ggzgggcwmmcm’rc 149 94 bp
219 igéggﬁggATTTTTGTATTATTGTG 119 ?;?CACATATCCCTTCCCCTAC 150 101 bp
222 gigiggATAGGZ—\AGAGGTATTTTTTA 120 i}c&ig%z;izgzxAAACTCAACTT 151 70 bp
223 AAGAGAGAGTGGTTGATAATTAGTAG 121 igizgggzgiggigmmmw 152 84 bp
224 gggTTTTTTTTTYGAGTTATGAAGAG 122 iﬁég;ﬁﬁﬁg?mmcmzx 153 97 bp
225 iﬁgggggATATTTTTGGTTTTAAAT 123 gg@;ﬁggﬁgwmcmmm 154 86 bp
226 GGGGGGATTGTYGTTAATTTATTGTT 124 CCACRAAATATACACAATCCAC 155 91 bp
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| TAATG | | ATACATCAC | ‘

Each Y, independently, C or T; each R, independently, G or A

[196] In a sixth aspect, the invention relates to a plurality of nucleic acids comprising least two, three, four,
five, six, seven, eight, nine, ten or more (such as about 12, 15, 20, 25 or 30) nucleic acid sequences of the third
aspect and/or of the nucleic acid probes of the fourth aspect and/or of the PCR primer pairs of the fifth aspect (for
example, such PCR primers for amplifying at least 15 contiguous bases of SEQ ID NO: 32, 33, 34 and/or 35, in
particular at least 3 pairs of primers for amplifying at least 15 contiguous bases of at least SEQ ID NO: 32, 33 and
34, or SEQ ID NO: 34 and 35, and optionally and 33 and/or 32).
[197] In certain embodiments of such aspect, said plurality of nucleic acids may be in any form that is applicable
to the practice of the invention (or its storage or preparation), such as in the form of an admixture or an array. For
example, such arrays may comprise a microtitire plate or a hybridisation chip.
[198] As will now be apparent to the person of ordinary skill, any of such nucleic acids (including the probes
and/or PCR primer pairs) of the present invention may be synthetic (ie, synthesised by chemical and/or enzymatic
means/methods practiced in-vitro), and/or may be isolated and/or are not natural occurring or are used or present in
a non-natural composition or mixture. Furthermore, any of the methods of the present invention may produce (and
hence a composition or any nucleic acid of the present invention may comprise) an in-vitro-produced nucleic acid
molecule, such as a DNA product of a PCR reaction (eg a “"PCR product”). One or more of such in-vitro-produced
nucleic acid molecules may be non-natural because they comprise a nucleotide primer and/or probe that includes at
least one non-natural substituted base, detectable label or bases, such a nucleic acid molecule having been
generated by polymerase extension (or partial nuclease digestion) or bisulphite or enzymatic conversion of such
nucleic acid (eg a labelled primer and/or probe), and hence providing at least a fraction of such nucleic acid
molecules that include a non-natural base or detectable label, such that even though the nucleic acid sequence of
the nucleic acid molecules may otherwise comprise a naturally occurring sequence (or fragment thereof), such an in-
vitro-produced nucleic acid molecule is non-natural by virtue of (at least) the non-natural base and/or detectable
label that it includes.
[199] In a seventh aspect, the invention relates to a kit (for example, one for determining the presence or
absence of, or response to therapy against, a cancer in a human individual (eg an ovarian cancer in a woman)), such
as a kit of parts comprising two or more separate compartments, holders, vessels or containers (eg each holding a
different component of the kit), wherein said kit comprises:
. two, three, four, five, six, seven, eight, nine, ten or more (such as about 12, 15, 20, 25 or 30) nucleic acid
sequences of the third aspect and/or of the nucleic acid probes of the fourth aspect and/or of the PCR primer
pairs of the fifth aspect (for example, such PCR primers for amplifying at least 15 contiguous bases of SEQ ID
NOs: 32, 33, 34 and/or 35, in particular at least 3 pairs of primers for amplifying at least 15 contiguous bases
of at least SEQ ID NO: 32, 33 and 34, or SEQ ID NO: 34 and 35, and optionally 33 and/or 32) and/or the
population of nucleic acids of the sixth aspect; and

. optionally, said kit further comprising:
(i) a printed manual or computer readable memory comprising instructions to use said synthetic nucleic acid
sequence(s), labelled nucleic acid probe(s) and/or population of nucleic acids to practice a method of the first
aspect and/or to produce or detect the nucleic acid sequence(s) of the third aspect; and/or
(i) one or more other item, component or reagent useful for the practice of a method of the first aspect and
and/or the production or detection of the nucleic acid sequence(s) of third aspect, including any such item,
component or reagent disclosed herein and/or useful for such practice, production or detection.

[200] In certain embodiments said kit further comprises one or more additional components. For example, such a

kit may comprise one or more (such as two, three, four, all) of the following:
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. means to collect and/or store a biological sample, such as blood, to be taken from said human individual (eg
woman or man), preferably wherein said means is a blood collection tube; and/or

. means to extract DNA, preferably cell-free DNA, from the sample to be taken from said human individual
woman or man), preferably wherein said means is a cell-free DNA extraction kit; and/or

. an agent to differentially modify DNA based on the methylation status of one or more CpGs located within said
DNA, preferably wherein said agent is bisulphite; and/or

. one or more reagents to detect a nucleic acid sequence, preferably for detecting the sequence of a bisulphite-
converted nucleotide sequence; and/or

. a printed manual or computer readable memory comprising instructions to identify, obtain and/or use one or
more of said means, agent or reagent(s) in the context of a method of the first aspect.

[201] In some embodiments, any method of the invention may be a computer-implemented method, or one that

is assisted or supported by a computer. In some embodiments, information reflecting the determination, detection,

presence or absence of one or more methylated or un-methylated (as applicable) CpGs located within one or more of
said nucleotide sequences comprised in at least one molecule of (eg cell-free) DNA of @ woman or man in a sample is
obtained by at least one processor, and/or information reflecting the determination, detection, presence or absence
of one or more methylated CpGs located within one or more of said nucleotide sequences comprised in at least one
molecule of (eg cell-free) DNA of a woman or man in a sample is provided in user readable format by another
processor. The one or more processors may be coupled to random access memory operating under control of or in
conjunction with a computer operating system. The processors may be included in one or more servers, clusters, or
other computers or hardware resources, or may be implemented using cloud-based resources. The operating system
may be, for example, a distribution of the LinuxTM operating system, the UnixTM operating system, or other open-
source or proprietary operating system or platform. Processors may communicate with data storage devices, such as

a database stored on a hard drive or drive array, to access or store program instructions other data. Processors may

further communicate via a network interface, which in turn may communicate via the one or more networks, such as

the Internet or other public or private networks, such that a query or other request may be received from a client, or
other device or service. In some embodiments, the computer-implemented method (or the one that is assisted or
supported by a computer) of detecting the determination, detection, presence or absence of one or more methylated

CpGs located within one or more of said nucleotide sequences comprised in at least one molecule of (eg cell-free)

DNA of a woman or man in a sample may be provided as a kit.

[202] In an eighth aspect, the invention relates to a to a computer program product comprising: a computer

readable medium encoded with a plurality of instructions for controlling a computing system to perform and/or

manage an operation for determining the presence or absence of, or response to therapy against, a cancer in a

human individual (eg an ovarian cancer in a woman), from a biological sample from said human individual (eg said

woman), said sample comprising (eg cell-free) DNA of said human individual (eg a woman or man), and determining,
in at least one molecule of said (eg cell-free) DNA, the methylation status at one or more CpGs located within one or
more nucleotide sequences in accordance with a method of the first aspect; said operation comprising the steps of:

. receiving a first signal representing the number of molecules of said (eg cell-free) DNA comprising one or more
methylated or un-methylated CpGs (such as relevant CpGs) located within one or more of the nucleotide
sequences independently selected from the group consisting of: SEQ ID NOs: 1, 2, 3,4, 5, 6,7, 8,9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 and 31 (for example, within one or
more of the nucleotide sequences comprised in one or more of the respective DMRs of the present invention
independently selected from the group consisting of DMR#: #141, #204, #228, #144, #123, #129, #137,
#148, #150, #154, #158, #164, #176, #178, #180, #186, #188, #190, #192, #200, #202, #208,#210,
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#213, #214, #219, #222, #223, #224, #225 and #226), or a nucleotide sequence present within 200bp 5’ or
3" thereof, or an allelic variant and/or complementary sequence of any of said nucleotide sequences; and
. determining a classification of the presence or absence of, or response to therapy against, the cancer in said
human individual (eg an ovarian cancer in said woman) based on their being at least one molecules of said (eg
cell-free) DNA comprising one or more: (i) said methylated CpGs associated with (such as located within) one
or more of the hyper-methylated DMRs of the present invention (eg, as identified in TABLE 1A), for example
associated with (such as located within) one or more of said nucleotide sequences independently selected
from: SEQ ID NOs: 1, 2, 3, 4, 10, 12, 14, 15, 18, 19, 20, 21, 23, 24, 25, 26, 27, 28, 29 and 30; and/or (ii) said
un-methylated CpGs associated with (such as located within) one or more of the hypo-methylated DMRs of the
present invention (eg, as identified in TABLE 1B), for example associated with (such as located within) one or
more of said nucleotide sequences independently selected from: SEQ ID NOs: 5, 6, 7, 8, 9, 11, 13, 16, 17, 22
and 31.
[203] In certain embodiments of a computer program product of the present invention the operation further
comprises steps of: receiving a second signal representing the number of molecules of said (eg cell-free) DNA
comprising said nucleotide sequence(s); and estimating a fraction or ratio of molecules of said (eg cell-free) DNA
comprising one or more methylated or un-methylated (as applicable) CpGs located within one or more of the
nucleotide sequences within all of said nucleotide sequence(s).
[204] In particular embodiments of the computer program product of the present invention, said classification is
determined by comparing said a fraction or ratio to a standard or cut-off value; such as a standard or cut-off value
described elsewhere herein. Such an embodiment has particular utility where different populations of women or men
(such as patient stratification; or even individualised therapy) is desired. The establishment of the applicable
standard or cut-off value for each population of women or men will be apparent to the person of ordinary skill, such
as by the collection and analysis of data from a statistically meaningful number of women or men within the desired
population, and/or stratification of sub-populations from large population studies. In particular of such embodiments,
the computer program may comprise, or the cut-off values may be calculated by, a machine-learning algorithm that
is trained on the DMR-based data generated from samples from, for example, women with OC vs. control samples,
for example, the (sub)populations of women described herein and/or from samples from other (sub)populations such
as UKCTOCS, by using any number and combination of the methylation patterns/DMRs as described herein. In
other embodiments, eg when applied to cfDNA, the standard or cut-off value may be modified based on the amount
of total DNA present in a sample (for example, if increased such as by contamination from genomic DNA leaking from
WBCs) and/or if the average sample size of the extracted DNA is increased (for example, a fragment size of greater
than about 1000bp), which can also indicate contamination from genomic DNA. By way of none limiting examples,
such a standard or cut-off value may be reduced by factor, such as by a factor of 2, 3, 4, 5, 6, 8 or 10 (in particular,
by a factor of 3) if the DNA extracted from one or more samples used in a study or test exhibits characteristics (such
as those described herein) of contamination from genomic DNA.
[205] In other particular embodiments, the computer program product of the present invention may be for an
operation that further comprises the steps of: receiving a third signal representing: (i) the amount or concentration
of total (eg cell-free) DNA present in said sample; and/or (ii) a baseline value of said fraction or ratio previously
determined for said woman or man; and modifying said standard or cut-off value for a given sample based on said
third signal. As will now be apparent to the person of ordinary skill, such patient-specific modification of the standard
or cut-off value can provide increased personalisation of detection (such as by an increase in specificity and/or
sensitivity for individual women or man), analogously to that provided by the ROCA test.
[206] The computer program product of the present invention may include embodiments wherein said first signal,

and optional second signal, is determined from nucleotide sequence and/or methylation status information of a
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plurality of said molecules of said (eg cell-free) DNA and/or amplified DNA representing each of said nucleotide
sequences, preferably wherein said plurality is a number selected from the group consisting of at least about: 50,
100, 1,000, 5,000, 10,000, 50,000, 100,000, 200,000, 500,000, 1,000,000, 1,500,000, 2,000,000, 2,500,000,
3,000,000, 3,500,000, 4,000,000 and 5,000,000 molecules, or more than 5,000,000 molecules. In particular of such
embodiments, said operation may further comprise the steps of: for each of said molecule’s sequence and/or
methylation status information, determining if said molecule comprises none, one or more: (i) methylated CpGs
associated with (such as located within) one or more of the hyper-methylated DMRs of the present invention (eg, as
identified in TABLE 1A), for example associated with (such as located within) one or more of said nucleotide
sequences independently selected from: SEQ ID NOs: 1, 2, 3, 4, 10, 12, 14, 15, 18, 19, 20, 21, 23, 24, 25, 26, 27,
28, 29 and 30;, or a nucleotide sequence present within about 2,000bp (such as 200bp) 5" or 3’ thereof, or an allelic
variant and/or complementary sequence of any of said nucleotide sequences; and/or (ii) un-methylated CpGs
associated with (such as located within) one or more of the hypo-methylated DMRs of the present invention (eg, as
identified in TABLE 1B), for example associated with (such as located within) one or more of said nucleotide
sequences independently selected from: SEQ ID NOs: 5, 6, 7, 8, 9, 11, 13, 16, 17, 22 and 31, or a nucleotide
sequence present within about 2,000bp (such as 200bp) 5’ or 3’ thereof, or an allelic variant and/or complementary
sequence of any of said nucleotide sequences; and calculating said first signal, and optional second signal, based on
said determination for all or a portion of said plurality of molecules. In certain embodiments, the number of said (eg
cell-free) DNA and/or amplified DNA molecules to be analysed may be predetermined. For example, depending on
the expected stage of the cancer (eg ovarian cancer), age or general (or specific) health of the woman or man, or
the total number of (eg cell-free) DNA found in the biological sample of the woman or man, the said number may be
of the higher (eg, greater than about 100,000, 500,000, 1,000,000, 1,500,000 or 2,000,000) or lower (eg less than
about 100,000, 500,000, 1,000,000, 1,500,000 or 2,000,000) regions of said range. The number of DNA molecules
analysed can be modified, predetermined and/or selected for reasons such as to achieve a particular sensitivity
and/or specificity of the test; or may be increased for a second or subsequent test conducted for a woman or man
who has had a borderline result for a previous test or where said woman or man may desire increased sensitivity
and/or specificity (ie confidence of the test result) before making a decision on further therapy.
[207] The ability to increase the number of said DNA molecules analysed is one particular advantage of the test of
the present invention, as it enables the dynamic range of the test to be increased (eg, to that desired), including to a
dynamic range that is greater than alternative (eg protein-based) tests for a cancer (eg OC) such as those based on
the CA125 for OC.
[208] In further embodiments of the computer program product of the present invention for OC, said operation
may further comprise the steps of:
. receiving a signal representing the amount present, in a sample of blood taken from said woman, of one or
more proteins independently selected from the group consisting of: CA-125, HE4, transthyretin, apolipoprotein
A1, beta-2-microglobin and transferrin; and

. comparing said a fraction or ratio to a standard or cut-off value for said protein; and

. determining a classification of the presence or absence of, or response to therapy against, an ovarian cancer in
said woman based on their being either of (i) at least one molecules of said (eg cell-free) DNA comprising one
or more of said methylated or un-methylated (as applicable) CpGs located within one or more of said
nucleotide sequences; and/or (ii) an amount of said protein(s) present in said blood sample is greater than said
standard or cut-off value for such amount or protein.

[209] As will be known to gynecological oncologists, each (or certain combinations) of said proteins are associated

with and used for the diagnosis of ovarian cancer. Accordingly, the present invention envisions that it is used in

combination with such protein-based diagnostic tests. In particular, and as set out elsewhere herein, the
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combination of the test of the present invention shows independent sensitivity and/or specificity to CA125 (and/or
other protein-based tests). Importantly, in the data presented below, there was no overlap between the DNAme-
false positives and the CA125-false positives for OC. Therefore, the application of a test of the present invention to
OC with one or more of such (independent) protein-based diagnostic tests would be particularly advantageous to
women in that such a combination would provide greater confidence in the result of such a combined test; for
example that their (combination) result was not a false positive or false negative; ie that they have been correctly
diagnosed for: (i) the presence of ovarian cancer (such as HGS ovarian cancer; or one that is not responding, or has
not responded, to chemotherapy treatment), or (ii) the absence of ovarian cancer (such as having a benign pelvic
mass), or the absence of HGS ovarian cancer (or having an ovarian cancer that is responding, or has responded, to
chemotherapy treatment).

[210] A number of such protein-based tests for ovarian cancer are used, including those which have been
validated in clinical trials and are commercially available. In particular, suitable protein-based tests that may be used
in combination with the test of the present invention for OC include tests for CA125 (in particular when conducted in
a routine manner for each woman, such as in the ROCA® test of Abcodia Ltd. Refs. 6, 7) and/or HE4 (such as the
ELEXSYS®/COBAS® versions thereof of Roche Diagnostics), as well as when CA125 and HE4 are used in a combined
test (such as the ROMA — Risk of Ovarian Malignancy Algorithm — test. Moore et al, 2009; Gynecological Oncology
112:49. Malkasian et al, 1988; Am J Obstet Gynecol 159:341) and/or when CA125 is used in a test that also involves
other proteins including transthyretin, apolipoprotein A1, beta-2-microglobin and/or transferrin (such as in the OVA1L
test of Aspira Labs. Ueland et al, 2009: Obstet Gynecol 117:1289. Ware Miller et al, 2011; Obstet Gynecol 117:1298).
[211] In other embodiments, the test of the present invention is used in combination with other DNA-based
diagnostic tests for the cancer (eg ovarian cancer). For example for OC, other gynecological cancers and breast
cancers, determination of a woman'’s germline mutational status of BRCA1 and/or BRCA2 gene or any other high risk
genes including but not limited to RAD51, PALB2, ATM, BRIP1, CHEK2, PTEN, CDH1. Also envisioned for such other
DNA-based diagnostic tests for the cancer (eg ovarian cancer), are those tests which may include the analysis of one
or more single-nucleotide polymorphisms (SNPs) that are associated with the cancer (eg OC). In other embodiments,
the test of the present invention is used in combination with epidemiological-based models for the cancer (eg ovarian
cancer), such as those which use various combinations of family history, and for women (and espically for
gylnocological and breast cancers) number of lifetime ovulatory cycles (eg a function of period taking oral
contraceptive pill, number of pregnancies and time of breastfeeding), as well as body mass index and hormone
replacement therapy use.

[212] Any of such other diagnostic tests for a cancer (eg ovarian cancer) may be used to identify a sub-population
of women or men who are at a higher/highest risk of developingthe cancer (eg ovarian cancer for women), and as
described above, can be used to “artificially increase” the prevalence of the cancer, (eg OC) (ie, only in that identified
group at highest risk). In such sub-populations, then the specificity of the inventive test can be lower without a
major impact on the rate of false positives.

[213] In another aspect, the present invention also relates to a use of a nucleic acid sequences of the third
aspect of the present invention and/or a labeled nucleic acid probes of the fourth aspect of the present invention
and/or a PCR primer pair of the fifth aspect of the present invention (for example, such PCR primers for amplifying at
least 15 contiguous bases of SEQ ID NO: 32, 33, 34 and/or 35, in particular at least 3 pairs of primers for amplifying
at least 15 contiguous bases of at least SEQ ID NO: 32, 33 and 34 or SEQ ID NO: 34 and 35, and optionally 33
and/or 32) and/or a plurality of nucleic acids of the sixth aspect of the present invention and/or a kit of the seventh
aspect of the present invention and/or a computer program product of the eighth aspect of the present invention, in
each case for determining (such in-vitro, including in an in-vitro diagnostic test) the presence or absence of, or

response to therapy against, a cancer in @ human individual (eg an ovarian cancer in @ woman). It being envisioned
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that all embodiments set forth herein for other aspects are also encompassed within this use of the present
invention.

[214] It is to be understood that application of the teachings of the present invention to a specific problem or
environment, and the inclusion of variations of the present invention or additional features thereto (such as further
aspects and embodiments), will be within the capabilities of one having ordinary skill in the art in light of the
teachings contained herein.

[215] Terms as set forth herein are generally to be understood by their common meaning unless indicated
otherwise. Where the term "comprising" or “comprising of” is used herein, it does not exclude other elements. For
the purposes of the present invention, the term "consisting of" is considered to be a particular embodiment of the
term "comprising of". If hereinafter a group is defined to comprise at least a certain number of embodiments, this is
also to be understood to disclose a group that consists of all and/or only of these embodiments. Where used herein,
“and/or” is to be taken as specific disclosure of each of the two specified features or components with or without the
other. For example, “A and/or B” is to be taken as specific disclosure of each of (i) A, (ii) B and (iii) A and B, just as
if each is set out individually herein. Analogously, the terms “in particular”’, “particular” or “certain” (and the like),
when used in the context of any embodiment of the present invention, in each case is to be interpreted as a non
limiting example of just one (or more) possible such embodiment(s) amongst others, and not that such “particular”
or “certain” embodiment is the only one envisioned by the present invention. In the context of the present invention,
the terms “about” and “approximately” denote an interval of accuracy that the person skilled in the art will
understand to still ensure the technical effect of the feature in question. The term typically indicates deviation from
the indicated numerical value by £20%, £15%, £10%, and for example £5%. As will be appreciated by the person
of ordinary skill, the specific such deviation for a numerical value for a given technical effect will depend on the
nature of the technical effect. For example, a natural or biological technical effect may generally have a larger such
deviation than one for a man-made or engineering technical effect. Where an indefinite or definite article is used

non

when referring to a singular noun, e.g. "a", "an" or "the", this includes a plural of that noun unless something else is
specifically stated. The terms “of the [present] invention”, “in accordance with the [present] invention”, or “according
to the [present] invention” as used herein are intended to refer to all aspects and embodiments of the invention
described and/or claimed herein.

[216] Unless context dictates otherwise, the descriptions and definitions of the features set out above are not
limited to any particular aspect or embodiment of the invention and apply equally to all aspects and embodiments
which are described.

[217] All references, patents, and publications cited herein are hereby incorporated by reference in their entirety;
provided that In case of conflict, the present specification, including definitions, will control.

[218] In view of the above, it will be appreciated that the present invention also relates to the following numbered

itemised embodiments:

Item 1. A method of determining the presence or absence of, or response to therapy against, an ovarian cancer in
a woman, said method comprising the steps:

e providing a biological sample from said woman, said sample comprising cell-free DNA of said woman; and

¢ determining, in at least one molecule of said cell-free DNA, the methylation status at one or more CpGs

located within one or more of the nucleotide sequences independently selected from the group consisting

of: SEQIDNOs: 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,

27, 28, 29, 30 and 31, or a nucleotide sequence present within about 2,000bp (such as within about

200bp) 5" or 3’ thereof, or an allelic variant and/or complementary sequence of said nucleotide

sequence(s),
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wherein, the presence in at least one of said cell-free DNA molecules of one or more: (i) methylated CpGs
associated with (such as located within) one or more of said nucleotide sequences independently selected
from: SEQ ID NOs: 1, 2, 3, 4, 10, 12, 14, 15, 18, 19, 20, 21, 23, 24, 25, 26, 27, 28, 29 and 30; and/or (ii) un-
methylated CpGs associated with (such as located within) one or more of said nucleotide sequences
independently selected from: SEQ ID NOs: 5, 6, 7, 8, 9, 11, 13, 16, 17, 22 and 31, indicates the presence of,
or a reduced response to therapy against, an ovarian cancer in said woman;

preferably wherein said biological sample is liquid biological sample selected from the group consisting of: a
blood sample, a plasma sample and a serum sample.

Item 2. The method of item 1, wherein said CpGs for a given nuclectide sequence are identifiable by a genome
position for the cysteine thereof, independently selected from the list of genome positions corresponding to
said nucleotide sequence set forth in TABLE 1C.

Item 3. The method of item 1 or 2, wherein the presence in at least one of said cell-free DNA molecules of one or
more pattern of methylation and/or un-methylation as set forth in TABLE 2B for the respective nucleotide
sequence(s), indicates the presence of, or a reduced response to therapy against, an ovarian cancer in said

woman.

Item 4. The method of any one of items 1 to 3, wherein said nucleotide sequence(s) is/are associated with DMR(s)
#141 and/or #204 and/or #228 (eg, SEQ ID NOs: 1, 2, 3 and/or 4), or an allelic variant and/or

complementary sequence of said nucleotide sequence(s).

Item 5. The method of item 4, wherein the methylation status is determined at one or more of said CpGs located
within each of said three nucleotide sequences; wherein, the presence in at least one of said cell-free DNA
molecules of one or more methylated CpGs, and/or of one or more pattern of methylation and/or un-
methylation as set forth in TABLE 2B for the respective nucleotide sequence(s), located within any one of said
nucleotide sequences indicates the presence of, or a reduced response to therapy against, an ovarian cancer

in said woman.

Item 6. The method of item 5, wherein the methylation status is determined at about 7 CpGs located within
nucleotide sequence SEQ ID NO 1 and at about 16 to 18 CpGs located within nucleotide sequence SEQ ID NO
2 and about 7 to 9 CpGs located within nucleotide sequence SEQ ID NO 3; wherein, the presence in at least
one of said cell-free DNA molecules of at least said number of methylated said CpGs, and/or of one or more
pattern of methylation and/or un-methylation as set forth in TABLE 2B for the respective nucleotide
sequence(s), located within any one of said nucleotide sequences indicates the presence of, or a reduced
response to therapy against, an ovarian cancer in said woman.

Item 7. The method of any one of items 1 to 6, comprising the step of treating said cell-free DNA with an agent that
differentially modifies said cell-free DNA based on the methylation status of one or more CpGs located within;
preferably a methylation sensitive restriction enzyme and/or bisulphite;
preferably wherein said agent is bisulphite and said determining step comprises the detection of at least one
bisulphite-converted un-methylated cytosine within one or more of the nucleotide sequences independently
selected from those set forth in TABLE 2A (eg, independently selected the group consisting of: SEQ ID NOs
32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59,
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60, 61 and 62), wherein one or more of the bases identified by “Y” therein is a U or T and, preferably, where
one or more of the bases identified by “Y” in a CpG therein is a C, or an allelic variant and/or complementary
sequence of said nucleotide sequence(s).

Item 8. The method of item 7, wherein said agent is bisulphite and said determining step comprises the detection of

at least one bisulphite-converted un-methylated cytosine within a nucleotide sequence having a length of at
least 15bp (such as at least 50bp) comprised in SEQ ID NO 32 and/or SEQ ID NO 33 and/or SEQ ID NO 34,
wherein one or more of the bases identified by “Y” therein is a U or T and, preferably, where one or more of
the bases identified by “Y” in a CpG therein is a C, or an allelic variant and/or complementary sequence of said

nucleotide sequence(s).

Item 9. The method of any one of items 1 to 8, wherein the methylation status of said CpG(s) is determined in

multiple molecules of said cell-free DNA and/or amplified DNA representing each of said nucleotide sequences;
preferably wherein:

(a) the presence in at least a plurality of said cell-free DNA molecules of one or more methylated and/or un-
methylated CpGs (as applicable), and/or the presence in at least a plurality of said cell-free DNA molecules of
one or more pattern of methylation and/or un-methylation as set forth in TABLE 2B for the respective
nucleotide sequence(s), located within one or more of said nucleotide sequences, indicates the presence of,
or a reduced response to therapy against, an ovarian cancer in said woman; and/or

(b) said plurality of cell-free DNA molecules with one or more of said methylated and/or un-methylated CpGs
(as applicable), and/or the presence in at least a plurality of said cell-free DNA molecules of one or more
pattern of methylation and/or un-methylation as set forth in TABLE 2B for the respective nucleotide
sequence(s), located is at least 2, 3, 4, 5, 6, 7, 18, 9 or 10, or at least about 15, 20, 25, 30, 35, 40, 45, 50,
55, 60, 70, 80, 90, 100, 125, 150, 175 or 200, or a greater number such as greater than about 500, 1,000,
5,000, 7,500, 1,000, 2,500, 5,000 or greater than 5,000 molecules; and/or

(c) the methylation status of said CpG(s) is determined in a number of molecules of said cell-free DNA and/or
amplified DNA representing each of said nucleotide sequences selected from the group consisting of at least
about: 1,000, 5,000, 10,000, 50,000, 100,000, 200,000, 500,000, 1,000,000, 1,500,000, 2,000,000,
2,500,000, 3,000,000, 3,500,000, 4,000,000 and 5,000,000 molecules, or more than 5,000,000 molecules.

Item 10. The method of item 9, wherein a fraction or ratio of, or an absolute number of, cell-free DNA molecules in

said sample having said methylated and/or un-methylated CpG(s) (as applicable) located within said
nucleotide sequence(s), and/or having said pattern of methylation and/or un-methylation as set forth in
TABLE 2B for the respective nucleotide sequence(s), is estimated.

Item 11.The method of item 10, further comprising a step of comparing said fraction or ratio with a standard or cut-

off value; wherein a fraction or ratio greater than the standard or cut-off value indicates the presence of or a

reduced response to therapy against, an ovarian cancer in said woman;

preferably wherein said standard or cut-off value(s) is/are modified for a given sample based on:

e the amount or concentration of total cell-free DNA present in said sample; and/or

e a baseline value of said fraction or ratio previously determined for said woman; and/or

e a value of said fraction or ratio determined from multiple samples from a population of women
representative of said woman; and/or

e the specificity and/or sensitivity desired for said method of determination;
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more preferably wherein said standard or cut-off value is/are reduced for a given sample that has an amount
or concentration of total cell-free DNA present in said sample that is greater than a standard or cut-off value.

Item 12. A nucleic acid comprising at least 10 (preferable at least about 15, such as at least 50, for any SEQ ID

other than SEQ ID NO:58) contiguous bases comprised in a sequence selected from the group consisting of:
SEQ ID NOs 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56,
57, 58, 59, 60, 61 and 62, wherein said nucleic acid sequence includes one or more of the bases identified by
“Y” therein is a U or T and, preferably, where one or more of the bases identified by “Y” therein is a C, or an
allelic variant and/or complementary sequence of said nucleotide sequence;

preferably wherein said nucleic acid sequence comprises at least 15, (such as at least 50) contiguous bases
comprised in a sequence of SEQ ID NOs 32, SEQ ID NOs 33 or SEQ ID NOs 34, wherein said nucleic acid
sequence includes one or more of the bases identified by “Y” therein is a U or T and, preferably, where one or
more of the bases identified by “Y” therein is a C, or an allelic variant and/or complementary sequence of said
nucleotide sequence; and

more preferably wherein said nucleic acid sequence is comprised in a sequence as set forth in TABLE 2B (eg,
a sequence selected from the group consisting of: SEQ ID NOs 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74,
75,76,77,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92 and 93.

Item 13. A nucleic acid primer pair for amplifying a nucleic acid sequence consisting of at least 10 (preferable at

least about 15, such as at least 50, for any SEQ ID other than SEQ ID NO: 89) contiguous bases comprised in
a sequence selected from the group consisting of: SEQ ID NOs: SEQ ID NOs 63, 64, 65, 66, 67, 68, 69, 70,
71, 72,73,74, 75,76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92 and 93, or a nuclectide
sequence present within about 2,000 bp (such as within about 200bp) 5’ or 3’ thereof, or an allelic variant
and/or complementary sequence said nucleotide sequence(s);

preferably wherein:

(a) at least one primer of said pair includes a sequence corresponding to at least one bisulphite-converted
CpG present in said nucleotide sequence(s); and/or

(b) said primer pair is selected from the group of primer-pairs set forth in each row of TABLE 3.

Item 14. A kit, preferably for determining the presence or absence of, or response to therapy against, an ovarian

cancer in a woman, said kit comprising:

e one or more nucleic acid sequences of item 12 and/or primer pairs of item 13; and

e optionally, said kit further comprising:

0) a printed manual or computer readable memory comprising instructions to use said nucleic acid
sequence(s) and/or primer pair(s) to practice a method of any one of items 1 to 11 and/or to produce or
detect the nucleic acid sequence(s) of item 12; and/or

(i) one or more other item, component or reagent useful for the practice of a method of any one of
items 1 to 11 and and/or the production or detection of the nucleic acid sequence(s) of item 12, including any

such item, component or reagent disclosed herein useful for such practice, production or detection.

Item 15.A computer program product comprising: a computer readable medium encoded with a plurality of

instructions for controlling a computing system to perform and/or manage an operation for determining the
presence or absence of, or response to therapy against, an ovarian cancer in a woman, from a biological

sample from said woman, said sample comprising cell-free DNA of said woman, and determining, in at least
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one molecule of said cell-free DNA, the methylation status at one or more CpGs located within one or more

nucleotide sequences in accordance with a method as set forth in any one of items 1 to 11; said operation

comprising the steps of:

e receiving a first signal representing the number of molecules of said cell-free DNA comprising one or
more methylated and/or un-methylated CpGs (as applicable), and/or comprising one or more pattern of
methylation and/or un-methylation as set forth in TABLE 2B for the respective nucleotide sequence(s),
located within one or more of the nucleotide sequences independently selected from the group consisting
of: SEQIDNOs: 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30 and 31, or a nucleotide sequence present within about 2,000bp (such as within about
200bp) 5" or 3’ thereof, or an allelic variant and/or complementary sequence of said nucleotide
sequence(s); and

¢ determining a classification of the presence or absence of, or response to therapy against, an ovarian
cancer in said woman based on their being at least one molecules of said cell-free DNA comprising one or
more said methylated and/or un-methylated CpGs (as applicable), and/or comprising one or more said
pattern of methylation and/or un-methylation, located within one or more of said nucleotide sequences;

preferably wherein said operation further comprises the steps of:

e receiving a second signal representing the number of molecules of said cell-free DNA comprising said
nucleotide sequence(s); and

e estimating a fraction or ratio of molecules of said cell-free DNA comprising one or more said methylated
and/or un-methylated CpGs (as applicable), and/or comprising one or more said pattern of methylation or
un-methylation, located within one or more of the nuclectide sequences within all of said nucleotide
sequences; and

more preferably wherein said classification is determined by comparing said a fraction or ratio to a standard or

cut-off value.

[219] Certain aspects and embodiments of the invention will now be illustrated by way of examples and with
reference to the description, figures and tables set out herein. Such examples of the Methods, Results,
Supplementary Information, Discussion, conclusions and other uses or aspects of the present invention are
representative only, and should not be taken to limit the scope of the present invention to only such representative
examples. Furthermore, any embodiments, text or other descriptions found in such examples are also to

encompassed and considered as part of the description of the present invention.

[220] METHODS:

[221] Patients and sample collection:

[222] We have used a total of 703 tissue and 251 serum samples in seven sets (FIGURE 1). For Serum Sets 1-3
and the NACT Serum Set, women attending the hospitals in London and Prague were invited, consented and 20-40
mL blood obtained (VACUETTE® Z Serum Sep Clot Activator tubes, Cat 455071, Greiner Bio One International
GmbH), centrifuged at 3,000 rpm for 10 minutes with serum stored at -80°C. Serum CA125 was analysed for the
validation sets using the CA125 Cobas immunoassay platform (Roche Diagnostics, Burgess Hill, UK). For detailed
information see the Supplementary Information.

[223] Additionally, a seventh validation set may be provided from the UK Collaborative Trial of Ovarian Cancer
Screening (UKCTOCS) (Refs. 6, 7, 22). For example, all women (among those in the control arm) who donated
serum samples at recruitment and developed invasive epithelial OC within two years of recruitment and the

corresponding age and centre matched women who did not develop ovarian cancer within five years of recruitment
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can be analysed. Blood samples from all UKCTOCS volunteers can be spun down for serum separation after being
couriered at room temperature to a central laboratory, and aliquoted and stored in liquid nitrogen vapour phase until
thawing and analysed such as described herein; even if only 1 mL of serum per UKCTOCS volunteer may be
available.

[224] Isolation and bisulphite modification of DNA:

[225] DNA was isolated from tissue and serum samples at GATC Biotech (Constance, Germany). Tissue DNA was
quantified using NanoDrop and Qubit (both Thermo Fisher Scientific, USA); the size was assessed by agarose gel
electrophoresis. Serum DNA was quantified using the Fragment Analyzer and the High Sensitivity Large Fragment
Analysis Kit (AATI, USA). DNA was bisulfite converted at GATC Biotech.

[226] DNAme analysis in tissue:

[227] Genome wide methylation analysis was performed either by the Illumina Infinium Human Methylation 450K
beadchip array (Illumina Inc USA, WG-314-1003) as previously described (Refs. 24, 25) or using Reduced
Representation Bisulfite Sequencing (RRBS) at GATC Biotech. For the 450k methylation data we developed a pipeline
in order to select the most promising cancer-specific differentially methylated regions (DMRs) that are most likely to
fulfil the strict specificity criteria of a serum based test (see Supplementary Information).

[228] For RRBS, DNA was digested by the restriction endonuclease Mspl that is specific for the CpG containing
motif CCGG; a size selection of the library provides an enhanced coverage for the CpG-rich regions including CpG
islands, promoters and enhancer elements (Refs. 26, 27). The digested DNA was adapter ligated, bisulfite modified
and PCR amplified. The libraries were sequenced on Illumina’s HiSeq 2500 with 50 bp or 100 bp paired-end mode.
Using Genedata Expressionist® for Genomic Profiling v9.1, we have established a bioinformatics pipeline for the
detection of cancer specific DMRs. The most promising DMRs have been taken forward for the development and
validation of serum based clinical assays (see Supplementary Information).

[229] Targeted ultra-high coverage bisulphite sequencing of serum DNA:

[230] Targeted bisulfite sequencing libraries were prepared at GATC Biotech. In brief, bisulfite modification was
performed with 1 mL serum equivalent. Modified DNA was used to test up to three different markers using a two-
step PCR approach. Ultra-high coverage sequencing was performed on Illumina’s MiSeq or HiSeq 2500 with 75 bp or
125 bp paired-end mode (see Supplementary Information).

[231] Statistical/data analyses:

[232] For DMR discovery the data analysis pipelines are described within the respective sections in the
Supplementary Information. In brief, Genedata Expressionist® for Genomic Profiling was used to map reads to
human genome version hg19, identify regions with tumor specific methylation patterns, quantify the occurrence of
those patterns, and calculate relative pattern frequencies per sample. Pattern frequencies were calculated as number
of reads containing the pattern divided by total reads covering the pattern region. The 95%CI intervals for sensitivity
and specificity have been calculated according to the efficient-score method (Ref. 28). Differences in pattern

frequencies or coverage have been analysed using Mann Whitney U test.

[233] RESULTS:

[234] Study design:

[235] The samples, techniques and purpose of the three phases of the study — marker discovery, assay
development and test validation — are summarized in FIGURE 1.

[236] DNA methylation marker discovery in tissue:

[237] We have used two independent epigenome-wide approaches in order to discover DMRs which have the
potential for diagnosing ovarian cancer with high sensitivity and specificity. (1) Illumina Infinium Human
Methylation450 BeadChip Array (450K) technology was used to interrogate the methylation status of ~485,000
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genomic sites in 218 ovarian cancer (Ref. 28) and 438 control samples (FIGURE 1; see also Supplementary
Information). A set of 19 high scoring and ranking DMRs were selected for targeted-BS based serum assay
development. FIGURE 6 shows an example of a selected top DMR (reaction #228). (2) Using RRBS, we first
determined the methylation pattern frequencies in relevant genomic regions in different tissues. The algorithm that
we have developed scans the whole genome and identifies regions that contain at least 10 aligned paired-end reads.
These read bundles are split into smaller regions of interest which contain at least 4 CpGs in a stretch of, at most,
100 base pairs (bp). For each region and tissue/sample the absolute frequency (number of supporting reads) for all
observed methylation patterns was determined (FIGURE 2A). This led to tens of millions of patterns per
tissue/sample. The patterns were filtered in a multi-step procedure to identify the methylation patterns which
specifically occur in tumour samples. In order to increase sensitivity and specificity, respectively, of our pattern
discovery procedure, we pooled reads from different tumour or white blood cell (WBC) samples, respectively, and
scored patterns based on over-representation within tumour tissue. The results were summarized in the specificity
score Sp, which reflects the cancer specificity of the patterns. After applying a cut-off of Sp > 10, 2.6 million patterns
for OC remained and were further filtered according to the various criteria demonstrated in FIGURE 2B (and
Supplementary Information).

[238] For the filtered unique cancer specific patterns for OC identified in the Array (n=19) and RRBS (n=45)
approach, respectively, bisulfite sequencing primers have been designed and technically validated, eventually leading
to 31 candidate markers, The genome coordinates (hg19) and genomic sequence of each DMR is shown in TABLE 1A
and TABLE 1B, and the possible bisulphite-converted sequences thereof (where “Y” symbolises either a C or a U/T,
preferably a C or a T) are shown in TABLE 2A (with CpGs - sites of possible 5-methylcytosine - shown underlined).
[239] Serum DNAme assay establishment:

[240] We used ultra-deep BS sequencing (FIGURE 2C) to develop serum assays for the 31 candidate regions in 59
serum samples from Set 1 (FIGURE 1 and Supplementary Information and FIGURE 8). Based on sensitivity and
specificity, nine markers have been selected for further validation in Set 2 (n=92). In Sets 1&2 combined, the
specificity/sensitivity of the top four candidate markers (FIGURE 9) referred to Regions #141, #144, #204 and #228
(#228 was only analysed in Set 2) to discriminate HGS OC from healthy women or those with a benign pelvic mass
at pattern frequency thresholds of 0.0008, 0.0001, 0.0001 and 0.0001 was 95.7%/42.4%, 93.5%/48.5%,
100%/25.0% and 100%/36.8%, respectively. Interestingly region #144 has already been defined as a promising
cell-free DNA marker for cancer, in particular ovarian cancer (Refs. 30, 31). The combination of Regions #141, #204
and #228 (at least one of these regions with a pattern frequency above the aforementioned threshold) resulted in a
98.1% specificity and a 63.2% sensitivity. These regions are linked to genes COL23A1, C2CD4D and WNT6,
respectively.

[241] Clinical validation of the serum DNAme assay:

[242] We validated the combination of the three markers in Set 3 (FIGURE 3A-C) alongside the CA125 serum
marker (FIGURE 3D). The average coverage (i.e. DNA strands read by the sequencer for each sample and region) is
> 500,000 (FIGURE 10). Applying the above indicated cut-off thresholds for the three DNAme markers and 35 IU/mL
for serum CA125 led to specificities of 90.7% and 87.1% and sensitivities of 41.4% and 82.8%, respectively (FIGURE
3E). Due to the fact that Reaction #228 was only analysed in Set 2, we combined Set 2 and Set 3 in order to
redefine the thresholds. Whereas for #141 the threshold of 0.0008 remained unchanged, for #204 and #228 we
further lowered the pattern frequency threshold to 0.00003 and 0.00001, respectively, leading to a specificity and
sensitivity now of 91.8% and 58.3%, respectively (FIGURE 3E). Importantly, there was no overlap between the
DNAme- and CA125-false positive controls (FIGURE 3F).

[243] Serum DNAme to predict response to platinum-based neoadjuvant chemotherapy:
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[244] We recruited 25 ovarian cancer patients who received carboplatin-based neoadjuvant chemotherapy.
Compared with the pre-treatment sample, all three DNAme markers dropped substantially and more dramatically
compared to CA125 after one and two cycles (FIGURE 4A-D and FIGUREs 11, 12, 13). Whereas CA125 dynamics was
not able to discriminate chemotherapy-responders from non-responders (FIGURE 4E and Supplementary
Information), serum DNAme dynamics (i.e. serum DNAme as defined in Set 2&3, before as compared to after two
cycles) correctly identified 78% and 86% of responders and non-responders (Fisher’s exact test p=0.04) overall and
78% and 100% amongst those women who were left without residual disease after interval debulking surgery
(Fisher’s exact test p=0.007) (FIGURE 4E).

[245] Serum DNAme for early diagnosis of ovarian cancer:

[246] In order to judge whether our marker panel is able to diagnose ovarian cancer early, samples predating OC
diagnosis by up to 2 years (cases) and matched controls can be used from the control (no screening) - arm of the
UKCTOCS cohort. As at the time of their collection, UKCTOCS samples were not obtained, treated or stored with the
analysis cell-free DNA in mind. Hence, it is to be expected that upon DNA extraction it will be found that either or
both the amount of DNA/mL serum as well as the average DNA fragment size may be higher (such as dramatically
higher) in UKCTOCS samples compared with the other samples used in this study. As has been previously observed
and proposed (Anjum et al, 2014, Genome Med 6:47), without being bound by theory, such effect may be due to
DNA from WBCs leaking into the serum during the 24-48 hour blood sample transport time — in particular in the
warm season). This “contaminating” high quality [genomic rather than tumour] DNA would not only dilute the cancer
signal but also skew the target sequence amplification towards WBC DNA. In order to adjust for these factors, an a
priori decision may be made to reduce the threshold for the three regions by a factor, such as by a factor of 3,
and/or to split the analyses in samples above (high) and below (low) the median amount of DNA.

[247] Such adjustments can enable the three DNAme-marker panel to yet further confirm its validation above and
its utility for the early detection of ovarian cancer. Indeed, it can then be used to identify cases with a specificity of
over 70%, 80%, or 90% (such as between about 70% and 80% or between about 80% and 90%) and a sensitivity
of over 45% 50%, 55% or 60% (such as between about 50% and 55% or between about 55% and 60%) [indeed,
the sensitivity may be even higher in CA125 negative (<35U/mL) samples] in samples with a lower than median
amount of DNA and may remain literally unchanged within two years between sample collection and cancer
diagnosis. Given the greater dynamic range of DNAme panel test and the results above, it can have higher sensitivity
but lower specificity compared to that of CA125 using a cut-off of 35U/ml in the early detection of ovarian cancer,
and/or to have no overlap of false positives. The DNAme panel has higher sensitivity but lower specificity compared
to that of CA125 using a cut-off of 35U/ml in the early detection of ovarian cancer.

[248] SUPPLEMENTARY INFORMATION:

[249] Subjects and sample collection:

[250] We analysed a total of 6 sets as detailed in FIGURE 1:

[251] 1. Array-Set: Ovarian cancer samples (Refs. S1, S2), WBC samples (Ref. S3) and Fallopian Tube samples
(Ref. S4) have been described before. Ten benign pelvic tumours (2x endometriosis-ovarian cyst, 1x fibroma, 2x
papillary serous cystadenoma, 1x mucinous cystadenoma, 2x serous cystadenoma, 1x mucinous cystadeonoma with
Brenner tumour and 1 dermoid cyst), 96 endometrial samples (Ref. S1) (Haukeland University Hospital, Bergen, 52
patients with primary and metastatic samples equalling 87, 8x benign endometrial (all hyperplasia) & 1 cell line) and
170 samples (38 colon (COAD controls), 50 liver (LIHC controls), 75 lung (LUSC and LUAD controls), 7 rectum (READ
controls) from the publically available The Cancer Genome Atlas (TCGA) repository were analysed.

[252] 2. RRBS Set: 11 prospectively collected invasive epithelial ovarian cancer samples (high grade serous n=8,

low grade serous n=1, endometrioid n=1, mean age = 54.7 years), one benign tumour (papillary serous
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cystadenoma, age = 86 years), 18 normal tissue samples (normal breast n=7 and normal ovarian n=11, mean age =

60.2 years), two normal endometrial tissues mean age = 68, and twenty three white blood cell samples (breast

cancer patients n=10 & ovarian cancer patients n=13 [11 of which match corresponding OC tissue samples, 1

matches corresponding normal endometrial sample and 1 matches normal ovarian sample], mean age = 57.8) were

assessed by RRBS.

[253] All samples of the RRBS Set were collected prospectively at the University College London Hospital in

London (University College London Hospital, 235 Euston Rd, Fitzrovia, London NW1 2BU) and at the Charles

University Hospital in Prague (Gynecological Oncology Center, Department of Obstetrics and Gynecology, Charles

University in Prague, First Faculty of Medicine and General University Hospital, Prague, Apolinarska 18128 00 Prague

2, Czech Republic.). The study was approved by the local research ethics committees: UCL/UCLH Biobank for

Studying Health & Disease NC09.13) and the ethics committee of the General University Hospital, Prague approval

No.: 22/13 GRANT - 7. RP — EPI-FEM-CARE respectively. All patients provided written informed consent.

[254] 3. Serum Set 1: Serum samples from the following volunteers have been collected (at the time of diagnosis,

prior to treatment):

. Healthy volunteers (n=19, mean age 41.1 years).

. Women with benign pelvic masses (n=22, mean age 41.3 years) with the following histologies: endometriosis
(n=6), fibroids (n=5), hydrosalpinx (n=1), serous cystadenoma (n=5) and mucinous cystadenoma (n=5).

. Patients with ovarian cancers (n=18, mean age 62.2 years): endometrioid (n=2) and clear cell (n=1) and high
grade serous (n=15) ovarian cancers; 10 and 8 women had a stage I/II and stage III/IV ovarian cancer,
respectively.

[255] All samples of Serum Set 1 were collected prospectively at the University College London Hospital in London

and at the Charles University Hospital in Prague. The study was approved by the local research ethics committees:

UCL/UCLH Biobank for Studying Health & Disease (NC09.13) and the ethics committee of the General University

Hospital, Prague approval No.: 22/13 GRANT — 7. RP — EPI-FEM-CARE respectively. All patients provided written

informed consent.

[256] 4. Serum Set 2: Serum samples from the following volunteers have been collected (at the time of diagnosis,

prior to treatment):

. Healthy volunteers (n=20, mean age 42.8 years).

. Women with benign pelvic masses (n=34, mean age 40.0 years) with the following histologies: endometriosis
(n=7), fibroids (n=8), pelvic inflammatory disease or pelvic abscess (n=9), serous cystadenoma (n=5) and
mucinous cystadenoma (n=5).

. Patients with borderline ovarian tumors (n=11, mean age 47.3 years): mucinous (n=6) and serous (n=>5)
borderline tumor.

. Patients with ovarian cancers (n=27, mean age 62.9 years): endometrioid (n=3) and clear cell (n=3), mucinous
(n=2) and high grade serous (n=19) ovarian cancers; 10 and 17 women had a stage I/II and stage III/IV
ovarian cancer, respectively.

[257] All samples of Serum Set 2 were collected prospectively at the University College London Hospital in London

and at the Charles University Hospital in Prague. The study was approved by the local research ethics committees:

UCL/UCLH Biobank for Studying Health & Disease NC09.13) and the ethics committee of the General University

Hospital, Prague approval No.: 22/13 GRANT — 7. RP — EPI-FEM-CARE respectively. All patients provided written

informed consent.

[258] 5. Serum Set 3: Serum samples from the following volunteers have been collected (at the time of diagnosis,

prior to treatment):

. Healthy volunteers (n=21, mean age 50.8 years).
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. Women with benign pelvic masses (n=119, mean age 41.4 years) with the following histologies: endometriosis
(n=21), fibroids (n=21), pelvic inflammatory disease or pelvic abscess (n=7), serous cystadenoma (n=20),
mucinous cystadenoma (n=20) and dermoid cysts (n=29).

. Patients with borderline ovarian tumors (n=27, mean age 57.1 years): mucinous (n=7) and serous (n=20)
borderline tumor.

. Patients with non-epithelial tumors (n=5, mean age 55.8 years): granulosa cell tumors.

. Patients with non-ovarian cancers (n=37, mean age 58.3 years): cervical (n=10), endometrial (n=20) and
colorectal (n=7) cancers.

. Patients with ovarian cancers (n=41, mean age 59.6 years): endometrioid (n=3) and clear cell (n=5), mucinous
(n=4) and high grade serous (n=29) ovarian cancers; 16 and 25 women had a stage I/II and stage III/IV
ovarian cancet, respectively.

[259] All samples of Serum Set 3 were collected prospectively at the University College London Hospital in London
and at the Charles University Hospital in Prague; CA125 analysis was performed using the CA125 Cobas
immunoassay and platform (Roche Diagnostics, Burgess Hill, UK). The study was approved by the local research
ethics committees. The study was approved by the local research ethics committees: UCL/UCLH Biobank for Studying
Health & Disease (NC09.13) and the ethics committee of the General University Hospital, Prague approval No.: 22/13
GRANT - 7. RP — EPI-FEM-CARE respectively. All patients provided written informed consent.
[260] Of note: For the Serum Sets 1-3 which have been prospectively collected within EpiFemCare there is a
substantial age difference between women who presented with benign pelvic masses and women who presented
with ovarian cancer. We were completely aware of this as the main purpose was to benchmark DNAme markers
against CA125 and to assess whether CA125 false positive controls are also DNAme-false positive. The main source
of false positivity are endometriosis, pelvic inflammatory disease and fibroids — all conditions which are substantially
more prevalent (or occur exclusively) in premenopausal (i.e. younger women) whereas ovarian cancer is far more
prevalent in older women.

[261] 6. NACT ("Neoadjuvant Chemotherapy”) Set: Patients (n=25) at the Gynaecological Oncology Centre in

Prague deemed not to be suitable for up-front surgery have been recruited. The average age was 62.8 years. High
grade serous ovarian cancers were the most prevalent histology (n=23) and the remaining two patients had clear
cell ovarian cancers. Twenty-four patients received Carboplatin-Paclitaxel combination chemotherapy and one patient
received Carboplatin only. All but two patients had interval debulking surgery. Among the 23 patients, 14 had no
residual disease, 5 had macroscopic residual disease and 4 had microscopic residual disease (i.e. tumor reaches the
edge of at least one of the resected specimens - according to TNM classification). Twelve patients were deemed to
be platinum-sensitive (no recurrence within 6 months after successful completion of neoadjuvant and adjuvant
chemotherapy and interval debulking surgery) and eight patients were deemed to be platinum-refractory (n=2, no
response to chemotherapy or progression on chemotherapy) or platinum-resistant (n=6, recurrence within 6 months
after successful completion of neoadjuvant and adjuvant chemotherapy and interval debulking surgery). For 5
patients no data were available on platinum-sensitivity.

[262] All serum samples of the NACT Set were collected prospectively at the Charles University Hospital in Prague.
Each patient provided three samples at the following time-points:

. At the time of histological diagnosis, prior to chemotherapy.

. Three weeks after the first cycle of chemotherapy (immediately prior to the second cycle).

. Three weeks after the second cycle of chemotherapy (immediately prior to the third cycle).

[263] CA125 analysis on the NACT Set was performed using the CA125 Cobas immunoassay and platform (Roche
Diagnostics, Burgess Hill, UK). The study was approved by the local research ethics committees: UCL/UCLH Biobank
for Studying Health & Disease (NC09.13) and the ethics committee of the General University Hospital, Prague
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approval No.: 22/13 GRANT — 7. RP — EPI-FEM-CARE respectively. All patients provided written informed consent.
Eighteen and seven patients presented with a stage IIIC and IV ovarian cancer respectively.

[264] In addition to these six sets, a seventh set could be used to provide further confirmation on the validation
of the present assay provided by the other sets. Such a seventh set could comprise samples from the UKCTOCS
collection. For example, among those women who were randomised into the control arm of UKCTOCS between 2001
and 2005, the subset of such women who developed an invasive epithelial ovarian cancer within 2 years of serum
sample donation and had at least 4mL of non-haemolysed serum available, and such number of women stratified
into those women which developed a high grade serous, mucinous, endometrioid, clear cell, carcinosarcoma or a
carcinoma not otherwise specified, respectively. The average age at sample donation can be calculated in years; as
can the number of such women, the number of women who were diagnosed within one year and those who were
diagnosed between 1-2 years after sample donation, as well as the respective number of women who were
diagnosed with a stage I/II and stage III/IV cancer, respectively. For each of the such cases, three women who did
not develop any cancer within the first five years after recruitment can be matched with regards to age at
recruitment, centre and month of recruitment (controls).

[265] DNA methylation analyses in tissue samples:

[266] DNA isolation: DNA was isolated from tissue samples using the Qiagen DNeasy Blood and Tissue Kit (Qiagen
Ltd, UK, 69506) and 600ng was bisulfite converted using the Zymo methylation Kits (Zymo Research Inc, USA,
D5004/8).

[267] Illumina Infinium Human Methylation450 BeadChip Array data analysis: Genome wide methylation analysis
was performed using the Illumina Infinium Methylation 450K beadchip (Illumina Inc USA, WG-314-1003). The raw
data processing and quality control was performed in R/Bioconductor (versions 2.15.0/2.11) (Ref. S5) using minfi
(Ref. S6) and BMIQ (Ref. S7) packages. Identification of differentially methylated regions (DMRs) was carried out
using Genedata Expressionist® for Genomic Profiling as described below.

[268] To correct for the individual probe to probe variation in the affinity/sensitivity to unnmethylated vs.
methylated DNA we used fully methylated (Sssl treated) and unmethylated (whole genome amplified; WGA) genomic
DNA from WBC samples of different individuals. These technical controls were used for both filtering out probes that
do not show sufficient specificity (i.e. cannot discriminate between methylated vs. unmethylated state) and to
perform array-wide recalibration of the biological sample data to normalize for the probe to probe variation in
background and dynamic range, respectively. The removal of the non-specific probes was achieved by doing a T-test
with SssI vs WGA samples (using M-values) and removing the probe sets that have p-value <0.01 and effect size
below <5 i.e. cannot discriminate between fully methylated and unmethylated DNA. The normalization was done for
each sample individually for each probe set with the formula Myue= (Mmeasurea~ Mwea) / (Msss- Mwea); Mssst and Myca
values used were average (arithmetic mean) values of the respective sample groups. For the downstream analyses
the individual sample SssI and WGA data were also normalized with the same formula. This leads to efficient
removal of background noise from the probe to probe variation and increases the power to detect homogenously
methylated or unmethylated genomic regions. T-test and normalization were performed in Genedata Expressionist®
for Genomic Profiling software.

[269] The control sample set was selected to identify DMRs that are cancer specific and would also be specific in a
serum based clinical assay. Therefore, in addition to the ovarian (including Fallopian Tube and endometrium) control
tissues we used a large panel of tissues that are likely to shed DNA into the serum [i.e. white blood cells (WBCs),
lung, liver, rectum and colon], with WBCs being the most abundant source of normal germline DNA in serum
samples. Two statistical approaches were used to identify DMRs from the 450K data: (1) a statistical test to identify
single probes showing differential methylation between ovarian cancer and WBC samples, and (2) a sliding window
ANOVA approach that scans the whole genome and identifies sets of neighboring probes (Ranges) showing
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correlated methylation differences between ovarian cancer and WBC samples. Only the DMRs showing no
methylation in WBCs were considered for downstream analysis steps. The identified DMRs where ranked and scored
based on the following criteria: (1) Differences in methylation levels between ovarian cancer and the control tissues
(with WBC difference being emphasized). (2) Feasibility of designing a clinical assay (number of CpGs in the region
to allow designing an assay with sufficient sensitivity/specificity). (3) For ranges only: Reliability of the DMRs
(number of probes within the Range).

[270] In the sliding window approach, the algorithm performs a pooling of all features in a given sliding window
(120bp) before it calculates an ANOVA p-value between sample groups. The pooling increases statistical robustness
and also results in smoother ANOVA p-Values. The smoothed ANOVA p-Values are then used to detect regions
containing one or more p-values exceeding the given Maximum P-Value threshold (1e-5). If a gap of more than
1000bp is detected between similar methylation differences, two different regions are reported. Note, that the
algorithm also reports single probes showing significant methylation difference (if no neighbouring similar
methylation difference is present), but groups of probes with similar profile do get lower p-values and are therefore
preferentially reported. The sliding window approach was used for OC vs WBC samples to detect cancer DMRs (using
normalized M-values) and arithmetic mean M-values of the probes per detected DMR (here after referred as
“Range”) were reported for all the relevant samples for downstream analysis. The Range discovery was performed in
Genedata Expressionist® for Genomic Profiling v8.0 software. The Ranges varied in size between 1 and 45432bp,
with average (arithmetic mean) size being 368bp. The Ranges showing methylation in WBC were removed by a T-
test with WBC vs. WGA samples (p-value <1e-6 and/or directed effect >0.15; i.e. M(WBC) > M(WGA)+0.15). Next, a
T-test for OC vs WBC was used and Ranges showing significant difference (p-value <le-6) and difference (directed
effect) of WBC upper quartile vs OC lower quartile >0.15 were selected as differentially methylated regions. For
different control tissue samples the methylation values were calculated for the same OC vs WBC Ranges (arithmetic
mean M-values of the probes per detected DMR).

[271] For ranking of the DMRs the effect sizes of methylation of cancer samples versus different relevant controls
tissues were calculated. In addition to “direct” control tissues (fimbrial/endometrial/benign ovarian tissues) also large
tissues with high turnover (liver, lung, rectum and colon) were included; data were download from TCGA data portal
(https://tcga-data.nci.nih.gov/tcga/) as level 3 data as detP filtered beta-values; data normalization was carried out
as described above. The effect sizes were always calculated with cancer lower quartile vs control tissue upper
quartile values (based on SssI/WGA normalized M-values).

[272] Two different scoring methods were used for the effect sizes. In Method 1 the OC vs WBC effect size gets
the weight 6x, and all the control tissue 1/4x. In Method 2 the OC vs WBC effect size gets the weight 6x, and all the
control tissue 1x. The Method 2 takes more into account the data from all the control tissues whereas Method 1
maximises the effect of the difference between WBC and cancers samples. However, for both methods only DMRs
prefiltered for low methylation in WBCs were used (as described above). The final scores are the sum of the tissue
scores and the feasibility and confidence scores (see next paragraph). If data were not available for a certain probe
for a certain tissue (i.e. was filtered out due to high detection p-value), the score for the tissue was 0.

[273] For further ranking of the DMRs feasibility (for designing a functional clinical assay) and confidence (for
ranges) scores were calculated. The feasibility score is based on number of CpG dinucleotides within (or close by;
+/-60bp) a probe/range. If the number of CpGs is <5, the score is -0.5, if the number of CpGs is between 5 and 9
the score is 0 and if the number of CpGs is >=10 the score is 0.5. The number of CpGs per range was calculated
using EMBOSS cpgreport tool in Galaxy (Refs. S8-S10) using the range genomic coordinates as input. The confidence
score for ranges is 0.5 if 2 or more probes are within the range, if only one probe the score is 0.

[274] Reduced Representation Bisulfite Sequencing (RRBS):
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[275] RRBS: RRBS libraries were prepared by GATC Biotech AG using INVIEW RRBS-Seq according to proprietary
SOPs. In brief, DNA was digested with the restriction endonuclease Mspl that is specific for the CpG containing motif
CCGG; a subsequent size selection provides enhanced coverage for the CpG-rich regions including CpG islands,
promoters and enhancer elements (Refs. S11, S12). The digested DNA is then adapter ligated, bisulfite modified and
PCR-amplified. The libraries were sequenced on Illumina’s HiSeq 2500 with 50 bp or 100 bp paired-end mode.

[276] After sequencing raw data was trimmed using Trimmomatic (0.32) to remove adapter sequences and low
quality bases at the beginning and end of reads. Subsequently, reads were trimmed with TrimGalore (0.3.3) to
remove cytosines derived from library preparation which must not be included in the methylation analysis. Read pairs
were mapped to the human genome (hg19) in Genedata Expressionist® for Genomic Profiling 8.0 applying Bisulfite
Mapper based on BOWTIE v2.1.0 (Ref. S13) with the settings --no-discordant --reorder -p 8 --end-to-end --no-mixed
-D 50 -k 2 --fr --norc -X 400 -1 0 --phred33. Further analysis was done using Genedata Expressionist® for Genomic
Profiling v9.1.

[277] Computation of RRBS-determined methylation pattern frequencies: In order to allow the sensitive detection

of methylation patterns with low abundance, the read data available for each sample type (e.g. breast cancer,
ovarian cancer and white blood cells) were pooled across patients and sequencing runs. Candidate genomic regions
for methylation pattern analysis were defined based on bundles of at least 10 paired-end reads covering at least 4
consecutive CpG sites which are located within a genomic range of at most 150bp. As illustrated in FIGURE 5, our
algorithm first determines sets of consecutive CpG sites of maximum size, from which multiple potentially
overlapping subsets are derived, which still meet the selection criteria. CpG sites located in the gap between the
mate reads are ignored. For each derived set of CpG sites, the absolute and relative frequencies of all methylation
patterns observed in the corresponding reads are determined. The methylation patterns are represented in terms of
binary strings in which the methylation state of each CpG site is denoted by 1 if methylated or 0 if unmethylated.
The algorithm for selecting candidate regions and calculating methylation pattern frequencies was implemented in
our software platform Genedata Expressionist® for Genomic Profiling.

[278] Procedure for the selection of tumour-specific RRBS-determined methylation patterns: In order to ensure

that the pattern exclusively occurs in tumour samples, all patterns present in white blood cells were excluded. A
score for assessing the relevance of each pattern was determined by integrating multiple subordinate scores which
quantitatively capture desired properties of candidate biomarker patterns. First, for each pattern a Tumour Specificity
Score Sp = DL - TP - TE - AF was calculated, which consists of the four components Dilution Factor DL, Tumour
Prevalence TP, Tumour Enrichment Factor TE and Avoiding Factor AF. The formal definitions of the score
components are given in the following:
#total reads 1
#reads with pattern *10°

DLypc =

P #reads with pattern in tumor
= *
tumor #total reads in tumor

#observed reads with pattern in tumor
#expected reads with pattern in tumor

TEtumor =

#texpected reads with pattern in WBC

AF, =
WBC ™ #observed reads with pattern in WBC

[279] The Dilution Factor DL and Tumour Prevalence TP favour patterns which are supported by a high proportion
of reads in tumour and low proportion of reads in WBC, respectively. A pattern observed in 1 out of 10 reads in
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tumour and in 1 out of 1000 reads in WBC scores 1 for both factors. The Tumour Enrichment Factor TE and Avoiding
Factor AF were included to assess the overrepresentation of the pattern in tumour samples and its
underrepresentation in WBC samples, respectively, relative to an expected number of pattern reads which is based
on the observed overall methylation level in those tissues. In order to estimate the number of expected reads
supporting the pattern, the methylation frequencies are calculated for each CpG site individually. Next, the number of
expected reads with a specific pattern is calculated as the product of the relative frequencies of the tumour specific
methylation states observed for each CpG site in the pattern times the number of reads stretching across the
pattern. A TE >1 indicates that a pattern is more frequent in tumour than expected when randomly distributing the
observed methylation levels across reads. Besides favouring tumour specificity our scoring procedure was also
designed to make patterns with high variance of the highest priority (i.e., patterns for which a high number of
transitions in the methylation state is observed between consecutive CpG sites). Such patterns may be a product of
the epigenetic reprogramming of tumour cells and in order to account for the potentially increased biological
relevance of these patterns another score component was introduced. The normalized variance vV, of a pattern p is
defined as the pattern variance divided by the maximum variance, i.e., the pattern length minus 1. The scores for
the tumour specificity S, and pattern variance V, were combined in the tumor-specific variance score SVp =
Vp -log(Sp). In order to facilitate the ranking of each candidate genomic region r based on the relevance of patterns

pi,--» Pv Observed in the region the aggregation score AS, was calculated based on the following formula:

n 1
AS, = Z ~ SV,
i=1 1

[280] The aggregation score AS, corresponds to a weighted sum of the tumour-specific variance scores of the
observed patterns. The weighting was included since an ordinary sum would introduce a bias towards regions, in
which a high number of patterns have been observed due to a high read coverage and/or high CpG site density. All
of the presented statistics for assessing the relevance of methylation patterns and genomic regions were
implemented in Genedata Expressionist® for Genomic Profiling and R, respectively.

[281] DNA methylation analyses in serum samples:

[282] Serum separation: For Serum Sets 1-3 and the NACT Serum Set, women attending the hospitals in London
and Prague have been invited, consented and 20-40 mL blood has been obtained (VACUETTE® Z Serum Sep Clot
Activator tubes, Cat 455071, Greiner Bio One International GmbH), centrifuged at 3,000rpm for 10 minutes and
serum collected and stored at -80°C. We have applied non-stringent measures (i.e. allowed for up to 12 hours
between blood draw and centrifugation) purposely in order to mimic the situation of UKCTOCS samples which could
be used to compare the results presented herein, which samples had been sent from the recruiting centre to UCL
within 24-48 hours before centrifugation.

[283] Serum DNA isolation and bisulfite modification: DNA was isolated using the DNeasy Blood and Tissue Kit
(Qiagen Ltd, UK, 69506) at GATC Biotech (Constance, Germany). Serum DNA was quantified using the Fragment
Analyzer and the High Sensitivity Large Fragment Analysis Kit (AATI, USA). DNA was bisulfite converted using the
EZ-96 DNA Methylation Kit (Zymo Research Inc, USA, D5004/8) at GATC Biotech.

[284] Targeted ultra-high coverage bisulfite sequencing: Targeted bisulfite sequencing was performed at GATC.

To this end, a two-step PCR approach was used similar to the recently published BisPCR2 (Ref. S14). Bisulfite
modification was performed with 1mL serum equivalent. For each batch of samples, positive and non-template
controls were processed in parallel. Bisulfite converted DNA was used to test up to three different markers using
automated workflows. After bisulfite modification the target regions were amplified using primers carrying the target
specific sequence and a linker sequence. Amplicons were purified and quantified. All amplicons of the same sample
were pooled equimolarly. In a second PCR, primers specific to the linker region were used to add sequences

necessary for the sequencing and multiplexing of samples. Libraries were purified and quality controlled. Sequencing
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was performed on Illumina’s MiSeq or HiSeq 2500 with 75 bp or 125 bp paired-end mode. Trimming of adapter
sequences and low quality bases was performed with Trimmomatic as described for the RRBS data.
[285] Assessment of RRBS-determined methylation pattern frequency in serum DNA: After sequencing, raw data

were trimmed using Trimmomatic (0.32) to remove adapter sequences and low quality bases at the beginning and
end of reads. Subsequently, reads were trimmed with TrimGalore (0.3.3) to remove cytosines derived from library
preparation which must not be included in the methylation analysis. Further analysis was done using Genedata
Expressionist® for Genomic Profiling 9.1. Read pairs were mapped to the human genome (hg19) applying Bisulfite
Mapper based on BOWTIE v2.2.5 (13) with the settings --no-discordant -p 8 --norc --reorder -D 50 --fr --end-to-end
-X 500 -I 0 --phred33 -k 2 --no-mixed. Coverage was calculated per sample and target region using Numeric Data
Feature Quantification activity by calculating the arithmetic mean of the coverage in each region. As part of the data
quality control, efficiency of the bisulfite conversion was estimated in each sample by quantifying the methylation
levels of CpHpG and CpHpH sites (where H is Any Nucleotide Except G), with minimum coverage of 10, within the
target regions. The median bisulfite conversion efficiency was 99.4%, with efficiency for no sample being lower than
97.7%. Methylation pattern frequencies in serum samples for target regions were determined as described above.
Relative pattern frequencies were calculated by dividing the number of reads containing the pattern by the total

number of reads covering the pattern region.

[286] DISCUSSION:

[287] Circulating tumour DNA analysis — using cancer—specific DNAme markers and/or patterns of the present
invention - shows independent sensitivity/specificity to that of CA125 and has a greater dynamic range correlating
with changes in tumour burden and response to treatment.

[288] Consistent with published data (Ref. 8), CA125 change after 2 cycles of chemotherapy was not able to
indicate responsiveness to chemotherapy (in this case carboplatin alone or in combination with paclitaxel). The fact
that serum DNAme-dynamics — as analysed using a method of the present invention - correctly identified 7/9 and 6/7
neoadjuvant chemotherapy responders and non-responders, respectively, provides a proof of principle and a basis
for prospective clinical trials to individualise pre-operative systemic treatment in advanced ovarian cancer.

[289] In healthy individuals, cell-free DNA is present at concentrations between 0 and 100 ng/mL and an average
of 30 ng/mL (Ref. 32). DNA derived from tumour cells is shorter than that from non-malignant cells in the plasma of
cancer patients (Ref. 33). One problem to be solved is the development of DNAme based markers (and an assay) for
ovarian cancer detection, in particular early detection of ovarian cancer. Samples available in order to carry out this
task are from large population based screening studies. For example, the largest of such studies being UKCTOCS.
Serum samples from ~100,000 women need to be collected in order to secure sufficient numbers (i.e. between 40-
50) of women who develop ovarian cancer within 2 years of sample donation. Within the UKCTOCS setting whole
blood samples were couriered to the central laboratory with median time to spin of 22 hours. Prospectively collected
blood samples were spun down between 2-12 hours after collection in order to mimic the collection-setting typically
used for large studies like UKCTOCS. It is expected for such an analysis of UKCTOCS samples that, and as has been
already seen for other prospectively collected sets including UKCTOCS (Anjum et al, 2014), samples from such
prospectively collected sets contain higher than average amounts of cell-free DNA and fragments being longer on
average. Both factors are likely to reflect the leakage of WBC DNA into serum. Despite these complicating factors the
three-DNAme marker panel can outperform CA125 in detecting ovarian cancer, also for detecting ovarian cancer
early.

[290] False CA125-positivity can usually be explained by a CA125 producing benign condition (Ref. 34). The fact
that in Serum Set 3 there was no overlap at all between false CA125 and false DNAme positive samples indicates
that the DNAme-false positivity is largely triggered by technical artefacts as a result of extremely low thresholds
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down to a pattern frequency of 0.000003 (i.e. 3 cancer patterns in the background of 1.000.000 DNA fragments with
a non-cancer pattern).

[291] Based on the UKCTOCS prevalence screen (Ref. 23), the Risk of Ovarian Cancer Algorithm (ROCA) identified
0.65% of women at an elevated risk of which 13% (42/327) have eventually been diagnosed after having been
assessed by ultrasound, additional imaging and clinical assessment. Applying the three-marker DNAme test of the
present invention with a conservative estimate of specificity and sensitivity of 90% and 60%, respectively, in ROCA-
elevated risk women would immediately enable diagnosis and treatment of the 0.05% of women within a population
with an ovarian cancer with a positive predictive value of 44% (i.e. only 2.3 operations are necessary to
diagnose/treat 1 ovarian cancer patient).

[292] At the UKCTOCS prevalence screen (Ref. 22), the Risk of Ovarian Cancer Algorithm (ROCA) identified
elevated risk in 0.65% of women of whom 13% (42/327) were diagnosed after repeat CA125 testing, ultrasound,
additional imaging and clinical assessment. Applying the three-marker DNAme test of the present invention with a
conservative estimate (i.e. excessive background DNA will not be an issue in prospective samples) of specificity and
sensitivity of 90% and 60%, as a second line test to ROCA-elevated risk women could substantially decrease time to
diagnosis in at least half the women with ovarian cancer.

[293] Overall and for the first time, the present invention provides serum DNAme markers and assays (and other
means and methods) that can diagnose ovarian cancers (or are useful for such diagnosis), and it is likely that they
are able to detect/diagnose OC up to two years in advance of conventional methods of diagnosis, and are able to
individualise ovarian cancer treatment. The recent advance of purpose-made blood collection tubes (such as those
from Streck as described above) that stabilise circulating DNA and prevent leakage of DNA from blood cells (Ref. 35)

will facilitate clinical implementation of DNAme pattern detection in cell free DNA as a clinical tool in cancer medicine.

[294] CERTAIN (OTHER) CANCERS:

[295] The inventors were surprised to find that one or more of the DMRs of the present invention showed a
massive difference in methylation between DNA isolated from cancer tissue and DNA isolated from white bloods cells
(WBC) from non-cancer human individuals, and indeed certain of these markers even shown such a difference in
methylation between DNA isolated from cancer tissue and DNA isolated from (corresponding) normal tissue.

[296] FIGURES 14 to 21 show the average beta value (an estimate of methylation level, based on a ratio of
intensities between methylated and unmethylated alleles (Du et al, 2010; BMC Bioinformatics, 11:587)) for given
DMRs of the invention analysed in DNA isolated from cancerous (C) tissues and white blood cells (WBC) as well as
DNA isolated from normal (N) tissue that corresponds to the cancerous tissue. P-values show the hugely significant
difference in methylation level at these DMRs between cancerous and WBC DNA. A total of 19 markers were tested
over 20 cancer entities, giving a total of 380 separate tests; so even after correction of signification for such multiple
tests (eg, by the Bonferroni procedure), the P-values of these difference remain highly significant, with most being
even smaller than even 10e-50).

[297] The 19 DMRs of the present invention included in this analysis were DMRs: #123, #137, #144, #148,
#164, #188, #200, #202, #204, #210, #213, #214, #219, #222, #223, #224, #225, #226 and #228, and the 20
cancer entities were: Ovarian cancer (OC), Bladder Urothelial Carcinoma (BLCA), Breast invasive carcinoma (BRCA),
Cervical squamous cell carcinoma and endocervical adenocarcinoma (CESC), Colon adenocarcinoma (COAD),
Oesophageal carcinoma (ESCA), Head and Neck squamous cell carcinoma (HNSC), Kidney renal clear cell carcinoma
(KIRC), Kidney renal papillary cell carcinoma (KIRP), Liver hepatocellular carcinoma (LIHC), Lung squamous cell
carcinoma (LSCC), Lung adenocarcinoma (LUAD), Pancreatic adenocarcinoma (PAAD), Prostate adenocarcinoma
(PRAD), Rectum adenocarcinoma (READ), Sarcoma (SARC), Skin Cutaneous Melanoma (SKCM), Stomach
adenocarcinoma (STAD), Thyroid carcinoma (THCA) and Uterine Corpus Endometrial Carcinoma (UCEC)
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[298] The cancers that are, in particular, most associated with the DMRs of the invention comprise the following
entities: breast cancer (BRCA), lung cancer (eg lung adenocarcinoma (LUAD) and lung squamous cell carcinoma
(LSCC)), colon cancer (COAD), pancreatic cancer (PAAD), uterine cancer (UCEC), cervical cancer (CESC) and prostate
cancer (PRAD) (FIGURES 14 to 21). Accordingly, as well as having relevance for ovarian cancer, the applicable such
DMRs (as shown in the respective figure, or as set out in more detail elsewhere herein) — either alone or in
combination - can be used in methods of the present invention to determine the presence or absence of, or response
to therapy against, such other cancers in a human individual; which human individual is @ woman (eg for breast
cancer, uterine cancer or cervical cancer, is a man (eg for prostate cancer) or may be either a woman or a man (eg
for lung cancer, colorectal cancer or pancreatic cancer).

[299] In particular, given the highly significant difference between the methylation level (eg, average beta value)
of each of such DMR in DNA isolated from WBC compare to DNA isolated from the cancerous tissue, it is of particular
relevance for such DMRs to have utility as markers for detection of DNA released by cancerous issues into the
bloodstream of the human individual; ie as ctDNA. This utility can be explained because (and as explained in more
detail elsewhere herein) the largest fraction of cell-free DNA present in the bloodstream originates from WBC, but
tumour cells also (eg, because of their increased turnover) release their DNA into the circulatory system and can be
detected as ctDNA, eg amongst the cell-free DNA isolated from serum or plasma. As those DMRs of the invention
shown in FIGURES 14 to 19 exhibit a highly significant difference in methylation between DNA isolated from
cancerous (C) tissue and white blood cells (WBC), they therefore represent DMRs that can be used to detect (eg,
early) the presence of the applicable cancer in a biological sample from said human individual that comprises cell-
free DNA of said human individual. Elsewhere herein (eg in the analysis of OC in woman), it has been demonstrated
that the DMRs of the present invention, when present on DNA originating from cancerous tissue, can be detected in
cell-free DNA.

[300] Of particular relevance and surprise, are those DMRs of the present invention that show such a significant
difference in methylation (eg, average beta value) between DNA isolated from cancerous (C) tissue and white blood
cells (WBC), but that show no (or little or reduced) difference in methylation between normal (N) and cancerous (C)
tissue. Despite there being no (or little) difference in methylation at these DMRs in DNA isolated from normal (N)
tissue compared to cancerous (C) tissue, there was still a significant difference in their methylation in DNA isolated
from WBC of non-cancer human individuals; ie the normal tissue in such non-cancer patients was not detectable as
cell-free DNA in such non-cancer human individuals. Accordingly, the DMRs showing such a methylation pattern are
of particular utility to detect (eg early) the differentially methylated DNA originating from tumour cells that would be
expected to be shed into the circulation of cancer patients and hence be detectable as ctDNA from eg serum or
plasma of such patients, analogous to the examples and clinical trials described for OC in women. For example, DMR
#228 can be used to detect (eg early) the presence of, inter alia, a prostate or pancreatic cancer in a human
individual (such as a man) by the presence of differentially methylated (in these cases, hyper-methylated) CpGs
associated with such DMR within cell-free DNA (eg, cell-free DNA isolated from the serum or plasma of a human
individual (such as a man) suspected of suffering from such cancer.

[301] Correspondingly, those DMRs of the present invention that show such a significant difference in methylation
(eg, average beta value) between DNA isolated from cancerous (C) tissue and normal (N) tissue (WBC) are of
particular utility to detect cancerous tissue present in a tissue sample taken from a human individual suspected of
suffering from such cancer. For example, DMR #144 can be used to detect (eg early) the presence of a prostate or
pancreatic cancer in an individual (such as a man) by the presence of differentially methylated (in these cases,
hyper-methylated) CpGs associated with such DMR within cell-free DNA isolated from a tissue biopsy from a human

individual (such as a man) suspected of suffering from such cancer.



10

15

20

25

30

35

40

WO 2018/109217 PCT/EP2017/083170
73

[302] Indeed, DMR #144 shows a significantly higher level of methylation in DNA isolated from tumour/cancer
tissues (C) compared to DNA isolated from normal tissues (N) and/or WBC in all cancer types analysed herein, as
well as a high magnitude of difference in such methylation in virtually all of such cancers except in kidney cancer
(graphs not shown). As such, DMR #144 is a particularly preferred DMR for use herein as a (eg cfDNA) methylation
marker for (eg early) detection/diagnosis of one or more of these cancers. However, despite DMR #144 showing a
high magnitude of difference between DNA isolated from tumour tissues (C) compared to DNA isolated from WBC in
colon cancer, DMR #144 also shows relatively high methylation in DNA isolated from normal (N) colon tissue (see
Figure 17), and similarly for DNA from normal compared to cancerous rectal tissue (graph not shown). As a
consequence, DMR #144 may show a higher false positive rate — ie lower specificity - (eg in pattern frequency of
methylated CpGs) as a cfDNA marker, and this may be reflected by the relatively high (compared to DMRs #228,
#204 and #141) pattern frequency for DMR #144 seen in non-cancer serum cases (see Figures 8 and 9). A
screening/diagnostic test for cancer with high specificity is extremely important because low specificity leads to high
false positive rates and low positive predictive value, and hence a lot of individuals would have to undergo further
additional unnecessary tests and potentially invasive (and risky/unnecessary) procedures. Therefore, in order to
increase the specificity without losing sensitivity of a screening/diagnostic test for the early detection of one or more
of these cancers from cfDNA (eg isolated from plasma or serum), an analysis of methylation at DMR #144 can be
combined with an analysis of methylation at one or more other DMR of the invention. It has been surprisingly found
by the present inventor(s) that DMR #228 not only has particular utility as a cfDNA methylation marker for the early
detection of these same cancers, but that DMR #228 shows a relatively low methylation level in DNA isolated from
normal (N) colon tissue compared to cancerous (C) colon tissue (see Figure 17), and also a correspondingly low
methylation level in normal rectal tissue (graph not shown). Accordingly, the non-overlapping nature of methylation
level in normal tissue from both the colon and the rectum between DMRs #144 and #228 means that a
screening/diagnostic test for the early detection of one or more of these cancers (in particular for colon or rectal
cancer) from cfDNA (eg isolated from plasma or serum) based on the analysis of methylation at DMR #144 and at
DMR #228 would have particular utility, and is a preferred combination of DMRs for use in the various aspects of the
present invention. Indeed, the test parameters of such a test (using both DMR #144 and DMR #228) may be yet
enhanced — eg by further increasing its specificity without losing (or even increasing) its sensitivity — by additionally
analysing methylation at one or more further DMRs of the present invention, in particular at DMR #204 and/or #141.
[303] The difference in methylation (eg, average beta value) between DNA isolated from cancerous (C) ovarian
tissue and normal (N) ovarian tissue was highly significant for each DMR of the invention (P-values ranging from
7.2e-36 for DMR #148 to those smaller than this, even as small as 1.5e-60, for all other DMRs), with a difference in
mean average beta values between ovarian cancer tissue and normal tissue ranging from over 0.1 (DMRs #148 and
#123) to over 0.4 for all other DMRs; including for DMRs #144, #204 and #228, and with a direction of difference
corresponding to the hyper-methylation or hypo-methylation class of the marker, ie WBC DNA showed significantly
increased methylation at hypo-methylated DMRs #123, #137, #148, #188 and #226 compared to DNA from ovarian
cancer tissue, and all other (hyper-methylated) DMRs showed significantly increased methylation in DNA isolated
from ovarian cancer tissue compared to WBC DNA (data not shown).

[304] DNA isolated from WBC samples were analysed for methylation using the Illumina Infinium Human
Methylation 450K beadchip array (Illumina Inc USA, WG-314-1003) - as described above - at 19 of the DMRs of the
present invention that have at least one CpG described herein present/detectable on such 450K beadchip array. Data
on methylation for each of such DMRs in the various cancer entities was obtained from The Cancer Genome Atlas
(TCGA) public data repository, and the average beta value for such DMR in each such sample/data set used to
compare and determine a significance of difference between cancerous (C) and normal (N) tissue, as well as the

WBC data described herein. P-values shown are from a two-tailed Wilcoxon rank sum test.
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[305] Note: The work leading to this invention has received funding from the European Union Seventh Framework
Programme (FP7/2007-2013) under Grant Agreement Number 305428 (Project EpiFemCare).
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