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disease in the individual; uses and methods of determining a pan-
creatic cancer-associated disease state, and methods of treating pan-
creatic cancer, together with arrays and kits for use in the same.
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METHODS, ARRAYS AND USES THEREOF

Field of Invention

The present invention provides in vitro methods for determining a pancreatic cancer-
associated disease state (such as pancreatic cancer presence, pancreatic cancer risk,
pancreatic cancer stage and/or presence of related lesions such as intraductal papillary

mucinous neoplasms), as well as arrays and kits for use in such methods.

Background

The incidence of pancreatic ductal adenocarcinoma (PDAC) is increasing and has been the
cause of death in 330,400 patients worldwide'. PDAC is one of the most lethal cancers with
a five-year survival of less than 10%2“. In 2030 PDAC is thought to become the second
leading cause of death of cancer®. One factor behind this dismal development is diffuse
symptoms resulting in late diagnosis, when only approximately 15% of patients present with
a resectable tumor®* 8 7. Consequently, since surgical resection is the only potentially
curative treatment for PDAC, earlier detection is required. In line with this, if localized tumors
could be resected the five-year survival has been shown to increase from 43% (stage Il) to
over 50% (stage 1)8. Pancreatic tumors have furthermore been reported to be resectable at
an asymptomatic stage, six months prior to clinical diagnosis® '°. A recent surveillance study
of asymptomatic high-risk patients carrying the CDKN2A mutation resulted in a 75%
resection rate and a 24% five-year survival, which is much improved compared to sporadic
PDAC patients''. Taken together, it is reasonable to believe that earlier diagnosis would
result in increased survival for patients with PDAC'> '3 and that asymptomatic high-risk

patients would benefit from effective surveillance'.

The most evaluated biomarker for PDAC thus far, serum CA19-9, suffers from inadequate
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 by itself is not recommended for screening’®, or as evidence of recurrence’®, but

is recommended for disease monitoring after e.g. surgical resection'’. Therefore, the field
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of cancer diagnostics is increasingly focusing on multiparametric analysis'® '® of markers in
both diagnostic® 2! and pre-diagnostic samples?* 23, since this approach yields improved
sensitivity and specificity, also in combination with CA19-9%* 25 In fact, it has been
demonstrated that combinations of immunoregulatory and cancer-associated protein

biomarkers can discriminate between late stage I11/IV PDAC patients and healthy controls?®:
27

However, there remains a need for improved methods of diagnosing pancreatic cancers

such as PDAC, particularly in the early stages of the disease.

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(s) selected from the
group defined in Table A;

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

disease state in the individual.
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TABLE A

Part (i)

Disks large homolog 1 (DLG1; e.g. UniProt ID Q12959)
Protein kinase C zeta type (PRKCZ; e.g. UniProt ID Q05513)

Part (ii)

Vascular endothelial growth factor (VEGF; e.g. UniProt ID P15692)
Complement C3 (C3; e.g. UniProt ID P01024)

Plasma protease C1 inhibitor (C1INH; e.g. UniProt ID P05155)
Interleukin-4 (IL-4; e.g. UniProt ID P05112)

Interferon gamma (IFNy; e.g. UniProt ID P01579)

Complement C5 (C5; e.g. UniProt ID P01031)

Protein-tyrosine kinase 6 (PTK6; e.g. UniProt ID Q13882)

Part (iii)

Calcineurin B homologous protein 1 (CHP1; e.g. UniProt ID Q99653)

GTP-binding protein GEM (GEM; e.g. UniProt ID P55040)

Aprataxin and PNK-like factor (APLF; e.g. UniProt ID Q8IW19)

Calcium/calmodulin-dependent protein kinase type IV (CAMK4; e.g. UniProt ID
Q16566)

Membrane-associated guanylate kinase, WW and PDZ domain-containing protein 1
(MAGI; e.g. UniProt ID Q96QZ7)

Serine/threonine-protein kinase MARK1 (MARK1; e.g. UniProt ID Q9P0L2)

PR domain zinc finger protein 8 (PRDMS; e.g. UniProt ID Q9NQV8)

Part (iv)

Apolipoprotein A1 (APOA1; e.g. UniProt ID P02647)
Cyclin-dependent kinase 2 (CDK2; e.g. UniProt ID P24941)
HADH2 protein (HADHZ2; e.g. UniProt ID Q61BS9)

Interleukin-6 (IL-6; e.g. UniProt ID P05231)

Complement C4 (C4; e.g. UniProt ID POCOL4/5)

Visual system homeobox 2 (VSX2 / CHX10; e.g. UniProt ID P58304)
Intercellular adhesion molecule 1 (ICAM-1; e.g. UniProt ID P05362)
Interleukin-13 (IL-13; e.g. UniProt ID P35225)

Lewis x (Lewis x / CD15)

Myomesin-2 (MYOM2; e.g. UniProt ID P54296)

Properdin (Factor P; e.g. UniProt ID P27918)

Sialyl Lewis x (Sialyl Lewis x)

Lymphotoxin-alpha (TNF@; e.g. UniProt ID P01374)
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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.

The methods of the invention are suitable for testing a sample from any individual who is
suspected of having, or at risk of developing, a pancreatic cancer-associated disease state.
For example, the individual may be from one of the following groups with an elevated risk
of having or developing pancreatic cancer:

(i) Individuals with a family history of pancreatic cancer (e.g. within one or two
generations on either the maternal or paternal side);

(i) Individuals diagnosed with new-onset diabetes (e.g. type Il), especially those aged
50 years or over; and

(i) Individuals with symptoms suggestive or consistent with pancreatic cancer,
e.g. pain in the upper abdomen or upper back, loss of appetite, weight loss,
jaundice (yellow skin and eyes, and dark urine), indigestion, nausea, vomiting

and/or extreme tiredness (fatigue)).

By “pancreatic cancer-associated disease state” we include pancreatic cancer presence
per se, the risk of having or of developing pancreatic cancer, pancreatic cancer stage and
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).

Thus, in one embodiment, the methods of the invention provide a qualitative result for the
detection of pancreatic abnormalities in individuals with increased risk of developing PDAC.

In specific embodiment, the methods of the invention permit:

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

(b) the diagnosis and/or staging of late pancreatic cancer.

Advantageously, the methods of the invention also enable the differentiation between

pancreatic cancer and chronic pancreatitis in an individual.

In a further embodiment, the methods of the invention may be used to detect the presence

in an individual of intraductal papillary mucinous neoplasms (IPMN). Such lesions, if left

4
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untreated, can progress to invasive cancer. Consequently, it is important to detect these
lesions, since this may present an opportunity to remove a premalignant lesion. In one

embodiment, the IPMN lesions are malignant.

By “biomarker” we include any naturally-occurring biological molecule, or component or
fragment thereof, the measurement of which can provide information useful in the diagnosis
of pancreatic cancer. Thus, in the context of Table A, the biomarker may be the protein, or
a polypeptide fragment or carbohydrate moiety thereof (or, in the case of 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 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 stage

pancreatic cancer or late stage pancreatic cancer).

By “staging” we 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 I, stage I-11, stage llI-IV or stage I-IV).

By “early pancreatic cancer” (or “early stage pancreatic cancer”) we include or mean
pancreatic cancer comprising or consisting of stage | and/or stage |l pancreatic cancer, for
example as determined by the American Joint Committee on Cancer (AJCC) TNM system
(e.g., see:
http://www.cancer.org/cancer/pancreaticcancer/detailedquide/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:

e 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.

o M indicates 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.)


http://www.cancer.orq/cancer/pancreaticcancer/detailedquide/pancreatic-cancer-staging
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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.

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

MO0: 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.

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

Stage 0 (Tis, N0, M0): The tumour 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 tumours

are sometimes referred to as pancreatic carcinoma in situ.
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Stage |A (T1, NO, MO0): The tumour 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 IB (T2, NO, MO0): The tumour 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 (M0).

Stage IlA (T3, NO, MO0): The tumour 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, M0): The tumour 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 (MO).

Stage lll (T4, Any N, M0): The tumour 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).

Stage IV (Any T, Any N, M1): The cancer has spread to distant sites (M1).

Alternatively or additionally, by “early pancreatic cancer” (or “early stage 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 be present at least 1 week before symptoms (e.g., common symptoms) are observed
or observable, for example, 22 weeks, 23 weeks, 24 weeks, 25 weeks, 26 weeks, 27 weeks,
28 weeks, 23 months, 24 months, 25 months, 26 months, 27 months, 28 months, =9
months, 210 months, 211 months, 212 months, 218 months, 22 years, 23 years, 24 years,

or 25 years, before symptoms are observed or observable.

Thus, by “early pancreatic cancer” (or “early stage pancreatic cancer”’) we include
pancreatic cancers that are of insufficient size and/or developmental stage to be diagnosed
by conventional clinical methods. For example, by “early pancreatic cancer” or “early stage
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, 25 weeks, 26 weeks, =7 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, 22 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,

7
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‘Cancer of the pancreas: ESMO Clinical Practice Guidelines for diagnosis, treatment and
follow-up’ Annals of Oncology, 26 (Supplement 5). v566—-v68 which is incorporated by
reference herein.

Conventional clinical diagnoses (e.g., “diagnosed by conventional clinical methods”) 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 in Ducreux et al., 2015, supra.

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.

It will be appreciated by persons skilled in the art that the early pancreatic cancer may be a

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). For example, the pancreatic cancer may be limited to the pancreas
(i.e., it does not extend beyond the pancreas and/or have not metastasised).

In one embodiment, the early pancreatic cancer comprises 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.

It will be appreciated by persons skilled in the art that the methods of the invention will
typically be used to provide an initial diagnosis, for example to identify an individual at risk
of having or developing pancreatic cancer, after which further clinical investigations (such

as biopsy testing, in vivo imaging and the like) may be performed to confirm the diagnosis.
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Alternatively, however, the methods of the invention may be used as a stand-alone

diagnostic test.

By “sample to be tested”, “test sample” or “control sample” we include a tissue or fluid
sample taken or derived from an individual, wherein the sample comprises endogenous
proteins and/or nucleic acid molecules and/or carbohydrate moieties. 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.

The sample to be tested in the methods of the invention may be 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. It will be appreciated that the test and control samples
should be derived from the same species. Preferably, test and control samples are matched

for age, gender and/or lifestyle.

In one embodiment, the sample is a pancreatic tissue sample. In an alternative or additional
embodiment, the sample is a sample of pancreatic cells.

Alternatively, the sample may be a blood or serum sample.

In the methods of the invention, step (b) comprises or consists of measuring the presence
and/or amount of one or more biomarker(s) 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, or all 29
of the biomarkers listed in Table A.

Thus, step (b) may comprise, consist of or exclude measuring the expression of Disks large
homolog 1 (DLG1). Alternatively or additionally, step (b) comprises, consists of or excludes
measuring the expression of Protein kinase C zeta type (PRKCZ). Alternatively or
additionally, step (b) comprises, consists of or excludes measuring the expression of
vascular endothelial growth factor (VEGF). Alternatively or additionally, step (b) comprises,
consists of or excludes measuring the expression of Complement C3 (C3). Alternatively or
additionally, step (b) comprises, consists of or excludes measuring the expression of
Plasma protease C1 inhibitor (C1INH). Alternatively or additionally, step (b) comprises,
consists of or excludes measuring the expression of Interleukin-4 (IL-4). Alternatively or

additionally, step (b) comprises, consists of or excludes measuring the expression of

9



10

15

20

25

30

35

WO 2018/141804 PCT/EP2018/052423

Interferon gamma (IFNy). Alternatively or additionally, step (b) comprises, consists of or
excludes measuring the expression of Complement C5 (C5). Alternatively or additionally,
step (b) comprises, consists of or excludes measuring the expression of Protein-tyrosine
kinase 6 (PTK6). Alternatively or additionally, step (b) comprises, consists of or excludes
measuring the expression of Calcineurin B homologous protein 1 (CHP1). Alternatively or
additionally, step (b) comprises, consists of or excludes measuring the expression of GTP-
binding protein GEM (GEM). Alternatively or additionally, step (b) comprises, consists of or
excludes measuring the expression of Aprataxin and PNK-like factor (APLF). Alternatively
or additionally, step (b) comprises, consists of or excludes measuring the expression of
Calcium/calmodulin-dependent protein kinase type IV (CAMK4). Alternatively or
additionally, step (b) comprises, consists of or excludes measuring the expression of
Membrane-associated guanylate kinase, WW and PDZ domain-containing protein 1
(MAGI). Alternatively or additionally, step (b) comprises, consists of or excludes measuring
the expression of Serine/threonine-protein kinase MARK1 (MARK1). Alternatively or
additionally, step (b) comprises, consists of or excludes measuring the expression of
domain zinc finger protein 8 (PRDM8). Alternatively or additionally, step (b) comprises,
consists of or excludes measuring the expression of Apolipoprotein A1 (APOA1).
Alternatively or additionally, step (b) comprises, consists of or excludes measuring the
expression of Cyclin-dependent kinase 2 (CDK2). Alternatively or additionally, step (b)
comprises, consists of or excludes measuring the expression of HADH2 protein (HADH2).
Alternatively or additionally, step (b) comprises, consists of or excludes measuring the
expression of Interleukin-6 (IL-6). Alternatively or additionally, step (b) comprises, consists
of or excludes measuring the expression of Complement C4 (C4). Alternatively or
additionally, step (b) comprises, consists of or excludes measuring the expression of Visual
system homeobox 2 (VSX2 / CHX10). Alternatively or additionally, step (b) comprises,
consists of or excludes measuring the expression of Intercellular adhesion molecule 1
(ICAM-1). Alternatively or additionally, step (b) comprises, consists of or excludes
measuring the expression of Interleukin-13 (IL-13). Alternatively or additionally, step (b)
comprises, consists of or excludes measuring the expression of Lewis x (Lewis x / CD15).
Alternatively or additionally, step (b) comprises, consists of or excludes measuring the
expression of Myomesin-2 (MYOM2). Alternatively or additionally, step (b) comprises,
consists of or excludes measuring the expression of Properdin (Factor P). Alternatively or
additionally, step (b) comprises, consists of or excludes measuring the expression of Sialyl
Lewis x (Sialyl Lewis x). Alternatively or additionally, step (b) comprises, consists of or

excludes measuring the expression of Lymphotoxin-alpha (TNFB).

10
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Thus, step (b) may comprise or consist of measuring the presence and/or amount of one or

more biomarker(s) listed in:

(iy Table A, part (i), for example both of the biomarkers listed in Table A(i); and/or

(i) Table A, part (ii), for example at least 2, 3, 4, 5, 6, 7 or all of the biomarkers
listed in Table A(ii); and/or

(i) Table A, part (iii), for example at least 2, 3, 4, 5, 6 or all of the biomarkers listed
in Table A(iii); and/or

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

In a further preferred embodiment, the step (b) may comprise or consist of measuring the

presence and/or amount of one or more of the following biomarker(s):

(i) the biomarkers listed in Table A, and Complement C1q (C1q; e.g. Uniprot ID
P02745, 2746 and/or 2747);

(i) the biomarkers listed in Table A, excluding Interleukin-6 (IL-6) and/or GTP-
binding protein GEM (GEM); and/or

(iii) the biomarkers listed in Table A (excluding IL-6 and GEM) and C1q.

In this sense, Complement C1q may be considered as an additional biomarker within
Table A, part (iv) and/or IL-6 and GEM may be considered as biomarkers within Table B
(rather than Table A).

Thus, in alternative embodiments of all the aspects of the invention, references herein to
the biomarkers in Table A may be regarded as being references to biomarkers listed in
Table A (excluding IL-6 and GEM) and C1q. Likewise, references herein to the biomarkers
in Table B may be regarded as being references to biomarkers listed in Table B plus IL-6
and GEM, but excluding C1q.

11
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Advantageously, in the methods of the first aspect of the invention, step (b) comprises or
consists of determining a biomarker signature of the test sample by measuring the presence
and/or amount in the test sample of all of the following biomarkers:

DLG1, PRKCZ, VEGF, C3, C1INH, IL-4, IFNy, C5, PTK6, CHP1, APLF, CAMK4,
MAGI, MARK1, PRDMS8, APOA1, CDK2, HADH2, C4, VSX2/ CHX10, ICAM-1, IL-13,
Lewis x / CD15, MYOM2, Factor P, Sialyl Lewis x, TNFB and Complement C1q
(optionally including one or more biomarkers from Table B and/or IL-6 and/or GEM,;
see below),

wherein the presence and/or amount in the test sample of said biomarkers is indicative of
the pancreatic cancer-associated disease state in the individual.

It will be appreciated that step (b) may additionally comprise measuring the presence and/or
amount of one or more further biomarkers not listed in Table A, wherein the further

biomarkers may provide additional diagnostic information.

For example, step (b) may comprise or consist of measuring the presence and/or amount
of one or more biomarker(s) listed in Table B.

TABLE B

Short name Full name
AKT3 RAC-gamma serine/threonine-protein kinase
Angiomotin Angiomotin
ANM5 Protein arginine N-methyltransferase 5
APOA4 Apolipoprotein A4
ApoB-100 Apolipoprotein B-100
ARHGC Rho guanine nucleotide exchange factor 12
B-galactosidase Beta-galactosidase
BIRC2 Baculoviral IAP repeat-containing protein 2
BTK Tyrosine-protein kinase BTK
C1q Complement C1q
CA 19-9 CA 19-9
CD40 CD40

Arf-GAP with GTPase, ANK repeat and PH domain-
CENTG1 containing protein 2
CSNK1E Casein kinase | isoform epsilon
Cystatin C Cystatin C
DCNL1 DCN1-like protein 1

12
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DLG2
DLG4
DPOLM
DUSP7
Eotaxin
FASN
FER

GAK
GLP-1R
GM-CSF
GNAI3
GORS2
GPRK5
Her2/ErbB2
HLA-DR/DP
IgM

IL-10
IL-11
L-12
IL-16
IL-18
IL-1a
IL-1b
IL-1ra

IL-2

IL-3

IL-5

IL-7

IL-8

IL-9
Integrin a-10
ITCH
JAK3
Keratin 19
KIAA0882
KKCCA1
KSYK
Leptin
Lewis y
LIN7A
MAP2K2
MAP2K6
MAPK1
MAPKS8
MCP-1
MCP-4

PCT/EP2018/052423

Disks large homolog 2

Disks large homolog 4

DNA-directed DNA/RNA polymerase mu
Dual specificity protein phosphatase 7
Eotaxin

FASN protein

Tyrosine-protein kinase Fer

GAK protein

Glucagon-like peptide 1 receptor
GM-CSF

Guanine nucleotide-binding protein G(k) subunit alpha
Golgi reassembly-stacking protein 2

G protein-coupled receptor kinase 5
Receptor tyrosine-protein kinase erbB-2
HLA-DR/DP

IgM

Interleukin-10

Interleukin-11

Interleukin-12

Interleukin-16

Interleukin-18

Interleukin-1a

Interleukin-1b

Interleukin-1ra

Interleukin-2

Interleukin-3

Interleukin-5

Interleukin-7

Interleukin-8

Interleukin-9

Integrin alpha-10

E3 ubiquitin-protein ligase Itchy homolog
Tyrosine-protein kinase JAK3

Keratin, type | cytoskeletal 19

TBC1 domain family member 9
Calcium/calmodulin-dependent protein kinase 1
Tyrosine-protein kinase SYK

Leptin

Lewis y

Protein lin-7 homolog A

Dual specificity mitogen-activated protein kinase 2
Dual specificity mitogen-activated protein kinase 6
Mitogen-activated protein kinase 1
Mitogen-activated protein kinase 8

C-C motif chemokine 2

C-C motif chemokine 13

13
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Mucin-1 Mucin-1
NOS1 Nitric oxide synthase, brain
OSBPL3 Oxysterol-binding protein-related protein 3
oTu6eB OTU domain-containing protein 6B
OoTUuB1 Ubiquitin thioesterase OTUB1
oTuB2 Ubiquitin thioesterase OTUB2
PAK4 Serine/threonine-protein kinase PAK 4
PAK5 Serine/threonine-protein kinase PAK 7
PARP6 Partitioning defective 6 homolog beta
PGAMS Serine/threonine-protein phosphatase PGAMS, mitochondrial
PRKG2 cGMP-dependent protein kinase 2
Procathepsin W Cathepsin W
PSA Prostate-specific antigen
PTN13 Tyrosine-protein phosphatase non-receptor type 13
PTPN1 Tyrosine-protein phosphatase non-receptor type 1
PTPRD Receptor-type tyrosine-protein phosphatase delta
PTPRJ Receptor-type tyrosine-protein phosphatase eta
PTPRK Receptor-type tyrosine-protein phosphatase kappa
PTPRN2 Receptor-type tyrosine-protein phosphatase N2
PTPRT Receptor-type tyrosine-protein phosphatase T
RANTES C-C motif chemokine 5 -
RPS6KA2 Ribosomal protein S6 kinase alpha-2
SHCA1 SHC-transforming protein 1
Sox11a Transcription factor SOX-11
SPDLY Protein Spindly
TGF-b1 Transforming growth factor beta-1
TNF-a Tumor necrosis factor
TNFRSF14 Tumor necrosis factor receptor superfamily member 14
TNFRSF3 Tumor necrosis factor receptor superfamily member 3
UBP7 Ubiquitin carboxyl-terminal hydrolase 7
UCHL5 Ubiquitin carboxyl-terminal hydrolase isozyme L5
UPF3B Regulator of nonsense transcripts 3B

For example, step (b) may comprise or consist of measuring the presence and/or amount
of atleast 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85,
90 or all of the biomarkers in Table B.

In one embodiment of the invention, the method is for the diagnosis of early stage pancreatic

cancer (e.g., stage | and/or stage Il PDAC versus healthy).

For example, step (b) may comprise or consist of measuring the presence and/or amount
of one or more biomarker(s) listed in Table A, for example at least 2, 3, 4, 5, 6, 7, 8, 9, 10,

14
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11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28 or all of the biomarkers
in Table A.

Alternatively, or in addition, step (b) may comprise or consist of measuring the presence
and/or amount of one or more biomarker(s) listed in Table C, 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 or all of the biomarkers
in Table C.

TABLEC

Selected biomarkers for classification between non-cancerous and PDAC stages | and Il

Score Rank Protein Name

1 Plasma protease C1 inhibitor

2 interleukin-4

3 Protein-tyrosine kinase 6

4 Complement C3

5 Serine/threonine-protein kinase MARK1
6 HADH2 protein

7 Properdin

8 Complement C4

9 Cyclin-dependent kinase 2

10 Interferon gamma

1M1 Calcium/calmodulin-dependent protein kinase kinase 1
12 Complement C5

13 Vascular endothelial growth factor

14 Visual system homeobox 2

15 PR domain zinc finger protein 8

16 Intercellular adhesion molecule 1

17 Ubiquitin carboxyl-terminal hydrolase isozyme L5
18 Interleukin-6

19 Myomesin-2

20 Aprataxin and PNK-like factor

21 Apolipoprotein A1

22 Regulator of nonsense transcripts 3B
23 Lumican

24 Interleukin-9

25 C-C motif chemokine 13

In an alternative embodiment of the invention, the method is for the diagnosis of late stage

pancreatic cancer (e.g., stage lll and/or stage IV PDAC versus healthy).
For example, step (b) may comprise or consist of measuring the presence and/or amount
of one or more biomarker(s) listed in Table D, 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 or all of the biomarkers in Table D.
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TABLE D
Selected biomarkers for classification between non-cancerous and PDAC stages Ill and
v

Score Rank Protein Name

1 Plasma protease C1 inhibitor

2 Interleukin-4

3 Complement C3

4 Properdin

5 Complement C4

6 Sialyl Lewis x

7 Calcineurin B homologous protein 1
8 HADH2 protein

9 Protein-tyrosine kinase 6

10 Apolipoprotein A1

11 C-C motif chemokine 13

12 Membrane-associated guanylate kinase, WW and PDZ domain-containing protein 1
13 Lymphotoxin-alpha

14 Disks large homolog 1

15 Protein kinase C zeta type

16 interleukin-13

17 Complement C5

18 Serine/threonine-protein kinase MARK1
19 GTP-binding protein GEM

20 IgM

21 Interleukin-8

22  Vascular endothelial growth factor
23 Interleukin-6

24 Interleukin-9

In a further embodiment of the invention, the method is for differentiating pancreatic cancer

from chronic pancreatitis.

For example, step (b) may comprise or consist of measuring the presence and/or amount
of one or more biomarker(s) listed in:

(i) Table A, part (i), for example both of the biomarkers listed in Table A(i); and/or

(i) Table A, part (i), for example at least 2, 3, 4, 5, 6, 7 or all of the biomarkers
listed in Table A(ii); and/or

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

(iv) Table A, part (iv), for example at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 or all of
the biomarkers listed in Table A(iv).
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It will be appreciated that step (b) may additionally comprise measuring the presence and/or
amount of one or more further biomarkers not listed in Table A, wherein the further

biomarkers may provide additional diagnostic information.

For example, step (b) may comprise or consist of measuring the presence and/or amount
of one or more biomarker biomarkers selected from the group consisting of IL-4, C4,
MAPK9, C1INH, VEGF, PTPRD, KCC4, TNF-a, C1q and BTK.

In a further embodiment of the invention, the method is for detecting intraductal papillary
mucinous neoplasms (IPMN) in an individual. In other words, the methods may enable a
patient with IPMN to be differentiated from an individual without IPMN, e.g. a healthy

individual. In one embodiment, the IPMN l[esions are malignant.

For example, step (b) may comprise or consist of measuring the presence and/or amount
of one or more biomarker(s) listed in:

(i) Table A, part (i), for example both of the biomarkers listed in Table A(i); and/or

(i) Table A, part (i), for example at least 2, 3, 4, 5, 6, 7 or all of the biomarkers
listed in Table A(ii); and/or

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

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

It will be appreciated that step (b) may additionally comprise measuring the presence and/or
amount of one or more further biomarkers, such as those listed in Tables B, C and/or D,

wherein the further biomarkers may provide additional diagnostic information.

In one preferred embodiment of the first aspect of the invention, step (b) comprises
measuring the presence and/or amount of all of the biomarkers listed in Table A, e.g. at the
protein level. Use of this ‘full’ consensus biomarker signature allows the diagnosis of

pancreatic cancer (e.g., PDAC) at any stage, including early stages of the disease.
It will be appreciated by persons skilled in the art that, in addition to measuring the

biomarkers in a sample from an individual to be tested, the methods of the invention may

also comprise measuring those same biomarkers in one or more control samples.
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Thus, in one embodiment, the method further comprises or consists of the steps of:

(c) providing one or more (negative) control samples from:
(i) anindividual not afflicted with pancreatic cancer; and/or
(i) an individual afflicted with pancreatic cancer, wherein the sample was
of a different stage to that of that the test sample; and/or |
(iii) an individual afflicted with chronic pancreatitis; and
(d) determining a biomarker signature of the one or more control samples 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 include that the
presence and/or amount of the one or more biomarker(s) in the test sample differs from that
of the one or more control sample(s) (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 one or more control sample(s) (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(s) (e.g., the negative control sample).

Alternatively or additionally, the presence or amount in the test sample differs from the mean
presence or amount in the control 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,
=9, 210, 211, 212, 213, 214 or 215 standard deviations 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
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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]).

Alternatively or additionally, by “is different to the presence and/or amount in a control
sample” we 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, t-test,
Student's t-test, F-test, Mann—-Whitney U test, Wilcoxon signed-rank test and Pearson's chi-
squared test.

In one embodiment, the method of the invention may further comprise or consist of the steps
of:

(e) providing one or more (positive) 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; and
(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).

Thus, the methods of the invention may comprise steps (c) + (d) and/or steps (e) + (f).

By “corresponds to the presence and/or amount in a control sample” we include that 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
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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).

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,s2.5,<2,s1.5,<1.4,<1.3,s1.2,51.1, =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 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. For

example, differential expression may be determined using a support vector machine (SVM).
In one embodiment, the SVM is, or is derived from, the SVM described in Table 6, 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.
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As exemplified in the accompanying Example, 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.

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) may be compared against
predetermined reference values representative of the measurements in steps (d) and/or (f),
i.e., reference negative and/or positive control values.

As detailed above, the methods of the invention may also comprise measuring, in one or
more negative or positive control samples, the presence and/or amount of the one or more
biomarkers measured in the test sample in step (b).

For example, one or more negative control samples may be from an individual who was
not, at the time the sample was obtained, afflicted with:

(a) a pancreatic cancer, for example 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; and/or

(b) a non-cancerous pancreatic disease or condition, for example acute pancreatitis,
chronic pancreatitis and autoimmune pancreatitis; and/or

(c) any other disease or condition.

Thus, the negative control sample may be obtained from a healthy individual.

Likewise, one or more positive control samples may be from an individual who, at the time
the sample was obtained, was afflicted with a pancreatic cancer, for example
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;
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and/or a non-cancerous pancreatic disease or condition, for example acute pancreatitis,

chronic pancreatitis and autoimmune pancreatitis; and/or any other disease or condition.

In one preferred embodiment of the first aspect of the invention, the method is repeated on
the individual. Thus, steps (a) and (b) may be repeated using a sample from the same
individual taken at different time to the original sample tested (or the previous method
repetition). Such repeated testing may enable disease progression to be assessed, for
example to determine the efficacy of the selected treatment regime and (if appropriate) to
select an alternative regime to be adopted.

Thus, in one embodiment, 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 may be 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 may be 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.
In one embodiment, 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 (i.e., until confirmation of the diagnosis is made).
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Suitable conventional clinical methods are well 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):
v56—v68 and/or Freelove & Walling, 2006, ‘Pancreatic Cancer: Diagnosis and Management’
American Family Physician, 73(3):485-492 which are incorporated herein by reference.
Thus, the pancreatic cancer diagnosis may be confirmed using one or more method
selected from the group consisting of computed tomography (preferably dual-phase helical
computed tomography); transabdominal ultrasonography; endoscopic ultrasonography-
guided fine-needle aspiration; endoscopic retrograde cholangio-pancreatography; positron

emission tomography; magnetic resonance imaging; physical examination; and biopsy.

Alternatively and/or additionally, the pancreatic cancer diagnosis may be confirmed using
known biomarker signatures 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.

In one preferred embodiment of the methods of the invention, step (a) comprises providing
a serum sample from an individual to be tested and/or step (b) comprises measuring in the
sample the expression of the protein or polypeptide of the one or more biomarker(s). Thus,

a biomarker signature for the sample may be determined at the protein level.

In such an embodiment, step (b), (d) and/or step (f) may be performed using one or more
first binding agents capable of binding to a biomarker (i.e., protein) listed in Table A. 1t 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 target molecule, as discussed below.

In one preferred embodiment, 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-
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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 (Vu) or variable light (VL)
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 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).

For example, the binding agent(s) may be scFv molecules.

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 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 et al, 1999, Methods Mol Biol 118, 217-31) may be used as a source from
which binding molecules that are specific for a given motif are selected for use in the

methods of the invention.

Conveniently, the binding agent(s) may be immobilised on a surface (e.g., on a multiwell

plate or array); see Example below.
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In one embodiment of the methods of the invention, 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. For example, an
immobilised (first) binding agent may initially be used to ‘trap’ the protein biomarker on to
the surface of a microarray, and then a second binding agent may be used to detect the

‘trapped’ protein.

The second binding agent may be as described above in relation to the (first) binding agent,
such as an antibody or antigen-binding fragment thereof.

It will be appreciated by skilled person that the one or more biomarkers (e.g., proteins) in
the test sample may be labelled with a detectable moiety, prior to performing step (b).
Likewise, the one or more biomarkers in the control sample(s) may be labelled with a
detectable moiety.

Alternatively, or in addition, the first and/or second binding agents may be 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. For example, 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.

In one preferred embodiment, the detectable moiety is biotin.

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
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detected. Examples of suitable enzymes are discussed in more detail below in relation to,
for example, ELISA assays.

In a further alternative, the detectable moiety may be a radioactive atom which is useful in
imaging. Suitable radioactive atoms include **™Tc and ' for scintigraphic studies. Other
readily detectable moieties include, for example, spin labels for magnetic resonance
imaging (MRI) such as '23| again, "*'l, ""'In, ®F, 3C, "®N, 7O, 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.

Preferred assays for detecting serum or plasma proteins include enzyme linked
immunosorbent assays (ELISA), radioimmunoassay (RIA), immunoradiometric assays
(IRMA) and immunoenzymatic assays (IEMA), including sandwich assays using
monoclonal and/or polyclonal antibodies. Exemplary sandwich assays are described by
David et 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.

Conveniently, 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).

Alternatively, 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.
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In one preferred embodiment, step (b), (d) and/or step (f) may be 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 um, 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.

Examples of array formats are described below in the Example and references cited therein;

e.g., see Steinhauer et al.,, 2002; Wingren and Borrebaeck, 2008; Wingren et al., 2005,

Delfani et al., 2016 (the disclosure of which are incorporated herein by reference).
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Thus, in an exemplary embodiment the method comprises:

(i) labelling biomarkers present in the sample (e.g., serum) 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 biotin-labelled proteins (immobilised on the surface-bound
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 A in the sample.

In an alternative embodiment, step (b), (d) and/or (f) comprises measuring the expression

of a nucleic acid molecule encoding the one or more biomarkers.

The nucleic acid molecule may be a gene expression intermediate or derivative thereof,
such as a mRNA or cDNA.

Thus, measuring the expression of the one or more biomarker(s) in step (b), (d) and/or (f)
may be 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.

For example, measuring the expression of the one or more biomarker(s) in step (b), (d)
and/or (f) may be 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.

Conveniently, the one or more binding moieties each comprise or consist of a nucleic acid
molecule, such as DNA, RNA, PNA, LNA, GNA, TNA or PMO.

Advantageously, the one or more binding moieties are 5 to 100 nucleotides in length. For

example, 15 to 35 nucleotides in length.
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It will be appreciated that the nucleic acid-based binding moieties may comprise a
detectable moiety.

Thus, the detectable moiety may be 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 may comprise or consist of a radioactive
atom, for example 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 may be a
fluorescent moiety.

In a further embodiment, the nucleic acid molecule is a circulating tumour DNA molecule
(ctDNA).

Methods suitable for detecting ctDNA are now well-established; for example, see Lewis et
al., 2016, World J Gastroenterol. 22(32): 7175-7185, and references cited therein (the
disclosures of which are incorporated herein by reference).

As detailed above, the sample provided in step (a) (and/or in step (c) and/or (e)) may be
selected from the group consisting of unfractionated blood, plasma, serum, tissue fluid,
pancreatic tissue, milk, bile and urine.

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

By appropriate selection of some or all of the biomarkers in Table A, optionally in conjunction
with one or more further biomarkers, the methods of the invention exhibit high predictive

accuracy for diagnosis of pancreatic cancer.
Thus, the predictive accuracy of the method, as determined by an ROC AUC value, may be

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.
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Thus, in one embodiment, the predictive accuracy of the method, as determined by an ROC
AUC value, is at least 0.90.

In the methods of the invention, the ‘raw’ data obtained in step (b) (and/or in step (d) and/or
(e)) undergoes one or more analysis steps before a diagnosis is reached. For example, the

raw data may need to be standardised against one or more control values (i.e., normalised).

Typically, diagnosis is performed using a support vector machine (SVM), such as those
available from http://cran.r-project.org/web/packages/e1071/index.html (e.g. e1071 1.5-24).
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 data points 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.

In one 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 to determine whether or not the biomarker sample tested is

from an individual with pancreatic cancer.
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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 6, 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.

By “accuracy” we mean the proportion of correct outcomes of a method, by “sensitivity” we
mean the proportion of all pancreatic cancer positive sample that are correctly classified as
positives, and by “specificity” we mean the proportion of all pancreatic cancer negative

samples that are correctly classified as negatives.

Signal intensities may be quantified using any suitable means known to the skilled person,
for example using Array-Pro (Media Cybernetics). 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 are normalised using

the empirical Bayes algorithm ComBat (Johnson et al., 2007).
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Further statistical analysis of the refined data may be performed using methods well-known
in the art, such as PCA, g-value calculation by ANOVA, and/or fold change calculation in

Qlucore Omics Explorer.

As described above, a first (‘training’) data set may be used to identify a combination of
biomarkers, e.g. from Table A, to serve as a biomarker signature for the diagnosis of
pancreatic cancer. Mathematical analysis of the training data set may be performed using
known algorithms (such as a backward elimination, or BE, algorithm) to determine the most
suitable biomarker signatures. The predictive accuracy of a given biomarker combination
(signature) can then be verified against a new (‘verification’) data set. Such methodology
is described in detail in the Example.

It will be appreciated by persons skilled in the art that the individual(s) tested may be of any
ethnicity or geographic origin. Alternatively, the individual(s) tested may be of a defined
sub-population, e.g., based on ethnicity and/or geographic origin. For example, the

individual(s) tested may be Caucasian and/or Chinese (e.g., Han ethnicity).

Typically, the sample(s) provided in step (a), (c) and/or (e) are provided before treatment of

the pancreatic cancer (e.g., resection, chemotherapy, radiotherapy).

In one embodiment, 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.

The pancreatic cancer to be diagnosed may be 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.
One preferred embodiment of the first aspect of the invention includes the additional step,

following positive diagnosis of the individual with a pancreatic cancer, of providing the

individual with pancreatic cancer therapy.
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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).

The pancreatic cancer therapy may be selected from the group consisting of surgery,
chemotherapy, immunotherapy, chemoimmunotherapy, thermochemotherapy,
radiotherapy and combinations thereof. For example, the pancreatic cancer therapy may
be 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, a further aspect of the invention provides an antineoplastic agent (or
combination thereof) for use in treating pancreatic cancer wherein the dosage regime

thereof is determined based on the results of the method of the first aspect of the invention.

A related aspect of the invention provides the use of an antineoplastic agent (or combination
thereof) in treating pancreatic cancer wherein the dosage regime thereof is determined
based on the results of the method of the first aspect of the invention.

A further related aspect of the invention provides the use of an antineoplastic agent (or
combination thereof) in the manufacture of a medicament for treating pancreatic cancer
wherein the dosage regime thereof is determined based on the results of the method of the

first aspect of the invention.
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Thus, the present invention also provides a method of treating pancreatic cancer comprising
administering to a patient an effective amount of an antineoplastic agent (or combination
thereof) wherein the amount of antineoplastic agent (or combination thereof) effective 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 L01a), an antimetabolite (ATC code L01b), a plant alkaloid or other natural
product (ATC code LO1c), a cytotoxic antibiotic or a related substance (ATC code L01d), or
another antineoplastic agent (ATC code L01x).

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 LO1ax, for example mitobronitol, pipobroman, temozolomide or dacarbazine).

In 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
vinflunine), a podophyllotoxin derivative (for example etoposide or teniposide) a colchicine
derivative (for example demecolcine), 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
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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 an 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,
lapatinib, nilotinib, temsirolimus, everolimus, pazopanib, vandetanib, afatinib, masitinib or
toceranib).

In a still further embodiment the antineoplastic agent comprises or consists of an
antineoplastic 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:

o FOL - folinic acid (leucovorin);
e F —fluorouracil (5-FU);
o |RIN —irinotecan (Camptosar); and

e OX - oxaliplatin (Eloxatin).

Thus, by combining certain optional embodiments from the above-described methods, the
invention may provide a method for diagnosing and treating pancreatic adenocarcinoma

(e.g. stage | or 1) in an individual, said method comprising:
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(a) obtaining or providing a serum or plasma sample for a human patient;

(b) detecting whether one or more (e.g. all) of the protein biomarkers from
Table A is/are present in the sample (e.g. by contacting the sample with one
or more antibodies, or antigen-binding fragments thereof, each having
specificity for one of the biomarkers and detecting binding of said antibodies
or fragments to said biomarkers);

(c) diagnosing the patient with pancreatic adenocarcinoma (e.g. stage | or Il)
based on the amount of the one or more protein biomarkers in the sample;
and

(d) administering an effective amount of a chemotherapeutic agent
(e.g. gemcitabine) to the diagnosed patient and/or surgically removing the

pancreas, in whole or in part, and/or administering radiotherapy.

It will be appreciated that step (b) may, for example, comprise determining the presence
and/or amount in the sample of all the biomarkers listed in Table A (excluding IL-6 and
GEM) together with C1q. This step may comprise the use of an array, as described herein,
e.g. comprising a plurality of scFv having specificity the biomarkers immobilised on the
surface of an array plate.

It will be appreciated that step (c) may comprise one or more further clinical investigations
(such as testing a biopsy sample and/or in vivo imaging of the patient) in order to confirm

or establish the diagnosis.

It will be appreciated that step (d) may comprise administration of combinations of

chemotherapeutic agent and/or surgery and/or radiotherapy.

In one preferred embodiment, the patient is diagnosed with resectable pancreatic
adenocarcinoma (e.g. stage | or Il) and step (d) comprises surgical removal of the pancreas
in whole or in part (e.g. using the Whipple procedure to remove the pancreas head or a total
pancreatectomy) combined with chemotherapy (e.g. gemcitabine and/or 5-fluorouracil). It
will be appreciated that the chemotherapy may be administered before and/or after the
surgery.

In one embodiment, such methods permit the diagnosis of early stage pancreatic
adenocarcinoma prior to the phenotypic presentation of the disease (i.e. before observable
clinical symptoms develop). Thus, the methods may be used to diagnose pancreatic

adenocarcinoma in asymptomatic patients, especially those at high risk of developing
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pancreatic cancer such as those with a family history of the disease, tobacco smokers,
obese individuals, diabetics, and individuals with a chronic pancreatitis, chronic hepatitis B
infection, cholelithiasis and/or an associated genetic predisposition (e.g. Peutz-Jeghers
syndrome, familial atypical multiple mole melanoma syndrome, Lynch syndrome, BRCA1
mutations and/or BRCA2 mutations). Effective monitoring of such high risk individuals can
enable early diagnosis of pancreatic adenocarcinoma and so greatly increase the chances

of survival.

Another aspect of the invention provides a method for treating a pancreatic cancer-
associated disease state in a subject comprising or consisting of administering a pancreatic
cancer therapy to a subject, wherein said subject has a biomarker signature of the present
invention indicating the presence of the pancreatic cancer-associated disease state in the
subject. The pancreatic cancer therapy may be resection, chemotherapy, and/or
radiotherapy. In one embodiment, the pancreatic cancer therapy comprises the

administration of at least one antineoplastic agent, as described hereinabove.

The method may further comprise (e.g. prior to treating) measuring the presence and/or
amount in a test sample of one or more biomarker(s) selected from the group defined in
Table A (e.g. all the biomarker in Table A). The method may comprise determining a
biomarker signature of a test sample from the subject (e.g. prior to treating), as described
hereinabove.

Another aspect of the invention provides a method for detecting a biomarker signature of
clinical significance (e.g. of diagnostic and/or prognostic value) in or of a biological sample
(e.g. a serum sample), the method comprising steps (a) and (b) as defined above in relation
to the first aspect of the invention. Preferably, the biomarker signature comprises or
consists of all of the biomarkers in Table A.

A further aspect of the invention provides an array for diagnosing or determining a
pancreatic cancer-associated disease state in an individual comprising an agent or agents
(such as any of the above-described binding agents) for detecting the presence in a sample

of one or more of the biomarkers defined in Table A.

Thus, the array is suitable for performing a method according to the first aspect of the
invention.
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The array comprises one or more binding agents capable (individually or collectively) of
binding to one or more of the biomarkers defined in Table A, either at the protein level or

the nucleic acid level.

In one preferred embodiment, the array comprises one or more antibodies, or antigen-
binding fragments thereof, capable (individually or collectively) of binding to one or more of
the biomarkers defined in Table A at the protein level. For example, the array may comprise
scFv molecules capable (collectively) of binding to all of the biomarkers defined in Table A
at the protein level.

In an alternative embodiment, the array comprises one or more antibodies, or antigen-
binding fragments thereof, capable (individually or collectively) of binding to the following
biomarkers:
DLG1, PRKCZ, VEGF, C3, C1INH, IL-4, IFNy, C5, PTK6, CHP1, APLF, CAMKA4,
MAGI, MARK1, PRDM8, APOA1, CDK2, HADH2, C4, VSX2 / CHX10, ICAM-1, IL-13,
Lewis x / CD15, MYOM2, Factor P, Sialyl Lewis x, TNFB and Complement C1q
(optionally including one or more biomarkers from Table B and/or IL-6 and/or GEM).
It will be appreciated that the array may comprise one or more positive and/or negative
control samples. For example, conveniently the array comprises bovine serum albumin as
a positive control sample and/or phosphate-buffered saline as a negative control sample.
Conveniently, the array comprises one or more, e.g. all, of the antibodies in Table 7.
Advantageously, the array comprises one or more, e.g. all, of the antibodies in Table 8.
A further 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.

For example, all of the biomarkers (e.g. proteins) defined in Table A may be used together

as a diagnostic signature for determining the presence of pancreatic cancer in an individual.
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A further aspect of the invention provides a kit for diagnosing or determining a pancreatic

cancer-associated disease state in an individual comprising:

(a) an array according to the invention, or components for making the same; and
(b) instructions for performing the method as defined above (e.g., in the first aspect

of the invention).

A further aspect of the invention provides a use of one or more binding moieties to a
biomarker as described herein (e.g. in Table A) in the preparation of a kit for diagnosing or
determining a pancreatic cancer-associated disease state in an individual. Thus, multiple
different binding moieties may be used, each targeted to a different biomarker, in the
preparation of such as kit. In one embodiment, the binding moiety is an antibody or antigen-
binding fragment thereof (e.g. scFv), as described herein.

A further 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.

For example, the pancreatic cancer therapy may be selected from the group consisting of
surgery (e.g., resection), chemotherapy, immunotherapy, chemoimmunotherapy and
thermochemotherapy (see above).

A further 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, Blu-ray 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 figures:

39



10

15

20

25

30

35

WO 2018/141804 PCT/EP2018/052423

Figure 1. Classification of individual PDAC stages in the Scandinavian cohort

Data shown are derived when all 349 antibodies were used to classify NC from patient
samples of different PDAC stages, using SVM LOO cross validation. The results are
presented with ROC-curves and their corresponding AUC-values for (A) stage |, (B) stage
II, (C) stage lll, and (D) stage IV PDAC.

Figure 2. Classification of PDAC stages in the Scandinavian cohort, using biomarker
signatures

Utilizing data from the Scandinavian study, predictive models based on frozen SVM were
built. Two biomarker signatures were defined, using the backward elimination algorithm, for
classification of (A) NC samples from PDAC stage I/ll, and (B) PDAC stage llIl/IV,
respectively. The results are presented as ROC-curves and their corresponding AUC-

values.

Figure 3. Validation of the consensus signature in stage I/ll PDAC from the US cohort.
The consensus signature generated from the Scandinavian cohort was validated in the
independent US cohort, by classifying (A) NC vs. PDAC stage I/l patients, and (B) PDAC
stage /Il patients vs. chronic pancreatitis patients. The results are presented as
representative ROC-curves and their corresponding AUC-values.

Figure 4. Serum markers that are differentially expressed between different PDAC
stages

Serum markers that were differentially expressed over progression from stage | to IV were
identified by multigroup ANOVA. Presented are the most significant markers. Roman
numerals indicate PDAC stage. *: p < 0.05,q > 0.05 and **: p < 0.05,q < 0.05

Figure 5. Influence of diabetes on NC vs. PDAC classification accuracy
Decision values from an SVM model that had been trained on NC vs. PDAC were used to
analyse differences between diabetic and non-diabetic PDAC samples in the discovery

cohort. Significance values were calculated, using the Wilcoxon signed-rank test.

Figure 6 Classification of IPMN stages from NC samples
The consensus signature was used to classify NC vs. the different IPMN stages. All IPMN
samples from the US cohort were fed into an SVM model that had been trained on NC vs.
PDAC. Significance values were calculated, using the Wilcoxon signed-rank test. The
generated p-values were: NC vs. PDAC: 2.23 x 10°'8; PDAC vs benign IPMN: 0.029; PDAC
vs borderline IPMN: 0.284; PDAC vs malignant IPMN: 0.401.
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EXAMPLE

Abstract

Background

Pancreatic ductal adenocarcinoma (PDAC) has a poor prognosis with a 5-year survival of
less than 10% due to diffuse symptoms leading to late stage diagnosis. The survival could
increase significantly if localized tumours can be detected earlier. Multiparametric analysis
of blood samples was used to derive a novel biomarker signature of early stage PDAC. The
signature was developed from a large cohort of well-defined early stage (I/Il) PDAC patients
and subsequently validated in an independent patient cohort.

Methods

A recombinant antibody microarray platform was utilized to decipher a biomarker serum
signature associated with PDAC. The discovery study was a case/control study from
Scandinavia, consisting of 16 stage |, 132 stage I, 65 stage lll, 230 stage IV patients and
888 controls. The identified biomarker signature was subsequently validated in an
independent US case/control study cohort with 15 stage I, 75 stage Il, 15 stage lll, 38 stage
IV patients and 219 controls.

Results

Using the Scandinavian case/control study, signatures were created discriminating samples
derived from stage /Il and stage llI/IV patients vs. controls with ROC-AUC values of 0.96
and 0.98, respectively. Subsequently, a consensus signature consisting of 29 biomarkers
was generated based on all PDAC stages and control samples. This signature was then
validated in an independent US case/control study and produced a ROC-AUC value of 0.96
using samples collected from PDAC stage |/ll patients.

Conclusion

The validated serum signature detected early stage localized PDAC with high sensitivity

and specificity, thus paving the way for earlier diagnosis.
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Abbreviations

ANOVA, Analysis of variance; AUC, Area under the curve; BE, Backward elimination; CP,
Chronic pancreatitis; CV, Coefficient of variance; GO, gene ontology; IPMN, Intraductal
papillary mucinous neoplasms (IPMN); LOO, Leave-one-out; MT-PBS, Phosphate buffered
saline with 1% milk and 1% Tween-20; NC, Normal controls; PBS, Phosphate buffered
saline; NPV, negative predictive value; PPV, positive predictive value; PBST, Phosphate
buffered saline with 1% Tween-20; PCA, principal component analysis; PDAC, Pancreatic
ductal adenocarcinoma; ROC, Receiver operating characteristic; RT, Room temperature;

scFv, Single-chain fragment variable; SVM, Support vector machine
Introduction

In this study, PDAC stage I-1V patients were analysed in a large retrospective Scandinavian
cohort followed by validation in an independent US cohort, aiming at identifying stage /Il
associated PDAC biomarkers in a simple blood sample.

Methods

Study designs

The two retrospective studies, performed on PDAC serum samples collected in Scandinavia
and the US, were conducted according to the Standards for Reporting Diagnostic Accuracy
Studies (STARD)®. PDAC staging was performed according to the American Joint
Committee on Cancer (AJCC) guidelines. Blood samples from patients with pancreatic
cancer were collected and processed at time of diagnosis, before operation or start of
chemotherapy. Blood samples from normal controls (NC) were collected, using the same
standard operating procedure (SOP). In both cases, 5 ul of the serum samples was
subsequently used for the analysis, utilizing a recombinant antibody microarray platform
comprised of 349 human recombinant scFvs directed against 156 antigens (Table 5) (see
Supplement Methods, below). The rationale was to target the systemic response to disease
as well as the tumor secretome. Consequently, the selected biomarkers were mainly
involved in immunoregulation.

Demographics of study cohorts

The Scandinavian cohort comprised 443 PDAC cases, 888 NC, and 8 intraductal papillary

mucinous neoplasms (IPMN) (Table 1). The cases were diagnostic, and the overall
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resection rate was around 15%. Sixteen PDAC samples were from stage |, 132 were from
stage Il, 65 were from stage Ill, and 230 were from stage IV patients (Table 1). Of the eight
IPMN samples, five were benign and three were malignant.

The US cohort comprised 143 PDAC, 57 chronic pancreatitis (CP), and 20 IPMN cases as
well as 219 NC (Table 1). Fifteen of the PDAC samples were from stage |, 75 were from
stage Il, 15 were from stage lll, and 38 were from stage IV patients (Table 1). Of the 20
IPMN cases eight were benign, five were borderline, and seven were malignant. The cases
were diagnostic, and the overall resection rate was 18-20%.

Results

Affinity proteomics offer some attractive features, such as delivering a highly sensitive assay
using minute volumes of sample. The present approach was based on a recombinant
antibody microarray platform comprised of 349 human recombinant scFvs directed against
156 antigens (Table 5). Since the focus was to interrogate the systemic response to PDAC,
as well as its secretome, the selected antibodies targeted mainly antigens involved in
immunoregulation. Two patient cohorts — one Scandinavian and one North American —
including well defined early stage PDAC were utilized to identify and validate a biomarker

signature for detection of stage I/ll cancer.

First, to interrogate the robustness of the data set in the Scandinavian case/control
discovery study, serum samples derived from patients with different PDAC stages were
compared to matched healthy controls, using a LOO cross validation strategy. The results
demonstrated that the different PDAC stages could be discriminated with high accuracy.
The AUC values for NC vs. stages IA, IB, IIA, IIB, I, and IV were 0.91, 1.0, 0.99, 0.98, 0.99,
and 0.98, respectively (Figure 1). Of note, when using information derived from all

antibodies on the array the resulting AUC levels, except for stage IA, reached 0.98 or higher.

Classifying PDAC stage Il/Il with a defined biomarker signature

In order to identify the smallest biomarker signature, discriminating PDAC stage I/ll from
NC with optimal predictive power, the SVM-based Backward Elimination algorithm was
applied on the Scandinavian sample cohort? 2°. Using this approach, biomarkers that do
not improve the classification are eliminated resulting in identification of the signature
providing the highest possible predictive power separating stage I/ll vs. NC. This analysis

resulted in a signature comprising only the highest ranked individual biomarkers (Table 4)
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and the obtained AUC value for stage I/ll vs. NC was 0.96 (Figure 2A), correlating to a
specificity/sensitivity combination of 94/95% for NC vs. stage I/ll. For comparative reasons,
the obtained AUC value for stage Ill/IV vs. NC was 0.98 (Figure 2B). These values are
based on an investigation of the statistical robustness and classification model stability,
where four randomly generated training/test sets were used, resulting in a mean AUC value
of 0.963 (range 0.94 - 0.98) for the classification of NC vs. PDAC stage l/ll. The
corresponding value for NC vs. stage Ill/IV was 0.985 (range 0.98 — 0.99). Of note, the
highest predictive signature did not include e.g. CA19-9, a Sialyl Lewis A antigen commonly

involved in analysis of PDAC, since it did not contribute with enough orthogonal information.
Validating the detection of early stage I/ll PDAC in an independent patient cohort

To obtain the highest predictive accuracy in the validation study, the highest ranked
biomarkers (Table 4) were combined to obtain a consensus signature, consisting of 29
biomarkers (Table 2). To validate the consensus signature for detection of early stage /Il
PDAC patients, this signature was tested in a consecutive validation study, using samples
derived from a completely independent US cohort. This validation analysis demonstrated a
highly accurate discrimination of PDAC stage /1l vs. NC, with a ROC-AUC value of 0.963
(range 0.94-0.98), based on the thrée training sets (Figure 3A). This correlates to an optimal
specificity/sensitivity combination of 95/93% for stage I/ll. Corresponding optimal ROC-AUC
value for stage lll/IV was 0.97 and for stage I-IV was 91/91%.

The capability to discriminate chronic pancreatitis from PDAC was also analysed, since
differential diagnosis of pancreatitis vs. PDAC is a potential confounding clinical factor.
Classification analysis of chronic pancreatitis from PDAC stage /Il samples resulted in an
optimal ROC-AUC value of 0.84 (Figure 3B).

Influence of diabetes and jaundice on classification of early stage PDAC

The influence of diabetes on the classification accuracy was also investigated. In the
Scandinavian cohort, 103 (23.3%) of the PDAC patients were diabetic (Table 3), while 38
(26.6%) of the PDAC patients in the US cohort had diabetes, at time of sample collection
(Table 3). Newly onset diabetes (NOD), comprised 26.2% of the diabetic patients (n=37),
in both cohorts. Decision values from the SVM model were used to analyze any significant
differences between diabetic and non-diabetic PDAC samples in the discovery cohort. This
analysis indicated that diabetes, including NOD, is not a confounding factor in the
classification of NC vs. PDAC (p=0.47 and 0.96, respectively) (Figure 3). The same
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approach applied on the validation cohort indicated that jaundice is not to a confounding
factor (p=0.21).

Individual serum markers associated with different PDAC stages

Individual biomarkers displaying a temporal expression pattern associated with progression
from stage | to IV were also analyzed. By interrogating the data with multigroup ANOVA
several biomarkers were identified that were differentially expressed in early vs. late stage
PDAC patients. These included disks large homolog 1, PRDMS8, and MAGI-1, which all
displayed increased expression in later stages, while properdin, lymphotoxin-alpha, and IL-
2 was more highly expressed in the early stages of PDAC (Figure 4). Of note, all these
biomarkers, except IL-2, were also present in the consensus signature (Table 2).

Classifying intraductal papillary mucinous neoplasm with the validated biomarker signature

IPMNSs frequently progress to invasive cancer if left untreated. Consequently, it is of clinical
interest to detect such lesions so that they can be monitored by imaging, since this may
present an opportunity for early resection of premalignant lesions. Consequently, the
consensus signature was tested for its applicability to discriminate different stages of IPMN
vs. NC. Twenty IPMN samples derived from the US patient cohort (Table 1) were classified,
using the validated biomarker signature. Of note, the signature classified the borderline and
malignant IPMNs as having a cancer profile, while benign IPMNs were classified as non-
PDAC (p=0.029) (Figure 6).

Discussion

The key finding in this study is that a proteomic multiparametric analysis, using minute
volumes of serum could discriminate patients with early stage I/l PDAC from controls with
high accuracy. The clinical utility and intended use of such a diagnostic approach would
potentially be several fold, e.g. surveillance of (i) high-risk patients, such as hereditary
PDAC, chronic pancreatitis, and Peutz-Jeghers syndrome patients; (ii) late onset diabetic
patients over the age of 50 years, who have up to eight times increased risk for acquiring
PDAC within the first three years of diabetes® 3", and (iii) patients with vague abdominal

symptoms, back pain, and weight loss.

WHO has proposed that millions of cancer patients could be saved from premature death if

diagnosed and treated earlier. To achieve this, more advanced diagnostic approaches have
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to be developed and applied to earlier detection of particularly lethal cancers such as PDAC.
Despite the fact that the evolutionary trajectory of PDAC disease progression is discussed®*
34 the available clinical data today supports the conclusion that earlier diagnosis leads to
an overall survival benefit of asymptomatic patients, due to an increased frequency of
resectable tumors* &' 35, To demonstrate clinical utility for early diagnosis for PDAC, the
test has to display a low frequency of false positives, since this would otherwise inevitably
lead to undesired consequences for the patient including anxiety, overtreatment, and
increased costs. With this risk in mind, we have performed a large proteomic study on
PDAC, including over 1700 case/control samples, and analysed 156 serum proteins derived
either from the tumor secretome or from a systemic immune response. To determine clinical
utility of a biomarker signature in a population, the prevalence of PDAC affects both the
positive predictive value (PPV) (the probability that a positive test indicates disease) and
the negative predictive value (NPV) (the probability that a negative test indicates absence
of disease). In our US validation cohort, the results suggest that with a specificity as high
as 99%, in patients with a higher risk than the general public for PDAC, e.g. first-degree
relatives (prevalence 3.75%), and newly onset diabetic patients over 55 years of age
(prevalence 1.0%)%, the PPV/NPV would be 0.75/0.99 and 0.46/1.0, respectively. This
signature, yielding the highest specificity/sensitivity for discriminating stage I/l from
controls, did not include CA19-9, an antigen commonly involved in analysis of PDAC, either
alone or in combination with other markers®. In fact, CA19-9 was analyzed on the antibody
microarray but was not selected, since it did not contribute with enough orthogonal

information during the backward elimination process.

Since newly onset diabetes in patients over 55 years of age has a significant increased risk
of acquiring PDAC? this can be considered as an early indication of cancer, which could
lead to early detection of asymptomatic, early stage PDAC®. Diagnosis of diabetic patients
with PDAC would consequently be of importance, since it would contribute to increased
resectability and an increased survival in these patients. Consequently, we tested the
consensus biomarker signature for its ability to discriminate between diabetic PDAC
patients and PDAC without diagnosed diabetes. A support vector machine analysis, based
on in total 141 diabetic patients with PDAC from both cohorts, of which 26.2% displayed
newly onset diabetes, demonstrated no significant difference between samples derived
from diabetic versus non-diabetic PDAC patients (Figure 5). This implies that the validated

biomarker signature potentially could contribute to clinically rule-out PDAC in diabetic
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patients, although this has to be demonstrated in a clinical study focusing on diabetic
patients.

Differential diagnosis of PDAC vs. pancreatitis is sometimes difficult but in a previous study
we demonstrated that late stage PDAC could be distinguished from different pancreatic
inflammatory indications?’. A follow-up study was previously performed on different
pancreatitis subtypes, such as acute, chronic, and autoimmune pancreatitis, where
biomarkers associated with these subtypes could be identified and distinguished from
PDAC?®. Even though the number of chronic pancreatitis samples is limited in the current
study, we could demonstrate that chronic pancreatitis could be discriminated from early
stage I/l PDAC, now with a ROC-AUC of 0.84 (Figure 3B). Furthermore, correct
classification of premalignant lesions of the pancreas (IPMN) represents a considerable
clinical value. The present consensus biomarker signature could discriminate samples
derived from patients with pathologically staged benign IPMNs from patients with stage /I
PDAC (Figure 6), while borderline and malignant staged IPMNs were classified as cancer
associated and could thus not be discriminated from PDAC. The limitation is that these
results are based on a fairly low number of clinical samples but could potentially contribute
to the detection of these difficult-to-diagnose lesions, when validated in a larger IPMN
case/control study.

Relevant to cancer progression are gradual changes in the tumor microenvironment that
can reflect back on the biomarker content in blood. Consequently, the data acquired here
was used to identify markers whose expression pattern varied with stage progression, i.e.
showed different levels in samples derived from early or late stage PDAC patients.
Interestingly, all proteins displayed in Figure 4, except IL-2, were present in the consensus
signature (Table 2). Among the markers that displayed the most significantly increased
expression from early to late stage PDAC was DLG1 (disks large homolog 1), a muilti-
functional scaffolding protein that interacts with e.g. APC, B-catenin, and PTEN to regulate
cell proliferation, cytokinesis, migration, and adhesion. Although a candidate tumor
suppressor DLG1 has been reported to exhibit oncogenic functions*, potentially supported
by the present upregulation in late stage PDAC. MAGI-1 (membrane-associated guanylate
kinase, WW and PDZ domain-containing protein 1), also exhibited an increased expression
in samples derived from late stage PDAC patients and is a scaffolding protein with proposed
functions in epithelial cell-to-cell adhesion. Cancer related information in the literature is
scarce, but MAGI-1 has been reported to inhibit both apoptosis and stimulate cell
proliferation in HPV-induced malignancy*'. PRDM8 (PR domain zinc finger protein 8), also

known as BLIMP-1, was increased in samples from late stage patients. This DNA-binding
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protein regulates e.g. neural and steroid-related transcription, and is a regulator of
tumorigenesis in pituitary adenomas, where it most likely contributes to increased tumor
invasiveness*2. This is consistent with our observation of its increased expression in late
stage patient samples. Furthermore, lymphotoxin-alpha showed a lower expression in late
stage samples. Lymphotoxin-alpha is produced by TH1 type T-cells to induce phagocyte
binding to endothelial cells. Some polymorphisms of this protein contribute to increased risk
for developing adenocarcinoma*®, although mapping previously has shown low protein
expression in pancreatic cancer, a finding that could explain its decreased expression
during PDAC progression in our study*. The positive complement regulator properdin also
showed decreased expression in samples from late stage PDAC patients. Properdin
supports inflammation and phagocytosis via boosting of the alternative pathway of
complement. Although inherently complex, complement activation is generally recognized
as protective against cancer. Not only does inhibition of complement activation typically
promote cancer cell immune evasion, it has also been shown to hamper the efficacy of
cancer immunotherapy*® “6. Decreased expression of properdin is consistent with the
immune evasion observed in PDAC. Interleukin-2 (IL-2) exhibited decreased expression in
samples from late stage patients. IL-2 stimulates growth and response of activated T-cells
and is used in immunotherapy against e.g. renal carcinoma and malignant melanoma.
Several studies show that IL-2 treatment in combination with conventional therapy can
attenuate pancreatic cancer progression*” . Further study of serum proteins that are
associated with PDAC progression could potentially reveal mechanistic information on the
biology of disease progression.

In summary, this study has succeeded in identifying and validating a biomarker signature
based on two large case/control studies of PDAC patients. The findings show that this
biomarker signature can detect samples derived from stage I/ll PDAC patients with high
accuracy, indicating the possibility to diagnose pancreatic cancer at an earlier stage, using

a serum biomarker signature.
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Table 2. Consensus validation signature

Protein
Apolipoprotein A1
Aprataxin and PNK-like factor

Calcineurin B homologous protein 1

Calcium/calmodulin-dependent protein kinase type IV

Complement C3
Complement C4
Complement C5
Cyclin-dependent kinase 2
Disks large homolog 1
GTP-binding protein GEM
HADH2 protein
Intercellular adhesion molecule
Interferon gamma
Interleukin-13
Interleukin-4

Interleukin-6

Lewis x

Lymphotoxin-alpha

1

PCT/EP2018/052423

Membrane-associated guanylate kinase, WW and PDZ domain-containing

protein 1

Myomesin-2

Plasma protease C1 inhibitor
PR domain zinc finger protein 8
Properdin

Protein kinase C zeta type

Protein-tyrosine kinase 6

Serine/threonine-protein kinase MARK1

Sialyl Lewis x

Vascular endothelial growth factor

Visual system homeobox 2
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Supplemental Information

Methods

Demographics of study cohorts

The controls for the Scandinavian cohort were obtained from the Copenhagen General
Population Study and were matched for gender, age, smoking habits, alcohol intake, and
date of blood sampling. Two controls were matched per case. None of the controls had
developed pancreatic cancer during a 5-year follow-up. Gender balance was 57:43 (%)
men vs. women in PDAC patients and 58:42 (%) men vs. women in NC. The median age
of the PDAC and NC subjects were both 68 years. Tobacco use was defined as current or
past regular use, while alcohol abuse was defined as current or past abuse. Based on
guidelines from the Danish Health Authority, the cut-offs for alcohol abuse were set at 168
g and 252 g alcohol per week for women and men, respectively. The ratio of tobacco users
in the PDAC group, control group and all subjects combined were 66%, 60%, and 62%,
respectively. The corresponding values for alcohol abuse were 22%, 24%, and 23%,
respectively (Table 1). Of all PDAC patients in the Scandinavian cohort, 23.3% suffered
from diabetes at the time of sample collection, while 25.0%, 28.7%, 26.2%, and 19.1% of
stages |, Il, lll, and IV PDAC patients, respectively, had known diabetes at the time of blood
sampling (Table 3). Regardless of diabetic status, 70% of the tumors were located in the
head, 20% in the body, and 10% in the pancreatic tail (Table 3). These proportions
correspond well to the commonly reported data on tumor localization'. All other
parameters, including liver values and blood cell type counts, were comparable between
disease stages (Table 3). Staging for the Scandinavian cohort was based on pathologic
state of the resected tumor and lymph nodes and CT-scans (abdominal and thorax) in the

resected patients and on biopsy and CT-scans for the non-resected patients.

The controls for the US cohort were collected either during a blood drive targeting healthy,
non-cancer controls or during an office visit of non-cancer individuals and matched to
PDAC patients regarding gender and age at time of sample collection. None of the controls
had developed pancreatic cancer during a 5-year follow-up. Gender balance was 56:44
(%) men vs. women in PDAC patients, 53:47 (%) men vs. women in NC, 48:52 (%) men
vs. women in chronic pancreatitis (CP) patients, and 40:60 (%) men vs. women in IPMN
patients. The median age for PDAC, NC, CP, and IPMN subjects were 67, 63, 56, and 69
years, respectively. Staging for the US cohort was based on pathologic state, except in

the case where there was no resection, i.e. typically late stage disease. For those patients,
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staging was based on biopsy or imaging depending on the clinical course. Of all PDAC
patients in the US cohort, 26.6% suffered from diabetes at the time of sample collection,
while 26.7%, 26.7%, 20.0%, and 28.9% of stages |, I, lll, and IV PDAC patients,
respectively, had known diabetes at the time of blood sampling (Table 3). IPMN diagnosis
in both cohorts were based on surgically obtained pathology. Furthermore, the diagnosis
of chronic pancreatitis was made by, 1) symptoms, i.e. pain and/or pancreatic insufficiency
as determined by pancreatic elastase, following episodes of acute pancreatitis that were
biochemically confirmed with amylase and lipase determinations and had abdominal
imaging with CT scan that showed pancreatic and aperi-pancreatic inflammation, and
2) imaging - all patients had ERCP that showed pancreatic ductal changes consistent with
chronic pancreatitis and all had CT and/or MRI imaging. All patients went to surgery for
drainage procedures.

Sample collection

The Scandinavian study, denoted the BIOPAC Study “BlOmarkers in patients with
PAncreatic Cancer — can they provide new information of the disease and improve
diagnosis and prognosis of the patients’, was approved by the Regional Ethics
Committees of Copenhagen (VEK ref. KA-2006-0113) and the Danish Data Protection
Agency (jr. no. 2006-41-6848, jr. no. 2012-58-004 and HGH-2015-027, I-suite 03960). The
serum samples were collected between 2008 and 2014 at Herlev Hospital and
Rigshospitalet, Copenhagen, Denmark. At the time of diagnosis, the blood was collected
and allowed to clot for at least 30 minutes and then centrifuged at 2330 g for 10 minutes
at 4 °C. The serum was aliquoted and stored at -80 °C until further analysis. All samples
were collected and processed, using the same SOP and analyzed for serum CA19-9, liver

enzymes, and blood cell counts. Clinical data was gathered at time of sample collection.

The US study was approved by the Institutional Review Board of Oregon Health and
Science University. Blood was collected prior to any treatment, allowed to clot for at least
30 minutes, and centrifuged at 1500 g for 10 minutes at 4 °C. All samples were collected
and processed, using the same SOP. The serum was aliquoted and stored at -80 °C until

further analysis.

Data acquisition, quality control, and pre-processing

Signal intensities from the antibody microarray were quantified, using the Array-Pro

Analyzer software (Media Cybernetics, Rockville, MD, USA). Local background values

57



10

15

20

25

30

35

WO 2018/141804 PCT/EP2018/052423

were subtracted, and the adjusted intensity values were then used for subsequent data
analysis. Data acquisition was performed by trained members of the research team who
were blinded to sample classification and clinical data. Each data point represented a
background-subtracted signal average of three replicate spots per antibody clone, unless
the replicate coefficient of variance (CV) exceeded 15%. In such cases the replicate spot
furthest from the mean value was omitted and the average signal of the two remaining
replicates was used. The average CVs of replicates were 8.4% and 6.7% in the
Scandinavian and US study, respectively.

The raw data from the quality control samples was evaluated on an individual antibody
level for inter-slide and inter-day variance by CV-value analysis, box plotting, and 3D
principal component analysis (PCA) with analysis of variance (ANOVA) filtering (Qlucore
Omics Explorer, Qlucore AB, Lund, Sweden). Once data set homogeneity had been
assured the quality control samples were removed from further analysis. Data from PDAC
and control samples was transformed by log2 followed by adjustment and normalization in
two steps to reduce technical variation between days and slides. In the first step, day-to-
day variation was addressed by applying ComBat (SVA package in the statistical software
environment R), a method to adjust batch effects, using empirical Bayes frameworks
where the batch covariate is known? 3. The covariate used was the day of microarray
assay. In a second step, array-to-array variation was minimized, by calculating a scaling
factor for each array. This factor was based on the 20% of antibodies with the lowest
standard deviation of all samples and was calculated by dividing the intensity sum of these
antibodies on each array with the average sum across all arrays*. The data is available
from the corresponding author upon request.

Data analysis

Two-group classifications were performed, using support vector machine (SVM) analysis
in R. PCA, g-value calculation by ANOVA, and fold change calculation were performed,
using Qlucore Omics Explorer. Multigroup ANOVA was used to analyze differential
expression of individual protein markers in samples from the various PDAC stages
included in the Scandinavian cohort. The performance of individual markers was evaluated
with Student’s t-test, Benjamini-Hochberg procedure for false discovery rate control (g-
values), and fold changes. Sensitivities, specificities were calculated from SVM decision
values. Positive (PPV), and negative (NPV) predictive values were calculated in relation
to prevalence and lifetime risk for risk groups, such as newly onset diabetes (NOD)

patients over 55 years of age and first-degree relatives for PDAC patients.
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Before defining a biomarker signature that discriminated NC from PDAC Stage l/ll, the
power to classify individual PDAC stages was evaluated, using a leave-one-out (LOO)
cross validation approach in R based on all antibodies®. In short, an SVM was designed in
which one data point was partitioned into a separate subset (test set) and the remaining
data points were used as the training set. The process was repeated one sample at a time,
the results were used to create a receiver operating characteristic (ROC) curve, and the

corresponding area under the curve (AUC) value was calculated.

Next, to decipher a condensed biomarker signature, the data was divided into a training
set including 3/4 of the samples (approximately 1000 samples) and a test set including 1/4
of the samples (approximately 340 samples). The ratio of case vs. control samples within
the data sets was retained, but otherwise the sets were randomly generated. Four unique
test/training sets were generated, using this approach. An individual sample was only
included once in a test set. In order to identify the biomarker signatures, a Backward
Elimination (BE) algorithm was applied to each training set in R, excluding one antibody at
a time. For each BE iteration, the antibody with the highest Kullback-Leibler (KL)
divergence value obtained in the classification analysis was eliminated. Based on KL
divergence value analysis, the antibody combinations expressing the lowest values were
used to design the predictive biomarker signature. Consequently, BE allows an unbiased
selection of markers contributing orthogonal information, compared to other biomarkers®.
Of note, the BE process sometimes results in that previously defined tumor markers, such
as CA19-9 and Sialyl Lewis A in the case of PDAC, are not included in the signature, since
they do not contribute with enough orthogonal information. The identified biomarker
signature was then used to build a prediction model by frozen SVM in R, using only the
training data set®. Furthermore, to avoid overfitting, the model was tested on the
corresponding test set and its performance was assessed, using ROC curves and AUC
values. To further minimize over-interpretation and to ensure robustness this process was
performed on all four training and test sets. In this manner, a prediction model classifying
NC vs. PDAC stage I/ll patients was built and its performance was assessed, using ROC
curves and AUC values. As a comparison, this was repeated also for samples derived
from NC vs. PDAC stage Ill/IV patients.

Finally, to obtain a consensus signature with the highest predictive classification accuracy
data from all classifications of NC vs. PDAC stage /Il patients as well as NC vs. PDAC
stage Ill/IV were combined. The predictive accuracy of the consensus signature was then

validated in an independent US sample cohort.
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In the US study used for validation, the data was divided into three training/test sets of
approximately 280 samples (training) and approximately 140 samples (test). The ratio of
case vs. control samples within the data sets was retained, but otherwise the sets were
randomly generated. The consensus signature from the Scandinavian study was used to
build prediction models, using only the US training sets. The model was then tested on the
corresponding US test set and the performance was assessed, using ROC curves and
AUC values. To further minimize over-interpretation and to ensure robustness this process
was performed on all three training and test sets. The same approach was used for the
classification of chronic pancreatitis vs. PDAC samples, using a frozen SVM and the ROC-
AUC value was calculated. Finally, the consensus signature was used to classify NC vs.
IPMN patients. All IPMN samples in the validation cohort were fed into an SVM model that
had been trained on NC vs. PDAC. To investigate whether bilirubin levels or diabetes were
confounding factors in the antibody microarray analysis, patients with jaundice (49.7%)
and diabetes (26.6%) were compared to patients without jaundice or without diabetes,
respectively.

Sample labeling

In both studies, the serum samples were labeled with biotin, using a protocol optimized for
serum proteomes®®. Briefly, 5 ul serum samples were diluted 1:45 in PBS to ~ 2 mg
protein/ml and labeled with 0.6 mM EZ-Link Sulfo-NHS-LC-Biotin (Thermo Fisher
Scientific, Waltham, MA, USA). Unbound biotin was removed by dialysis against PBS for
72 hours using a 3.5 kDa MWCO dialysis membrane (Thermo Fisher Scientific, Waltham,
MA, USA), changing buffer every 24 hours. The labeled serum samples were aliquoted
and stored at -20°C. To control for labeling quality, reference serum samples (LGC
Standards, Teddington, UK) were labeled alongside patient samples during each
biotinylation round. The signals from these quality control (QC) samples were compared
with the signals from a batch of identical previously labeled reference serum (see section

on microarray assay) to verify that the process had worked as intended.

Antibody microarray production

Identical antibody microarrays were utilized in both studies. The arrays comprised 339
human recombinant scFvs directed against 156 known antigens (Table 5). The scFvs,
selected and generated from phage display libraries, have previously been shown to
display robust on-chip functionality’- %'2. Alongside the scFvs, two full length monoclonal
antibodies against CA19-9 (Meridian Life Science, Memphis, TN, USA) were printed on
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the slides. The majority of the antibodies have previously been tested in array
applications'®'?, and their specificity validated, using well-characterized control sera.
Furthermore, orthogonal methods such as mass spectrometry, ELISA,
MesoScaleDiscovery cytokine assay, cytometric bead assay, and spiking and blocking
ELISA have been utilized for assessing antibody specificities'®-'. The selected scFvs were

against serum proteins mostly involved in immune regulation and/or cancer biology.

His-tagged scFvs were produced in E. coli and purified from the periplasm, using a
magnetic Ni-particle protein purification system (MagneHis, Promega, Madison, WI, USA).
The elution buffer was exchanged for PBS, using Zeba 96-well spin plates (Pierce,
Rockford, IL, USA). Protein yield was measured using NanoDrop spectrophotometer
(Thermo Fisher Scientific, Waltham, MA, USA). Protein purity was checked by 10% Bis-
Tris SDS-PAGE (Invitrogen, Carlsbad, CA, USA). Antibody microarrays were produced on
black MaxiSorp slides (NUNC, Roskilde, Denmark), using a non-contact printer
(SciFlexarrayer S11, Scienion, Berlin, Germany). Prior to printing, optimal printing
concentration was defined for each scFv clone®. To allow for subsequent QC functions,
0.1 mg/ml Cadaverine Alexa Fluor-555 (Life Technologies, Carlsbad, CA, USA) was added
to the printing buffer. Fourteen identical arrays were printed on each slide in two columns
of seven arrays. Each array consisted of 34x36 spots with 200 Om spot-to-spot center
distance and a spot diameter of 140 ’m. Each array consisted of three identical segments
separated by rows of BSA-biotin spots. Each antibody was printed in three replicates with
one replicate in each segment. Two additional rows of biotin-BSA spots flanked each
subarray, one above the subarray and one below it. Nine negative control spots (PBS)
were printed in each replicate segment. Ten slides (140 microarrays) were printed, for
each round of analysis. In the Scandinavian discovery study a total of 152 slides were
printed over 16 printing days. In the validation study a total of 48 slides were printed over
five printing days. The slides were stored for eight days in room temperature (RT) before

microarray assay.

Microarray assay

Ten samples were analyzed on each slide. The positioning of the samples was randomized
but the ratio of healthy and PDAC samples on each slide was approximately the same for
the cohort as a whole. Four positions on each slide were used for QC samples; three for
reference sera (two from LGC Standards, Teddington, UK, and one from SeraCare Life
Sciences, Milford, MA, USA) and one for a sample containing a mix of aliquots from healthy
and cancer samples included in the study. Each microarray slide was mounted in a
hybridization gasket (Schott, Mainz, Germany) and blocked with 1% w/v milk, 1% v/v
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Tween-20 in sterile D-PBS (MT-PBS) at RT for 1 hour with constant agitation. Meanwhile,
aliquots of labeled serum samples were thawed on ice and subsequently diluted 1:10 in
MT-PBS. The slides were washed four times with 0.05% Tween-20 in sterile D-PBS
(PBST) followed by addition of diluted serum samples to the wells of the gasket. Samples
were incubated on the slides at RT for 2 hours with constant agitation. Next, the slides
were washed four times with PBST, incubated with 1 Og/ml Streptavidin Alexa-647 (Life
Technologies Carlsbad, CA, USA) in MT-PBS at RT for 1 hour with constant agitation, and
again washed four times with PBST. Finally, the slides were dismounted from the
hybridization gaskets, immersed in dH.0 and dried under a stream of N». The slides were
immediately scanned with a confocal microarray scanner (LS Reloaded, Tecan,
Mannedorf, Switzerland) at 10 Om resolution, first at 635 nm, then at 532 nm. The first
scan image detected the Alexa-647 (streptavidin) signal and was used for quantification of
spot signal intensities. The second scan image measured the Alexa-555 (cadaverine)

signal and was used for quality control purposes.
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Table 3. Clinical data
Diabetes and jaundice in the Scandinavian and US cohorts
AJCC stage Diabetes Diabetes Jaundice
Scandinavian cohort (%) US cohort (%) US cohort (%)
IA 2/10 (20.0) 1/5 (20.0) 1/5 (20.0)
IB 2/6 (33.3) 3/10 (30.0) 4/10 (40.0)
1A 7/32 (21.9) 8/27 (29.6) 13/27 (48.1)
B 31/100 (31.0) 12/48 (25.0) 32/48 (66.7)
1] 17/65 (26.2) 3/15 (20.0) 6/15 (40.0)
A% 44/230 (19.1) 11/38 (28.9) 15/38 (39.5)
-1V 103/443 (23.3) 38/143 (26.6) 71/143 (49.7)
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Table 3 (continued)

Tumor localization in the Scandinavian cohort

AJCC stage Head (%) Body (%) Tail (%) Diffuse (%) Unknown (%)
IA 6 (60) 3 (30) - - 1(10)
IB 5 (83) 1(17) - - -
HA 25 (78) 1(3) 4 (13) 2 (6) -
10 B 84 (84) 10 (10) 3(3) 2(2) 1(1)
1l 43 (66) 18 (28) 1(2) 2 (3) 1(2)

v 136 (59) 46 (20) 34 (15) 5(2) 9 (4)
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Table 3 (continued)
Clinical parameters in the Scandinavian cohorts
AJCC | CA19- | BASP | Bilirubin | ALAT | ASAT | Platelets | Leukocyte | Neutrophil
stage 9 (/) (uM) (Ua) | @um | (PLT/nl) | (WBC/nl) | (ANC/ni)
U/ml

1A 59 77 8 15 29 284 12.2 18.7
B 36 107 8 22 36.5 375 6,6 9
1A 458 209 28 94 72 300 10 10
1B 217 183 20 59 38 268 10 7
] 601 120 13 35 34.5 282.5 7.7 54
v 1980 175 13 35 39 314 9 6.3
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Table 4.

NC vs. PDAC stage l/ll
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