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(57) Abstract: There is described herein a method for determining a risk of recurrence of cancer following a cancer therapy of a
patient, comprising determining genomic instability of a tumour of the patient from a biopsy by identifying genome regions of the
biopsy wherein the regions are at least loci rankings 1-15 of specitic 31-loci and using copy number calls and calculating a plurality of
statistical distances between the CNA tumour profile and a reference profile of recurring cancer patients to determine the risk of cancer
recurrence following the cancer therapy of the patient.
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Gene Signature for Prostate Cancer Prognosis

Field of the Invention

The present invention relates to methods for prostate cancer patient prognosis.
Specifically, certain embodiments of the present invention relate to a method for
determining a risk of recurrence of cancer following a cancer therapy of a patient,

comprising determining genomic instability of a tumour of the patient.
Background of the Invention

Inaccurate prognostication for patients with localized prostate cancer results in
significant rates of both over-treatment with associated co-morbidities'?, and under-
treatment resulting in disease progression and increased prostate cancer-specific
mortality®*. Currently, these patients are classified into low, intermediate or high risk
groups based on three clinico-pathological variables: Gleason Score (GS), pre-
treatment PSA serum concentration(s) and TNM T-category®®. Patients considered to
be low-risk are offered active surveillance, whereas intermediate- and high-risk
patients are offered radiotherapy or surgery, with possible intensification using
adjuvant hormone therapy treatment. Delineating more precise risk groups would
spare patients with insignificant disease from unnecessary interventions while
providing confidence to more aggressively treat those patients at high risk of

recurrence’®.

Several biomarkers based on the abundances of multiple RNA species have been
developed to guide treatment decisions, some of which are available to patients®#*"",
We previously developed a DNA-based 100-locus copy number alteration (CNA)
genomic classifier for localized disease which effectively stratifies patients into low and
high risk of recurrence’. In two independent cohorts, the genomic classifier identified
patients with localized disease (of all risk groups) that would experience a biochemical
recurrence (BCR; rising PSA after treatment) within 18-months. This genomic classifier
comprises 276 genes and was developed using a ~27,000 probe array comparative
genomic hybridization (aCGH) platform. To more effectively translate this genomic
classifier to the clinic, we needed to compress the prognostic signature into a smaller

feature size that could be processed from routine diagnostic biopsies and be assayed

SUBSTITUTE SHEET (RULE 26)



WO 2017/185165 PCT/CA2017/000095

10

15

20

25

30

using a more precise technology.

The NanoString mRNA platform is CLIA certified and is used to implement Prosigna,
an FDA-approved assay measuring thee breast cancer PAMS50 intrinsic subtypes'™.
Their copy number platform (http://www.nanostring.com/products/CNV) is used in the
OmniSeq Target™ assay to use amplifications in ERBB2, FGFR1 and MET to help

guide treatment decisions in lung cancer and melanoma patients.

Herein, we refine the 100-locus genomic classifier to 31 loci showing concordant RNA
abundance changes, and illustrate the strength of this 31-locus genomic classifier in
three ways. First, we show its generalizability by validating it in three new independent
cohorts (n = 104, n = 86, and n = 102, respectively), resulting in a total of 563
validation patients. Secondly, the robustness of the genomic classifier is shown by
evaluating the classifier using new technologies, including the NanoString CNV
targeted assay. Finally, we demonstrate clinical utility of the genomic classifier by
evaluating strong clinical endpoints of 10-year biochemical relapse-free and

metastasis relapse-free rates.
Summary of the Invention

In an aspect, there is provided a method for determining a risk of recurrence of cancer
following a cancer therapy of a patient, comprising determining genomic instability of a
tumour of the patient by: (a) obtaining a biopsy of the tumour; (b) identifying genome
regions of the biopsy wherein the regions are at least loci rankings 1-15 of the 31-loci
in Table A; (c) determining a plurality of copy number calls in the genome regions; (d)
intersecting the plurality of copy number calls with a reference gene list, to obtain a
plurality of Copy Number Alterations (CNA) calls for each gene; (e) generating a CNA
tumour profile based on the plurality of CNA calis; (f) comparing the CNA tumour
profile to a reference profile of recurring cancer patients and a reference profile of
nonrecurring cancer patients; (g) calculating a plurality of statistical distances between
the CNA tumour profile and the reference profile of recurring cancer patients and the
reference profile of nonrecurring cancer patients; wherein the statistical distance
between the CNA tumour profile and the reference profile of recurring cancer patients
and the reference profile of nonrecurring cancer patients is associated with the risk of

cancer recurrence following the cancer therapy of the patient.
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In an aspect of the present invention, there is provided a method, performed by at
least one computing device, for determining the risk of recurrence of cancer following a
cancer therapy of a patient, comprising determining genomic instability of a tumour of
the patient based on: (a) determining, at a processor, a genome of the tumour; (b)
determining, by the processor, genome regions of the biopsy wherein the regions are
at least loci rankings 1-15 of the 31-loci in Table A; (c) determining, by the processor, a
plurality of copy number calls in the genome regions; (d) determining, by the
processor, a plurality of Copy Number Alternations (CNA) calls for each gene by
intersecting the plurality of copy number calls with a reference gene list; (e)
determining, by the processor, a CNA tumour profile based on the plurality of CNA
calls: (f) determining, by the processor, a plurality of statistical distances between the
CNA tumour profile and a reference profile of recurring cancer patients and a
reference profile of nonrecurring cancer patients; wherein the statistical distance
between the CNA tumour profile and the reference profile of recurring cancer patients
and the reference profile of nonrecurring cancer patients is associated with a risk of

cancer recurrence following the cancer therapy.

In yet another aspect of the present invention, a system for determining the risk of
recurrence of cancer following a cancer therapy of a patient comprising determining
genomic instability, the system comprising: a non-transitory computer readable storage
medium that stores computer-readable code; a processor operatively coupled to the
non-transitory computer readable storage medium, the processor configured to

implement the computer-readable code, the computer-readable code configured to:

determine a genome of the tumour; determine genome regions of the biopsy wherein
the regions are at least loci rankings 1-15 of the 31-loci in Table A; determine a
plurality of Copy Number Alterations (CNA) calls for each gene based on intersecting
the copy number calls with a reference gene and storing the plurality of CNA calls in
the non-transitory computer readable storage medium; determine a CNA tumour
profile based on the plurality of CNA calls and storing the CNA tumour profile in a non-
transitory computer readable storage medium; determine a plurality of statistical
distances between the CNA tumour profile and a reference profile of recurring cancer

patients and a reference profile of nonrecurring cancer patients;

wherein the statistical distance between the CNA tumour profile and the reference
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profile of recurring cancer patients and the reference profile of nonrecurring cancer

patients is associated with a risk of cancer recurrence following the cancer therapy.

Brief Description of the Drawings

A detailed description of the preferred embodiments is provided herein below by way

of example only and with reference to the following drawings, in which:

Figure 1 shows genomic classifier reduction and signature-estimated percent genome
alteration. (A) The 31-locus genomic classifier in the training cohort. Patients are
sorted according to biochemical recurrence status, then by the number of CNAs in the
31 loci. A univariate Cox proportional hazard model was fit to each feature in the
training cohort only. The hazard ratio and Wald p-value are displayed on the right. The
red vertical line indicates p = 0.05. The 31 loci are sorted according to hazard ratio. (B)
The correlation of global PGA to signature-estimated PGA using the reduced 31-locus
genomic classifier. Signature-estimated PGA is calculated by the fraction of genomic
base pairs involved in a region of CNA when considering the 109 genes in the 31-
locus genomic classifier only. (C) The correlation of global PGA to signature-estimated
PGA using the reduced 31-locus genomic classifier plus an additional 30 genes which

were previously selected to maximize PGA estimation?.

Figure 2 shows genomic classifier performance in the Combined-Arrays cohort. Cox
models are adjusted for clinical variables as in Table 5 RFR: relapse-free rate. (A) The
reduced 100-locus and the 31-locus genomic classifiers effectively stratify patients
from the Taylor, Ross-Adams, Hieronymus, and Stockholm cohorts, including patients
diagnosed with low, intermediate, and high risk disease. (B) The reduced 31-locus
genomic classifier effectively stratifies patients from the Taylor, Ross-Adams,
Hieronymus, and Stockholm cohorts, including only patients diagnosed with low and
intermediate risk disease. (C) The reduced 31-locus genomic classifier effectively
stratifies patients from the Taylor, Hieronymus, and Stockholm cohorts, including only
patients diagnosed with high risk disease. (D) The reduced 31-locus genomic classifier

effectively predicts which patients from the Taylor cohort will develop metastasis.

Figure 3 shows clinical utility of the reduced 31-loci genomic classifier. (A) Receiver
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operator curve analysis for predicting BCR at 5 years with the 31-locus genomic
classifier, clinical models, and clinico-genomic models. The “31 loci + risk.” model
includes the continuous 31-locus risk score and the NCCN risk groups whereas the
“31 loci + GS/PSA/T” model includes the continuous 31-locus risk score, Gleason
score, T-category, and PSA. The clinico-genomic classifiers have significantly higher
AUCs than their matching clinical-only classifiers (p = 0.00111 and p = 0.00745 for the
31 loci + risk and 31 loci + GS/PSA/T, respectively, based on 5000 bootstrapped
permutations). AUC = Area under the curve; GS = Gleason Score; T = T-category from
TNM: PSA = Prostatic Specific Antigen. (B) The net reclassification index (NRI) based
on using the full clinico-genomic model (31-loci + GS/PSA/T) in comparison to the
clinical model with GS/PSA/T only for predicting BCR in the Combined-Arrays cohort.
(C) Receiver operator curve analysis for predicting metastasis at 10 years with the 31-
locus genomic classifier, clinical models, and clinico-genomic models in the Taylor
cohort. The “31 loci + risk.” model includes the continuous 31-locus risk score and the
NCCN risk groups whereas the “31 loci + GS/PSA/T" model includes the continuous
31-locus risk score, Gleason score, T-category, and PSA. The clinico-genomic
classifiers have significantly higher AUCs than their matching clinical-only classifiers (p
= 0.0980 and p = 0.159 for the 31-loci + risk and 31-loci + GS/PSA/T, respectively,
based on 5000 bootstrapped permutations). GS = Gleason Score; T = T-category from
TNM; PSA = Prostatic Specific Antigen. (D) The net reclassification index (NRI) based
on using the full clinico-genomic model (31 loci + GS/PSA/T) in comparison to the
clinical model with GS/PSA/T only for predicting metastasis in the Taylor cohort. The

overall NRI is indicated in the legend.

Figure 4 shows validation of reduced 31-locus genomic classifier in the CPC-GENE
cohort using the NanoString platform. (A) The Kaplan-Meir curves for the CPC-GENE
cohort stratified by the reduced 31-locus genomic signature. The Cox model is
adjusted for clinical variables as shown in Table 5. (B) Receiver operator curve
analysis for predicting BCR at 5 years with the 31-locus genomic classifier, clinical
models, and clinico-genomic models. The “31 loci + Risk.” model includes the
continuous 31-locus risk score and the NCCN risk groups whereas the “31 loci +
GS/PSA/T” model includes the continuous 31-locus risk score, Gleason score, T-
category, and PSA. AUC = Area under the curve; GS = Gleason Score; T = T-category
from TNM; PSA = Prostatic Specific Antigen.
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Figure 5 shows signature reduction strategy. A flowchart of the workflow used in this
study. The signature was refined by examining RNA ~ DNA associations in the Taylor
dataset using logistic regression (see Methods for full details). Of the 276 genes, 36
genes had significant associations using a lenient threshold (false-discovery rate
adjusted p-values < 0.1). We selected the 31 loci containing one of these 36 genes to
build the 31-locus genomic classifier. This 31-locus (or 109 gene) classifier was trained
on the Toronto aCGH cohort, which is the same cohort used to train the original
classifier. To validate this signature, we collapsed the 109 genes contained within the

31 genomic classifier loci to get a CNA call for each of the 31 loci for each patient.

Figure 6 shows prognosis of clinical variables in the CPC-GENE cohort. Cox
proportional hazard regression models were fit to each individual clinical covariate (A:
Gleason score, B: T-category, C: PSA, D: NCCN risk-group). When there were more

than two levels (i.e. NCCN risk group) a logrank test was used instead.

Figure 7 shows prognosis of clinical variables in the Taylor cohort. Logrank tests were
used to quantify the prognosis of each individual clinical covariate (A: Gleason score,
B: T-category, C: PSA, D: NCCN risk-group).

Figure 8 shows prognosis of clinical variables in the Ross-Adams cohort. Logrank tests
were used to quantify the prognosis of each individual clinical covariate (A: Gleason
score, B: T-category, C: PSA, D: NCCN risk-group). Since there were only two patients
with PSA 2 20, only two levels were used to evaluate the prognosis of PSA, and a Cox

proportional hazard regression model was used to quantify this effect.

Figure 9 shows prognosis of clinical variables in the Hieronymus cohort. Cox
proportional hazard regression models were fit to each individual clinical covariate (A:
Gleason score, B: T-category, C: PSA, D: NCCN risk-group). When there were more
than two levels (i.e. NCCN risk group) a logrank test was used instead.

Figure 10 shows prognosis of clinical variables in the Stockholm cohort. Logrank tests
were used to quantify the prognosis of each individual clinical covariate (A: Gleason
score, B: T-category, C: PSA, D: NCCN risk-group).

Figure 11 shows prognosis of clinical variables in the Combined-Arrays cohort.

Logrank tests were used to quantify the prognosis of each individual clinical covariate
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(A: Gleason score, B: T-category, C: PSA, D: NCCN risk-group).

Figure 12 shows association of mRNA abundance with copy number status. The
signature was refined by examining RNA ~ DNA associations in the Taylor dataset
using logistic regression (see Methods for full details). Genes that had both deletions
and gains were fit as a three-level factor. The mRNA abundance of the gene was used
as a continuous variable and modeled as a function of the CNA state of the same
gene. Of the 276 genes from the original full genomic classifier, 36 genes had
significant associations for deletions and/or gains using a lenient threshold (false-

discovery rate adjusted p-values < 0.1).

Figure 13 shows Gini scores for full and 31-locus genomic classifiers. Gini score
(represents the relative importance of each feature in the genomic classifier) of the
100-locusi and reduced 31-locus genomic classifiers. The 31-locus genomic classifier
illustrates the loci which were selected due to associations between gene copy number

and mRNA abundance.

Figure 14 shows correlation of genomic classifier scores in Taylor and Ross-Adams
cohorts using the 31-locus genomic classifier compared to the full genomic classifier. A
comparison of the genomic classifier scores produced by the full and reduced
classifiers. “Yes votes” represents the genomic classifier score produced by the

random forest models.

Figure 15 shows validation of the 31-locus genomic classifier per cohort. Cox
proportional hazard regression models are adjusted for clinical variables as defined in
Table 5. The HR and p-value shown are for the genomic classifier term. A- Taylor
BCR. B- Ross-Adams BCR. C- Hieronymus BCR. D- Stockholm BCR.

Figure 16 shows CNA rate per cohort. A- The proportion of CNAs per gene per cohort.
B- The proportion of CNAs per patient per cohort.

Figure 17 shows validation of the 31-locus genomic classifier in low-risk (A) and
intermediate-risk (B) patients from the Combined-arrays cohort. Cox proportional
hazard regression models are adjusted for clinical variables as defined in Table 5. The

HR and p-value shown are for the genomic classifier term.

Figure 18 shows AUC comparison for the 31-locus genomic classifier in each cohort.
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Receiver operator characteristic (ROC) comparison of various clinico-genomic models.
Each model was fit with a Cox proportional hazard regression mode! and the predicted
risk scores were evaluated using in a ROC analysis for each cohort separately: A-
Taylor. B- Ross-Adams. C- Hieronymus. D- Stockholm.

Figure 19 shows AUC comparison for 31-locus genomic classifier in the Combined-
Arrays cohort. A- All patients. B- Low-risk patients. C- Intermediate-risk patients. D-

High-risk patients.

Figure 20 shows clinical utility of the reduced 31-loci genomic classifier. The probability
of BCR increases as the full clinico-genomic risk score increases. The full clinico-
genomic risk score is the predicted risk from the multivariate Cox model predicting 5-
year BCR.

Figure 21 shows concordance of NanoString replicates. Concordance of the six sets of
replicate samples processed on the NanoString platform. A- CNAs identified in each
replicate sample, with genes and samples clustered. All replicates pair with each other,
except for one of the three CPCG0462 replicate samples. Only endogenous and
housekeeping probes were used. B- The concordance rate per sample, where the
concordance is measured as the number of unique CNA calls (deletion, neutral or

gain) divided by the number of replicates.

Figure 22 shows suitable configured computer device, and associated communications
networks, devices, software and firmware to provide a platform for enabling one or

more embodiments as described herein.

In the drawings, preferred embodiments of the invention are illustrated by way of
example. It is to be expressly understood that the description and drawings are only
for the purpose of illustration and as an aid to understanding, and are not intended as

a definition of the limits of the invention.
Detailed Description of the Invention

Prostate cancer is a clinically heterogeneous disease, despite tightly-defined, clinical
risk-groups that represent relative prostate cancer-specific mortality. Patients with
localized disease are burdened with high rates of both over-treatment and under-

treatment, suggesting that current patient stratification schemes are inefficient to triage
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patients to less or more intensive treatment protocols. Previously, we developed a
100-locus DNA genomic classifier capable of sub-stratifying patients at risk of
biochemical relapse within NCCN risk groups. The genomic classifier contained 276
genes which were enriched for lipid metabolism genes, and associated with global
genomic instability. The 100-locus DNA genomic classifier is also described in WO

2015/106341, the disclosure of which is hereby incorporated by reference.

Herein, we reduced this classifier to 109 genes from 31 DNA loci, and evaluated this
31-locus genomic classifier in 563 men with localized disease, including a cohort of
102 men where the genomic classifier was measured with the NanoString CNV
platform. We find that this reduced 31-locus genomic classifier identified a subset of
patients with localized disease with failure rates more than 2-times faster than
remaining patients (hazard ratio (HR) = 2.42; 95% confidence interval (Cl) 1.39-3.20;
Wald P = 4.77 x 10-5). This difference is clinically meaningful as combining the
genomic classifier with standard clinical prognostic variables (i.e. clinico-genomic
classifiers) outperforms prognostic models using the clinical variables only (e.g. area
under the survival curve (AUC) 0.75 vs. 0.67, p = 0.00910) and shows increases in
clinical benefit as measured with net reclassification analyses. Furthermore, in one
cohort where metastatic information is available, the signature is highly effective at
identifying patients at risk of developing metastasis (HR = 5.94; 95% Cl: 1.69-20.8; p =
0.0054). This finding will be validated in the remaining cohorts as follow-up time
increases and metastatic events are documented. Finally, we developed probe sets to
measure the reduced 31-locus genomic classifier with the NanoString CNV platform.
This assay will be useful for prospective clinical trials where all patients can be
evaluated using this assay mitigating any potential biases with retrospective studies.
We propose novel clinical trials for patient management based on combined clinico-
genomic classifiers where patients are selected for de-escalation or escalation trials on

the basis of the 31-locus clinico-genomic classifier.

In an aspect, there is provided a method for determining a risk of recurrence of cancer
following a cancer therapy of a patient, comprising determining genomic instability of a
tumour of the patient by: (a) obtaining a biopsy of the tumour; (b) identifying genome
regions of the biopsy wherein the regions are at least loci rankings 1-15 of the 31-loci
in Table A; (c) determining a plurality of copy number calls in the genome regions; (d)

intersecting the plurality of copy number calls with a reference gene list, to obtain a
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plurality of Copy Number Alterations (CNA) calls for each gene; (e) generating a CNA
tumour profile based on the plurality of CNA calls; (f) comparing the CNA tumour
profile to a reference profile of recurring cancer patients and a reference profile of
nonrecurring cancer patients; (g) calculating a plurality of statistical distances between
the CNA tumour profile and the reference profile of recurring cancer patients and the
reference profile of nonrecurring cancer patients; wherein the statistical distance
between the CNA tumour profile and the reference profile of recurring cancer patients
and the reference profile of nonrecurring cancer patients is associated with the risk of

cancer recurrence following the cancer therapy of the patient.

In further embodiments, the present 31-locus genomic classifier may be used and
implemented in embodiments similar to those described in WO 2015/106341,

previously incorporated by reference.

As used herein, “genomic instability” is the degree of genetic differences that exist
between a reference genetic baseline and a genetic sample. The genetic differences
that exist may be expressed by proxy with specific reference to the number of copy

number calls made between the reference genetic baseline and the genetic sample.

As used herein, “locus” is a specific genetic region of variable length and identity. A

ranking of a selection of relevant loci is found in Table A.

As used herein, “copy number call’ is the quantity of a genetic unit obtained from a
genetic sample subjected to a genetic assay. Copy number calls may be assessed

thorough the use of an amplified fragment pool assay, as described more fully below.

As used herein, “copy number alteration”, or CNA, is the value representing a
comparison of the copy number call of a given genetic unit to that of a reference
genome that may give rise to a determination as to whether there is a loss or gain of

genetic material for that given genetic unit.

As used herein, “CNA tumour profile” is the plurality of CNAs associated with a given

genetic tumour sample.

As used herein, “reference profile of recurring cancer patients” is the plurality of CNAs
associated with a given set of genetic tumour samples of a population of patients

wherein it is known that cancer reoccurred after a given cancer treatment.

10
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As used herein, “reference profile of nonrecurring cancer patients” is the plurality of
CNAs associated with a given set of genetic tumour samples of a population of

patients wherein it is known that cancer did not reoccur after a given cancer treatment.

As used herein, “statistical distance” is a value representing the comparison of sets of
data that gives rise to a determination of the degree of association, or lack thereof,
between said sets of data. A specific embodiment of a statistical distance may be the

use of a Jaccard distance (Jaccard, 1901), as described more fully below.

In an embodiment, the genome regions are at least loci rankings 1-20, 1-25, or 1-31in
Table A.

In an embodiment, the genome regions are a whole tumour genome.

In some embodiments, the patient has been diagnosed with prostate cancer. In some
instances, the patient has been diagnosed with localized prostate cancer. Preferably,
the patient has one of a low or intermediate risk for prostate cancer. For example, the
patient has one of a low or intermediate risk for prostate cancer as determined by at
least one of T-category, Gleason score or pre-treatment prostate-specific antigen

blood concentration.

Classifying a patient as being at low, intermediate or high risk for prostate cancer
mortality is well understood by a person skilled in the art. For example, there are five
common classification systems used to clinically stratify prostate cancer patients into
low, intermediate or high risk groups: NCCN, D'Amico, GUROC, CAPSURE and
ESMO (see Table 10 Each of these will stratify prostate cancer patients as low,
intermediate or high risk based on Gleason score, pre-treatment PSA and T-catergory.
The Gleason score is obtained from the diagnostic biopsy, and determined by a
pathologist. The T-category is related to the size and spread of the tumour within the
prostate and surrounding area, as determined by a digital rectum exam and imaging

tests. PSA is a blood-based biomarker, measured in ng/mL.

In some embodiments, the low risk for prostate cancer is determined by at least one of
the following: (a) a T-category of T1-T2a, a Gleason score less than or equal to 6, and
a pre-treatment prostate-specific antigen blood concentration less than or equal to 10

ng/mL; (b) a T-category of T1-T2a, a Gleason score greater than or equal to 2 and less

11
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than or equal to 6, and a pre-treatment prostate-specific antigen blood concentration
less than or equal to 10 ng/mL; and (c) a T-category of T1c, a Gleason score less
than or equal to 6, a pre-treatment prostate-specific antigen blood concentration less
than or equal to 10 ng/mL, and fewer than 3 biopsy cores of a tumour that are positive

for cancer and having less than or equal to 50% cancer in each.

In some embodiments, the intermediate risk for prostate cancer is determined by at
least one of the following: (a) at least one of a T-category of T2b, a Gleason score
equal to 7, and a pre-treatment prostate-specific antigen blood concentration greater
than 10 ng/mL; (b) at least one of a T-category of T1-T2, a Gleason score equal to or
less than 7, and a pre-treatment prostate-specific antigen blood concentration less
than or equal to 20 ng/mL;(c) at least one of a T-category of T2b, a Gleason score
equal to 7 and a pre-treatment prostate-specific antigen blood concentration greater
than 10 ng/m! and equal to or less than 20 ng/mL; and (d) at least one of a T-category
of T2b, a T-category of T2¢, a Gleason score equal to 7 and a pre-treatment prostate-
specific antigen blood concentration greater than 10 ng/ml and equal to or less than 20

ng/mL.

The present system and method may be practiced in various embodiments. A suitably
configured computer device, and associated communications networks, devices,
software and firmware may provide a platform for enabling one or more embodiments
as described above. By way of example, Figure 22 shows a generic computer device
100 that may include a central processing unit (“CPU”") 102 connected to a storage unit
104 and to a random access memory 106. The CPU 102 may process an operating
system 101, application program 103, and data 123. The operating system 101,
application program 103, and data 123 may be stored in storage unit 104 and loaded
into memory 106, as may be required. Computer device 100 may further include a
graphics processing unit (GPU) 122 which is operatively connected to CPU 102 and to
memory 106 to offload intensive image processing calculations from CPU 102 and run
these calculations in parallel with CPU 102. An operator 107 may interact with the
computer device 100 using a video display 108 connected by a video interface 105,
and various input/output devices such as a keyboard 115, mouse 112, and disk drive
or solid state drive 114 connected by an /O interface 109. in known manner, the
mouse 112 may be configured to control movement of a cursor in the video display

108, and to operate various graphical user interface (GUI) controls appearing in the
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video display 108 with a mouse button. The disk drive or solid state drive 114 may be
configured to accept computer readable media 116. The computer device 100 may
form part of a network via a network interface 111, allowing the computer device 100
to communicate with other suitably configured data processing systems (not shown).
One or more different types of sensors 135 may be used to receive input from various

sources.

The present system and method may be practiced on virtually any manner of computer
device including a desktop computer, laptop computer, tablet computer or wireless
handheld. The present system and method may also be implemented as a computer-
readable/useable medium that includes computer program code to enable one or more
computer devices to implement each of the various process steps in a method in
accordance with the present invention. In case of more than computer devices
performing the entire operation, the computer devices are networked to distribute the
various steps of the operation. It is understood that the terms computer-readable
medium or computer useable medium comprises one or more of any type of physical
embodiment of the program code. In particular, the computer-readable/useable
medium can comprise program code embodied on one or more portable storage
articles of manufacture (e.g. an optical disc, a magnetic disk, a tape, etc.), on one or
more data storage portioned of a computing device, such as memory associated with a

computer and/or a storage system.

In an aspect of the present invention, there is provided a method, performed by at
least one computing device, for determining the risk of recurrence of cancer following a
cancer therapy of a patient, comprising determining genomic instability of a tumour of
the patient based on: (a) determining, at a processor, a genome of the tumour, (b)
determining, by the processor, genome regions of the biopsy wherein the regions are
at least loci rankings 1-15 of the 31-loci in Table A; (c) determining, by the processor, a
plurality of copy number calls in the genome regions; (d) determining, by the
processor, a plurality of Copy Number Alternations (CNA) calls for each gene by
intersecting the plurality of copy number calls with a reference gene list; (e)
determining, by the processor, a CNA tumour profile based on the plurality of CNA
calls; (f) determining, by the processor, a plurality of statistical distances between the
CNA tumour profile and a reference profile of recurring cancer patients and a

reference profile of nonrecurring cancer patients; wherein the statistical distance

13

SUBSTITUTE SHEET (RULE 26)



WO 2017/185165 PCT/CA2017/000095

10

15

20

25

between the CNA tumour profile and the reference profile of recurring cancer patients
and the reference profile of nonrecurring cancer patients is associated with a risk of

cancer recurrence following the cancer therapy.

In yet another aspect of the present invention, a system for determining the risk of
recurrence of cancer following a cancer therapy of a patient comprising determining
genomic instability, the system comprising: a non-transitory computer readable storage
medium that stores computer-readable code; a processor operatively coupled to the
non-transitory computer readable storage medium, the processor configured to

implement the computer-readable code, the computer-readable code configured to:

determine a genome of the tumour; determine genome regions of the biopsy wherein
the regions are at least loci rankings 1-15 of the 31-loci in Table A; determine a
plurality of Copy Number Alterations (CNA) calls for each gene based on intersecting
the copy number calls with a reference gene and storing the plurality of CNA calls in
the non-transitory computer readable storage medium; determine a CNA tumour
profile based on the plurality of CNA calls and storing the CNA tumour profile in a non-
transitory computer readable storage medium; determine a plurality of statistical
distances between the CNA tumour profile and a reference profile of recurring cancer

patients and a reference profile of nonrecurring cancer patients;

wherein the statistical distance between the CNA tumour profile and the reference
profile of recurring cancer patients and the reference profile of nonrecurring cancer

patients is associated with a risk of cancer recurrence following the cancer therapy.

The present invention will be understood by reference to the following non-limiting

examples:

Examples
Materials and Methods
Patient cohorts

Four previously published cohorts of patients treated by radical prostatectomy (RadP)
were available for validation: Taylor (154 patients'®), Ross-Adams (117 patients™),

Hieronymus (104 patients'’) and Stockholm (86 patients'®); Table 1). We previously
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used the Taylor and Ross-Adams cohorts to validate our 100-locus genomic classifier,
and processing of those datasets were described in that report'?. To assess patient
prognosis, cohorts were considered both individually and combined (“Combined-arrays
cohort”). Finally, we measured the signature using the NanoString CNV assay in our
own cohort of 102 patients treated by RadP (CPC-GENE cohort, below).

Taylor cohort

We obtained updated clinical information from the Taylor cohort from a recent
publication'®, increasing median time to BCR from 4.6 to 7.8 years, and median
survival time from 4.8 to 8.6 years. Importantly, time to metastasis is now available for
this cohort (median time to metastasis is 7.9 years), providing evaluation of a second

clinical endpoint to further corroborate BCR analyses.
Ross-Adams cohort

CNAs were called for Ross-Adams cohort with OncoSNP which ranks CNA calls from
1-5. A rank of 1 indicates high confidence calls, and a rank of 5 represents the least

confident calls. We used CNA with ranks 1-3 as previously described'?.
Hieronymus cohort

The previously normalized log, tumour-normal ratio values for probes was obtained
from GEO (GSE54691). DNAcopy was used to generate continuous segments with
smoothing and segmentation with default parameters except the ‘undo.splits' option
which was set to 'none'. CNA states (deletion, neutral or gain) were assigned by using
a kernel density approach. Segments with log, ratios greater than 0.17 are assigned
as gains, and segments with log, tumour-normal ratios less than -0.2 are assigned as
deletions. The remaining segments are considered neutral. These thresholds resulted
in PGA distribution similar to other published cohorts'?. Clinical data was obtained from

a previous publication'’.
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Stockholm cohort

The normalized genomic data was downloaded from GEO (accession GSE73076).
ASCAT (version 2.1) was used to segment the BAF and LRR using default
parameters®’. One of three copy number states (neutral, loss, or gain) was assigned to
each segment relative to the average genome ploidy (AGP) per tumour sample as
calculated by ASCAT. The following thresholds were tested to assign copy number
states: 0.6, 0.7, 0.8, 0.9 and 1.0. A threshold of 0.9 was selected, such that the median
percent genome alteration of the cohort is between 2-4%, which is consistent with the
median PGA of other published prostate cancer cohorts'. Segments whose copy
number was greater than AGP + 0.9 were annotated as gain and whose copy number
was greater than AGP — 0.9 were annotated as loss. All other segments were

annotated as neutral. The clinical data was obtained from a previous publication'.
Combined-arrays cohort

The three cohorts processed using CNA microarrays were combined to assess patient
prognosis in a larger cohort of 461 patients, allowing for examination of effect within
NCCN risk groups.

CPC-GENE Cohort

The CPC-GENE cohort consists of 102 prostate cancer patients treated by RadP, a
subset of the Canadian Prostate Cancer Genome Network (CPC-GENE). The patients
are primarily intermediate risk, as defined by the National Comprehensive Cancer
Network (NCCN; GS = 6-7, 20 > PSA > 10, cT1 or T2; Table 1). Fresh frozen RadP
specimens were obtained mostly (69/100) from the University Health Network
Pathology BioBank, and the remaining 33 from the Genito-Urinary BioBank of the
Centre Hospitalier Universitaire de Québec (CHUQ). Whole blood and informed
consent were collected during follow-up clinical appointments. Tumour tissues had
been collected according to protocols approved by the University Health Network
Research Ethics Board (UHN 06-0822-CE, UHN 11-0024-CE, CHUQ 2012-913:H12-
03-192). GS and tumour cellularity were independently evaluated by two genitourinary
pathologists (TvdK, BT). Importantly, none of the patients included in this study were

used in the initial genomic classifier discovery™.
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Samples were cut into 60 x 10 pm sections, and one in every 10 cuts 4 uym section
was H&E-stained. Areas with at least 70% tumour cellularity (as assed by two
pathologists, TvdK and BT) were macro-dissected with sterile scalpel blades, and DNA
was extracted by phenol:chloroform, as previously reported?’. ArchivePure DNA Blood
Kit (5 PRIME, Inc., Gaithersburg, MD) was used to extract DNA from whole blood
using at the Applied Molecular Profiling Laboratory at the Princess Margaret Cancer
Centre. A Qubit 2.0 Fluorometer (Life Technologies, Burlington, ON) a Nanodrop ND-
1000 spectrophotometer were used to quantify and assess purity of the DNA samples,

respectiviey.

NanoString assay

Feature selection

CPC-GENE samples were processed on the NanoString CNV platform in 350ng/7uL
concentrations at the Princess Margaret Genomics Center in Toronto, Ontario. To
design the NanoString probes, we limited each of the original 100 genomic classifier
regions up to 3 probes, each representing by a gene. Where regions consisted of 1-3
genes (n=49, n=16, n=10, respectively), every gene was included in the NanoString
gene panel. Where a genomic classifier region consisted of more than 3 genes (n =
25), genes in the region were examined for evidence of involvement in prostate cancer
or cancer. We used the prostate data from the Taylor et al. study'®, and the 81
samples from The Cancer Genome Atlas available at the time (publically available on
the cBioPortal?®?®). We checked genes for evidence of 1) somatic SNVs 2) prognosis
of mMRNA abundance 3) mRNA abundance changes reflecting underlying CNA status
4) recurrent CNAs and 5) literature-based evidence of involvement in prostate cancer
or the halimarks of cancer. In total, 251 genes were included in the panel which
covered the 100 signature regions as well as included 26 candidate prostate cancer
driver genes (Table 4), 9 housekeeping genes and 30 genes to maximize percent

genome alteration (PGA) estimation, as previously described'?.
Table 4. Reduced genomic classifier

The 31 loci included in the reduced genomic classifier and the number of genes
contained within each locus. There is one NanoString probe per gene per signature

locus, except when there are more than three genes per region, where three
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NanoString probes were selected.

Signature Genes in locus NanoString probes in locus
Row

3 .3

1 1

i e

P L

e 1

3 3

i o

[ 1

1 i
10 | |
1 4 3
i2 5 3
i3 1 1
14 9 3
15 1 1
16 8 3
17 1 |
18 2 2
19 2 2
20 2 2
21 6 3
22 10 3
23 3 3
24 6 3
25 i 1
26 ) 3
27 2 2
28 2 2
29 9 3
30 il 3
31 4 3

NanoString normalization

Using the NanoString platform, we processed 102 RadP specimens and blood
5 samples from 30 patients were used to generate a pooled-normal reference. The

NanoString RCC files were loaded into the R statistical language with the

22

SUBSTITUTE SHEET (RULE 26)



WO 2017/185165 PCT/CA2017/000095

10

15

20

25

30

NanoStringNorm package (v1.1.20)2“. All 132 samples passed quality control as
evaluated by coverage and variance of control genes, and no observable batch effect
(Adjusted Rand Index 0.209).

To normalize the data and call CNAs, we applied a linear model to the raw data.
Briefly, the measured counts of each gene were divided by the median invariant probe
count per sample. The observed counts are modeled as a function of the sample,

region, and a sample-region interaction term:
log,(observed counts) = Bo+ sample + region + sample:region

The samplerregion term estimates the log copy number and NanoString defined
thresholds are used to convert these continuous results to ternary copy number calls.
We have updated NanoStringNorm® to perform additional quality control and

normalization techniques specific to CNA analysis (Lalonde et al., in preparation).
Signature reduction

To reduce the number of features in the genomic classifier (100 genomic regions,
corresponding to 276 genes), we focused on biologically-relevant loci by selecting
those where the RNA levels reflect the underlying copy number state (Figure 5). The
110 Taylor patients with both CNA and mRNA information were used in a multinomial
logistic regression model, where the copy number was fit as a 3-level factor (-1, 0, 1).
The smallest p-value per model was used for feature selection, and loci with genes
that have Benjamini-Hochberg adjusted p-values less than 0.1 and the expected RNA
change in terms of the CNA were selected (n = 36 genes from 31 signature loci).
These 31 loci (containing 109 genes) were used to re-train a random forest®® in the
original aCGH data, consisting of 126 low- and intermediate-risk patients treated with
IGRT'2. The randomForest package (v4.6-10) with 100,000 trees and otherwise
default parameters was used to train the 31-locus genomic classifier, which was then
applied to the remaining cohorts alone (*31-locus genomic classifier’) or in
combination with the clinical variables NCCN risk group (“31-loci + risk clinico-genomic
classifier’), or GS, PSA and T-category (“31-loci + GS/PSA/T clinico-genomic

classifier”).

Statistical analysis
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The primary endpoints were biochemical recurrence at 5 and 10 years. Biochemical
recurrence is defined as two consecutive PSA readings above 0.2 ng/mL, or salvage
treatment. At 10 years, 48 CPC-GENE patients (48%), 46 Taylor patients (30%), 24
Hieronymus patients (23%), and 42 Stockholm patients (49%) have had a biochemical
failure. For the UK cohort with shorter follow-up time, 19 patients (16%) have had a
biochemical recurrence by 18 months. Median time to event was estimated using the
Kaplan-Meier approach®. In each cohort, the univariate prognosis of GS, T-category
and PSA were assessed with Cox proportional hazard regression models when the
variable had only two levels, and otherwise with a logrank test. (Figures 6-11).

To assess prognostic ability of the 31-locus genomic classifier, Cox proportional
hazard regression models were used for creating both continuous and discretized risk
scores. The survMisc package (v0.4.6) was used to determine the optimal threshold
for dichotomizing patient risk scores (0.01207 for the microarrays cohorts and 0.44101
for the NanoString cohort). The risk score was fit in both the univariate setting and in
the multivariate setting where appropriate clinical covariates were included, depending
on the cohort (Table 5). Proportional hazard assumptions were tested with the R
function cox.zph which assesses the correlation of survival time with the scaled
Schoenfeld residuals of each variable; a p-value threshold of 0.05 was used to identify
variables which failed the assumption. Finally, to assess clinical utility, receiver
operator characteristic curves were fit and the area under the curve (AUC) was
measured with the survivalROC package (v1.0.3)%”. The survIDINRI package (v1.1-1)
was used to calculate the net reclassification index with 5000 permutations and alpha
of 0.01%. Data visualization was performed using the BPG package (v5.3.2; P'ng et al.
submitted).

Table 5: Clinical covariates and stratification used in multivariate models per cohort.
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Results and Discussion

Signature reduction

We obtained four cohorts of men diagnosed with localized disease with complete
clinical annotation including fong-term follow-up information (Table 1). To reduce the
original 100-locus genomic classifier to a size amenable to routine clinical testing, we
used the Taylor cohort to find loci where the mRNA abundance differs between
patients with different copy number states. A recent study has shown that this feature
selection strategy is effective in identifying prognostic signatures'®, and thus, focusing
on CNAs which have a cis-regulatory effect on mRNA abundance can select for
functional CNAs. Using an FDR threshold of 10%, we identified 37 genes where the
mRNA abundance reflected the CNA state (Figure 12). All genes except for CTP1B
showed changes in mRNA abundance concordant with the change in copy-number,
thus CTP1B was excluded from downstream analyses. Of the original 100 genomic
classifier loci, we selected those that contained at least one of the 36 genes (n = 31
loci), resulting in a reduced genomic classifier consisting of 109 genes (Figure 1A).

After re-training a random forest with the 31 genomic regions (i.e. the 31-locus
genomic classifier) in the original Toronto-aCGH cohort'?, we find that the 96" loci from
the original signature, and the 31% loci from the reduced signature, has the highest
Gini score in the 31-locus genomic classifier (Figure 13). This locus contains the genes
MVD, ZC3H18, IL17C, and CYBA. The Gini score represents the relative importance
of each feature in accurately predicting patient outcome in the context of the overall

model. The next most important loci in the reduced genomic classifier are ZNF862
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from chromosome 7 and RNLS from chromosome 10. Chromosome 8 still has the
most features in the genomic classifier with 11/31 features; however ten chromosome

8 loci were not selected for the reduced signature (Table 6).

Table 6: Signature loci per chromosome in full and reduced genomic classifiers.

Chromosome Full genomic classifier Reduced genomic classifier
{n =100 n=731)
| 1 0
3 I 0
5 13 2
7 3 1
8 21 11
9 | 0
10 13 2
11 4 2
13 3 1
16 4 1
17 7 4
19 ! 0
20 19 6
22 9 |

We next sought to see whether the reduced genomic classifier maintained its ability to
act as a proxy for global genomic instability (as measured with PGA). Indeed, the
Spearman correlation of signature estimated PGA with global PGA is 0.64 (p < 2.2 x
107%), and when the previously selected 30 PGA genes were added, the correlation
increases to 0.82 (p < 2.2 x 107'%; Figure 1B). This is despite the fact that the original
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signature contained information from 14 chromosomes compared to only 10

chromosomes in the reduced signature.

Validation of the 31-Locus Genomic Classifier

We first tested the 31-locus genomic classifier in the Taylor and Ross-Adams cohorts;
these were used for validating the original 100-locus genomic classifier. We also
applied both genomic classifiers to the Hieronymus and Stockholm cohorts, and finally,
to all four cohorts combined (“Combined-arrays cohort’).The median time to BCR for
the four cohorts ranges from 3.0-7.8 years, allowing for evaluation at 10 years and
later (Table 1). The performance of the 31-locus genomic classifier for predicting
outcome at 18-months and 5-year bRFR are in Table 7. In the Taylor and Ross-Adams
cohorts, we see similar classification scores to the original 100-locus genomic
classifier (Pearson correlations 0.85 — 0.95, p < 0.001; Figure 14). The hazard ratio
(HR) for the continuous signature score adjusted for clinical variables ranges from 2.71
to 8.23 (Table 8). Threshold analysis indicated that a threshold of 0.01027 is the
optimal choice for discretizing patients into two groups based on the signature risk
score: this resulted in adjusted HRs from 1.75 — 4.30 (Table 7, Figure 15). Of note, the
dichotomized genomic classifier score was not prognostic in the Ross-Adams cohort
but this is likely at least partially due to the short follow-up time for this cohort and the
choice of dichotomization threshold. Indeed, when predicting outcome at 18 months,
the continuous genomic classifier score is predictive of BCR (Figure 15D and Tables
7-8). Different thresholds may be optimal for different cohorts due to the difference in
CNA rates observed per platform (Figure 16).

Table 7: Cox proportional hazard models for the 31-locus genomic classifier using 18-
month and 5-year BCR endpoints. A model was fit for the dichotomized genomic
classifier risk score for each individual cohort and for the Combined-Arrays cohort.
Models were also fit for each NCCN risk group using the patients from the Combined-
Arrays cohort only. Each model was fit twice, one predicting for 18-month relapse and

another for 5-year relapse.

* Adjusted for Gleason score, T-category and PSA as per Table 5
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Table 8. Cox proportional hazard models for the reduced genomic classifier using a

continuous risk-score and 18-month and 5-year BCR endpoints. A model was fit for the

continuous genomic classifier risk score for each individual cohort and for the

Combined-Arrays cohort. Models were also fit for each NCCN risk group using the

patients from the Combined-Arrays cohort only. Each model was fit twice, one

predicting for 18-month relapse and another for 5-year relapse.

* Adjusted for Gleason score, T-category and PSA as per Table 5.
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HR Lower Upper Wald ,H‘R_‘ Lower Upper WaldP

{ohort

939, 1 956% CL.. P 95%ClL 953%Cl .

Taylor® 100 0678 234 0126 [7.08 224 224 0.000876
Ross- 1190 {42 955 000045620 0909 348 00633
Adams* | ' . .
Hieronymus* | 2.63 0.478 147 0.265 | 335 0874 128 00779
Stockholm* 203 0471" 875 0342|271 0867 848 00863
CPC.GENE |322 0271 383 0354|823 174 389  0.00777
NanoString*® |

Finally, we combined the Taylor, Hieronymus, Ross-Adams, and Stockholm cohorts
(termed “Combined-arrays cohort”) and evaluated genomic classifier performance for
all 461 patients and within each NCCN risk group separately. A multivariate Cox
proportional hazard model estimates that the 31-locus genomic classifier has a HR
adjusted for GS, pre-treatment PSA and clinical T-category of 2.6 (95% confidence
interval (Cl) 1.8-3.8, p = 1.61 x 10°, Wald test; Figure 2A; Table 2) in comparison to
the 100-locus genomic classifier (adjusted HR of 2.7, 95% C1 1.8 - 3.9, p = 2.85x 107,
Wald test). Based on the HR and Akaike information criterion (AIC 1441 and 14373 for
the 100-locus and 31-loci genomic classifiers, respectively), both models fit the data
well. The HR for the 31-locus genomic classifier is consistent when only considering
only patients with low to intermediate risk disease (Figure 2B). Note the 31-locus
genomic classifier is particularly effective for low-risk patients, where the 57% (80/141)
of patients classified as lower risk by the genomic classifier have a 5-year bRFR of
96.0% in comparison to 73.5% for the low-risk patients predicted to relapse (HR = 5.48
(95% Cl 2.01-15.0), p = 8.92 x 10, Wald test; Table 7 Figure 17). Similarly, the
genomic classifier detects a subset of high-risk patients that fail primary treatment
within 18 months (HR 2.57 (95% CI 1.11-5.95), p = 0.0276, Wald test; Table 7 Figure
2C); this PSA-based outcome endpoint is a surrogate for prostate-cancer specific
mortality?>*°.

Our 31-locus genomic signature identified patients at risk of metastasis (HR 13.9 (95%
Cl 1.77-208), p = 0.0120, Wald test; Figure 2D; Table 9. This is consistent with our
previous demonstration that the 100-locus genomic classifier identified patients failing

treatment within 18 months (a surrogate for prostate-cancer specific mortality)'22%%.
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Although the confidence interval on the HR is large, we also note that the estimated
10-year metastasis-free rate for the 62 patients classified negatively by the 31-locus
genomic classifier is 98.0% compared to 68.2% for the 92 patients classified as
positive for the 31-locus genomic classifier. The 31-locus genomic classifier correctly
predicted which patients would develop metastasis across all clinical risk categories.
These results will be verified in the remaining cohorts as their follow-up time is

increased and more metastasis events are noted.
Table 2. The effect of including the 31-locus genomic classifier to the clinical model.

Patient prognosis is evaluated by 10-year bRFR in the Combined-arrays cohort.

A) Clinical model only; B) Multivariate clinico-genomic model using the 31-locus
genomic classifier as a continuous variable (“31-locus score”); C) Multivariate clinico-
genomic model using the 31-locus genomic classifier as a dichotomized risk group
(“31 loci + vs. =").

A)

HR 95% ClLow  95% Clhigh ~ Wald P
GS 7 vs. 5-6. 2.54 1.52 424 0.000364
GS 8-9 vs. 5-6. 3.74 1.96 7.15 6.70x 10°
T3 vs. T1-2 2.03 1.08 3.80 0.0277
PSA 210 vs. <10 1.62 1.03 2.54 0.0368
Overall Model WaldP 6.80x10° logrank P 9.67 x10°
B)

HR 95% ClLow  95% Clhigh  Wald P
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31-locus score 3.53 1.69 7.35 0.000761
GS 7 vs. 5-6. 2.30 1.40 3.79 0.00103
GS 8-9 vs. 5-6. 2.44 1.27 471 0.00780
T3 vs. T1-2 2.61 1.42 4.80 0.00207
PSA 2 10 vs. <10 1.41 0.888 2.23 0.145
Overall Model WaldP 5.90x10™" logrank P 1.46 x 10
C)

HR 95% Cl Low 95% ClI high Wald P
31 loci + vs. - 2.09 1.37 3.7 0.000602
GS 7 vs. 5-6. 2.36 1.44 3.88 0.000704
GS 8-9 vs. 5-6. 2.36 1.22 4.58 0.01073
T3 vs. T1-2 2.60 1.41 4.78 0.00217
PSA 210 vs. <10 1.52 0.964 2.41 0.0714
Overall Model WaldP 2.35x10° logrank P 1.51x 10

Table 9: Multivariate models for 10-year metastasis-free survival in the Taylor cohort.

A- A Cox proportional hazard regression for patients predicted to develop metastasis

by the reduced 31-loci genomic classifier (“Signature +”). Cl: confidence interval, HR:
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hazard ratio

HR 95¢ Cllower 95% Clupper Wald P

Signature+ | 139 . leg 00122
GS7 172 05 545 0355
GSEsl s 650 e TR
T3 3.68 .14 118 0.0289
Full Model | Wald P 00111 logrankP  0.000439

Assessment of clinical utility for a 31-locus clinico-genomic classifier

To assess clinical utility within clinical prognostic groups, we evaluated area under the
survival receiver operator curve (AUC). The 31-locus clinico-genomic classifiers
applied to the Combined-arrays cohort have 5-year AUCs 0.73 and 0.72 for the
classifiers adjusted for GS/PSA/T and NCCN risk group, respectively (Figure 3A). In
the four individual cohorts (predicted at 18 months for the Ross-Adams cohorf), these
values range from 0.68 — 0.84 (Figure 18). Indeed, the clinico-genomic models are
better at predicting outcome than the clinical models (AUC increase of 0.0756 (p =
0.0111) and 0.0717 (p = 0.00745) for the 31-locus + risk clinico-genomic classifier and
the 31-locus + GS/PSA/T clinico-genomic classifier, respectively). These increases in
AUC also hold within each NCCN risk group, illustrating that even within tight clinical
cohorts, the reduced genomic classifier is useful in addition to standard clinical

covariates (Figure 19).

In some cases AUC has limited utility within homogeneous clinical risk groups and it is
difficult to assess whether a statistically significant increase in AUC is clinically
meaningful®®. To further understand the clinical utility of the 31-locus genomic
classifier, we calculated the net reclassification index for the 31-locus + GS/PSA/T
clinico-genomic classifier in the Combined-arrays cohort. This revealed that 53.1% of
patients with BCR, and 32.2% of patients without BCR had their risk score increased
by this clinico-genomic classifier in comparison to using a clinical-only model with
GS/PSA/T (overall net-reclassification index = 0.201; 95% ClI: 0.122-0.303, p =
0.00200; Figure 3B). Finally, we see an increase in the likelihood of BCR with
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increasing risk score from the 31-locus + GS/PSA/T clinico-genomic classifier, ranging
from <5% for the patients with very low risk scores to >50% for the highest risk scores
(Figure 20).

In the metastatic setting, the clinical utility of the clinico-genomic classifiers is even
more pronounced. The AUC for the 31-locus clinico-genomic classifiers are 0.89 and
0.85 compared to 0.79 and 0.75 for the NCCN risk group and the GS/PSA/T
classifiers, respectively, indicating increased clinical utility in guiding patient
management compared to clinical standards (Figure 3C). Indeed, the net
reclassification index is 0.32 (95% Cl -0.08-0.55; p = 0.16), with the majority (60%) of
patients who go on to develop metastasis having their risk score increased (Figure
3D).

Validation of 31-locus genomic classifier using a NanoString platform

Finally, we applied the 31-locus genomic classifier to the CPC-GENE cohort, a tightly
defined clinical cohort, comprised primarily of intermediate-risk patients (95/102) where
all but 11 patients were diagnosed with GS 7 disease (Table 1). Of the standard
clinical variables, clinical T and pre-treatment PSA were statistically significant (Figure
8), and only T-category remains prognostic a multivariate Cox proportional hazard
model (Table 10).

Table 10: Multivariate Cox proportional hazard regression model for the clinical
variables in the CPC-GENE cohort for 10-year BCR-free progression.

HR Cl95low C1Y5high Wald P
1.01 0.352 290 0.985
1.95 106 1.59 0.0314
1.36 o708 aedl L 036l

GST va LiS6
T2 vs Tl
PSA <10vs 210

Foll Model v ‘WaldP . b9 . logrank P - 0.101

The genomic classifier was measured in this cohort using the NanoString CNA

platform with 1-3 custom probes per region. This is the first time this genomic classifier
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has been tested using a clinically-feasible approach. Six patients have technical
replicates, and we observed high replicate concordance (range 0.72 — 0.94 for
discretized CNAs, Figure 21). We find that the genomic classifier is able to stratify
patients within this clinically-homogeneous cohort. Five years after surgery, 70.4% of
5 patients predicted by the signature to fail have indeed failed compared to 28.5% of
patients predicted to have good prognosis (HR = 2.46 (1.36-4.43), P = 0.0028, Wald
test; Figure 4; Table 3). Furthermore, in multivariate analysis with clinical variables, the
31-locus classifier is the strongest predictor and only significant variable within the
model, with an adjusted HR of 6.41 per unit increase of the continuous risk score.
10  Indeed, the survival AUC for the clinical model is only 0.62 but increases to 0.72 after
addition of the 31 loci, indicating a clear benefit to considering the genomic classifier

along with standard clinical variables.

Table 3. The continuous risk score from the 31-locus genomic classifier applied to the
CPC-GENE cohort in a multivariate Cox proportional hazard models for 10-year

15  biochemical recurrence-free survival.

HR 95% Cl Low | 95% Cl High | Wald P
31-locus risk score | 6.41 1.53 26.9 0.0111
GS7 vs. GS6 0.988 0.334 2.91 0.982
PSA 210 vs. >10 1.22 0.616 2.43 0.563
T2vs. T1 1.83 0.987 3.38 0.0549
Overall Model Wald P | 0.0165 logrank P 0.0131

Discussion

Our 100-locus genomic classifier was the first DNA-based multi-locus gene signature

proposed for stratification of localized prostate cancer patients'?. Here, we refine this
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genomic classifier to 31 loci showing DNA-RNA associations, show its utility in three
public datasets comprising 461 men with localized disease, and validate the genomic
classifier in a tightly defined clinical risk group using a clinically-relevant technology.
The NanoString CNV platform requires only 300 ng DNA, making it achievable for
routine use after patient biopsy. To our knowledge, this is the first study using

NanoString’s CNV platform to measure a multi-locus gene signature.

The 31-locus genomic classifier is able to sub-stratify patients across all NCCN risk
groups. Patient management could therefore integrate both clinical risk group and our
genomic classifier score. Compared to using the GS/PSA/T clinico-pathological
variables, the additional use of our 31-locus genomic classifier is more accurate.
Based on Cox proportional hazard models, the smallest impact for the genomic
classifier is in the intermediate-risk group which highlights the difficulty in further
stratifying the risk for these patients; to improve predictions, information from other
molecular or microenvironmental information may be required'?'®. Interestingly, in the
primarily intermediate-risk CPC-GENE cohort measured with the NanoString CNV
platform, the performance of the clinico-genomic classifier is considerably better than
the clinical classifier (AUC 0.61 vs. 0.72). The 31-locus genomic classifier is
particularly promising in the low-risk group, where patients identified as good
prognosis by the signature have 10-year bRFR of 87% and are candidates for
treatment de-escalation trials (Figure 17). The 31-locus genomic classifier is also
highly effective in the high-risk group, where it identifies patients failing rapidly (within
18 months) who might benefit from more aggressive initial treatment targeting occult
metastases and prevent disease progression. Future work will aim to further decrease
the false negative rate (thereby increasing the sensitivity) to provide more assurance
to patients opting for increased treatment. On the other hand, patients classified as
good prognosis by the clinico-genomic classifier can be re-assured that decreased or

standard treatment schemes are sufficient for management of their prostate cancer.

Finally, we also demonstrate that this 31-locus genomic classifier is able to predict
which patients will go on to develop metastases. Remarkably, the 10-year metastasis-
free rate for patients stratified as good prognosis by the genomic classifier is only 98%
compared 68% for those predicted to be high-risk. The finding will need to be validated
in larger cohorts including those used in this study once their follow-up time is

sufficient for time to metastasis analysis. This is the first multi-gene DNA signature to
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predict metastasis in prostate cancer. PGA has also been shown to predict for
metastasis in this same cohort'®, but is difficult to measure in the clinic as it requires

CNA estimation for the entire genome. We previously showed that our 100-locus

‘genomic classifier combined with 30 selected genes can estimate global PGA',

providing two prognostic indices in a single genomic assay. Now, we have validated
this finding using the CLIA-certified NanoString platform with the reduced 31-locus
genomic classifier in combination with the same 30 PGA-associated genes. The 31-
locus genomic classifier has comparable performance to the previously published 100-
locus genomic classifier. The two signatures should be further evaluated and
contrasted in prospective trials using the NanoString assay for the 31-locus classifier

and an array platform such as OncoScan for the 100-locus classifier.

Some prognostic molecular signatures are currently available to patients in the clinic
such as Oncotype DX Genomic Prostate Score'’, ProMark®!, Prolaris® and Decipher'®.
The first two signatures cater to low-risk patients and aim to identify the patients least
likely to progress on active surveillance protocols. The Prolaris signature is most
similar to ours; it is intended for all patients with localized disease and is meant to be
used in conjunction with clinical variables to identify patients for increased or
decreased treatment compared to standard protocols. Finally, the Decipher classifier
identifies higher risk patients that are likely to fail therapy and develop metastasis. It is
also used to identify patients that would benefit from adjuvant androgen deprivation
therapy in conjunction with RadP*2. These signatures are CLIA certified, but the results
of large retrospective trials have yet to be reported®. Qur clinical genomic signatures
have AUCs of 0.72-0.73 in the 461 patient cohort of low to high risk disease. This
range is comparable to the AUCs of the signatures mentioned above (range 0.65 —
0.78), although a direct comparison of AUCs is not meaningful unless the signatures
are measured on the same patient cohort. Nonetheless, this naive comparison
indicates that our reduced 31-locus genomic classifier can provide additional
information relevant to disease management similar to that of clinically-available
prognostic signatures. Future work will evaluate whether this biomarker can identify

patients that will derive benefit from adjuvant treatment.

There were several limitations to this work. First, the study is retrospective and thus
future work will involve prospective trials to evaluate whether the genomic classifier

could be used as a predictive biomarker as well. Additionally, despite the large overall
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sample size (n=563), each cohort has a relatively small sample size and the genomic
classifier was measured using four different platforms and pre-processing techniques.
Commercializing the NanoString probe set will be useful to standardize measurement
of the 31-locus genomic classifier in future cohorts. Finally, our study did not address
intra-prostatic genetic heterogeneity. Previous studies have shown that distinct cancer
foci can have independent genetic origins, including differences in mutation of
prognostic and putative driver genes®. Future studies should measure the genomic
classifier from various foci and determine whether this heterogeneity is related to
patient outcome; if the signature is identified in one focus only, does the patient have
poor outcome? If so, how can we ensure that the appreciate regions of a prostate are
biopsied for classifier evaluation? To address this issue of intra-prostatic
heterogeneity, in future studies we will also establish the reliability of measuring the

genomic classifiers from circulating DNA.

The embodiments of the present disclosure described above are intended to be
examples only. Alterations, modifications and variations to the disclosure may be
made without departing from the intended scope of the present disclosure. In
particular, selected features from one or more of the above-described embodiments
may be combined to create alternative embodiments not explicitly described. All values
and sub-ranges within disclosed ranges are also disclosed. The subject matter
described herein intends to cover and embrace all suitable changes in technology. All

references mentioned are hereby incorporated by reference in their entirety.
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CLAIMS

A method for determining a risk of recurrence of cancer following a cancer
therapy of a patient, comprising determining genomic instability of a tumour of
the patient by:

(a) obtaining a biopsy of the tumour;

(b) identifying genome regions of the biopsy wherein the regions are at

least loci rankings 1-15 of the 31-loci in Table A;
(c) determining a plurality of copy number calls in the genome regions;

(d) intersecting the plurality of copy number calls with a reference gene list,
to obtain a plurality of Copy Number Alterations (CNA) calls for each

gene;
(e) generating a CNA tumour profile based on the plurality of CNA calls;

i) comparing the CNA tumour profile to a reference profile of recurring

cancer patients and a reference profile of nonrecurring cancer patients;

)] calculating a plurality of statistical distances between the CNA tumour
profile and the reference profile of recurring cancer patients and the

reference profile of nonrecurring cancer patients;

wherein the statistical distance between the CNA tumour profile and the
reference profile of recurring cancer patients and the reference profile of
nonrecurring cancer patients is associated with the risk of cancer recurrence

following the cancer therapy of the patient.

The method of claim 1, wherein the genome regions are at least loci rankings
1-20, 1-25, 1-31 of the 31-loci in Table A.

The method of claim 1, wherein the genome regions are a whole tumour

genome.
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The method according to any one of claims 1-3, wherein the patient has been
diagnosed with prostate cancer.

The method according to any one of claims 1-3, wherein the patient has been

diagnosed with localized prostate cancer.

The method according to any one of claims 4 or 5, wherein the patient has one

of a low or intermediate risk for prostate cancer.

The method according to claim 6, wherein the patient has one of a low or
intermediate risk for prostate cancer as determined by at least one of T-
category, Gleason score or pre-treatment prostate-specific antigen blood

concentration.

The method according to any cne of claims 6 or 7, wherein the low risk for

prostate cancer is determined by at least one of the following:

(@) a T-category of T1-T2a, a Gleason score less than or equal to 6, and a
pre-treatment prostate-specific antigen blood concentration less than or

equal to 10 ng/mL,;

(b) a T-category of T1-T2a, a Gleason score greater than or equal to 2 and
less than or equal to 6, and a pre-treatment prostate-specific antigen
blood concentration less than or equal to 10 ng/mL; and

(c) a T-category of T1c, a Gleason score less than or equal to 6, a pre-
treatment prostate-specific antigen blood concentration less than or
equal to 10 ng/mL, and fewer than 3 biopsy cores of a tumour that are
positive for cancer and having less than or equal to 50% cancer in

each.

The method according to any one of claims 6 or 7, wherein the intermediate

risk for prostate cancer is determined by at least one of the following:

(a) at least one of a T-category of T2b, a Gleason score equal to 7, and a
pre-treatment prostate-specific antigen blood concentration greater than
10 ng/mL;
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at least one of a T-category of T1-T2, a Gleason score equal to or less
than 7, and a pre-treatment prostate-specific antigen blood

concentration less than or equal to 20 ng/mL;

at least one of a T-category of T2b, a Gleason score equal to 7 and a
pre-treatment prostate-specific antigen blood concentration greater than
10 ng/ml and equal to or less than 20 ng/mL; and

at least one of a T-category of T2b, a T-category of T2c, a Gleason
score equal to 7 and a pre-treatment prostate-specific antigen blood

concentration greater than 10 ng/ml and equal to or less than 20 ng/mL.

A method, performed by at least one computing device, for determining the risk

of recurrence of cancer following a cancer therapy of a patient, comprising

determining genomic instability of a tumour of the patient based on:

(@)

(b)

()

(e)

®

determining, at a processor, a genome of the tumour,;

determining, by the processor, genome regions of the biopsy wherein

the regions are at least loci rankings 1-15 of the 31-loci in Table A;

determining, by the processor, a plurality of copy number calls in the

genome regions;

determining, by the processor, a plurality of Copy Number Alternations
(CNA) calls for each gene by intersecting the plurality of copy number

calls with a reference gene list;

determining, by the processor, a CNA tumour profile based on the
plurality of CNA calis;

determining, by the processor, a plurality of statistical distances
between the CNA tumour profile and a reference profile of recurring

cancer patients and a reference profile of nonrecurring cancer patients;

wherein the statistical distance between the CNA tumour profile and the

reference profile of recurring cancer patients and the reference profile of
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nonrecurring cancer patients is associated with a risk of cancer recurrence

following the cancer therapy.

A system for determining the risk of recurrence of cancer following a cancer
therapy of a patient comprising determining genomic instability, the system
comprising:

a non-transitory computer readable storage medium that stores

computer-readable code;

a processor operatively coupled to the non-transitory computer
readable storage medium, the processor configured to implement the

computer-readable code, the computer-readable code configured to:
determine a genome of the tumour;

determine genome regions of the biopsy wherein the regions are

at least loci rankings 1-15 of the 31-loci in Table A,

determine a plurality of Copy Number Alterations (CNA) calls for
each gene based on intersecting the copy number calls with a
reference gene and storing the plurality of CNA calls in the non-

transitory computer readable storage medium;

determine a CNA tumour profile based on the plurality of CNA
calls and storing the CNA tumour profile in a non-transitory

computer readable storage medium;

determine a plurality of statistical distances between the CNA
tumour profile and a reference profile of recurring cancer

patients and a reference profile of nonrecurring cancer patients;

wherein the statistical distance between the CNA tumour profile and the
reference profile of recurring cancer patients and the reference profile of
nonrecurring cancer patients is associated with a risk of cancer recurrence

following the cancer therapy.
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