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Estimated cancer incidence, mortality and Prevalence worldwide, in 2012,

source:
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Tumor biomarkers — FDA approved
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FDA approved tumor biomarkers

Table 1 |US Food and Drug Administration-approved cancer biomarkers

Biomarker
ce-Fetoprotein

Human charionic
gonadotropin-f

CA18-9
CA125
Pap smear
CEA

Epidermal growth factor
receptor

KIT

Thyroglobulin
PSA (total)

PSA (complex)
PSA (free PSA %)

CAl15-3
CAZT-28
Cytokeratins

Cestrogen receptor and
progesterone receptor

HERZ/MEL
HER2/MEL
HERZ/MEL

Chromosomes 3, 7, 2and 17

NMPZ2Z2
Filrin/FOF
ETA

High molecular weight CEA

and mucin

Type
Glycoprotein

Glycoprotein

Carbohydrate
Glycoprotein
Cervical smear
Frotein

Frotein

Protein (IHC)
Frotein
Frotein
Frotein
Frotein

Glycoprotein
Glycoprotein
Protein (IHC)
Frotein (IHC)

Frotein (IHC)
Frotein
DA (FISH)
DA (FISH)
Frotein
Frotein
Frotein

Friotein

(Immuncflucrescence)

Source
Serum

Serum

Serum
Serum
Cerviv
Serum
Colon

Gastrointestinal tumaour
Serum
Serum
Serum
Senm

Serum
Serum
Breast tumour

Breast tumour

Brasst turnour
Serum

Breast tumour
Lrine

Lrine

Lrine

Lrine

Lrine

Cancer type

Maonseminomatous
testicular

Testicular

Fancreatic
Charian
Cenvical
Colon
Calon

GIST
Thyroid
Frostate
Prostate
Prostate

Ereast
Ereast
Ereast
Ereast

Ereast
Ereast
Breast
Eladder
Eladder
Eladder
Eladder
Eladder

Clinical use
Staging

Staging

Maonitoring
hanitaring
Screening
hanitoring
Selection of therapy

Diagnosis and selection of therapy
hanitaring

Screening and manitoring
Screening and monitoring

Benign prostatic hyperplasia versus
cancer diagnosis

Manitoring
hanitoring
Prognosis

Selection for hormonal therapy

Prognosis and selection of therapy
Manitaring

Prognosis and selection of therapy
Screening and manitaring
Screening and manitoring
Maonitoring

hanitoring

Manitaring



Prostate cancer: novel PSA assay,
FDA cleared 2012

PROSTATE CANCER
FOUNDATION
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Research Accomplishments

DIAGNOSTIC BLOOD TEST FOR PROSTATE
e CANCER RECEIVES FDA APPROVAL

Funding Strategy

Jume 26, 2012— A new test has been approved by the FDA that improwves on
Progress Reports the ability of PSA to detect clinically relevant and potentially lethal prostate
cancer. Published in the Joumal of Oncology im March 2011, PCF-funded
research Dir. William Catslona, direcior of the Chinical Prostate Cancer
Program at Morthwestern University, and his team of researchers have
created a new biomarker to detect prostate cancer. The biomarker combines
Young Investigator Awards traditional PSA with two additional measures of PSA. The test is named the
Prostate Health Index {phi) and is & non-invasive blood test that is 2.5 times
more specific in detecting prostate cancer than the traditional PSA test. The
FD¥ recently granted premarket approwval for the test. According to the
published multi-center clinical study, the Prostate Hesalth Index provided a 31
Challenge Awards percent reduction in unnecessary biopsies.
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Prostate cancer: novel PAC3 assay,
FDA cleared 2012
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FDA approves Gen-Probe's prostate cancer diagnostic test

0 2012, 12:40 pm by Brad Lemalre

Gen-Probe (NASDAG:GPRO) said Wednesday U.S. health
regulators approved its diagnostic test Progensa PACE which is
used to werify the need for repest biopsies in men =t risk of
getting prostate cancer.

The company, founded in 1933 and with about 1,333
employees, makes molecular diagnostic products and senvices
to diagnose diseases and screen donated blood.

Gen-Probe acquired worldwide diagnostics rights to the
bigmarker Prostate Cancer Antigen 3 (PAC3) gene from
DiagnoCure {T5E:CUR) in 2003.

The FOA approval was backed by a clinical study lzunched in
August 2008 and finished in May 2010. The study enrclled 405
men at 14 clinical sites. Gen-Probe submitted their premarkat
approwal application to the FOA in August 2010

In the clinizal study, the PAC3 assay had a negative predictive
wzlue of 80 parcent, meaning 2 negative PCAJ assay result
predicted a negative prostste biopsy 90 percent of the time.

The PCAZ gene test — cariad out throwugh urine samples taken
after 2 digitzl rectal examination — is highly ever-sxprassad in
mare than 20 percent of prostate cancers. The test is the first urine-basad molecular diagnostic test for prostate cancer.



Prostate cancer: Circulating Tumor Cells

FDA Clears Cellsearch™ Circulating Tumor Cell Test For
Monitoring Metastatic Prostate Cancer Patients

Main Category: Prostate / Prostate Cancer

Also Included In: Reqgulatory Affairs / Drug Approvals, Medical Devices /
Diagnostics

Article Date: 29 Feb 2008 - 0200 PDT



FDA cleared novel tumor biomarkers

Simply Google:



But how are novel tumor biomarkers

ldentified in our new genomics era???
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Review

evolve progressively from normalcy via a series of pre-
malignant states into invasive cancers (Foulds, 1954).
These obsarvations have been renderad more con-
crete by a large body of work indicating that the ge-
nomes of tumor cells are invariably alterad at multiple
sites, having suffered disruption through lesions as sub-
tle as point mutations and as obvious as changes in
chromosome complemant (e.g. Kinzler and Vogelstain,
1996). Transformation of cultured cells is itself a
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Figure 1. Acquired Capabilities of Cancer

We suggest that most if not all cancers have acquired the same sat
of tunctional capabilities during ther development, albeit through
various mechanistic strategies.

The Hallmarks of Cancer,
D. Hanahan, Bob Weinberg,
Cell, 2000
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The Hallmarks of Cancer, 10 years after!!!
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Figure 2. Intraceliul ar Signaling Networks Regutate the Operations of the Cancer Cdl
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The Hallmarks of Cancer, 10 years after!!! What is new???
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The Hallmarks of Cancer, 10 years after!!! What is new???

The emerging role of the cells of the tumor microenviroment
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Therapeutic targeting of the hallmarks of Cancer
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Molecular tumor biomarkers

-

Treat or don't treat?

|

Cancer biomarkers

N\

—

Which drug? What dose?

Figure 1| Types of biomarker. Cancer biomarkers can be used for
prognosis: to predict the natural course of a tumour, indicating whether
the outcome for the patient is likely to be good or poor (prognosis). They
can also help doctors to decide which patients are likely to respond to

a given drug (prediction) and at what dose it might be most effective
(pharmacodynamics).
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The Long Journey of Cancer Biomarkers from the Bench to
the Clinic
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Table 1. FDA-cleared protein cancer biomarkers.

Biomarker

ee-fetopratein (AFF)
Human choronic gonadotropin (WaC)
Carbahydrate antigen 19-9 (CA19-9)
Carbohydrate antigen 125 (CA125)
Carcinoembryonic antigen (CEA)
Epidermal growth factor receptor (EGFR)
w-kit Hardy-Zuckerman 4 feline sarcoma viral
ancogene homolog (KIT)
Thyroglobulin
Prostate specific antigen (P5A)
Carbohydrate antigen 15.3 {CA 15.3)
Carbohydrate antigen 27.29 (CA27.29)
Estrogen receptor (ER)
Progesterone recepior (PR)

veerb=b? erythroblastic leukemia viral ancogene

homolog 2 (HER2-newu)
Nuclear matrix protein 22 (NMP-22)
Fibriniffibrinogen degradation products (FDF)
Bladder tumor antigen (BTA)
High molecular CEA and mucin

Official gene
name*
AFP

CGE

MUCI6
P52
EGFR
KT

T
KLK3
MUCT
MU
ESR1
PGR
ERBR2

Clinical use

Staging
Staging
Manitoring
Manitoring
Manitoring
Prediction
Prediction

Monitoring
Sereening and manitoring
Manitoring
Manitoring
Prognosis and prediction
Prognosis and prediction
Pragnosis and prediction

Sereening and monitoring
Manitoring
Manitoring
Manitoring

Cancer type

Nonseminomatous testicular
Testicular

Pancreatic

Ovarian

Colorectal

Colorectal

Gastrointestinal

Thyroid
Prostate
Breast
Breast
Breast
Breast
Breast

Bladder
Bladder
Bladder
Bladder

Source type

Serum
Serumm
Serum
Serum
Tisgue
Tissue
Tissue

Serumm
Serum
Serum
Serunm
Tissue
Tissue
Tisgue

Urine
Urine
Urine
Urine

"Human genes: AFP. alpha-fetoprotein; CGE, chonionic gonadotropin, beta polypeptide; MUCTE mucin 16, cell surface associated; P%G2, pregnancy specific
beta-1-ghpooprotein 2; EGFR, epidermal growth factor recepior; KT, Hardy-Zuckerman 4 feline sarcoma wiral oncogene homolog; T, thyroglobuling KLES,
kallikrein-related peptidase ¥; MUCT, mucin 1, cell surface associated; E3RI, estrogen receptor 1; PGH, progesterone receptor; EREEZ. v-erb-b2 erythroblastic
leukemia wiral oncogene homolog 2, neurafglioblastoma derived oncogene hamolog {avian).




Table 2. Reasons for biomarker failures.

Reason

Fraud
Preanalytical factors
= Patient selection bias

= Sample collection, handling and
storage

Analytical factors

= Methodological artefacts

= Poor analytical method
Statistics/Bioinformatics

= Inappropriate statistical analysis

= Data overfitting

= Small sample size

= Multiple hypothesis testing

= Overlapping training and validation

patient cohorts
Clinical validation
= Nonreprodudble validation
= Poor study design
= No adequate clinical performance

Commercialization
= Intellectual property

FDA approval

Solutions

= Clearly define the clinical question to be addressed
» |Ise samples collected under detailed SOPs

» |Use well annotated samples

= Validate the analytical method
= Use appropriate quality controls with all analyses

= Spek and follow the expertise of an experienced
biostatistician

* Clearly define the clinical question to be addressed
prior to undertaking any study

= Collaborate with an experienced biostatistician

= Use appropriate spedmens to avoid bias

= Use validated analytical methods

= Apply for patents to obtain intellectual property
rights as early as possible

= Seek FDA guidance early in development phases

Frequency

Low
High

High

High

Medium

Lovw

Examples
Potti et al. (79)
Xu et al. (80)
Villanueva et al. (81)

Leman et al. (82)

Mor et al. (83)
Petricoin et al. (84)

Esrig et al. (85)
Malats et al. (86)
Kim et al. (87)
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Validation of New Cancer Biomarkers:
A Position Statement from the European Group on
Tumor Markers

Michael J. Duffy,’” Catharine M. Sturgeon,” Gyérgy Sélétormos,* Vivian Barak,* Rafael Molina,®
Daniel F. Hayes,® Eleftherios P. Diamandis,” and Patrick M.M. Bossuyt®



Table 1. Parameters used in the analytical validation of biomarkers measured by quantitative assays.”

Farameter

Accuracy®

Precision/imprecision

Repeatability
Reproducibility
Analytical specificity

Analytical sensitivity
Limit of detection®
Interference (cross-reaction)®

Carryover®
Linearity

Raobustness

Definition
How close a result is to the true result.

Closeness of agreement between a series of measurement for the same sample
established under specific conditions. Depends on repeatability and
reproducibility of assay.

Describes measurements made under the same conditions.
Describes measurements done under different conditions.

Ability of an assay to distinguish the analyte of interest from structurally similar
molecules.

Ability of an assay to detect low guantities of an analyte.
Lowest amount of analyte that can be reliably distinguished from zero.
Effect of a substance in a sample that alters the correct value of a result.

Oecurs when a portion of a sample or reaction reagent are unintentionally
transferred from one assay reaction into another.

The ability of an assay to give concentrations that are directly proportional to
the levels of the analyte following sample dilution.

Precision of an assay following changes in assay conditions, e.g., variation in
ambient temperature, storage condition of reagents.

* Adapted from Jennings et al. (23 ).

™ For qualitative assays, accuracy has been defined as the amount agreement between the information in the assay undergaing evaluation and that abtained from the best available
method for determining the presence or absence of that analyte (23 ).

* Particularly relevant for quantitative assays carried on blood.

% May be dus to chemically related maletules or heterophilic or human anti-mouse antibadies.




Table 2. Parameters used in evaluating dinical validity of a biomarker.

Parameter

Clinical sensitivity
Clinical specificity

PPyab
NPV®
Positive likelihood ratio

Negative likelihood ratio

AUC

ROC analysis
Hazard ratio

Relative risk

Definition

True positive rate, how good is the test in detecting individuals who have the
condition of interest.

True negative rate, how good is the test in correctly excluding individuals without
the condition of interest.

Proportion of positive tests that are correct.
Proportion of negative tests that are correct.

How much more likely is a positive test to be found in an individual with the relevant
condition than in a person without it.

How much more likely is a negative test to be found in an individual without the
relevant condition than in a person with it.

Area under ROC curve. AUC is used to compare different tests, i.e., an AUC value
close to 1 indicates good discrimination, whereas an AUC of 0.5 provides no
useful diagnostic information.

A graphical approach for showing accuracy across the entire range of biomarker
concentrations.

Chance of an event (e.g., disease recurrence, death) occurring in the treatment arm
divided by the chance of the event occurring in the control arm, or vice versa.

Ratio of the probability of an event (e.g., disease recurrence, death) occurring in
treated group to the probability of the event occurring in the control group.

* PPV, positive predictive value; NPV, negative predictive value; AUC, area under curve.
b With PPY and NPV, it is necessary to define the population to which it applies.




Table 3. Cancer biomarkers that have undergone/or are undergoing validation in level | evidence (LOE 1) studies.

Biomarker

FOBT®

PSA

CA 125

uPASPAL
Estrogen receptor
HER2

Oncotype DX

MammaPrint®
BRAF mutation

KRAS mutations
EGFR mutations

CEA

Clinical use

Screening for colorectal cancer
Screening for prostate cancer®

Screening for ovarian cancer®

Determining prognosis in breast cancer

Predicting response to hormone therapy in breast cancer
Predicting response to anti-HERZ2 therapy in breast cancer

Determining prognosis in ER-positive lymph node-negative
breast cancer

Determining prognesis in lymph node-negative breast cancer
Predicting response to anti-BRAF therapy in melanoma
Predicting response to anti-EGFR antibodies in colorectal cancer

Predicting response to anti-EGFR kinase inhibitors in non-small cell
lung cancer

Postoperative surveillance after curative surgery in colorectal cancer

Type of validation
PRCT
PRCT
PRCT
PRCT, pooled analysis
PRCT, metaanalysis
PRCT
PRT

FRT
PRCT

PRT
PRT

PRT, metaanalyses

* FOBT, fecal occult blood testing; PRCT, prospective randomized dlinical trial; PR, praspective retraspective trial; ER, estrogen racepior; CEA, cardnoembryanic antigen.

® PRCT in progress. The fact thata biomarker has undergone validation in a LOE | evidence study doas nat necessarily qualify that biomarker for dlinical use. Thus, CA 125 is not currently
recommended for screening asymptomatic women fior owarian cancer although it was evaluated in a prospective randamized trial (which showed that soreening with CA 125 and
ultrasound failed to reduwce mortality from avarian cancer).




Table 4. Guidelines for reporting biomarker studies.

Application Alms Guideline Reference
Biospecimen handling and How to collect, process and store human tissue BRISC" Moore et al. (47)
processing in a standardized manner
Diagnostic accuracy To improve the accuracy and completeness of STARD Bossuyt et al. (68, 4%)

reporting of studies of diagnostic accuracy
and to allow assessment of the potential for
bias as well as evaluate its generalizability

Prognostic biomarkers® Recommendations for reporting biomarker REMAREK McShane et al. (70);
prognostic studies Altman et al. (717)

Maonitoring biomarkers Recommendations for performing biomarker MONITOR 5olétormos etal. (72)
monitoring studies

Biomarkers in clinical trials Describes a risk-management approach for usa Hall et al. (73)
of biomarkers in clinical trials

Omics in clinical trials To establish the readiness of omics-based assays McShane et al. (74);
for usa in clinical trials McShane etal. {75)

Immunochistochemistry and in  Reporting immunochistochemistry and in situ MISFISHIE Deutsch etal. (74)

situ hybndization studies hybridization
Freparing systematic reviews  Evaluating quality of individual studies QuUADAS  Whiting et al. (52 );

Moher etal. (77)

" BRISO, Biospedmen Reporting for Improved Study Quality; STARD, STAndards fior the Reporting of Diagnestic aocuracy studies; REMARE, REpodting recommendations for temowr
MARE=r prognostic studies; MISFISHIE, Minimum Infermation Specification For In Situ Hybeidization and Immunehistodsemisirg Experiments; QUADAS, Quality Assessment of
Dizagnostic Aocuracy Studies.

® Athowgh primarily desigred for prognastic biomarkers, these guidelines may also be used for predictive biomarkers.




Clinical applications of molecular tumor biomarkers:
breast cancer
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BRCA1

eDiscovered in 1990
(Hall J M, et al)

*Cloned and sequenced in 1994

« (Miki, et al)

17921-q17
(Narod SA, et al 1991)

Il 111 1€ I D

BRCAZ2

*Discovered in 1995
(Wooster R, et al)

Cloned and
sequenced in 1996
(Wooster R, et al)

13912-q13
(Wooster R, et al)



BRCA1 mutations
breast and ovarian cancer
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BRCAL1 mutations

breast and ovarian cancer
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most recent Case of
_nersonalized Medicine*¢

A) regular Diagnosis for Carriers of a hereditary Breast Cancer Risk
B) stratified Therapy on a Knowledge Basis



Evans et al. Breast Cancer Research 2014, 16:442
httpy//breast-cancer-research.com/content/16/5,/442

ESEARCH

: Breast Cancer
. ~

The Angelina Jolie effect: how high celebrity

profile can have a major impact on provision of
cancer related services

Table 1 National Health Service Regional Genetics Centres and family history clinics, their potential catchment area and

referrals in 2012/2013

Centre Type Population coverage MNumber referred 2012 Number referred 2013
Guys Hospital, SW Thames, London Regional Genetics Centre 4.9 million 1,762 2727
Birmingham Regional Genetics Centre 5.5 million 1,993 3421
Southampton Regional Genetics Centre Approximately 3 million 735 1,032
Leicester Regional Genetics Centre  Approximately 2 million 331 443
Aberdeen, Scotland Regional Genetics Centre  Approximately 1 million 387 742
Bristol Regional Genetics Centre 2245 million 919 1452
All Wales Genetics Service Mational Genetics Centre 3.1 million 1452 2727
Mottingham Regional Genetics Centre 2.2 million 1,015 1,252
Morthwick Park, London Regional Genetics Centre 3.6 million 760 1,502
Genesis Prevention Centre, Manchester  Family history clinic 45 million (for high risk) 367 678
Roval Marsden, London Family histony clinic <1 million 55 320
Mottingham Family history clinic ~1 million 554 739
Bath Family history clinic <1 million 166 278
5t Bartholomew's, London Family histony clinic <1 million 538 627
Royal Derby Hospital Family history clinic =1 million 285 511
United Lincolnshire Hospitals NHS Trust  Family history clinic <05 million EE] 53
Sandwell Hospital, Birmingham Family histony clinic =1 million ;] 48
Edinburgh, Scotland Family history clinic =1 million 73 160
Leighton Hospital, Crewe Family history clinic <1 million 121 172
Coventry Family histony clinic =05 million 178 192
Altnagelvin Hospital, M Ireland Family history clinic =1 million 130 202




Causes of Hereditary Susceptibility to Breast Cancer
Contribution to

Gene Hereditary Breast Cancer
BRCA1 20-40%
BRCA2 10-30%
TP53 <1%
PTEN <1%

Undiscovered genes ????  30-70%




BUT!!! new genes are discovered!

The NEW ENGLAND
JOURNAL o« MEDICINE

ESTABLISHED IN 1812 AUGUST 7, 2014 VOL. 371 NO. 6

Breast-Cancer Risk in Families with Mutations in PALB2

A.C. Antoniou, S. Casadei, T. Heikkinen, D. Barrowdale, K. Pylkis, ). Roberts, A. Lee, D. Subramanian,

K. De Leeneer, F. Fostira, E. Tomiak, S.L. Neuhausen, Z.L. Teo, S. Khan, K. Aittomiki, ].S. Moilanen, C. Turnbuill,
S. Seal, A. Mannermaa, A. Kallioniemi, G.J. Lindeman, S.S. Buys, I.L. Andrulis, P. Radice, C. Tondini, S. Manoukian,
AE. Toland, P. Miron, J.N. Weitzel, S.M. Domchek, B. Poppe, K.B.M. Claes, D. Yannoukakos, P. Concannon,
J.L. Bernstein, P.A. James, D.F. Easton, D.E. Goldgar, ).L. Hopper, N. Rahman, P. Peterlongo, H. Nevanlinna,
M.-C. King, F.J. Couch, M.C. Southey, R. Wingvist, W.D. Foulkes, and M. Tischkowitz




Causes of Hereditary Susceptibility to Breast Cancer- new
genes discovered!

The NEW ENGLAND JOURNAL of MEDICINE

Table 1. Breast and Ovarian Cancer among Female PALB2 Mutation Carriers and Noncarriers and Untested Females,
According to Age at Diagnosis or Data Censoring.

Age Group PALB2Z Mutation Carriers Tested Moncarriers Untested

Breast Cwarian Breast Owvarian Breast  Owarian
Unaffected ©Cancer Cancer® Unaffected <Cancer Cancer® Unaffected Cancer Cancer®

number of women

<20 yr 1 1] 0 1 0 0 172 0 0
20-29 yr 4 7 0 & a 0 170 8 0
30-39yr 2 50 0 24 5 0 218 32 1
4045 yr 15 24 1 22 10 3 235 £l 3
50-59 yr 23 55 4 30 10 3 321 62 g
60-69yr 14 24 1 18 & 0 g4 61 6
70-759yr 12 7 2 11 1 0 315 34 i
=80 yr 11 2 0 13 a 0 436 3 0
Total 82 229 g 125 32 & 2231 281 25

* This category includes all diagnosed cases of ovarian cancer (including those diagnosed after a breast-cancer diagnosis).




The new era In tumor biomarkers

From one gene to thousands

DNA microarrays technology

Next Generation Seguencing (NGS)
technologies

Molecular targeted therapy - Companion
Diagnostics

New FDA cleared tumor biomarker assays



Main steps towards tumor biomarker discoveries

Patient s=ampl

Biomarker identificaticn using
microarays, mass specirometry, and so on

Biornarker application:

* Detarmination of turmour type, atage and arade
* Prediction of sursival

* Predliction of responze to reatmeant

4

Aralyvtical and clinical validation

N\

Analyte-zpecific reagent FOA approval
fresaarch use onlyl 'safe and effective’

}

~banafit amalysis by
abla and recessary’

Ludwig and Weinstein,
Nature Rev Cancer, Nov
2005, pg 845-856




letters to nature
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Molecular portraits of
human breast tumours

Charles M. Perou* i, Therese Serliet:, Michael B. Eisen”,
Matt van de Rijns, Stefanie S. Jeffreyl, Christian A. Rees",
Jonathan R. Pollacky, Douglas T. Ross9Y, Hilde Johnseni,
Lars A. Akslen:, Bystein Fluge::, Alexander Pergamenschikov”,
Cheryl Williams~, Shirley X. Zhu$, Per E. Lenning- -,

- Anne-Lise Berresen-Dalei, Patrick 0. Brown¥ i1 & David Botstein*

* Department of Genetics, Stanford University School of Medicine, Stanford,
California 94305, USA

Nature, 406, 747-752, 2000
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Tumour samples of
known clinical outcome

!

Genome-wide (unbiased)
gene-expression analysis

P N

Distant metastases group

No distant
metastases group

l Bioinformatic analysis

Prognosis reporter genes

l Selection of optimal set

Gene-expression signature
b Good signature
") 0 A
5 5
g =5 Threshold
§ =S
=i
Prognosis reporter genes Poor signature

Predicting disease outcome by using
complex gene expression tests

L. Vant Veer et al, NATURE,
Vol 452, 3 April 2008|



Tumours

Tumours

Gene expression profiling predicts clinical outcome of breast cancer
L. Van’t Veer et al, Nature, 415, 530, 2002.

8 amm

Sporadic breast tumours
patients <SS years
tumour size <5 cm

Ilymph node negative (LNO)
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A gene expression signature as a predictor of survival in breast cancer.
M. Van de Vliver, L. Van’t Veer et al, NEJM, 347, 1999-2009, 2002

A All Patients B All Patients

1.0 1.0+ —
o Good signatura
= .84 - 0.8
E 2 Good signature —=
(== E
o 061 Z O
5 8 7 !
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P;-"ﬁ i 4 - Poor signaturea T 04- B
3 2
5= &
2 024 Poooo 024  P<0.007
o
I:ID I I I I I 1 DD I I I I I 1
a2 4 6 8 10 12 a2 4 & B 10 12
Yaars Years
Me.at Risk Ma. &t Risk
Good signature M5 111 109 & B3 36 18 Loww risk M6 114 112 91 66 43 23
Poorsignature 180 1458 111 84 B2 33 17 High risk 180 167 134 100 B2 40 19



A gene expression signature as a predictor of survival in breast cancer.
M. Van de Vliver, L. Van’t Veer et al, NEJM, 347, 1999-2009, 2002

E  Lymph-Mode-Paositive Patients F Lymph-Mode- Positive Patients
10—y 1.0
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Poorsignature 8% 74 &6 43 28 16 B Poor signature 83 &1 68 650 28 19 2



A gene expression signature as a predictor of survival in breast cancer.
M. Van de Vliver, L. Van’t Veer et al, NEJM, 347, 1999-2009, 2002
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Frobability of Remaining
Metastasis-free

Moot Risk

Good signature M5
Poor signature

All Patients

1.0

0.8

.5+

.44

.24

FDA approved

E  All Patients

-

Good signatura

Poor signature

Chearall Survival

Pz 0,001

0.0

180 148 1N
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Loww risk
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m 1@ & 99 3@ 19
a4 B2 33 17

: Mammaprint assay
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Mammaprint assay, FDA cleared

Learn how MammaPrint® can help
Personalize your breast cancer therapy.




MammaPrint's FDA IVDMIA Clearance Confers
Confidence in its Safety and Efficacy for Breast
Cancer Patients

The First and Only Breast Cancer Recurrence Test with
FDA IVDMIA Clearance

MammaPrint iz the firzt and only in vitro diagno=tic multivariate index az=ay

(WDMIA) to be cleared by the FDA. Prior to itz clearance, the FDA reviewed

evidence that the test had been properly validated for its use.™

When MammaPrint was cleared in February of 2007, The Director of the
Office of In Vitro Diagnestic Evaluation =tated, “There have been rapid
advances in microarrays and other pioneering diagno=tics, and a
correzponding increaze in the use and impact of theze complex devices.
Thiz has prompted FDA to take a closer look at the potential risks az well as
the benefiz associated with such testz when they are developed and used
in laboratories. This test clearance takes into account the development of
the=e innovative technologiez and ensures public health by carefully

evaluating their performance.”

—Andrew C. von
Eschenbach, M.D., Former
Commissioner of Food and



Oncotype assay, based on multiplex PCR from FFPEs tissues
Breast cancer, colorectal cancer

oncotype DX

The Oncofype DX Breast Cancer Assay and the Oncofype DX Colon Cancer Assay are unique diagnostic tests that can help
patienis and their doctors make informed, individualized treatment decisions.

Oncotype DX

Breast ancer Assay

Uncover the Unexpected”

” ‘._"‘:. :-. _."‘ﬂ?: ‘\.'i
Breast Cancer Assay Colon Cancer Assay Worldwide Users

oncotype DX ongotype DX ongorpe DX

Cancer Assay




ARTICLE

doi:10.1038/naturel2477

Signatures of mutational processes in
human cancer

A list of authors and their affiliations appears at the end of the paper

All cancers are caused by somatic mutations; however, understanding of the biological processes generating these
mutations is limited. The catalogue of somatic mutations from a cancer genome bears the signatures of the mutational
processes that have been operative. Here we analysed 4,938,362 mutations from 7,042 cancers and extracted more than
20 distinct mutational signatures. Some are present in many cancer types, notably a signature attributed to the APOBEC
family of cytidine deaminases, whereas others are confined to a single cancer class. Certain signatures are associated
with age of the patient at cancer diagnosis, known mutagenic exposures or defects in DNA maintenance, but many are of
cryptic origin. In addition to these genome-wide mutational signatures, hypermutation localized to small genomic
regions, ‘kataegis’, is found in many cancer types. The results reveal the diversity of mutational processes underlying
the development of cancer, with potential implications for understanding of cancer aetiology, prevention and therapy.

Nature. Aug 22, 2013; 500(7463): 415-421



The new era in tumor biomarkers: Signatures of mutational
rocesses Iin human cancers
« All cancers are caused by somatic mutations

« Understanding of the biological processes generating these mutations is limited.

« The catalogue of somatic mutations from a cancer genome bears the signatures of the
mutational processes that have been operative.

« M. Stratton’s group analyzed 4,938,362 mutations from 7,042 cancers and extracted more
than 20 distinct mutational signatures.

« Some are present in many cancer types, notably a signature attributed to the APOBEC family
of cytidine deaminases, whereas others are confined to a single class.

« Certain signatures are associated with age of the patient at cancer diagnosis, known
mutagenic exposures or defects in DNA maintenance, but many are of cryptic origin.

Nature. Aug 22, 2013; 500(7463): 415-421



The new era in tumor biomarkers: Signatures of mutational
processes in human cancers

In addition to these genome-wide mutational signatures, hypermutation localized to small
genomic regions, “kataegis”(in Greek means: storm!!) is found in many cancer types.

The results reveal the diversity of mutational processes underlying the development of cancer
with potential implications for understanding of cancer etiology, prevention and therapy.

Nature. Aug 22, 2013; 500(7463): 415-421
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Figure 1| The prevalence of somatic mutations across human cancer types.  cancer types are ordered on the horizontal axis based on their median numbers
Every dot represents a sample whereas the red horizontal lines are the median  of somatic mutations. We thank G. Getz and colleagues for the design of this
numbers of mutations in the respective cancer types. The vertical axis (log figure™. ALL, acute lymphoblastic leukae mia; AML, acute myeloid leukaemia;
scaled) shows the number of mutations per megabase whereas the different CLL, chronic lymphocytic leukaesmia.



11 different signatures of mutational
processes In human cancers
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The new era In tumor biomarkers

Nature. Aug 22, 2013; 500(7463)' 415—421
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The new era In tumor biomarkers

ARTICLE

doi:10.1038/nature12113

Integrated genomic characterization of
endometrial carcinoma

I'he Cancer Genome Atlas Research Netw rork*®

Nature. 2013 May 2; 497(7447): 67-73



somatic copy alterations in endometrial carcinomas
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MRNA and protein expression heat maps in endometrial carcinomas
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Nature. 2013 May 2; 497(7447): 67-73



pathway alterations in endometrial carcinomas
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Figure 4 | Pathway alterations in endometrial carcinomas. a, The RTK/
RAS/B-catenin pathway is altered through several mechanisms that exhibit
mutually exclusive patterns. Alteration frequencies are expressed as a
percentage of all cases. The right panel shows patterns of occurrence. b, The
PI(3)K pathway has mutually exclusive PIK3CA and PIK3R] alterations that

Nature. 2013 May 2; 497(7447):

frequently co-occur with PTEN alterations in the MSI and copy-number low
subgroups. ¢, Heat map display of top 1,000 varying pathway features within
PARADIGM consensus clusters. Samples were arranged in order of their
consensus cluster membership. The genomic subtype for each sample is
displayed below the consensus clusters.
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the cancer genome atlas!!!

http://cancergenome.nih.gov/
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the cancer genome atlas!!!
http://cancergenome.nih.gov/

Welcome to The Genomic... X
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B Mo auy YV LIT Latest Headlines M8 Urban Dictionary Metewpohoyikic mpo.. =F Metappoon Google

Can't find your data? Click here for more information. Dismiss %

m EA[;IENSIE.IE;N;f;:Z:slTITUTE Projects %% Data Ll Analysis Q Quick Search %) Login ™ Cart [} i GDe Apps
Harmonized Cancer Datasets Cases by Primary Site
Genomic Data Commons Data Portal
1.000
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Cases of kidney cancer diagnosed at the age of 20 and below 182 Cases 1,514 Files I I I I
A I Em -
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ST ~9° S :s*é& e SIS cz“\ & bé’ﬁ‘d*e"i%“”z"‘\@@\“@ S5’
Gene expression quantification data in TCGA-GBM project 166 Cases 522 Files & &° oF A oy & Qi;?q <« & ‘b\"
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DATA PORTAL SUMMARY
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Tirgu Mures, Evi Lianidou



the cancer genome atlas!!!
http://cancergenome.nih.gov/

i B 0O (€ @ | https://gdc-portal.nci.nih.gov/projects/TCGA-OV

B Mo TUYVE GVEYVLITH . Latest Headlines M& Urban Dictionary Metewpohoyikic mpo.. =F Metappoon Google

Project - TCGA-OV | GDC

m NGA[;IENI;‘;%;N;;F:E:?T'TUTE # Home [ Projects 4% Data [l Analysis Q, Quick Search  #) Login ™ Cart [ i85 GDC Apps

= T0GA-OV

Summary ;‘3% &
Project ID TCGA-OV -
Project Name Ovarian Serous Cystadenocarcinoma
Disease Type Ovarian Serous Cystadenocarcinoma s D
Primary Site Ovary ﬁl@
Program TCGA
ANNOTATIONS f
361 (¢
Case and File Counts by Experimental Strategy ¢ Case and File Counts by Data Category ]
Experimental Strategy Cases Files Data Category Cases Files
B Genotyping Array 573 2.292 W Raw Sequencing Data 575 1.929
Methylation Array 602 623 Transcriptome Profiling 492 2135
W WXS 460 5.931 B Simple Nucleotide Variation 443 4.880
RNA-Seq 376 1.516 Copy Number Variation 573 2.292
B miRNA-Seq 489 1.497 W Clinical 587 587
Biospecimen 608 608 v

Tirgu Mures, Evi Lianidou



the cancer genome atlas!!!
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Web links for TCGA:

(cBioPortal for cancer genomics)

(UCSC cancer
genomics Browser)

(international cancer genome consortium data portal)
More data:

(catalogue of somatic
mutations in cancer genome browser)

(integrative oncogenomics)


http://www.cbioportal.org/
https://genome-cancer.ucsc.edu/proj/site/hgHeatmap/
https://dcc.icgc.org/
http://cancer.sanger.ac.uk/cosmic/browse/genome
http://www.intogen.org/search

