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(57) ABSTRACT

The present invention provides a method for the prognosis of
breast cancer in a subject comprising the steps of: (a) provid-

ing a first proteome sample from the subject; (b) measuring in
the first proteome sample the amount of one or more biom-
arkers selected from the group of biomarkers listed in Table 1;
(c) providing an additional (e.g. a second) proteome sample
from the subject; (d) measuring in the additional proteome
sample the amount of the one or more biomarkers selected
from the group of biomarkers listed in Table 1 measured in
step (b); and (e) determining the difference between the
amount of the one or more biomarkers in the first and addi-
tional proteome samples; wherein the first proteome sample
and additional proteome sample are representative of the
proteome composition of the subject on different days, and
wherein the difference between the amount of the one or more
biomarkers in the first and additional (e.g. second) proteome
samples is indicative of the risk of recurrence and/or metasta-
sis of the breast cancer in the subject. In further embodiments,
step (b) comprises measuring the amount of each the biom-
arkers listed in Table 1(A) or all of the biomarkers listed in
Table 1. The present invention additionally provides an array
for performing the method of the invention, the use in vitro of
a biomarker selected from the group of biomarkers in Table 1
as a prognostic marker for determining risk of recurrence
and/or metastasis of breast cancer in a subject, and a kit for
performing the method of the invention comprising one or
more binding agents capable of binding to a biomarker listed
in Table 1.



Patent Application Publication Jun. 6, 2013

Sheet 1 of 7

FIGURE 1
@ ROC AUC = 888

US 2013/0143760 A1

L]

=

&




Patent Application Publication Jun. 6,2013 Sheet 2 of 7 US 2013/0143760 A1

FIGURE 1 (cont.)
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FIGURE 2
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FIGURE 2 (cont.)
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FIGURE 3
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FIGURE 5
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METHOD, ARRAY AND USE THEREOF

FIELD OF INVENTION

[0001] The present invention relates to methods for the
prognosis of breast cancer and biomarkers and arrays for use
in the same.

BACKGROUND

[0002] Breast cancer is one of the most common tumor
types in the Western world, affecting more then every tenth
woman (1). One fourth of all malignant diagnoses are for
breast cancer and since late 1990 the incidence worldwide,
especially for the age group 45 to 70, has been increasing,
although there has been a slight decline during the past few
years. One explanation for the decrease is that early screening
activities (mammography) and endocrine and cytostatic
therapies have improved survival.

[0003] In spite of this decline, breast cancer still kills over
one hundred women every day in the United States. Further-
more, despite improvements in early detection and under-
standing of the molecular basis of breast cancer, approxi-
mately 30% of all patients with primary breast cancer will
develop distant recurrence of the disease (i.e. metastasis) (2).
[0004] Once metastatic disease develops, the possibility of
a cure is very limited or non-existing. To offer better treat-
ments with an increased efficacy and lower toxicity, therapies
must be selected based on the clinical and molecular charac-
teristics of the tumor. Today, there are only limited possibili-
ties to predict disease outcome using traditional clinical pre-
dictors, such as histological grade and lymph node status (3,
4).

[0005] Recently, genomic studies have opened up the pos-
sibility to identify patients with poor prognosis regarding
recurrence-free survival, using expression analysis of a mul-
titude of different genes (5, 6). However, despite tremendous
efforts it is presently not possible to perform risk assessments
for breast cancer metastasis using a simple blood test,
although recent developments in affinity proteomics have
advanced the field of cancer biomarkers (7-9). Serum is a
particularly valuable source, since it is not only useful for the
initial screen of the disease but could also be used for con-
tinuous monitoring and analysis of therapy efficacy, which is
in contrast to predictors based on measurements performed at
the time of surgery.

[0006] Hence, there exists a need for improved methods for
the prognosis of breast cancer and, in particular, the risk of
developing distant recurrence of the disease (i.e. metastasis).
[0007] Against this background, the present inventors have
now developed a proteomic, serum-based approach to prog-
nosis breast cancer and identified a series of serum biomark-
ers for determining the risk of developing distant recurrence
of the disease (i.e. metastasis).

SUMMARY OF THE INVENTION

[0008] Accordingly, in a first aspect, the invention provides
a method for the prognosis of breast cancer in a subject
comprising the steps of:

[0009] (a) providing a first proteome sample from the
subject;
[0010] (b) measuring in the first proteome sample the

amount of one or more biomarkers selected from the
group of biomarkers listed in Table 1;
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[0011] (c) providing an additional (e.g. a second) pro-
teome sample from the subject;

[0012] (d) measuring in the additional proteome sample
the amount of the one or more biomarkers selected from
the group of biomarkers listed in Table 1 measured in
step (b); and

[0013] (e) determining the difference between the
amount of the one or more biomarkers in the first pro-
teome sample and the additional proteome sample;

[0014] wherein the first proteome sample and additional
proteome sample are representative of the proteome
composition of the subject on different days,

[0015] and wherein the difference between the amount
of the one or more biomarkers in the first and additional
(e.g. second) proteome samples is indicative of the risk
of recurrence and/or metastasis of breast cancer in the
subject.

[0016] By “the prognosis of breast cancer” we mean deter-
mining the risk of breast cancer recurrence in the subject.
Such risk may be expressed as the probability of breast cancer
recurrence within a specified time period, for example within
one, two, three, four, five or ten years of the date of on which
the prognosis is made.

[0017] Itwill be appreciated that the subject being tested in
the method of the invention is typically human.

[0018] However, the methods may also be used for the
prognosis of an animal such as a domestic or farm mammal
(e.g. a horse, pig, cow, sheep, dog or cat).

[0019] Steps (a) and (c) of the method of the invention
comprise providing first and additional proteome samples
from a subject to be tested.

[0020] By “proteome sample” we mean a sample of the
proteins expressed by the cells of the subject to be tested. The
proteome sample may also include other biological mol-
ecules, or components or fragments thereof, the measurement
of which can provide information useful in the prognosis of
breast cancer. For example, the proteome sample may include
protein or carbohydrate moieties, or antigenic components or
fragments thereof.

[0021] In one embodiment, the proteome sample is a
soluble proteome sample.

[0022] Preferably, the proteome samples provided in steps
(a) and (c) are blood samples. In one embodiment, the blood
sample(s) are unfractionated (i.e. the blood has not been
separated into its component parts by centrifugation or any
other means). In another embodiment the blood samples(s)
are fractionated.

[0023] Thus, the proteome sample(s) may be serum or
plasma or may be derived from serum or plasma.

[0024] Preferably, the proteome sample provided in steps
(a) and/or (c) are serum or plasma samples, derived from
blood samples taken from the subject to be tested.

[0025] The proteome samples provided in steps (a) and (c)
may be prepared using methods well known in the art. It will
be appreciated by persons skilled in the art that the sample
may be in a native state or a digested format, depending onthe
method used to detect the proteins therein.

[0026] Inone embodiment, the one or more of the samples
collected from an individual are blood samples and the
remainder are serum samples. However, it is preferred that the
samples collected from the individual are either all blood
samples or all serum samples.

[0027] The proteome samples provided in steps (a) and (c)
are representative of the proteome composition of the subject.
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By “representative of the proteome composition of the sub-
ject” we mean that the proteome sample reflects the actual
proteome composition of the subject at the time the sample
was provided. The proteome sample may, for example, be a
fluid or tissue sample taken directly from the subject or a
processed derivative of such a sample.

[0028] The proteome samples provided in steps (a) and (c)
are collected from the subject on different days and thus are
representative of the proteome composition of the subject on
different days. By “representative of the proteome composi-
tion of the subject on different days” we mean that each
additional or further sample is representative of the proteome
composition of the subject at a later time point than the
previous proteome sample or samples provided.

[0029] Inone embodiment, steps (¢) and (d) are repeated in
order to provide one or more further proteome samples from
the subject and to measure therein the amount of the one or
more biomarkers measured in step (b), wherein the one or
more further proteome samples are representative of the pro-
teome composition of the subject on different days from the
first and additional proteome samples.

[0030] Thus, a plurality of additional proteome samples
may be provided from the subject, e.g. third, fourth, fifth,
sixth (and so on) proteome samples. It will be appreciated that
the number of proteome samples provided from the subject
may be sufficient to provide and/or confirm and/or monitor
the prognosis of breast cancer.

[0031] Inoneembodiment, step () comprises determining
the log change in biomarker amount between the first pro-
teome sample and the additional proteome sample(s). The log
change in the presence and/or amount of one or more biom-
arkers between the two or more proteome samples can be
determined. This difference in biomarker amount over time is
known as “biomarker velocity” and can be calculated using
methods well known in the art (for example, see Makarov et
al., 2009, Ann. Rev. Med., 60:139-151).

[0032] Thus, biomarker velocity reflects the rate at which a
biomarker’s concentration (i.e. amount) changes over time
rather than its absolute or static concentration/amount.
[0033] Steps (d) and (b) of the method of the invention
comprise measuring in the proteome samples the amount of
one or more biomarkers selected from the group of biomar-
kers listed in Table 1.

[0034] By “biomarker” we mean a naturally-occurring bio-
logical molecule, or component or fragment thereof, the mea-
surement of which can provide information useful in the
prognosis of breast cancer. For example, the biomarker may
be anaturally-occurring protein or carbohydrate moiety, or an
antigenic component or fragment thereof.

[0035] Accordingly, the amount of Apolipoprotein A4
(APOA4) may be measured. The amount of Apolipoprotein
A4 (APOA4) may be measured.

[0036] The amount of Bruton’s tyrosine kinase (BTK) may
be measured. The amount of Complement-1 esterase inhibi-
tor (C1 esterase inhibitor) may be measured. The amount of
Complement factor B (Factor B) may be measured. The
amount of CD40 may be measured. The amount of Home-
odomain transcription factor CHX10 (CHX10) may be mea-
sured. The amount of Interleukin-la (IL-1ct) may be mea-
sured. The amount of Interleukin-5 (IL-5) may be measured.
The amount of Interleukin-6 (IL-6) may be measured. The
amount of Interleukin-7 (IL-7) may be measured. The amount
of Interleukin-9 (IL-9) may be measured. The amount of
Interleukin-12 (IL-12) may be measured. The amount of
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Interleukin-13 (IL-13) may be measured. The amount of
Interleukin-18 (IL-18) may be measured. The amount of
TBC1 domain family member 9 (KIAA0882) may be mea-
sured. The amount of Lewis"/CD15 may be measured. The
amount of Oxysterol binding protein-like 3 (OSBPL3) may
be measured. The amount of Monocyte chemotactic protein-1
(MCP-1) may be measured. The amount of Sialyl Lewis™ may
be measured. The amount of Tumour necrosis factor-1
(TNF-p) may be measured.

[0037] The amount of Integrin alpha-10 may be measured.
The amount of f-galactosidase may be measured. The
amount of CD40 ligand may be measured. The amount of
Eotaxin may be measured. The amount of Glucagon-like
peptide-1 receptor (GLP-1 R) may be measured. The amount
of Interleukin-1 may be measured. The amount of Interleu-
kin-3 may be measured. The amount of Interleukin-8 may be
measured. The amount of Interleukin-10 may be measured.
The amount of Interleukin-16 may be measured. The amount
of MCP-4 may be measured. The amount of Myomesin-2
(MYOM2) may be measured. The amount of Rantes may be
measured. The amount of Transforming growth factor-f
(TGF-p1) may be measured. The amount of Regulator of
nonsense transcripts 3B (UPF3B) may be measured. The
amount of Interleukin-4 may be measured. The amount of
Interleukin-1ra may be measured.

[0038] In one embodiment, step (b) and step (d) comprise
measuring the amount of the each of the biomarkers listed in
Table 1(A).

[0039] In another embodiment, step (b) and step (d) addi-
tionally or alternatively comprise measuring the amount of
one or more biomarkers selected from the group listed in
Table 1(B), for example 2,3,4,5,6,7,8,9,10,11,12, 13, 14,
15, 16, 17, 18 or all 19 of the biomarkers selected from the
group listed in Table 1(B).

[0040] Thus, in one embodiment of the methods of the
invention, the amount of all of the biomarkers listed in Table
1(A) and 1(B) is measured in step (b) and step (d).

[0041] In a further embodiment, step (b) and step (d) addi-
tionally or alternatively comprise measuring the amount of
one or more of the biomarkers additionally or alternatively in
Table 1(C), for example 2,3, 4,5,6,7,8,9,10,11, 12,13, 14
or all 15 biomarkers additionally or alternatively in Table
1(C).

[0042] Thus, in one embodiment of the methods of the
invention, the amount of all of the biomarkers listed in Table
1 is measured in step (b) and step (d).

[0043] Typically, step (b) and step (d) are performed using
one or more first binding agents each capable of binding to a
biomarker listed in Table 1. Typically, each first binding agent
will be capable of binding specifically to a different biomar-
ker from those listed in Table 1. However, it will be appreci-
ated by persons skilled in the art that there may be some
duplication in the biomarker to which the first binding agents
bind. For example, two or more of the first binding agents may
bind to different epitopes on the same biomarker (such dupli-
cation of target antigens may serve as a useful internal control
for the methods of the invention, ensuring that the biomarker
measurements are accurate).

[0044] Preferably, step (b) and step (d) are performed using
two or more binding agents capable of binding a biomarker
listed in Table 1. Where a biomarker listed in Table 1 is
measured in step (b) and (d), it is preferred that such mea-
surements are performed using a binding agent as defined in
the Examples section (below). However, it will be appreci-
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ated that any other binding agent with specificity for the
relevant biomarker may equally be used.

[0045] In one embodiment, in step (a) the first proteome
sample from the subject is representative of the proteome
composition of the subject within 4 weeks before or after
tumour resection of the individual. Typically, the first pro-
teome sample from the individual is representative of the
proteome composition of the subject 4 weeks before tumour
resection of the individual, for example, 3 weeks, 2 weeks, 1
week, 6 days, 5 days, 4 days, 3 days, 2 days, 1 day or O days
before tumour resection of the individual. Preferably, the first
proteome sample from the individual is representative of the
proteome composition of the subject within 1 week before
tumour resection of the individual. More preferably, the first
proteome sample from the individual is representative of the
proteome composition of the subject on the same day as
tumour resection of the individual.

[0046] By “tumour resection” we mean surgical removal of
the whole or part of a tumour. However, we also include any
other main treatment approach. Depending on the stage and
type of breast cancer, tumour resection may not be used as the
main treatment approach or may be secondary to another
therapeutic approach such as radiation therapy (i.e. radio-
therapy), cryotherapy, photodynamic therapy, chemotherapy,
hormone therapy and immunotherapy. In such cases, the ini-
tiation, completion or an intermediate period between initia-
tion and completion of the main non-surgical therapy may be
used as a reference point for collection of proteome samples
of an individual.

[0047] Hence, by “before or after tumour resection of the
individual” we also include before or after the initiation,
completion or an intermediate period between initiation and
completion of the main treatment approach as a possible
reference point for collection of serum or plasma samples of
an individual.

[0048] In one embodiment, the additional (e.g. second)
proteome sample from the individual provided in step (c) is
representative of the proteome composition of the subjectat a
time point within 3 to 9 months of tumour resection of the
individual, for example within 4 to 8 months, within 5 to 7
months or at 6 months from tumour resection.

[0049] Thus, the additional proteome sample from the indi-
vidual may be representative of the proteome composition of
the subject within 40 weeks of tumour resection of the indi-
vidual, for example within 39 weeks, 38 weeks, 37 weeks, 36
weeks, 35 weeks, 34 weeks, 33 weeks, 32 weeks, 31 weeks,
30 weeks, 29 weeks, 28 weeks, 27 weeks, 26 weeks, 25
weeks, 24 weeks, 23 weeks, 22 weeks, 21 weeks, 20 weeks,
19 weeks, 18 weeks, 17 weeks, 16 weeks, 15 weeks, 14
weeks, 13 weeks, 12 weeks, 11 weeks, 10 weeks, 9 weeks, 8
weeks, 7 weeks, 6 weeks, 5 weeks, 4 weeks, 3 weeks, 2
weeks, or 1 week after tumour resection of the individual.
Typically, however, the additional proteome sample is repre-
sentative of the proteome composition of the subject within 6
months of tumour resection of the individual.

[0050] Where steps (c) and (d) are repeated, the one or more
further proteome sample or samples (i.e. third, fourth, fifth,
sixth samples, and so on) are representative of the proteome
composition of the subject at a regular anniversary of the
tumour resection of the subject. Thus, the additional samples
may be representative of the proteome composition of the
subject at time intervals of every one month or more, for
example every two months, three months, four months, five
months, six months, seven months, eight months, nine
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months, ten months, eleven months, one year, two years, three
years, five years or more after tumour resection. Typically,
however, the one or more further proteome sample samples
are representative of the proteome composition of the subject
within 8 weeks before or after a yearly anniversary of the
tumour resection, for example within about 7 weeks, 6 weeks,
4 weeks, 3 weeks, 2 weeks or 1 week before or after a yearly
anniversary of the tumour resection of the individual.

[0051] Thus, it is preferred that the one or more further
proteome sample or samples is/are representative of the pro-
teome composition of the subject at or about a yearly anni-
versary of the tumour resection of the individual.

[0052] However, it will be appreciated that the further pro-
teome sample or samples may be representative of the pro-
teome composition of the subject at least 1 year following
tumour resection in the individual, for example, at least 2
years, 3 years, 4 years, 5 years 6 years, 7 years, 8 years, 9 years
or at least 10 years following tumour resection of the indi-
vidual.

[0053] In one embodiment, the tumour resection is a pri-
mary breast cancer tumour resection. By “primary breast
cancer” we mean the tumour is located in the organ or tissue
where the cancer began.

[0054] In an alternative embodiment, the tumour resection
is a secondary breast cancer tumour resection. By “secondary
breast cancer” we mean that the tumour is located in another
organ or tissue to where the cancer began (i.e. a metastatic
tumour).

[0055] In a further embodiment, the subject is to be admin-
istered or has been administered chemotherapy and/or radio-
therapy.

[0056] Inone embodiment, steps (b) and (¢) comprise con-
tinuous monitoring of the individual. By “continuous moni-
toring” we include routinely performing measurements on an
uninterrupted, iterative basis (i.e. repeated measurements at
regular short time intervals). We also include performing
measurements on an uninterrupted, non-iterative basis (i.e.
real-time measurements). Continuous monitoring may be
performed manually, but is preferably performed by an auto-
mated (e.g. computer-based) system.

[0057] In one embodiment, the risk of recurrence of breast
cancer in an individual is determined as a numerical probabil-
ity of breast cancer recurrence, for example as a percentage
probability of breast cancer recurrence within a given time
period.

[0058] However, in an alternative embodiment the risk of
breast cancer in an individual is determined as either high risk
or low risk. Hence, the individual to be tested will be placed
in a “high risk” or “low risk” group with respect to breast
cancer recurrence (i.e. metastasis).

[0059] By “high risk” we mean the individual has at least a
72% chance of breast cancer recurring with 3 years of tumour
resection of the individual (in particular, of primary tumour
resection of the individual). For example, the individual may
have a 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or a 100%
chance of breast cancer recurring with 3 years of tumour
resection of the individual. By “low risk” we mean the indi-
vidual has at most a 15% chance of breast cancer recurring
with 3 years of tumour resection of the individual (in particu-
lar, of primary tumour resection of the individual). For
example, the individual may have a 14%, 13%, 12%, 11%,
10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.25%,
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0.1%, 0.01% or a 0% chance of breast cancer recurring with
3 years of tumour resection of the individual.

[0060] Generally, the risk of recurrence of breast cancer in
anindividual is determined with an ROC AUC of at least 0.55,
for example with an ROC AUC of at least, 0.60, 0.65, 0.70,
0.75, 0.80, 0.85, 0.90, 0.95, 0.96, 0.97, 0.98 or with an ROC
AUC of at least 0.99. Preferably, the risk of recurrence of
breast cancer in an individual is determined with an ROC
AUC of at least 0.85.

[0061] Typically, the risk of recurrence of breast cancer in
an individual is determined using a support vector machine
(SVM), such as those available from http://cran.r-project.org/
web/packages/e1071/index.html (e.g. e1071 1.5-24). How-
ever, any other suitable means may also be used.

[0062] Support vector machines (SVMs) are a set of related
supervised learning methods used for classification and
regression. Given a set of training examples, each marked as
belonging to one of two categories, an SVM training algo-
rithm builds a model that predicts whether a new example
falls into one category or the other. Intuitively, an SVM model
is a representation of the examples as points in space, mapped
so that the examples of the separate categories are divided by
a clear gap that is as wide as possible. New examples are then
mapped into that same space and predicted to belong to a
category based on which side of the gap they fall on.

[0063] More formally, a support vector machine constructs
ahyperplane or set of hyperplanes in a high or infinite dimen-
sional space, which can be used for classification, regression
orothertasks. Intuitively, a good separation is achieved by the
hyperplane that has the largest distance to the nearest training
datapoints of any class (so-called functional margin), since in
general the larger the margin the lower the generalization
error of the classifier. For more information on SVMs, see for
example, Burges, 1998, Data Mining and Knowledge Discov-
ery, 2:121-167.

[0064] In one embodiment of the invention, the SVM is
‘trained’ prior to performing the methods of the invention
using proteome samples from subjects assigned to known
patient groups (namely, those patients in which breast cancer
did not recur over a given time period and those patients in
which breast cancer did recur over the given time period). By
running such training samples, the SVM is able to learn what
biomarker profiles are associated with a risk of recurrence of
breast cancer. Once the training process is complete, the SVM
is then able whether or not the proteome sample tested is from
a subject who is at risk of breast cancer recurrence.

[0065] However, this training procedure can be by-passed
by pre-programming the SVM with the necessary training
parameters. For example, the risk of recurrence of breast
cancer in a subject can be determined according to the known
SVM parameters detailed in Table 2, based on the measure-
ment of all the biomarkers listed in Table 1(A) and 1(B).

[0066] Itwill be appreciated by skilled persons that suitable
SVM parameters can be determined for any combination of
the biomarkers listed Table 1 by training an SVM machine
with the appropriate selection of data (i.e. biomarker mea-
surements in proteome samples from known patient groups.
[0067] Inone embodiment, the risk of breast cancer recur-
rence is determined in combination with at least one other
method of determining the risk of breast cancer recurrence
such as in combination with one or more nucleic acid expres-
sion profiles associated with the risk of breast cancer recur-
rence. For example, the nucleic acid expression profile as
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defined in van’t Veer et al., 2002, Nature, 415:530-536 and/or
Paik et al., 2004, N. Engl. J. Med., 351:2817-2826 may be
used.

[0068] Alternatively or additionally, the risk of breast can-
cer recurrence may be determined in combination with con-
ventional clinical markers. By “conventional clinical mark-
ers” we mean the stratification of patients into different
prognostic groups based on clinical features such as meno-
pausal status, oestrogen receptor status, progesterone status,

ductal/lobular type, tumour size, lymph node stage/status and
histological grade (as opposed to the expression of complex
expression signatures ). One common example of a prognostic
index using conventional clinical markers is the Nottingham
Prognostic Index (NPI) which was derived from a retrospec-
tive multivariate study, that is (to some degree) able to predict
survival in patients with breast cancer. For more information,

see for example, Edén et al., 2004, Furopean Journal of
Cancer, 40(12):1837-1841.

[0069] In a further embodiment, the one or more binding
agents capable of binding a biomarker defined in Table 1

comprise or consist of an antibody or an antigen-binding
fragment thereof. Preferably, the antibody or antigen-binding
fragment thereof is a monoclonal antibody or a fragment
thereof. More preferably, the antibody or antigen-binding
fragment thereof is a recombinant antibody or antigen-bind-
ing fragment thereof.

[0070] The term “antibody” includes any synthetic anti-
bodies, recombinant antibodies or antibody hybrids, such as
but not limited to, a single-chain antibody molecule produced
by phage-display of immunoglobulin light and/or heavy
chain variable and/or constant regions, or other immunoint-
eractive molecules capable of binding to an antigen in an
immunoassay format that is known to those skilled in the art.
[0071] We also include the use of antibody-like binding
agents, such as affibodies and aptamers.

[0072] Methods for obtaining antibodies, or antigen-bind-
ing fragments or derivatives thereof, with specificity to a
given antigen (such as the biomarkers in Table 1) are well
know in the art. A general review of the techniques involved
in the synthesis of antibody fragments which retain their
specific binding sites is to be found in Winter & Milstein
(1991) Nature 349, 293-299.

[0073] Additionally, or alternatively, one or more of the
first binding molecules may be an aptamer (see Collett et al.,
2005, Methods 37:4-15).

[0074] Conveniently, an antibody library (such as the
n-CoDeR library of Bioinvent International AB; see Carlsson
& Soéderlind, 2001, Expert Rev Mol Diagn. 1:102-8.) is
screened to identify antibodies, or antigen-binding fragments
or derivatives thereof, with desired binding specificities.
Thus, molecular libraries such as antibody libraries (Clack-
sonetal, 1991, Nature352,624-628; Marks et al, 1991, J Mol
Biol 222(3): 581-97), peptide libraries (Smith, 1985, Science
228(4705): 1315-7), expressed cDNA libraries (Santi et al
(2000) J Mol Biol 296(2): 497-508), libraries on other scaf-
folds than the antibody framework such as affibodies (Gun-
neriusson et al, 1999, App! Environ Microbiol 65(9): 4134-
40) or libraries based on aptamers (Kenan et al, 1999,

Methods Mol Biol 118, 217-31) may be used as a source from
which binding molecules that are specific for a given motif
are selected for use in the methods of the invention.

[0075] The molecular libraries may be expressed in vivo in
prokaryotic cells (Clackson et al, 1991, op. cit.; Marks et al,
1991, op. cit.) or eukaryotic cells (Kieke et al, 1999, Proc Nat!
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Acad Sci USA, 96(10):5651-6) or may be expressed in vitro
without involvement of cells (Hanes & Pluckthun, 1997, Proc
Natl Acad Sci USA 94(10):4937-42; He & Taussig, 1997,
Nucleic Acids Res 25(24):5132-4; Nemoto et al, 1997, FEBS
Lett, 414(2):405-8).

[0076] In cases where protein-based libraries are used, the
genes encoding the libraries of potential binding molecules
are often packaged in viruses and the potential binding mol-
ecule displayed at the surface of the virus (Clackson et al,
1991, supra; Marks et al, 1991, supra; Smith, 1985, supra).
[0077] Perhaps the most commonly used display system is
filamentous bacteriophage displaying antibody fragments at
their surfaces, the antibody fragments being expressed as a
fusion to the minor coat protein of the bacteriophage (Clack-
son et al, 1991, supra; Marks et al, 1991, supra). However,
other suitable systems for display include using other viruses
(EP 39578), bacteria (Gunneriusson et al, 1999, supra;
Daugherty et al, 1998, Protein Eng 11(9):825-32; Daugherty
et al, 1999, Protein Eng 12(7):613-21), and yeast (Shusta et
al, 1999, J Mol Biol 292(5):949-56).

[0078] In addition, display systems have been developed
utilising linkage of the polypeptide product to its encoding
mRNA in so-called ribosome display systems (Hanes &
Pluckthun, 1997, supra; He & Taussig, 1997, supra; Nemoto
etal, 1997, supra), or alternatively linkage of the polypeptide
product to the encoding DNA (see U.S. Pat. No. 5,856,090
and WO 98/37186).

[0079] The variable heavy (V) and variable light (V;)
domains of the antibody are involved in antigen recognition,
a fact first recognised by early protease digestion experi-
ments. Further confirmation was found by “humanisation” of
rodent antibodies. Variable domains of rodent origin may be
fused to constant domains of human origin such that the
resultant antibody retains the antigenic specificity of the
rodent parented antibody (Morrison et al (1984) Proc. Natl.
Acad. Sci. USA 81, 6851-6855).

[0080] That antigenic specificity is conferred by variable
domains and is independent of the constant domains is known
from experiments involving the bacterial expression of anti-
body fragments, all containing one or more variable domains.
These molecules include Fab-like molecules (Better et al
(1988) Science 240, 1041); Fv molecules (Skerra et al (1988)
Science 240, 1038); single-chain Fv (ScFv) molecules where
the V; and V; partner domains are linked via a flexible oli-
gopeptide (Bird et al (1988) Science 242, 423; Huston et al
(1988) Proc. Natl. Acad. Sci. USA 85, 5879) and single
domain antibodies (dAbs) comprising isolated V domains
(Ward et al (1989) Narure 341, 544). A general review of the
techniques involved in the synthesis of antibody fragments
which retain their specific binding sites is to be found in
Winter & Milstein (1991) Nature 349, 293-299.

[0081] Thus, the antibody or antigen-binding fragment
may be selected from the group consisting of intact antibod-
ies, Fv fragments (e.g. single chain Fv [scFv] and disulphide-
bonded Fv), Fab-like fragments (e.g. Fab fragments, Fab'
fragments and F(ab), fragments), single variable domains
(e.g. V and V; domains) and domain antibodies (dAbs,
including single and dual formats [i.e. dAb-linker-dAb]).
[0082] By “scFv molecules” we mean molecules wherein
the V, and V; partner domains are linked via a flexible oli-
gopeptide. The advantages of using antibody fragments,
rather than whole antibodies, are several-fold.

[0083] The smaller size of the fragments may lead to
improved pharmacological properties, such as better penetra-
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tion of solid tissue. Effector functions of whole antibodies,
such as complement binding, are removed. Fab, Fv, ScFv and
dAb antibody fragments can all be expressed in and secreted
from E. coli, thus allowing the facile production of large
amounts of the said fragments.
[0084] Whole antibodies, and F(ab'), fragments are “biva-
lent”. By “bivalent” we mean that the said antibodies and
F(ab"), fragments have two antigen combining sites. In con-
trast, Fab, Fv, ScFv and dAb fragments are monovalent, hav-
ing only one antigen combining sites.
[0085] The antibodies may be monoclonal or polyclonal.
Suitable monoclonal antibodies may be prepared by known
techniques, for example those disclosed in “Monoclonal
Antibodies: A manual of techniques”, H Zola (CRC Press,
1988) and in “Monoclonal Hybridoma Antibodies: Tech-
niques and applications”, ] G R Hurrell (CRC Press, 1982),
both of which are incorporated herein by reference.
[0086] When potential binding molecules are selected from
libraries, one or more selector peptides having defined motifs
are usually employed. Amino acid residues that provide struc-
ture, decreasing flexibility in the peptide or charged, polar or
hydrophobic side chains allowing interaction with the bind-
ing molecule may be used in the design of motifs for selector
peptides. For example:

[0087] (i) Proline may stabilise a peptide structure as its
side chain is bound both to the alpha carbon as well as the
nitrogen;

[0088] (i) Phenylalanine, tyrosine and tryptophan have
aromatic side chains and are highly hydrophobic, whereas
leucine and isoleucine have aliphatic side chains and are
also hydrophobic;

[0089] (iii) Lysine, arginine and histidine have basic side
chains and will be positively charged at neutral pH,
whereas aspartate and glutamate have acidic side chains
and will be negatively charged at neutral pH;

[0090] (iv) Asparagine and glutamine are neutral at neutral
pH but contain a amide group which may participate in
hydrogen bonds;

[0091] (v) Serine, threonine and tyrosine side chains con-
tain hydroxyl groups, which may participate in hydrogen
bonds.

[0092] Typically, selection of binding molecules may

involve the use of array technologies and systems to analyse

binding to spots corresponding to types of binding molecules.

[0093] Hence, it will be appreciated that the antibody or

antigen-binding fragment may be selected from the group

consisting of intact antibodies, Fv fragments (e.g. single

chain Fv and disulphide-bonded Fv), Fab-like fragments (e.g.

Fab fragments, Fab' fragments and F(ab), fragments), single

variable domains (e.g. Vand V; domains) and domain anti-

bodies (e.g. dAbs, including single and dual formats (i.e.

dAb-linker-dAb)).

[0094] Alternatively, a first binding agent may comprise or

consist of antibody-like binding agents, for example affibod-

ies or aptamers.

[0095] In one embodiment, the one or more biomarkers

selected from the group defined in Table 1 are labelled with a

detectable moiety. Preferably, all of the organic molecules of

the sample are labelled with a detectable molecule.

[0096] By a“detectable moiety” we include a moiety which

permits its presence and/or relative amount and/or location

(for example, the location on an array) to be determined,

either directly or indirectly. Suitable detectable moieties are

well known in the art. Preferably, the detectable moiety is



US 2013/0143760 Al

selected from the group consisting of a fluorescent moiety; a
luminescent moiety; a chemiluminescent moiety; a radioac-
tive moiety; an enzymatic moiety, a ligand moiety or a ligand
binding moiety.

[0097] For example, the detectable moiety may be a fluo-
rescent and/or luminescent and/or chemiluminescent moiety
which, when exposed to specific conditions, may be detected.
Such a fluorescent moiety may need to be exposed to radia-
tion (i.e. light) at a specific wavelength and intensity to cause
excitation of the fluorescent moiety, thereby enabling it to
emit detectable fluorescence at a specific wavelength that
may be detected.

[0098] Alternatively, the detectable moiety may be an
enzyme which is capable of converting a (preferably unde-
tectable) substrate into a detectable product that can be visua-
lised and/or detected. Examples of suitable enzymes are dis-
cussed in more detail below in relation to, for example,
ELISA assays.

[0099] Ina further embodiment, the detectable moiety may
be a radioactive atom which is useful in imaging. Suitable
radioactive atoms include **"Tc and '?*1 for scintigraphic
studies. Other readily detectable moieties include, for
example, spin labels for magnetic resonance imaging (MRI)
such as '**T again **'1, '**In, '°F, *C, **N, 170, gadolinium,
manganese or iron. Clearly, the agent to be detected (such as,
for example, the one or more proteins in the test sample and/or
control sample described herein and/or an antibody molecule
for use in detecting a selected protein) must have sufficient of
the appropriate atomic isotopes in order for the detectable
moiety to be readily detectable.

[0100] The radio- or other labels may be incorporated into
the proteins present in the samples of the methods of the
invention and/or the binding agents of the invention in known
ways. For example, if the binding agent is a polypeptide it
may be biosynthesised or may be synthesised by chemical
amino acid synthesis using suitable amino acid precursors
involving, for example, fluorine-19 in place of hydrogen.
Labels such as **™Tc, 121, 1R, **%Rh and '''In can, for
example, be attached via cysteine residues in the binding
moiety. Yttrium-90 can be attached via a lysine residue. The
IODOGEN method (Fraker et al (1978) Biochem. Biophys.
Res. Comm. 80, 49-57) can be used to incorporate **°I. Ref-
erence (“Monoclonal Antibodies in Immunoscintigraphy”,
J-F Chatal, CRC Press, 1989) describes other methods in
detail. Methods for conjugating other detectable moieties
(such as enzymatic, fluorescent, luminescent, chemilumines-
cent or radioactive moieties) to proteins are well known in the
art.

[0101] It will be appreciated by persons skilled in the art
that proteins in the sample(s) to be tested may be labelled with
a moiety which indirectly assists with determining the pres-
ence, amount and/or location of said proteins. Thus, the moi-
ety may constitute one component of a multicomponent
detectable moiety. For example, the proteins in the sample(s)
to be tested may be labelled with biotin, which allows their
subsequent detection using streptavidin fused or otherwise
joined to a detectable label.

[0102] In a further embodiment step (b) and/or step (d) is
performed using an array.

[0103] Arrays per se are well known in the art. Typically
they are formed of a linear or two-dimensional structure
having spaced apart (i.e. discrete) regions (“spots™), each
having a finite area, formed on the surface of a solid support.
An array can also be a bead structure where each bead can be
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identified by a molecular code or colour code or identified in
a continuous flow. Analysis can also be performed sequen-
tially where the sample is passed over a series of spots each
adsorbing the class of molecules from the solution. The solid
support is typically glass or a polymer, the most commonly
used polymers being cellulose, polyacrylamide, nylon, poly-
styrene, polyvinyl chloride or polypropylene. The solid sup-
ports may be in the form of tubes, beads, discs, silicon chips,
microplates, polyvinylidene difluoride (PVDF) membrane,
nitrocellulose membrane, nylon membrane, other porous
membrane, non-porous membrane (e.g. plastic, polymer, per-
spex, silicon, amongst others), a plurality of polymeric pins,
or a plurality of microtitre wells, or any other surface suitable
for immobilising proteins, polynucleotides and other suitable
molecules and/or conducting an immunoassay. The binding
processes are well known in the art and generally consist of
cross-linking covalently binding or physically adsorbing a
protein molecule, polynucleotide or the like to the solid sup-
port. Alternatively, affinity coupling of the probes via affinity-
tags or similar constructs may be employed. By using well-
known techniques, such as contact or non-contact printing,
masking or photolithography, the location of each spot can be
defined. For reviews see Jenkins, R. E., Pennington, S. R.
(2001, Proteomics, 2,13-29)and Lal etal (2002, Drug Discov
Today 15; 7(18 Suppl):S143-9).

[0104] The array may be a bead-based array. Typically, the
array is a surface-based array, for example a macroarray,
microarray or nanoarray, preferably an antibody array or an
antibody microarray.

[0105] Typically the array is a microarray. By “microarray”
we include the meaning of an array of regions having a
density of discrete regions of at least about 100/cm>, and
preferably at least about 1000/cm?. The regions in a microar-
ray have typical dimensions, e.g. diameter, in the range of
between about 10-250 pum, and are separated from other
regions in the array by about the same distance. The array may
alternatively be a macroarray or a nanoarray.

[0106] Once suitable binding molecules (discussed above)
have been identified and isolated, the skilled person can
manufacture an array using methods well known in the art of
molecular biology; see Examples below.

[0107] Ina still further embodiment step (b) and/or step (d)
is performed using an assay comprising a second binding
agent capable of binding to the one or more first binding
agent, the second binding agent having a detectable moiety.
Suitable second binding agents are described in detail above
in relation to the first binding agents.

[0108] Thus, the proteins of interest in the sample to be
tested may first be isolated and/or immobilised using the first
binding agent, after which the presence and/or relative
amount of said proteins may be determined using a second
binding agent.

[0109] Preferably, the second binding agent is an antibody
or an antigen-binding fragment thereof. Conveniently, the
antibody or fragment thereof is selected from the group con-
sisting of: scFv; Fab; a binding domain of an immunoglobulin
molecule. Suitable antibodies and fragments, and methods
for making the same, are described in detail above.

[0110] Alternatively, the second binding agent may be an
antibody-like binding agent, such as an affibody or aptamer.
[0111] Alternatively, where the detectable moiety on the
protein in the sample to be tested comprises or consists of a
member of a specific binding pair (e.g. biotin), the second
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binding agent may comprise or consist of the complimentary
member of the specific binding pair (e.g. streptavidin).
[0112] Where a detection assay is used, it is preferred that
the detectable moiety is selected from the group consisting of:
a fluorescent moiety; a luminescent moiety; a chemilumines-
cent moiety; a radioactive moiety; an enzymatic moiety, a
ligand moiety or a ligand binding moiety. Examples of suit-
able detectable moieties for use in the methods of the inven-
tion are described above.

[0113] Preferred assays for detecting serum or plasma pro-
teins include enzyme linked immunosorbent assays (ELISA),
radioimmunoassay (RIA), immunoradiometric assays
(IRMA) and immunoenzymatic assays (IEMA), including
sandwich assays using monoclonal and/or polyclonal anti-
bodies. Exemplary sandwich assays are described by David et
al in U.S. Pat. Nos. 4,376,110 and 4,486,530, hereby incor-
porated by reference. Antibody staining of cells on slides may
be used in methods well known in cytology laboratory diag-
nostic tests, as well known to those skilled in the art.

[0114] Thus, in one embodiment the assay is an ELISA
(Enzyme Linked Immunosorbent Assay) which typically
involves the use of enzymes which give a coloured reaction
product, usually in solid phase assays. Enzymes such as
horseradish peroxidase and phosphatase have been widely
employed. A way of amplifying the phosphatase reaction is to
use NADP as a substrate to generate NAD which now acts as
a coenzyme for a second enzyme system. Pyrophosphatase
from Escherichia coli provides a good conjugate because the
enzyme is not present in tissues, is stable and gives a good
reaction colour. Chemiluminescent systems based on
enzymes such as luciferase can also be used.

[0115] Conjugation with the vitamin biotin is frequently
used since this can readily be detected by its reaction with
enzyme-linked avidin or streptavidin to which it binds with
great specificity and affinity.

[0116] In an alternative embodiment, the assay used for
protein detection is conveniently a fluorometric assay. Thus,
the detectable moiety of the second binding agent may be a
fluorescent moiety, such as an Alexa fluorophore (for
example Alexa-647).

[0117] Preferably, the antibody or antigen-binding frag-
ment thereof is a recombinant antibody or antigen-binding
fragment thereof.

[0118] Inone embodiment the method of the first aspect of
the invention is an in vitro method. In an alternative embodi-
ment, the method of the first aspect of the invention is an in
vivo method.

[0119] A second aspect of the invention provides an array
for use in a method according to the first aspect of the inven-
tion, the array comprising one or more first binding agents as
defined above. Preferably, the array comprises one or more
binding agents capable of binding to a biomarker in Table.
More preferably, the array comprises binding agents capable
of’binding to a biomarker in Table 1(A), most preferably, to all
of the biomarkers in Table 1(a).

[0120] The array may additionally or alternatively com-
prise one or more binding agents capable of binding to a
biomarker in Table 1(B), for example, 2,3, 4,5,6,7,8, 9, 10,
11,12,13,14,15,16, 17, 18 or 19 of the biomarkers in Table
1(B). Hence, it is preferred that the array comprises binding
agents capable of binding to each of the biomarkers defined in
Table 1(A) and Table 1(B).

[0121] In addition, the array may comprise binding agents
capable of binding to one or more of the biomarkers defined
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in Table 1(C), for example, t0 2,3, 4, 5,6,7,8,9, 10, 11, 12,
13, 14 or 15 of the biomarkers in Table 1(C). Preferably, the
array comprises binding agents capable of binding to each of
the biomarkers defined in Table 1(C).

[0122] It will be appreciated by persons skilled in the art
that the array may comprise a plurality of different binding
agents capable of binding to the same biomarker selected
from the above groups of biomarkers.

[0123] Inone embodiment, the binding agents comprise or
consist of an antibody or antigen-binding fragment thereof,
such as a monoclonal antibody or a fragment thereof. The
antibody or antigen-binding fragment thereof may be a
recombinant antibody or antigen-binding fragment thereof.
[0124] The antibody or antigen-binding fragment may be
selected from the group consisting of intact antibodies, Fv
fragments (e.g. single chain Fv and disulphide-bonded Fv),
Fab-like fragments (e.g. Fab fragments, Fab' fragments and
F(ab), fragments), single variable domains (e.g. Vand V,
domains) and domain antibodies (e.g. dAbs, including single
and dual formats, i.e. dAb-linker-dAb). Preferably, the anti-
body or antigen-binding fragment is a single chain Fv (scFv).
[0125] Alternatively, the binding agent may comprise or
consist of an antibody-like binding agent, for example an
affibody or aptamer.

[0126] In one embodiment the binding agents are immobi-
lised. However, they may alternatively be non-fixed.

[0127] Inanother embodiment, the array comprises or con-
sists of at least 2 to 10 different binding agents (e.g. different
antibodies) for each of the biomarkers listed in Table 1(A)
and/or 1(B) and/or 1(C), for example at least 2-3, 2-4, 2-5,
2-6, 2-7, 2-8, or 2-9 different binding agent species for each
biomarker. Thus, the array may comprise or consist of at least
3 different binding agents for each biomarker.

[0128] Arrays suitable for use in the methods of the inven-
tion are discussed in detail above.

[0129] A third aspect of the invention provides the in vitro
use of a biomarker selected from the group of biomarkers in
Table 1(A) as a prognostic marker for determining risk of
recurrence and/or metastasis of breast cancer in a subject. In
one embodiment, the biomarker(s) is/are for use in combina-
tion with one or more additional biomarkers selected from the
group of biomarkers in Table 1(B) and/or 1(C). The use may
be in combination with all of the biomarkers from (i) Table
1(A) and/Table 1(B); (ii) Table 1(A) and Table 1(C); (iii)
Table 1(B) and Table 1(C); (iv) Table 1(A), Table 1(B) and
Table 1(C), or example, 1 or 2 of the biomarkers from Table
1(A), 1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14,15, 16,17, 18
or 19 of the biomarkers from Table 1(B) and/or, 1, 2, 3, 4, 5,
6,7,8,9,10,11,12,13, 14 or 15 of the biomarkers from Table
1(C).

[0130] Conveniently, the use comprises or consists of 3 or
more biomarkers selected from the group defined in Table 1,
for example, atleast 4, 5, 6,7, 8,9, 10, 11, 12,13, 14, 15, 16,
17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,
34, 35, 36, 37 or 38 biomarkers selected from the group
defined in Table 1. It is preferred that the use comprises or
consists of biomarkers comprising the group Apolipoprotein
A4 (APOA4), ATP synthase subunit beta, mitochondrial
(ATP5B), Bruton’s tyrosine kinase (BTK), Complement-1
esterase inhibitor (C1 esterase inhibitor), Complement factor
B (Factor B), CD40, Homeodomain transcription factor
CHX10 (CHX10), Interleukin-1c (IL-1ct), Interleukin-5 (1L.-
5), Interleukin-6 (IL-6), Interleukin-7 (IL-7), Interleukin-9
(IL-9), Interleukin-12 (IL.-12), Interleukin-13 (IL-13), Inter-
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leukin-18 (IL-18), TBC1 domain family member 9
(KIAA0882), Lewis™/CD15, Oxysterol binding protein-like 3
(OSBPL3), Monocyte chemotactic protein-1 (MCP-1), Sia-
Iyl Lewis™, Tumour necrosis factor-1 § (TNF-p).

[0131] A fourth aspect of the invention provides a kit for
determining the risk of recurrence of breast cancer in an
individual comprising or consisting of:

[0132] (i) one or more binding agents capable of binding
to a biomarker listed in Table 1(A) and/or 1(B) and/or
1(C); and

[0133] (ii) instructions for performing the method of the
invention.

[0134] Inoneembodiment, the kit further comprises one or
more second binding agents as defined above. Preferably the
kit also comprises or consists of:

[0135] (iii)) An array according the third aspect of the
invention; and

[0136] (iv) instructions for performing the method of the
invention.

[0137] In one embodiment, the kit comprises binding
agents capable of binding to each of the biomarkers defined in
Table 1(A) and/or 1(B) and may additionally comprise bind-
ing agents capable of binding to one or more of the biomar-
kers defined in Table 1(C).

[0138] Alternatively, the kit may comprise a plurality of
different binding agents capable of binding to the same biom-
arker selected from the group of biomarkers in Table 1(A)
and/or 1(B) and/or 1(C).

[0139] Inone embodiment, the binding agents comprise or
consist of an antibody or antigen-binding fragment thereof
such as a monoclonal antibody or a fragment thereof. Prefer-
ably the antibody or antigen-binding fragment thereof is a
recombinant antibody or antigen-binding fragment thereof.
[0140] Preferred, non-limiting examples which embody
certain aspects of the invention will now be described, with
reference to the following figures:

[0141] FIG. 1: SVM analysis for prediction of metastatic
breast cancer. (A) Analyte levels for samples collected at 3-6
months after surgery were compared to the samples taken at
the time of surgery. The differences in all analytes as identi-
fied on the arrays were fed to an SVM, which, using a leave-
one-out cross-validation procedure, was trained to classify
the patient as one that will develop metastatic cancer or one
who will not. The analysis yielded a ROC AUC 0f0.88. In the
heat map all analytes displaying a Wilcoxon p-value of <0.05
are shown, with red meaning increase and green decrease,
regarding biomarker velocity. (B) The same SVM analysis,
but using analyte velocity comparing samples taken at the
time of surgery to samples taken 12 months after surgery. This
analysis resulted in a ROC AUC of 0.75.

[0142] FIG. 2: Analysis of false discovery rate and analyte
velocity. (A) The number of patients with higher biomarker
signal for the second sample was identified for each antibody.
The antibodies was sorted accordingly and plotted (red), with
the antibody with increasing signal in the fewest patients to
the left. The first and second sample was then randomly
recombined, treating the second sample as the first and vice
versa for a random set of patients. The number of patients
with higher signal in the “second” sample was again identi-
fied, to achieve an estimation of the false positive rate (FPR)
of the analysis. This procedure was repeated 10,000 times.
The blue color describes how common a certain number of
patients with increasing signal were for each antibody rank
during the permutation of the randomly recombined dataset;
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white indicated non-existing and dark-blue the most com-
mon. The average value for each antibody rank is plotted as a
yellow line. From this analysis it is evident that the true
combination of the first and second sample gives a result that
clearly diverges from the yellow line describing the FPR, not
only in the tails of the plot, but even more so in the middle,
indicating a general up-regulation. Plots showing the velocity
for, (B) Lewis x; (C) IL-16; and (D) CD40, during the first3-6
months after surgery, respectively. The signal velocity for
these analytes was clearly positive for patients eventually
developing metastatic breast cancer.

[0143] FIG. 3: Pre-validation of classification of patients
into high or low risk for breast cancer reoccurrence. An SVM
was trained on the discovery dataset and tested on the pre-
validation dataset, using (A) Antibody array data derived
from the 21 biomarker signature generated, using backward
elimination, as described in the Supplementary Materials and
Methods. The ROC AUC for this classification was 0.85; (B)
An SVM was trained using conventional clinical data (yel-
low) giving a ROC AUC=0.66, whereas the combination of
the 21 biomarker signature and conventional clinical param-
eters (red) resulted in a ROC AUC=0.90, demonstrating the
added value in the array data.

[0144] FIG. 4: Chemotherapy was found not to be a con-
founding factor for our candidate biomarker signature. The
SVM decision values for all the patients are plotted and
patients receiving chemotherapy during the first 3-6 months
are indicated by arrows. When dividing the patients in to risk
groups based on the SVM decision value, 72% of patients in
the high-risk group (red) later developed metastasis, and only
15% in the low-risk group (blue). When correlating the result
to which patients that was given adjuvant treatment (black
arrows), it was evident that this factor did not bias the analy-
sis, with 5/18 and 7/20 in the high- and low-risk group,
respectively.

[0145] FIG. 5: Backward variable elimination. In order to
reduce the number of antibodies used for the classification we
combined the above leave-one-out procedure with a back-
ward elimination process for the antibodies. This process also
produced a ranking of the antibodies allowing low ranks to be
assigned to randomly correlated antibodies.

EXAMPLES

Introduction

[0146] Inorderto define predictive serum biomarkers asso-
ciated with tumor relapse in breast cancer, we hypothesized
that decoding patterns of low-abundant immunoregulatory
serum proteins could reveal important information about the
risk of recurrence. Consequently, utilizing state-of-the art
recombinant antibody array technology capable of analyzing
large numbers of low-abundant protein analytes, using only
minute amounts of non-fractionated serum (10), we screened
patient samples collected over a three year-period. The
samples were collected from breast cancer patients before
resection of the primary tumor and then every 6-12 months,
resulting in up to 5 samples/patient. By analyzing the veloc-
ity, i.e. change over time, of the markers, information indica-
tive of the patients risk to develop metastasis could be
extracted.

[0147] This study demonstrates, for the first time, that a
simple blood sample harbors predictive information of sys-
temic tumor recurrence in breast cancer patients, which could
allow for new possibilities in therapy selection. Furthermore,
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in terms of performance, it brings substantial added value to
clinical predictors derived at the time of primary surgery.

Materials & Methods

Samples and Array Analysis

[0148] Serum samples were collected from two indepen-
dent cohorts of patients, denoted as the discovery cohort and
the pre-validation cohort (Table 3). In the discovery cohort,
samples were collected from 38 patients diagnosed with pri-
mary breast cancer. Written informed consents were collected
during the pre-operative visit at the Department of Surgery
(Lund University Hospital, Lund), when also the serum
samples were collected. Time and date were recorded when
the blood samples were drawn. Serum were stored at —-80° C.,
labeled with serial codes to enable blinded analyses. For the
majority of the patients, the preoperative visit took place less
than a week before the surgery. Blood was drawn a second
time at the first follow-up (3-6 months) and then approxi-
mately every 12 months for three years. This study was
approved by the Regional Ethical Committee (Lund, Swe-
den). In the pre-validation cohort, serum samples were
drawn, as described for the discovery cohort, from 26 new and
independent breast cancer patients. The patients that did not
develop distant recurrence were followed up to 7 years (Table
3).

[0149] The recombinant antibody microarray platform
contained 135 antibodies against 65 different antigens, i.e. for
quality assurance we utilized 2-5 different antibody clones
against the majority of antigens (Table 4). The microarray
analysis, including sample preparation, antibody production,
array fabrication and normalization, is described in detail (10,
11).

[0150] To be able to compare the prediction for distant
recurrence, using conventional clinical parameters, we
assigned each of the available parameters with numeric val-
ues, where premenopausal/postmenopausal status, ER &
PgR-negative/positive, ductal/lobular type, and lymphnode
status were set to —1 or 1, respectively. Furthermore, histo-
logical grade I, Il or [Tl was setto —1, 0 or 1, whereas the tumor
size was continuously graded from -1 to 1. A support vector
machine (SVM) was then trained on the discovery dataset,
using either the conventional clinical data, or a combination
of the clinical and microarray data.

Data Analysis Using the Support Vector Machine

[0151] A SVM was employed to classify the samples as
belonging to one of two defined groups, using a linear kernel
with the cost of constraints set to 1. No attempts were made to
tune it in order to avoid the risk of over-fitting. The log
differences between signals for samples collected at the time
of operation and between three to six months later was cal-
culated for each patient, and used to train and test the SVM
classifier, using leave-one-out cross-validation. This training
part, using the discovery cohort, included the creation of an
antibody sub-panel by selecting antibodies that, in the train-
ing-set, displayed the highest combined discriminatory
power. This selection of antibodies was made, using a cross-
validated backward elimination strategy. Using this
approach, we compiled a list of 21 antibodies with the highest
scores (Table 1(A) and (B)) and trained a final SVM model,
now termed frozen. The SVM parameters derived from the
training are shown in Table 2.

Jun. 6, 2013

[0152] During the pre-validation, serum samples from 26
new independent breast cancer patients (pre-validation
cohort) were analyzed and tested, using the analyte velocities
in the previously frozen SVM classifier.

Sample Preparation

[0153] The serum samples were biotinylated, using a pro-
tocol previously optimized for labeling the serum proteome
(10). All serum samples were labeled, using EZ-Link Sulfo-
NHS-LC-Biotin (Pierce, Rockford, I11., USA), as previously
described (10). Briefly, 50 pl serum aliquots were centrifuged
and diluted 1:45 in PBS, resulting in a final protein concen-
tration of about 2 mg/ml. Sulfo-NHS-biotin was then added to
a final concentration of 10 mM and the samples were incu-
bated on ice for 2 h. Unconjugated biotin was removed by
dialysis against PBS at 4° C. for 72 h. Finally, the samples
were aliquoted and stored at —20° C. prior to use.

Production and Purification of Recombinant Antibody
Fragments

[0154] One hundred thirty five human recombinant scFv
antibody fragments were selected against 65 antigens, mainly
against immunoregulatory factors, using the n-CoDeR phage
display library (25) (Table 4). The selection criteria were
stringent, using standard operating procedures, to ensure the
correct antibody specificity. All scFv probes were produced in
100 ml E. coli cultures, and purified from either expression
supernatants or periplasmic preparations, using affinity chro-
matography on Ni-NTA agarose (Qiagen, Hilden, Germany).
Elution was performed, using 250 mM immidazole, followed
by extensive dialysis with PBS. The protein concentration
was determined by measuring the absorbance at 280 nm, and
the purified scFv was stored at 4° C. until further use.

Fabrication and Processing of Antibody Microarrays

[0155] The production and handling of the antibody
microarrays was performed according to a previously opti-
mized set-up (10, 25). Briefly, the scFv microarrays were
fabricated, using a noncontact printer (Biochip Arrayer1, Per-
kin Elmer Life & Analytical Sciences, Wellesley, Mass.,
USA), which deposits approximately 330 pL/drop, using
piezo technology. The scFv antibodies were arrayed by spot-
ting 2 drops at each position, where the first drop was allowed
to dry out before the second drop was dispensed. The solid
support was the black polymer MaxiSorp microarray slides
(NUNC A/S, Roskilde, Denmark) and each antibody was
arrayed in eight replicates to ensure adequate statistics. To
assist in the grid alignment during the subsequent quantifica-
tion, a row containing Alexa647 conjugated streptavidin (2
ng/ml) was spotted as the top row in all eight subarrays that
constituted the array. The slides were blocked with 5% (w/v)
fat-free milk powder (Semper AB, Sundbyberg, Sweden) in
PBS overnight and then placed in a Protein Array Workstation
(PAW) (Perkin Elmer Life & Analytical Sciences) where they
were washed for four minutes at 60 pul/min with 0.05%
Tween-20 in PBS (PBS-T). Thereafter, 75 ul of the sample
was injected and allow to agitated over the array every 15
seconds, for 60 minutes. After another four-minute wash, the
arrays were incubated for 60 minutes with 350 pl of 1 pg/ml
Alexa-647 conjugated streptavidin in PBS, with 1% (w/v)
fat-free milk powder and 1% Tween 20. Finally, after a last
washing step, the arrays were dried under a stream of nitrogen
gas, and scanned with a confocal microarray scanner (Sca-
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nArray Express, Perkin Elmer Life & Analytical Sciences) at
5 um resolution, using three different scanner settings.

[0156] The ScanArray Express software version 4.0 (Per-
kin Elmer Life & Analytical Sciences) was used to quantify
the intensity of each spot, using the fixed circle method. The
local background was subtracted, and to compensate for pos-
sible local defects, the two highest and lowest replicates were
automatically excluded. In all further data analysis, each data
point represents the mean value from the remaining four
replicate spots. For protein analytes displaying saturated sig-
nals, values from lower scanner settings were used.

Microarray Data Normalization

[0157] Chip-to-chip normalization of the data set was per-
formed, using a semi-global normalization approach, similar
to the normalization method used for DNA microarrays. To
find a scaling factor (7, 11, 27), the coefficient of variation
(CV) was calculated for each antibody, and the 15% of anti-
bodies displaying the lowest CV-values over all samples were
identified, corresponding to 20 analytes. The normalization
factor Ni was calculated by the formula N,=S/, where S, is
the sum of the signal intensities of the 20 analytes for each
sample, and p is the average of S, from all samples. To nor-
malize samples, all antibody intensities in a sample were
divided with its normalization factor N,.

Data Analysis

Classifier Calibration and Independent Testing

[0158] In order to reduce sample-to-sample variations, dif-
ferences between t=0 and t=3-6 months protein expressions
were used, as independent variables for an SVM classifier. We
trained and tested SVMs with a leave-one-out procedure,
using N=38 samples and initially all M=135 variables. Since
the number of antibodies exceeded the number of samples,
we needed to eliminate those antibodies with low impact on
the predictions in order to avoid fitting to noise due to random
correlations. This was done for every leave-one-out sample
using a backward elimination procedure. Performance was
measured with the ROC (Receiver Operating Characteristics)
area. The ranked antibody lists resulting from each SVM
model were then fused into a consensus signature. The latter
was then used with a frozen SVM on an independent test set.
Below, the different steps are described in some detail and the
full procedure is summarized in FIG. 5.

Leave-One-Out Procedure

[0159] The principle for the procedure is to, for N samples
belonging to two classes, train and test an SVM using leave-
one out cross validation, i.e. to train the SVM on all but one
samples, and to test the resulting model using the left out
sample. The test sample is assigned a decision value using the
trained SVM model, and is put back into the training set after
which the next sample is left out to be used as a test sample.
The procedure is repeated until each sample has been
assigned a decision value once using all other samples as
training set. The decision values for all samples are used to
create a ROC curve, and the area under the curve is calculated.
The obtained area serves as an estimation ofthe expected area
for this sample set.
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Backward Variable Elimination

[0160] Inorder to reduce the number of antibodies used for
the classification we combined the above leave-one-out pro-
cedure with a backward elimination process for the antibod-
ies. This process will also produce a ranking of the antibodies
with the purpose of assigning low ranks to randomly corre-
lated antibodies.

[0161] The process is described in FIG. 5, to which refer-
ences here are made as step 1-7. Starting with M antibodies,
M datasets are created where each dataset has one antibody
replaced with a constant value, which is the average value of
that antibody across all samples (step 1). To evaluate each
antibody’s importance for classification in the current
dataset, a SVM leave-one-out procedure (as described above)
is made for each of the M datasets. Subsequently, M ROC
curves are created using the SVM output, and the dataset from
which the ROC area generated had the smallest decrease
(could be negative) compared to the original is identified. The
antibody set to a constant value in that dataset is identified and
eliminated (step 2). The datasets now contain M-1 antibodies
and, M-1 new datasets are therefore created, all having one of
the remaining antibodies replaced with the its average. The
leave-one-out testing procedure together with the SVM
evaluation using constant antibodies is repeated, eliminating,
in effect, the next antibody carrying the least information. The
procedure is continued until only one antibody remains,
resulting in a rank order for each antibody’s importance in the
classification of the samples currently in the dataset (step 3).
This information can then be used to build antibody sub-
panels of any desired length (step 4). To evaluate the predict-
ing power of such an antibody panel, it is not possible to test
a new model using the same samples in an unbiased way.
Furthermore, random correlated antibodies may still obtain a
high rank. Therefore, an additional leave-one-out loop (step
5a) is added where one sample is removed before the initia-
tion of the backward elimination procedure, which hence can
be used as a test sample (step Sb). This outermost loop is
iterated leaving each sample as a test set once, and the remain-
ing samples to produce an antibody rank list. This rank list
will then be used to pick a sub-panel of antibodies with the
highest rank, and train a single SVM model, which is tested
on the test sample. The result of the outermost leave-one-out
process is a list of decision values for all samples, for any
given sub-panel length. The corresponding ROC area serves
as a test of the performance using antibody sub-panels of the
given size, which can be used to estimate the number of
antibody required to make an adequate classification in the
dataset.

Consensus Antibody Signature

[0162] The backward elimination procedure results in the
same number of antibody rank lists as the number of samples.
To produce a single ranking order, the information from each
run is concatenated into a consensus list by assigning each
antibody a score (step 6) based on its average survival in the
elimination rounds, where the antibody with the highest aver-
age survival is ranked as the most important. Finally, a new
SVM was trained, using the 21 antibodies with the best
scores, and tested on the new, independent, dataset (step 7).
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Results

[0163]
Relapse
[0164] In an attempt to identify a serum biomarker signa-
ture that was predictive of distant recurrence in breast cancer,
we collected samples from patients with primary breast can-
cer over a three year period. Finding a powerful classifier for
metastatic disease by comparing the absolute serum protein
(analyte) levels from the samples collected at the time of
primary surgery was not successful, as was evident by a ROC
area under the curve (AUC) of 0.54 (data not shown). Con-
sequently, instead of comparing the absolute levels of the
analytes, we analyzed the velocity which was defined as the
log change for each analyte between the first serum sample
drawn pre-operative and each consecutive sample from each
patient over the three year period. Next, we fed the SVM the
direction, i.e. up or down regulation and the magnitude of the
change over time. The classifier allowed a stratification of
patients into high vs. low risk for tumor recurrence with a
ROC AUC of 0.88 (FIG. 1A), using serum samples collected
3-6 months after surgery. Hence, this approach based on
biomarker velocity, demonstrated that there was enough
information in the data set to identify a candidate biomarker
signature that allowed a classification of patients and to iden-
tify a high-risk group for developing a distant tumor relapse
within the three years.

[0165] Adopting the same strategy but instead using the
samples collected at 12 months after surgery, we found a
similar qualitative result but with a decreased prediction
power, as illustrated by a ROC AUC of 0.75 (FIG. 1B). This
trend could not be followed further, using samples collected
at 24 and 36 months, since the patient cohort diagnosed with
no metastatic disease was too small for a statistically relevant
analysis.

[0166] Analyzing all analytes (FIG. 2A), it was evident that
increasing analyte velocities for metastatic patients during
this period were clearly over-represented, while the opposite
is true for non-metastatic patients. When the predictive biom-
arker signature was analyzed in more detail, Lewis x (p=0.
0005), IL-16 (p=0.002) and CD40 (p=0.0003) were shown to
differ the most between recurring vs. non-recurring breast
cancer patients, during the first 6 months after surgery, as
determined by Wilcoxon signed-rank test. In FIG. 2B-D, we
show the dynamics for these three analytes, where it was
evident that a significant increase during these first months
after surgery was more frequent for patients developing a
distant tumor relapse at a later time point.

Pre-Validation of the Biomarker Signature Derived from the
Discovery Cohort

[0167] To test the strength of the classification derived from
the discovery cohort of 38 patients, we first condensed the
total number of analytes down to the 21 non-redundant biom-
arkers contributing the most to the classification of metastatic
relapse, using a backwards elimination strategy. The second
independent patient cohort, denoted the pre-validation
cohort, comprised of another 26 patients, of which 50%
developed a distant breast cancer relapse within the three year
period the studied lasted. Two serum samples were analyzed
from each of the 26 new patients, the first collected at time of
initial tumor resection and the second after 3 to 6 months,
following the same procedure as for the discovery cohort.
Consequently, 52 samples were processed with our antibody
microarray platform, as described above, and the velocity of
each biomarker was determined.

Serum Biomarker Signature Associated with Tumor
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[0168] Theclassifier, consisting of the 21 most contributing
biomarkers derived from the discovery cohort, allowed a
stratification of patients into high vs. low risk for tumor recur-
rence with a ROC AUC of 0.85 in the independent, pre-
validation cohort (FIG. 3). Of note, previously defined cancer
associated biomarker signatures only overlapped to 30% with
the present 21 biomarkers (7, 9, 11). Consequently, our pre-
dictive signature did not reflect a general inflammatory
response (14).

The Effect of Adjuvant Chemotherapy on the Classification
into High or Low Risk Groups

[0169] To test if the classification, as displayed in FIG. 1,
was dependent on the therapy received by the patients in the
discovery cohort, we analyzed the eftect of adjuvant chemo-
therapy on the classification into high or low risk of breast
cancer recurrence. In FIG. 4, the SVM decision values for all
patients and patient receiving chemotherapy, during the first
3-6 months, are indicated by arrows. No stratification of the
individual chemotherapy receiving patients could be
detected. Similar results were obtained when patients receiv-
ing adjuvant endocrine treatment were analyzed (data not
shown). Hence, the classification into high and low risk
groups for distant tumor relapse was not biased by a particular
adjuvant therapy. Interestingly, since a few patients that
received chemotherapy still after 6 months were classified as
belonging to the high risk group, any beneficial effect of that
particular therapy could not be demonstrated. Consequently,
based on the molecular portrait derived from our microarray
analysis these patients could be selected for another treatment
regime.

Molecular Biomarker Signature Vs. Conventional Diagnostic
Parameters

[0170] The power of molecular diagnostics has sometimes
been questioned in particular in relation to the conventional
clinical parameters (12), such as lymph node status, tumor
size, histological grade, and oestrogen receptor (ER) and
progesterone receptor (PgR) status. It is therefore essential to
compare our serum predictor with the performance of predic-
tors based upon such clinical markers. Utilizing the combi-
nation of conventional parameters, we compared them to our
serum biomarker signature, which displayed a ROC AUC of
0.85 (FIG. 3A). Two additional SVM models were trained on
the discovery dataset, using the clinical data and a combina-
tion of the clinical and microarray data, respectively.

[0171] The models were tested, using the patients in the
pre-validation cohort, and the result was displayed as ROC
curves. The ROC AUC for the predictor, using the conven-
tional clinical parameters, was 0.66. Consequently, we
achieved a significantly improved predictive power when
using the molecular signature, based on analyte velocities. Of
note, when we combined the conventional clinical parameters
with our 21 biomarker signature and used both these as an
approach for risk classification, we obtained a ROC AUC of
0.90 (FIG. 3B). Consequently, the two different sets of vari-
ables did not contain overlapping information with respect to
the clinical outcome, as evident by a Pearson correlation
analysis, which showed that the analyte velocities had very
weak correlations (=0.35) with the conventional clinical
markers. This supports the fact that our protein serum
approach contained unique information not present in con-
ventional markers, which was in contrast to correlations
observed between clinical markers and gene microarray pro-
filing (12).



US 2013/0143760 Al

[0172] To further compare our data with available decision
making tools, we investigated Adjuvant online (www.adju-
vantonline.com), which estimates the risk for tumor relapse in
breast cancer. The patient age, ER status, tumor grade, tumor
size and the number of positive nodes were entered online and
the calculated risk for relapse within ten years was recorded
for each patient. The patients were then sorted according to
their estimated risk and, using the true outcome for the
patients in relation to distant recurrence, a ROC displaying an
AUC of 0.60 was generated. This is in agreement with the
AUC of 0.66 given by our analysis, based on conventional
clinical parameters, although the disease-free follow up time
was seven years in our pre-validation cohort.

Discussion

[0173] Breast cancer patients are treated with either local
regional therapy or by the addition of systemic chemo, hor-
monal or biological therapies, resulting in improved clinical
outcome, but also in a considerable over-treatment, with side
effects for the patients and costs for health care providers.
Prognostic parameters are consequently needed to stratify
patients into different risk groups, which would aid in taking
rational treatment decisions. Furthermore, predictive param-
eters for monitoring disease progression and therapy efficacy
would be highly desirable, since it would allow patient based
selection of adjuvant therapies and avoidance of over treat-
ment. Today, patients with the same stage of disease can have
completely different responses to therapy and overall sur-
vival, pointing to the fact that traditional parameters fail to
accurately classify breast cancer patients, according to their
clinical need.

[0174] Recent progress in gene expression profiling has,
however, resulted in promising results for predicting the clini-
cal outcome of breast cancer (5, 6), predict risk of developing
local recurrence after breast-conserving surgery (14), as well
as to earlier diagnosis of breast cancer (15). Since prediction
of clinical outcome of breast cancer, based on gene expres-
sion profiles, requires presence of the tumor, gene based
approaches do not allow for continuous disease monitoring
and assessment of treatment efficacy after the initial tumor
resection. For such purposes, the preferred choice of sample
would be serum, which due to technical limitation has not
been possible to analyze, using traditional proteomic
approaches (16).

[0175] We have designed a recombinant antibody microar-
ray platform (21-23), displaying high sensitivity and repro-
ducibility and focused on serum proteins associated with the
immune system. This affinity proteomics approach has
recently already allowed the identification of several serum
biomarker signatures distinguishing between different cancer
indications and healthy individuals (7, 8, 11), demonstrating
the power of the platform.

[0176] In an attempt to investigate if the information tran-
siently stored in serum could be deciphered and aid in the
management of breast cancer, we screened in total 64 patients
with primary breast cancer and in total a few hundred serum
samples for molecular portraits associated with the risk of
develop distant tumor recurrence. Comparing samples col-
lected over a three year period we could not decipher molecu-
lar patterns in the serum proteome, using static analyte levels,
which indicated that the signals were either too weak, parallel
instead of orthogonal variability vectors, or non-existing.
[0177] However, when analyzing the change in analyte
intensity over time we could classify patients into a high and
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low risk group for developing metastatic breast cancer, within
the period of the study. It was clear that during the first 3-6
months the discriminatory biomarkers increased in analytic
intensity if a patient belonged to the high risk group and vice
versa for the low risk patients. Most previous clinical pro-
teomic studies are limited by the fact that only one cohort of
patient is used to discover potential biomarker, and to circum-
vent this bottleneck we used a second, independent, cohort to
test the ability to risk classify patients. For this purpose we
first condensed the number of analytes used to pre-validate
our candidate biomarker signature, using the unbiased back-
ward elimination strategy. This resulted in the most discrimi-
natory signature, which would not have been the case if only
biomarkers with the lowest p-values were selected.

[0178] After condensation to 21 markers, we analyzed the
test cohort and could classify the patients into high and low
risk for developing metastatic breast cancer with a ROC AUC
of 0.85. This decrease of predictive power was expected,
since biomarkers always perform better in the data set from
which they were derived. Still, a ROC AUC of 0.85 is the first
demonstration that the information content harbored in a
serum sample could be decoded, using an antibody microar-
ray, which paves the way for developing a more personalized
approach to the treatment of breast cancer patients. Of note,
the signature did not seem to be affected by the therapy
received by the patients, e.g. chemotherapy did not influence
the stratification of patients. This observation (FIG. 4) also
demonstrated the need for an accurate prediction of meta-
static breast cancer, since several of the patients in the high-
risk group might have benefitted from an other adjuvant treat-
ment, just as some of the patients in the low risk group might
have been over-treated.

[0179] To have a clinical impact, the serum based biomar-
kers have to outperform the traditional prognostic markers,
such as clinical (age), histopathological (histological grade,
lymph node status, tumor size) and hormone receptor status
(ER, PgR) (14). Existing, pre-calibrated predictors based
upon such markers cannot be used straightforwardly in this
case, as they typically assume longer relapse times than the
ones involved in our study and would be disfavored in a
comparison. Therefore we assessed the predictive power of
the traditional parameters by training and blind testing, using
an SVM with these markers as input values. We demonstrated
that even their combined power, represented by a ROC AUC
0.66, was significantly less than our pre-validated serum
biomarker signature. This supports our hypothesis that there
was enough information harbored in serum that could be
deciphered, using a suitable technology, for disease predic-
tion.

[0180] Interestingly, when we combined the traditional
clinical parameters with our 21 biomarker signature, the pre-
dictive power increased resulting in an even more improved
ROC AUC of 0.90, strongly suggesting that the serum mark-
ers provided added value. The present analysis was based
upon 65 distinct analytes (Table 4) and, inspired by the
present study, we will design an extended breast cancer chip
able to analyze more serum proteins in larger patient cohorts,
in order to further refine the biomarker signature and conse-
quently increase its predictive power.

[0181] The biomarker signature that could classify patients
into low or high risk for developing distant recurrence in
breast cancer could, in a clinical setting, be used together with
a biomarker signature associated with already diagnosed
metastatic breast cancer (11). That signature (11) was based



US 2013/0143760 Al

on eight biomarkers and has been shown to give a ROC AUC
01 0.85 in an independent test cohort from the present study
(data not shown). Consequently, a potential clinical applica-
tion could be that after a risk assessment is performed on the
patient at the first visit (3-6 months) after operation the sig-
nature associated with established metastatic breast cancer
could be used to follow the patients over several years and
monitor their molecular serum portraits to function as an
early warning signal of tumor relapse. This has of course to be
validated in larger prospective studies, but indicate a potential
way forward towards a more personalized approach in breast
cancer therapy.

[0182] In conclusion, we have demonstrated that a simple
blood test harbor enough information to allow a risk assess-
ment of the probability to develop metastatic breast cancer,
after primary operation, using affinity proteomics.
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TABLE 1

Biomarker name Exemplary sequence(s)

(A) Core biomarkers

Apolipoprotein A4 (APOA4)
ATP synthase subunit beta,
mitochondrial (ATP5B)

(B) Preferred biomarker signature

P06727
P06576

Bruton’s tyrosine kinase (BTK) Q06187
Complement-1 esterase inhibitor P05155
(C1 esterase inhibitor)

Complement factor B (Factor B) P00751
CD40 Q6P2H9
Homeodomain transcription P05155
factor CHX10 (CHX10)
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TABLE 1-continued TABLE 1-continued
Biomarker name Exemplary sequence(s) Biomarker name Exemplary sequence(s)
(C) Optional additional biomarkers

Interleukin-1a (IL-1a) P01583
Interleukin-5 (IL-5) BC066282, CH471062, P05113 Integrin alpha-10 Hs.158237
Interleukin-6 (IL-6) P05231 p-galactosidase P16278
Interleukin-7 (IL-7) AK226000, AB102893, AB102885, CD40 ligand P29965

P13232 Eotaxin P51671

Glucagon-like peptide-1 receptor P43220
Interleukin-9 (IL-9) P15248 (GLP-1R)
Interleukin-12 (IL-12) 060595 Interleukin-1f PO1584
Interleukin-13 ([L-13) 35223 %mer}eﬁ%n_g 2?5672030827 CR623683, DQ83727
. nterleukin- > > >
Interleukin-18 (IL-18) Q14116 DQ890S64, P10145
TBC1 domain family member 9  Q6ZT07 Interleukin-10 22301
(KIAA0882) Interleukin-16 QO5BES6, Q8IUU6, B5STY35
Lewis™/CD15 [Not applicable] ﬁCP"‘ in2 (MYOM2) 1(3594?269166
L P yomesin-
Oxysterol binding protein-like 3 C9JEF2, C9JZ19, Q9HALS5, C9I8P4 Rontes P13501
(OSBPL3) Transforming growth factor-p PO1137
Monocyte chemotactic protein-1 P13500 (TGF-p1)
(MCP-1) Regulaltor o3f ];1(()[1}5;;1;; ) QOVAK7
. . x . transcripts
Sialyl Lewis Carbohydrate structure [Not applicable] Interloukin4 PO5112
Tumour necrosis factor-1 p P01374 Interleukin-1ra P18510
(TNF-B)
TABLE 2

The following parameters were obtained using the e1071 1.5-24 SVM, available from http://cran.r-project.org/web/packages/e1071/index.html.

S$type

[0
$kernel
[0

$cost

M1
$degree
[3
$gamma
[1] 0.04761905
$coefd
[0

$nu

[]0.5
$epsilon
[170.1
$sparse

[1] FALSE
$scaled

[1] TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE

$x.scale

$x.scale$ ‘scaled:center’

IL.7..1. TNFE.b..2. EG7.141932.CHX10 BTK CD40.4. EG22.260123.APOA4
0.6093909 0.4888461 0.5194064 0.3885171 0.4091274 0.5693457

EG23.252478. KIAA0882 EG25.252336.antiMCL  EG9.350100.ATP5B EI Factor.B..2.. IL.12.3.
0.4535247 0.5956616 0.5668468 0.5194224 0.5307535 0.4051029

IL.13..3. 11..18..1. IL.1a..3. 1L.5..2. IL.6..1. 1L.9..2.
0.5284938 0.4075885 0.5941146 0.5428361 0.3743462 0.5567893
Lewisx..l. MCP.1..3. Siallex

0.5204801 0.5608207 0.5048063

$x.scale$ scaled:scale’

IL.7..1. TNEb..2. EGT7.141932.CHX10 BTK CD40.4. EG22.260123.APOA4

0.2234510 0.2340201 0.2253392 0.1617694 0.2003829 0.1947099

EG23.252478. KIAA0882 EG25.252336.antiMCL  EG9.350100.ATP5B EI Factor.B..2.. IL.12.3.
0.1673467 0.2073111 0.2686860 0.2275948 0.2338916 0.1468782

IL.13..3. 11..18..1. IL.1a..3. 1L.5..2. IL.6..1. 1L.9..2.
0.2020372 0.1715512 0.2541235 0.2015772 0.2359194 0.2176524
Lewisx..l. MCP.1..3. Siallex

0.2520771 0.2209286 0.2607917

$y.scale

NULL

$nclasses

[ 2

$levels

[1] “DistantMet” “NoDistantMet” “rest”

$totnSV
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TABLE 2-continued

The following parameters were obtained using the e1071 1.5-24 SVM, available from http://cran.r-project.org/web/packages/e1071/index.html.

[1]16
$nSV
[1]511
$labels
[]12
$SV

1L.7..1. TNE.b..2. EG7.141932.CHX10 BTK CD40.4. EG22.260123.APOA4 EG23.252478. KIAA0882
BC104 -1.72878005 0.16404151 0.08194673 -1.4821892 —0.20945935 —0.008551152 0.56474259
BC152 -1.18673489  0.16789721 -0.37353361 —0.2558364 —-0.07045099 —0.300217895 —0.13423148
BC156 1.07470984 -1.25840379 0.14648518 0.5124307 0.43604106 0.701639774 0.30184949
BC224 -0.38641301 -0.38465450 0.58904238 -0.2198718 0.18262343 0.971031555 0.51977281
BC70 0.49494080  0.02968846 —-0.02105569 1.4284150 0.55805233 1.001445091 -0.17663963
BC119 0.68089956 -0.26970554 0.01709544 1.2594195 0.80095567 0.985860689 0.32059607
BC123  -1.47972460 -0.64487597 0.23352593 -2.4016723 -0.30192272 —0.613369998 1.31842626
BC162 0.08652534 -0.49958930 —0.62779888 0.4662603 -1.62702240 -1.265192129 —0.63413299
BC212 -0.25019319  0.62731854 -0.15142958 —1.3452997 —2.04172864 —0.862262747 0.12307725
BC41 -0.56280296 -0.20014615 0.81993713 -0.2446241 0.40022261 1.011699296 1.81890868
BCc44 0.34946805 -0.35003605 —0.28882815 -0.2513542 0.43765530 —0.729949938 —-0.31092196
BC57 1.07732967 1.42323505 2.12950113 -0.4789719 0.67120469 1.438276723 3.26552710
BC82 —0.85194455 -0.02634785 -0.07671850 -1.0847651 0.29761712 —-0.037555372 0.35122821
BC87 -0.09104134  0.55117224 —-0.21032290 0.3012652 0.24433613 —0.386117835 -0.71641769
BC92 0.61584785 1.38011151 0.70604393 0.1980872 037732185 0.401803985 0.01251850
BC98 —0.09870669 -2.08890693 0.53803970 -0.2163412 —0.79686632 0.438660744 0.50131918

EG25.252336.antiMCL  EG9.350100.ATP5B EI Factor.B..2.. 1L..12..3. IL.13..3. 11..18..1. IL.1a..3.
BC104 0.647552034 —0.06841983 —0.79806974 -0.4818731 -0.4980696 -1.00268354 -0.24927827 -0.3977183
BC152 -0.255316821 -0.81984741 -0.46271285 0.4618282 -0.3297756 -0.27851745 0.11636339 0.4584601
BC156 0.112261016 1.20529203 0.67424741 -0.8271355 0.6113120 0.25845095 -0.04614928 —-0.1349133
BC224 0.556924433 1.61211669 0.06826851 0.1333717 -0.4364411 -0.02215751 -2.37589954 0.3223370
BC70 0.309008339 0.52641522 1.03788753 1.6460879 0.8074381 0.58898984 0.39387896 1.1476412
BC119 0.962229843 0.60826765 0.62258224 -2.1781676 0.8169730 2.33375910 0.27336511 1.0704331
BC123 0.791827496 -0.24189341 —2.28222440 1.2468878 -2.7580871 -1.54337127 -0.71185770 -1.1497185
BC162 -1.026124999 -1.61374915 -0.73716455 -0.1773728 0.4033345 -0.86244597 -0.55776651 -0.9937919
BC212 -0.006164769 -0.02665158 -1.43219060  0.1276030 -0.3183847 -0.48332555 -0.04380831 —2.1500522
BC41 0.941110371 0.68983913 1.46753304  0.3906515 -0.3938307 -0.44744993 3.45326238 0.2856195
BCc44 —0.205794722 —-0.85059772 -0.41608430 -0.9024877 -0.3314940 -0.02539801 -0.48721493 0.4488824
BC57 1.931485894 0.94863487 —1.55045128 -0.7237189 -0.2999112 -1.32472302 -0.15814942 —0.7699348
BC82 —0.190928380 0.44597738 —0.23940059  0.2982282 -0.7716297 0.09473559 0.31271803 0.8128847
BC87 -0.673912564 —-0.43323779 0.94550916  0.8373675 1.0839010 -0.30577379 -0.39521361 0.7705388
BC92 0.340860075 0.69062228 —1.09554932  0.1361003 -0.3563486 0.08877688 —0.08982865 -0.1900476
BC98 —-0.334405791 0.86837302 -0.21731264  0.2780535 -1.1415435 2.18218964 -0.11678834 —-0.0551481

1L.5..2. IL.6..1. 1L.9..2. Lewisx..1. MCP.1..3. Sialle.x

BC104 -0.84185368 -0.03695358 -0.884569546  0.04913151 -1.1699038164 0.48580074
BC152 -0.95665226 -1.58675456 -0.859445462  0.19352752 -0.7047500356 0.40039174
BC156 048169777 -1.36041255  0.394145570 -0.72699766 0.1762927414 -0.78994670
BC224 -0.06663768 -1.35422913 -1.295940601 -2.06476589 1.1772446443 -0.17406871
BC70 030869312  0.60644973  0.881224796  0.45931367 1.7611954453 -1.03576811
BC119 0.21547230 -1.07250229  2.004479796 -1.73469677 1.4619597768 1.21056825
BC123  -1.75367819 -1.10930970 -2.558158402 -0.92230494 -1.8412777307 1.58508822
BC162 -0.96602749  0.69835443 -0.250338305 0.07699985  0.0406312609  1.57473207
BC212 -0.43269681 0.03655087 -1.532758825 0.19392949 -0.3019735097 0.81326702
BC41 0.77145772  0.60966231 -0.262739745 -0.19053962 0.2703781740 -0.06397621
BCc44 1.27502167  0.63585407  0.510734350 1.01036207 -0.7046768943  0.51387072
BC57 -1.08134602  0.41453433  0.007046511 -0.32801357 0.6285212119 -0.28667403
BC82 —0.40799788 -0.48090892 -0.275352403 -0.25212082 -0.3259224211 -0.18688331
BC87 -0.26220576 -0.96962268  0.729620447 -0.32483706 0.8884765739 -1.77813625
BC92 -0.31901322  0.64425431 -0.230280344 -0.10882989 0.0009727735 -0.49132772
BC98 0.07821912 -1.12818573  0.156899742 -1.38143674 -0.3223663269 0.66550080
$index
[11156151619 20232527 283035363738
$rho
[1]0.2847347
$compprob
[1] TRUE
$probA
[1] -1.094657
$probB
[1] 0.2128045
$sigma
[1]0
$coefs

[.1]
0.79306050
0.81101350
0.50522912
0.08584558

>

>

(L]
[2.]
[3.]
[4.]
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TABLE 2-continued
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The following parameters were obtained using the e1071 1.5-24 SVM, available from http://cran.r-project.org/web/packages/e1071/index.html.

[5] 0.62204473

[6,] -0.28084545

[7,] -0.43343460

[8,] -0.08939337

[9,] -0.04883494

[10,] —0.28094053

[11,] -0.19803954

[12,] -0.01242534

[13,] —0.40895362

[14,] -0.87795820

[15,] —0.14985990

[16,] —0.03650794
$na.action
NULL
$fitted
BC104 BC140 BC146
DistantMet DistantMet DistantMet
BC181 BC193 BC198
DistantMet DistantMet DistantMet
BC119 BC123 BC128

NoDistantMet ~ NoDistantMet ~ NoDistantMet

BC44 BC48 BCs57

NoDistantMet ~ NoDistantMet ~ NoDistantMet

BC92 BC98
NoDistantMet ~ NoDistantMet
Levels: DistantMet NoDistantMet rest

BC149 BC152 BC156
DistantMet DistantMet DistantMet
BC208 BC221 BC224
DistantMet DistantMet DistantMet
BC135 BC162 BC185
NoDistantMet NoDistantMet ~ NoDistantMet
BC62 BC66 BC74

NoDistantMet NoDistantMet ~ NoDistantMet

BC163 BC171 BC178
DistantMet DistantMet DistantMet
BC70 BC108 BC115
DistantMet NoDistantMet ~ NoDistantMet
BC212 BC217 BC41
NoDistantMet  NoDistantMet  NoDistantMet
BC78 BC82 BC87

NoDistantMet  NoDistantMet  NoDistantMet

TABLE 3

TABLE 4-continued

Patient demographics and clinical parameters

Summary of biomarkers analysed by the microarray

Antigen (no. of clones)

Discovery cohort Pre-validation cohort
Group Met Non Met Met Non Met
Number of patients 16 22 13 13
Disease-free follow-up — 4/14/4 — —/12/1
(3/5/7 years)®
Age 54 (14 52(12) 59 (13) 60 (9)
Sample 2, collection time 4.4 (1.1) 45(1.1) 49(2.1) 40(.0)
after OP (months)
Sample 3, collection time 13 (1.0) 13(1.2) — —
after OP (months)
Time to relapse (months) 21 (10) — 19 (13) —
Tumor size (mm) 22 (10) 21(11) 38 (23) 16 (11)
Pre/Post menopausal 5/11 10/12 9/4 11/2
ER+/- 13/2°¢ 18/4 9/4 11/1
PgR+/- 9/6 13/9 7/6 7/5
Lymph node+/- 12/4 10/11 6/5 3/9
Grade VII/III 1/9/5 3/13/5 0/9/4 5/6/1
Ductal/Lobular 16/14 20/2 1172 11/2
Radiation/No Radiation 11/5 14/8 1172 9/4
Adjuvant therapy: 12/4 16/6 6/7 7/6
Hormonal (tamoxifen)
Adjuvant therapy: 6/10 3/19 4/9 4/9

Aromatase inhibitor

“Time of disease-free follow-up, for non-metastatic patients.

®Values in parenthesis are standard deviations.

“In cases where the sum is less than the number in the group, patient data is missing.

“In the case of Ductal/Lobular tumor type, patients may have both, resulting in a sum larger

than the number of patients in the group.

TABLE 4

Summary of biomarkers analysed by the microarray

Antigen (no. of clones)

Alfa-10 (1)
Alfa-11 (1)
Angiomotin (2)

APOA4 (3)*
ATP5B (3)*
B-galactosidase (1)
BTK (1)*

Clq (1)**

Cls (1)

C1 esterase inhibitor (1)*
C3 (2)**

C4 (1)

C5(2)

CD40 (4)*
CD40 ligand (1)
CHX10 (3)*
Digoxin (1)
DUSP9 (1)
Eotaxin (3)
Factor B (2)*/**
GLP-1 (1)
GLP-1R (1)
GM-CSF (3)
IL-1a (3)*
IL-1p (3)
IL-1ra (3)

IL-2 (3)

IL-3 (3)

IL-4 (3)**

IL-5 (3)%/**
IL-6 (4)%/**
IL-7 (2)*

IL-8 (3)

IL-9 (3)*

IL-10 (3)**
IL-11 (3)

IL-12 (4)*
IL-13 (2)*/**
IL-16 (2)

IL-18 (3)*
INF-y (2)

JAK3 (1)
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TABLE 4-continued

Summary of biomarkers analysed by the microarray

Antigen (no. of clones)

KIAA0882 (3)*
LDL (2)

Leptin (1)
Lewis™ (2)*
Lewis” (1)
LUM (1)
OSBPL3 (2)*
MCP-1 (3)*/**
MCP-3 (1)
MCP-4 (2)
MYOM?2 (2)
Procathepsin (1)
Properdin (1)
PSA (1)

Rantes (1)
Sialyl lewis* (1)*
TGF-p1 (2)
TM peptide (1)
TNF-a (2)
TNF-p (4)*
UPF3B (3)
VEGF (4)

*Included in the 21 biomarker signature

**Antibody specificity against these antigens were further validated, by mass spectrometry,
protein arrays, or ELISA.

1. A method for the prognosis of breast cancer in a subject
comprising the steps of:

(a) providing a first proteome sample from the subject;

(b) measuring in the first proteome sample the amount of
one or more biomarkers selected from the group of
biomarkers in Table 1;

(c) providing an additional proteome sample from the sub-
ject;

(d) measuring in the additional proteome sample the
amount of the one or more biomarkers measured in step
(b):

(e) determining the difference between the amount of the
one or more biomarkers in the first proteome sample and
the additional proteome sample;

wherein the first proteome sample and additional proteome
sample are representative of the proteome composition
of the subject on different days,

and wherein the difference between the amount of the one
or more biomarkers in the first and additional proteome
samples is indicative of the risk of recurrence and/or
metastasis of breast cancer in the subject.

2. The method according to claim 1 wherein steps (c) and
(d) are repeated in order to provide one or more further
proteome samples from the subject and to measure therein the
amount of the one or more biomarkers measured in step (b),
wherein the one or more further proteome samples are repre-
sentative of the proteome composition of the subject on dif-
ferent days from the first and second proteome samples.

3-6. (canceled)

7. The method according to claim 1 wherein step (b) com-
prises measuring the amount of 1 or more biomarkers from
the biomarkers listed in Table 1(A), for example at least 2 of
the biomarkers listed in Table 1(A).

8. The method according to claim 1 wherein step (b) com-
prises measuring the amount of 1 or more biomarkers from
the biomarkers listed in Table 1(B), for example at least 2, 3,
4,5,6,7,8,9,10,11, 12,13, 14, 15, 16, 17, 18 or 19 of the
biomarkers listed in Table 1(B).
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9. (canceled)

10. The method according to claim 1 wherein step (b)
comprises measuring the amount of 1 or more biomarkers
from the biomarkers listed in Table 1(C), for example at least
2,3,4,5, 6,7,8,9, 10, 11, 12, 13, 14 or all 15 of the
biomarkers listed in Table 1(C).

11. The method according to claim 1 wherein step (b)
comprises measuring the amount of all of the biomarkers
listed in Table 1.

12. The method according to claim 1 wherein step (b)
and/or step (d) is performed using one or more binding agents
capable of binding to a biomarker listed in Table 1.

13. The method according to claim 1 wherein the one or
more binding agents each comprise or consist of an antibody
or antigen-binding fragment thereof.

14-19. (canceled)

20. The method according to claim 1 wherein step (b)
and/or step (d) are performed using an array.

21-23. (canceled)

24. The method according to claim 1 wherein the samples
provided in step (a) and/or step (c) are treated prior to step (b)
and/or step (d), respectively, such that any biomarkers present
in the samples are labelled with a detectable moiety.

25-32. (canceled)

33. The method according to claim 1 wherein the first
proteome sample and additional proteome sample are repre-
sentative of the proteome composition of the subject on dif-
ferent days at least 7 days apart, for example, at least 14 days
apart, at least 21 days apart, at least 28 days apart or at least 35
days apart.

34. The method according to claim 1 wherein the first
proteome sample, provided in step (a), is representative of the
proteome composition of the subject at a time point within
about 4 weeks before or after resection of a breast cancer
tumour in the subject.

35. The method according to claim 1 wherein the first
proteome sample is representative of the proteome composi-
tion of the subject at a time point about 4 weeks before
resection of a breast cancer tumour in the subject, for
example, about 3 weeks, 2 weeks, 1 week, 6 days, 5 days, 4
days, 3 days, 2 days, 1 day or 0 days before tumour resection.

36. (canceled)

37. (canceled)

38. The method according to claim 1 wherein the addi-
tional proteome sample is representative of the proteome
composition of the subject at a time point within 3 to 6 months
after tumour resection.

39. The method according to claim 1 wherein step (c¢) and
step (d) are repeated such that further proteome samples are
provided and biomarker levels therein measured, wherein the
further proteome samples are representative of the proteome
composition of the subject at a time point every 6 to 18
months after tumour resection, up to at least 24 months.

40-47. (canceled)

48. The method according to claim 1 wherein the predica-
tive accuracy of the method, as determined by an ROC AUC
value, is at least 0.70, for example at least 0.75,0.80 or at least
0.85.

49-53. (canceled)

54. An array for performing the method according to claim
1 comprising one or more binding agents capable of binding
to a biomarker listed in Table 1.

55-57. (canceled)
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58. The array according to claim 54 comprising one or
more binding agents capable of binding to each of the biom-
arkers listed in Table 1.

59-66. (canceled)

67. A method for determining risk of recurrence and/or
metastasis of breast cancer in a subject, said method compris-
ing measuring a biomarker selected from the group of biom-
arkers in Table 1.

68-70. (canceled)

71. A kit for performing a method according to claim 1
comprising one or more binding agents capable of binding to
a biomarker listed in Table 1.

72-88. (canceled)



