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TITLE OF THE INVENTION 

"Methods of Detecting Cancer Recurrence" 

RELATED APPLICATIONS 

[0001] This application claims priority to Australian Provisional Application No.  

5 2015903456 entitled "Methods of detecting cancer recurrence", filed on 26 August 2015, 

the entire content of which is hereby incorporated herein by reference in its entirety.  

FIELD OF THE INVENTION 

[0002] This invention relates generally to methods of detecting the likelihood of 

cancer recurrence. More particularly, the present invention relates to methods of 

10 identifying nucleic acid signatures that correlate with the likelihood of cancer recurrence, 

and methods of using such signatures.  

BACKGROUND OF THE INVENTION 

[0003] The reference in this specification to any prior publication (or 

information derived from it), or to any matter which is known, is not, and should not be 

15 taken as an acknowledgement or admission or any form of suggestion that the prior 

publication (or information derived from it) or known matter forms part of the common 

general knowledge in the field of endeavor to which this specification relates.  

[0004] The human genome has evolved to encode many enzymes capable of 

deaminating either single stranded DNA (ssDNA) or double stranded (dsRNA) 

20 conformations during transcription. These deaminase enzymes constitute a powerful 

antiviral response, as few viruses can survive such a high rate of mutation. However, 

when regulation of DNA and RNA deaminase activity breaks down, these enzymes attack 

nucleic acids in normal somatic tissue during transcription. The result is an accumulation 

of unwanted de novo mutations that may ultimately give rise to diseases, for example, 

25 cancer (see, Paz et al., 2007; Honjo et al., 2008; Steele and Lindley., 2010; and Lindley 

and Steele., 2013).  

[0005] There are two different families of deaminases: the cytidine deaminases, 

and the adenosine deaminases. The cytidine deaminase family of enzymes constitutes a 

set of differentially expressed enzymes capable of deaminating cytosine (in effect, 

30 substituting cytosine for uracil) in ssDNA. The most widely studied cytidine deaminase is 

activation induced deaminase (AID). While AID is primarily expressed in activated B-cells 

undergoing immunoglobulin (Ig) somatic hypermutation (SHM) and Ig class switch 

recombination, AID activity has long been identified in most somatic tissues. It is 

involved in the early mutagenic events leading to cancers in non-lymphoid cells (see, 

35 Okazaki et al, 2003), and it has been shown to target both the transcribed strand (TS) 

and the non-transcribed strand (NTS) of ssDNA in the nucleus during transcription (see, 
- 1 -
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Maul and Gearheart, 2010; Basu et al., 2011; and Lindley 2013). It has also been 

experimentally demonstrated that the estrogen receptor complex binds to the AID 

promotor region (see, Pauklin 2009), triggering an increase in AID messenger RNA 

expression, and leading to a greater than 20-fold increase in AID production in breast 

5 and ovarian tissue. Estrogen antagonists such as the widely prescribed Tamoxifen, are 

therefore effective at inhibiting AID production in somatic tissue.  

[0006] The apolioprotein B mRNA-editing enzyme-catalytic polypeptide-like 

cytidine deaminases (APOBECs) form a family of 11 or more orthologous cytidine 

deaminases. This family of enzymes are known to contribute to the development of many 

10 cancers (see, Roberts, 2013), and most are tissue specific (see, Conticello 2008, Table 

2). For example, APOBEC1 is found in high concentrations in the small intestine, 

APOBEC2 is found at significant levels in skeletal and heart muscles, APOBEC4 is found in 

testis, and APOBEC3H is found in the blood, thymus, and thyroid.  

[0007] The human APOBEC3 deaminases have a range of functions that include 

15 providing innate immunity to a range of DNA-based parasites, including retroviruses and 

DNA viruses and naked DNA with susceptible cDNA intermediates during transcription.  

They are related to, and may even be an evolutionary precursor of AID, and the APOB 

mRNA editing enzyme APOBEC1.  

[0008] The most studied APOBEC3 deaminases are APOBEC3G and APOBEC3B.  

20 Both of these enzymes are expressed at significant levels in many if not all somatic 

tissues. APOBEC3G is an evolutionarily conserved cytidine deaminase that potently 

restricts retrotransposons and other viruses. It was first identified as the main factor 

involved in HIV restriction (see, Sheehy, 2002). Several studies suggest that APOBEC3B

catalyzed deamination is responsible for a large proportion of mutations in a range of 

25 cancers (see, Leonard et al, 2013; and Sasaki, 2014), and that this process provides a 

chronic source of DNA damage in ovarian cancers (see, Burns et al, 2013a) and breast 

cancer (see, Burns 2013b).  

[0009] The adenosine deaminases bind to completely or partially double 

stranded RNA (dsRNA) and convert adenosine to inosine (in effect, substituting A for I).  

30 Inosine codes as guanosine during translation (see, Bass 2002). The ADAR1, ADAR2 and 

ADAR3 genes have been identified in humans. While it is well established that there are 

different splice variants for each ADAR, it is unknown if or how each splice variant may 

exhibit different deaminase binding domains (DBDs) for targeting (see, Farajollahi and 

Maas, 2010). A number of variant ADAR species with polymorphisms are expressed in a 

35 range of somatic tissues (see, George et al, 2005).  

[0010] Two immunologically related forms of ADAR1 have been shown to exist 

in many somatic tissues, (see, George and Samuel, 1999). ADAR2 is found in many 
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tissues with especially large concentrations in the human brain. Most ADAR proteins are 

localized in the nucleus, except for ADAR1 which is shuttled between the nucleus and the 

cytoplasm. Although the adenosine deaminases have been suggested to play a role in 

tumourigenesis, the mechanism by which they do so is yet to be established.  

5 [0011] Editing by ADARs drives the generation of RNA and protein 

diversification in eukaryotes, and their RNA-editing role is more important in higher 

organisms. Their role includes recoding exons via reverse transcription of the edited 

site(s) in RNA, editing of retrotransposon-derived repeat elements and mRNA sequence 

modification (see, Farajollahi and Maas, 2010). Given the diverse range of impacts that 

10 ADAR-editing has on gene expression, dysregulation of ADAR1 and ADAR2 conformation 

and expression are linked to cancer phenotypes. A general decrease in RNA editing 

activity has been associated with disease progression (see, Gallo and Galardi, 2008), 

ADAR1 has been identified as a tumour promotor, and ADAR2 as a tumour suppressor 

(see, Chan et al, 2014). The diversity generated by aberrant A-to-I editing of the 

15 protein-coding exons in pre-mRNAs therefore significantly alters gene expression in 

human cancers.  

[0012] It is now widely agreed that aberrant cytidine and adenosine deaminase 

activity are heavily implicated in oncogenic processes. However, no specific biomarkers 

suitable for detecting cancer have yet been elucidated. Previous work has enabled us to 

20 begin to understand that the targeting preferences of the deaminases is far more specific 

than previously thought. A study of TP53 mutations occurring in pooled breast cancer 

mutation data established that the molecular mechanisms involved in generating 

targeted somatic mutations relies upon the ability to sense codon reading frame 

structure at the level of ssDNA during transcription, as well as the ability to differentiate 

25 between cytosines on the non-transcribed strand (NTS) and those on the transcribed 

strand (TS) (see, Lindley 2013).  

[0013] Around 24,000 women are diagnosed with ovarian cancer each year in 

the United States alone, with the average five-year survival being only around 44% (see, 

Howlader et al, 2013). Most ovarian cancer patients are treated with aggressive surgery 

30 followed by platinum-taxane chemotherapy. Of those that undergo treatment, platinum

resistance cancer recurs in around 25% of patients within six months. (see, Miller, 2009).  

As most deaths are the result of late-stage diagnosis, understanding the contributing 

genetic factors is an important step for the development of new screening strategies.  

[0014] Particularly needed in the art is a means of identifying biomarkers for 

35 ovarian and other cancers that can be used in a genetic assay to predict recurrence or 

progression of disease following intervention (i.e., by surgical, radiological, 

pharmaceutical or other means).  

-3-
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SUMMARY OFTHE INVENTION 

[0015] The present invention is predicated in part on the determination that the 

targeted somatic mutation (TSM) phenomena make it possible to identify individual 

deaminase-binding domains (DBD) as the source of many somatic mutations that arise 

5 during oncogenesis. This identification led to the discovery that new DBDs are developed 

as disease progresses. Accordingly, the methods disclosed herein are used to identify 

nucleotide motifs defining isoforms of DBD that are associated with disease progression 

indicators (referred to as "Cancer-Progression Associated Signatures" (C-PAS)). In one 

aspect, the present invention provides a novel genetic assay using one or more C-PAS to 

10 predict the probability of recurrence (or progression) of a cancer in a subject.  

[0016] In its broadest form, the present invention provides a method for 

determining the likelihood that a cancer will recur in a subject, the method comprising: 

(a) analysing the sequence of a nucleic acid molecule in a biological sample obtained 

from the subject to determine for a plurality of mutations of a mutation type at one or 

15 more motifs recognized or targeted by a mutagenic agent the codon context of those 

mutations to thereby identify the location of a mutation and mutation type for each of a 

plurality of mutated codons in the nucleic acid molecule, wherein the codon context of an 

individual mutation is determined by determining at which of the three positions of a 

corresponding mutated codon the individual mutation occurs; and (b) determining the 

20 likelihood of cancer recurrence in the subject when a level of mutation of a mutation type 

at one of the three positions in the plurality of mutated codons is above a predetermined 

threshold that correlates with the recurrence of the cancer.  

[0017] One advantage of this method is that it allows for a treatment regimen 

for a subject who has or has had a cancer, to be prescribed based on the determination 

25 of the likelihood that the cancer will recur. For example, if a cancer is determined as 

being likely to recur in a subject, the subject may continue a heavy course of anti-cancer 

therapy. Conversely, if a cancer is determined to be unlikely to recur in a subject, the 

subject may discontinue, reduce, or change an existing anti-cancer therapy.  

[0018] In some embodiments of this type, the nucleic acid molecule is present 

30 in a biological sample obtained from the subject. Preferably, the biological sample is 

obtained from the tissue that is, or was previously, affected with the cancer in the 

subject. By using a biological sample obtained from the tissue affected with cancer, or 

known to have an increased risk of developing cancer, tissue-specific DBD can be 

identified to create a diagnostic/prognostic test with higher specificity and sensitivity.  

35 [0019] In some embodiments, the mutagenic agent that causes the TSM is 

selected from the group comprising, consisting or consisting essentially of: AID, 

APOBECs, and ADARs. In some embodiments, targeted somatic mutagenesis caused by a 
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single mutagenic agent is assessed. In other embodiments, targeted somatic 

mutagenesis caused by 2, 3, 4, 5, 6, 7, 8, 9, 10, or more than 10 mutagenic agents is 

assessed.  

[0020] By way of an illustrative example, when the sample is an ovarian tissue 

5 sample and the mutagenic agent is an oncogenic isoform of AID, a determination that 

cancer recurrence is likely will be made when the level of C to T mutations in WRCGSS 

motifs at MC-1 sites of a nucleic acid molecule present in a biological sample is above a 

predetermined threshold.  

[0021] In another example, when the sample is an ovarian tissue sample and 

10 the mutagenic agent is an APOBEC3B, a determination that cancer recurrence is likely is 

made when the level of C to T mutations in TCGA motifs at MC-1 sites or MC-3 sites of a 

nucleic acid molecule present in a biological sample is above a predetermined threshold; 

or when the level of C to T mutations in ATCS motifs at MC-3 sites of a nucleic acid 

molecule present in a biological sample is above a predetermined threshold.  

15 [0022] In yet another example, when the sample is an ovarian tissue sample 

and the mutagenic agent is APOBEC3G, a determination that cancer recurrence is likely is 

made when the level of C to T mutations in GCGGC motifs at MC-1 sites of a nucleic acid 

molecule present in a biological sample is above a predetermined threshold; the level of 

C to T mutations in CCGX motifs at MC-1 sites of a nucleic acid molecule present in a 

20 biological sample is above a predetermined threshold; when the level of C to T mutations 

in ZCCS motifs at MC-1 sites of a nucleic acid molecule present in a biological sample is 

above a predetermined threshold; when the level of G to A mutations in SGGRR motifs at 

MC-1 sites of a nucleic acid molecule present in a biological sample is above a 

predetermined threshold; when the level of C to T mutations in TCCG motifs at MC-1 

25 sites of a nucleic acid molecule present in a biological sample is above a predetermined 

threshold; when the level of G to A mutations in GCGC motifs at MC-2 sites of a nucleic 

acid molecule present in a biological sample is above a predetermined threshold; or when 

the level of G to A mutations in CCGGC motifs (i.e., C-PAS) at MC-2 sites of a nucleic 

acid molecule present in a biological sample is above a predetermined threshold.  

30 [0023] In yet another example, when the sample is an ovarian tissue sample 

and the mutagenic agent is an oncogenic ADAR isoform, such as ADAR1, a determination 

that cancer recurrence is likely when the level of A to T mutations in RAWA motifs at 

MC-1 sites of a nucleic acid molecule present in a biological sample is above a 

predetermined threshold; when the level of A to G mutations in WTAW motifs at MC-1 

35 sites of a nucleic acid molecule present in a biological sample is above a predetermined 

threshold; when the level of A to G mutations in SARA motifs at MC-1 sites of a nucleic 

acid molecule present in a biological sample is above a predetermined threshold; or when 
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the level of T to C mutations in TWTY motifs at MC-2 sites or MC-3 sites of a nucleic acid 

molecule present in a biological sample is above a predetermined threshold.  

[0024] In another illustrative example of the invention, the subject has, or is at 

risk of developing, acute myeloid leukeamia (AML). For example, when the sample is a 

5 blood sample and the mutagenic agent is an oncogenic APOBEC isoform, a determination 

that cancer recurrence is likely will be made when the level of C to T mutations in CCZ 

motifs at MC-1 sites of a nucleic acid molecule from a biological sample is above a 

predetermined threshold; or when the level of C to T mutations in SWCS motifs at MC-2 

sites of a nucleic acid molecule from a biological sample is above a predetermined 

10 threshold; or when the G to A mutations in XNGNS motifs at MC-3 sites of a nucleic acid 

molecule from a biological sample is above a predetermined threshold; or when the level 

of G to A mutations in GSA motifs at MC-2 sites of a nucleic acid molecule from a 

biological sample is above a predetermined threshold; or when the level of G to A 

mutations in SGXW motifs at MC-1 sites of a nucleic acid molecule from a biological 

15 sample is above a predetermined threshold; or when the level of G to A mutations in 

CXGS motifs at MC-3 sites of a nucleic acid molecule from a biological sample is above a 

predetermined threshold; or when the level of G to A mutations in YXGNX motifs at MC-3 

sites of a nucleic acid molecule from a biological sample above a predetermined 

threshold; or when the level of G to A mutations in YYGNX motifs at MC-3 sites of a 

20 nucleic acid molecule from a biological sample is above a predetermined threshold; or 

when the level of G to A mutations in WNGNZ motifs at MC-1 sites of a nucleic acid 

molecule from a biological sample is above a predetermined threshold.  

[0025] In preferred embodiments, the nucleic acid molecule is characterized for 

the level of targeted somatic mutations in a plurality of defined motifs targeted by one or 

25 more mutagenic agents. For example, in some embodiments targeted somatic mutations 

in 2, 3, 4, 5, 6, 7, 8, 9, 10, or more than 10, motifs are determined.  

[0026] In some embodiments a cancer is assessed as being likely to recur if the 

level of TSM (i.e., as identified in C-PAS) is above a predetermined threshold. The 

predetermined threshold can be defined by any method suitable for distinguishing 

30 between subject groups. In this regard, the predetermined threshold could be a fixed 

number of targeted somatic mutations per sample that is set at an appropriate value for 

distinguishing between cancers that are likely to recur and cancers that are not likely to 

recur. For example, as clearly shown in Example 4 (see, for example Table 7), subjects 

known to have successfully overcome ovarian cancer without recurrence are 

35 demonstrated to have a maximum of one C-PAS in a sample attributed to any single 

mutagenic agent. Thus, by way of a non-limiting example, the predetermined threshold 

for determining an increased likelihood of ovarian cancer recurrence could be one C-PAS.  

-6-
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In this example, any subject with more than one C-PAS in the nucleic acid molecule 

would be considered to have a high likelihood of cancer recurrence. Similarly, an 

individual with less than one C-PAS in a nucleic acid molecule would be determined not 

likely to have cancer recurrence.  

5 [0027] Alternatively, when the predetermined threshold is referring to the 

frequency of sample mutations being indicative of TSM, the predetermined threshold 

could be the frequency of mutations that would be expected if a particular mutation 

occurred randomly. Thus, if a higher than expected frequency of mutation is observed in 

a nucleic acid molecule present in a biological sample, a determination can made that 

10 TSM has occurred, C-PAS may be identified, and that the cancer is likely to recur.  

[0028] In some embodiments, the method is suitable for determining the 

likelihood of recurrence of any cancer. For example, the cancer can be selected from 

among ovarian, breast, prostate, liver, colon, stomach, pancreatic, skin, thyroid, cervical, 

lymphoid, hematopoietic, bladder, lung, renal, rectal, uterine, and head and neck cancer.  

15 Typically, the biological sample is prepared from tissue in which the cancer is present.  

For example, if a subject has or is at risk of developing ovarian cancer, a biological 

sample is prepared from ovarian cells or tissue. Similarly, if a subject has or is at risk of 

developing breast cancer, a biological sample is prepared from breast cells or tissue.  

Other biological samples suitable for performing the methods of the present invention 

20 include, but are not limited to, prostate, liver, colon, stomach, pancreatic, skin, thyroid, 

cervical, lymphoid, hematopoietic, bladder, lung, renal, rectal, uterine, and head or neck 

tissue or cells.  

[0029] In another aspect, the present invention provides methods of identifying 

Cancer-Progression Associated Signatures ("C-PAS") that are indicative of the likelihood 

25 of cancer recurrence in a subject, the method comprising: analysing for a first subject 

group, nucleic acid sequences to determine for a plurality of mutations of a mutation 

type at one or more motifs recognized or targeted by a mutagenic agent the codon 

context of those mutations to thereby identify the location of a mutation and mutation 

type for each of a plurality of mutated codons in the nucleic acid sequences, wherein the 

30 codon context of an individual mutation is determined by determining at which of the 

three positions of a corresponding mutated codon the individual mutation occurs, wherein 

the first subject group consists of subjects who have had recurrence of the cancer; 

determining that targeted somatic mutagenesis (TSM) has occurred when a level of 

mutation of a mutation type at one of the three positions in the plurality of mutated 

35 codons is above that which would be expected to occur if the mutation occurred 

randomly and independently of codon context; and identifying the TSM as being part of a 

C-PAS when the TSM, or a nucleic acid sequence comprising the TSM, is capable of 
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distinguishing between a second subject group and a third subject group, wherein the 

second subject group consists of subjects who have the cancer, or those in which the 

cancer is known to recur, and the third subject group consists of subjects in which the 

cancer is known not to recur.  

5 [0030] In yet another aspect, the present invention provides a method of 

treating a cancer or inhibiting recurrence a cancer in a subject, the a method comprising: 

(i) identifying C-PAS by the methods described above and elsewhere herein for the tissue 

in which the cancer is present in the subject; (ii) obtaining a biological sample from the 

subject, wherein the biological sample contains tissue of cells having the cancer, or at 

10 risk of developing the cancer; (iii) analyzing a nucleic acid molecule in the biological 

sample for the presence or absence of C-PAS, to determine whether the cancer or 

tumour is likely to recur; and (iv) exposing the subject to a therapy on the basis that the 

cancer is determined as likely to recur in the subject.  

[0031] In yet still another aspect, the present invention provides methods of 

15 administering a treatment regimen or therapy for a subject with a cancer, or a subject in 

which a cancer is likely to recur. In some embodiments, the methods comprise 

determining whether a cancer is likely to recur according to the identification and 

determination methods described above and elsewhere herein, and exposing the subject 

to a treatment regimen that is best suited for the subject on the basis of the likelihood of 

20 the cancer recurring. Suitable treatment regimens for treating a cancer are well known in 

the art, and described in detail below. In some embodiments, the therapy or treatment 

regimen comprises radiotherapy, surgery, chemotherapy, hormone ablation therapy, pro

apoptosis therapy and/or immunotherapy.  

[0032] When recurrence of a cancer is determined to be likely in a subject, the 

25 subject will be prescribed and exposed to an appropriate treatment regimen. An 

advantage of the methods of the present invention is that once the TSM in a nucleic acid 

molecule in a biological sample has been determined, a personalised treatment regimen 

can be prescribed in light of the subject's individual TSM profile. For example, if TSM is 

identified as being caused by an aberration or dysregulation of AID in the biological 

30 sample, chemotherapy can be in the form of an AID inhibitor, an APOBEC3G inhibitor. In 

other examples, an APOBEC1 inhibitor or an APOBEC3H inhibitor, an ADAR inhibitor may 

be more suitable depending on the individual TSM that is observed in the biological 

sample obtained from the subject.  

[0033] When recurrence of a cancer is determined to be unlikely in a subject, 

35 the existing treatment regimen that the subject may have been exposed to could be 

discontinued, reduced or changed. The treatment regimens currently standard in the art 

for treating cancer (e.g., ovarian cancer or AML) have many undesirable side effects.  
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Accordingly, discontinuing and/or reducing the treatment regimen exposed to a subject 

on the determination that a cancer is unlikely to recur is beneficial.  

BRIEF DESCRIPTION OF THE FIGURES 

[0034] An example of the present invention will now be described with 

5 reference to the accompanying drawings, in which: 

[0035] Figure 1 shows a graph showing how the targeting specificity for G to A 

mutations is increased as the number of nucleotides defining the target motif is 

incrementally increased from three nucleotides to six nucleotides. A plot of the number of 

G to A mutations compared to G to C and G to T off the second nucleotide sites within 

10 the mutated codon (MC-2, read 5-prime (5') to 3-prime (3')), and starting with the well

known GYW motif associated with AID deamination activity. For the motifs, W =A/T; 

S=C/G; and Y = T/C. All of the selected motifs show a preference for targeting the 

second position within the mutated codon (i.e., MC-2 sites), and the dominant resulting 

mutation is a G to A. The percentage of each type of mutation off G at MC-2 sites is 

15 shown. A targeted somatic mutation (TSM) 3 x 3 table for each motif, and showing all 

possible mutations and target sites within the mutated codon is included. MC-1, MC-2, 

and MC-3 refer to the position of the mutations within the mutated codon (MC), read 5

prime (5') to 3-prime (3'). The Chi square level of statistical significance (< 0.001, 8 df) 

for deviation from the expected distribution of mutations by type and location within the 

20 mutated codon for each motif is shown in the column on the far right.  

[0036] Figure 2 provides a Kaplan-Meier plot predicting survival probabilities for 

110 high grade serous ovarian adenocarcinoma samples with positive or negative cancer

progression association signature (C-PAS) test result.  

[0037] Figure 3 is a schematic of the process of detecting targeted somatic 

25 mutagenesis in a nucleic acid molecule using a process system.  

DETAILED DESCRIPTIONOFTHE INVENTION 

1. Definitions 

[0038] Unless defined otherwise, all technical and scientific terms used herein 

have the same meaning as commonly understood by those of ordinary skill in the art to 

30 which the invention belongs. Although any methods and materials similar or equivalent 

to those described herein can be used in the practice or testing of the present invention, 

preferred methods and materials are described. For the purposes of the present 

invention, the following terms are defined below.  

[0039] The articles "a" and "an" are used herein to refer to one or to more than 

35 one (i.e., to at least one) of the grammatical object of the article. By way of example, "a 
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glycospecies biomarker" means one glycospecies biomarker or more than one 

glycospecies biomarker.  

[0040] As used herein, "and/or" refers to and encompasses any and all possible 

combinations of one or more of the associated listed items, as well as the lack of 

5 combinations when interpreted in the alternative (or).  

[0041] The term "about", as used herein, means approximately, in the region 

of, roughly, or around. When the term "about" is used in conjunction with a numerical 

range, it modifies that range by extending the boundaries above and below the numerical 

values set forth. In general, the term "about" is used herein to modify a numerical value 

10 above and below the stated value by a variance of 10%. Therefore, about 50% means in 

the range of 45%-55%. Numerical ranges recited herein by endpoints include all 

numbers and fractions subsumed within that range (e.g., 1 to 5 includes 1, 1.5, 2, 2.75, 

3, 3.90, 4, and 5). It is also to be understood that all numbers and fractions thereof are 

presumed to be modified by the term "about".  

15 [0042] The term "biological sample" as used herein refers to a sample that may 

be extracted, untreated, treated, diluted or concentrated from a subject or patient.  

Suitably, the biological sample is selected from any part of a patient's body, including, 

but not limited to hair, skin, nails, tissues or bodily fluids such as saliva and blood.  

[0043] As used herein, the term "codon context" with reference to a mutation 

20 refers to the nucleotide position within a codon at which the mutation occurs. For the 

purposes of the present invention, the nucleotide positions within a mutated codon (MC; 

i.e., a codon containing the mutation) are annotated MC-1, MC-2 and MC-3, and refer to 

the first, second and third nucleotide positions, respectively, when the sequence of the 

codon is read 5' to 3'. Accordingly, the phrase "determining the codon context of a 

25 mutation" or similar phrase means determining at which nucleotide position within the 

mutated codon the mutation occurs, i.e., MC-1, MC-2 or MC-3.  

[0044] Throughout this specification and the claims which follow, unless the 

context requires otherwise, the word "comprise", and variations such as "comprises" and 

"comprising", will be understood to imply the inclusion of a stated integer or step or 

30 group of integers or steps but not the exclusion of any other integer or step or group of 

integers or steps. By "consisting of" is meant including, and limited to, whatever follows 

the phrase "consisting of". Thus, the phrase "consisting of" indicates that the listed 

elements are required or mandatory, and that no other elements may be present. By 

"consisting essentially of" is meant including any elements listed after the phrase, and 

35 limited to other elements that do not interfere with or contribute to the activity or action 

specified in the disclosure for the listed elements.  

- 10-



WO 2017/031551 PCT/AU2016/050799 

[0045] The term "control subject", as used in the context of the present 

invention, may refer to a subject known to be affected with a cancer (positive control), or 

to a subject known to be not affected or diagnosed with a cancer condition (negative 

control). It should be noted that a control subject that is known to be healthy, i.e., not 

5 suffering from a cancer, may possibly suffer from another disease not tested/known. It is 

also understood that control subjects and healthy controls include data obtained and 

used as a standard, i.e., it can be used over and over again for multiple different 

subjects. In other words, for example, when comparing a subject sample to a control 

sample, the data from the control sample could have been obtained in a different set of 

10 experiments, for example, it could be an average obtained from a number of healthy 

subjects and not actually obtained at the time the data for the subject was obtained.  

[0046] The term "correlating" generally refers to determining a relationship 

between one type of data with another or with a state. In various embodiments, 

correlating TSM with the presence or absence of a cancer comprises determining the 

15 level of TSM in a subject that suffers from a cancer, or in persons known to be free of 

cancer. In specific embodiments, the level of TSM is correlated to the recurrence of 

cancer using receiver operating characteristic (ROC) curves.  

[0047] By "gene" is meant a unit of inheritance that occupies a specific locus on 

a genome and comprises transcriptional and/or translational regulatory sequences and/or 

20 a coding region and/or non-translated sequences (i.e., introns, 5' and 3' untranslated 

sequences).  

[0048] As used herein, the term "likelihood" is used as a measure of whether 

TSM has occurred, and of whether subjects with nucleic acid molecule containing 

targeted somatic mutations will experience a recurrence of a cancer based on a given 

25 mathematical model. An increased likelihood for example may be relative or absolute and 

may be expressed qualitatively or quantitatively. For instance, an increased likelihood or 

risk that a subject will develop cancer may be expressed as simply determining the 

number of targeted somatic mutations (as taught herein) and placing the test subject in 

an "increased likelihood or risk" category, based upon previous population studies.  

30 [0049] In some embodiments, the methods comprise comparing the number or 

percentage of targeted somatic mutations to a preselected or threshold number or 

percentage. Thresholds may be selected that provide an acceptable ability to predict 

diagnosis, likelihood or prognostic risk. In illustrative examples, receiver operating 

characteristic (ROC) curves are calculated by plotting the value of a variable versus its 

35 relative frequency in two populations in which a first population has a first condition or 

risk and a second population has a second condition or risk (called arbitrarily, for 

example, "healthy condition" and "cancer", or "low risk" and "high risk").  
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[0050] A distribution of number of mutations for subjects who experience 

recurrence and who do not experience recurrence will likely overlap. Under such 

conditions, a test does not absolutely distinguish between a recurring cancer and a 

cancer that will not recur with 100% accuracy. A threshold is selected, above which the 

5 test is considered to be "positive" and below which the test is considered to be 

"negative." The area under the ROC curve (AUC) provides the C-statistic, which is a 

measure of the probability that the perceived measurement will allow correct 

identification of a condition (see, for example, Hanley et al, Radiology 143: 29-36 

(1982)). The term "area under the curve" or "AUC" refers to the area under the curve of 

10 a receiver operating characteristic (ROC) curve, both of which are well known in the art.  

AUC measures are useful for comparing the accuracy of a classifier across the complete 

data range. Classifiers with a greater AUC have a greater capacity to classify unknowns 

correctly between two groups of interest (e.g., a healthy condition mutation status and a 

cancer mutation status). ROC curves are useful for plotting the performance of a 

15 particular feature in distinguishing or discriminating between two populations (e.g., cases 

having a cancer and controls without the cancer). Typically, the feature data across the 

entire population (e.g., the cases and controls) are sorted in ascending order based on 

the value of a single feature. Then, for each value for that feature, the true positive and 

false positive rates for the data are calculated. The sensitivity is determined by counting 

20 the number of cases above the value for that feature and then dividing by the total 

number of cases. The specificity is determined by counting the number of controls below 

the value for that feature and then dividing by the total number of controls. Although this 

definition refers to scenarios in which a feature is elevated in cases compared to controls, 

this definition also applies to scenarios in which a feature is lower in cases compared to 

25 the controls (in such a scenario, samples below the value for that feature would be 

counted). ROC curves can be generated for a single feature as well as for other single 

outputs, for example, a combination of two or more features can be mathematically 

combined (e.g., added, subtracted, multiplied, etc.) to produce a single value, and this 

single value can be plotted in a ROC curve. Additionally, any combination of multiple 

30 features (e.g., one or more other epigenetic markers), in which the combination derives 

a single output value, can be plotted in a ROC curve. These combinations of features may 

comprise a test. The ROC curve is the plot of the sensitivity of a test against the 

specificity of the test, where sensitivity is traditionally presented on the vertical axis and 

specificity is traditionally presented on the horizontal axis. Thus, "AUC ROC values" are 

35 equal to the probability that a classifier will rank a randomly chosen positive instance 

higher than a randomly chosen negative one. An AUC ROC value may be thought of as 

equivalent to the Mann-Whitney U test, which tests for the median difference between 
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scores obtained in the two groups considered if the groups are of continuous data, or to 

the Wilcoxon test of ranks.  

[0051] Alternatively, or in addition, thresholds may be established by obtaining 

an earlier mutation status result from the same patient, to which later results may be 

5 compared. In these embodiments, the individual in effect acts as their own "control 

group." In another embodiment, thresholds may be established by analyzing the number 

targeted somatic mutations in nucleic acid molecules from non-diseased or healthy tissue 

from a patient and comparing it to analyzing the number targeted somatic mutations in 

nucleic acid molecules from diseased or cancerous tissue.  

10 [0052] The term "diagnosis" as used in the context of the present invention 

refers to the process of determining the likelihood of cancer recurrence. The 

determination of TSM in a nucleic acid molecule present in a biological sample from a 

subject correlates with likelihood of cancer recurrence in a subject.  

[0053] As used herein, a "healthy" subject is a subject that does not have 

15 cancer and is not likely to have recurrence of cancer.  

[0054] As used herein, "level" with reference to a TSM refers to the number, 

percentage or amount of TSM in a nucleic acid molecule that is present in a biological 

sample. The number, percentage or amount TSM may be absolute or may be relative, 

and can be determined using any method known in the art.  

20 [0055] The term "mutagenic agent" refers to an endogenous (i.e., agents that 

are endogenous to, or are produced by, the cell in which the DNA is contained) agent 

that can cause mutagenesis of DNA or RNA.  

[0056] As used herein, a "mutation type" refers to the specific nucleotide 

substitution that comprises the mutation, and is selected from among C to T, C to A, C to 

25 G, GtoT, GtoA, Gto C, AtoT, Ato C, Ato G,TtoA,Tto C and Tto G mutations.  

Thus, for example, a mutation type of C to T refers to a mutation in which the targeted 

or mutated nucleotide C is replaced with the substituting nucleotide T.  

[0057] The "nucleic acid" as used herein designates DNA, cDNA, mRNA, RNA, 

rRNA or cRNA. The term typically refers to polynucleotides greater than 30 nucleotide 

30 residues in length.  

[0058] As used herein, the terms "recur," "recurrence" and the like refer to the 

re-growth of tumour or cancerous cells in a subject after a primary treatment for the 

cancer or tumour has been administered. The tumour may recur in the original site or in 

another part of the body. In one embodiment, a tumour that recurs is of the same type 

35 as the original tumour for which the subject was treated. For example, if a subject had 

an ovarian cancer tumour, was treated for and subsequently developed another ovarian 
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cancer tumour, the tumour has recurred. In addition, a cancer can recur in or 

metastasize to a different organ or tissue than the organ or tissue where it originally 

occurred.  

[0059] The term "sensitivity", as used herein, refers to the probability that a 

5 diagnostic or predictive method or kit of the present invention gives a positive result 

when the biological sample is positive, e.g., having the predicted diagnosis. Sensitivity is 

calculated as the number of true positive results divided by the sum of the true positives 

and false negatives. Sensitivity essentially is a measure of how well the present invention 

correctly identifies those who have the predicted diagnosis from those who do not have 

10 the predicted diagnosis. The statistical methods and models can be selected such that 

the sensitivity is at least about 60%, and can be, e.g., at least about 65%, 70%, 75%, 

76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 

90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%.  

[0060] The term "somatic mutation" refers to a mutation in the DNA of somatic 

15 cells (i.e., not germ cells), occurring after conception. "Somatic mutagenesis" therefore 

refers to the process by which somatic mutations occur.  

[0061] The term "specificity", as used herein, refers to the probability that a 

diagnostic or predictive method or kit of the present invention gives a negative result 

when the biological sample is not positive, e.g., not having the predicted diagnosis.  

20 Specificity is calculated as the number of true negative results divided by the sum of the 

true negatives and false positives. Specificity essentially is a measure of how well the 

present invention excludes those who do not have the predicted diagnosis from those 

who do have the predicted diagnosis. The statistical methods and models can be selected 

such that the specificity is at least about 60%, and can be, e.g., at least about 65%, 

25 70%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 

88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%.  

[0062] The terms "subject", "individual" or "patient", used interchangeably 

herein, refer to any animal subject, particularly a mammalian subject. By way of an 

illustrative example, suitable subjects are humans. In some embodiments, the subject 

30 presents with clinical signs of a condition as defined herein. As used herein, the term 

"clinical sign", or simply "sign", refers to objective evidence of a disease present in a 

subject. Symptoms and/or signs associated with diseases referred to herein and the 

evaluation of such signs are routine and known in the art. Examples of signs of disease 

vary depending upon the disease. Signs of a cancer may include tumourigenesis, 

35 metastasis, and angiogenesis. Typically, whether a subject has a disease, and whether a 

subject is responding to treatment, may be determined by evaluation of signs associated 

with the disease.  
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[0063] As used herein, the terms "targeted somatic mutagenesis" and "TSM" 

refer to the process of somatic mutagenesis resulting from one or more mutagenic 

agents, wherein mutagenesis occurs at a targeted nucleotide within a motif, the targeted 

nucleotide is present at a particular position within a codon (e.g., the first, second or 

5 third position of the mutated codon reading from 5' to 3', annotated MC-1, MC-2 and MC

3, respectively), and the targeted nucleotide is mutated to a particular substituting 

nucleotide (i.e., the mutation is of a particular mutation type, e.g., C to T, not C to A or C 

to G). Thus, a determination that TSM is occurring requires analysis of the type of 

mutation (e.g., C to T), the motif at which the mutation occurs (e.g., WR_) and codon 

10 context of the mutation, i.e., the position within the codon at which the mutation occurs 

(e.g., MC-1, MC-2 or MC-3). "Targeted somatic mutagen" therefore refers to mutation 

resulting from TSM.  

[0064] The terms "treat" and "treating" as used herein, unless otherwise 

indicated, refer to both therapeutic treatment and prophylactic or preventative measures, 

15 wherein the object is to inhibit, either partially or completely, ameliorate or slow down 

(lessen) recurrence of the targeted condition or disorder (e.g., a cancer), or one or more 

symptom associated therewith. The terms are also used herein to denote delaying the 

onset of, inhibiting (e.g., reducing or arresting the growth of), alleviating the effects of, 

or prolonging the life of a patient suffering from, cancer, in particular, a cancer or 

20 tumour. Those in need of treatment include those diagnosed with the disorder, those 

suspected of having the disorder, those predisposed to have the disorder as well as those 

in whom the disorder is to be prevented. Hence, the subject to be treated herein may 

have been diagnosed as having the disorder or may be predisposed or susceptible to the 

disorder. In some embodiments, treatment refers to the eradication, removal, 

25 modification, or control of primary, regional, or metastatic cancer tissue that results from 

the administration of one or more therapeutic agents according to the methods of the 

invention. In other embodiments, such terms refer to the minimizing or delaying the 

spread of cancer resulting from the administration of one or more therapeutic agents to a 

subject with such a disease. In other embodiments, such terms refer to elimination of 

30 disease causing cells. The term "treatment" as used herein, unless otherwise indicated, 

refers to the act of treating.  

[0065] As used herein, the term "treatment regimen" refers to prophylactic 

and/or prophylactic regimen (i.e., before the onset of a cancer or tumour), or to a 

therapeutic regimen (i.e., after the onset of a cancer). The term "treatment regimen" 

35 encompasses natural substances and pharmaceutical agents (i.e., "drugs") as well as any 

other treatment regimen including but not limited to chemotherapy, radiotherapy, proton 

therapy, immunotherapy, hormone therapy, phototherapy, cryotherapy, cryosurgery, 

toxin therapy or pro-apoptosis therapy, high intensity focused ultrasound, dietary 
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treatments, physical therapy or exercise regimens, surgical interventions, and 

combinations thereof.  

[0066] Those skilled in the art will appreciate that the aspects and 

embodiments described herein are susceptible to variations and modifications other than 

5 those specifically described. It is to be understood that the disclosure includes all such 

variations and modifications. The disclosure also includes all of the steps, features, 

compositions and compounds referred to or indicated in this specification, individually or 

collectively, and any and all combinations of any two or more of said steps or features.  

2. Abbreviations 

10 [0067] The following abbreviations are used throughout the application: 

ADAR = adenosine deaminases acting on RNA 

AID = activation-induced cytidine deaminase 

APOBEC = apolipoprotein B mRNA-editing enzyme, catalytic polypeptide-like 
(APOBEC) cytidine deaminases 

DBD= deaminase-binding domain 

NTS = non-translated strand 

SHM = somatic hypermutation 

TSM = Targeted somatic mutation 

nt = nucleotide 

nts = nucleotides 

aa = amino acid(s) 

kb = kilobase(s) or kilobase pair(s) 

kDa = kilodalton(s) 

ds = double stranded 

ss = single stranded 

d = day 

h = hour 

s = seconds 
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TABLE 2 

IUPAC Nucleotide Symbols 

SYMBOL DESCRIPTION 

A Adenosine 

C Cytidine 

G Guanosine 

T Thymidine 

U Uridine 

M Amino (adenosine or cytosine) 

K Keto (guanosine or thymidine) 

R Purine (adenosine or guanosine) 

Y Pyrimidine (cytosine or thymidine) 

S Strong (guanosine or cytosine) 

W Weak (adenosine or thymine) 

B Cytosine, guanosine, or thymine 

D Adenosine, guanosine or thymidine 

H Adenosine, cytosine or thymidine 

V Adenosine, cytosine or guanosine 

N Any nucleotide 

3. Mutagenic agents involved in somatic mutagenesis 

5 [0068] The present invention is predicated in part on the unexpected finding 

that one or more specific mutations associated with TSM correlates with the likelihood 

that a cancer will recur in a subject. The present invention encompasses methods for 

identifying such mutations as well as methods for determining the likelihood that a 

cancer will recur in a subject by detecting those mutations 

10 [0069] Endogenous factors (e.g., enzymes) can act as mutagenic agents that 

cause or play a role in somatic mutagenesis. Endogenous factors include, but are not 

limited to, cytidine deaminases (such as activation-induced cytidine deaminase (AID) and 

apolipoprotein B mRNA-editing enzyme and catalytic polypeptide-like (APOBEC) cytidine 

deaminases), adenosine deaminases such as adenosine deaminases acting on RNA, and 

15 error-prone DNA polymerases such as DNA polymerase eta. Notably, many of these 

deaminases have specific isoforms that are present in each tissue type.  
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3.1Activation-induced cytidine deaminase (AID) 

[0070] Activation-induced cytidine deaminase (AID) is an important enzyme in 

adaptive immunity, involved in somatic hypermutation (SHM) and class switch 

recombination of immunoglobulin genes in B cells. AID triggers SHM by deaminating 

5 cytidines to uracils (C to U) to diversify the immunoglobulin variable region genes (VDJ) 

and create new antigen-binding sites. By convention, mutations of C (e.g., C to T) are 

the result of cytosine deamination that occurs on the non-transcribed strand (NTS).  

Conversely, mutations of G (e.g., G to A) are the result of cytosine deamination that 

occurs on the transcribed strand (TS).  

10 [0071] In some embodiments of the present invention, wherein the cancer is an 

ovarian cancer (e.g., serous ovarian adenocarcinoma) and the biological sample 

comprises ovarian cells and/or tissue, AID targets a motif comprising the nucleic acid 

sequence WRCG/CGYW (where W = A/T; R = A/G; and Y = T/C). Specifically, TSM is 

likely to have occurred if a higher than expected level of C to T mutations in WRCG 

15 motifs at MC-1 and/or MC-3 sites in the non-transcribed strand (NTS) of a nucleic acid 

molecule from a biological sample is observed. TSM is also likely to have occurred if a 

higher than expected level of G to A mutations in CGYW motifs at MC-2 sites in the (TS) 

of a nucleic acid molecule from a biological sample is observed.  

3.2Apolipoprotein B mRNA-editinci enzyme, catalytic polypeptide-like (APOBEC) 

20 cytidine deaminases 

[0072] In addition to AID, the human genome encodes several homologous 

APOBEC cytidine deaminases that are known to be involved in innate immunity and RNA 

editing (Smith et al. (2012), Semin. Cell. Dev. Biol. 23: 258-268). In humans, at least 

APOBEC1, APOBEC3A, APOBEC3B, APOBEC3C, APOBEC3D, APOBEC3F, APOBEC3G and 

25 APOBEC3H are involved in providing innate immunity and/or cellular mRNA editing.  

[0073] In some embodiments of the present invention, the cancer is an ovarian 

cancer (e.g., serous ovarian adenocarcinoma) and the biological sample comprises 

ovarian cells and/or tissue, APOBEC3B targets a motif comprising the nucleic acid 

sequence TCG/CGA. Specifically, TSM is likely to have occurred if a higher than expected 

30 level of C to T mutations in TCG motifs at MC-1 and/or MC-3 sites of a nucleic acid 

molecule from a biological sample is observed. In addition, TSM is likely to have occurred 

if a higher than expected level of G to A mutations in CGA motifs at MC-1 sites of a 

nucleic acid molecule from a biological sample is observed.  

[0074] In some embodiments of the present invention, APOBEC3G targets a 

35 motif comprising the nucleic acid sequence CCG. Specifically, TSM is likely to have 

occurred if a higher than expected level of C to T mutations in CCG motifs at MC-1 sites 

of a nucleic acid molecule from a biological sample is observed.  

- 18-



WO 2017/031551 PCT/AU2016/050799 

[0075] In some embodiments of the present invention, APOBEC3G targets a 

motif comprising the nucleic acid sequence CGG. Specifically, TSM is likely to have 

occurred if a higher than expected level of G to A mutations in CGG motifs at MC-2 sites 

of a nucleic acid molecule from a biological sample is observed.  

5 [0076] In other embodiments, the cancer is a leukaemia (e.g., acute myeloid 

leukaemia (AML)) and the biological sample comprises peripheral blood. In AML, 

increased TSM caused by an APOBEC isoform indicates an increased risk that the cancer 

will recur or progress. By way of an illustrative example of this type, TSM is likely to have 

occurred if a higher than expected level of at least one of the following mutations is 

10 observed in the nucleic acid molecule: C to T mutations in CCZ motifs at MC-1 sites; C to 

T mutations in SWCS motifs at MC-2 sites; G to A mutations in XNGNS motifs at MC-3 

sites; G to A mutations in GSA motifs at MC-2 sites; G to A mutations in SGXW motifs at 

MC-1 sites; G to A mutations in CXGS motifs at MC-3 sites; G to A mutations in YXGNX 

motifs at MC-3 sites; G to A mutations in YYGNX motifs at MC-3 sites; and G to A 

15 mutations in WNGNZ motifs at MC-1 sites.  

3.3Adenosine deaminases acting on RNA (ADARs) 

[0077] RNA editing is a post-transcriptional processing mechanism that results 

in an RNA sequence that is different from that encoded by the genomic DNA and thereby 

diversifies the gene product and function. The type of RNA editing that is most prevalent 

20 in higher eukaryotes converts adenosine residues into inosine (A-to-I editing) in double

stranded RNA (dsRNA) through the action of double-stranded RNA-specific adenosine 

deaminases, or ADAR, enzymes.  

[0078] ADAR is an enzyme that is encoded by the ADAR gene in humans. The 

ADAR1 enzyme destabilizes dsRNA through conversion of adenosine to inosine. The 

25 ADAR1 enzyme modifies cellular and viral RNA, including coding and noncoding RNAs.  

ADAR1 is an RNA editing enzyme, required for hematopoiesis. ADAR1/- chimeric 

embryos die before embryonic day 14 with defects in the hematopoietic system.  

Regulated levels of ADAR1 expression are critical for embryonic erythropoiesis in the 

liver. Mutations in the ADAR gene have been associated with dyschromatosis symmetrica 

30 hereditaria. Alternate transcriptional splice variants, encoding different isoforms, have 

been characterized.  

[0079] In some embodiments of the present invention, wherein the cancer is an 

ovarian cancer (e.g., serous ovarian adenocarcinoma) and the biological sample 

comprises ovarian cells and/or tissue ADAR1 targets a motif comprising the nucleic acid 

35 sequence WAY. Specifically, TSM is likely to have occurred if a higher than expected level 

of A to G mutations in WAY motifs at MC-2 sites of a nucleic acid molecule from a 

biological sample is observed.  
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[0080] In some embodiments of this type, wherein the cancer is an ovarian 

cancer (e.g., serous ovarian adenocarcinoma) and the biological sample comprises 

ovarian cells and/or tissue, ADAR1 targets a motif comprising the nucleic acid sequence 

RAWA. Specifically, TSM is likely to have occurred if a higher than expected level of A to 

5 T mutations in RAWA motifs at MC-1 sites of a nucleic acid molecule from a biological 

sample is observed.  

[0081] In some embodiments of the present invention, wherein the cancer is an 

ovarian cancer (e.g., serous ovarian adenocarcinoma) and the biological sample 

comprises ovarian cells and/or tissue, ADAR1 targets a motif comprising the nucleic acid 

10 sequence WTAW. Specifically, TSM is likely to have occurred if a higher than expected 

level of A to G mutations in WTAW motifs at MC-1 sites of a nucleic acid molecule from a 

biological sample is observed.  

[0082] In some embodiments of the present invention, wherein the cancer is an 

ovarian cancer (e.g., serous ovarian adenocarcinoma) and the biological sample 

15 comprises ovarian cells and/or tissue, ADAR1 targets a motif comprising the nucleic acid 

sequence SARA. Specifically, TSM is likely to have occurred if a higher than expected 

level of A to G mutations in SARA motifs at MC-1 sites of a nucleic acid molecule from a 

biological sample is observed.  

[0083] In some embodiments of the present invention, wherein the cancer is an 

20 ovarian cancer (e.g., serous ovarian adenocarcinoma) and the biological sample 

comprises ovarian cells and/or tissue, ADAR1 targets a motif comprising the nucleic acid 

sequence IWTY. Specifically, TSM is likely to have occurred if a higher than expected 

level of T to C mutations in TWTY motifs at MC-2 sites of a nucleic acid molecule from a 

biological sample is observed.  

25 [0084] In some embodiments of the present invention, wherein the cancer is an 

ovarian cancer (e.g., serous ovarian adenocarcinoma) and the biological sample 

comprises ovarian cells and/or tissue, ADAR1 targets a motif comprising the nucleic acid 

sequence IWTY. Specifically, TSM is likely to have occurred if a higher than expected 

level of T to C mutations in TWTY motifs at MC-3 sites of a nucleic acid molecule from a 

30 biological sample is observed.  

4. Methods for detecting TSM 

[0085] As demonstrated herein, some mutagenic agents not only cause 

mutagenesis of a nucleotide at one or more particular motifs, but the motif and mutated 

nucleotide are recognized within the codon context, i.e., the mutated nucleotide is at a 

35 particular position within the codon structure, such as the first, second or third nucleotide 

in the mutated codon (read 5' to 3'). There is also a clear preference for the replacement 

or substituting nucleotide. This combination of motif-specific, and codon context-specific, 
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targeting by mutagenic agents is termed herein as TSM. By way of a non-limiting 

example, and as shown in Table 5, mutation of C at a WRCG motif in the non-transcribed 

strand of a nucleic acid molecule may preferentially occur at the first position of the 

mutated codon (MC-1) and be a mutation to T (i.e., C to T). Thus, the likelihood of 

5 whether or not targeted somatic mutation of a nucleic acid molecule has occurred can be 

determined by analysing the sequence of a nucleic acid molecule to determine the codon 

context of mutations of a mutation type (e.g., C to T) at one or more particular motifs 

(e.g., a WRCGSS motif). If there is no codon bias in the location of the mutations of the 

mutation type at the motif (i.e., the mutations are essentially evenly distributed across 

10 each position in the codons), then it is most likely that the mutations arose by chance 

and not as a result of TSM by a mutagenic agent. However, if there is a higher than 

percentage or number of mutations of the mutation type at one particular position in 

codons (e.g., MC-1, MC-2 or MC-3 sites) in the nucleic acid molecule, then this indicates 

that TSM has occurred or is likely to have occurred.  

15 [0086] The "expected number or percentage" of the mutations described above 

is the number or percentage of mutations expected if the mutations are independent of 

other mutations and codon context, i.e., the distribution of mutations at each targeted 

nucleotide in each position in the codon is essentially even. Thus, for example, when 

assessing mutations arising across MC-1, MC-2 and MC-3 positions or sites, it would be 

20 expected that mutation of a nucleotide (e.g., C) to any one of the other three nucleotides 

(e.g., G, A or T) at any one of the three site (e.g., MC-1, MC-2 or MC-3) would occur as 1 

in every 9 mutations (i.e., 1 in 3 chance of C to any one of G, A or T, and a 1 in 3 chance 

at any site, equaling a 1 in 9 chance overall) or approximately 11% of the time. When 

assessing mutations arising across just two of the nucleotide positions in the mutated 

25 codon, such as the MC-1 and MC-2 sites, it would be expected that mutation of a 

nucleotide (e.g., C) to any one of the other nucleotides (e.g., G, A or T) at either of the 

two sites (e.g., MC-1 or MC-2), would occur as 1 in every 6 mutations, or approximately 

17% of the time (i.e., 1 in 3 chance of C to any one of G, A or T, and a 1 in 2 chance at 

any site, equaling a 1 in 6 chance overall). Similarly, when assessing mutations arising 

30 across just one of the sites (e.g., MC-1), it would be expected that mutation of a 

nucleotide (e.g., C) to any one of the other nucleotides (e.g., G, A or T) would occur as 1 

in every 3 mutations, or approximately 33% of the time 

[0087] Typically, when TSM occurs as a result of the activity of one or more 

mutagenic agents and an assessment is made across the three sites of the codon (e.g., 

35 MC-1, MC-2 and MC-3), the particular mutations that are associated with the mutagenic 

agent are observed at least or about 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 

60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or more of the time. When an 

assessment is made across at two sites (e.g., MC-1 and MC-2; MC-1 and MC-3; or MC-2 
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and MC-3), the particular mutations that are associated with the mutagenic agent are 

typically observed at least or about 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 

75%, 80%, 85%, 90%, 95% or more of the time. When an assessment is made across 

only one site (e.g., MC-1; MC-2; or MC-3), the particular mutations that are associated 

5 with the mutagenic agent are typically observed at least or about 50%, 55%, 60%, 65%, 

70%, 75%, 80%, 85%, 90%, 95% or more of the time.  

4.1TSM by AID, APOBECs and ADARs 

[0088] As described above and elsewhere herein, in ovarian cancer AID has 

been found to specifically target the motif WRCG/CGYW, wherein the underlined 

10 nucleotide is mutated. As demonstrated herein, there is a significant preference for 

targeting of the G to occur at MC-2 sites, resulting in G to A mutations. Accordingly, a 

higher than expected number or percentage of G to A mutations at CGYW motifs at MC-2 

sites of a nucleic acid molecule indicates that AID is a likely cause of TSM of the nucleic 

acid, and that AID is active in the ovarian cells and/or tissue from which the biological 

15 sample was obtained. As also demonstrated herein, and again using ovarian cancer as a 

non-limiting example, there is a significant preference for targeting of the C to occur at 

MC-1 sites, resulting in C to T mutations. Accordingly, a higher than expected number or 

percentage of C to T mutations at WRCG motifs at MC-1 sites of a nucleic acid molecule 

indicates that TSM of the nucleic acid has likely occurred, and that AID is likely to be 

20 active in the cells and/or tissue from which the nucleic acid molecule was obtained.  

[0089] Also in ovarian cancer APOBEC3G is has been found to specifically target 

CGG/CG motifs. The studies described herein demonstrate that there is a significant 

preference for targeting of the G to occur at MC-2 sites, resulting in G to A mutations.  

Accordingly, a higher than expected number or percentage of G to A mutations at CGG 

25 motifs at MC-2 sites of a nucleic acid molecule indicates that TSM of the nucleic acid has 

likely occurred, and that APOBEC3G is likely to be active in the cells and/or tissue from 

which the nucleic acid was obtained. There is also a significant preference for targeting of 

the C to occur at MC-1 and/or MC-3 sites, resulting in C to T mutations. Accordingly, a 

higher than expected number or percentage of C to T mutations at CCG motifs at MC-1 

30 and/or MC-3 sites of a nucleic acid molecule indicates that somatic mutagenesis of the 

nucleic acid has likely occurred, and that APOBEC3G is likely to be active in the cells 

and/or tissue from which the nucleic acid molecule was obtained.  

[0090] APOBEC3B has been found to specifically target TG/CGA motifs in 

ovarian cancer samples. The studies described herein demonstrate that there is a 

35 significant preference for targeting of the C to occur at MC-1 and/or MC-3 sites, resulting 

in C to T mutations. Accordingly, a higher than expected number or percentage of C to T 

mutations at TCG motifs at MC-1 and/or MC-3 sites of a nucleic acid molecule indicates 

- 22-



WO 2017/031551 PCT/AU2016/050799 

that TSM of the nucleic acid has likely occurred, and that APOBEC3B is likely to be active 

in the cells and/or tissue from which the nucleic acid molecule was obtained. There is 

also a significant preference for targeting of the G to occur at MC-1 sites, resulting in G 

to A mutations. Accordingly, a higher than expected number or percentage of C to T 

5 mutations at CGA motifs at MC-1 sites of a nucleic acid molecule molecule indicates that 

somatic mutagenesis of the nucleic acid has likely occurred, and that APOBEC3B is likely 

to be active in the cells and/or tissue from which the nucleic acid molecule was obtained.  

[0091] Finally, ADAR1 is known to target WAY motifs in ovarian cancer. The 

studies described herein demonstrate that there is a significant preference for targeting 

10 of the A to occur at MC-2 sites, resulting in A to G mutations. Accordingly, a higher than 

expected number or percentage of A to G mutations at WAY motifs at MC-2 sites in the 

non-transcribed strand of a nucleic acid molecule indicates that TSM of the nucleic acid 

has likely occurred, and that ADAR is likely to be active in the cells and/or tissue from 

which the nucleic acid molecule was obtained.  

15 4.2Identifyinq motifs for other mutacienic accents 

[0092] As clearly demonstrated herein, mutagenic agents may target a 

nucleotide in a motif within a particular codon context. Thus, targeted somatic mutation 

by such agents generally results in one type of mutation (e.g., C to T, and not C to G or 

C to A), at one position within the codon structure (e.g., MC-1 and not MC-2 or MC-3) 

20 and at one motif (e.g., CCG). By analysing nucleic acid sequences for the particular 

mutation type at the motif and within a particular codon context, as described above, a 

more accurate indication of whether TSM has occurred than if just the incidence of 

mutations at the motif were to be examined.  

[0093] This bias for codon context can be used to identify motifs for other 

25 mutagenic agents. By analysing a nucleic acid molecule for the incidence of somatic 

mutations of a mutation type known to be associated with a mutagenic agent (e.g., G 

to T), and also assessing the codon context of the mutations and the nucleotides flanking 

the mutation, the motif for the mutagenic agent may be identified. When a particular 

mutation (e.g., G to T) occurs at a particular position within a codon (e.g., MC-3) more 

30 frequently than would occur at random, i.e., there is a preferred nucleotide position at 

which the mutation occurs, then it is likely that the mutations at this position occur as a 

result of targeted somatic mutation by the mutagenic agent. By analysing the nucleotides 

flanking the mutation at the preferred nucleotide position (e.g., MC-3), any motif 

common to the mutations and thus targeted by the mutagenic agent can be identified.  

35 [0094] Thus, the present invention also provides methods for identifying a motif 

targeted by a mutagenic agent. The methods involve analysing the sequence of a nucleic 

acid molecule to determine whether a mutation type associated with the mutagenic agent 
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predominantly occurs at one position or site of a codon (e.g., MC-1, MC-2 or MC-3). If 

there is a co-incidence of mutation type and site, then the nucleotides flanking the 

mutated nucleotide are identified so as to identify a common motif that includes the 

mutated nucleotide. More specifically, the methods involve analysing the sequence of a 

5 nucleic acid molecule to identify somatic mutations of a mutation type known to be 

associated with the mutagenic agent, determining the codon context of the mutations to 

identify a preferred nucleotide position at which the mutations occur at a higher than 

expected frequency, and identifying the nucleotides flanking the mutations at the 

preferred nucleotide position so as to identify a motif that is common to the mutations.  

10 [0095] A similar process can also be applied when the mutation type associated 

with a mutagenic agent is not yet known. In such cases, the sequence of a nucleic acid 

molecule is first analysed to identify somatic mutations, and any mutation type (e.g., G 

to T) that occurs at a position within a codon (e.g., MC-3) at a frequency that is higher 

than expected if the mutation occurred randomly (i.e., at a preferred nucleotide position) 

15 are also identified. The sequence flanking the mutation at the preferred nucleotide 

position is then assessed to determine whether there is a motif that is common to the 

mutation. If there is, this motif is likely the target of the mutagenic agent.  

[0096] In other examples, known motifs of mutagenic agents can be further 

analysed to determine the codon bias and preference for a mutation type. Nucleic acid 

20 sequences can be assessed as described herein, such as in Example 1, to determine the 

codon context and mutation type associated with mutations at the motif so as to assess 

whether there is a preference for a mutation type at a nucleotide position in the codon.  

For example, APOBEC3A, APOBEC3B, APOBEC3F and APOBEC3H are thought to target a 

TC motif, or a more stringent TCW motif. The sequence of one or more nucleic acid 

25 molecules can be analysed to determine the codon context in which mutations at the 

motif occur, i.e., whether the C is at MC-1, MC-2 or MC-3, and what type of mutation 

occurs, (e.g., C to A, C to T, or C to G). Once the co-incident mutation type, motif and 

codon context are identified, this set of criteria, or diagnostic rule, can be used to more 

accurately determine whether TSM has occurred in a nucleic acid molecule, and thus also 

30 determine what mutagenic agents are active in the cells from which the nucleic acid 

molecule was obtained.  

[0097] To identify motifs and/or diagnostic rules using the methods described 

above, the nucleic acid molecule that is analysed is typically a nucleic acid that is known 

or suspected to have been in contact with the mutagenic agent or is nucleic acid that has 

35 been obtained from cells that are known or suspected to have been in contact with the 

mutagenic agent. For example, cells comprising the nucleic acid molecule may be 

exposed in vitro to the mutagenic agent before nucleic acid sequence is analysed. In 
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other examples, the nucleic acid molecule may be obtained from tissue or cells from 

subjects that are known to have been exposed to the mutagenic agent. Multiple studies 

using multiple biological samples may be performed to validate the findings.  

4.3Identifying motifs for other tissue types 

5 [0098] As shown in the examples, the DBDs characterized for an individual 

deaminase isoform is specific for a particular tissue type. Thus, a prediction of the level 

of TSM in a biological sample obtained from a one particular tissue type is specific only 

for that tissue type. Thus, in preferred embodiments TSM motifs are identified in a 

biological sample derived from tissue that is known to be affected by cancer, and 

10 compared to the corresponding healthy tissue (e.g., tissue in which cancer is known to 

be absent, and not at risk of developing cancer).  

[0099] By way of an example, the biological sample may comprise tissue, 

blood, and/or cells. In some examples, the biological sample is a biopsy. Moreover, the 

biological sample may from any part of the body and may comprise any type of cells or 

15 tissue, such as, for example, breast, prostate, liver cells, colon, stomach, pancreatic, 

skin, thyroid, cervical, lymphoid, hematopoietic, bladder, lung, renal, rectal, ovarian, 

uterine, and head or neck tissue or cells, or cells from peripheral blood or cerebrospinal 

fluid. In some instances, the nucleic acid molecule is obtained from a cell or tissue 

sample from a subject suspected of or at risk of having cancer, or is obtained from a cell 

20 or tissue sample from a subject that has cancer.  

4.4Assessinci the nucleic acid molecule for TSM 

[0100] Any method known in the art for obtaining and assessing the sequence 

of a nucleic acid molecule can be used in the methods of the present invention. The 

nucleic acid molecule analysed using the methods of the present invention can be any 

25 nucleic acid molecule, although is generally DNA (including cDNA). Typically, the nucleic 

acid molecule is mammalian nucleic acid molecule, such as human nucleic acid molecule.  

As described above, the nucleic acid molecule can be obtained from any biological 

sample.  

[0101] The nucleic acid molecule can contain a part or all of one gene, or a part 

30 or all of two or more genes, and it is the sequence of this gene or genes that is analysed 

according to the methods of the invention. For example, the nucleic acid molecules may 

comprise all or part of the TP53, PIK3CA, ERBB2, DIRAS3, TET2 or nitric oxide synthase 

(NOS) genes. In some instances, the nucleic acid molecule comprises the whole genome 

or whole exome, and it is the sequence of the whole genome or whole exome that is 

35 analysed in the methods of the invention.  
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[0102] When using the methods of the present invention, the sequence of the 

nucleic acid molecule may have been predetermined. For example, the sequence may be 

stored in a database or other storage medium, and it is this sequence that is analysed 

according to the methods of the invention. In other instances, the sequence of the 

5 nucleic acid molecule must be first determined prior to employment of the methods of 

the invention. In particular examples, the nucleic acid molecule must also be first isolated 

from the biological sample.  

[0103] Methods for obtaining nucleic acid and/or sequencing the nucleic acid 

are well known in the art, and any such method can be utilized for the methods described 

10 herein. In some instances, the methods include amplification of the isolated nucleic acid 

prior to sequencing, and suitable nucleic acid amplification techniques are well known to 

a person of ordinary skill in the art. Nucleic acid sequencing techniques are well known in 

the art and can be applied to single or multiple genes, or whole exomes or genomes.  

These techniques include, for example, capillary sequencing methods that rely upon 

15 'Sanger sequencing' (Sanger et al., (1977) Proc. Natl. Acad. Sci .USA 74: 5463-5467) 

(i.e., methods that involve chain-termination sequencing), as well as "next generation 

sequencing" techniques that facilitate the sequencing of thousands to millions of 

molecules at once. Such methods include, but are not limited to, pyrosequencing, which 

makes use of luciferase to read out signals as individual nucleotides are added to DNA 

20 templates; "sequencing by synthesis" technology (Illumina), which uses reversible dye

terminator techniques that add a single nucleotide to the DNA template in each cycle; 

and SOLiD T M sequencing (Sequencing by Oligonucleotide Ligation and Detection; Life 

Technologies), which sequences by preferential ligation of fixed-length oligonucleotides.  

These next generation sequencing techniques are particularly useful for sequencing 

25 whole exomes and genomes.  

[0104] Once the sequence of the nucleic acid molecule is obtained, single point 

somatic mutations are then identified. Single point mutations may be identified by 

comparing the sequence to a control sequence. The control sequence may be the 

sequence of a nucleic acid molecule obtained from a biological sample from a control 

30 individual, such as a healthy individual that is free of disease; the sequence of a nucleic 

acid molecule obtained from a control sample, such as a sample from healthy, non

diseased tissue; or may be a consensus sequence understood to contain no somatic 

mutations. In some instances, the control sequence may be a sequence of a nucleic acid 

molecule obtained from a biological sample from the subject at a previous point in time.  

35 For example, the control sample can be taken before or during the subject being exposed 

to a treatment regimen, and the sample to be analysed may be post-treatment (to 

determine whether the subject is responding to treatment, and to determine the 

likelihood of a cancer or tumour recurring). In addition to identify the single point 
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mutations, the codon containing the mutation and the position of the mutation within the 

codon (MC-1, MC-2 or MC-3) is identified. Nucleotides in the flanking 5' and 3' codons 

are also identified so as to identify the motifs. Typically, for the methods of the present 

invention, the sequence of the non-transcribed strand (equivalent to the cDNA sequence) 

5 of the nucleic acid molecules is analysed). In some instances, the sequence of the 

transcribed strand is analysed.  

[0105] As demonstrated herein, using the methods of the present invention, 

only a small number of mutations at motifs need be analysed to determine with 

statistical significance whether TSM has occurred as a result of the activity of particular 

10 mutagenic agent. In some instances, the number of mutations at a particular motif 

analysed using the methods of the present invention may be as few as 2 mutations. For 

example, if it is found that an apparently healthy patient has only 2 somatic mutations in 

the analysed nucleic acid, and both of these are G to A mutations in a GYW motif at an 

MC-2 site, then the probability that this pattern arose by chance is 0.04238 (p < 95%, 

15 using a ChiSquare test, 9-1=9 df). Alternatively, the probability of each of the mutations 

occurring by chance can be said to be 1/9 (i.e., a 1/3 chance of a G to A mutation, and a 

1/3 chance of the mutation being at an MC-2 sites, as discussed above), and the 

probability that 2 out of 2 mutations occur in this pattern is therefore 1/81 (or 

0.012346). However, as would be understood by those skilled in the art, statistical 

20 significance may be improved when more mutations at a particular motif analysed. Thus, 

in some instances, the number of mutations at a particular motif analysed using the 

methods of the present invention may be at least 20. Many nucleic acid-containing 

biological samples from subjects before or after treatment have 40 or more mutations, 

with some harbouring up to 400 or more mutations. Accordingly, the number of 

25 mutations at a particular motif analysed using the methods of the present invention may 

be at least orabout 2,3,4,5,6,7,8,9,10,15,20,25,30,40,50,60,70,80,90,100, 

150, 200, 250, 300 or more.  

5. Cancer-Progression Associated Markers (C-PAS) 

[0106] The present invention also discloses that a subset of TSM is associated 

30 with the likelihood of cancer recurrence (herein referred to as "Cancer-Progression 

Associated Signatures;" (C-PAS)). C-PAS can be identified by detecting individual nucleic 

acid sequences that are specifically targeted by mutagenic agents (e.g., AID, APOBECs, 

ADARs, etc.), and are indicative of the recurrence of cancer.  

5.1Identifying C-PAS 

35 [0107] In some embodiments, the invention includes the identification of C-PAS 

in a nucleic acid that is present in a biological sample from a subject that has or has had 

a cancer. Two rules can be met to be considered as a C-PAS. First, the single nucleotide 
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substitution by the mutagenic agent identified in the C-PAS must show a significant 

targeting preference (i.e., be of a single type and codon context). This ensures that the 

nucleic acid motif is associated with the mutagenic activity of a single deaminase, and 

that the resulting TSM pattern (i.e., C-PAS) does not arise by chance alone. The second 

5 criteria for a nucleic acid motif to be considered as a C-PAS is that there must be an 

increase in the average number of targeted mutations per sample in the C-PAS between 

samples from cancers that recur, and those that do not recur.  

[0108] Thus, the methods for identifying C-PAS involve analysing the sequence 

of a nucleic acid molecule to determine whether a mutation type associated with the 

10 mutagenic agent predominantly occurs at one position or site of a codon (e.g., MC-1, 

MC-2 or MC-3). If there is a co-incidence of mutation type and site, then the nucleotides 

flanking the mutated nucleotide are identified so as to identify a common motif that 

includes the mutated nucleotide. More specifically, the methods involve analysing the 

sequence of a nucleic acid molecule to identify somatic mutations of a mutation type 

15 known to be associated with the mutagenic agent, determining the codon context of the 

mutations to identify a preferred nucleotide position at which the mutations occur at a 

higher than expected frequency, and identifying the nucleotides flanking the mutations at 

the preferred nucleotide position so as to identify a motif that is common to the 

mutations. Analysis is then performed to determine whether the TSM in the C-PAS is 

20 capable of distinguishing between a cancer that is likely to recur and a cancer that is not 

likely to recur, using methods that are well known in the art for determining statistical 

significance.  

[0109] To identify motifs and/or diagnostic rules using the methods described 

above, the nucleic acid that is analysed is typically a nucleic acid that has been obtained 

25 from cells or tissues from a subject that is known or suspected to have a cancer that has 

recurred, or to have previously had a cancer that has not recurred. Multiple studies using 

multiple biological samples may be performed to validate the findings.  

[0110] To this extent, and by way of a non-limiting illustrative example of C

PAS that are suitable for determining the likelihood of a cancer (e.g., ovarian cancer, 

30 AML, etc.) recurring in a subject, is provided in Table 3.  

TABLE 3 

Identified C-PAS and Codon Context 

Tissue Mutagenic Agent- C-PAS -Mutation Codon Site 

Type Type 

Ovarian AID WRCGSS C to T MC-1 

APOBEC3B TCGA C to T MC-1 
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ATCS C to T MC-3 

GCGGC C to T MC-1 

CCGX C to T MC-1 

ZCCG C to T MC-1 

APOBEC3G SGGRR Gto A MC-1 

TCCG C to T MC-1 

GCGC G to A MC-2 

CCGGC G to A MC-2 

RAWA A to T MC-1 

WTAW A to G MC-1 
ADARs 

SARA A to G MC-1 

TWTY T to C MC-2, MC-3 

AML CCZ C to T MC-1 

SWCS C to T MC-2 

XNGNS G to A MC-3 

GSA G to A MC-2 

APOBECs SGXW G to A MC-1 

CXGS G to A MC-3 

YXGNX G to A MC-3 

YYGNX G to A MC-3 

WNGNZ G to A MC-1 

[0111] The specific identification and characterization of C-PAS allows for a fast 

determination as to whether TSM has occurred in a nucleic acid molecule. Furthermore, 

by further defining the sites that are specifically targeted by a mutagenic agent (e.g., 

5 deaminase) it is expected that a higher specificity and sensitivity of determining the 

likelihood that a cancer will recur in a subject will result. In this regard, the identification 

and characterisation of the C-PAS must be performed in the specific tissue sample of the 

cancer to be assessed. As shown in Table 3, distinct C-PAS are identified in each tissue 

type or cancer of interest, and these sequences cannot be predicted prior to performing 

10 the C-PAS identification methods described herein.  

[0112] As an illustrative example of the methods described above and 

elsewhere herein, if the level of TSM in a C-PAS in a nucleic acid is determined to be 

higher than what would be expected if random (i.e., non-targeted) mutagenesis has 

occurred then it is likely that a cancer will recur in a subject. Conversely, if the level of 

15 TSM in a C-PAS is similar to or below what would be expected if random (i.e., non
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targeted) mutagenesis has occurred it is likely that a cancer or tumour will not recur in a 

subject.  

6. Kits and Systems for Detecting TSM and C-PAS 

[0113] All the essential materials and reagents required for detecting TSM in a 

5 subject and further identifying the likelihood that cancer or tumour is likely to recur, and 

related methods as described herein, may be assembled together in a kit. For example, 

when the methods of the present invention include first isolating and/or sequencing the 

nucleic acid to be analysed, kits comprising reagents to facilitate that isolation and/or 

sequencing are envisioned. Such reagents can include, for example, primers for 

10 amplification of DNA, polymerase, dNTPs (including labelled dNTPs), positive and 

negative controls, and buffers and solutions. Such kits will also generally comprise, in 

suitable means, distinct containers for each individual reagent. The kit can also feature 

various devices, and/or printed instructions for using the kit.  

[0114] In some embodiments, the methods described generally herein are 

15 performed, at least in part, by a processing system, such as a suitably programmed 

computer system. A stand-alone computer, with the microprocessor executing 

applications software allowing the above-described methods to be performed, may be 

used. Alternatively, the methods can be performed, at least in part, by one or more 

processing systems operating as part of a distributed architecture. For example, a 

20 processing system can be used to identify mutation types, the codon context of a 

mutation and/or motifs within one or more nucleic acid sequences. In some examples, 

commands inputted to the processing system by a user assist the processing system in 

making these determinations.  

[0115] In one example, a processing system includes at least one 

25 microprocessor, a memory, an input/output device, such as a keyboard and/or display, 

and an external interface, interconnected via a bus. The external interface can be utilised 

for connecting the processing system to peripheral devices, such as a communications 

network, database, or storage devices. The microprocessor can execute instructions in 

the form of applications software stored in the memory to allow the methods of the 

30 present invention to be performed, as well as to perform any other required processes, 

such as communicating with the computer systems. The applications software may 

include one or more software modules, and may be executed in a suitable execution 

environment, such as an operating system environment, or the like.  

[0116] In another example, the processing system can be used to upload 

35 sequence information and other relevant data from databases or other sources.  

Algorithms devised to be appropriate for the methods disclosed herein can be applied to 

data, such as shown in Figure 3. In this example, input data [1] and test parameters 

- 30-



WO 2017/031551 PCT/AU2016/050799 

(such as motifs to be used) [2] are uploaded or entered into the system. A base 

substitution table is then generated for mutations within the genomic region of interest 

with data aligned and linked to mutations with codon context data and other information 

linked to sample details and nucleotide sequence [3, 4, 5]. The next step involves the 

5 identification of co-incident occurrences of each mutation type at each motif at each 

nucleotide position within the codons [6]. The data are tabulated to record co-incident 

occurrences of each mutation type off each motif with codon context [7], including the 

relative likelihood grades with levels of confidence for each diagnosis [8]. The results are 

linked to identify the mutagenic agents (or molecular structures) and the biochemical 

10 processes likely to be involved in producing the mutations and relevant clinical 

information [8]. An output report is generated according to the service request 

information used as input [9] and a readable output is generated [10].  

7. Diagnostic and Therapeutic Applications 

[0117] The methods described herein for detecting whether targeted somatic 

15 mutagenesis has occurred, and the identification and characterization of C-PAS, have 

many useful diagnostic and therapeutic applications. Somatic mutagenesis is known to be 

associated with the presence of many cancers. Similarly, some mutagenic agents are 

known to be associated with the development and progression of many cancers. Using 

the methods described herein (e.g., the presence and/or extent of TSM resulting from 

20 one or more mutagenic agents), the likelihood of a cancer recurring in a subject can be 

determined. Such a determination can facilitate the prescribing of a treatment regimen 

for a subject who has or has had cancer For example, the determination can assist with 

deciding whether the current treatment regimen should continue, be reduced or be 

stopped. In addition, ongoing assessment of targeted somatic mutations attributable to 

25 one or more mutagenic agents can be used to assess whether a cancer is progressing or 

regressing and/or the success or failure of a treatment regimen. For example, an 

increase in the number of targeted somatic mutations detected in nucleic acid from a 

sample, such as a biopsy, over time in the same subject can indicate a worsening of the 

cancer or a failure to respond to a treatment regimen, while a stabilization or reduction in 

30 the number of mutations can indicate remission of the condition or a successful response 

to a treatment regimen.  

[0118] In particular instances, the methods of the present invention can extend 

to the diagnosis of cancer in a subject or a determination of the likelihood that a cancer 

will recur in a subject. For example, the likelihood that a cancer will recur in a subject 

35 can be assessed by analysing a nucleic acid molecule from a biological sample from the 

subject so as to determine whether TSM by one or more mutagenic agents has occurred.  

If TSM has occurred, a determination can be made that the cancer is likely to recur in the 

subject.  
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[0119] In some examples, the diagnostic rules described above are utilized to 

determine the likelihood that a cancer will recur in a subject. For example, a cancer will 

be determined to be likely to recur when the number or percentage of observed C to T 

mutations in TCGA motifs at MC-1 sites of a nucleic acid molecule is higher than 

5 expected; the number or percentage of observed C to T mutations in ATCS motifs at MC

3 sites of a nucleic acid molecule is higher than expected; the number or percentage of 

observed C to T mutations in GCGGC motifs at MC-1 sites of a nucleic acid molecule is 

higher than expected; the number or percentage of observed C to T mutations in CCGX 

motifs at MC-1 sites of a nucleic acid molecule is higher than expected; the number or 

10 percentage of observed C to T mutations in ZCCG motifs at MC-1 sites of a nucleic acid 

molecule is higher than expected; the number or percentage of observed G to A 

mutations in SGGRR motifs at MC-1 sites of a nucleic acid molecule is higher than 

expected; the number or percentage of observed C to T mutations in TCCG motifs at MC

1 sites of a nucleic acid molecule is higher than expected; the number or percentage of 

15 observed G to A mutations in GCGC motifs at MC-2 sites of a nucleic acid molecule is 

higher than expected; the number or percentage of observed G to A mutations in CCGGC 

motifs at MC-2 sites of a nucleic acid molecule is higher than expected; the number or 

percentage of observed; the number or percentage of observed A to T mutations in 

RAWA motifs at MC-1 sites of a nucleic acid molecule is higher than expected; the 

20 number or percentage of observed A to G mutations in WTAW motifs at MC-1 sites of a 

nucleic acid molecule is higher than expected; the number or percentage of observed A 

to G mutations in SARA motifs at MC-1 sites of a nucleic acid molecule is higher than 

expected; the number or percentage of observed T to C mutations in TWTY motifs at MC

2 sites of a nucleic acid molecule is higher than expected; and/or the number or 

25 percentage of observed T to C mutations in TWTY motifs at MC-3 sites of a nucleic acid 

molecule higher than expected, as described above for AID, APOBEC3G, APOBEC3H and 

ADARs. In other examples, diagnostic rules determined for other mutagenic agents using 

the methods described herein are used to detect the likelihood of that a cancer will recur 

in a subject.  

30 [0120] In some instances, when targeted somatic mutations are detected in a 

sample containing cells or tissue from a particular region or location in a subject, such as 

breast, prostate, liver, colon, stomach, pancreatic, skin, thyroid, cervical, lymphoid, 

haematopoietic, bladder, lung, renal, rectal, ovarian, uterine, and head or neck tissue or 

cells, then a determination that the subject has or is likely to develop cancer involving 

35 that tissue or those cells is made. Thus, for example, a determination that the subject 

has or is likely to develop breast, prostate, liver, colon, stomach, pancreatic, skin, 

thyroid, cervical, lymphoid, haematopoietic, bladder, lung, renal, rectal, ovarian, uterine, 

or head and neck cancer may be made.  
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[0121] In particular examples, the biological sample used to detect the 

likelihood of a specific type of cancer recurring is matched to the type of cancer. By way 

of an illustration, is the subject suffers from or has suffered from an ovarian cancer, then 

the sample on which the TSM is identified is derived from ovarian tissue or cells.  

5 [0122] As well as being of use to determine the likelihood cancer recurrence, 

the extent of TSM (i.e., the total number of targeted somatic mutations attributable to 

the mutagenic agent in the nucleic acid) can also be used to assist in determining 

whether the cancer is progressing or regressing, and/or whether a treatment regimen is 

working or not. As described above, the higher the number of TSM, the higher the 

10 likelihood that the cancer will recur in the subject. Furthermore, if there is an increase in 

the number of targeted somatic mutations over time in a subject, the higher the 

likelihood that the cancer is progressing and/or the subject is not responding to the 

cancer or tumour. Conversely, if there is a decrease in the number of targeted somatic 

mutations over time in a subject, the higher the likelihood that the cancer is regressing 

15 and/or the subject is successfully responding to the treatment regimen.  

[0123] The methods of the present invention also extend to therapeutic or 

preventative protocols. In instances where a cancer is determined to be unlikely to recur, 

protocols may be amended to reduce the intensity of the treatment, or to remove a 

subject from a treatment regimen completely. In instances where a cancer is determined 

20 to be likely to recur, protocols designed to reduce that likelihood may be designed and 

applied to a subject. For example, an appropriate therapeutic protocol can be designed 

for the subject and administered. This may include, for example, radiotherapy, surgery, 

chemotherapy, hormone ablation therapy, pro-apoptosis therapy and/or immunotherapy.  

In some examples, further diagnostic tests may be performed to confirm the diagnosis 

25 prior to therapy.  

[0124] Radiotherapies include radiation and waves that induce DNA damage for 

example, y-irradiation, X-rays, UV irradiation, microwaves, electronic emissions, 

radioisotopes, and the like. Therapy may be achieved by irradiating the localized tumour 

site with the above described forms of radiations. It is most likely that all of these factors 

30 effect a broad range of damage DNA, on the precursors of DNA, the replication and repair 

of DNA, and the assembly and maintenance of chromosomes.  

[0125] Dosage ranges for X-rays range from daily doses of 50 to 200 roentgens 

for prolonged periods of time (3 to 4 weeks), to single doses of 2000 to 6000 roentgens.  

Dosage ranges for radioisotopes vary widely, and depend on the half life of the isotope, 

35 the strength and type of radiation emitted, and the uptake by the neoplastic cells.  

[0126] Non-limiting examples of radiotherapies include conformal external 

beam radiotherapy (50-100 Grey given as fractions over 4-8 weeks), either single shot or 
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fractionated, high dose rate brachytherapy, permanent interstitial brachytherapy, 

systemic radio-isotopes (e.g., Strontium 89). In some embodiments the radiotherapy 

may be administered in combination with a radiosensitizing agent. Illustrative examples 

of radiosensitizing agents include but are not limited to efaproxiral, etanidazole, fluosol, 

5 misonidazole, nimorazole, temoporfin and tirapazamine.  

[0127] Chemotherapeutic agents may be selected from any one or more of the 

following categories: 

[0128] (i) antiproliferative/antineoplastic drugs and combinations thereof, as 

used in medical oncology, such as alkylating agents (for example cis-platin, carboplatin, 

10 cyclophosphamide, nitrogen mustard, melphalan, chlorambucil, busulphan and 

nitrosoureas); antimetabolites (for example antifolates such as fluoropyridines like 5

fluorouracil and tegafur, raltitrexed, methotrexate, cytosine arabinoside and 

hydroxyurea; anti-tumour antibiotics (for example anthracyclines like adriamycin, 

bleomycin, doxorubicin, daunomycin, epirubicin, idarubicin, mitomycin-C, dactinomycin 

15 and mithramycin); antimitotic agents (for example vinca alkaloids like vincristine, 

vinblastine, vindesine and vinorelbine and taxoids like paclitaxel and docetaxel; and 

topoisomerase inhibitors (for example epipodophyllotoxins like etoposide and teniposide, 

amsacrine, topotecan and camptothecin); 

[0129] (ii) cytostatic agents such as antioestrogens (for example tamoxifen, 

20 toremifene, raloxifene, droloxifene and iodoxyfene), oestrogen receptor down regulators 

(for example fulvestrant), antiandrogens (for example bicalutamide, flutamide, 

nilutamide and cyproterone acetate), UH antagonists or LHRH agonists (for example 

goserelin, leuprorelin and buserelin), progestogens (for example megestrol acetate), 

aromatase inhibitors (for example as anastrozole, letrozole, vorazole and exemestane) 

25 and inhibitors of 5a-reductase such as finasteride; 

[0130] (iii) agents which inhibit cancer cell invasion (for example 

metalloproteinase inhibitors like marimastat and inhibitors of urokinase plasminogen 

activator receptor function); 

[0131] (iv) inhibitors of growth factor function, for example such inhibitors 

30 include growth factor antibodies, growth factor receptor antibodies (for example the anti

erbb2 antibody trastuzumab [Herceptin T M ] and the anti-erbbl antibody cetuximab 

[C225]), farnesyl transferase inhibitors, MEK inhibitors, tyrosine kinase inhibitors and 

serine/threonine kinase inhibitors, for example other inhibitors of the epidermal growth 

factor family (for example other EGFR family tyrosine kinase inhibitors such as N-(3

35 chloro-4-fluorophenyl)-7-methoxy-6-(3-morpholinopropoxy)quinazolin-4- -amine 

(gefitinib, AZD1839), N-(3-ethynylphenyl)-6,7-bis(2-methoxyethoxy)quinazolin-4-amine 

(erlotinib, OSI-774) and 6-acrylamido-N-(3-chloro-4-fluorophenyl)-7-(3
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morpholinopropoxy)quinazoli-n-4-amine (CI 1033)), for example inhibitors of the 

platelet-derived growth factor family and for example inhibitors of the hepatocyte growth 

factor family; 

[0132] (v) anti-angiogenic agents such as those which inhibit the effects of 

5 vascular endothelial growth factor, (for example the anti-vascular endothelial cell growth 

factor antibody bevacizumab [AVASTIN T M ], compounds such as those disclosed in 

International Patent Applications WO 97/22596, WO 97/30035, WO 97/32856 and WO 

98/13354) and compounds that work by other mechanisms (for example linomide, 

inhibitors of integrin avP3 function and angiostatin); 

10 [0133] (vi) vascular damaging agents such as Combretastatin A4 and 

compounds disclosed in International Patent Applications WO 99/02166, W00/40529, 

WO 00/41669, WO01/92224, W002/04434 and WO02/08213; 

[0134] (vii) antisense therapies, for example those which are directed to the 

targets listed above, such as ISIS 2503, an anti-ras antisense; and 

15 [0135] (viii) gene therapy approaches, including for example approaches to 

replace aberrant genes such as aberrant p53 or aberrant GDEPT (gene-directed enzyme 

pro-drug therapy) approaches such as those using cytosine deaminase, thymidine kinase 

or a bacterial nitroreductase enzyme and approaches to increase patient tolerance to 

chemotherapy or radiotherapy such as multi-drug resistance gene therapy.  

20 [0136] Immunotherapy approaches, include for example ex-vivo and in-vivo 

approaches to increase the immunogenicity of patient tumour cells, such as transfection 

with cytokines such as interleukin 2, interleukin 4 or granulocyte-macrophage colony 

stimulating factor, approaches to decrease T-cell anergy, approaches using transfected 

immune cells such as cytokine-transfected dendritic cells, approaches using cytokine

25 transfected tumour cell lines and approaches using anti-idiotypic antibodies. These 

approaches generally rely on the use of immune effector cells and molecules to target 

and destroy cancer cells. The immune effector may be, for example, an antibody specific 

for some marker on the surface of a malignant cell. The antibody alone may serve as an 

effector of therapy or it may recruit other cells to actually facilitate cell killing. The 

30 antibody also may be conjugated to a drug or toxin (chemotherapeutic, radionuclide, 

ricin A chain, cholera toxin, pertussis toxin, etc.) and serve merely as a targeting agent.  

Alternatively, the effector may be a lymphocyte carrying a surface molecule that 

interacts, either directly or indirectly, with a malignant cell target. Various effector cells 

include cytotoxic T cells and NK cells.  

35 [0137] Examples of other cancer therapies include phototherapy, cryotherapy, 

toxin therapy or pro-apoptosis therapy. One of skill in the art would know that this list is 
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not exhaustive of the types of treatment modalities available for cancer and other 

hyperplastic lesions.  

[0138] In some instances, where the likely identity of the mutagenic agent 

causing the targeted somatic mutations is determined, therapy or preventative measures 

5 may include administration to the subject of an inhibitor of that mutagenic agent.  

Inhibitors can include, for example, siRNAs, miRNAs, protein antagonists (e.g., dominant 

negative mutants of the mutagenic agent), small molecule inhibitors, antibodies and 

fragments thereof. For example, commercially available siRNAs and antibodies specific 

for APOBEC cytidine deaminases and AID are widely available and known to those skilled 

10 in the art. Other examples of APOBEC3G inhibitors include the small molecules described 

by Li et al. (ACS. Chem. Biol,. (2012) 7(3): 506-517), many of which contain catechol 

moieties, which are known to be sulfhydryl reactive following oxidation to the 

orthoquinone. APOBEC1 inhibitors also include, but are not limited to, dominant negative 

mutant APOBEC1 polypeptides, such as the mul (H61K/C93S/C96S) mutant (Oka et al., 

15 (1997) J. Biol. Chem. 272: 1456-1460).  

[0139] Typically, therapeutic agents will be administered in pharmaceutical 

compositions together with a pharmaceutically acceptable carrier and in an effective 

amount to achieve their intended purpose. The dose of active compounds administered 

to a subject should be sufficient to achieve a beneficial response in the subject over time 

20 such as a reduction in, or relief from, the symptoms of cancer, and/or the reduction, 

regression or elimination of tumours or cancer cells. The quantity of the pharmaceutically 

active compounds(s) to be administered may depend on the subject to be treated 

inclusive of the age, sex, weight and general health condition thereof. In this regard, 

precise amounts of the active compound(s) for administration will depend on the 

25 judgment of the practitioner, and those of skill in the art may readily determine suitable 

dosages of the therapeutic agents and suitable treatment regimens without undue 

experimentation.  

[0140] The present invention can be practiced in the field of predictive medicine 

for the purposes of diagnosis or monitoring the presence or development of a cancer or 

30 tumour in a subject, and/or monitoring response to therapy efficacy.  

[0141] In order that the invention may be readily understood and put into 

practical effect, particular preferred embodiments will now be described by way of the 

following non-limiting examples.  
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EXAMPLES 

EXAMPLE 1 

MUTATION STRAND-BIAS PATTERN RESEMBLES OTHER CANCERS 

[0142] Previous studies have shown that the somatic hypermutation (SHM) 

5 reference pattern observed at rearranged immunoglobulin variable region loci is 

characterized by significant strand-biases evident for all Watson-Crick complements (see, 

for example, Steele and Lindley, 2010). The present studies provide the first evidence 

that the striking SHM-like strand biased pattern is also observed for somatic mutations 

occurring in lung adenocarcinoma, lung small cell carcinoma, breast ductal carcinoma, 

10 squamous cell carcinoma, and malignant melanoma. Accordingly, it was determined 

whether the strand-bias pattern for the TCGA serous ovarian adenocarcinoma mutation 

dataset also exhibited this strand bias. The results strongly suggest that there is a causal 

relationship between aberrant Ig SHM and the genesis of somatic point mutations in 

many cancers. This in turn suggests that the potential targets involved in SHM such as 

15 AID and ADAR1, and the processes modulating the transcription coupled repair (TCR) 

pathways are involved.  

[0143] The strand bias mutation data shown in Table 4 is strikingly similar in 

part, or in toto, to the strand bias patterns for a rage of other cancers occurring in non

lymphoid tissues. That is, the likely root cause of the mutations observed in serous 

20 ovarian adenocarcinomas is the same as that observed for mutations in tumours of other 

somatic tissues. The results provide a qualified justification for adopting a targeted 

somatic mutation (TSM) approach involving the AID/APOBEC and ADAR families of 

deaminases to analyse the mutation data for the selected 194 serous ovarian 

adenocarcinoma samples.  

25 TABLE4 

Patterns of somatic mutations in exome mutations 

To A T C G Total 
A - 5.2 3.5 7.1 15.8 

From T 3.7 - 4.8 3.0 11.5 
C 8.8 16.8 - 9.2 34.8 
G 17.6 10.4 9.8 - 37.8 

100 

Materials and Methods 

Data source 

30 [0144] Somatic mutation data was sourced from a cohort of 429 clinically 

annotated stage II-IV serous ovarian adenocarcinoma samples archived by The Cancer 

Genome Atlas (TCGA 2013). A previous analysis of these samples by Kanchi et al (2014) 
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was the first large-scale study using exome-wide sequencing of matched germline and 

tumour tissue samples.  

[0145] The source of tumour and germline tissue is indicated by the code 

following the third hyphen in TCGA-XX-XXX-YYY-ZZZ (Cancer Genome Atlas Research 

5 Network, 2013). For example, the following codes in the area of YYY indicate the source 

as follows: 10 indicates Blood Derived Normal; 11 indicates Solid Tissue Normal; and 12 

indicates Buccal Cell Normal. Many of the original samples were amplified prior to 

sequencing. The letter code in place of ZZZ indicates the amplification methods used. For 

example, D indicates DNA (no whole genome amplification); G indicates Whole Genome 

10 Amplification (WGA) produced using GENOMEPLEX (RUBICON) DN; and W indicates 

Whole Genome Amplification (WGA) produced using REPLI-G (QIAGEN) DNA.  

[0146] DNA was sequenced by exome capture followed by sequencing on 

Illumina or SOLiD platforms. Sequence data from paired tumour and germline samples 

were aligned to NCBI Build 36 of the human reference using BWA 0.5.9, and de

15 duplicated using PICARD 1.29 (see, methods section in Kanchi et al., 2014).  

Sample selection 

[0147] The DNA mutation data was analysed using an Educational Research In 

Codon-context (ERIC) Version 1.6. This application was developed as a research support 

tool. It is written in EXCEL VBA scripting to automate the process of analysing and 

20 compiling the DNA mutation data for analysis. The program routine uses the ENSEMBL 

gene transcripts (Cunningham et al., 2015) to identify the nucleotide sequence context 

surrounding each mutation, and to determine the position of each mutation within the 

nucleotide structure of the mutated codon (MC).  

[0148] Once this data was added to the compiled mutation dataset, ERIC was 

25 then used to call and tabulate mutations falling on predefined motifs of interest and 

consisting of 3-6 nucleotides. Once the nucleotides of a selected motif are entered into 

the configuration settings, tables for all mutations off the selected motif are then 

tabulated to reveal the distribution of mutations within a 3 x 3 TSM table (see, Lindley 

2013). The resulting TSM table shows the distribution of mutations (e.g., G to A, G to C 

30 or G to T), and their position with respect to the three possible nucleotide positions 

within the mutated codon (i.e., positions MC-1,MC-2, or MC-3 read 5' to 3').  

Data analysis 

[0149] As a first step, strand-bias mutation analyses was performed on the 

pooled mutation dataset. The strand-bias pattern was then compared with the strand

35 bias patterns of a range of cancers in other tissue types. The strand-bias mutation 

pattern for the pooled data was created by tabulating the relative percentages of each 
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type of mutation in a 4 x 4 table format (as described in Steele and Lindley, 2010; and 

Lindley and Steele, 2013).  

[0150] Once the strand-bias mutation data pattern was analysed, the next step 

is to verify that the AID/APOBEC3G/APOBEC3B and ADAR families of deaminases are the 

5 likely source of many of the mutations. To complete this step, TSM tables for motifs 

previously found to be associated with key deaminases were tabulated. Non-overlapping 

targeting preferences ('motifs') include WRCG/CGYW for AID, and CCG/CGG for 

APOBEC3G (see, Beale, 2004). For ADAR activity, the motif WAY is selected, and for 

APOBEC3B, the motif TG/CGA is used (see, Burns et al., 2013a). It should be noted that 

10 the APOBEC3B mutations have previously been shown to be significantly upregulated in 

serous ovarian carcinoma, and that several preferred trinucleotide target motifs have 

been identified in serous ovarian carcinoma (see, Leonard et al., 2013).  

[0151] As all AID/APOBEC/ADAR family members are known to have multiple 

active DBDs, the chimeric nature of the key deaminases was verified using the following 

15 investigative approach.  

[0152] This was done by first analysing the influence of changes in the 5 prime 

(5') and 3 prime (3') nuclear context starting with the AID preferred target motif on the 

transcribed strand (TS) of GYW. Using ERIC v.1.6, and starting with the trinucleotide 

motif GYW, we incrementally increased the number of nucleotides from three nucleotides 

20 to six nucleotides. For each extension, we selected additional nucleotides that did not 

alter the targeting preference within the structure of the mutated codon, or the resulting 

dominant type of mutation.  

[0153] Second, a table was constructed to investigate how changes in the 5 

prime (5') and 3 prime (3') context of the targeting preferences for different motifs for 

25 AID and ADAR families might alter either or both the type of mutation, and the preferred 

target site of mutations within the trinucleotide structure of the mutated codon. This is to 

investigate the polymorphic nature of these deaminases, and to understand how changes 

in the 5 prime (5') or 3 prime (3') nucleotide context might alter the preferred target 

sites in the mutated codon (MC) and/or the type of mutation produced.  

30 [0154] These two steps are included to ensure that the TSM profiling method is 

able to identify different isoforms of DBDs, and to indicate the likely optimum length of 

highly specific target motifs defining the binding domains of any one isoform.  

EXAMPLE 2 

TSM PROFILES INDICATE AID/APOBEC3G/APOBEC3B AND ADAR DEAMINASE ACTIVITY 

35 [0155] A TSM profile for the selected motifs for AID (WRCG/CGYW, where 

W=A/T; Y=T/C; and R=A/G), APOBEC3G (CCG/CGG), APOBEC3B (TCG/CGA) and ADAR1 
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(WAY, where W=A/T; and Y=T/C) is shown in Table 5. The Chi Square level of statistical 

significance for deviation from the expected is shown for mutations off each motif in a 

3 x 3 dataset. All 3 x 3 datasets show a strong preference for mutations of a particular 

type, and at a preferred target location for significant level p < 0.001 (8 df). It is 

5 important to note that although isoforms of the DBDs are known to exist for each 

deaminase, motifs for the dominant DBDs of each deaminase have been selected to 

ensure that there is no overlap among the selected deaminases.  

TABLE 5 

Identified C-PAS and Codon Context 

10 

Mutated codon target site (5' 
Deaminase Key Mutation to 3') P-value 

family motif type 
MC-1 MC-2 MC-3 

C to A 7 17 17 

WRCG C to G 17 16 34 1.54E-97 

C to T 138 59 141 
AID 

Gto A 58 150 69 

CGYW G to C 7 16 21 2.60E-93 

Gto T 11 15 13 

C to A 20 10 20 

CCG C to G 26 12 23 1.52E-110 

CtoT 172 69 130 
APOBEC3G 

G >A 88 142 136 

CGG G >C 22 27 16 3.58E-88 

G to T 18 16 24 

CtoA 17 3 28 

TCG C to G 26 12 11 177E-48 

C to T 90 42 83 
APOBEC3B 

G to A 135 81 44 

CGA G to C 16 12 7 3.14E-82 

G to T 27 18 7 

ADAR1 WAY A to C 27 58 21 4.46E-61 
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AtoG 110 191 71 

A to T 59 81 47 

[0156] The data in Table 5 reveal highly significant codon-bias patterns that 

have not previously been reported for serous ovarian adenocarcinoma samples. In each 

case, the observed deviation from the null hypothesis is highly significant. For AID and 

5 APOBEC3G motifs, the statistically significant MC-1 bias for cytidine deamination on the 

NTS results in a dominant number of C to T transitions, and the MC-2 bias for cytidine 

deamination on the TS results in a dominant number of G to A transitions. For the 

trinucleotide ADAR motif WAY, the dominant type of mutations are G to A transitions 

preferentially targeting MC-2 sites. These somatic mutation targets are consistent with a 

10 previous study of TP53 gene mutations for pooled breast cancer mutation data (see, 

Lindley, 2013).  

[0157] Furthermore, Figure 1 provides a graphical representation of the 

increase in the targeting specificity of motifs for the catalytic domain of AID as the 

number of nucleotides is incrementally increased from three nucleotides to six 

15 nucleotides. The graph of Figure 1A shows how the relative number of background 

mutations decreases as the targeting preference of each motif is increased. The number 

of G to A mutations occurring at MC-2 sites is increased from 52% of all mutations of 

guanosine for the trinucleotide motif GYW, and increasing to 91% of all mutations of 

guanosine for the six nucleotide motif SCGYWW. A table showing the 3 x 3 TSM mutation 

20 distribution for the range of possible mutations of guanosine (G to A/C/T), and the target 

sites within the structure of the MC are included (see, Figure 1B). The Chi Square level of 

statistical significance for deviation from the expected is shown for mutations off each 

motif for significance level p < 0.001 (8 df).  

[0158] The main conclusion drawn from these data is that the targeting 

25 preferences for AID binding domains are best defined by motifs of four or more 

nucleotides. That is, the biochemical binding mechanisms targeting sites for mutation are 

highly specific, and they involve more nucleotides than previous studies suggest. This 

example using the well known trinucleotide motif for AID as a starting point, also 

validates the use of TSM profiling as a useful approach for characterizing the variant 

30 isomorphic nature of the possible range of targeting preferences in other deaminases.  

Thus, the TSM methodology also provides a useful conceptual tool to test new predictions 

about the nature of the underlying three dimensional bio-molecular interactions involved 

in deamination.  
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EXAMPLE 3 

DIFFERENT ISOFORMS OF DBDs RESULT IN TARGET SITE DISCRIMINATION 

[0159] To verify that different isoforms of ADAR DBDs may result in a shift in 

targeting preferences, the targeting preferences of a range of ADAR motifs with a WA or 

5 AW base composition were identified and compared. We also identified a shift in the 

location of the preferred target nucleotide position within the MC nucleotide structure for 

possible isoforms of AID deaminase domains using the trinucleotide base motifs 

WRC/YW. The results are shown in Table 6. The Chi Square level of statistical 

significance for deviation from the expected is shown for mutations off each motif in a 

10 3 x 3 dataset for significance level p < 0.001 (8 df).  

TABLE 6 

Identified C-PAS and Codon Context 

Deaminase Preferred Target 
Motif codon p-value 

enzyme mutation 
position 

RAWA A to T MC-1 1.37E-01 

CWA A to G MC-2 5.21E-55 

GWA A to G MC-3 9.02E-17 
ADARs 

AWA A to G MC-1 6.10E-17 

AWG A to G MC-2 1.91E-47 

AWT A to G MC-3 3.44E-05 

WRCGS C to T MC-1 5.OOE-67 

XWRCT C to G MC-1 5.63E-09 

WRCAW C to T MC-3 2.90E-12 
AID 

WGGYW G to T MC-1 4.77E-08 

SCGYW G to A MC-2 1.13E-91 

STGYW G to A MC-3 4.83E-15 

[0160] Referring to Table 6, it can be seen that the somatic targeting 

15 preferences for different DBDs may result in either a change in the dominant type of 

mutation produced, or a shift in the preferred target sites within the MC nucleotide 

structure, or both of these.  
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[0161] Using serous ovarian adenocarcinoma samples as an example, Table 6 

illustrates a dominant TSM pattern resulting in A to G mutations at MC-2 sites for ADAR 

deaminase activity off the CWA motif (p = 5.21E-55; 8 df) is observed. Similarly there is 

a dominant number of G to A mutations at MC-2 sites for AID deaminase activity off the 

5 SCGYW motif (p = 1.13E-91; 8 df). In the case of the DBD isoforms off the GYW motifs 

associated with AID deaminase activity, SCYW results in a dominant number of G to A 

mutations targeting MC-2 sites (p = 1.13E-91, 8 df). However, by introducing a single 

nucleotide change of C to A, the SAGYW motif results in a dominant number of G to C 

mutations targeting MC-3 sites (p = 6.13E-05, 8 df). Similarly, by introducing a single 

10 nucleotide change of C to G, the WGGYW motif results in a dominant number of G to T 

mutations targeting MC-1 sites (p = 4.77E-08, 8 df). Other changes to nuclear context 

also demonstrate that target site discrimination for mutation type and/or the target site 

within the MC are produced. It is concluded that the TSM method can be used to identify 

the different targeting preferences of the possible isoforms defining the catalytic binding 

15 domains of a single deaminase.  

[0162] This data clearly shows that selection and switching mechanisms play a 

role in deaminase target site selection in somatic tissue, and the initiation of the SHM

like changes are involved in oncogenic processes. This means that the TSM methods 

described here can be used to characterize differences in DBDs during oncogenesis, and 

20 to identify their effect on both the target site preferences and type of mutations 

produced. Accordingly, we sought to use the serous ovarian adenocarcinoma data as a 

training dataset to identify specific DBDs may be associated with disease progression.  

EXAMPLE 4 

IDENTIFYING C-PAS AND THEIR USE IN PREDICTING RECURRENCE/PROGNOSIS 

25 [0163] Using the TSM method, we identified several DBDs that are associated 

with disease progression indicators in serous ovarian adenocarcinoma samples. These 

DBDs met the key selection criteria described above (cf. Example 1), and subsequently 

designated here as Cancer-Progression Associated Signatures (C-PAS). The C-PAS 

identified herein are defined by the nucleotide sequence of their respective motifs thus 

30 identifying the specific deaminase binding site responsible for introducing the de novo 

mutation. The disease progression indicators for which clinical information is available 

include disease stage, and disease-free survival time. Table 7 shows the deaminase 

target motifs associated with AID, APOBEC3G, APOBEC3B and ADAR deaminase activity 

that are found to be associated with these cancer progression indicators. Each of these 

35 deaminases are ubiquitous in that they are known to play a role in oncogenesis, and they 

are found in all (or almost all) somatic tissue types.  
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[0164] Referring to Table 7, for the cohort of living patients that have had no 

recurrence of disease in the 60 months from the time of initial diagnosis, the average 

number of mutations off C-PAS per sample is 0.50. For the cohort of patients that have 

had a recurrence within 60 months from initial diagnosis, the average number of 

5 mutations per sample is increased more than three-fold to 1.87. In comparing the 

average number of C-PAS mutations per sample for each cohort, the Pearson product 

moment correlation (r) is 0.68 (significant at the p < 0.001 level). These data suggest 

that the C-PAS are able to be used to determine the probability of recurrence of disease 

within five years after the initial diagnosis.  

10 TABLE 7 

C-PAS against Recurrence and Prognosis 

Cancer-Progression Associated Signature Number of Number of mutations by mutations by sta (C-PAS) progression status stage 

Type of Living & 

deaminase Target Disease Recurred Stage Stage Stage Target Mutation Codon site p- Free <60 mths IIA-IIIB IIIC IV Motif Type Site value >60 (n=100) (n=22) (n=142) (n=30) mths 
(n=10) 

AID WRCGSS C to T MC-1 5.2E-39 0 12 5 35 5 

APOBEC3B TCGA C to T MC-1 5.8E-12 1 7 8 13 4 
ATES C to T MC-3 9.8E-26 0 11 6 51 6 

GCGGC Cto T MC-1 1.1E-25 0 7 1 26 3 
CEGX C to T MC-1 1.8E-57 2 24 9 72 11 
ZCCG C to T MC-1 2.6E-71 2 27 6 77 17 

APOBEC3G SEGRR G to A MC-1 1.6E-31 0 9 3 45 8 
TCCG C to T MC-1 3.3E-45 0 4 3 29 5 
GCC G to A MC-2 2.6E-44 0 11 2 51 6 

CCGGC G to A MC-2 5.6E-11 0 6 4 9 3 
RAWA A to T MC-1 1.4E-09 0 9 6 29 11 
WTAW A to G MC-1 1.6E-09 0 8 2 24 4 

ADARs SARA A to G MC-1 1.5E-13 0 17 2 51 3 
TWTY T to C MC-2 1.1E-10 0 16 8 47 5 
IWTY T to C MC-3 1.1E-10 0 19 4 27 5 

Total number of mutations 5 187 69 586 96 
Average number of mutations per sample 0.5 1.87 3.1 4.1 3.2 

[0165] When the average number of mutations per sample is compared by 

cancer or tumour stage, it is found that the average number of mutations per sample for 

15 stages IIA-IIIB is 3.1. The average number of mutations of the identified C-PAS per 

sample for stage IIIC is 4.1, and 3.2 for stage IV. In comparing the average number of 

mutations per sample for stages IIA-IIIB compared to stage IIIC, the Pearson product 

moment correlation r is 0.28 (not significant at the p n < 0.05 level). However, when the 

average number of mutations per sample for stage IIIC is compared to stage IV samples, 

20 the Pearson product moment correlation r is 0.69 (significant at the p < 0.001 level).  

[0166] Unexpectedly, the average number of mutations from the set of C-PAS 

included in this study is significantly less for stage IV in comparison to stage IIIC 

samples. The decrease might be explained by the tissue sampling methods used to call 

single nucleotide variants (SNV). The somatic genomic variations in apparently normal or 
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healthy tissue can impact oncogenesis, although how this occurs is poorly understood.  

Tomasetti et al. (2013) have suggested that half or more of the single point mutations in 

cancers could have arisen prior to the development of a tumour. Recently, Martincorena 

et al (2015) have found that more than a quarter of the apparently healthy human 

5 epidermal skin cells harbour cancer-causing somatic mutations. Once TSM processes 

become active in apparently normal tissue, then it is likely that individual somatic cells in 

a tissue will harbor a diverse range of genetic changes. Apparently healthy tissue in late 

stage IV cancer may harbour many of the mutations associated with the C-PAS identified 

in stage IIIC. Thus, the tissue matching methods used by the TCGA to call SNV may 

10 exclude those variants identified in both samples. This means that many of the mutations 

associated with C-PAS may be excluded from the mutation datasets produced, and may 

partly explain the decrease. However, in general terms these results and their 

significance support the concept that a SHM-like 'switching mechanism' may be activated 

in late stage IIIC cancers, and trigger the production of new DBDs.  

15 [0167] From the results in Table 6, the identified C-PAS were used to explore 

their efficacy in a prognostic assay to predict which patients are likely to have a 

recurrence or progression of disease. Although there are some limitations in the methods 

used to call the SNV, the training data set of C-PAS was used as a 'first pass' reference 

test to attempt to differentiate between those patients that will develop a recurrence with 

20 five years of the initial diagnosis from those that will not.  

[0168] The number of mutations occurring at motifs for each of the identified 

C-PAS was tabulated for each sample. A negative test result was recorded if no 

mutations occurred at any of the identified C-PAS, and as positive if there was one or 

more. The mutation data and the test result for each sample is not provided.  

25 [0169] Figure 2 shows a Kaplan-Meier plot predicting disease-free survival 

times for high-grade serous ovarian adenocarcinoma samples with a positive test 

outcome, and compared to those with a negative test result. The difference between the 

two cohorts by test result is highly significant. The Cox P-value is 1.57E-05, and the Log

Rank P value is 7.86E-07. Also included in Figure 2 are the sensitivity and specificity 

30 measures. Data collected in respect of 52 samples that had a recorded progression free 

survival time of less than 60 months at the time of their last visit, 31 samples with 

progression-free survival data missing, and one sample from an individual that was 

deceased with the cause of death unknown were removed from these analyses. Referring 

to Figure 2, only 12% of patients with a positive test result did not have a recurrence of 

35 disease after 30 months. After 60 months, only one patient of the 96 with a positive test 

result did not have a recurrence of disease. The results demonstrate the potential clinical 

utility of the TSM profiling approach in predicting the probability of recurrence of disease.  
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Referring to the sensitivity and specificity measures for the test shown in Figure 2, the 

sensitivity measure is 95%, and the specificity is 90%.  

[0170] This example demonstrates that DBD isoforms involving one or more 

nucleotide changes will result in target site discrimination, and that the resulting 

5 transformations can be used to identify new DBD isoforms arising during oncogenesis. It 

also demonstrates that the C-PAS identified provides the basis for the development of 

novel genetic tests to predict the likelihood of disease progression. The method disclosed 

in this example presents us with a fundamentally new genomic analysis toolkit for 

identifying some important differences in isomorphic forms of DBDs arising in an 

10 individual during oncogenesis. TSM profiling can be used to provide important 

information for the diagnosis of disease associated with aberrant deaminase activity.  

EXAMPLE 5 

IDENTIFYING C-PAS IN ACUTE MYELOID LEUKAEMIA (AML) 

15 [0171] To provide further proof of concept examples of the application of the 

present invention, samples from a cancer sample affecting a different tissue type 

(namely, acute myeloid leukaemia (AML)) was assessed for clinically relevant C-PAS.  

Table 8 provides a summary of the number of samples for which clinical records and 

matched sequence data are publically provided.  

20 TABLE8 

Clinical Data on Alternative Cancer Samples 

Recurred/ Total 
Cancertype Tumour Free Total Used 

Progressed Samples 

Ovarian 10 100 110 197 

AML 16 86 102 103 

[0172] Single nucleotide variant (mutation) information in VCF format is 

extracted from TCGA mutation files. Other variants such as insertion/deletions or 

25 structural variants ignored. The samples meeting the group selection criteria were 

analysed using a proprietary online Codon Reference Information System (or the 'CRIS' 

processor). Using genomic coordinates of the .vcf data file the exon context of SNV was 

determine. If the SNV is three base pairs or more inside an ENSEMBL hg38 coding 

sequence (cds) of an exon, then the strand and phase of the coding sequence is 

30 reported. The codon context of SNV within the region defined by three base pairs of the 

intron/exon boundary regions was analysed to avoid the ambiguity of binding motifs. If 
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more than one exon is identified, then the exon in order of the canonical transcript is 

chosen.  

[0173] A nine-base genomic window is analysed around the SNV position to 

identify the bases either side of the SNV within the three nucleotide structure of each 

5 codon. The complete three codons are the mutated codon (MC) containing the mutation 

in either the first, second or third nucleotide position read 5-prime (5') to 3-prime (3') 

and annotated as MC-1, MC-2 and MC-3 respectively, the 5' and 3' codons either side of 

the mutated codon. If the SNV is located on a gene on the negative strand, then the 

reverse complement of the three codons is extracted.  

10 [0174] The CRIS processor was used to conduct motif searches for the main 

target motifs known to be associated with the DNA/RNA targeting preferences of 

deaminases (e.g., AID (WRC/GYW), ADAR1 (WA/~W), APOBEC3G (CC/QG) and 

APOBEC3B (TCA/TGA)). Standard and non-overlapping motifs extending to 4-5 nts are 

also used to search for the AID, ADAR1, APOBEC3G and APOBEC3B motifs for SNV.  

15 Results are tabulated for each codon and each type of mutation.  

[0175] More specifically, this example discloses representative in silico methods 

of mutation data analysis to: (i) identify the likely source of mutations arising during 

oncogenesis in acute myeloid leukaemia (AML); and (ii) to identify new mutation 

signatures for predicting progression-free survival. As described in detail above, the new 

20 C-PAS identified for predicting progression-free survival are present in significantly higher 

numbers in the cohort of patients whose disease did progress or recur within a period of 

less than 60 months from the time of the initial diagnosis. That is, the new mutation 

signatures identified and used as a basis for assay development in this example are 

those APOBEC/ADAR DBD homologues that are determinative of negative prediction for 

25 survival over 60 months. A subset of C-PAS is used as a test to differentiate between 

those patients whose disease progresses (or recurs) within 60 months from those that 

remain disease free.  

[0176] In this example, a method to use a subset of C-PAS identified to develop 

an assay predicting the likelihood of cancer recurrence is described. The clinical 

30 information used for this study was obtained from the cBioPortal web site 

(www.cbioportalorg/data setsjsp; accessed on 20 December 2015) by querying a single 

cancer study. The TCGA AML (see, TCGA, New Eng. J. Med. Res., 2013) was selected. In 

this study, the genomes of 200 clinically annotated adult cases of de novo AML, using 

either whole-genome sequencing (50 cases) or whole-exome sequencing (150 cases), 

35 along with RNA and microRNA sequencing and DNA-methylation analysis, were analysed.  

The TCGA Sample and Patient ID, the corresponding COSMIC .vcf mutation data files for 

each patient were accessed and downloaded on 4-8 February 2016.  
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[0177] The selection criteria for a subset of samples was selected for inclusion 

in this study using the following selection criteria: (i) the availability of a clinical data 

sheet that includes: a TCGA identifier, disease status at last visit, survival status 

(living/deceased), disease free status (disease free/recurred or progressed) and disease 

5 free months; and (ii) the availability of a COSMIC .vcf mutation data file with matching 

TCGA identifier. Clinical data can also be used to include patients in either of the 

following two cohorts: those patients that remained disease-free for more than 60 

months and "living;" and those patients in which the cancer recurred and/or progressed 

in 60 months or less.  

10 [0178] Table 9 shows the identification of the C-PAS identified from the AML 

mutation dataset using the previously described method. In this example, the number of 

patients having at least one or more of the C-PAS mutation, rather than the number of 

mutations from each of the cohorts compared is shown. C-PAS are indicated by mutation 

type, the target motif and its codon context where MC1-3 indicates the location of the 

15 mutated nucleotide (read 5-prime to 3-prime).  

TABLE 9 

Tabulated results showing number of mutations for each C-PAS 

Deaminase Living/ Recurred/ 

Family Disease Free Progressed 

Mutation Target Target > 60 months < 60 months 

Type motif site (n= 16) (n = 86) 

APOBECs C > T CCZ MC-1 0 20 

C > T SWCS MC-2 0 22 

G > A XNGNS MC-3 0 23 

G > A GSA MC-2 0 21 

G > A SGXW MC-1 0 23 

G > A CXGS MC-3 0 22 

G > A YXGNX MC-3 0 24 

G > A YYGNX MC-3 0 23 

G > A WNGNZ MC-1 0 20 

Total 0 70 

Average per sample 0 4.213 

[0179] Table 9 shows the tabulated results for a subset of samples indicating 

20 the total number of mutations for each of the C-PAS found for each sample. The selected 

panel of C-PAS is used to develop a predictive test for the prediction of the recurrence or 

progression of AML within a 60 month timeframe. A test result is considered to give a 
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positive result if there are mutations at sites indicating a C-PAS that is associated with 

progression or recurrence of disease. That is, a positive test result indicates a high 

likelihood that the disease will recur and/or progress within 60 months. A negative test 

result is reported if it is found that there are no mutations (or equal or less than what 

5 would be expected if the mutations occurred at random) found at sites known to be 

associated with cancer progression and/or recurrence.  

[0180] The disclosure of every patent, patent application, and publication cited 

herein is hereby incorporated herein by reference in its entirety.  

10 [0181] The citation of any reference herein should not be construed as an 

admission that such reference is available as "Prior Art" to the instant application.  

[0182] Throughout the specification the aim has been to describe the preferred 

embodiments of the invention without limiting the invention to any one embodiment or 

specific collection of features. Those of skill in the art will therefore appreciate that, in 

15 light of the instant disclosure, various modifications and changes can be made in the 

particular embodiments exemplified without departing from the scope of the present 

invention. All such modifications and changes are intended to be included within the 

scope of the appended claims.  
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WHAT IS CLAIMED IS: 

1. A method for determining the likelihood that a cancer will recur in a subject, 

the method comprising: 

analysing the sequence of a nucleic acid molecule in a biological sample 

5 obtained from the subject to determine for a plurality of mutations of a mutation 

type at one or more motifs recognized or targeted by a mutagenic agent the codon 

context of those mutations to thereby identify the location of a mutation and 

mutation type for each of a plurality of mutated codons in the nucleic acid molecule, 

wherein the codon context of an individual mutation is determined by determining 

10 at which of the three positions of a corresponding mutated codon the individual 

mutation occurs; and 

determining that the cancer is likely to recur in the subject when a level of 

mutation of a mutation type at one of the three positions in the plurality of mutated 

codons is above a predetermined threshold that correlates with the recurrence of 

15 the cancer.  

2. The method of claim 1, wherein the mutagenic agent is an endogenous 

deaminase.  

3. The method according to claim 1 or claim 2, wherein the mutagenic agent is 

selected from the group consisting of AID, APOBEC3B, APOBEC3G and ADARs.  

20 4. The method of claim 3, wherein the ADAR is ADAR1 or ADAR2.  

5. The method according to any one of claims 1 to 4, wherein the biological sample 

contains tissue that has, or is at risk of developing, the cancer or tumour.  

6. The method according to any one of claims 1 to 5, wherein the cancer is ovarian 

cancer.  

25 7. The method according to any one of claim 6, wherein a determination that 

cancer recurrence is likely when the level of C to T mutations in WRCGSS motifs at MC-1 

sites of the nucleic acid molecule is above a predetermined threshold.  

8. The method according to claim 6, wherein a determination that cancer 

recurrence is likely is made when the level of C to T mutations in TCGA motifs at MC-1 

30 sites of the nucleic acid molecule is above a predetermined threshold.  

9. The method according to claim 6, wherein a determination that cancer 

recurrence is likely is made when the level of C to T mutations in ATCS motifs at MC-3 sites 

of the nucleic acid molecule is above a predetermined threshold.  

10. The method according to claim 6, wherein a determination that cancer 

35 recurrence is likely is made when the level of C to T mutations in GCGGC motifs at MC-1 

sites of the nucleic acid molecule is above a predetermined threshold.  
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11. The method according to claim 6, wherein a determination that cancer 

recurrence is likely is made when the level of C to T mutations in CCGX motifs at MC-1 

sites of the nucleic acid molecule is above a predetermined threshold.  

12. The method according to claim 6, wherein a determination that cancer 

5 recurrence is likely is made when the level of C to T mutations in ZCCS motifs at MC-1 

sites of the nucleic acid molecule is above a predetermined threshold.  

13. The method according to claim 6, wherein a determination that cancer 

recurrence is likely is made when the level of G to A mutations in SGGRR motifs at MC-1 

sites of the nucleic acid molecule is above a predetermined threshold.  

10 14. The method according to claim 6, wherein a determination that cancer 

recurrence is likely is made when the level of C to T mutations in TCCG motifs at MC-1 

sites of the nucleic acid molecule is above a predetermined threshold.  

15. The method according to claim 6, wherein a determination that cancer 

recurrence is likely is made when the level of G to A mutations in GCGC motifs at MC-2 

15 sites of the nucleic acid molecule is above a predetermined threshold.  

16. The method according to claim 6, wherein a determination that cancer 

recurrence is likely is made when the level of G to A mutations in CCGGC motifs at MC-2 

sites of the nucleic acid molecule is above a predetermined threshold.  

17. The method according to claim 6, wherein a determination that cancer 

20 recurrence is likely is made when the level of A to T mutations in RAWA motifs at MC-1 

sites of the nucleic acid molecule is above a predetermined threshold.  

18. The method according to claim 6, wherein a determination that cancer 

recurrence is likely is made when the level of A to G mutations in WTAW motifs at MC-1 

sites of the nucleic acid molecule is above a predetermined threshold.  

25 19. The method according to claim 6, wherein a determination that cancer 

recurrence is likely is made when the level of A to G mutations in SARA motifs at MC-1 

sites of the nucleic acid molecule is above a predetermined threshold.  

20. The method according to claim 6, wherein a determination that cancer 

recurrence is likely is made when the level of T to C mutations in TWTY motifs at MC-2 

30 sites of the nucleic acid molecule is above a predetermined threshold.  

21. The method according to claim 6, wherein a determination that cancer 

recurrence is likely is made when the level of T to C mutations in TWTY motifs at MC-3 

sites of the nucleic acid molecule is above a predetermined threshold.  

22. The method according to any one of claims 1 to 5, wherein the cancer is acute 

35 myeloid leukaemia (AML).  

23. The method according to claim 22, wherein a determination that cancer 

recurrence is likely is made when the level of C to T mutations in CCZ motifs at MC-1 sites 

of the nucleic acid molecule from a biological sample is above a predetermined threshold.  
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24. The method according to claim 22, wherein a determination that cancer 

recurrence is likely is made when the level of C to T mutations in SWCS motifs at MC-2 

sites of nucleic acid molecule from a biological sample is above a predetermined threshold.  

25. The method according to claim 22, wherein a determination that cancer 

5 recurrence is likely is made when the G to A mutations in XNGNS motifs at MC-3 sites of 

the nucleic acid molecule from a biological sample is above a predetermined threshold.  

26. The method according to claim 22, wherein a determination that cancer 

recurrence is likely is made when the level of G to A mutations in GSA motifs at MC-2 sites 

of the nucleic acid molecule from a biological sample is above a predetermined threshold.  

10 27. The method according to claim 22, wherein a determination that cancer 

recurrence is likely is made when the level of G to A mutations in SGXW motifs at MC-1 

sites of the nucleic acid molecule from a biological sample is above a predetermined 

threshold.  

28. The method according to claim 22, wherein a determination that cancer 

15 recurrence is likely is made when the level of G to A mutations in CXGS motifs at MC-3 

sites of the nucleic acid molecule from a biological sample is above a predetermined 

threshold.  

29. The method according to claim 22, wherein a determination that cancer 

recurrence is likely is made when the level of G to A mutations in YXGNX motifs at MC-3 

20 sites of the nucleic acid molecule from a biological sample above a predetermined 

threshold.  

30. The method according to claim 22, wherein a determination that cancer 

recurrence is likely is made when the level of G to A mutations in YYGNX motifs at MC-3 

sites of the nucleic acid molecule from a biological sample is above a predetermined 

25 threshold.  

31. The method according to claim 22, wherein a determination that cancer 

recurrence is likely is made when the level of G to A mutations in WNGNZ motifs at MC-1 

sites of the nucleic acid molecule from a biological sample is above a predetermined 

threshold.  

30 32. The method of any one of claims 1 to 31, wherein the biological sample having 

greater than 1.87 mutations means it is likely that the cancer or tumour will recur.  

33. The method of any one of claims 1 to 32, wherein the recurrence will likely 

occur within 60 months.  

34. The method of any one of claims 1 to 5, wherein the biological sample is 

35 obtained from the tissue type affected by the cancer.  

35. The method of claim 34, wherein the biological sample contains is ovarian, 

breast, prostate, liver, colon, stomach, pancreatic, skin, thyroid, cervical, lymphoid, 

hematopoietic, bladder, lung, renal, rectal, uterine, and head or neck tissue or cells.  
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36. The method of any one of claims 1 to 5, wherein the cancer is selected from 

among breast, prostate, liver, colon, stomach, pancreatic, skin, thyroid, cervical, lymphoid, 

hematopoietic, bladder, lung, renal, rectal, ovarian, uterine, and head and neck cancer.  

37. Use of a therapy for treating or preventing a cancer in a subject, wherein the 

5 subject is exposed to the therapy on the basis that the cancer or tumour is determined to 

be likely to recur according to claim 1.  

38. The use of claim 37, wherein therapy comprises radiotherapy, surgery, 

chemotherapy, hormone ablation therapy, pro-apoptosis therapy and/or immunotherapy.  

39. The use of claim 38, wherein the chemotherapy is a deaminase inhibitor 

10 40. The use of claim 39, wherein the deaminase inhibitor is selected from an AID 

inhibitor, an APOBEC3G inhibitor, an APOBEC1 inhibitor or an APOBEC3H inhibitor or an 

ADAR inhibitor.  

41. A method of treating or preventing a cancer in a subject, the method 

comprising: (i) identifying C-PAS by the method of claim 1 for the tissue in which the 

15 cancer is present in the subject; (ii) obtaining a biological sample from the subject, wherein 

the biological sample contains tissue of cells having the cancer, or at risk of developing the 

cancer; (iii) analyzing a nucleic acid molecule in the biological sample for the presence or 

absence of C-PAS, to determine whether the cancer or tumour is likely to recur; and (iv) 

exposing the subject to a therapy on the basis that the cancer is determined as likely to 

20 recur in the subject.  

42. A method for identifying cancer-progression associated signatures (C-PAS) that 

are indicative of the likelihood of cancer recurrence in a subject, the method comprising: 

analysing for a first subject group, nucleic acid sequences to determine for a 

plurality of mutations of a mutation type at one or more motifs recognized or 

25 targeted by a mutagenic agent the codon context of those mutations to thereby 

identify the location of a mutation and mutation type for each of a plurality of 

mutated codons in the nucleic acid sequences, wherein the codon context of an 

individual mutation is determined by determining at which of the three positions of 

a corresponding mutated codon the individual mutation occurs, wherein the first 

30 subject group consists of subjects who have, or have previously had the cancer; 

determining that targeted somatic mutagenesis (TSM) has occurred when a 

level of mutation of a mutation type at one of the three positions in the plurality of 

mutated codons is above the expected number that would occur if the mutation 

occurred randomly and independently of codon context; and 

35 identifying the TSM as being part of a C-PAS when the TSM, or a nucleic acid 

sequence comprising the TSM, is capable of distinguishing between a second subject 

group and a third subject group, wherein the second subject group consists of 

subjects who have the cancer, or those in which the cancer is known to recur, and 
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the third subject group consists of subjects in which the cancer is known not to 

recur.  
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