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(57) Abstract: The present invention provides a method for di-
agnosing or determining a pancreatic cancer-associated disease
state comprising or consisting of the steps of: (a) providing a
sample from an individual to be tested; and (b) determining a
biomarker signature of the test sample by measuring the presence
and/or amount in the test sample of one or more biomarker se-
lected from the group detined in Table A; wherein the presence
and/or amount in the test sample of the one or more biomarker
selected from the group defined in Table A is indicative of the
pancreatic cancer-associated disease in the individual; uses and
methods of determining a pancreatic cancer-associated disease
state, and methods of treating pancreatic cancer, together with
arrays and kits for use in the same.
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METHOD, ARRAY AND USE THEREOF

Field of Invention

The present invention provides methods for determining a pancreatic cancer-associated
disease state (early pancreatic cancer presence, pancreatic cancer stage and/or

pancreatic cancer presence), as well as arrays and kits for use in such methods.

Background

Pancreatic ductal adenocarcinoma (PDAC) is one of the deadliest cancers with a 5-year
survival rate of 3-4%. A key driver behind this poor prognosis is the current inability to
diagnose patients at an early stage. Data supports that it takes more than five years from
tumor initiation until the acquisition of metastatic ability (Yachida et al., 2010), which clearly
demonstrates a window of opportunity for early detection if accurate markers were
available. At the time of diagnosis, patients have often developed late-stage disease, and
only approximately 15% of the patients have resectable tumors (Conlon et al., 1996: Sohn
et al., 2000). The 5-year survival of these patients, displaying large resected tumors, is
only 10-20% (Conlon et al., 1996; Sohn et al., 2000). However, the 5-year survival
increases to 30-60% if tumors <20 mm (Stage I-Il) can be resected (Furukawa et al., 1996;
Shimizu et al., 2005). The late diagnosis (Stage lll-IV) is due to unspecific clinical
symptoms in combination with the lack of markers for early diagnosis, something which is
addressed in this study. Interestingly, studies suggest that pancreatic tumors could be
resectable as early as six months prior to clinical diagnosis at an asymptomatic stage
(Gangi et al., 2004; Pelaez-Luna et al., 2007).

The so far most evaluated marker for PDAC, CA19-9, suffers from poor specificity, with
elevated levels in several other indications, as well as a complete absence in patients that
are genotypically Lewis a-b- (5% of the population). Consequently, the use of CA19-9 for
pancreatic cancer screening is not recommended (Locker et al., 2006). Today, no other
single biomarker has been shown to accurately diagnose PDAC, although recent discovery

studies have demonstrated that both exosomes and nucleosomes contain information
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associated with pancreatic cancer (Bauden et al., 2015; Melo et al., 2015). However, there
is a need to provide biomarkers and biomarker panels with improved sensitivity and

specificity.
Summary of the Invention

Accordingly, a first aspect of the invention provides a method for diagnosing or determining
a pancreatic cancer-associated disease state comprising or consisting of the steps of:

(a) providing a sample from an individual to be tested; and

(b) determining a biomarker signature of the test sample by measuring the presence
and/or amount in the test sample of one or more biomarker selected from the
group defined in Table A;

wherein the presence and/or amount in the test sample of the one or more biomarker
selected from the group defined in Table A is indicative of the pancreatic

cancer-associated disease in the individual.

Thus, in one embodiment, the method comprises determining a biomarker signature of the
test sample, which enables a diagnosis to be reached in respect of the individual from

which the sample is obtained.

By “pancreatic cancer-associated disease state” we include pancreatic cancer presence
per se, pancreatic cancer stage and/or presence of related lesions such as intraductal
papillary mucinous neoplasms (see below). In particular, we include the presence and/or
stage of pancreatic ductal adenocarcinoma (PDAC).

In specific embodiments, the methods of the invention permit:
(i) diagnosis and/or staging of early pancreatic cancer; and/or
(i) diagnosis and/or staging of pancreatic cancer (i.e. early or late).
By “biomarker” we mean a naturally-occurring biological molecule, or component or

fragment thereof, the measurement of which can provide information useful in the

diagnosis and/or prognosis of pancreatic cancer. Thus, in the context of Table A, the
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biomarker may be the naturally-occurring protein, or a polypeptide fragment or
carbohydrate moiety thereof (or, in the case of Lewis x and sialyl Lewis x, a carbohydrate
moiety per se). Alternatively, the biomarker may be a nucleic acid molecule, such as a
mRNA, cDNA or circulating tumour DNA molecule, which encodes the protein or part
thereof.

By “diagnosis” we mean or include determining the presence or absence of a disease state
in an individual (e.g., determining whether an individual is or is not suffering from early

pancreatic cancer or pancreatic cancer (early or late)).

By “staging” we mean or include determining the stage of a pancreatic cancer, for example,
determining whether the pancreatic cancer is stage |, stage Il, stage Il or stage IV (e.g.,
stage |, stage Il, stage I-ll, stage llI-1V or stage 1-1V).

By “early pancreatic cancer” we include or mean pancreatic cancer comprising or
consisting of stage | and/or stage |l pancreatic cancer.

Alternatively or additionally, by “early pancreatic cancer” we include or mean stage | and/or
stage |l pancreatic cancer as determined by the American Joint Committee on Cancer
(AJCC) TNM system (e.g., see:
http://www.cancer.org/cancer/pancreaticcancer/detailedguide/pancreatic-cancer-staging
and AJCC Cancer Staging Manual (7" ed.), 2011, Edge et al., Springer which are
incorporated by reference herein.

The TNM cancer staging system is based on 3 key pieces of information:

» T describes the size of the main (primary) tumour and whether it has grown outside
the pancreas and into nearby organs.

= N describes the spread to nearby (regional) lymph nodes.

» Mindicates whether the cancer has metastasized (spread) to other organs of the
body. (The most common sites of pancreatic cancer spread are the liver, lungs, and
the peritoneum — the space around the digestive organs.)

Numbers or letters appear after T, N, and M to provide more details about each of these
factors.

T categories

TX: The main tumour cannot be assessed.

TO: No evidence of a primary tumour.
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Tis: Carcinoma in situ (the tumour is confined to the top layers of pancreatic duct cells).
(Very few pancreatic tumours are found at this stage.)

T1: The cancer is still within the pancreas and is 2 centimetres (cm) (about % inch) or less
across.

T2: The cancer is still within the pancreas but is larger than 2 cm across.

T3: The cancer has grown outside the pancreas into nearby surrounding tissues but not
into major blood vessels or nerves.

T4: The cancer has grown beyond the pancreas into nearby large blood vessels or nerves.
N categories

NX: Nearby (regional) lymph nodes cannot be assessed.

NO: The cancer has not spread to nearby lymph nodes.

N1: The cancer has spread to nearby lymph nodes.

M categories

MO: The cancer has not spread to distant lymph nodes (other than those near the
pancreas) or to distant organs such as the liver, lungs, brain, etc.

M1: The cancer has spread to distant lymph nodes or to distant organs.

Stage grouping for pancreatic cancer

Once the T, N, and M categories have been determined, this information is combined to
assign an overall stage of O, I, i, lll, or IV (sometimes followed by a letter). This process
is called stage grouping.

Stage 0 (Tis, N0, M0): The tumor is confined to the top layers of pancreatic duct cells and
has not invaded deeper tissues. It has not spread outside of the pancreas. These tumors
are sometimes referred to as pancreatic carcinoma in situ or pancreatic intraepithelial
neoplasia Il (Panin Il1).

Stage IA (T1, NO, MO): The tumor is confined to the pancreas and is 2 cm across or smaller
(T1). It has not spread to nearby lymph nodes (NO) or distant sites (MO).

Stage 1B (T2, NO, M0): The tumor is confined to the pancreas and is larger than 2 cm
across (T2). It has not spread to nearby lymph nodes (NO) or distant sites (MO).

Stage IIA (T3, NO, M0): The tumor is growing outside the pancreas but not into major
blood vessels or nerves (T3). It has not spread to nearby lymph nodes (NO) or distant sites
(MO).

Stage IIB (T1-3, N1, MO0): The tumor is either confined to the pancreas or growing outside
the pancreas but not into major blood vessels or nerves (T1-T3). It has spread to nearby
lymph nodes (N1) but not to distant sites (M0).

Stage Il (T4, Any N, MO0): The tumor is growing outside the pancreas into nearby major
blood vessels or nerves (T4). It may or may not have spread to nearby lymph nodes (Any
N). It has not spread to distant sites (MO).
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Stage IV (Any T, Any N, M1): The cancer has spread to distant sites (M1).

Alternatively or additionally, by “early pancreatic cancer” we include or mean asymptomatic
pancreatic cancer. Common presenting symptoms of pancreatic cancers include jaundice
(for tumours of the pancreas head), abdominal pain, weight loss, steatorrhoea, and
new-onset diabetes. For example, the pancreatic cancer may present at least 1 week
before symptoms (e.g., common symptoms) are observed or observable, for example, 22
weeks, 23 weeks, 24 weeks, =5 weeks, 26 weeks, 27 weeks, 28 weeks, =3 months, 24
months, 25 months, 26 months, 27 months, 28 months, 29 months, 210 months, =11
months, 212 months, 218 months, 22 years, 23 years, 24 years, or 25 years, before

symptoms are observed or observable.

Alternatively and/or additionally, by “early pancreatic cancer” we include pancreatic
cancers that are of insufficient size and/or developmental stage to be diagnosed by
conventional clinical methods.

Alternatively or additionally, by “early pancreatic cancer” we include or mean pancreatic
cancers present at least 1 week before the pancreatic cancer is diagnosed or diagnosable
by conventional clinical methods, for example, 22 weeks, 23 weeks, 24 weeks, =5 weeks,
=6 weeks, 27 weeks, 28 weeks, 23 months, 24 months, 25 months, 26 months, 27 months,
28 months, 29 months, 210 months, 211 months, 212 months, 218 months, =2 years, 23
years, 24 years, or 25 years, before the pancreatic cancer is diagnosed or diagnosable by
convention clinical methods.

The contemporary best practice for clinical pancreatic cancer diagnosis will be well known
to the person of skill in the art, however, for a detailed review see Ducreux et al., 2015,
‘Cancer of the pancreas: ESMO Clinical Practice Guidelines for diagnosis, treatment and
follow-up’ Annals of Oncology, 26 (Supplement 5): v56—v68 which is incorporated by
reference herein and con be obtained here:

https://annonc.oxfordjournals.org/content/26/suppl_5/v56.full.pdf+html.

Alternatively or additionally, by “conventional clinical diagnoses” (and the like [e.g.,
“diagnosed by conventional clinical methods”) we include CT scan, ultrasound,
endoscopic ultrasound, biopsy (histopathology) and/or physical examination (e.g., of the
abdomen and, possibly, local lymph nodes). In one embodiment by “conventional clinical

diagnoses” (and the like) we include the pancreatic cancer diagnosis procedures set out
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in Ducreux et al., 2015, ‘Cancer of the pancreas: ESMO Clinical Practice Guidelines for
diagnosis, treatment and follow-up’ Annals of Oncology, 26 (Supplement 5): v56—v68,
which is incorporated by reference herein.

Alternatively or additionally by “conventional clinical diagnoses” (and the like) may include
or exclude the use of molecular biomarkers present in bodily fluids (such as blood, serum,

interstitial fluid, lymph, urine, mucus, saliva, sputum, sweat) and or tissues.

Alternatively or additionally, by “early pancreatic cancer” we include or mean resectable
pancreatic cancer.

By “resectable pancreatic cancer” we include or mean that the pancreatic cancer
comprises or consists of tumours that are (and/or are considered) capable of being
removed by surgery (i.e., are resectable).

Alternatively or additionally we include pancreatic cancers that are limited to the pancreas

(i.e., do not extend beyond the pancreas and/or have not metastasised).

Alternatively or additionally by “early pancreatic cancer” we include pancreatic cancers
comprising tumours of 30 mm or less in all dimensions (i.e., in this embodiment individuals
with early pancreatic cancer do not comprise pancreatic cancer tumours of greater than
30 mm in any dimension), for example, equal to or less than 29mm, 28mm, 27mm, 26mm,
25mm, 24mm, 22mm, 21mm, 20mm, 19 mm, 18 mm, 17 mm, 16 mm, 15 mm, 14 mm, 13
mm, 12 mm, 11 mm, 10 mm, 9 mm, 8 mm, 7 mm, 6 mm, 5 mm, 4 mm, 3 mm, 2 mm, 1 mm
or equal to or 0.1 mm in all dimensions. Alternatively or additionally, the pancreatic cancer
tumours of 30 mm or less in all dimensions are at least 2 mm in one dimension.
Alternatively or additionally, the pancreatic cancer tumours of 30 mm or less in all
dimensions are at least 2 mm all dimensions.

Alternatively or additionally, by “stage | pancreatic cancer” we include or mean AJCC stage
IA and/or IB.

Alternatively or additionally, by “stage Il pancreatic cancer” we include or mean AJCC
stage IlA and/or |IB

Alternatively or additionally, by “late pancreatic cancer” we include or mean pancreatic

cancer comprising or consisting of stage Ill and/or stage IV pancreatic cancer.
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Alternatively or additionally, by “stage lll pancreatic cancer” we include or mean AJCC
stage Il

Alternatively or additionally, by “stage IV pancreatic cancer” we include or mean AJCC

stage IV.

By a pancreatic cancer-associated disease state of “pancreatic cancer” we include

pancreatic cancer comprising or consisting of pancreatic cancer of any stage.

By “sample to be tested”, “test sample” or “control sample” we include a tissue or fluid
sample taken or derived from an individual. Preferably the sample to be tested is provided
from a mammal. The mammal may be any domestic or farm animal. Preferably, the
mammal is a rat, mouse, guinea pig, cat, dog, horse or a primate. Most preferably, the

mammal is human.

Preferably the sample is a cell, tissue or fluid sample (or derivative thereof) comprising or
consisting of blood (fractionated or unfractionated), plasma, plasma cells, serum, tissue
cells or equally preferred, protein or nucleic acid derived from a cell or tissue sample.
Preferably test and control samples are derived from the same species. Preferably test

and control samples are matched for age, gender and/or lifestyle.

In an alternative or additional embodiment the tissue sample is pancreatic tissue. In an

alternative or additional embodiment, the cell sample is a sample of pancreatic cells.

Alternatively or additionally the pancreatic cancer may be diagnosed using conventional
clinical methods known in the art. For example, those methods described in Ducreux et
al., 2015, ‘Cancer of the pancreas: ESMO Clinical Practice Guidelines for diagnosis,
treatment and follow-up’ Annals of Oncology, 26 (Supplement 5): v66—v68 and/or Freelove
& Walling, 2006, ‘Pancreatic Cancer: Diagnosis and Management’ American Family
Physician, 73(3).485-492 which are incorporated herein by reference

Accordingly, the pancreatic cancer may be diagnosed using one or more method selected

from the group consisting of:

computed tomography (preferably dual-phase helical computed tomography);
transabdominal ultrasonography; endoscopic ultrasonographyguided fine-needle
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aspiration; endoscopic retrograde cholangiopancreatography; positron emission
tomography; magnetic resonance imaging; physical examination; and biopsy.

Alternatively and/or additionally, the pancreatic cancer may be diagnosed using detection
of biomarkers for the diagnosis of pancreatic cancer. For example, the pancreatic cancer
may be diagnosed with one or more biomarker or diagnostic method described in the group
consisting of: WO 2008/117067 A9; WO 2012/120288 A2; and WO 2015/067969 A2.

Alternatively or additionally, step (b) comprises or consists of measuring the presence
and/or amount of 1 or more biomarker listed in Table A, for example at least 2, 3, 4, 5, 6,
7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,
56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,72, 73, 74,75,76, 77,78, 79,
80, 81, 82, 83, 84 or 85 of the biomarkers listed in Table A.

Alternatively or additionally, step (b) comprises, consists of or excludes measuring the
expression of CHP-1. Alternatively or additionally, step (b) comprises, consists of or
excludes measuring the expression of MAPKK 2. Alternatively or additionally, step (b)
comprises, consists of or excludes measuring the expression of MAPKK 6. Alternatively
or additionally, step (b) comprises, consists of or excludes measuring the expression of R-
PTP-O. Alternatively or additionally, step (b) comprises, consists of or excludes measuring
the expression of UBP7. Alternatively or additionally, step (b) comprises, consists of or
excludes measuring the expression of Apo-A1. Alternatively or additionally, step (b)
comprises, consists of or excludes measuring the expression of BTK. Alternatively or
additionally, step (b) comprises, consists of or excludes measuring the expression of C1q.
Alternatively or additionally, step (b) comprises, consists of or excludes measuring the
expression of C5. Alternatively or additionally, step (b) comprises, consists of or excludes
measuring the expression of CDK-2. Alternatively or additionally, step (b) comprises,
consists of or excludes measuring the expression of IgM. Alternatively or additionally, step
(b) comprises, consists of or excludes measuring the expression of IL-11. Alternatively or
additionally, step (b) comprises, consists of or excludes measuring the expression of IL-
12. Alternatively or additionally, step (b) comprises, consists of or excludes measuring the
expression of IL-6. Alternatively or additionally, step (b) comprises, consists of or excludes
measuring the expression of JAK3. Alternatively or additionally, step (b) comprises,
consists of or excludes measuring the expression of MAPKS. Alternatively or additionally,
step (b) comprises, consists of or excludes measuring the expression of MCP-1.

Alternatively or additionally, step (b) comprises, consists of or excludes measuring the
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expression of MUC-1. Alternatively or additionally, step (b) comprises, consists of or
excludes measuring the expression of Properdin. Alternatively or additionally, step (b)
comprises, consists of or excludes measuring the expression of VEGF. Alternatively or
additionally, step (b) comprises, consists of or excludes measuring the expression of
GRIP-2. Alternatively or additionally, step (b) comprises, consists of or excludes measuring
the expression of MAPKO. Alternatively or additionally, step (b) comprises, consists of or
excludes measuring the expression of PKB gamma. Alternatively or additionally, step (b)
comprises, consists of or excludes measuring the expression of PRD14. Alternatively or
additionally, step (b) comprises, consists of or excludes measuring the expression of R-
PTP-eta. Alternatively or additionally, step (b) comprises, consists of or excludes
measuring the expression of TopBP1. Alternatively or additionally, step (b) comprises,
consists of or excludes measuring the expression of C3. Alternatively or additionally, step
(b) comprises, consists of or excludes measuring the expression of CD40L. Alternatively
or additionally, step (b) comprises, consists of or excludes measuring the expression of
EGFR. Alternatively or additionally, step (b) comprises, consists of or excludes measuring
the expression of HADH2. Alternatively or additionally, step (b) comprises, consists of or
excludes measuring the expression of ICAM-1. Alternatively or additionally, step (b)
comprises, consists of or excludes measuring the expression of IL-13. Alternatively or
additionally, step (b) comprises, consists of or excludes measuring the expression of IL-
18. Alternatively or additionally, step (b) comprises, consists of or excludes measuring the
expression of Myomesin-2. Alternatively or additionally, step (b) comprises, consists of or
excludes measuring the expression of P85A. Alternatively or additionally, step (b)
comprises, consists of or excludes measuring the expression of RANTES. Alternatively or
additionally, step (b) comprises, consists of or excludes measuring the expression of TGF-
b1. Alternatively or additionally, step (b) comprises, consists of or excludes measuring the
expression of IL-4. Alternatively or additionally, step (b) comprises, consists of or excludes
measuring the expression of CIMS (13). Alternatively or additionally, step (b) comprises,
consists of or excludes measuring the expression of GNAI3. Alternatively or additionally,
step (b) comprises, consists of or excludes measuring the expression of HsMAD2.
Alternatively or additionally, step (b) comprises, consists of or excludes measuring the
expression of hSpindly. Alternatively or additionally, step (b) comprises, consists of or
excludes measuring the expression of R-PTP-kappa. Alternatively or additionally, step (b)
comprises, consists of or excludes measuring the expression of STAT1. Alternatively or
additionally, step (b) comprises, consists of or excludes measuring the expression of ATP-
5B. Alternatively or additionally, step (b) comprises, consists of or excludes measuring the
expression of C4. Alternatively or additionally, step (b) comprises, consists of or excludes

measuring the expression of CHX10. Alternatively or additionally, step (b) comprises,
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consists of or excludes measuring the expression of Factor B. Alternatively or additionally,
step (b) comprises, consists of or excludes measuring the expression of Her2/ErbB-2.
Alternatively or additionally, step (b) comprises, consists of or excludes measuring the
expression of IL-1b. Alternatively or additionally, step (b) comprises, consists of or
excludes measuring the expression of IL-7. Alternatively or additionally, step (b)
comprises, consists of or excludes measuring the expression of Lewis X. Alternatively or
additionally, step (b) comprises, consists of or excludes measuring the expression of MCP-
3. Alternatively or additionally, step (b) comprises, consists of or excludes measuring the
expression of Sialyl Lewis x. Alternatively or additionally, step (b) comprises, consists of
or excludes measuring the expression of TBC1D9. Alternatively or additionally, step (b)
comprises, consists of or excludes measuring the expression of TNFRSF3. Alternatively
or additionally, step (b) comprises, consists of or excludes measuring the expression of
AGAP-2. Alternatively or additionally, step (b) comprises, consists of or excludes
measuring the expression of C1-INH. Alternatively or additionally, step (b) comprises,
consists of or excludes measuring the expression of C1s. Alternatively or additionally, step
(b) comprises, consists of or excludes measuring the expression of GLP-1 R. Alternatively
or additionally, step (b) comprises, consists of or excludes measuring the expression of IL-
2. Alternatively or additionally, step (b) comprises, consists of or excludes measuring the
expression of KSYK. Alternatively or additionally, step (b) comprises, consists of or
excludes measuring the expression of MAPK1. Alternatively or additionally, step (b)
comprises, consists of or excludes measuring the expression of TENS4. Alternatively or
additionally, step (b) comprises, consists of or excludes measuring the expression of
FASN. Alternatively or additionally, step (b) comprises, consists of or excludes measuring
the expression of IL-10. Alternatively or additionally, step (b) comprises, consists of or
excludes measuring the expression of IL-3. Alternatively or additionally, step (b)
comprises, consists of or excludes measuring the expression of IL-8. Alternatively or
additionally, step (b) comprises, consists of or excludes measuring the expression of
STAPZ2. Alternatively or additionally, step (b) comprises, consists of or excludes measuring
the expression of CT17. Alternatively or additionally, step (b) comprises, consists of or
excludes measuring the expression of Digoxin. Alternatively or additionally, step (b)
comprises, consists of or excludes measuring the expression of HsHec1. Alternatively or
additionally, step (b) comprises, consists of or excludes measuring the expression of PAR-
6B. Alternatively or additionally, step (b) comprises, consists of or excludes measuring the
expression of PGAMS. Alternatively or additionally, step (b) comprises, consists of or

excludes measuring the expression of IFN-y.
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Alternatively or additionally, the pancreatic cancer-associated disease state is early

pancreatic cancer.

Alternatively or additionally, the method is for the diagnosis and/or staging of stage | or
stage Il pancreatic cancer (i.e., diagnosing pancreatic cancer and/or characterising the
pancreatic cancer as stage | or stage Il without necessarily determining which).
Alternatively or additionally, step (b) comprises or consists of measuring the presence
and/or amount of 1 or more biomarker listed in:

Table A(l), for example at least 2, 3, 4 or 5 of the biomarkers listed in
Table A(l);

Table A(lll), for example at least 2, 3, 4, 5 or 6 of the biomarkers listed in
Table A(ll);

Table A(V), for example at least 2, 3, 4, 5 or 6 of the biomarkers listed in
Table A(V); and

Table A(XI), for example at least 2 or 3 of the biomarkers listed in
Table A(XI).

Alternatively or additionally, step (b) comprises or consists of measuring the presence

and/or amount of 1 or more biomarker listed in:

Table A(ll), for example at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 15
or 16 of the biomarkers listed in Table A(ll);

Table A(IV), for example at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12 of the
biomarkers listed in Table A(IV);

Table A(VI), for example at least 2, 3,4, 5,6,7, 8,9, 10, 11, 12 or 13 of the
biomarkers listed in Table A(VI); and

Table A(XIl), for example at least 2, 3, 4, 5 or 6 of the biomarkers listed in
Table A(XI).

Alternatively or additionally, the method is for the diagnosis and/or staging of stage |
pancreatic cancer (i.e., diagnosing pancreatic cancer and/or characterising the pancreatic

cancer as stage ).

Alternatively or additionally, step (b) comprises or consists of measuring the presence

and/or amount of 1 or more biomarker listed in:
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Table A(l), for example at least 2, 3, 4 or 5 of the biomarkers listed in
Table A(l);

Table A(Ill), for example at least 2, 3, 4, 5 or 6 of the biomarkers listed in
Table A(Il);

Table A(VII).

Alternatively or additionally, step (b) comprises or consists of measuring the presence

and/or amount of 1 or more biomarker listed in:

Table A(ll), for example at least 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15
or 16 of the biomarkers listed in Table A(ll);

Table A(1V), for example at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12 of the
biomarkers listed in Table A(IV); and

Table A(VIII), for example at least 2, 3, 4, 5 or 6 of the biomarkers listed in
Table A(VIII).

Alternatively or additionally, the method is for the diagnosis and/or staging of stage |l

pancreatic cancer.

Alternatively or additionally, step (b) comprises or consists of measuring the presence

and/or amount of 1 or more biomarker listed in:

Table A(l), for example at least 2, 3, 4 or 5 of the biomarkers listed in
Table A(l);

Table A(V), for example at least 2, 3, 4, 5 or 6 of the biomarkers listed in
Table A(V);

Table A(IX).

Alternatively or additionally, step (b) comprises or consists of measuring the presence

and/or amount of 1 or more biomarker listed in:

Table A(ll), for example at least 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15
or 16 of the biomarkers listed in Table A(ll);

Table A(VI), forexample atleast 2, 3, 4, 5, 6, 7, 8,9, 10, 11, 12 or 13 of the
biomarkers listed in Table A(VI); and

Table A(X), for example at least 2, 3 or 4 of the biomarkers listed in
Table A(X).
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Alternatively or additionally, the method is for diagnosing or characterising stage Ill or IV
pancreatic cancer (i.e., diagnosing pancreatic cancer and/or characterising the pancreatic
cancer as stage lll or IV), comprising or consisting of measuring the presence or amount
of one or more biomarker for diagnosing or characterising stage | or Il pancreatic cancer
as defined above and measuring the presence or amount of one or more biomarker for
diagnosing or characterising stage -1V pancreatic cancer as defined above. Alternatively
or additionally, one or more of the stage ‘l or II' biomarkers is different from one or more of
the ‘stage I-1V biomarkers’. Alternatively or additionally, all of the stage ‘I or II’ biomarkers
is different from one or more of the ‘stage I-IV biomarkers’.

Alternatively or additionally, the pancreatic cancer-associated disease state is pancreatic

cancer (i.e., the method is for diagnosing the presence of pancreatic cancer).

Alternatively or additionally, step (b) comprises or consists of measuring the presence
and/or amount of 1 or more biomarker selected from the group consisting of CHP-1,
MAPKK 2, UBP7, PRD14, STAT1, AGAP-2, PGAM5, LUM, PTPRO and USP07, for
example, at least 2, 3, 4, 5, 6, 7, 8, 9 or 10 of these biomarkers.

Alternatively or additionally, step (b) comprises or consists of measuring the presence
and/or amount of 1 or more biomarker selected from the group consisting of Apo-A1, BTK,
C1q, C5, CDK-2, IgM, IL-11, IL-12, IL-6, JAK3, MAPK8, MCP-1, MUC-1, Properdin, VEGF,
C3, ICAM-1, IL-13, ATP-5B, C4, Her2/ErB-2, IL-7, IL-3, IL-8, GM-CSF, IL-9, LDL and
ORP3, for example, atleast 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26, 27, 28 or 29 of these biomarkers.

Alternatively or additionally, step (b) comprises measuring one or more of the biomarkers
listed in Figure 4, for example, at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 or 31 of the biomarkers listed in Figure 4.

Alternatively or additionally, step (b) comprises measuring the presence and/or amount of
all of the biomarkers listed in Table A.

Alternatively or additionally the method further comprises or consists of the steps of:

(c) providing one or more control sample from:

(i) an individual not afflicted with pancreatic cancer; and/or
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(i) an individual afflicted with pancreatic cancer, wherein the
sample was of a different stage to that of that the test sample;
(d) determining a biomarker signature of the one or more control sample by
measuring the presence and/or amount in the control sample of the one or more

biomarkers measured in step (b);

wherein the pancreatic cancer-associated disease state is identified in the event
that the presence and/or amount in the test sample of the one or more biomarkers
measured in step (b) is different from the presence and/or amount in the control

sample of the one or more biomarkers measured in step (d).

By “is different to the presence and/or amount in a control sample” we mean or include the
presence and/or amount of the one or more biomarker in the test sample differs from that
of the one or more control sample (or to predefined reference values representing the
same). Preferably the presence and/or amount in the test sample differs from the
presence or amount in the one or more control sample (or mean of the control samples)
by at least £5%, for example, at least £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%, +38%, £39%,
+40%, +41%, +42%, +43%, +44%, +45%, +41%, £42%, +43%, +44%, £55%, £60%, +65%,
+66%, +67%, +68%, +69%, £70%, £71%, +72%, £73%, +74%, £75%, £76%, £77%, +78%,
+79%, £+80%, £81%, +82%, +83%, +84%, +85%, £+86%, +87%, +88%, £89%, +90%, +91%,
+92%, +93%, +94%, £95%, +96%, £97%, +98%, £99%, +100%, +125%, £150%, £175%,
+200%, +225%, +250%, +275%, +300%, +350%, +400%, +500% or at least £1000% of

the one or more control sample (e.g., the negative control sample).

Alternatively or additionally, the presence or amount in the test sample differs from the
mean presence of amount in the conirol samples by at least >1 standard deviation from
the mean presence or amount in the control samples, for example, 21.5, 22, 23, 24, 25,
26, 27, 28, 29, 210, 211, 212, 213, 214 or 215 standard deviations from the from the mean
presence or amount in the control samples. Any suitable means may be used for
determining standard deviation (e.g., direct, sum of square, Welford’s), however, in one
embodiment, standard deviation is determined using the direct method (i.e., the square
root of [the sum the squares of the samples minus the mean, divided by the number of

samples]).
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Alternatively or additionally, by “is different to the presence and/or amount in a control
sample” we mean or include that the presence or amount in the test sample does not
correlate with the amount in the control sample in a statistically significant manner. By
“does not correlate with the amount in the control sample in a statistically significant
manner” we mean or include that the presence or amount in the test sample correlates
with that of the control sample with a p-value of >0.001, for example, >0.002, >0.003,
>0.004, >0.005, >0.01, >0.02, >0.03, >0.04 >0.05, >0.06, >0.07, >0.08, >0.09 or >0.1.
Any suitable means for determining p-value known to the skilled person can be used,
including z-test, -test, Student's f-test, f-test, Mann—Whitney U test, Wilcoxon signed-rank

test and Pearson's chi-squared test.

Alternatively or additionally the method further comprises or consists of the steps of:

providing one or more control sample from;
(e) an individual afflicted with pancreatic cancer (i.e., a positive
control); and/or
(f) an individual afflicted with pancreatic cancer, wherein the
sample was of the same stage to that of that the test sample;
determining a biomarker signature of the control sample by measuring the
presence and/or amount in the control sample of the one or more biomarkers
measured in step (b);

wherein the pancreatic cancer-associated disease state is identified in the event
that the presence and/or amount in the test sample of the one or more biomarkers
measured in step (b) corresponds to the presence and/or amount in the control

sample of the one or more biomarkers measured in step (f).

By “corresponds to the presence and/or amount in a control sample” we mean or include
the presence and/or amount is identical to that of a positive control sample; or closer to
that of one or more positive control sample than to one or more negative control sample
(or to predefined reference values representing the same). Preferably the presence and/or
amount is within 40% of that of the one or more control sample (or mean of the control
samples), for example, within +39%, +38%, +37%, £36%, £35%, +34%, +33%, +32%,
£31%, £30%, £29%, +28%, £27%, £26%, £25%, £24%, £23%, +22%, +21%, +20%, £19%,
+18%, £17%, £16%, £15%, +14%, +13%, £12%, £11%, £10%, £9%, +8%, £7%, +6%,
+5%, +4%, £3%, 2%, £1%, +0.05% or within 0% of the one or more control sample (e.g.,

the positive control sample).
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Alternatively or additionally, the difference in the presence or amount in the test sample is
<5 standard deviation from the mean presence or amount in the control samples, for
example, 4.5, <4, 3.5, <3, £2.5, <2, 1.5, £1.4, £1.3, 1.2, 1.1, <1, 0.9, <0.8, <0.7,
=0.6, 0.5, =0.4, =0.3, 0.2, 0.1 or 0 standard deviations from the from the mean presence
or amount in the control samples, provided that the standard deviation ranges for differing

and corresponding biomarker expressions do not overlap (e.g., abut, but no not overlap).

Alternatively or additionally, by “corresponds to the presence and/or amount in a control
sample” we mean or include that the presence or amount in the test sample correlates with
the amount in the control sample in a statistically significant manner. By “correlates with
the amount in the control sample in a statistically significant manner” we mean or include
that the presence or amount in the test sample correlates with the that of the control sample
with a p-value of <0.05, for example, <0.04, <0.03, <0.02, <0.01, <0.005, <0.004, <0.003,
<0.002, =0.001, =0.0005 or =0.0001.

Differential expression (up-regulation or down regulation) of biomarkers, or lack thereof,
can be determined by any suitable means known to a skilled person. Differential
expression is determined to a p value of a least less than 0.05 (p = < 0.05), for example,
at least <0.04, <0.03, <0.02, <0.01, <0.009, <0.005, <0.001, <0.0001, <0.00001 or at least
<0.000001. Alternatively or additionally, differential expression is determined using a
support vector machine (SVM). Alternatively or additionally, the SVM is an SVM as
described below. Most preferably, the SVM is, or is derived from, the SVM described in
Table 5, below.

It will be appreciated by persons skilled in the art that differential expression may relate to
a single biomarker or to multiple biomarkers considered in combination (i.e. as a biomarker
signature). Thus, a p value may be associated with a single biomarker or with a group of
biomarkers. Indeed, proteins having a differential expression p value of greater than 0.05
when considered individually may nevertheless still be useful as biomarkers in accordance
with the invention when their expression levels are considered in combination with one or
more other biomarkers.

As exemplified in the accompanying examples, the expression of certain proteins in a
tissue, blood, serum or plasma test sample may be indicative of pancreatic cancer in an
individual. For example, the relative expression of certain serum proteins in a single test

sample may be indicative of the presence of pancreatic cancer in an individual.
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In an alternative or additional embodiment the presence and/or amount in the test sample
of the one or more biomarkers measured in step (b) are compared against predetermined

reference values representative of the measurements in steps (d) and/or (f).

Alternatively or additionally, the individual from which the one or more control sample was
obtained was not, at the time the sample was obtained, afflicted with a non-cancerous
pancreatic disease or condition, for example acute pancreatitis, chronic pancreatitis and
autoimmune pancreatitis, Intraductal Papillary Mucinous Neoplasia (IPMN) of the
Pancreas.

Alternatively or additionally, the individual from which the one or more control sample was
obtained was not, at the time the sample was obtained, afflicted with any disease or
condition of the pancreas.

Alternatively or additionally, the individual not afflicted with pancreatic cancer was not, at

the time the sample was obtained, afflicted with any disease or condition.

Alternatively or additionally, the individual not afflicted with pancreatic cancer is a healthy
individual.

Alternatively or additionally, the one or more individual afflicted with pancreatic cancer is
afflicted with a pancreatic cancer selected from the group consisting of adenocarcinoma
(e.g., pancreatic ductal adenocarcinoma or tubular papillary pancreatic adenocarcinoma),
pancreatic sarcoma, malignant serous cystadenoma, adenosquamous carcinoma, signet
ring cell carcinoma, hepatoid carcinoma, colloid carcinoma, undifferentiated carcinoma,
and undifferentiated carcinomas with osteoclast-like giant cells.

Alternatively or additionally, the pancreatic cancer is pancreatic adenocarcinoma (e.g.,
pancreatic ductal adenocarcinoma).

Alternatively or additionally, the one or more individual afflicted with pancreatic cancer is
not afflicted with one or more pancreatic cancer selected from the group consisting of
adenocarcinoma (e.g., pancreatic ductal adenocarcinoma or tubular papillary pancreatic
adenocarcinoma), pancreatic sarcoma, malignant serous cystadenoma, adenosquamous

carcinoma, signet ring cell carcinoma, hepatoid carcinoma, colloid carcinoma,
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undifferentiated carcinoma, and undifferentiated carcinomas with osteoclast-like giant
cells.

Alternatively or additionally, the method is repeated.

Alternatively or additionally, the method is repeated and wherein, in step (a), the sample
to be tested is taken at different time to the previous method repetition.

Alternatively or additionally, the method is repeated using a test sample taken at a different
time period to the previous test sample(s) used.

Alternatively or additionally, the method is repeated using a test sample taken between 1
day to 104 weeks to the previous test sample(s) used, for example, between 1 week to
100 weeks, 1 week to 90 weeks, 1 week to 80 weeks, 1 week to 70 weeks, 1 week to 60
weeks, 1 week to 50 weeks, 1 week to 40 weeks, 1 week to 30 weeks, 1 week to 20 weeks,
1 week to 10 weeks, 1 week to 9 weeks,1 week to 8 weeks, 1 week to 7 weeks, 1 week
to 6 weeks, 1 week to 5 weeks, 1 week to 4 weeks, 1 week to 3 weeks, or 1 week to 2
weeks.

Alternatively or additionally, the method is repeated using a test sample taken every period
from the group consisting of: 1 day, 2 days, 3 day, 4 days, 5 days, 6 days, 7 days, 10 days,
2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 7 weeks, 8 weeks, 9 weeks, 10 weeks, 15
weeks, 20 weeks, 25 weeks, 30 weeks, 35 weeks, 40 weeks, 45 weeks, 50 weeks, 55
weeks, 60 weeks, 65 weeks, 70 weeks, 75 weeks, 80 weeks, 85 weeks, 90 weeks, 95
weeks, 100 weeks, 104, weeks, 105 weeks, 110 weeks, 115 weeks, 120 weeks, 125
weeks and 130 weeks.

Alternatively or additionally, the method is repeated at least once, for example, 2 times, 3
times, 4 times, 5 times, 6 times, 7 times, 8 times, 9 times, 10 times, 11 times, 12 times, 13
times, 14 times, 15 times, 16 times, 17 times, 18 times, 19 times, 20 times, 21 times, 22
times, 23, 24 times or 25 times.

Alternatively or additionally, the method is repeated continuously.

Alternatively or additionally, the method is repeated until pancreatic cancer is diagnosed
and/or staged in the individual using the methods of the present invention and/or

conventional clinical methods.
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Alternatively or additionally, each repetition uses test sample taken from the same
individual.

Alternatively or additionally, step (b) comprises measuring the expression of the protein or
polypeptide of the one or more biomarker(s).

Alternatively or additionally, step (b), (d) and/or step (f) is performed using one or more
first binding agent capable of binding to a biomarker listed in Table A. It will be appreciated
by persons skilled in the art that the first binding agent may comprise or consist of a single
species with specificity for one of the protein biomarkers or a plurality of different species,
each with specificity for a different protein biomarker.

Suitable binding agents (also referred to as binding molecules) can be selected from a

library, based on their ability to bind a given motif, as discussed below.

At least one type of the binding agents, and more typically all of the types, may comprise
or consist of an antibody or antigen-binding fragment of the same, or a variant thereof.

Methods for the production and use of antibodies are well known in the art, for example
see Antibodies: A Laboratory Manual, 1988, Harlow & Lane, Cold Spring Harbor Press,
ISBN-13: 978-0879693145, Using Antibodies: A Laboratory Manual, 1998, Harlow & Lane,
Cold Spring Harbor Press, ISBN-13: 978-0879695446 and Making and Using Antibodies:
A Practical Handbook, 2006, Howard & Kaser, CRC Press, ISBN-13: 978-0849335280

(the disclosures of which are incorporated herein by reference).

Thus, a fragment may contain one or more of the variable heavy (V4) or variable light (Vi)
domains. For example, the term antibody fragment includes 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 Vi and Vi partner domains are linked via a
flexible oligopeptide (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 ef al (1989) Nature 341, 544).

The term “antibody variant” includes any synthetic antibodies, 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
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regions, or other immunointeractive molecule capable of binding to an antigen in an
immunoassay format that is known to those skilled 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.

Molecular libraries such as antibody libraries (Clackson et al, 1991, Nature 352, 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 scaffolds than the antibody framework such as affibodies
(Gunneriusson et al, 1999, Appl Environ Microbiol 65(9): 4134-40) or libraries based on
aptamers (Kenan ef 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.

The molecular libraries may be expressed in vivo in prokaryotic (Clackson et af, 1991, op.
cit.; Marks et al, 1991, op. cit.) or eukaryotic cells (Kieke et al, 1999, Proc Natl 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 ef al, 1997, FEBS Lelt, 414(2):405-8).

In cases when protein based libraries are used often the genes encoding the libraries of
potential binding molecules are packaged in viruses and the potential binding molecule is
displayed at the surface of the virus (Clackson et al, 1991, op. cit.; Marks et al, 1991, op.
cit; Smith, 1985, op. cit.).

The most commonly used such system today 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 (Clackson et al, 1991, op. cit.; Marks et al,
1991, op. cit). However, also other systems for display using other viruses (EP 39578),
bacteria (Gunneriusson et al, 1999, op. cit.; 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 Mo/
Biol 292(5):949-56) have been used.

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,
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1997, op. cit;; He & Taussig, 1997, op. cit.; Nemoto et al, 1997, op. cit), or alternatively
linkage of the polypeptide product to the encoding DNA (see US Patent No. 5,856,090 and
WO 98/37186).

When potential binding molecules are selected from libraries one or a few selector
peptides having defined motifs are usually employed. Amino acid residues that provide
structure, decreasing flexibility in the peptide or charged, polar or hydrophobic side chains
allowing interaction with the binding molecule may be used in the design of motifs for

selector peptides.

For example:

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

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

(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;

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

(v) Serine, threonine and tyrosine side chains contain hydroxyl groups, which may
participate in hydrogen bonds.

Typically, selection of binding agents may involve the use of array technologies and

systems to analyse binding to spots corresponding to types of binding molecules.

In an alternative or additional embodiment, the first binding agent(s) is/are immobilised on
a surface (e.g. on a multiwell plate or array).

The variable heavy (Vk) and variable light (VL) domains of the antibody are involved in antigen
recognition, a fact first recognised by early protease digestion experiments. 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).
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That antigenic specificity is conferred by variable domains and is independent of the constant
domains is known from experiments involving the bacterial expression of antibody 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 Vi and V. partner domains are linked via
a flexible oligopeptide (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) Nature 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,

By “ScFv molecules” we mean molecules wherein the Vy and V. partner domains are linked
via a flexible oligopeptide.

The advantages of using antibody fragments, rather than whole antibodies, are several-fold.
The smalller size of the fragments may lead to improved pharmacological properties, such as
better penetration 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.

Whole antibodies, and F(ab'). fragments are “bivalent”. By “bivalent” we mean that the said
antibodies and F(ab'), fragments have two antigen combining sites. In contrast, Fab, Fv,

ScFv and dAb fragments are monovalent, having only one antigen combining sites.

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: Techniques and applications”, J G R Hurrell (CRC Press, 1982), both of which
are incorporated herein by reference.

Alternatively or additionally, the first binding agent comprises or consists of an antibody or
an antigen-binding fragment thereof.

Alternatively or additionally, the antibody or antigen-binding fragment thereof is a
recombinant antibody or antigen-binding fragment thereof.
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Alternatively or additionally, the antibody or antigen-binding fragment thereof is selected

from the group consisting of: scFv; Fab; a binding domain of an immunoglobulin molecule.

Alternatively or additionally, antibody or antigen-binding fragment is capable of competing
for binding to a biomarker specified in Table A with an antibody for that biomarker defined
in Table 8.

By “capable of competing” for binding to a biomarker specified in Table A with an antibody
molecule as defined herein (or a variant, fusion or derivative of said antibody or antigen-
binding fragment, or a fusion of a said variant or derivative thereof, which retains the
binding specificity for the required biomarker) we mean or include that the tested antibody
or antigen-binding fragment is capable of inhibiting or otherwise interfering, at least in part,
with the binding of an antibody molecule as defined herein.

For example, the antibody or antigen-binding fragment may be capable of inhibiting the
binding of an antibody molecule defined herein by at least 10%, for example at least 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90%, 35% or even by 100%.

Competitive binding may be determined by methods well known to those skilled in the art,
such as ELISA (as described herein) and/or SPR (as described in the accompanying

Examples).

Alternatively or additionally, the antibody or antigen-binding fragment is an antibody
defined in Table 8 or an antigen-binding fragment thereof, or a variant thereof.

Alternatively or additionally, the antibody the antibody or antigen-binding fragment

comprises a VH and VL domain specified in Table 8, or a variant thereof.

By ‘variants’ of the antibody or antigen-binding fragment of the invention we include
insertions, deletions and substitutions, either conservative or non-conservative. In
particular we include variants of the sequence of the antibody or antigen-binding fragment
where such variations do not substantially alter the activity of the antibody or antigen-
binding fragment. In particular, we include variants of the antibody or antigen-binding
fragment where such changes do not substantially alter the binding specificity for the
respective biomarker specified in Table 8.
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The polypeptide variant may have an amino acid sequence which has at least 70% identity
with one or more of the amino acid sequences of the antibody or antigen-binding fragment
of the invention as defined herein — for example, at least 75%, at least 80%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity with one or
more of the amino acid sequences of the antibody or antigen-binding fragment of the

invention as defined herein.

The percent sequence identity between two polypeptides may be determined using
suitable computer programs, for example the GAP program of the University of Wisconsin
Genetic Computing Group and it will be appreciated that percent identity is calculated in

relation to polypeptides whose sequences have been aligned optimally.

The alignment may alternatively be carried out using the Clustal W program (as described
in Thompson et al., 1994, Nucl. Acid Res. 22:4673-4680, which is incorporated herein by

reference).

The parameters used may be as follows:

- Fast pair-wise alignment parameters: K-tuple(word) size; 1, window size; 5, gap
penalty; 3, number of top diagonals; 5. Scoring method: x percent.

- Multiple alignment parameters: gap open penalty; 10, gap extension penalty;
0.05.

- Scoring matrix: BLOSUM.

Alternatively, the BESTFIT program may be used to determine local sequence alignments.

The antibodies may share CDRs (e.g., 1, 2, 3, 4,5 or 6) CDRs with one or more of the
antibodies defined in Table 8.

CDRs can be defined using any suitable method known in the art. Commonly used
methods include Paratome (Kunik, Ashkenazi and Ofran, 2012, 'Paratome: an online tool
for systematic identification of antigen-binding regions in antibodies based on sequence
or structure' Nucl. Acids Res., 40:W521-W524; hitp://www.ofranlab.org/paratome/), Kabat
(Wu and Kabat, 1970, ‘An analysis of the sequences of the variable regions of Bence

Jones proteins and myeloma light chains and their implications for antibody
complementarity.” J. Exp. Med., 132:211-250), Chothia (Chothia and Lesk, 1987
'‘Canonical structures for the hypervariable regions of immunoglobulins' J. Mol. Biol.,
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196:901-917; Chothia et al., 1989 'Conformations of immunoglobulin hypervariable
regions' Nature, 342:877-883) and IMGT (Lefranc et al., 2003 ‘IMGT unique numbering for
immunoglobulin and T cell receptor variable domains and lg superfamily V-like domains.
Dev. Comp. Immunol., 27:55-77; Lefranc et al., 2005 'IMGT unique numbering for
immunoglobulin and T cell receptor constant domains and !g superfamily C-like domains'
Dev. Comp. Immunol., 29:185-203; hitp://www.imgt.org). For example, the method used
may be the IMGT method.

Alternatively or additionally, the first binding agent is immobilised on a surface (e.g., on a
multiwell plate or array).

Alternatively or additionally, the one or more biomarkers in the test sample are labelled
with a detectable moiety.

Alternatively or additionally, the one or more biomarkers in the control sample(s) are
labelled with a detectable moiety.

By a “detectable moiety” we include the meaning that the moiety is one which may be
detected and the relative amount and/or location of the moiety (for example, the location
on an array) determined.

Suitable detectable moieties are well known in the art.

Thus, the detectable moiety may be a fluorescent and/or luminescent and/or
chemiluminescent moiety which, when exposed to specific conditions, may be detected.
For example, a fluorescent moiety may need to be exposed to radiation (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.

Alternatively, the detectable moiety may be an enzyme which is capable of converting a
(preferably undetectable) substrate into a detectable product that can be visualised and/or
detected. Examples of suitable enzymes are discussed in more detail below in relation to,
for example, ELISA assays.

Alternatively, the detectable moiety may be a radioactive atom which is useful in imaging.
Suitable radioactive atoms include **™Tc¢ and 2%l for scintigraphic studies. Other readily

detectable moieties include, for example, spin labels for magnetic resonance imaging
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(MRI) such as '2| again, ¥, """In, "°F, 3C, ®N, 70, gadolinium, manganese or iron.
Clearly, the agent to be detected (such as, for example, the one or more biomarkers 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.

The radio- or other labels may be incorporated into the agents of the invention (i.e. 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 moiety 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 %¥MTg, 23], ¥Rh, ¥8Rh 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 '?*. Reference (“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, chemiluminescent
or radioactive moieties) to proteins are well known in the art.

Preferably, the one or more biomarkers in the control sample(s) are labelled with a
detectable moiety. The detectable moiety may be selected from the group consisting of:
a fluorescent moiety; a luminescent moiety; a chemiluminescent moiety; a radioactive

moiety; an enzymatic moiety. However, it is preferred that the detectable moiety is biotin.
Alternatively or additionally, the detectable moiety is selected from the group consisting of:
a fluorescent moiety; a luminescent moiety; a chemiluminescent moiety; a radioactive

moiety; an enzymatic moiety.

Alternatively or additionally, the detectable moiety is biotin.

Alternatively or additionally, step (b), (d) and/or step (f) is performed using an assay
comprising a second binding agent capable of binding to the one or more biomarkers, the

second binding agent comprising a detectable moiety.

Alternatively or additionally, the second binding agent comprises or consists of an antibody
or an antigen-binding fragment thereof.
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Alternatively or additionally, the antibody or antigen-binding fragment thereof is a

recombinant antibody or antigen-binding fragment thereof.

Alternatively or additionally, the antibody or antigen-binding fragment thereof is selected

from the group consisting of: scFv; Fab; a binding domain of an immunoglobulin molecule.

Alternatively or additionally, the detectable moiety is selected from the group consisting of:
a fluorescent moiety; a luminescent moiety; a chemiluminescent moiety; a radioactive
moiety; an enzymatic moiety.

Alternatively or additionally, the detectable moiety is fluorescent moiety (for example an
Alexa Fluor dye, e.g. Alexa647).

Alternatively or additionally, the detection method comprises or consists of an ELISA
(Enzyme Linked Immunosorbent Assay).

Preferred assays for detecting serum or plasma proteins include enzyme linked
immunosorbent assays (ELISA), radioimmunoassay (RIA), immunoradiometric assays
(IRMA) and immunoenzymatic assays (I[EMA), including sandwich assays using
monoclonal and/or polyclonal antibodies. Exemplary sandwich assays are described by
David ef al in US Patent Nos. 4,376,110 and 4,486,530, hereby incorporated by reference.
Antibody staining of cells on slides may be used in methods well known in cytology
laboratory diagnostic tests, as well known to those skilled in the art.

Typically, the assay is an ELISA (Enzyme Linked Immunosorbent Assay) which typically
involves the use of enzymes giving 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. Chemi-luminescent

systems based on enzymes such as luciferase can also be used.
ELISA methods are well known in the art, for example see The ELISA Guidebook (Methods

in Molecular Biology), 2000, Crowther, Humana Press, ISBN-13: 978-0896037281 (the

disclosures of which are incorporated by reference).
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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.

Alternatively or additionally, step (b), (d) and/or step (f) is performed using an array.

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 identified by a molecular code or colour code or identified in a
continuous flow. Analysis can also be performed sequentially 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, polystyrene, polyvinyl chloride or polypropylene. The solid
supports 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, perspex, 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 support. 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 et al (2002, Drug Discov Today 15;7(18 Suppl):S143-9).

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 microarray have typical dimensions, e.g.,
diameters, in the range of between about 10-250 pm, and are separated from other regions
in the array by about the same distance. The array may also be a macroarray or a

nanoarray.

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.
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Alternatively or additionally, the array is a bead-based array.

Alternatively or additionally, the array is a surface-based array.

Alternatively or additionally, the array is selected from the group consisting of: macroarray;
microarray; nanoarray.

Alternatively or additionally, the method comprises:

(i) labelling biomarkers present in the sample with biotin;

(ii) contacting the biotin-labelled proteins with an array comprising a plurality of
scFv immobilised at discrete locations on its surface, the scFv having specificity
for one or more of the proteins in Table A;

(iii) contacting the immobilised scFv with a streptavidin conjugate comprising a
fluorescent dye; and

(iv) detecting the presence of the dye at discrete locations on the array surface

wherein the expression of the dye on the array surface is indicative of the
expression of a biomarker from Table Ill in the sample.

Alternatively or additionally, step (b), (d) and/or (f) comprises measuring the expression of
a nucleic acid molecule encoding the one or more biomarkers.

Alternatively or additionally, the nucleic acid molecule is a cDNA molecule or an mRNA
molecule.

Alternatively or additionally, the nucleic acid molecule is an mRNA molecule.

Alternatively or additionally, measuring the expression of the one or more biomarker(s) in
step (b), (d) and/or (f) is performed using a method selected from the group consisting of
Southern hybridisation, Northern hybridisation, polymerase chain reaction (PCR), reverse
transcriptase PCR (RT-PCR), quantitative real-time PCR (qRT-PCR), nanoarray,

microarray, macroarray, autoradiography and in situ hybridisation.

Alternatively or additionally, measuring the expression of the one or more biomarker(s) in

step (b) is determined using a DNA microarray.
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Alternatively or additionally, measuring the expression of the one or more biomarker(s) in
step (b), (d) and/or (f) is performed using one or more binding moieties, each individually
capable of binding selectively to a nucleic acid molecule encoding one of the biomarkers
identified in Table A.

Alternatively or additionally, the one or more binding moieties each comprise or consist of
a nucleic acid molecule.

Alternatively or additionally, the one or more binding moieties each comprise or consist of
DNA, RNA, PNA, LNA, GNA, TNA or PMO.

Alternatively or additionally, the one or more binding moieties each comprise or consist of
DNA.

Alternatively or additionally, the one or more binding moieties are 5 to 100 nucleotides in
length.

Alternatively or additionally, the one or more nucleic acid molecules are 15 to 35
nucleotides in length.

Alternatively or additionally, the binding moiety comprises a detectable moiety.

Alternatively or additionally, the detectable moiety is selected from the group consisting of:
a fluorescent moiety; a luminescent moiety; a chemiluminescent moiety; a radioactive
moiety (for example, a radioactive atom); or an enzymatic moiety.

Alternatively or additionally, the detectable moiety comprises or consists of a radioactive
atom.

Alternatively or additionally, the radioactive atom is selected from the group consisting of
technetium-99m, iodine-123, iodine-125, iodine-131, indium-111, fluorine-19, carbon-13,
nitrogen-15, oxygen-17, phosphorus-32, sulphur-35, deuterium, tritium, rhenium-186,
rhenium-188 and yttrium-90.

Alternatively or additionally, the detectable moiety of the binding moiety is a fluorescent
moiety.
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Alternatively or additionally, the sample provided in step (a), (c) and/or (e) is selected from
the group consisting of unfractionated blood, plasma, serum, tissue fluid, pancreatic tissue,
milk, bile and urine.

Alternatively or additionally, the sample provided in step (a), (c) and/or (e) is selected from
the group consisting of unfractionated blood, plasma and serum.

Alternatively or additionally, the sample provided in step (a), (c) and/or (e) is serum.

Alternatively or additionally, the predicative accuracy of the method, as determined by an
ROC AUC value, is at least 0.50, for example at least 0.55, 0.60, 0.65, 0.70, 0.75, 0.80,
0.85, 0.90, 0.95, 0.96, 0.97, 0.98 or at least 0.99.

Alternatively or additionaily, the predicative accuracy of the method, as determined by an
ROC AUC value, is at least 0.70.

Typically, diagnosis is performed using a support vector machine (SVM), such as those
available from http://cran.r-project.org/web/packages/e1071/index.himl (e.g. €1071 1.5-
24). However, any other suitable means may also be used.

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 algorithm 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.

More formally, a support vector machine constructs a hyperplane or set of hyperplanes in
a high or infinite dimensional space, which can be used for classification, regression or
other tasks. 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 Discovery, 2:121-167.
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In an alternative or additional embodiment of the invention, the SVM is ‘trained’ prior to
performing the methods of the invention using biomarker profiles from individuals with
known disease status (for example, individuals known to have pancreatic cancer,
individuals known to have acute inflammatory pancreatitis, individuals known to have
chronic pancreatitis or individuals known to be healthy). By running such training samples,
the SVM is able to learn what biomarker profiles are associated with pancreatic cancer.
Once the training process is complete, the SVM is then able whether or not the biomarker

sample tested is from an individual with pancreatic cancer.

However, this training procedure can be by-passed by pre-programming the SVM with the
necessary training parameters. For example, diagnoses can be performed according to
the known SVM parameters using the SVM algorithm detailed in Table 5, based on the
measurement of any or all of the biomarkers listed in Table A.

It will be appreciated by skilled persons that suitable SVM parameters can be determined
for any combination of the biomarkers listed in Table A by training an SVM machine with
the appropriate selection of data (i.e. biomarker measurements from individuals with
known pancreatic cancer status). Alternatively, the data of the Examples and figures may
be used to determine a particular pancreatic cancer-associated disease state according to
any other suitable statistical method known in the art.

Preferably, the method of the invention has an accuracy of at least 60%, for example 61%,
62%. 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%,
77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% accuracy.

Preferably, the method of the invention has a sensitivity of at least 60%, for example 61%,
62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%,
77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sensitivity.

Preferably, the method of the invention has a specificity of at least 60%, for example 61%,
62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%,
77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% specificity.
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By “accuracy” we mean the proportion of correct outcomes of a method, by “sensitivity” we
mean the proportion of all PaC positive sample that are correctly classified as positives,
and by “specificity” we mean the proportion of all PaC negative samples that are correctly
classified as negatives.

Signal intensities may be quantified using any suitable means known to the skilled person.
Alternatively or additionally, signal intensities are quantified using the ScanArray Express
software version 4.0. Signal intensity data may be normalised (i.e., to adjust technical
variation). Normalisation may be performed using any suitable method known to the
skilled person. Alternatively or additionally, data is normalised using the empirical Bayes
algorithm ComBat (Johnson ef al., 2007).

Alternatively or additionally, the individual(s) being tested is genotypically Lewis a-b-.

The individual(s) tested may be of any ethnicity. Alternatively or additionally, the
individual(s) tested are Caucasian and/or Chinese (e.g., Han ethnicity).

Alternatively or additionally, the sample(s) provided in step (a), (c) and/or (e) are provided
before treatment of the pancreatic cancer (e.g., resection, chemotherapy, radiotherapy).

Alternatively or additionally, the individual(s) being tested suffers from one or more
condition selected from the group consisting of chronic pancreatitis, hereditary pancreatic

ductal adenocarcinoma and Peutz-Jeghers syndrome.

In an alternative or additional embodiment the pancreatic cancer is selected from the group
consisting of adenocarcinoma, adenosquamous carcinoma, signet ring cell carcinoma,
hepatoid carcinoma, colloid carcinoma, undifferentiated carcinoma, and undifferentiated
carcinomas with osteoclast-like giant cells. Preferably, the pancreatic cancer is a
pancreatic adenocarcinoma. More preferably, the pancreatic cancer is pancreatic ductal

adenocarcinoma, also known as exocrine pancreatic cancer.

Alternatively or additionally, the method comprises the active step of determining the

presence or absence of the/a pancreatic cancer-associated disease state of the invention.
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Alternatively or additionally, in the event that the individual is diagnosed with pancreatic

cancer, the method 'comprises the step of:
(g) providing the individual with pancreatic cancer therapy.

Thus, a related aspect of the invention provides a method of treatment of an individual with
a pancreatic cancer comprising the following steps:

(a) diagnosing an individual as having a pancreatic cancer using a method according
to the first aspect of the invention; and

(b) treating the individual so diagnosed with a pancreatic cancer therapy (for example,
see Thota et al., 2014, Oncology 28(1).70-4, the disclosures of which are
incorporated herein by reference).

Alternatively or additionally, the pancreatic cancer therapy is selected from the group
consisting of surgery, chemotherapy, immunotherapy, chemoimmunotherapy and
thermochemotherapy.

In an alternative or additional embodiment the pancreatic cancer therapy is selected from
the group consisting of surgery, chemotherapy, immunotherapy, chemoimmunotherapy
and thermochemotherapy (e.g., AC chemotherapy; Capecitabine and docetaxel
chemotherapy (Taxotere ®); CMF chemotherapy; Cyclophosphamide; EC chemotherapy;
ECF chemotherapy; E-CMF chemotherapy (Epi-CMF); Eribulin (Halaven®); FEC
chemotherapy; FEC-T chemotherapy; Fluorouracil (5FU); GemCarbo chemotherapy;
Gemcitabine (Gemzar ®); Gemcitabine and cisplatin chemotherapy (GemCis or
GemCisplat); GemTaxol chemotherapy; Idarubicin (Zavedos ®); Liposomal doxorubicin
(DaunoXome ®); Mitomycin (Mitomycin C Kyowa ®); Mitoxantrone; MM chemotherapy;
MMM chemotherapy; Paclitaxel (Taxol ®); TAC chemotherapy; Taxotere and
cyclophosphamide (TC) chemotherapy; Vinblastine (Velbe ®); Vincristine (Oncovin ®);
Vindesine (Eldisine ®); and Vinorelbine (Navelbine ®)).

Accordingly, the present invention comprises an antineoplastic agent for use in treating

pancreatic cancer wherein the dosage regime is determined based on the results of the
method of the first aspect of the invention.
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The present invention comprises the use of an antineoplastic agent in treating pancreatic
cancer wherein the dosage regime is determined based on the results of the method of

the first aspect of the invention.

The present invention comprises the use of an antineoplastic agent in the manufacture of
a medicament for treating pancreatic cancer wherein the dosage regime is determined
based on the results of the method of the first aspect of the invention.

The present invention comprises a method of treating pancreatic cancer comprising
providing a sufficient amount of an antineoplastic agent wherein the amount of
antineoplastic agent sufficient to treat the pancreatic cancer is determined based on the
results of the method of the first aspect of the invention.

In one embodiment, the antineoplastic agent comprises or consists of an alkylating agent
(ATC code LO1a), an antimetabolite (ATC code LO1b), a plant alkaloid or other natural
product (ATC code LO1c), a cytotoxic antibiotic or a related substance (ATC code L01d),
or another antineoplastic agents (ATC code LO1x).

Hence, in one embodiment the antineoplastic agent comprises or consists of an alkylating
agent selected from the group consisting of a nitrogen mustard analogue (for example
cyclophosphamide, chlorambucil, melphalan, chlormethine, ifosfamide, trofosfamide,
prednimustine or bendamustine) an alkyl sulfonate (for example busulfan, treosulfan, or
mannosulfan) an ethylene imine (for example thiotepa, triaziquone or carboquone) a
nitrosourea (for example carmustine, lomustine, semustine, streptozocin, fotemustine,
nimustine or ranimustine) an epoxides (for example etoglucid) or another alkylating agent

(ATC code L01ax, for example mitobronitol, pipobroman, temozolomide or dacarbazine).

In a another embodiment the antineoplastic agent comprises or consists of an
antimetabolite selected from the group consisting of a folic acid analogue (for example
methotrexate, raltitrexed, pemetrexed or pralatrexate), a purine analogue (for example
mercaptopurine, tioguanine, cladribine, fludarabine, clofarabine or nelarabine) or a
pyrimidine analogue (for example cytarabine, fluorouracil (5-FU), tegafur, carmofur,

gemcitabine, capecitabine, azacitidine or decitabine).

In a still further embodiment the antineoplastic agent comprises or consists of a plant
alkaloid or other natural product selected from the group consisting of a vinca alkaloid or

a vinca alkaloid analogue (for example vinblastine, vincristine, vindesine, vinorelbine or
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vinflunine), a podophyllotoxin derivative (for example etoposide or teniposide) a colchicine
derivative (for example demecoicine), a taxane (for example paclitaxel, docetaxel or
paclitaxel poliglumex) or another plant alkaloids or natural product (ATC code LO1cx, for
example trabectedin).

In one embodiment the antineoplastic agent comprises or consists of a cytotoxic antibiotic
or related substance selected from the group consisting of an actinomycine (for example
dactinomycin), an anthracycline or related substance (for example doxorubicin,
daunorubicin, epirubicin, aclarubicin, zorubicin, idarubicin, mitoxantrone, pirarubicin,
valrubicin, amrubicin or pixantrone) or another (ATC code LO1dc, for example bleomycin,

plicamycin, mitomycin or ixabepilone).

In a further embodiment the antineoplastic agent comprises or consists of another
antineoplastic agent selected from the group consisting of a platinum compound (for
example cisplatin, carboplatin, oxaliplatin, satraplatin or polyplatillen) a methylhydrazine
(for example procarbazine) a monoclonal antibody (for example edrecolomab, rituximab,
trastuzumab, alemtuzumab, gemtuzumab, cetuximab, bevacizumab, panitumumab,
catumaxomab or ofatumumab) a sensitizer used in photodynamic/radiation therapy (for
example porfimer sodium, methyl aminolevulinate, aminolevulinic acid, temoporfin or
efaproxiral) or a protein kinase inhibitor (for example imatinib, gefitinib, erlotinib, sunitinib,
sorafenib, dasatinib, iapatinib, nilotinib, temsirolimus, everolimus, pazopanib, vandetanib,
afatinib, masitinib or toceranib).

In a still further embodiment the antineoplastic agent comprises or consists of another
neoplastic agent selected from the group consisting of amsacrine, asparaginase,
altretamine, hydroxycarbamide, lonidamine, pentostatin, miltefosine, masoprocol,
estramustine, tretinoin, mitoguazone, topotecan, tiazofurine, irinotecan (camptosar),
alitretinoin, mitotane, pegaspargase, bexarotene, arsenic trioxide, denileukin diftitox,
bortezomib, celecoxib, anagrelide, oblimersen, sitimagene ceradenovec, vorinostat,
romidepsin, omacetaxine mepesuccinate, eribulin or folinic acid.

In one embodiment the antineoplastic agent comprises or consists of a combination of one
or more antineoplastic agent, for example, one or more antineoplastic agent defined
herein. One example of a combination therapy used in the treatment of pancreatic cancer
is FOLFIRINOX which is made up of the following four drugs:
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e FOL - folinic acid (leucovorin);

o F —fluorouracil (5-FU);

e IRIN —irinotecan (Camptosar); and
o OX - oxaliplatin (Eloxatin).

Accordingly, a second aspect of the invention provides an array for diagnosing or
determining a pancreatic cancer-associated disease state in an individual comprising one

or more binding agent as defined in the first aspect of the invention.

Alternatively or additionally, the one or more binding agents is capable of binding to all of
the proteins defined in Table A.

A third aspect of the invention provides use of one or more biomarkers selected from the
group defined in Table A as a biomarker for determining a pancreatic cancer associated

disease states in an individual.

Alternatively or additionally, all of the proteins defined in Table A is used as a marker for
determining a pancreatic cancer associated disease state in an individual.

A fourth aspect of the invention provides the use of one or more binding moiety as defined
in the first aspect of the invention for determining a pancreatic cancer associated disease
state in an individual.

Alternatively or additionally, biomarkers for all of the proteins defined in Table A are used.

A fifth aspect of the invention provides a kit for diagnosing or determining a pancreatic
cancer-associated disease state in an individual comprising:

(a) one or more binding agent as defined in the first aspect of the invention or an

array according to the second aspect of the invention;

(b) instructions for performing the method as defined above (e.g., in the first aspect
of the invention).
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A sixth aspect of the invention provides a method of treating pancreatic cancer in an

individual comprising the steps of:

(a) determining a pancreatic cancer associated disease state according to the
method defined in any the first aspect of the invention; and

(b) providing the individual with pancreatic cancer therapy.

Alternatively or additionally, the pancreatic cancer therapy is selected from the group
consisting of surgery (e.g., resection), chemotherapy, immunotherapy,
chemoimmunotherapy and thermochemotherapy.

An eighth aspect of the invention provides a computer program for operating the methods
the invention, for example, for interpreting the expression data of step (c) (and subsequent
expression measurement steps) and thereby diagnosing or determining a pancreatic
cancer-associated disease state. The computer program may be a programmed SVM.
The computer program may be recorded on a suitable computer-readable carrier known
to persons skilled in the art. Suitable computer-readable-carriers may include compact
discs (including CD-ROMs, DVDs, Blue Rays and the like), floppy discs, flash memory
drives, ROM or hard disc drives. The computer program may be installed on a computer

suitable for executing the computer program.

Preferred, non-limiting examples which embody certain aspects of the invention will now
be described, with reference to the following tables and figures:

Figure 1. Discrimination of pancreatic cancer (PDAC) vs. normal controls (NC).

(A) Principal component analysis (PCA) of PDAC (grey) and NC (black). The data was
filtered to g<0.1 using ANOVA; (B) Relative protein levels corresponding to the 11
antibodies that remained after filtering, in a PCA plot synchronized to the one in A). Grey
= up-regulated levels, Black =down-regulated levels in PDAC vs. NC; (C) ROC-curve with
AUC of 0.88 from support vector machine analysis (SVM) with leave-one-out (LOO) cross-
validation of PDAC vs. NC based on unfiltered data (using unfiltered data from all
antibodies).

Figure 2. Identification of plasma protein signatures for PDAC.
A training set and a test set was generated by randomized selection of 2/3 of samples from
each group (PDAC and NC) to the training set, and the remaining 1/3 of samples to the

test set. The training set was used to define a condensed signature for discriminating
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PDAC from NC. (A) Filtering of variables was conducted by a SVM-based stepwise
backward elimination of the antibodies in the training set. In each iterative step, the
Kullback-Liebler (K-L) error of the classification was determined and plotted. The
antibodies that remained in the elimination process when the classification error reached
its minimum value were used as a unique signature for constructing a new model in the
training set; (B) ROC-curve resulting from the signature model from the training set,
“frozen” and directly applied onto the previously unseen test set samples; (C) The
procedure was repeated to a total of 10 times, in 10 different sets of randomly created
training and test sets. The area under the ROC-curve (AUC values) generated by the
frozen biomarker signature models in each corresponding test set were plotted; (D) The
antibody score derived from the overall ranking in the backward elimination (BE) process
(open circles) was compared to the score based on the T-test (W) test ranking (filled
circles).

Figure 3. Discrimination of PDAC stages vs. controls.

A) AUC-values from SVM analysis using unfiltered data (all antibodies), comparing NC to
patients grouped according to their PDAC stage. B) Antibodies with Wilcoxon p<0.05 in
one or more PDAC stages vs NC. “UP” = up-regulated, “DOWN” = down-regulated in
PDAC vs NC, white = no significant difference.

Figure 4. Differentiation of primary tumor location and comparison to a previous study in
serum (Gerdisson, 2015).

Serum from 156 PDAC patients collected at 5 different sites in Spain for the PANKRAS |l
[Parker et al., 2011, Porta et al., 1999] study (Gerdtsson ef al., 2016, Mol Oncol.10(8):1305-
16).

“UP” = up-regulated, “DOWN" = down-regulated in Head vs Body/Tail tumors, N/A =
antibody not included in study.

Figure 5. Comparison to previous cohorts.

A) Details of the three studies being compared. B) Venn diagram derived from overlapping
markers analyzed in a (i) Caucasian cohort of Stage IlI-IV PDAC vs. controls , (ii) Chronic
pancreatitis patients vs. controls, and the current (iii) Chinese cohort of Stage PDAC vs.
controls. For comparative reasons, only the stage llI+1V samples were included in the
current cohort. Numbers denotes significantly (Wilcoxon p<0.05) differentially expressed
markers. [1] Wingren C, Sandstrom A, Segersvard R, Carlsson A, Andersson R, Lohr M,
Borrebaeck CA. Identification of serum biomarker signatures associated with pancreatic
cancer. Cancer Res. 2012;72: 2481-90; [2] Serum proteome profiling of pancreatitis using
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recombinant antibody microarrays reveals disease-associated biomarker signatures.
Proteomics Clin Appl. 2012;6: 486-96.

EXAMPLE

Abstract

In this study, a recombinant antibody microarray platform was used to analyse 213 plasma
samples from pancreatic cancer patients and normal control individuals. The cohort was
stratified according to disease stage, i.e. resectable disease (stage I/11), locally advanced
(stage lII) and metastatic disease (stage 1V). SVM analysis showed that all PDAC stages
could be discriminated from controls. This is the first time patients with stage I/1l PDAC
tumours could be discriminated from controls with high accuracy based on a plasma
protein signature, which indicates a possibility for early diagnosis and an increased rate of
surgically resectable tumors.

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is one of the deadliest cancers with a 5-year
survival rate of 3-4%. A key driver behind this poor prognosis is the current inability to
diagnose patients at an early stage. Data supports that it takes more than five years from
tumor initiation until the acquisition of metastatic ability (Yachida et al., 2010), which clearly
demonstrates a window of opportunity for early detection if accurate markers were
available. At the time of diagnosis, patients have often developed late-stage disease, and
only approximately 15% of the patients have resectable tumors (Conlon et al., 1996; Sohn
et al., 2000). The 5-year survival of these patients, displaying large resected tumors, is
only 10-20% (Conlon et al., 1996; Sohn et al,, 2000). However, the 5-year survival
increases to 30-60% if tumors <20 mm (Stage [-ll) can be resected (Furukawa et al., 1996;
Shimizu et al., 2005). The late diagnosis (Stage lll-IV) is due to unspecific clinical
symptoms in combination with the lack of markers for early diagnosis, something which is
addressed in this study. Interestingly, studies suggest that pancreatic tumors could be
resectable as early as six months prior to clinical diagnosis at an asymptomatic stage
(Gangi et al., 2004; Pelaez-Luna et al., 2007).

The so far most evaluated marker for PDAC, CA19-9, suffers from poor specificity, with
elevated levels in several other indications, as well as a complete absence in patients that

are genotypically Lewis a-b- (5% of the population). Consequently, the use of CA19-9 for
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pancreatic cancer screening is not recommended (Locker et al., 2006). Today, no other
single biomarker has been shown to accurately diagnose PDAC, although recent discovery
studies have demonstrated that both exosomes and nucleosomes contain information
associated with pancreatic cancer (Bauden et al., 2015; Melo et al., 2015). However, the
field of cancer diagnostics is today moving towards panels of markers, since this yields
increased sensitivity and specificity (Brand et al., 2011; Bunger et al., 2011).

Inflammation seems to be a critical component of tumor progression (Coussens and Werb,
2002) and the immunoregulatory plasma proteome may consequently be a source of
potential cancer biomarkers.

Previous studies have also demonstrated that an increased number (n=20-25) of
immunoregulatory proteins will yield highly disease-specific signatures, reflecting a
systemic response to disease (Carlsson et al., 2011b; Ingvarsson et al., 2008; Wingren et
al., 2012). However, analysis of the immunoregulatory proteome is associated with several
challenges, such as, (i) plasma proteins display a vast dynamic concentration range; (ii)
cancer markers are more likely to be found among the most low-abundant proteins (Haab
et al., 2005; Surinova et al., 2011); (iii) disease-associated changes in plasma levels of
low-abundant markers is expected to be small, requiring a significant number of samples
for adequate statistics (Alonzo et al., 2002).

To meet these challenges, we have in the present study analyzed 213 plasma samples
from Chinese patients with pancreatic cancer Stage I-IV and normal controls, using a
sensitive antibody microarray platform. The aim was to identify stage-associated PDAC
markers by comparing control samples to stage I-IV and the results support the concept
that the information content in a simple blood sample is enough to find even the earlier
disease stages. Consequently, enables early diagnosis of PDAC, particularly for the
benefit of patients at high risk, such as chronic pancreatitis, hereditary PDAC, and Peutz-
Jeghers syndrome patients.

Material and Methods

Plasma Samples

This retrospective study was approved by the Ethics Committee of Tianjin Medical
University Cancer Institute and Hospital (TMUCIH). After informed consent, blood was
collected at TMUCIH, plasma was isolated and stored at -80°C. A total of 213 plasma
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samples, collected from Jan-01 2012 to Dec-13 2013, were used (Table 1). The enrolled
PDAC patients (n=118) were all Chinese Han ethnicity and treated at TMUCIH. None of
the patients had received chemotherapy or radiotherapy at the time of blood draw. All
PDAC samples were cytology confirmed by experienced pathologists. Patients were
diagnosed with pancreatic ductal adenocarcinoma with the following exceptions: Malignant
serous cystadenoma (n=1), pancreatic sarcoma (n=2), tubular papillary pancreatic
adenocarcinoma (n=1). Five patients were diagnosed with PDAC with liver metastasis.
Data on tumor stage and size at diagnosis, and tumor location within the pancreas were
based on clinical pathology. Staging was performed according to the American Cancer
Society’s guidelines (Table 1) and the extent of resection was classified as R0O. Normal
control (NC) samples (n=95) were collected from healthy inhabitants of Tianjin at their
routine physical examination at TMUCIH, and were genetically unrelated to the PDAC
patients (Table 1). Sample |Ds were recoded and randomized at labelling, and sample
annotation and clinical data was blinded to the operator at all downstream experimental
procedures. All samples were labelled at one single occasion, using a previously optimized
protocol (Wingren et al., 2012).

Generation of antibody microarrays

The antibody microarrays contained 350 human recombinant scFv antibodies, selected
and generated from in-house designed phage display antibody libraries, produced in E.
coli as previously been described (Pauly et al.,, 2014) and printed onto slides in 14
arrays/slide and 3 replicate spots/array. All slides used for this study were printed at a
single occasion, shipped to TMUCIH in China, and used for analysis within 4 weeks after
printing.

Antibody microarray analysis

Ten slides (140 individual subarrays) were processed per day with randomized sample
order. Briefly, arrays were blocked with PBSMT, washed with PBST, and incubated with
biotinylated plasma samples for 2h at RT. Unbound proteins were washed off, and bound
proteins were detected using 1 ng/mL Alexa Fluor647-Streptavidin (1h at RT). Excess
reagent was washed off, and slides were dried and immediately scanned in a LuxScan
10K Microarray scanner (CapitalBio) at 10 um resolution using the 635 nm and the 532
nm excitation lasers.
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Data acquisition, quality control and pre-processing

Signal intensities were quantified by two trained analysts (ASG and MN), blinded to patient
ID and clinical data, using the ScanArray Express software version 4.0 (PerkinElmer Life
and Analytical Sciences) with the fixed-circle option. For each microarray a grid was
positioned, using the Alexa Fluor555 signals from microarray printing, and used to quantify
the Alexa Fluor647 signal corresponding to the relative level of bound protein. Eleven
samples (10 PDAC, 1 NC) were not quantified due to poor quality images resulting from
of high background and/or low overall signals. For quantified arrays, the spot saturation,
mean intensity and signal-to-noise ratio of each spot were evaluated. Fourteen antibodies
were excluded because (i) the median signal intensity was below the cut-off limit, defined
as the background (average PBS signal) +2 standard deviations (n=8), (ii) saturated signal
in the lowest scanner intensity setting in more than 50% of samples (n=1), and (iii)
inadequate antibody printing (n=5). Based on the remaining 202 samples and 336
antibodies, a dataset was assembled using the mean spot intensity after local background
subtraction. Each data point represented an average of the 3 replicate spots, unless any
replicate CV exceeded 15% from the mean value, in which case it was discarded and the
average of the 2 remaining replicates was used instead. The average CV of replicates was
7.9% (+4.1%). Applying a cut-off CV of 15%, 79% of data values were calculated from all
3 replicates and the remaining 21% from 2 replicates. Furthermore, patients with jaundice
(n=27) were compared to patients without jaundice (n=81), to analyze whether the bilirubin
level was a confounding factor in the antibody microarray analysis. Similarly, a gender-
adjusted dataset was generated to assess whether gender was a confounding factor. The
logged data was normalized, using the empirical Bayes algorithm ComBat (Johnson et al.,
2007) for adjusting technical variation, followed by a linear scaling of data from each array
to adjust for variations in sample background level. The scaling factor was based on the
20% of antibodies with the lowest standard deviation across all samples and was
calculated by dividing the intensity sum of these antibodies on each array with the average

sum across all arrays (Carlsson et al., 2008; Ingvarsson et al., 2008).

Data analysis

The sample and variable distribution was analyzed and visualized, using a principal
component analysis based program (Qlucore, Lund, Sweden). ANOVA was applied for an
initial filtering of data. The performance of individual markers was evaluated using
Wilcoxon or Student’s t-test, Benjamini Hochberg procedure for false discovery rate
control, and fold changes. Separation of different subgroups was assessed using support
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vector machine (SVM), applying a linear kernel with the cost of constraints set to 1. Models
for discriminating two groups were created, using a leave-one-out cross validation
procedure.,

To minimize over-interpretation and to demonstrate robustness of the data set, it was
randomly divided into training and test sets, and the SVM-based backward elimination
algorithm was applied in the training sets. Consequently, biomarker signatures were
generated in training sets of the data, consisting of 2/3 of the total samples from each
subgroup, and evaluated in a test sets containing the remaining 1/3 of samples. In training
sets, filtering was performed using an SVM-based Backward Elimination algorithm, as
previously described (Carlsson et al., 2011a) and models based on the resulting antibody
signatures were tested in the corresponding test sets. Ten different pairs of training and
test sets were used for this purpose, resulting in a consensus list in which each antibody
was given an elimination score corresponding to its median order of elimination in the 10
training sets. The performance was assessed using receiver operating characteristics
(ROC) curves and reported as area under the curve (AUC) values. The sensitivity and
specificity, positive and negative predictive values of each signature in its respectivé test
set were noted for the SVM decision value threshold corresponding to the maximum sum
of sensitivity and specificity.

Results

Discrimination between cases and controls and Identification of plasma protein signatures

associated with pancreatic cancer

Initially, we show that PDAC cases can be discriminated from normal controls, using PCA,
g-value filtration and SVM analysis with leave-on-out cross validation. Principal component
analysis revealed a moderate separation of PDAC and NC samples (Figure 1A) and
differential analysis with g-value cut-off of 0.1 resulted in 11 antibodies displaying
significant different expression levels in PDAC vs. NC (Figure 1B). Three of these were
targeting Apolipoprotein A1 (Apo-A1) and showed decreased proteins levels in PDAC
compared to NC. Properdin, C1q, C3, IgM and IL-8 also showed reduced levels in PDAC,
while VEGF, MAPK-8 and CHP-1 were elevated in the cancer group. Furthermore, SVM
with leave-one-out cross validation using data from all 336 antibodies demonstrated that
PDAC and NC were separated with an AUC-value of 0.88 (p-value = 6.4x10?", Figure 1C).
Of note, patients with jaundice could not be significantly discriminated from patients without
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jaundice, demonstrating that hyperbilirubinemia was not a confounding factor (data not
shown). A comparison of significant (Wilcoxon p<0.05) markers in the gender-adjusted
dataset showed that neither gender was a confounding factor (Table 4).

The high level of differentiation between PDAC and NC using unfiltered data (AUC 0.88)
motivated in-depth data filtering for identifying a condensed PDAC-associated protein
signature. To avoid over-fitting the model to the data, samples were first separated into
training sets for generating antibody signatures models which were then evaluated on
separate test sets. In the training sets, antibodies were filtered using SVM-based backward
elimination and the Kullback-Leibler (K-L) error in the classification was plotted against the
number of eliminated antibodies. Figure 2A illustrates the elimination process in the first
training set, in which a distinct minimum of the error was observed after 313 iterations,
corresponding to a final 24 antibody signature Based on this signature, an SVM model
was constructed in the training set and evaluated in a separate test set, where it generated
an AUC-value of 0.87 (Figure 2B). To test the robustness of the data set this elimination
procedure was repeated in a total of 10 different, randomly generated pairs of training and
test sets, which in term generated 10 signatures identified for optimal separation of cancer
vs. controls. The length of signatures ranged from 17-29 antibodies (median 23.5). The
AUC-values in the test sets ranged from 0.77-0.87, with an average of 0.83 (Figure 2C).
The sensitivity and specificity had average values of 0.77 (ranging 0.56-0.94) and 0.86
(ranging 0.55-0.97), respectively, with the corresponding average positive predictive value
of 0.86 (ranging 0.71-0.97) and average negative predictive value of 0.77 (ranging 0.64-
0.89).

Each antibody was scored based on the reverse order of elimination, with number 1 being
the last antibody to be eliminated, and ranked in order of their median elimination score
from the 10 sequential elimination rounds. Table 2 lists the 25 highest ranked antibodies,
with their p- and g-values, the p-value ranking, and the fold change for PDAC vs. NC. The
top 2 antibodies Properdin and VEGF with median elimination scores of 1 and 2,
respectively, were the last eliminated antibodies in 9/10 (Properdin), and the second last
eliminated in 8/10 (VEGF) training sets. The top 25 ranked antibodies together represented
20 different specificities.

The backward elimination procedure was designed to identify the optimal combination of
antibodies, not taking into consideration one-dimensional separation of data based on
individual antibodies, and the consensus signature presented in Table 2 is based solely

on the backward elimination ranking. Of note, the top two antibodies were also the two
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highest ranked on basis of p- and g-values. in fact, the five highest ranked antibodies all
displayed highly significant p- and g-values for PDAC vs. NC (p<4.47E-06 and q<5.00E-
04). The backward elimination rank (BE-score) and the t-test rank (W-score) for the
consensus signature antibodies were plotted together in Figure 2D. The W-score starts to
deviate from the BE-score after the top five antibodies, and then lost any correlation. Thus,
the five highest ranked antibodies (Properdin, VEGF, IL-8, C3, and CHP-1) make out a
highly stable core of the consensus signature, as indicated by both the backward
elimination procedure and the univariate differential expression analysis. However, the
current data, in consistency with previous datasets analyzed with similar approaches,
shows that the signature core needs to be supplemented by orthogonal markers to reach
a clinically relevant level of accuracy in terms of sensitivity and particularly, specificity, for
discriminating PDAC vs NC.

Discrimination between stage -1V of pancreatic cancer

Discrimination between different disease stages is of high interest since this is associated
with the ability to diagnose pancreatic cancer in its non-invasive stage. In an attempt to
assess the significance of identified markers for early diagnosis, the PDAC samples were
stratified according to disease stage. SVM with leave-one-out cross validation showed that
all PDAC stages were separated from NC and that classification accuracy increased with
disease progression, with AUC-values of 0.71, 0.86, 0.90 and 0.93 for discriminating NC
from stage I, I, lif, and 1V, respectively (Figure 3a). The subgrouping into stages resulted
in smaller sample numbers, ranging from n=11 for stage | to n=34 for stage Il patients.
For increased statistical power, a grouping into early confined disease (stage I/ll) and late
invasive disease (stage lIlI/1V) was also performed. These groups were discriminated from
NC with AUC values of 0.80 (early stage) and 0.96 (late stage).

Figure 3b shows all antibodies displaying significant (Wilcoxon p<0.05) differential protein
levels in at least one of the stage groups when compared to NC. Among the five described
core candidate markers (Properdin, VEGF, IL-8, C3, and CHP-1), Properdin was down-
regulated in all stages, CHP-1 was up-regulated in all stages, and IL-8 was down-regulated
in Stage III/IV disease only. |

It is noteworthy that in our previous study on serum markers in Stage lli/lV Caucasian
PDAC patients, C5 was ranked as the most prominent marker in a backward elimination
filtering analysis, while the current study ranked the same antibody as number 14 (Table

2). However, when stage-specific analysis was performed it was evident that C5 was
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elevated only in late stage disease, which is coherent with the former study (Wingren et
al., 2012). Of note, the stage-specific analysis pointed out several early marker candidate
proteins, e.q. elevated levels of BKT, CDK2, MAPK-8, AGAP-2, IL-13, IL-8, PTPRO, USP-
7, MUC-1, and reduced levels of Apo-A1 and C1q measurable already at stage I/l disease.

Markers associated with tumor location

The samples were also grouped by the primary tumor location in the pancreas, and plasma
from tumors located in the head of pancreas was compared to those located in the body
and/or tail of pancreas. Samples with tumors at other locations (neck=4, neck+body=1,
head+tail=1) were excluded from this analysis. Applying a cut-off of Wilcoxon p<0.05, 37
antibodies showed significantly different intensity levels in Head vs. Body/Tail (Figure 4).
The AUC for Head (n=63) vs. Body/Tail (n=39) localized tumors was 0.64 (p=5.4e-3).
Although the groups were not distinctly separated in the SVM analysis, the 37 significant
antibodies overlapped remarkably well with the antibodies identified in an earlier study
(Figure 4), despite differences in regards to sample format (serum/plasma), ethnicity
(Caucasian/Asian), technical processes (assay protocol and instrumentation) and data
processing (normalization procedures) (Gerdtsson, 2015). The only protein not correlating
with the former study was C3, which was found to be elevated in plasma but reduced in
serum in Head vs. Body/Tait localized tumors. Of note, the proteins that discriminated
between Head and Body/Tail localized tumors (Figure 4) were also distinctly different from
the protein signatures for PDAC vs. NC (Table 2).
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Correlation between markers derived from Caucasian and Chinese populations

We next assessed the concordance of the plasma protein signature in the Chinese
pancreatic cancer subjects with the serum protein signature previously identified in a late
stage PDAC Caucasian cohort, analyzed in relation to healthy controls as well as to
patients with pancreatitis (Wingren et al., 2012). Of note, the antibody microarray content
has expanded significantly since the former study, making correlation measures of the two
studies difficult. The former study only contained 36% of the antibodies currently used and
did for example not include the core marker CHP-1. However, the other four core signature
proteins (Properdin, VEGF, I1L-8 and C3) were all part of the previously published serum
PDAC signature. In addition to the core panel, there was a clear overlap between the two
ethnic cohorts when comparing the 25 highest ranked antibodies in the two studies (Table
2), demonstrating that blood-based proteomics analysis is less affected by the genetic

make-up of sample donors (Caucasian/Asian), or sample format (serum/plasma).

In the previous Caucasian cohort it was also shown that PDAC could be differentiated both
from controls and pancreatitis (Wingren et al., 2012) . Since our Asian cohort did not
include chronic pancreatitis samples, we instead compared significant (Wilcoxon p<0.05)
markers present in this and previous studies (Sandstrom et al., 2012; Wingren et al., 2012).
Five markers (C3, C5, IL-12, IL-8, Properdin) were commonly expressed in both serum
and plasma PDAC samples, as well as in pancreatitis samples. Despite this overlap, the
PDAC-associated proteins were notably different compared to chronic pancreatitis.
Moreover, the current and previous studies have demonstrated that it is the combination
of markers in a multiplexed signature that will deliver the most precise accuracy, regardless
of whether a subset of the markers are overlapping with inflammatory or non-related

indications.

Discussion

For the identification of a plasma marker signature two complementary strategies were
initially used, (i) univariate differential expression analysis generating a multiple-testing
corrected g-value for each antibody in the assay, and (ii) a backward elimination approach
designed to pinpoint the optimal combination of markers, contributing with orthogonal
information for discriminating cases and controls (Carlsson et al.,, 2011a). The two
strategies resulted in the identification of a robust core signature of the five proteins
Properdin, VEGF, IL-8, C3, and CHP-1. Properdin, or Complement Factor P, was
previously identified in two independent studies as strongly down-regulated in both serum
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(Wingren et al., 2012) and plasma (Gerdtsson et al, unpublished observations), but has
apart from that, to the best of our knowledge, not previously been associated with PDAC.
In contrast, VEGF, associated with the angiogenesis-dependence of tumor growth, is a
known upregulated marker in many cancers including PDAC (ltakura et al., 1997). The
VEGF antibody, which specificity has been validated by mass spectrometry, has also in
earlier studies demonstrated a significantly elevated VEGF level in PDAC (Gerdtsson,
2015; Wingren et al., 2012). Also IL-8 and Complement Factor C3 have previously been
shown to be associated with late stage pancreatic cancer (Chen et al., 2013; Shaw et al.,
2014; Wingren et al., 2012). In contrast, CHP-1, Calcineurin Homologous Protein-1, has
not previously been measured and we believe its association with PDAC is novel to this
study. CHP-1 is part of the Ca?*-binding family, and is a widely expressed protein localized
in multiple subcellular compartments. Apart from being involved in trafficking across the
plasma membrane, the functions of this presumably pluripotent protein is largely unknown
(Jimenez-Vidal et al., 2010)

The results showed that the core signature needed to be supplemented with additional
proteins in order to achieve the highest possible sensitivity and specificity. Here,
approximately 23 markers were shown to deliver an optimal discrimination of PDAC vs.
NC. In addition to the 5-protein core, several potential markers of interest were identified.
Apo-A1 was one of the strongest differentially expressed proteins, as shown by all three
Apo-A1-specific antibodies (g-values 0.003-0.02). Its significant down-regulation in plasma
from PDAC patients has previously been seen (Honda et al., 2012) (Gerdtsson et al,
unpublished observations). Apo-A1 is the major component of high density lipoprotein
(HDL) in plasma and decreased levels of HDL are associated with poor cardiovascular
health. Thus the reduced Apo-A1 levels observed in this study may reflect the association
of PDAC with smoking and obesity. Another strongly down-regulated marker was
Complement Factor C1q, in accordance with our previous study (Wingren et al., 2012). It
is noteworthy that although both Apo-A1 and C1q were among the top markers based on
univariate analysis, they were not included in the consensus signature derived from the
backward elimination analysis, which only takes into account the performance of the
combined signature and not the individual markers therein. In contrast, MAPK-8 was
identified as a high scoring marker by both approaches. MAPK-8, a serine/threonine
protein kinase involved in several cellular processes and signaling pathways, has not
previously been analyzed in multiparametric assays and its discriminatory power and role
in PDAC needs to be confirmed in future studies. Of note, although the sample subgroups
were well age matched the PDAC and NC group had a skewed gender distribution. To
investigate if the classifier for PDAC vs. NC was affected by the bias in gender, a gender
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adjusted dataset was created by an additional ComBat normalization step. The result
clearly demonstrated that the list of significant antibodies for PDAC vs. NC in the gender
adjusted dataset was highly similar to that of the original dataset. Furthermore, an SVM
based analysis also demonstrated that male vs female were poorly separated, as
compared to PDAC vs NC, again showing that gender was not a confounding factor for
the PDAC vs NC classifiers.

To the best of our knowledge, this is the first proteomics study identifying stage-specific
PDAC markers in plasma. Since early diagnosis significantly increases the life expectancy
of PDAC patients (Furukawa et al., 1996; Shimizu et al., 2005), the defined markers
associated with stage /1l are of particular importance when designing a clinically relevant
test. Although the discrimination of PDAC vs. NC increased with PDAC stage, we were
still able to discriminate stage I/ll patients from normal individuals. The results are based
on using all data from the microarray analysis, but could be condensed to signatures of
high power. Several proteins, including AGAP-2, BTK, CDK-2, IL-13, IL-6, MUC-1,
PTPRO, USP-7, were shown to have elevated levels in locally confined early stage cancer
specifically. Four of these, AGAP-2, CDK-2, PTPRO, and USP7, have not previously been
measured in our microarray assay. CDK-2, or Cyclin-dependent kinase 2, is involved in
controlling the cell cycle and the aberrant activation of the CDKs is a well-known hallmark
of many cancers, including PDAC (Feldmann et al., 2011). The remaining novel markers
have not previously been associated with PDAC specifically Other PDAC markers that
have been previously identified (Ingvarsson et al., 2008; Wingren et al., 2012), include
MUC-1 which is overexpressed in 90% of PDAC cases (Winter et al., 2012), the cytokines
IL-6 (Bellone et al., 2006) and |L-13 (Gabitass et al., 2011), as well as the tyrosine kinase
BTK.

The focus of the present study was indeed the identification of stage-specific plasma
proteins and the ability to discriminate between resectable pancreatic cancer and
disseminated disease. However, differential diagnosis of cancer versus pancreatitis is
sometimes difficult and an issue deciphered in a recent study focused in particular on
inflammation in pancreas, where we showed that protein signatures could be identified
that clearly discriminated between acute, chronic and autoimmune pancreatitis and normal
controls (Sandstrom et al., 2012). Importantly, the inflammation associated protein
signatures also differed from the Stage |, Il, 1ll, IV associated marker signatures in the
present study. These findings were further supported by a previous study identifying a

signature discriminating between pancreatic cancer patients and a combination of
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controls, including patients with different inflammatory indications of the pancreas, as well
as healthy individuals (Wingren et al., 2012).

The biological diversity of tumors due to localization in pancreas has been previously
demonstrated (Ling et al., 2013). Tumors in the body and tail of pancreas are rarer than
tumor inkthe head of pancreas (77% of PDAC) (Lau et al., 2010). Because of differences
in e.g. biood supply and lymphatic and venous backflow, there are also differences in the
disease presentation with body and tail tumors causing less jaundice, more pain, higher
albumin and CEA levels and lower CA19-9 levels (Eyigor et al., 2010; Watanabe et al.,
2004). Body and tail tumors are more often detected at a late stage than head tumors and
have a higher rate of metastasis. As the biological variances can result in different
treatment efficiency (Wu et al., 2007), markers that can discriminate between tumor
localization would be of clinical relevance and could aid personalized treatment strategies.
However, few differences have been found on a genetic level, with no significant variation
in the overall number of mutations, deletions and amplifications, or in K-ras point mutations
(Ling et al., 2013). Here, 37 antibodies identified markers that showed on differential
protein expression levels between head and bodyi/tail tumors, and this expression pattern
correlated remarkably well with a previous study. Consequently, these results are
encouraging for a future development of a blood protein biomarker signature discriminating
body/tail and head tumors at an early disease stage.

Ethnic genetic diversity is well described and is, in addition to environmental factors,
coupled to e.g. the incidence and progression of cancer in different parts of the world
(Gupta et al., 2014; Rastogi et al., 2004). On the contrary, we here show that PDAC
patients of Asian and Caucasian origin express similar disease-associated protein
signatures. While biological heterogeneity is indeed a hurdle in the search for genetic
biomarkers (Gupta et al., 2014), our findings indicate that proteomic biomarkers may be
more robust and transferrable between different ethnicities, due to less diversity on a whole

protein level as compared to genetic mutations.

In summary, we have demonstrated that resectable pancreatic cancer (stage I/1l) as well
as locally advanced (stage lll) and distant metastatic (stage V) disease could for the first
time be accurately discriminated, a prerequisite for a test focusing on early diagnosis of
pancreatic cancer. Furthermore, we provide information that plasma protein markers

associated with different tumor locations in the pancreas could be identified.
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TABLE A

(1) — Preferred 1/2/1+2

# Short name | Accession# | 1-dvs HC | 1ws HC | 2vs HC | 1+2vs HC
1 R-PTP-O Q16827 1 1 1
2 UBP7 Q93009 0 0 1 1
3 CHP-1 Q99653 1 1 1 1
4 MAPKK 2 P36507 . 1 1 l
5 MAPKK 6 P52564 1 1 1
(1) - Optional 1/2/1+2

# Short name | Accession# | 1-dvsHC | 1vs HC | 2vs HC | 1+2 vs HC
6 Apo-A1 P02647 1 L 1 1
7 BTK Q06187 1 1l 1 1
8 C1q P02745/6/7 1 ! 1 !
9 C3 P01024 L 0 ! i
10 C5 P01031 1 Tl 1 0
11 CDK-2 P24941 1 1 1 1
12 IgM P01871 i i ! !
13 IL-11 P20809 1 1 0 1
14 iL-12 P29459/60 0 1 1 1
15 IL-6 P05231 Tl 1 1 1
16 JAK3 P52333 1 1 1 1
17 MAPKS P45983 1 1 1 0
18 MCP-1 P13500 1l 1 1 i
19 MUC-1 P15941 1 1 1 1
20 Properdin P27918 1 ! 1 1
21 VEGF P15692 1 1 1 1

(1) - Preferred 1/1+2

# Short name | Accession# | 1-4dvs HC | 1vs HC | 2vs HC | 1+2 vs HC

22 PRD14 Q9GZV8 1 1 1

23 GRIP-2 Q9COE4 1 1

24 MAPK9 P45984 1 1

25 PKB gamma QoY243 1 0
(AKT-3)

26 R-PTP-eta Q12913 1 1

27 TopBP1 Q92547 1 1

(IV) - Optional 1/1+2
# Short name | Accession# | 1-dvs HGC | 1vs HC | 2vs HC | 1+2 vs HC

28 CD40L P29965 1 1
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29 EGFR P00533 1 1
30 HADH2 Q61BS9 1 0
31 {CAM-1 P05362 1l 11 T
32 IL-13 P35225 i 1 1
33 iL-18 Q14116 1 1
34 MYOM?2 P54296 1 !
35 Osteopontin P10451 1 0
36 P85A P27986 Tl Tl
37 RANTES P13501 0 1
38 TGF-b1 P01137 1 1
39 IL-4 P05112 1 1
(V) - Preferred 2/1+2
# Short name | Accession# | 1-4vsHC | 1vsHC | 2vs HC | 1+2vs HC
40 CIMS (13) SSAYSR* 1 1
41 GNAI3 P08754 1 1
42 HsMAD2 Q13257 1 1
43 hSpindly QO6EA4 1 1
44 R-PTP-kappa Q15262 1l 11
45 STAT1 P42224 T 1 1
(V1) - Optional 2/1+2
# Short name | Accession# | 1-4dvs HC | 1vs HC | 2vs HC | 1+2vs HC
46 ATP-5B P06576 1 0 1
47 C4 POCOL4/5 ! ! 1
48 CHX10 P58304 1 7
49 Factor B P00751 | !
50 Her2/ErbB-2 P04626 1 1 0
51 IL-1b P01584 T 1l
52 IL-7 P13232 1) 1 1
53 IL-10 P22301 1 0
54 Lewis X NA 1 1
55 MCP-3 P80098 1 0
56 Sialyl Lewis x NA 1 1
57 TBC1D9 Q6ZT07 1 1
58 TNFRSF3 P36941 1 0
(V) - Preferred 1
# Shortname | Accession# | 1-4vs HC | 1vs HC | 2vs HC | 1+2vs HC
59 AGAP-2 Q99490 1l 0
(V1) - Optional 1
# Short name | Accession# | 1-dvsHC | 1vsHL | 2vs HC | 1+2 vs HC
60 C1-INH P05155 1
61 Cils P09871 T
62 GLP-1R P43220 Tl 1
63 IL-2 P60568 1
64 KSYK P43405 1
65 MAPK1 P28482 1
(IX) - Preferred 2
# Short name | Accession# | 1-dvs HC | 1vsHC | 2vs HC | 1+2 vs HC
66 TENS4 Q8IZW8 1
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(X) - Optional 2
# Short name | Accession# | 1-4vs HC | 1ws HC | 2vs HC | 1+2vs HC
87 FASN Q6PJJ3 1l
68 IL-3 P08700 T T
69 IL-8 P10145 1 Tl
70 STAP2 Q9UGKS3 11
(XI) - Preferred 1+2
# Short name Accession# | 1-dvsHC | 1vs HC | 2vs HC | 1+2 vs HC
7 HsHec1 014777 1
72 PAR-6B QI9BYGS 1
73 PGAMS QI6HS1 1 1
(XII) - Optional 1+2
# Short name | Accession# | 1-dvs HC | 1vs HC | 2vs HC | 1+2 vs HC
74 IFN-y P01579 )
75 IL-16 Q14005 1
76 Sox11A P35716 1
77 TNF-b P01374 1
78 TNFRSF14 Q92956 1
79 UPF3B QoBZI7 1
(X1ll) — Preferred 1-4
# Short name | Accession# | 1-dvs HC | 1vsHC | 2vs HC | 142 vs HC
80 LUM P51884 T
81 PTPRO Q16827 T
(XIV) — Optional 1-4
# Short name | Accession# | 1-dvs HC | 1vsHC | 2vs HC | 1+2vs HC
82 GM-CSF P04141 1
83 IL-9 P15248 i
84 LDL P04114 1l
85 ORP-3 QOH4L5 1l

* peptide antibody was selected against, not database accession number.
‘" indicates the biomarker is up-regulated in PC;

‘|” indicates the biomarker is down-regulated in PC;

‘1)’ indicates the biomarker is dysregulated in PC, but the trend may be up- or down-
regulation (i.e., the biomarker is up-regulated in some PC subtype(s), down-regulated in
others, and/or non-dysregulated yet others);
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Table 1. Clinical samples
No of Gender Median age
Group samples  (M/F) (range) Tumor location Stage grouping*
PDAC 118 76/42 59 (21-83) Head=69, Body/Tail=39
Stage I 11 6/5 59 (48-71) Head=6, Body/Tail= T1/2, N0, MO
Stage II 33 16/17 59 (46-83) Head=27, Body/Tail=6 T1-3, N0/1, MO
Head=22, Body/Tail=12,
StageIIl 38 28/10 59(21-75) Neck/Neck+Body=4 T4, any N, MO
Stage IV 36 26/10 59 (38-75) Head=14, Body/Tail=20, Neck/Head+Tail=2  Any T & N, M1
NC 95 20/75 63 (52-74) N/A
Total 213 96/117 62 (21-83)
*Staging according to the guidelines of the American Cancer Society
Table 2. Top 25 signature candidate analytes
Previous
Median Benjamini- elimination
Elimination elimination ~ Wilcoxon p- Hochberg g- Wilcoxon — Fold rank (Wingren
rank Name score value value rank change  etal., 2012)
1 Properdin 1 6.18E-15  2.08E-12 1 0.74 3
2 VEGF (3) 2 1.84E-08  3.10E-06 2 125 17
3 IL-8 (3) 11.5 1.99E-03  6.07E-02 11 0.87 114
4 C3 (4) 12.5 3.74E-05  3.15E-03 4 0.83 N/A
5 CHP-1 (2) 13 447E-06  5.00E-04 3 1.16 N/A
6 C3(3) 17 1.31E-01  6.01E-01 72 1.08 N/A
7 MAPK-8(3) 195 1.85E-04  7.76E-03 8 122 N/A
8 MCP-1 (6) 19.5 1.32E-01  6.01E-01 74 0.96 N/A
9 IL-7(2) 23 2.53E-01  7.60E-01 111 1.03 21
10 C4(3) 23.5 2.96E-03  8.29E-02 12 0.89 N/A
11 IgM (5) 24.5 5.61E-05  3.77E-03 5 0.92 N/A
12 1IL-3 (1) 27 7.36E-02  5.72E-01 40 1.06 18
13 IL-11 (3) 28 2.17E-02  3.03E-01 24 1.08 35
14 C5(2) 31 1.81E-02  2.84E-01 21 1.09 1
15 1L-6 (6) 32 495E-01  8.83E-01 187 0.97 N/A
16 C3 (6) 35 6.06E-02  5.66E-01 36 1.09 N/A
17 ICAM-1 37 7.36E-01  9.37E-01 263 1.01 N/A
18 MCP-1 (1) 38.5 1.22E-01  5.89E-01 69 1.04 15
19 LDL(1) 395 2.33E01  7.52E01 104 1.02 N/A
20 JAK3 42 1.96E-02  2.86E-01 23 1.05 34
21 MAPK-8 (2) 43 6.79E-02  5.72E-01 38 1.07 N/A
22 MUC-1 (5) 44.5 1.02E-02 2.29E-01 15 1.09 53
23 BTK (3) 44.5 2.06E-01  7.26E-01 93 1.03 N/A
24 IL-7 (1) 45 1.61E-01  6.61E-01 82 0.97 88
25 LUM 46.5 1.04E-01  5.89E-01 55 1.05 N/A
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Table 4: comparison of significant (Wilcoxon p<0.05) markers

COACEr vs non-

CONCEr VE non- cancer gender-
cancer ol dato adjusted data
POAC §108) vs NC PDAC (108) vs NC
{aay ROC arear 0.88 {94} ROC area: 89
Fold Wilcoxon p- Fold Whiicowon p-
Manme change value aH value Mame change walue BY grwalue
Properdin D741 6, 1BE-15 2.08E-12 roperdin 0.753 5.17E-14 1.74E-11
VEGF 1.252 1.84E-08 3.10E-08 YEGF 1.267 4.36E-09 T33E-G7
CEPP22 1.164 487606 0.00050 ighat .912 3.30E-0B GL003G
L3 0.830 3.73£-05 0.00315 €3 815 3.B2E-06 {06030
Ighd 0,924 5.61E-05 0.00377 CHPP22 1154 1.16E-05 000078
Clg 02892 £.000133 0.00634 €lg 0.881 3.99E-0% $.00223
MROE 1.213 DO001ES 200776 ApoiAl 4.395 3.03E-05 000434
ApnAl 0.88% 0000432 101615 MEOS 1.219 00040142 300531
-8 D874 0.001986 0.06086 BYK 1.083 {La00278 00933
<4 2888 0.0025962 0.08293 UBPT 1AM 83000398 001178
Hear2 1058 0.008326 16351 Her2 1.078 0.000465 01202
MAPIK2 0834 Q007056 1.16935 MUCL 1110 4000659 $.01582
fAUCT 1.086 Q.010208 (.22866 PRO1S 1074 $000993 D02223
UBP7 1.078 £.011248 ¢.23620 3AK3 1.074 T.001081 Q02271
cs 1.05% 8012983 0.25680 MCP-3 1.083 0.001672 4.03365
COK2 1072 0.014557 $.27173 TNFRSF3 1.060 ¢.001932 423447
ATPSB 1.060 0.015457 3.27334 MAPZKE 1.079 {.002002 0.03447
FGAMS 1071 Q016622 0.27926 PGAMS 1.093 Gao2091 03447
RAPZKS 1.108 0018576 .28371 MAPKS 1.100 0003185 {4.03502
IAK3 1053 0.013563 0.28579 MEPL 1.107 {02610 0.03863
i-11 1.07% 0021675 {1.30345 NIAP2K2 0933 {.002684 003863
FRBIS 1.404% 0.031840 0.41147 STATL 1.073 0082755 {03863
112 1469 0.038807 0.47888 (23 {1888 $.003080 G04139
ATK 1450 0.048259 0.54050 s 1.071 0003203 0404138
SF2 1033 0.048253 0.54050 PTPRS 1.080 0.003330 D3.04144
Table 5

apriori <- read.delim("apri.txt",header=FALSE)
apriori <- as.character(apriori[{111])
aprioriBoolean <- is.element (rownames (data) , apriori)

filnamn<-"Stages I+II.txt"

rawfile <-~ read.delim(filnamn)

samplenames <- as.character(rawfile[,1])

groups <- rawfilel[, 2]

data <- t(rawfile[,~-c(1:2)1)

ProteinNames <- read.delim(filnamn, header=FALSE)
ProteinNames <- as.character(as.matrix (ProteinNames) [1,])
ProteinNames <- ProteinNames[-(1:2)]

rownames (data) <- ProteinNames

colnames (data) <- samplenames

library (MASS)
library(gplots)
library(el071)
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source ("NaiveBayesian")

redgreen <- function(n)
{
c{
hsv(h=0/6, v=c( rep( seq(l,0.3,length=5) , <(13,10,8,6,4) ) , O

hsv{(h=2/6, v=c( 0 , rep( seq(0.3,1,length=5) , c(3,5,7,9,11) )} )

)
}
pal <- rev{redgreen(100));

svmLOOvalues <-~ function(data , fac){

nl <- sum(fac==levels(fac)[1l])

n2 <- sum({fac==levels(fac) [2])

nsamples <~ nl+n2

ngenes <- nrow(data)

SampleInformation <- paste(levels(fac)[1]," ",nl," , ",levels(fac)[2],

n, n2, sep=" n)

res <- numeric(nsamples)

sign <~ numeric(nsamples)

for (i in l:nsamples){
svmtrain <- svm{t(datal,~-i]) , fac[~i] , kernel="linear" )
pred <- predict(svmtrain , t(datal,i]) , decision.values=TRUE)
res[i] <~ as.numeric(attributes (pred)Sdecision.values)
facnames <- colnames {attributes (pred)S$decision.values) [1]
if (facnames ==

paste (levels (fac) [1],"/",levels(fac) [2],sep="")){sign[1] <- 1}
if (facnames ==

paste (levels (fac) [2],"/",levels (fac) [1l],sep="")){sign[i] <- -1}
}

if (length{unique(sign)) >1){print("erroxr")}

res <- sign * res

names <- colnames(data , do.NULL=FALSE)

orden <- order(res , decreasing=TRUE)

Samples <- data.frame (names|[orden],res[orden], fac[orden])
ROCdata <- myROC(res, fac)

SenSpe <- SensitivitySpecificity(res, fac)

)

return(list (SampleInformation=SampleInformation, ROCarea=R0OCdata([l],p.val

ue=R0OCdata[2], SenSpe <- SenSpe,samples=Samples))
}

wilcoxtest <- function (prot,subsetl, subset2){
res <- wilcox.test (prot[subsetl],prot[subset2])
res$p.value

}

# Definierar foldchange

foldchange <~ function(prot,subsetl, subset2) {
2"~ (mean (prot [subsetl]) - mean(protlsubset2]))

}

# Definierar g-vidrdesberdkningen

BenjaminiHochberg <- function(pvalues) {
# This function takes a vector of p-values as input and outputs
# their g-values. No reordering of the values is performed
NAindices <=~ is.na(pvalues)
Aindices <- !NAindices
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LApvalues <- pvalues[Aindices]

N <~ length(Apvalues)

orderedindices <~ order (Apvalues)
OrdvValues <~ Apvalues[orderedindices]
CorrectedValues <~ OrdValues * N /(1:N)
MinValues <= CorrectedValues

for (i in 1:N){MinValues[i] <- min(CorrectedValues[i:N])}
Agvalues <- numeric (N)

Agvalues [orderedindices] <- MinValues
Qvalues <- pvalues

Qvalues[Aindices] <~ Agvalues

return (Qvalues)

}

AnalyseraMBA <~ function (groupl ,group2) {
outputfiletxt <- paste(groupl,” versus ",group2,".txt" ,sep="")
outputfilepdf <~ paste(groupl,"” versus ",groupZ,".pdf" ,sep="")
subsetl <~ is.element (groups , strsplit{groupl,","}[[111)
subset?2 <- is.element (groups , strsplit({group2,”,")}[[111)
wilcoxpvalues <- apply(data , 1 , wilcoxtest , subsetl , subset2)
foldchange <- apply(data , 1 , foldchange , subsetl , subset2)
QvaluesAll <- BenjaminiHochberg(wilcoxpvalues)
QvaluesApriori <- numeric(length(wilcoxpvalues))
QvalueslApriori[laprioriBoolean] <- NA
QvaluesApriorif[aprioriBooclean] <-
BenjaminiHochberg{wilcoxpvalues[aprioriBoolean])
HugeTable <-
cbind (ProteinNames, foldchange,wilcoxpvalues,QvaluesAll,QvaluesApriori)
write.table (HugeTable, file=outputfiletxt , quote=FALSE,
sep="\t", row.names=FALSE)
color <=~ rep('black' , length(subsetl))
color[subsetl] <- 'red'
color[subset2] <- 'blue'
pdf (outputfilepdf)
Sam <- sammon{dist (t (datal, subsetl]|subset2])) , k=2)
plot (Sam$points , type="n" , xlab = NA , ylab=NA, main="All proteins"
,asp=1)

text (Sam$point , labels = colnames (datal[,subsetl]|subset2]),
col=color([subsetl|subset2])

Sam <- sammon (dist (t(datalaprioriBoolean, subsetl|subset2])) , k=2)

plot (Sam$Spoints , type="n" , xlab = NA , ylab=NA, main="Apriori
proteins" ,asp=1l)

text (Sam$point , labels = colnames (datal[,subsetl]|subset2]),

col=color[subsetl |subset2])
heatmap.2 (data[, subsetl|subset2] , labRow = row.names (data),

trace="none" , labCol ="" , ColSideColors=
color[subsetl|subset2],col=pal , na.color= "grey", key=FALSE , symkey
=FALSE , tracecol = "black”" , main ="" , dendrogram= 'both' , scale
="row" ,cexRow=0.2)

heatmap.?2 (data[apriori, subsetl|subset2] , labRow =
row.names (datalapriori, subsetl|subset2]), trace="none" , labCol =""
ColSideColors= color[subsetl|subset2],col=pal , na.color= "grey",
key=FALSE , symkey =FALSE , tracecol = "black" , main ="" , dendrogram=
'both' , scale ="row")

svmfac <=~

factor(rep('rest',ncol(data)),levels=c(groupl, group2, 'rest'))
svmfac[subsetl] <- groupl
svmfac[subset2] <- group2
svmResAll <- svmLOOvalues (datal,subsetl|subset2] ,

factor (as.character (svmfac[subsetl|subset2]), levels=c(groupl,group2)))

svmResApriori <- svmLOOvalues (datalapriori, subsetl|subset2] ,
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factor (as.character (svmfac[subsetl|subset2])},levels=c(groupl, group2)})

sensspecnumber=4)

ROCplot (svmResAll ,
sensspecnumber=4)

ROCplot (svmResApriori ,

file=outputfiletxt , append=TRUE)
file=outputfiletxt ,

append=TRUE)
file=outputfiletxt ,

5 write (™"
append=TRUE)

write("All proteins" ,
file=outputfiletxt ,

write("" ,
for (i in 1:5){write.table{svmResAll[[i]],
append=TRUE, sep="\t" , quote=FALSE)
10 write( "" , file=outputfiletxt , append=TRUE}
}
write("" , file=outputfiletzt , append=TRUE)
write ("Apriori proteins" , file=outputfiletxt , append=TRUE)
write("" , file=outputfiletxt , append=TRUE)
15 for (1 in 1:5){write.table(svmResApriori{[i]], file=ocutputfiletxt ,
append=TRUE, sep="\t" , quote=FALSE)
write( "" , file=outputfiletxt , append=TRUE)
}
dev.off ()
20 }
AnalyseraMBAA ("I+II", "non-cancer”)
25
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CLAIMS

1. A method for diagnosing or determining a pancreatic cancer-associated disease
state comprising or consisting of the steps of:

(a) providing a sample from an individual to be tested; and

(b) determining a biomarker signature of the test sample by measuring the
presence and/or amount in the test sample of one or more biomarker
selected from the group defined in Table A;

wherein the presence and/or amount in the test sample of the one or more
biomarker selected from the group defined in Table A is indicative of the pancreatic
cancer-associated disease in the individual.

2. The method according to Claim 1 wherein the pancreatic cancer-associated
disease state is selected from the group consisting of:

(i) diagnosis and/or staging of early pancreatic cancer;
(i) diagnosis and/or staging of pancreatic cancer; and

3. The method according to any one of Claims 1-2 wherein step (b) comprises or
consists of measuring the presence and/or amount of 1 or more biomarker listed in
Table A, forexample atleast 2, 3,4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70, 71,72, 73,74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84
or 85 of the biomarkers listed in Table A.

4, The method according to any one of the preceding claims wherein the pancreatic
cancer-associated disease state is early pancreatic cancer.

5. The method according to Claim 4 wherein the method is for the diagnosis of stage
| or stage Il pancreatic cancer.
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6. The method according to Claim 5 wherein step (b) comprises or consists of

measuring the presence and/or amount of 1 or more biomarker listed in:

(i)

(ii)

Table A(l), for example at least 2, 3, 4 or 5 of the biomarkers listed
in Table A(l);

Table A(lll), for example at least 2, 3, 4, 5 or 6 of the biomarkers
listed in Table A(lII);

(iii) Table A(V), for example at least 2, 3, 4, 5 or 6 of the biomarkers
listed in Table A(V); and
(iv)  Table A(XI), for example at least 2 or 3 of the biomarkers listed in
Table A(XI).
7. The method according to Claim 5 or 6 wherein step (b) comprises or consists of

measuring the presence and/or amount of 1 or more biomarker listed in:

(i)

Table A(ll), for example at least 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13,
14, 15 or 16 of the biomarkers listed in Table A(ll);

(i) Table A(IV), for example at least 2, 3, 4, 5,6, 7, 8,9, 10, 11 or 12 of
the biomarkers listed in Table A(IV);
(iii) Table A(VI), for example atleast 2, 3, 4, 5,6, 7, 8,9, 10, 11, 12 or
13 of the biomarkers listed in Table A(VI); and
(iv)  Table A(XII), for example at least 2, 3, 4, 5 or 6 of the biomarkers
listed in Table A(XII).
8. The method according to Claim 4 wherein the method is for the diagnosis of stage

| pancreatic cancer.

9. The method according to Claim 8 wherein step (b) comprises or consists of

measuring the presence and/or amount of 1 or more biomarker listed in:

(i)

(i)

(iif)

Table A(l), for example at least 2, 3, 4 or 5 of the biomarkers listed
in Table A(l);

Table A(lll), for example at least 2, 3, 4, 5 or 6 of the biomarkers
listed in Table A(lI);

Table A(VII).
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The method according to Claim 8 or 9 wherein step (b) comprises or consists of

measuring the presence and/or amount of 1 or more biomarker listed in:

(i)

(ii)

(iii)

Table A(ll), for example atleast 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13,
14, 15 or 16 of the biomarkers listed in Table A(ll);

Table A(IV), for example atleast 2, 3,4, 5,6, 7, 8,9, 10, 11 or 12 of
the biomarkers listed in Table A(IV); and

Table A(VIIl), for example at least 2, 3, 4, 5 or 6 of the biomarkers
listed in Table A(VIII).

The method according to Claim 4 wherein the method is for the diagnosis of stage

Il pancreatic cancer.

The method according to Claim 11 wherein step (b) comprises or consists of

measuring the presence and/or amount of 1 or more biomarker listed in:

(iv)

(v)

(vi)

Table A(l), for example at least 2, 3, 4 or 5 of the biomarkers listed
in Table A(l);

Table A(V), for example at least 2, 3, 4, 5 or 6 of the biomarkers
listed in Table A(V);

Table A(IX).

The method according to Claim 11 or 12 wherein step (b) comprises or consists of

measuring the presence and/or amount of 1 or more biomarker listed in:

(iv)

(V)

(vi)

Table A(ll), for example at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15 or 16 of the biomarkers listed in Table A(ll);

Table A(VI), for example at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 or
13 of the biomarkers listed in Table A(VI); and

Table A(X), for example at least 2, 3 or 4 of the biomarkers listed in
Table A(X).

The method according to any one of the preceding claims wherein the pancreatic

cancer-associated disease state is pancreatic cancer.

The method according to Claim 14 wherein step (b) comprises or consists of

measuring the presence and/or amount of 1 or more biomarker selected from the
group consisting of CHP-1, MAPKK 2, UBP7, PRD14, STAT1, AGAP-2, PGAM5,
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LUM, PTPRO and USPQ7, for example, at least 2, 3, 4, 5, 6, 7, 8, 9 or 10 of these
biomarkers.

16. The method according to Claim 14 or 15 wherein step (b) comprises or consists of
measuring the presence and/or amount of 1 or more biomarker selected from the
group consisting of Apo-A1, BTK, C1q, C5, CDK-2, IgM, IL-11, IL-12, IL-6, JAK3,
MAPKS8, MCP-1, MUC-1, Properdin, VEGF, C3, ICAM-1, IL-13, ATP-5B, C4,
Her2/ErB-2, IL-7, IL-3, IL-8, GM-CSF, IL-9, LDL and ORP3 for example, at least 2,
3,4,5,6,7,8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28 or 29 of these biomarkers.

17. The method according to any one of the preceding claims wherein step (b)
comprises measuring the presence and/or amount of all of the biomarkers listed in
Table A.

18. The method according to any one of the preceding claims further comprising or
consisting of the steps of:

c) providing one or more control sample from:
i. an individual not afflicted with pancreatic cancer; and/or
ii. an individual afflicted with pancreatic cancer, wherein the
sample was of a different stage to that of that the test sample;
d) determining a biomarker signature of the one or more control sample by
measuring the presence and/or amount in the control sample of the one or
more biomarkers measured in step (b);

wherein the pancreatic cancer-associated disease state is identified in the event
that the presence and/or amount in the test sample of the one or more biomarkers
measured in step (b) is different from the presence and/or amount in the control
sample of the one or more biomarkers measured in step (d).
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19.

20.

21.

22.

23.

24,

The method according to any one of the preceding claims further comprising or
consisting of the steps of:

e) providing one or more control sample from;
i. an individual afflicted with pancreatic cancer (i.e., a positive
control); and/or
i. an individual afflicted with pancreatic cancer, wherein the
sample was of the same stage to that of that the test sample;
f) determining a biomarker signature of the control sample by measuring the
presence and/or amount in the control sample of the one or more
biomarkers measured in step (b);

wherein the pancreatic cancer-associated disease state is identified in the event
that the presence and/or amount in the test sample of the one or more biomarkers
measured in step (b) corresponds to the presence and/or amount in the control

sample of the one or more biomarkers measured in step (f).

The method according to any of Claims 18-19, wherein the individual from which
the one or more control sample was obtained was not, at the time the sample was
obtained, afflicted with a non-cancerous pancreatic disease or condition, for
example acute pancreatitis, chronic pancreatitis and autoimmune pancreatitis and
Intraductal Papillary Mucinous Neoplasia (IPMN) of the Pancreas.

The method according to any of Claims 18-20, wherein the individual from which
the one or more control sample was obtained was not, at the time the sample was
obtained, afflicted with any disease or condition of the pancreas.

The method according to Claim 18, wherein the individual not afflicted with
pancreatic cancer was not, at the time the sample was obtained, afflicted with any
disease or condition.

The method according to Claim 18 wherein the individual not afflicted with
pancreatic cancer is a healthy individual.

The method according to any one of Claims 18-23 wherein the one or more
individual afflicted with pancreatic cancer is afflicted with a pancreatic cancer

selected from the group consisting of adenocarcinoma (e.g., pancreatic ductal
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25.

26.

27.

28.

29,

30.

31.

adenocarcinoma or tubular papillary pancreatic adenocarcinoma), pancreatic
sarcoma, malignant serous cystadenoma, adenosquamous carcinoma, signet ring
cell carcinoma, hepatoid carcinoma, colloid carcinoma, undifferentiated carcinoma,
and undifferentiated carcinomas with osteoclast-like giant celis.

The method according to any one of the preceding claims wherein the pancreatic

cancer is pancreatic adenocarcinoma (e.g., pancreatic ductal adenocarcinoma).

The method according to any one of the preceding claims wherein the method is
repeated.

The method according to any one of the preceding claims wherein the method is
repeated and wherein, in step (a), the sample to be tested is taken at different time
to the previous method repetition.

The method according to Claim 26 or 27 wherein the method is repeated using a

test sample taken at a different time period to the previous test sample(s) used.

The method according to Claim 27 or 28 wherein the method is repeated using a
test sample taken between 1 day to 104 weeks to the previous test sample(s) used,
for example, between 1 week to 100 weeks, 1 week to 90 weeks, 1 week to 80
weeks, 1 week to 70 weeks, 1 week to 60 weeks, 1 week to 50 weeks, 1 week to
40 weeks, 1 week to 30 weeks, 1 week to 20 weeks, 1 week to 10 weeks, 1 week
to 9 weeks,1 week to 8 weeks, 1 week to 7 weeks, 1 week to 6 weeks, 1 week to

5 weeks, 1 week to 4 weeks, 1 week to 3 weeks, or 1 week to 2 weeks.

The method according to Claim 27 or 28 wherein the method is repeated using a
test sample taken every period from the group consisting of: 1 day, 2 days, 3 day,
4 days, 5 days, 6 days, 7 days, 10 days, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6
weeks, 7 weeks, 8 weeks, 9 weeks, 10 weeks, 15 weeks, 20 weeks, 25 weeks, 30
weeks, 35 weeks, 40 weeks, 45 weeks, 50 weeks, 55 weeks, 60 weeks, 65 weeks,
70 weeks, 75 weeks, 80 weeks, 85 weeks, 90 weeks, 95 weeks, 100 weeks, 104,
weeks, 105 weeks, 110 weeks, 115 weeks, 120 weeks, 125 weeks and 130 weeks.

The method according to any one of Claims 26-30 wherein the method is repeated

at least once, for example, 2 times, 3 times, 4 times, 5 times, 6 times, 7 times, 8
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

times, 9 times, 10 times, 11 times, 12 times, 13 times, 14 times, 15 times, 16 times,

17 times, 18 times, 19 times, 20 times, 21 times, 22 times, 23, 24 times or 25 times.

The method according to any one of Claims 26-30 wherein the method is repeated

continuously.

The method according to any one of Claims 26-30 wherein the method is repeated
until pancreatic cancer is diagnosed in the individual using conventional clinical
methods.

The method according to any one of Claims 26-30 wherein each repetition uses
test sample taken from the same individual.

The method according to any one of Claims 1 to 34 wherein step (b) comprises
measuring the expression of the protein or polypeptide of the one or more
biomarker(s)

The method according to any one of the preceding claims wherein step (b), (d)
and/or step (f) is performed using one or more first binding agent capable of binding
to a biomarker listed in Table A.

The method according to Claim 36 wherein the first binding agent comprises or

consists of an antibody or an antigen-binding fragment thereof.

The method according to Claim 37 wherein the antibody or antigen-binding

fragment thereof is a recombinant antibody or antigen-binding fragment thereof.
The method according to Claim 37 or 38 wherein the antibody or antigen-binding
fragment thereof is selected from the group consisting of: scFv; Fab; a binding

domain of an immunoglobulin molecule.

The method according to any one of Claims 36 to 39 wherein the first binding agent
is immobilised on a surface.

The method according to any one of Claims 36 to 40 wherein the one or more

biomarkers in the test sample are labelled with a detectable moiety.
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42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

The method according to any one of Claims 36 to 41 wherein the one or more

biomarkers in the control sample(s) are labelled with a detectable moiety.

The method according to Claim 41 or 42 wherein the detectable moiety is selected
from the group consisting of: a fluorescent moiety; a luminescent moiety; a
chemiluminescent moiety; a radioactive moiety; an enzymatic moiety.

The method according to Claim 41 or 42 wherein the detectable moiety is biotin.

The method according to any one of Claims 36 to 44 wherein step (b), (d) and/or
step (f) is performed using an assay comprising a second binding agent capable of
binding to the one or more biomarkers, the second binding agent comprising a
detectable moiety.

The method according to any one of Claim 45 wherein the second binding agent

comprises or consists of an antibody or an antigen-binding fragment thereof.

The method according to Claim 46 wherein the antibody or antigen-binding

fragment thereof is a recombinant antibody or antigen-binding fragment thereof.

The method according to Claim 46 or 47 wherein the antibody or antigen-binding
fragment thereof is selected from the group consisting of: scFv; Fab; a binding

domain of an immunoglobulin molecule.
The method according to any one of Claims 46 to 48 wherein the detectable moiety
is selected from the group consisting of: a fluorescent moiety; a luminescent

moiety; a chemiluminescent moiety; a radioactive moiety; an enzymatic moiety.

The method according to Claim 49 wherein the detectable moiety is fluorescent

moiety (for example an Alexa Fluor dye, e.g. Alexa647).

The method according to any one of the preceding claims wherein the method
comprises or consists of an ELISA (Enzyme Linked Immunosorbent Assay).

The method according to any one of the preceding claims wherein step (b), (d)

and/or step (f) is performed using an array.
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53.

54.

55.

56.

57.

58.

59.

60.

The method according to Claim 52 wherein the array is a bead-based array.
The method according to Claim 53 wherein the array is a surface-based array.

The method according to any one of Claims 52 to 54 wherein the array is selected

from the group consisting of: macroarray; microarray; nanoarray.

The method according fo any one of the preceding claims wherein the method
comprises:

(i) labelling biomarkers present in the sample with biotin;

(i)  contacting the biotin-labelled proteins with an array comprising a plurality of
scFv immobilised at discrete locations on its surface, the scFv having
specificity for one or more of the proteins in Table A;

(iii) contacting the immobilised scFv with a streptavidin conjugate comprising a
fluorescent dye; and

(iv) detecting the presence of the dye at discrete locations on the array surface

wherein the expression of the dye on the array surface is indicative of the
expression of a biomarker from Table il in the sample.

The method according to any one of Claims 1 to 34 wherein, step (b), (d) and/or (f)
comprises measuring the expression of a nucleic acid molecule encoding the one
or more biomarkers.

The method according to Claim 57, wherein the nucleic acid molecule is a cDNA

molecule or an mMRNA molecule.

The method according to Claim 58, wherein the nucleic acid molecule is an mRNA

molecule.

The method according to Claim 57, 58 or 59, wherein measuring the expression of
the one or more biomarker(s) in step (b), (d) and/or (f) is performed using a method
selected from the group consisting of Southern hybridisation, Northern
hybridisation, polymerase chain reaction (PCR), reverse transcriptase PCR
(RT-PCR), quantitative real-time PCR (qRT-PCR), nanoarray, microarray,
macroarray, autoradiography and in situ hybridisation.
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61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

The method according to any one of Claims 57-60, wherein measuring the
expression of the one or more biomarker(s) in step (b) is determined using a DNA
microarray.

The method according to any one of Claims 57-61, wherein measuring the
expression of the one or more biomarker(s) in step (b), (d) and/or (f) is performed
using one or more binding moieties, each individually capable of binding selectively
to a nucleic acid molecule encoding one of the biomarkers identified in Table A.

The method according to Claim 62, wherein the one or more binding moieties each

comprise or consist of a nucleic acid molecule.

The method according to Claim 63 wherein, the one or more binding moieties each
comprise or consist of DNA, RNA, PNA, LNA, GNA, TNA or PMO,

The method according to Claim 63 or 64, wherein the one or more binding moieties
each comprise or consist of DNA.

The method according to any one of Claims 63-65 wherein the one or more binding
moieties are 5 to 100 nucleotides in length.

The method according to any one of Claims 63-65 wherein the one or more nucleic
acid molecules are 15 to 35 nucleotides in length.

The method according to any one of Claims 63-67 wherein the binding moiety
comprises a detectable moisty.

The method according to Claim 68 wherein the detectable moiety is selected from
the group consisting of: a fluorescent moiety; a luminescent moiety; a
chemiluminescent moiety; a radioactive moiety (for example, a radioactive atom);
or an enzymatic moiety.

The method according to Claim 69 wherein the detectable moiety comprises or
consists of a radioactive atom.

96



WO 2017/194613 PCT/EP2017/061202

71.

72.

73.

74.

75.

76.

77.

78.

79.

The method according to Claim 70 wherein the radioactive atom is selected from
the group consisting of technetium-99m, iodine-123, iodine-125, iodine-131,
indium-111, fluorine-19, carbon-13, nitrogen-15, oxygen-17, phosphorus-32,
sulphur-35, deuterium, tritium, rhenium-186, rhenium-188 and yttrium-90.

The method according to Claim 69 wherein the detectable moiety of the binding
moiety is a fluorescent moiety.

The method according to any one of the preceding claims wherein, the sample
provided in step (a), (c) and/or (e) is selected from the group consisting of
unfractionated blood, plasma, serum, tissue fluid, pancreatic tissue, milk, bile and
urine.

The method according to Claim 73, wherein the sample provided in step (a), (c)
and/or (e) is selected from the group consisting of unfractionated blood, plasma
and serum.

The method according to Claim 73 or 74, wherein the sample provided in step (a),
(c) and/or (e) is serum.

The method a-ccording to any one of the preceding claims wherein the predicative
accuracy of the method, as determined by an ROC AUC value, is at least 0.50, for
example at least 0.55, 0.60, 0.65, 0.70, 0.75, 0.80, 0.85, 0.90, 0.95, 0.96, 0.97,
0.98 or at least 0.99.

The method according to Claim 76 wherein the predicative accuracy of the method,
as determined by an ROC AUC value, is at least 0.70.

The method according to any one of the preceding claims wherein, in the event
that the individual is diagnosed with pancreatic cancer, the method comprises the
step of:

(g) providing the individual with pancreatic cancer therapy.

The method according to Claim 78 wherein the pancreatic cancer therapy is
selected from the group consisting of surgery, chemotherapy, immunotherapy,

chemoimmunotherapy and thermochemotherapy.
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80.

81.

82.

83.

84.

85.

86.

87.

88.

An array for determining the presence of pancreatic cancer in an individual
comprising one or more binding agent as defined in any one of Claims 36-51 and
64-72.

The array according to Claim 80 wherein the one or more binding agents is capable
of binding to all of the proteins defined in Table A.

Use of one or more biomarkers selected from the group defined in Table A as a

biomarker for determining the presence of pancreatic cancer in an individual.

The use according to Claim 82 wherein all of the proteins defined in Table A is
used as a diagnostic marker for determining the presence of pancreatic cancer in
an individual.

The use of one or more binding moiety as defined in any one of Claims 36-51 and

64-72 for determining the presence of pancreatic cancer in an individual.

The use according to Claim 84 wherein biomarkers for all of the proteins defined in
Table A are used.

A kit for determining the presence of pancreatic cancer comprising:

A) one or more binding agent as defined in any one of Claims 36-51 and 64-72 or
an array according to Claims 80-81;

B) instructions for performing the method as defined in any one of Claims 1-79.

A method of treating pancreatic cancer in an individual comprising the steps of:

(a) diagnosing pancreatic cancer according to the method defined in any one of
Claims 1-79; and

(b) providing the individual with pancreatic cancer therapy.

The method according to Claim 87 wherein the pancreatic cancer therapy is
selected from the group consisting of surgery (e.g., resection), chemotherapy,

immunotherapy, chemoimmunotherapy and thermochemotherapy.
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89. A method or use for determining the presence of pancreatic cancer in an individual

substantially as described herein.

90. An array or kit for determining the presence of pancreatic cancer in an individual
substantially as described herein.
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* Serum from 156 PDAC patients collected at 5 different sites in Spain for the PANKRAS l [Parker
et ol 2011, Porta et af 1999] study {Gerdisson et of manuscript submitted for publication].
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Figure 5
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