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» General Concepts on Biomarkers
Definitions, Principles of biomarker discovery,
validation, implementation

» Biomarkers in ‘systems biology” era
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» Examples from multi-omics applications

DEFINITION

“a characteristic that is objectively measured and
evaluated as an indicator of normal biological processes,
pathogenic processes, or pharmacologic responses to a
therapeutic intervention “

(National Institutes of Health Biomarkers Definitions
Working Group, 1998)




“biomarker is a characteristic...”

Marker can be any biological molecule...
(genes, proteins, metabolites...)
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Additional known markers: PSA, CA125, CRP ...

......objectively measured”

Need for a robust assay

The objective of the analytical procedure should be clearly understood since this
will govern the validation characteristics which need to be evaluated. Typical
validation characteristics which should be considered are listed below:

. Accuracy

. Precision

Validation Recommendations

Chromatographic Assays (CCs)

In-Study Analysis Recommendations
Ligand Binding Assays (LBAs)

. Repeatability ‘Hemen

© A &P should beesmblished with at least

“Hements: s
© A&Pshouldbeestblishedwithatleast | » Notapplicable

+  Intermediate Precision three independentA & Pruns. four QC ix independent A &Pruns, five QC
levels perrun (LLOQ. L M.HQC). and> | levels perrun (LLOQ. L M.H.ULOQ
Spoilicy five replicates per QClevel. QO). and > three replicates per QClevel
. pecifici
A& PRun riteria: A& PRun _riteria:
. " * Therun should meet * Theun should meet
Detection Limit acceptance criteria and include the LLOQ acceptance criteria and include the LLOQ
) calibrator calibrator.
. Quantitation Limit ACEACY,
and | o This runhas no QCacceptancecriteria. | ® This run has no QCacceptance crteri.
Precision
J Linearity (A&P) | Accuracy: Within-runand between runs: v: Withis
15% of P o
+  Range % atLLOQ. atLLOQ. ULOQ 0% ofnomiinal concentrations
Precision: Withi runs: Precision: Withis runs: | Precision: Between runs:
© = 15%CV. except © =20% CV. except

+20%CV atIL0Q

Total Exr
* Notapplicable

% at LLOQ. ULOQ

Total Ervor: Total Ervor:
* QCs shouldbe=30%.exceptat LLOQ. | » Notapplicable
ULOQ =40%

https://www.fda.gov/drugs/guidancecompliancer
egulatoryinformation/guidances/ucm265700.htm

https://www.fda.gov/regulatory-information/search-fda-guidance-
documents/bioanalytical-method-validation-guidance-industry
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“..indicator of processes..”
Biomarker context of use

Diagnostic Patient Selection

Detect a change in the degree or extent of a disease

Monitoring Indicate toxicity or assess safety
Provide evidence of exposure

uals on the basis of effect
intervention or exposure

Stratify patients
Prognostic

Enrichment: inclusion/exclusion data

Biomarker Categories

X Efficacy biomarker/surrogate endpoint
Pharmacodynamic/

Response

sajdwex3 asq Jo }xajuo)

Show biological response related to
an intervention/exposure

Safety Indicate the presence or extent of toxicity
related to an intervention or exposure

Susceptibility/ Indicate the potential for developing a
Risk disease or sensilivity to an exposure

https://www.fda.gov/drugs/cder-biomarker-qualification-
program/context-use (BEST-Biomarkers, EndpointS, and
other Tools resource)

“..indicator of processes..”
Biomarker context of use

Expected clinical impact of biomarker

> Added value of marker to current diagnostic/prognostic means
Increase accuracy (work as adjunct)
Replace an invasive procedure by a non invasive test

» Marker should confer a tangible impact to disease management
Guide patient management and treatment

Off hand, I'd say you'r:
amow thiough your hes
it safe, I'm ordering a bunch of




Application of biomarkers together with therapeutics
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Novel Drugs Approved (NME/BLA) Between 2007 and 2017 With Genomic and Other Selected Biomarker

Information in Labeling

Shaded areas depict oncelogy drugs. Actionable biomarker information refers to a specific prescribing

recommendation that is included in onc of the following label sections: 1) Boxed Waming. 2) Indications and
Usage, 3) Dosage and Administration, 4) Contraindications, or 5) Wamings and Precautions. Biomarkers may

cnomic biomarker or other selected protein biomarker that are used for paticnt selection. BLA

cnse Application: NME = New Molecular Entity.

Drozda et al JACC: VOL. 3, NO. 4, 2018

Application of biomarkers together with therapeutics

TABLE 1 Selected Examples of Nononcology Drugs With Biomarker Changes Implemented Based on the Post-Marketing Evidence
Drug (Year Approved/initial Therapeutic Source of
PGx Revision) Area Biomarkers Outcome Evidence. Carrent Actions:
Abscavie (1098/2008) Infoctious HLA.@*S7.01 HLA-B*S7-01 tasting bafora
diseases reactions initiating treatment and avoiding use in
HLA-B'S7.01 carrers
Carbamazepine (1968/ Newology ~ HLA-BIS:02, Severscutneous  Case-control studies, Recommends HLA-B*15.02 testing before
2007), (19682013) HLA-A3101  adversereactions  meta-analysic initiating treatment in patients of Asian
(e, S5, TEN) ancestry and wams prescribers about
increased risk of developing hyparsansitvity
reactions in the presence of HLA-A*3101
Citalopeam (1938/2011) Psychiatry. P19 Qr prolongation PO studies Recommands 3 maximum dose to be used in
individuals who are CYP2C16 Phis based on QT
prolongation effect
Clopidogrel (1997/2010) Cardiology C¥PXC1S  Diminished Pi and PD studes, Warns prescribers of the risk for diminished
antiplatelet retrospective case-control  response in CYP2CTS PMis in OYP2C1S PMsand
response and cobart studies provides consideration for use of altemate
treatments in “Baxed Warning” section
Codeine (1950/2009) Anesthesiology ~ CYPID6  Respiratory PK studies, case-series Contraindicated in children <12 yrs of age and in
depression, death children <18 yrs of age after
andjor adencidectomy based on risk of
respiratory depression and death in
CYP2D6 UMs
Pimozide (1984/2011) Psychiatry CYPID6 QT prolongation, PK studies Recommends testing at 2 certain dose threshold
‘sudden cardiac that s not to be exceeded in CYP2D6 Phls and
death longer dose titration interval in CYP2D6 PMs
Rosuvastatin (2003/2012)  Endocrinology SLCOBT  PKinformation PK studies Provides PK information in “Clinical
‘section; no alternative
treatment strategies recommendad based on
SLEOTB1 genotype
Tramadol (1995/1999) Anesthesiclogy coree Respiratory PK studies, case-series Contraindicated in childiren <12 yrs of age and in
depression, death children <18 yrs of age after tonsilectomy
andjar adenoidectomy based on risk of
respiratory depression and death in
CYP2D6 UMs
Valproic acid (1978/2015)  Newrology POLG Fatal hegatic failure Case-series Contraindicated in children with mitochondrial
disorders resulting from POLG mutations.
based on risk of fatal hepatic failure:
Drug labeling was further modified over years. 3 website. For additional examples of drugs
with biomarker informasicn included in the Labeling go 1o
op- : GoPD L POLG — ceex
yribonueic acid polymerase y: $15 =

Drozda et al JACC: VOL. 3, NO. 4, 2018
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Steps in Biomarker Development

Biomarker
Verification Biomarker verification-

Biomarker

Qualification ‘ qualification

$000000009 Vast need for clinical
lomarir resources
Discovery
e O Assay development
High cost

Regulatory approval

Figure 4. NCI-CPTC proposed biomarker development and imple-
mentation process.

Boja et al, Journal of Proteome Research 2011, 10, 66—84

To achieve the clinical impact we need multi-
disciplinary collaborations

Eur J Clin Invest. 2012 Sep;42(9):1027-36
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Critical Steps in —omics analysis during biomarker discovery

Pipeline in biomarker discovery

Profiling Data Establishment of Clinical
from Disease Biomarker Assay Methods, Validation of
Expression Candidates mg Verification of Biomarker
& Functional Initial verification Biomarker Candidate
-omics Candidates (e.g. Cohort Study)

Clinical Specimen
Collection-
Specimen
Processing

Final
Biomarker
Fingerprint Panel

I

Biomedical
Applications




Study design: Clinical aspect

» Define objective keeping clinical relevance in mind

» Selection of cases- controls in the context of specific clinical question

» Often the use of healthy controls is not clinically relevant

> If targeting screening markers: compare disease to healthy controls

If targeting Biomarkers for staging:
comparison should be conducted between patients of

different disease stages

Sample collection affects molecular profile

A Uncentrifaged urine at room tempe rature
[

Absorbance at 1620 am
.
i

—
. . " " ™ 2 -
Time-point (h)

a4 NaNIEmM . NaND§mM
e Barie acid 3 mM o Maricacid 20 mM

Thongboonkerd and Saetum, J Proteome Res.
2007;6(11):4173-81
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Standard Operating Procedures Exist

# National Cancer Institute US. National Insttutes of Health | www.cancerq
\
é ” Ohtan of
£, Early Detection Research Network DCP &rrmenin
Biomarkers: the key to early detection
Home  AboutEDRN  Biomarkers  Protocols  ScienceData  Publications [EECSTISSM  Specimens
You are here: Home / Resources / EDRN Standard Operating Procedures (SOP) / Standard [Bearchste |
3 Ntk Corsuing
343 Tem Operating Procedures 2 Soarch
B o Standard Operating Procedures Amnouncement ot2812019
Calatacive G . " ’ Pease vt ne EDR
By oo Blood-derived Specimen Collection Protocols Reqstraton page or
Tegstratonnate inormaton
74\ Publc. Paiens » Serum SOP for the 34th EDRN Steering
S e Conmitee Meetrng fom
Vareh 1820, 2010 n
Nasnwle, T
== Funding
) oponnies : ?
: Urine Collection Protocols
- Announcement
Tall  Stes = EDRN Urine Collection Project (for urine reference sets)

Increased complexity generates technical difficulties
Large dynamic range
(especially for proteomics-metabolomics)

Dynamic range of serum proteins

50 mg/ml Albumin

1 mg/mi Haptoglobulin ... situation is similar to trying to
spot one single face amongst

1 pg/ml IgE

CEA (10 ng/ml)

1 ng/ml CK-MB (3 ng/ml)
PSA (1 ng/ml)

Troponin T (10 pg/ml)
1 pg/mi FT3

TSH

NT-pro-BNP

13/11/2019



No technique is perfect!!!

Each approach has its own strengths and limitations!!

Application
Approach Major Strengths Major weaknesses (marker Other characteristics
development)

Retains Information EEIEREHIEy Relative
2DE- MS N throughput and Discovery . "
at protein level P quantification
resolution

Complexity in data

TrTeedlery analysis-Currently

LC-MS (shot-gun) High resolution Discovery most widely

G employed technique
for marker discovery
High throughput—  Proteotypic peptides Promising alternative
LC-MS (MRM) absolute required- High cost Validation to Elisa for targeted
quantification related to labeling quantification
el sl Gop Established assay for
9! X Peptide identification Discovery- urinary peptide
native peptidome- a q et - o
CE-MS . L requires change in Validation- profiling-applications
high reproducibility o B - .
platform Implementation  to running clinical trial
for CKD

Statistical Design is important!!

How to identify valid biomarkers and biomarker models?

* How many samples are required to define
useful biomarkers?

» Relevance of Statistics?

Which classifiers perform best?

* Is assessment in a blinded set
necessary/helpful?

13/11/2019
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Defining the value of statistics

CE-MS analysis

healthy female 19-40 years healthy male 19-40 years

- —— - >

-——_————— >

- —— - >

—-——_———— - >
Evaluation of all Evaluation of
individual biomarker
biomarkers models

Blinded testset
134 samples

Dakna et al BMC Bioinformatics 2010;11:594.

13/11/2019
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Increasing sample size results in increasing number of biomarkers

number of BH-significant markers
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Dakna et al BMC Bioinformatics 2010;11:594.

Classification error depends on sample size
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Inappropriately low numbers of independent samples result in
‘erroneous biomarkers’

M Protein ID:56099. X M Protein D:124193

Protein ID:13410%

Data analysis: Statistics matter !

Number of significant markers depends on statistical test

Test | No point-mass | Dissonant | Consonant | Total | Validated Validated
f-test 3 0 245 | 248 63 25 %
H Wilcaxon 4 5 34| 323 109 33 %
- Two-part-t 3 8 220 | 240 68 28
H I'wo-part-W i 11 286 301 104 M
% | Empirical LRT ! T 7| 282 81 28
T-tost 0 0] 57| 57 77 173
: Wilcoxon 3 1 137 141 58 i1.1
f I'wo-part-t 0 3 66 69 30 134
H I'wo-part-W 3 6 103 | 112 55 10.1
;f Empirical LRT 2 3 100 116 13 370 %

13



The multiple testing problem

+ If you target a nominal p-value of 0.05, in 100 independent
experiments you will receive 5 false positive results.

* In an experiment testing 2000 hypotheses (proteins), consequently
5x20=100 false positives (‘potential biomarkers’) will be returned.

Some general principles of statistical analysis of -omics data
»N= 1 per group is not acceptable!
» Perform power calculations
» The more heterogeneous the higher the sample size: Perform Matching!
cell lines- animal models: min n=5 per group; human specimens: match!!
(min n=30 per group)
» Generally use of non parametric tests is recommended

» Perform adjustment for multiple testing

» Always validate results in a new set of samples

13/11/2019
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Data have to be confirmed in an independent test set of samples !!!

/

Application of alternative platform

Application of same platform

“..biomarkers were highly specific..”

..” promising and interesting diagnostic tool...”

“....significant biomarker potential...”

13/11/2019
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Single Markers are insufficient to display disease

A complex
organism,
experiencing a

1 multitude of

fh 7 complex
environmental
impacts, can not
be described in
detail by single
features

Phenotype: a result of multi-source impacts

Genes mRNAs Proteins 4 Modified
(2x109 > (=104 — (=104 PrOteins s—
Transeription Translation — (*107)  Enzymatic
Cellular reactions
processing w

etasoiome B )

Environment Meubolites

(3-6x10°7)
* nucleotides
* amino acids

* organic acids
* carbohydrates
* lipids

Image from harvardmagazine.com

13/11/2019
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Classifying: the curse of overfitting

CUR NER DIGROSTIC
SOFTWARE. SEEMS T Rk
FRFECTLY , AS LoNS AS Yool
NAME 1S KEVIN AND youuE

wherw CartaonStock. com

“..biomarkers were highly specific..”
..” promising and interesting diagnostic tool...”

“....significant biomarker potential...”

Place findings in the context of existing knowledge!!!

+ Functional annotation of proteins
« Analysis of subcellular

localisation
« Literature Mining + Annotation of compounds
« Pathway analysis-biological role + Functional Annotation of

targeted/ affected proteins
« Literature mining, Patent Search

17



BIOMARKERS

Recommendations for Biomarker
Identification and Qualification
in Clinical Proteomics

Harald Mischak,*t Ginter Alimaier, Rolf Apweiler, Teresa Attwood, Marc
Baumann, Ariela Benigni, Samuel E. Bennett, Rainer Bischoff, Erik Bongcam-
Rudloff, Giovambattista Capasso, Joshua J. Coon, Patrick D'Haese, AnnaF.
Dominiczak, Mohammed Dakna, Hassan Dihazi, Jochen H. Ehrich,

Patricia Fernandez-Llama, Danilo Fliser, Jorgen Frokiaer, Jerome Garin,
Mark Girolami, William S. Hancock, Marion Haubitz, Denis Hochstrasser,
Rury R. Holman, John P. A. loannidis, Joachim Jankowski, Bruce A. Julian,
Jon B. Klein, Walter Kolch, Theo Luider, Ziad Massy, William B. Mattes,
Franck Molina, Bernard Monsarrat, Jan Novak, Karlheinz Peter, Peter
Rossing, Marta Sanchez-Carbayo, Joost P. Schanstra, 0. John Semmes, Goce
Sp. ki, Dan Theod: u, VisithThongb kerd, Ray d Vanholder,
Timothy D. Veenstra, Eva Weissinger, Tadashi Yamamoto, Antonia Viahou
Published 25 August 2010, Volume 2 sue 46 460142

Recommended steps for clinical proteomics
1) Define a clear clinical question

2) Define the type of samples needed

3) Define and validate the analytical platforms

4) Perform study of the training set

5) Evaluate findings on blinded samples

6) Demonstrate significant improvement in clinical study
7) Apply towards clinical use

PERSPECTIVE

Table 1. for sci

Describe and justify the
clinical question, outcomes,
and selection of subjects

Describe the assessed
subjects

Describe sampling

Describe experimental
methodology

Describe the statistical
evaluation

Validate results

Describe the clinical question and justify why itis of interest;
describe what outcomes are assessed and comment on their

linical validity, potential for misclassification, and verification bias,
if pertinent; clarify what are the eligibility criteria for the selected
study populations and justify specific choices.

Provide demographic information with gender, age, ethnic origin,
and concomitant medications at a minimum, and all relevant
disease-related and dlinical parameters.

Provide an ac of the sampling conditions and
procedures (including the collection process and any manipula-
tion of the sample before storage, the time between sampling
and storage, storage conditions, and the addition of any protease
inhibitors and/or preservatives). Justify the sampling choices ac-
cording ta the literature or supporting experimental data.

The procedure, as well as the observed standard deviation of tech-
nical specifications related to the procedure, should be given. To
attribute the same identity to a certain feature in several indepen-
dent analyses, accepted deviations of mass and other parameters
(retention time, migration, position on gel, etc) must be reported.
Also, d identifying and (rela-
tive) abundance, when the same sample is analyzed repeatedly,
must be reported.

Provide details on determination of sample size, statistical analysis
plan (for appraising calibration, discrimination, and/or reclassifica-
tion), any considerati i for covari luding
treatment, whenever pertinent), methods for adjustment for
multiplicity, and parameters used in complex machine-learning
approaches, whenever pertinent. Clarify which analyses are pre-
defined and which are post hoc.

The results must be confirmed in at least one independent sample
set. The sampling and characteristics of the validation population
should be reported, and the analysis should be symmetrical in the
test and validation data sets; any deviations should be reported.

yis p i should be clearly ac!
and their potential impact on the results discussed.

The fibutions of each author should be clearly stated.

Guidelines in J of Proteomics:

Mandatory requirements for reporting of biomarker studies:

1) Aclinical biomarker is only relevant in specific contexts of use per disease, it

must have a demonstrated potential to improve the current state of the art,
(either being of added value, or based on its sole performance) and its
application must be linked to a clear clinical (therapeutic) consequence. As

such, the specific proposed context of use of the presented biomarker must
be clearly provided and the expected practical consequence of the biomarker

application be discussed.

2) A biomarker can only be assessed in an independent (ideally blinded) test
set, containing sufficient samples to demonstrate significant value and justify
relevant claims regarding biomarker use. Assessment of performance in a

discovery set is inappropriate.

3) This initial independent validation and performance assessment has to be
performed in samples that reflect the typical clinical situation depending on

the targeted context of use.

J Proteomics. 2014 Jan 16;96:A1-3.

13/11/2019
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disease Drug targets
associated discovery
mechanisms

Examples of Applications of multi -omics

Understanding

Biomarker
development

A “systems” biology approach in biomarker and drug target discovery

Human —

clinical data

Urinary_albumin/creatinine

Cholesterol  (mmol)

Creatinine (_micromol)

samples

i =

—— Models —

— Already available _,,

and
prospectively et

collected /

Specifically iy
generated data

statistics

l modelling

In silico model 1

l validation EB—’ -:;%

model of disease

New biomarkers
New therapeutics
Stratification of patients

Modified from Nephrol Dial Transplant. 2010;25(4):1015-8

13/11/2019
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Cross-omics to understand biology
Activated Leukocyte Cell Adhesion Molecule

14q  ALCAM mRNA Exprossion

Expression Microarray

LEF &L Nochange at mRNA levels

Log, mRNAALCAM

P : N i o2 15 e
$T Kw.pmo722
mRNA sz
N TN
Frnological Sage
Tissue Wicroarray Decrease in Tissue
E Protein levels
ALCAM
Protein
q Urine Increase in shed ALCAM > i
i .
& ALCAM ALCAM Adhesion ALCAM Shedding
E Shedding
B Urine “Shed” ALCAM
100- - ow
Low  High 0 et
Prognostic &

Significance
Association to outcome of
shed ALCAM

Median

/il = 62 months

Percent Overall Survival
a
g

Median Survival = 23 months
10{ Log-rank p=0.0484.
HRE1.64, 95% C11.003.2.69

]

S0 75 100 135 150

Overall Survival (Months)

Subjects at Risk (Months) 0 25 50 75 100
Low Urine ALCAM 55 a1 24 11 4
HighUrine ALCAM 56 28 15 4 2

Egloff et al Oncotarget, 2017, 8, (1): 722-741

» Proteomic
analysis of 119
NMIBC tissue b
samples g
s
» Unsupervised
clustering
» Cross—omics
analysis
» Shortlisting of - e
profiles of - 3
prognostic g ]
potential S °

Shortlisting features of prognostic potential for bladder cancer through
tissue cross-omics analysis

Proteome

MIBC NPS1 NPS2
i i

Overlap - Uromol
Overlap - Uromol

Gender EORTC risk Low High
B RS wopicab o
e Nl appiicabie ——

13/11/2019

20



Linking tissue findings to body fluids

Evaluate protein detectability in urine and assay availability

Proteomics UROMOL LUND  (etected
in urine MRM/SRM/ PRM
Gene Descripti Gu in at NCI
name escription Log2[FC] Log2[FC] 2vs3 Urobanls[A) (in a assays ( assay
Class1 / Class3 MIBC / NMIBC Log2(FC)*(-1) LUND least 2 portal)
studies)
S100A9 Protein S100-A9 4.40 1.94 1.40 1.16 yes yes
PDIA4 Protein disulfide-isomerase A4 0.76 0.58 0.84 041 yes yes
TFRC Transferrin receptor protein 1 175 0.78 0.94 0.65 yes yes
AARS  Alanine—tRO ligase, cytoplasmic 1.92 1.04 0.54 041 yes yes
G6PD Glucose-6-phosphate 1-dehydrogenase L1l 0.80 0.52 0.27 yes yes
HSPIQOB Endoplasmin 0.75 0.51 0.64 0.25 yes yes
Dolichyl-diphosphooligosaccharide--
DDOST protein glycosyltransferase 48 kDa 033 0.97 0.91 0.12 yes yes
subunit
CTSZ CathepsinZ 1.73 135 0.97 0.60 yes yes
rpN Delichyl-diphosphooligosaccharide-- 053 044 - 044 Jos sos
protein glycosyltransferase subunit 1
yes - 1 out of the 6 assays
GRB2 Growth factor receptor-bound protein 2 3.09 1.90 0.84 0.28 yes used enrichment (peptide
immunoaffinity in plasma)
HKI  Hexokinase-1 0.53 0.37 0.43 0.57 yes yes
AN)I(AI Annexin Al -0.64 -1.04 0.73 0.41 yes yes
CAPNI Calpain-1 catalytic subunit -0.78 -0.88 -0.47 -0.25 yes yes
USPS  Ubiquitin carboxyl-terminal hydrolase 5 0.39 0.32 0.42 0.13 yes yes
BCAM Basal cell adhesion molecule -1.25 -1.89 -0.88 -0.56 yes yes

Cross-species proteomics in the investigation of targets for CVD

@i"f'ammam“ e Proteomics of

human vessels

necrotic core
formation

Proteomics of

migratio \
mouse CVD models

remodeling

KDMS5 N

Endothelial

inhibitor .~
cells

!

v'proliferation e .
Reduced: | v'migration In vitro analyses
v'tube formation

Mokou et al, EBioMed 2019;41:91-104

13/11/2019
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Proteomic analyses of thoracic aortas from animal models

EAC st <1
WO oot el

Comparative tissue proteomics analysis identified 262
differentially expressed proteins in both cases and
controls based on at least 2 peptides, a p-value <0.05 and
a fold change 21.5 in LdlIr-/-STZ or ApoE-/-STZ versus WT.

Ldir-/-STZ mean (log; values)

Pearson r : 0.9245|
P<0.0001

\

Highly similar  expression
changes in the two strains
suggest common molecular
manifestations regardless the
disease genetic origin. )

ApoE-/-STZ mean (log, values)

5 10 15

Conserved
pronounced change
of KDM5D in human
and animal CVD

Concomitant
change of KDM5D
substrate
(H3K4me) in
human CVD

log, fold change

8

o

IS

N

KDMSD

M3 Amed | foial H3

Cross species comparisons shortlist conserved CVD-associated changes

a M human CVD/CTRL [ (Ldir-yWT [l (Ldir--STZYWT Il (ApoE--STZ)WT

CTSD IGHM  HMGCS2 TN ZFYVE1

& malp

e
» female

13/11/2019
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Inhibition of KDM5
affects endothelial
properties

0.1%DMSO  104M KDMS5-C70 20uM KDMS-C70

migration

number of migrated cells

0.1%DMSO  104M KDMS-C70 20M KDMS-C70

OD at 490nm

proliferation

;| S g
day1 day2 day3 0.1%DMSO  10uM KDM5-C70 20uM KDM5-C70

A

o & o Y
& &£ S & Ff S
S S & o & &
o o K o K
K o o

E

In summary

= Biomarker development is associated with multiple challenges

Discovery (clinical and statistical design, data validation and
interpretation)

Validation (assay optimization, clinical resources)

Implementation (multi-disciplinary interactions, establishment of cost
effectiveness, added-value..)

= Current efforts focus on integrating data from multiple sources (clinical,
various —omics, literature) for the identification of “biology-driven”
markers and targets (personalized medicine).

Marker panels-are better reflective of disease heterogeneity and
tolerate instability and inconsistency of individual biomarkers

Multi-omics analysis increases power and validity of individual
observations

13/11/2019
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Luminal-papillary

v
V
(

Luminal
KRT20+, GATA3+, FOXA1+

Luminalinfiltrated
e] L

v

Integrate —omics to develop personalized treatment approaches

Basal/Squamous
KRT5,6,14+, GATA3-, FOXA1-

FGFRImut, fusion, amp | [ Low purily (uPks | Female
Papillary histology EMT markers (TWISTA, ZEB1) | KRT20 ‘ Squamous differentiation
SHH+ miR-200 family ‘SNXSI ) Basal keralin markers
Low CIS Medium CD274 (PD-11), CTLA-4 High CD274 (PD-L1), CTLA4
‘ Immune infiltrates
v ) v . Vv
[mw fisk (Targeted therapy? | | Ant-PD-L1, PD-1, CTLA4
NAC* ‘ S —— Cisplatin-based NAC
FGFR3 inhibiors
e ** Low response rale
* Low predicted
likelihood of response,
based on preliminary
data
Figure 7. Proposed Schema of Based, Subtyp ified Th \pp asaF for F

Testing in Clinical Trials

Robertson et al., Comprehensive Molecular
Characterization of Muscle-Invasive Bladder Cancer, Cell
(2017), https://doi.org/10.1016/j.cell.2017.09.007
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Creating the full story from snapshots is not easy....
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