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Biomarker Futility
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Clinical Utility
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Clinical Utility: 8 years on
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Will the protein biomarkers we discover be useful?
How will we proceed to them gaining utility?



From Biomarkers to Diagnostics

COMMENTARY

www.ScienceTranslationalMedicineorg 31 July 2013 Vol 5 Issue 196 196cmb 1

TUMOR-BIOMARKER DIAGNOSTICS

Breaking a Vicious Cycle

Daniel F. Hayes,'* Jeff Allen,? Carolyn Compton,? Gary Gustavsen,* Debra G. B.
Leonard,” Robert McCormack,® Lee Newcomer,” Kristin Pothier,* David
Ransohoff,® RichardL. Schilsky,” Ellen Sigal,? Sheila E. Taube,' Sean R. Tunis"

Despite prodigious advances in tumor biology research, few tumor-biomarker tests have
been adopted as standard clinical practice.This lack of reliable tests stems from a vicious
cycle of undervaluation, resulting from inconsistent regulatory standards and reim-
bursement, as well as insufficient investment in research and development, scrutiny of
biomarker publications by journals, and evidence of analytical validity and clinical utility.

Tests must have analytical validity, clinical value
and financial value.



From Biomarkers to Diagnostics
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Biomarkers should be fit for purpose and
their purpose known

. Reform regulatory review
. Increase re-imbursement of tumour tests with

clinical utility

. Increase investment in research (cf. therapeutics)
. Increase rigour for assessment - publication
. Adhere to high-level evidence based

recommendations for use

Tests must have analytical validity
as well as clinical and financial value.



Can we 1dentify and
develop protelin
biomarkers of
clinical value
In prostate cancer ?

Tests to guide treatment decisions
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Imagine this scene .....




incorporates an exhaustive list of health screening features with an emphasis on
modern men's health issues and lifestyle.

I . th
Health Screening for Men
P Comprehensive health screening for men. It takes about three hours to complete and

Physiological Assessment

= Blood pressure, heart rate, weight, height, body mass index measurement Bl ood — FBC Hb & Fe
’ ’

== Urinalysis to check liver and kidney function and for infection

:+ FOB test for those over the age of 50 cholesterol, g lucose, liver
== Heart Assessment (Resting ECG) & kldney function

== Lung Function tests (Spirometry)

= Hearing test (Audiometry) Urine

== Eye assessment to check visual acuity, near and far vision,
macular and retinal problems and other potential problems
regarding the retina and fundus He a.rt

Laboratory tests Hearing

== An extensive blood screen to include an assessment of cholesterol and glucose levels, ¢« o
liver and kidney function, measurement of haemoglobin and iron levels, full blood count, V 1S101n
thyroid function test (if clinically indicated) and screen for gout and haemochromatosis

i PSA (Prostate Specific Antigen) recommended for those over the age of 40
*(Laboratory testing at The Well is carried out by Medlab)

Lifestyle Analysis

i Stress questionnaire and analysis
i+ Lifestyle questionnaire, body composition analysis
== Review of current diet and exercise regime and development of a personal lifestyle plan

Doctor consultation

Full physical examination and assessment of the body systems

== Awareness regarding testicular cancer and colorectal examination

Results of all tests (including the blood results) are explained and
any health issues that may have been identified as part of the medical will be discussed

= Advice around stress management and lifestyle modification

Digital Prostate Exam for over those over the age of 40

= An open opportunity for the visitor to discuss any underlying concerns they may have

Reportin . 3 3
. http://www.thewell.ie/executive

All results are explained on the day of the medical. A written report and full interpretation of .

results is sent out to your designated address within 7 working days of completion of the medlca.].s_men. asp

mens health screening including a personalised lifestyle plan to maintain motivation
to enhance a healthy lifestyle.
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Health Screening for Men
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All clear doc?

Health Screening for Men

Comprehensive health screening for men. It takes about three hours to complete and
incorporates an exhaustive list of health screening features with an emphasis on
modern men's health issues and lifestyle.

Physiological Assessment

i Blood pressure, heart rate, weight, height, body mass index measurement

== Urinalysis to check liver and kidney function and for infection
== FOB test for those over the age of 50

= Heart Assessment (Resting ECG)

» Lung Function tests (Spirometry)

== Hearing test (Audiometry)

== Eye assessment to check visual acuity, near and far vision,
macular and retinal problems and other potential problems
regarding the retina and fundus

S

Laboratory tests

== An extensive blood screen to include an assessment of cholesterol and glucose levels,
liver and kidney function, measurement of haemoglobin and iron levels, full blood count,
thyroid function test (if clinically indicated) and screen for gout and haemochromatosis

gcommended for those over the age of 40
Well is carried out by Medlab)
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All clear doc?

Health Screening for Men

Comprehensive health screening for men. It takes about three hours to complete and
incorporates an exhaustive list of health screening features with an emphasis on
modern men's health issues and lifestyle.

Physiological Assessment

Blood pressure, heart rate, weight, height, body mass index measurement
Urinalysis to check liver and kidney function and for infection

FOB test for those over the age of 50

Heart Assessment (Resting ECG)

Lung Function tests (Spirometry)

Hearing test (Audiometry)

Eye assessment to check visual acuity, near and far vision,
macular and retinal problems and other potential problems
regarding the retina and fundus

Laboratory tests

An extensive blood screen to include an assessment of cholesterol and glucose levels,
liver and kidney function, measurement of haemoglobin and iron levels, full blood count,
thyroid function test (if clinically indicated) and screen for gout and haemochromatosis

PSA (Prostate Specific Antigen) recommended for those over the age of 40
*(Laboratory testing at The Well is carried out by Medlab)

S
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PSA 14.2ng/ml




DRE

Digital rectal examination (DRE)

The DRE is a common way of helping to diagnose a prostate problem. Your doctor or
nurse feels the prostate gland through the wall of the back passage (rectum).

The DRE may be carried out by your GP and will be repeated by the hospital specialist
if your GP thinks you should see one. If you are having a PSA test as well, the DRE
should be done after the PSA test if possible. This is because having a DRE straight
before a PSA test might raise your PSA level.

You will lie on your side, on an examination table, with your knees brought up towards
your chest. If you find it easier, you can stand and lean over the back of a chair or
across the examination table instead.

The doctor or nurse will slide their finger gently into your back passage. They will wear
gloves and put some gel onto their finger to make it more comfortable. Some men
understandably find it embarrassing but it is over quickly and shouldn't be painful.

They will feel the back surface of the prostate gland for any hard or irregular areas and
to estimate its size.

uretha

If your prostate gland is larger than expected, this could be a sign of an enlarged
prostate. A prostate gland with hard bumpy areas may suggest prostate cancer.

If your DRE result shows anything unusual, you will be referred to a hospital specialist.
The DRE is not a completely accurate test. A man with prostate cancer may have a
DRE that feels normal.

Bladder




DRE

Digital rectal examination (DRE)

You will lie on your side, on an examination table, with your knees brought up towards
your chest. If you find it easier, you can stand and lean over the back of a chair or
across the examination table instead.

The doctor or nurse will slide their finger gently into your back passage. They will wear
gloves and put some gel onto their finger to make it more comfortable. Some men
understandably find it embarrassing but it is over quickly and shouldn't be painful.
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Gleason Scoring of Biopsy
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So, the result.....

Gleason 3 + 4

DRE — abnormal
PSA 14.2ng/ml

“*What now?”
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Decisions....

m The patient's treatment decision is a momentous one.

m He must gather all the reliable information he can so he can
participate in the diagnostic process, then ultimately select the
therapy most reasonable under the circumstances.

m As the patient confronts his condition - and he must do so - he
should take into account his personal goals regarding the
available therapies and their peculiar morbidities.

m In his decision process he may get differing medical opinions

http://www.pccnc.org/patient_resources/

Prostate Cancer Coalition understanding diagnosis/
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Number of New Cases and Deaths per 100,000: The number of new cases of prostate cancer was 147.8 per
100,000 men per year. The number of deaths was 23.0 per 100,000 men per year. These rates are age-adjusted and
based on 2007-2011 cases and 2006-2010 deaths.

Lifetime Risk of Developing Cancer: Apprnximatelv@ percent of men will be diagnosed with prostate cancer at
some point during their lifetime, based on 2008-2010 data.

Prevalence of this cancer: In 2011, there were an EEtimateen living with prostate cancer in the United

States.

http://seer.cancer.gov/statfacts/html/prost.html
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Personalised - Population

Prostate Cancer: GET THE FACTS

Other than skin cancer, prostate cancer is the most common cancer in American men.

1 . 6 .
men will be diagnosed with prostate cancer during his lifetime.

Prostate cancer can be a serious
disease, but most men diagnosed
with prostate cancer do not die
from it. In fact, more than 2.5
million men in the United States who
have been diagnosed with prostate
cancer at some point are

still alive today.

Cleveland Clinic

Gleason's Grade 5-7

Gleason's Grades 5-6 and Gleason's Grade 7 are similar in prognosis. Somewhere around
50% of men with these total Grades will be alive after 12 years. However, consider thata
Gleason's Grade 2+3=5 will have a befter prognosis than a Gleason's Grade of 3+4=7. Even

a 3+4=7 will have a better prognosis than a 4+3=7 (both have a total Grade of 7, but Pattern
4, which is more aggressive than 3, is more prevalent in 4+3=7.

All 7’s aren’t
equal

3+4 # 4+3
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NCI Statistics

Over-diagnosis and over-treatment is a major
problem

Most men die with rather than of prostate
cancer

But, there is currently no effective treatment
for metastatic prostate cancer

Lifetime Risk of Developing Cancer: Appraximately@ percent of men will be diagnosed with prostate cancer at
some point during their lifetime, based on 2008-2010 data.

Prevalence of this cancer: In 2011, there were an EEtimateen living with prostate cancer in the United

States.

http://seer.cancer.gov/statfacts/html/prost.html
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Decisions, Decisions, Decisions

Radical
Prostatectomy
(RP)

Radiation
(with hormones)

No treatment
(Active Surveillance)




Diagnosis and Treatment
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BPH

Confined
Prostate
cancer

Surgery

Non
Confined
Prostate

cancer Radiation



Can we identify and develop
protein biomarkers of
clinical value
In prostate cancer ?

To guide treatment decisions

Accessible, Repeatable, Reliable
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Define the Clinical Question First
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Biomarker research in prostate cancer
—towards utility, not futility

Nature Reviews Urology 8, 131-138 (March 2011) | doi;10.1038/nrurol.2011.11
Sheng Fei 0on, Stephen R. Pennington, John M. Fitzpatrick & R.

William G. Watson
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Biomarker Panel Development

PCRC
Serum Sample
Bioresource

Biomarker
discovery

2D-DIGE Label-free
LC-MS/MS
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Biomarker
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Discovery: 2D-DIGE

m 50 age matched serum samples from PCRC
m 14 BPH, 36 PCa patients (Organ Confined and Non Organ Confined)

Sample Collection

(5OP) B oo &
14 BPH and e Fractionation
36PCa patients (HPLC removal of abundant proteins)

l Qcys chs

Protein separation by 2-DE (DIGE)

|

Gel image analysis
- identify protein spot changes

!

Protein identification by
MS (LTQ lon Trap)
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2D-DIGE candidates

Haptoglobin (alpha chain)
Haptoglobin (alpha chain)
Haptoglobin (alpha chain)
Haptoglobin (alpha chain)
Haptoglobin (alpha chain)
Haptoglobin (alpha chain)
Clusterin

Serum amyloid P-component
Haptoglobin (alpha chain)

Histatin 3

Ig kappa chain C region
Haptoglobin

Haptoglobin

Haptoglobin

Haptoglobin

Apolipoprotein A-IV

Haptoglobin

Haptoglebin

Haptoglobin

Haptoglobin

Pigment Epithelium-Derived Factor
Complement component C6
Complement factor H

Zinc alpha2-glycoprotein

Leucine rich alpha-2-glycoprotein
Leucine rich alpha-2-glycoprotein
Protein AMBP

Protein AMBP

Apolipoprotein A=

Kininogen—-1

Kininogen—1

Kininogen—-1
Alpha-2-macroglobulin
Apolipoprotein A-IV

Complement C4 (b-A)
Complement C1r subcomponent
Glutathione peroxidase 3
Clusterin

Serum albumin

Complement factor H-related protein 2
Haptoglobin-related protein
Coagulation factor XIII B chain
Serum albumin

Complement factor H
Apolipoprotein E

Hemopexin

Haptoglobin-related protein
Clusterin

Clusterin

Haptoglobin-related protein
Serotransferrin

Coagulation factor XII

Ig mu chain C region
Apolipoprotein A-IV
Inter-alpha-trypsin inhibitor heavy chain H4 (35kd)
Complement C1q subcomponent subunit B
Alpha -1-antitrypsin
Antithrombin-IlI
Alpha-1-antitrypsin

—

-2 0 2
Row Z-Score

Organ confined

Non Organ Confined

Haptoglobin (alpha chain)
Haptoglobin (alpha chain)
Haptoglobin (alpha chain)
Haptoglobin (alpha chain)
Haptoglobin (alpha chain)
Haptoglobin (alpha chain)
Clusterin

Clusterin

Glutathione peroxidase 3
Pigment Epithelium-Derived Factc
Kininogen-1

Kininogen-1

Kininogen—1
Apolipoprotein E

Protein AMBP

Protein AMBP
Alpha-2-macroglobulin
Apolipoprotein A-I

Alpha —1-antitrypsin
Complement C1r subcomponent
Coagulation factor XII
Serotransferrin
Haptoglobin (alpha chain)
Haptoglobin

Haptoglobin
Apolipoprotein A=V
Haptoglobin

Haptoglobin

Haptoglobin

Haptoglobin

Haptoglobin

Haptoglobin
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Discovery: Label free LC-MS/MS

Mars 14 column

Affinity
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In-solution
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serum ‘ LC-MS/MS
samples on Q-TOF

Protein assay

Progenesis,
database search
and result filtering

TPP and Skyline

and 1D gel
Public
Protein MS/MS _I_
concentration spectral
normalization library

Progenesis
LC-MS

Vaiidation ...1,...« ‘m—m
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Quantication

xPRESS
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Trans-
Proteomic
Pipeline
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Label free LC-MS/MS data |.
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- Peptide to protein roll up i@
. —

- Analysis of differential protein expression §

. . . : , |
59 Proteins differentially expressed (p-value<0.05) 2 ‘
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PCRC OC Biomarker Candidates
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MRM

m Targeted approach for measuring multiple
proteins simultaneously

m Features:
m Dynamic range-0f >4 orders of magnitude
m Up to 50 proteins per assay (more)

m Can be quantitative: moles of protein of interest/g of
protein sample

m Very robust: CV’s of less than 10%
m NOT as sensitive as ELISA in‘most cases

m Identify and measure peptide which is unique to
the protein of interest and measure it (mass/charge
ratio) and fragments of it generated in the MS



Multiplexed quantification
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Relative and absolute quantitative expression
profiling of cytochromes P450 using
isotope-coded affinity tags

Rosalind E. Jonkins®, Noil R. Kitteringham?®, Christia L. Huntar?, Salk \Webb?
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" Conway Institute, University Collage Dublin, Dublin, Ireland
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Another protein panel assembly

Protein/gene list

Map to UniProt

MS/MS library
spectra available?

Manual inspection
and filter (proteotypic,
pep. size, methionine,
ragged ends, etc.)

Gene expression Label-free LC Literature ‘Housekeeping’
dataset proteomics dataset 27 candidate 17 proteins with no
200 highest ranked 53 highest ranked biomarkers change in Px and
transcripts IPl accessions Gx datasets
) 4 Y Y ) 4
Mapped to 168 Mapped to 33 Mapped to 27 Mapped to 17

Uniprot accessions

Uniprot accessions

Uniprot accessions

Uniprot accessions

v

v

v

51 proteins with
library MS/MS
spectra available

3! proteins with
library MS/MS
spectra available

17 proteins with
library MS/MS
spectra available

7 proteins with
library MS/MS
spectra available

Y

h 4

v

A

35 Proteins 31 Proteins 16 Proteins 5 Proteins
after inspection after inspection after inspection after inspection
and filtering and filtering and filtering and filtering
T 12 overlap 1 overlap

Px + Gx Px + Lit

57 proteins
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MRM development pipeline

Initial SRM method

Proteins - 57
Peptides - 174

Survey run — determine Refined method

detectability of peptides _
> Proteins - 52

Transitions - 1681

- 1-5 peptides per protein (~

- 8-10 transitions per peptide | 15 injections of pooled sample

Peptides - 119

13 hours instrument time) Transitions - 609
- 5 transitions per peptide
- 1-5 peptides per protein

Technical variance measurement
10 injections pooled sample
(~17 hours instrument time)

—“>Mean CV=5.7%

Collision energy optimisation
16 injections of pooled sample
(~14 hours of instrument time)

\ 4
Final SRM method

Measurement in 30 individual
samples
(~51 hours instrument time)
- drug treated or vehicle control)

Proteins - 48

Peptides - 109

& Transitions - 545

- 5 transitions per peptide
- 1-5 peptides per protein




MRM measurement:48 proteins

1000

100

10

Fold change ratio

0.1

Fold change ratj

Housekeeping

FC - veh/ FC - veh/ FC - lo
veh D4 veh D15 v

FC - veh/ FC-veh/ FC-low/ FC-low/ FC - high/ FC - high/
veh D4 veh D15 vehD4 veh D15 vehD4 veh D15

Treatment group
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PCa OC Candidate Biomarkers

Workflow Map

31 Candidates

. Biomarker .
Biomarker Literature
from Label- 2
from 2D-DIGE free LC-MS/MS review
[ | |

Skyline

64 Proteins

59 Proteins

MRM design

Up to 5 peptides/protein, 8
transitions/peptides
269 peptides, 275
precursor, 2049 transitions

Dotproduct >0.9,
RT regression coef > 0.9
Good peak shape and
high intensity

Unscheduled MRM

Yes

Calculated CV% for 50
peptides

10 replicates unscheduled runs

31 proteins, 50 peptides,
50 precursor, 149
transitions,

63 crude serum sample
(GS6, G7,G7ECE)

Short the gradient to 38 mins,
Unscheduled MRM

Calculated CV% for 53
peptides for crude and
depleted serum samples

Scheduled MRM on 6 replicates
on crude and depleted samples

32 proteins, 53 peptides,
53 precursor, 158
transitions

Iy
Select up to 2 peptides/protein,
3 transitions/peptide

33 proteins, 87 peptides,
87 precursor,653
transitions

TRESTETty 1073

31 candidate biomarkers
» 1-5 peptides/protein
« 8 transitions/peptide

Example:
APOA1_DLATVYVDVLK

515 520 525 530 535 540 545 5650
Relention Time.

Swissprat
accession
Q738

00738

| “poorss

o077

[poro0e
Po1009

o101

|“roiozs

Fo1024

[Tror0a2
Po2847

o643

[“pozesa
| pozese

Po2743

| poaras
|_poarso

2760
Poa7es

[Trorma
| poarer
| poarso

04004

Pos72
| _Pocows com
10309

[“Pasens

P17936

[ Pasaun

Passss

Qie624

MRM Transitions




Candidate Biomarker MRMs

AMBP (ETLLQDFR) APOA1 (DLATVYVDVLK) APOA1 (DYVSQFEGSALGK) APOAL (LL APOAL (| PLMN PLMN o3 O3 (DFDFVPPVVR) COAA (VDFTLSSER)
P " ! ‘: o
i £ | £
1 j A
: | ! . -
APOAT (THLAPYSDELR) APOC3 (DALSSVQE APOC3 K PEDF (, YK) PEDF (ELLDTVTAPQK) COA4A (VGDTLNLNLR) COMA (VLSL coan ) AACT (EQLSLLDR) AACT (EIGELYLPK)
PEDF (DTDTGALLFIGK) €09 (LSPIYNLVPVK) AACT (ADLSGITGAR) AACT (ITLLSALVETR) FCN3 (YGIDWASGR) HPTR (VGYVSGWGQSDNFK) ALAT (LSITGTYDLK)
HPT (TEGDGVYTLNNEK) HPT ) ALAT (SVLGQLGITK) ANTS3 (TSDQIHFFFAK) APOAA (SELTQOLNALFQDK) APOA4 (IDONVEELK) APOAA (LTPYADEFK)
7 “ y |7 o
o Bl £
VINC (FEDGVLDPDYPR) VTNC (SIAQYWLGCPAPGHL) A2MG (NEDSLVFVQTDK) APOAA4 (LAPLAEDVR) APOE (WVQTLSEQVQEELLSSQVTQELR) APOE (SELEEQLTPVAEETR) APOE (AATVGSLAGQPLQOER) APOE (VQAAVGTSAAPVPSDNH)
I= é! Iz I- i. |2 I . /\
». 200 a i ; foo0. [\
CLUS (EILSVDCSTNNPSQAK) CLUS (ELDESLQVAER) ) KNG1 ( ) KNG1 (DIPTNSPELEETLTHTITK) CAV1 (ASFTTFTVTK) CO6 (GEVLDNSFTGGICK) CO6 (SEYGAALAWEK) ) HEMO DSVDAAFICPGSSR)
1BP3 (YGQPLPGYTTK) ITIH4 (SPEQQETVLDGNLIIR) ITIHA (NVVFVIDK) ALBU (FONALLVR) SAMP (DNELLVYK) SAMP (VGEYSLYIGR) SAMP (QGYFVEAQPK) SAMP (IVLGQEQDSYGGK)
ITIH4 (ILDDLSPR) ITIHA (GPDVLTATVSGK) A2GL (DLLLPQPOLR) A2GL (VAAGAFQGLR) TRFE (YLGEEYVK)

i “ E E 4
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Sensitivity

1.0

0.8

0.6

04

0.2

0.0

Prediction of Organ Confinement

(initial data)

OC (GS6 and 7) and NOC (GS7) OC(GS7) and NOC (GS7)

PLS-DA with 200 times bootstrapping

S
AUC=0.82 o AUC=0.18
© _|
2." o
=
.‘(i
c
QO
< |
o
N
o
1| Non-ECE vs. ECE (AUC = 0.824) g _ G7 Non-ECE vs. G7 ECE (AUC =0.784)
T T T T T T I I I T I I
0.0 02 04 06 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
False Postive Rate False Postive Rate
1-Specificity 1-Specificity




Use global data to assemble panel

Biomarker
discovery

1 st
Generation

an
Generation

Label-free
LC-MS/MS

-

2D-DIGE

Publed

Literatur
e
review

64 Candidate Proteins

v

Movember GAP

MOVEMBER GAP1 SERUM CANDIDATE SELECTION PROCESS

Bill Set (19)

" crH, /
) /
Top Ranking y
g
(5.
80, MMP2, F2, C1S, PLAT, GO 7%

PLAY, KIK3, IGF L

2
Ireland (Bill and Steve)
;
I

com

av,
A

Biomarker
Validation

*
/ MRM

Biomarker
Candidate
list

136 Candidate Proteins




Biomarker measurement (now)

o B

CANDIDATE smmq{ PROCESS (2) \

OCBN Set (21)
CDH1, TPS3, VIN, CLU,
PLAU, DVL2, TCF4, KLK3,
ATF4, GRP, HECTD1,

. BRCA1, ERG, SOX17,

B Iom ar ke I KRTS, FZD2, GLi3,

TIMM17A, AMACR, KLKS,
FOLHI

assembly

Bill Set (19)
PLAU, KLK3, IGF1,
IGFPB3, TGFB1, APOA2,
CAV1, VCAMI, (D14,
SHBG, IL6, IGFBP2, FIGF,
ENG, GC, PLA2G2A,
SERPINF1, AZGP1, MSMB

— o a - Agilent 6.490 Triple
= Quad with UPLC:
| Agilent Partner Lab

EGR1, FOS, IGFBP3, APOE,
C1R, HGF, VEGFA, ERBB2 LB, GRP, A2M, CFH,

Top Ranking
ot in OCBN set)

Top Ranking

(not in Bill set)

Top Ranking New (5

Biomarker e
Prioritization o

TGFB1, APOA2, IL6, GC,

Top Ranking New (5)
THBD, MMP2, F2, C15,
PLAT, €B58; ioF2, S

Other (3
FOS, HGF, VEGFA

From
Bill/Kristin/Lorelei

AZGP1

Legend:

In Kristin's Set ]

In Lorelei’s Set -— \;
SHARED (Toronto/UK) 50 CANDIDATES <\ Sililiilii\

X Candidate Proteins

Biomarker
Validation MRM

Samples
Assembly of Reference Pool

(method development and QC)
— Test (150) Samples: False
Indolent; True Indolent
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Conclusion?

Health Screening for Men

Comprehensive health screening for men. It takes about three hours to complete and
incorporates an exhaustive list of health screening features with an emphasis on
modern men's health issues and lifestyle.

Physiological Assessment

Blood pressure, heart rate, weight, height, body mass index measurement
Urinalysis to check liver and kidney function and for infection

FOB test for those over the age of 50

Heart Assessment (Resting ECG)

Lung Function tests (Spirometry)

Hearing test (Audiometry)

Eye assessment to check visual acuity, near and far vision,
macular and retinal problems and other potential problems
regarding the retina and fundus

Laboratory tests

An extensive blood screen to include an assessment of cholesterol and glucose levels,
liver and kidney function, measurement of haemoglobin and iron levels, full blood count,
thyroid function test (if clinically indicated) and screen for gout and haemochromatosis

PSA (Prostate Specific Antigen) recommended for those over the age of 40
*(Laboratory testing at The Well is carried out by Medlab)

Blood Test for Organ Confinement

KL

NYVINNNN

PSA 14.2ng/ml

Best Decision for Individual Patient



Clinical Utility: What will it take?

m ‘End user’ driven question/ clinical need

m Design of discovery experiment(s) to match clinical
question

m Well planned validation strategy ..... sample numbers
and type

m Incorporation of appropriate statistical methods
m For selection of candidates from discovery
m For selection of signatures from candidate panels

m Then, science ends ... product development begins
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William Osler |I

“The philosophies of one age
have become the absurdities of
the next.....
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MRM for Lung Cancer

RESEARCH ARTICLE Sci Trans! Med 5, 207ra142 (2013):

LUNG DISEASE

A Blood-Based Proteomic Classifier for the Molecular
Characterization of Pulmonary Nodules

Xiao-jun Li,’* Clive Hayrward,1 Pui-Yee F(:nng,1 Michel Dominguez,” Stephen W. Hunsucker,’

Lik Wee Lee,” Matthew McLean,'* Scott Law," Heather Butler,'S Michael Schirm,? Olivier Gingras,?
Julie Lam(:mtagne,2 Rene Allard,? Daniel Chelskyf,2 Nathan D. Price,> Stephen Lam,?

Pierre P. Massion,>® Harvey Pass,” William N. Rom,2 Anil Vachani,’ Kenneth C. Fang,1

Leroy Hood,? Paul Kearney'*

» Used a systems biology strategy to identify 371 protein
candidates

* Developed a multiple reaction monitoring (MRM) assay for each.

= MRM assays applied in a three-site discovery study (n = 143)

» Used plasma samples from patients with benign and stage IA lung
cancer

* Produced a 13-protein classifier.

= Classifier validated on an independent set of plasma samples (n =
104) exhibiting a negative predictive value (NPV) of over 90%.



MRM run order: Randomised

Crude Serum Sample

Blank

B29

B30




Current Biomarker Pipeline
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Abundant protein removal

" Crude Human
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3
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Proteins Free
from Interferences
® High Abundant Proteins {Albumin, 1gG,
IgA. Transterin, Haptoglobin, Antitrypsin]
o Low-Abundant Proteins (Biomarkers
for disease and drug targets) .
Anderson and Anderson, Mol, Cell. Proteomics 2002 1: 845
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Serum Proteins: Dynamic Range

@ albumin
]{)'G b
Transferrin
\Mpha-z-macmglubulin
G —
10 @ Alpha-1-acid glycoprotein 1 mag/ml
08 b ® Apalipeprolein C-
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Complement component 7
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.E 105 =1 wa/mil
=
£
5w
o
=
= o classical P
o —
E
m I P
e . Kallikre
a5 10 Kallikrei — ng/ml
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interleukins, cytokines [ Pa
107

plasma proteins

Figure 1 — Depicted are the plasma protein concentration as described by Anderson and Anderson (2002). The proteins can be grouped in three
main categories (classical plasma proteins, tissue leakage products, interleukins/cytokines). Red dots indicate proteins that were identified by the
HUPO plasma proteome initiative (States et al., 2006) and yellow dots represent currently utilized biomarkers (Polanski and Anderson, 2006).



Serum Proteins: Dynamic Range
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Figure 1 — Depicted are the plasma protein concentration as described by Anderson and Anderson (2002). The proteins can be grouped in three

main categories (classical plasma proteins, tissue leakage products, interleukins/cytokines). Red dots indicate proteins that were identified by the

HUPO plasma proteome initiative (States et al., 2006) and yellow dots represent currently utilized biomarkers (Polanski and Anderson, 2006).



Serum Proteins: Dynamic Range
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Figure 1 — Depicted are the plasma protein concentration as described by Anderson and Anderson (2002). The proteins can be grouped in three
main categories (classical plasma proteins, tissue leakage products, interleukins/cytokines). Red dots indicate proteins that were identified by the

HUPO plasma proteome initiative (States et al., 2006) and yellow dots represent currently utilized biomarkers (Polanski and Anderson, 2006).



