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Cancer: Uno de los grandes retos del Siglo XXI




AGENDA: Historical view

* Therapeutic Paradigms in Oncology:
 Chemotherapy
* Targeted Therapies

e Personalized Medicine
e Cases Studies

* Problems:
 Tumor heterogenicity
* Complex pattern of metastases

* How to overcome problems?
* Conclusions



Therapeutic Paradigms in Oncology



Paradigms in Cancer Treatments
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1. Descubrimiento del DNA
“la hélice de la vida”
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Cancer
Ano 1953

* Conocimiento muy limitado de
los mecanismos responsables
del cancer

Cytoplasm

* Tratamientos poco eficaces

Nucleus



Cancer: crecimiento celular incontrolado a partir
de una célula que se transforma

Normal




Tumar coll mumber

Growth and Norton-Simon hypothesis

I'ﬁI?—r rrrrrrrr ? E‘Jrh rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
- Flal ALl
- {slower growih)

Climlcal deleciion

s LA a d Jd Jd J g -----. --------------------------------------------------
10— : Rapld cell

| ; prolifaration and
1085 Climically lurnar graowth

undedect abile

= lumce

j [ . i

Slow Inltlal grosth

Time

Cell Number

1012

100

ER2

40 60

WilAanl--~

The Norton-Simon hypothesis states that the rate of cancer cell death
in response to treatment is directly proportional to the tumor growth

rate at the time of treatment.

Schmidt C JNCI J Natl Cancer Inst 2004,;96:1492-1493


http://www.springerreference.com/docs/link/2162462.html?s=175786&t=response+to+treatment

Chemotherapy: classification based on the
mechanism of action

Antimetabolites: Drugs that interfere with the formation of key biomolecules including
nucleotides, the building blocks of DNA.

Genotoxic Drugs: Drugs that alkylate or intercalate the DNA causing the loss of its
function.

Plant-derived inhibitors of mitosis: These agents prevent proper cell division by
interfering with the cytoskeletal components that enable the cell to divide.

Plant-derived topoisomerase inhibitors: Topoisomerases unwind or religate DNA
during replication.

Other Chemotherapy Agents: These agents inhibit cell division by mechanisms that are
not covered in the categories listed above.
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Efficacy and toxicity both increase with dose
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Hematological toxicity in a clinical trial with
intermittent dosing of a cytotoxic

| -0kt-2007 1-nov-2007 1-clec-2007 I-jan-2008 | -feb-2008 1-mrt-2008 1-apr-2008
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The classical approach of non-individualized treatment

Conventional Tumour location +/-

Patient Pathology histologic subtype dx.

Treatment Conventional Treatment
Decision Rx evaluation Decision
(2nd, 3rd, 4th, ...) (1st)
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Biology of cancer

Number of Mutations in Human Cancers
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Cancer Arises From Gene Mutations

Germline mutations Sormatic mutations

Parent Child

All cells Somatic

Mutatio
nin egg “*(q affected in mutation (eg,
or sperm offspring breast)

e Present in egg or sperm  ® Occur in nongermline
e Are heritable tissues
e Cause cancer family e Are nonheritable

syndromes



Oncogenes
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cell growth)
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Tumor Suppressor Genes
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Biology of cancer

From biology to target and from target to drug
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First draft of human genome 2nd generation instruments
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THE CANCER GENOME ATLAS
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Conceptual evolution of Cancer treatment

Nowadays

Clinical Oncology

Few therapeutic options
combined to treat tumors:
-Surgery

-Radiotherapy

-Few chemotherapies

Disease guided
approach
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Increase on therapeutic options allowed
specific treatments for different tumor types:
-Combined chemo-radiation

-Specific protocols (NCCN guidelines)

Pathological
guided approach

S—

Targeted agents that work in specific
molecular alterations:

- Broad knowledge of molecular tumor
biology

- Development of molecular analysis and
targeted therapies

Molecular
approach
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Conceptual evolution of Cancer treatment

Nowadays

Clinical Oncology -

] 1

e BCR/ABL Translocation-imatinib

First “magic bullets”:
8 e HER 2 Amplification —Trastuzumab
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Personalized medicine: a myth?



Desarrollo de nuevos farmacos

* Alto % de fracaso tardio en desarrollo de drogas anticancerigenas:
* Alta tasa de éxito en early stage (<20% rechazo de solicitud de IND)
* 10% de drogas en trials entre 1975-1994, aprobadas por FDA
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Nature Reviews | Drug Discovery



Two contrasting drug-discovery “philosophies”

“EMPIRICAL”: Recognize initial drug lead by functionally useful effect
-E.g. : penicillin (anti-bacterial effect)
rauwolfia (anti-hypertensive)
taxol (anti-tumor)
digoxin (cardiotonic / antiarrythmic)

“RATIONAL”: Recognize drug by design or screen against biochemical
target’s function
-E.g.: HIV-protease inhibitor (anti-infection)
metoprolol (anti-hypertensive)
methotrexate (anti-tumor)



Some data
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http://www.vhio.net/

Biology of cancer

Hallmarks of cancer

Self-sufficiency in
growth signals

Evading ~ Insensitivity to
apoptosis ~ anti-growth signals
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Figure 1. Acquired Capabilities of Cancer



10-years on: Avoiding immune destruction is
recognised as an emerging hallmark of cancer

Emerging hallmarks

-

Deregulating cellular
energetics

.E.T. \" :
& FofANe
—el s 3
Genome instability and % '_g",' 2
mutation =~
(&

Enabling characteristics J

Avoiding immune
destruction

inflammation

Tumour-promoting ]

Cancer development depends fundamentally on the tumour

microenvironment (TME)

Hanahan D and Weinberg RA. Cell 2011,144(5):646-674; Qian BZ and Pollard JW. Cell 2010;141:39-51



Diagnostico Molecular del Cancer:
Nuevas Tecnologias

21st century (?)

DNA arrays
SNP analysis
Bl Multiplex PCR

l Proteomics

Histology Single-gene predictors Multi-gene predictors (?)




Social expectations

Cheaper, more effective drug development

Figure 1.3: New drug approvals and R&D spending, 1996-2008, US
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Forrdas: Business Insights: Expanding Applications of Personalized Medicine, 2009



Personalized Medicine: Impacts Patient Care

5 Year
Survival

~0%

70%

Ries LAG, Eisner MP, Kosary CL, Hankey BF, Miller BA, Clegg L, Mariotto A, Feuer EJ, Edwards BK (eds).
SEER Cancer Statistics Review, 1975-2002, National Cancer Institute. Bethesda, MD, http://seer.cancer.gov/csr/1975_2002/,
based on November 2004 SEER data submission, posted to the SEER web site 2005.
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The Goal of Personalized Medicine

The Right Dose of

The Right Drug for

The Right Indication for
The Right Patient at

The Right Time.

PATIENT
Few histotypes Qg‘; i - Age and PS
but i‘& < » Comorbidities

more molecular

diseases DRUG  Ethiica
: *» Genetics
Pharmacogenomics
Pharmacokinetics Pharmacodynamics

Pharmacogenetics

« Compliance




Discovery of

Discovery \

Human

. . . 1o Patients

Key milestones in the pathway

US approval
of

VEGF gene trastuzumab
EU approval of

trastuzumab

Antiangiogenesis

EU/US approval

of cetuximab EU/US
approval of

EU/US approval SUTENT
of bevacizumab

US approval
of erlotinib

EU approval
of imatinib
US approval

of sorafenib



New types of cancer treatment

Hormonal Treatments: These drugs are designed to prevent cancer cell growth by preventing the
cells from receiving signals necessary for their continued growth and division. E.g., Breast
cancer — tamoxifen after surgery and radiation

Small molecule specific inhibitors: Drugs targeting specific proteins and processes that are limited
primarily to cancer cells or that are much more prevalent in cancer cells.

Antibodies: The antibodies used in the treatment of cancer have been manufactured for use as
drugs. E.g., Herceptin, avastin

»
Vaccines: Stimulate the body's defenses \
against cancer. Vaccines usually contain W il *"-\
proteins found on or produced by cancer Insulin
cells. By administering these proteins, the > 700 baltons pretm
treatment aims to increase the response of 34000
the body against the cancer cells. MAb

150 000 Daltons

Factor VII
~250 000 Daltons

Cancer Chemotherapy Chapter 55. B.G. Katzung



Antitumor Agents Working through Cell Signaling

Receptor Tyrosine Kinase Cell Therapeutic Monoclonal
Signaling Antibodies
Production Chemical synthesis E:z;an:t;(ri];;(;r;l\?LOLZ§Lc§IIOSgc;Iu reeor
Molecular weight <10 kDa > 10kDa
Administration route Mainly oral route Mainly parenteral route
Immunogenicity Not an issue Could elicit immunological response
Follow-up molecules Generics Biosimilars




Monoclonal Antibodies
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Monoclonal Antibodies

FDA-Approved “Naked” (Non-Conjugated) MoAbs

Generic Name Brand Name Target Cancer(s)
Alemtuzumab Campath CD52 CLL
Bevacizumab Avastin VEGF Multiple
Cetuximab Erbitux EGFR1 Colon, H&N
Panitumumab Vectibix EGFR1 Colon
Rituximab Rituxan CD20 Lymphomas
Trastuzumab Herceptin HER-2 Breast




Small molecules

Small molecule tyrosine kinase inhibitors (or TKls) — generic names end
in “-nib”

Generally oral

Side effects vary, depending on which enzymes they inhibit (what their
target is)

Eight are FDA-approved, numerous others are in development

Several are effective against cancers resistant to most previous
therapies



Small molecules TKs: Inhibiting
Enzyme-Substrate Interactions

Enzyme with a
defined substrate-
binding site

Substrate binds and
is converted to
product(s)

Inhibitor blocks
substrate binding

=




Small molecules: kinase inhibitors

ATP ADP

Protein kinase

COOH

®

NH,

COOH NH,

Protein phosphatase

v 30% of all proteins may be modified

v 518 protein kinase genes=human kinome space

v' 20% of all eukaryotic genes(human genome project)

v’ 218 genes=human diseases
v Approx 30=tumor suppressor

v' Approx 100 dominant oncogenes

~Human
Kinome






Gefitinib
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What proportion of drug targets are druggable?

”Druggable targets are those that have an obvious deep hydrophobic pocket or active site. For
example kinases and other enzymes. Undruggable targets are those that have no obvious
pocket.”

Figures from Hopkins and Groom (2002) Nature Rev Drug Disc 1, 727



The ‘Undruggable?’: Inhibiting Protein-Protein
Interactions

Protein responsible
for biological effect

4

Protein [ :
Proteln

Effect modulated by 1 (
protein-protein
Interaction
Inhibitor regulates {}
effect by blocking
protein-protein Biological Effect

interaction



Case studies



Imatinib: From Philadelphia Chromosome
to BCR-ABL

v .
I ”;IBCR/ABL BCR/ABL

‘ v
. GRB2

~ 5051

Tyrosine

.. Substrate




Imatinib: From BCR-ABL to a drug

Imatinib (Gleevec™)

\‘, Blue surface )
e target (BCR-ABL). This A selective inhibitor of BCR-Abl tyrosine

Surface pocket of the activ
€5s of drug development. kinase in CML or c-Kit in GIST

surface provides guidance

Major Cytogenetic Response Complete Cytogenetic Response

WBC x 103
% Responding

% Responding

15 18 ( 3 g 9 15

60
DAYE on Wnsind Mesylate Months Since Randomization Months Since Randomization

Clinical Trial Phase | Conclusions:
*  Well tolerated with a mild side-effects prd Gleevec (n=553)
— IFN-a + ara-C (n=553)

* In all phases of CML, imatinib mesylate &



GIST, CKIT and imatinib

Additional molecular targets
—c-Kit
—PDGF-R

* GIST: 70% mut CKIT

* Infrequent tumor

*  Occur primarily in stomach and small
intestine

* Surgery was only effective modality.
Few respond to chemotherapy

*  For unresectable/metastatic disease,
estimated time to progression <2
month, and estimated survival <1 year

27 Junio 2000

3 Marzo 2000

Coromal Reslice

ittal Reslice

Coronal Reslice

5 Abril 2000

e

e

Sagittal Reslice

Fiy




KIT/PDGFRA as primary drivers of
oncogenic signal in GIST

Overall Mutation Frequency (950 GISTs):

K

278.5%)
:
&

<+— Exon 9 (9%)

<+— Exon 11 (67%)
<+ Exon 13 (1%)
<+ Exon 17 (1%)

PDGFRA (7.5% total)

<«— Exon 12 (2%)
<— Exon 14 (rare)

<«— Exon 18 (5.5%)

Courtesy of Jonathan A. Fletcher
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KIT secondary resistant mutations
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Desai J, 2008

Heinrich MC, 2008

Liegl B, 2008
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KIT secondary resistant mutations
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Crizotinib

Upstate 102 kinase Cellular selectivity on 10 of 13 relevant hits

% Inhibition

TR(h)
COK7/cyclinH/MATL(h)

cSRC(h)
IGE-1R(h)

Aurora-A(h;
Syk(h)
FGER3(h)
PKCu(h)
BTK(h

CDK1/cyclinB(n)
D70S6K(h)

CDK5/p35(h)
PDGERa(h)
RSkl (h)
SGK(h
CHK(h)
ErbBa(h)
Rska(h)
INKTa (h)
PKBa(h)
Bik(m;

I M
CDK3/cyclinE(h;
PKCI(h)

« Selectivity findings

« ALK and c-MET inhibition at
clinically relevant dose levels

COK2/cyclinA(h)

PKCBI(h)

e Low probability of
pharmacologically relevant
inhibition of any other kinase at

G M—
CDK6/cyclinD3(n;
CSK(h;

= clinically relevant dose levels
i — TR *The cellular kinase activities were

measured using ELISA capture method




Crizotinib: Rationale for Development

* ¢c-MET is potentially one of the most frequently genetically altered receptor tyrosine
kinases in human cancers

* Activating mutations
e Hereditary papillary RCC: 100%, sporadic papillary RCC (13%)
 HNSCC: 10%
* NSCLC (8%) and SCLC (13%)

* Gene amplification
* @Gastric carcinoma: 5-10%
* Colorectal carcinoma: 4% primary tumors, 20% liver metastases
* Esophageal adenocarcinoma: 5-10%

e Anaplastic Lymphoma Kinase (ALK) (2° target for crizotinib)
* Anaplastic lymphoma is very sensitive to chemotherapy

e ALK point mutations and gene amplification are implicated in neuroblastoma ... a rare
tumor

e ALK translocations in inflammatory myofibroblastic tumors ... a very rare tumor



Crizotinib in ALK traslocated NSCLC
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ALK (~5%)

The NEW ENGLAN D
JOURNAL o MEDICINE

ESTABLISHED IN 1812 OCTORBER 28, 2010 VOL. 363 NO. 18

Anaplastic Lymphoma Kinase Inhibition in Non—Small-Cell
Lung Cancer

Eunice L. Kwak, M.D., Ph.D., Yung-Jue Bang, M.D., Ph.D., D. Ross Camidge, M.D., Ph.D.,
Alice T. Shaw, M.D.. Ph.D.. Beniamin Solomon. M.B_. B.S.. Ph.D.. Robert G. Maki. M_.D.. Ph.D..
Sai-Hong I. Ou, M.D., Ph 1
Marileila Varella-G
Hannah Stubbs, M.S,, Je
Leena Gandhi, M.D., Ph.|
Mark J. Ratain, M.D., Jel
Keith Wilner, Ph.D., |

Percent Change from Baseline

Patient No.



The HER Family of Receptors

TGF-a
EGF
Ligands < Epiregulin No ligand-
Betacellulin binding Heregulin (neuregulin-1)
HB-EGF activity* Epiregulin
“~— Amphiregulin Heregulin HB-EGF

Neuregulins-3, -4

Ligand-
binding
domain

- '7. ./. YO0
<27% 7% /.7.

Tyrosine
kinase i
domain

neu

HER4

*HER2 dimerizes with other members of the HER family.

Roskoski. Biochem Biophys Res Commun. 2004;319:1.
Rowinsky. Annu Rev Med. 2004,;55:433.



Epidermal growth factor receptor

EGFR present on many solid tumors. EGFR shows aberrant expression in cancers like lung cancer,
breast cancer.

Tyr-kinase type receptors: Ligand binding = kinase cascade = transcription factor synthesis
- increased cell proliferation

- metastasis
- Decreased apoptosis

GF

(é i 1
&®) ligand binding

or
tyrosine !

o~ = — e P
=| | |E— kinase plasma  =Q@E =Q@E
’ domain - - T
ligand-dependent normal ligand-independent

firing receptor firing

The Biology of Cancer (© Garland Science 2007)




Therapeutic strategies agains surface
receptors with TK activity

Antibodies to
growth factor

Soluble receptor Antibodies to
Receptor ’

\ 4

Small molecule
receptor tyrosine
kinase inhibitor

: Tyrosine
Q kinase

Qdomain



Cetuximab: monoclonal antibody against EGFR

Anticuerpo
(Cetuximab)

\ }\ }(\

}




Cetuximab Skin Toxicity

 80% incidence
* Acne like rash
e Xerosis, Paronychia, Lashes

* Responds to Antibiotics
* Resolves with Interruption

* Grade of Acne-Like Rash may Correlate
with Response Rate




Mutations in EGFR
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EGFR Mutations and small molecules

The NEW ENGLAND
J O U R_ NA L qf M E D I C l N E iféﬁfrflg-lumtions in Lung Cancer: Correlation with Clinical Response to Gefitinib

I. Guillermo Paez.'*" Pasi A. Jinne,'*" Jeffrey C. Lee,"*" Sean Tracy.' Heidi Greulich.'® Stacey Gabriel *

. . B . - Paula Herman,' Frederic J. Kave.® Neal Lindeman.® Titus J. Bcuagon.l'3 Katsuhiko Naoki.! Hidefumi S:l::ctkj,F
ESTABLISHED ITH 1812 MAY 20, 2004 VOL. 350 MO N a ST . L34y = L3y 134s
Yoshitaka Fujii.” Michael J. Eck.” William R. Sellers,” " Bruce E. Johnson, ™" Matthew Meyerson

Actvating Mutations in the Epidermal Growth Factor
Receptor Underlying Responsiveness of Non—Small-Cell
Lung Cancer to Gefitinib

e Gefitinib Response in Caucasians 10%
Prevalence of variants in Boston patients 2/25
(NEJM)

e Gefitinib: Response in Japanese 28%
Prevalence of variants in Japanese patients 26%
(Science)

e Erlotinib Monotherapy in NSCLS
EGFR Mutratoin prevalence 12%
Response Rate 42%



Erlotinib Toxicities

Rash (75%)
* Median time to onset 8 days (2-14 days)

Pulmonary (not life-threatening)
* Dyspnea (41%), cough (33%)
Gastrointestinal
* Diarrhea (54%, onset ~12 days), anorexia (52%), nausea/vomiting (33%/23%)

Fatigue (52%)

Ocular

* |rritation, conjunctivitis (12%) and keratoconjunctivitis sicca (12%), corneal
ulcerations; réports of NCI CTC grade 3 conjunctivitis and keratitis

Hepatotoxicity
* Asymptomatic Tin liver enzymes, including hyperbilirubinemia

Bleeding events

e Gastrointestinal bleeds, elevations in INR values in patients receiving concomitant
warfarin administration



Tumor Heterogeneity



Intratumor heterogeneity: complex genomic landscape

Biopsy Sites

R1 (G3) R2 (G3)

R3 (G4) Q wngQ
R4 (GI) () metastases
M2a (
RS (G4) £ o 0 ©
= Niis Chest-wall

R6 (G1)

O

RS (G4)

10cm

Gerlinger M et al, N Engl J Med 2012



Intratumor heterogeneity: complex genomic landscape

B Ubiguitous
Shared primary EEElfﬂthE
W Shared metastasis R -R5
I Private KDM 5C (missense and frameshift) \PreF'
MTOR (missense) “\\5

SETDZ (frameshift)
b SETD2 (splice site)

Mormal tissue j
T IIMa
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Gerlinger M et al, N Engl ] Med 2012



Intratumor heterogeneity: challenges to
personalized-medicine and biomarker development

M2a

E -L_

Genes Up-regulated in ccB Genes Up-regulated in ccA

-2-101 2
Z Score

Gerlinger M et al, N Engl J Med 2012



Intratumor heterogeneity: challenges to
personalized-medicine and biomarker development

Genes Up-regulated in ccB Genes Up-regulated in ccA

Gerlinger M et al, N Engl ] Med 2012



Intratumor heterogeneity: challenges to
personalized-medicine and biomarker development

.|

Genes Up-regulated in ccB Genes Up-regulated in ccA

-2-101 2
Z Score

A single tumor-biopsy specimen reveals a minority

of genomic aberrations that are present in the entire tumor.

Gerlinger M et al, N Engl ] Med 2012



Mutations enriched in mCRPC relative to
hormone-naive primary prostate cancer

20 7 TP53
SPOP
Nl PTEN
3 _ FOXAT
10 - CRPC
: CTNNB1T AR Alterations
4 ~APC =
FANGE O
; BRCA2 O
j 7 MUz o
af vakios —{ogTap) j : 2
L ] 0 | \Gw ] I 1 |
5 0 5 10 15 20 25
Primary-enriched

CRPC-enriched

Robinson D et al, Cell 2015



Complex pattern of metastatic spread in prostate cancer

a A2 - 1 S A22 -2 22 - 3

TMPRSS2-ERG
SLC45A3-ERG
RB1(E287D)
TP53 LOH
RUNX2(S99fs*
MRCA

D
DGJ

AR(T878A)

A - L. humerus BM F - R. adrenal

J - R. pelvic LN
D - Sem. vesicle G - Bladder K - L. pelvic LN
C - Prostate H - Pelvic LN L - L. media. LN
E - L. adrenal | - L. pelvic LN

Gundem G et al, Nature 2015



Complex pattern of metastatic spread in cancer

a A22 - 1 A22 -2 A22 -3

Non-invasive techniques for

assessment of temporal and spatial

tumor heterogeneity

- L. humerus BM F - B. adranal

A J - R. pelvic LN
D - Sem. vesicle G - Bladder K - L. pelvic LN
C - Prostate H - Pelvic LN L - L. media. LN
E - L. adrenal | - L. pelvic LN

Gundem G et al, Nature 2015



How to overcome these problems?



Blood-based biomarkers in GU cancers

Psa

| i
I think we should nvest
in this PSA company.
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PSA levels and tumor burden evolution

CLONES?
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Circulating tumor DNA as a
blood ased biomarker in cancer

N aX \\\\\

G0 s

cfDNA - ctDNA

* Necrosis/apoptosis * Related to tumor burden
e 70-200bp e <2h half life

Schwarzenbach H et al, Nat Rev Can 2011



Circulating tumor DNA as a
blood based biomarker in cancer

cfDNA > ctDNA (1-10%)

----

N aX \\\\\

N A A e/ s
Mutations

LOH

Polymorphisms

Microsatellite instability

Integrity (size)

M ethylation Schwarzenbach H et al, Nat Rev Can 2011



Technologies for ctDNA analysis: platforms

Underlying Detection strategy | Type of alteration detected
technology (examples)

PCR * ASPCR * Preselected number of preselected
* BEAMing mutations (e.g., point mutations)
* ddPCR *finite number of alterations

Targeted sequencing * TAm-Seq * Any alteration in preselected genes
» SafeSeq

*finite number of genes/exons

* lllumina TrueSeq *infinite number of alterations

Whole genome * Digital karyotyping * Any alteration in whole genome

sequencing * PARE *infinite number of genes/exons

*infinite number of alterations

Technique Sensitivity

Sanger seq >10%
NGS ~ 2%
gPCR ~ 1%

BEAMing, ddPCR, Tam-Seq <0.01%



CTCs: enrichment and detection

Phlebotomy Sample ' Blood sampling

metastasis

Separation/Enrichment Methods |
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CTC Detection and Profiling

CellSearch CTC  Multiplex Protein Analysis AR Alterations by FISH
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Danila et al. Clin Cancer Res. 2011



CTCs: methods for detection & characterization
Table 1 Selected platforms for capturing circulating tumor cells

Company (location) Product Feature
ApoCell ApoStream Separation based on dielectric footprint. Cells are recoverable and viable.
Biocept Cell Enrichment and Extraction Biotin-tagged antibodies that target CTCs.
(San Diego) OncoCell CEE-BR Determines HERZ2 status by FISH.
BioFluidica Microtechnologies CTC Detection System Polymer based microfluidic chamber with affinity-coated surface, integrated with conductivity
sensor for label-free counting.
Cynvenio Integrated System for Molecular Microfluidic system employing biomagnetic separation from whole blood. Cells are
Analysis of CTCs recoverable and viable.
CytoTrack CytoTrack FM3 Scanner Images fluorescently labeled cells captured by antibody on glass discs. Cells on disc can be
(Lyngby, Denmark) further analyzed.
Fluxion BioSciences IsoFlux Magnetic beads coupled to antibodies separate cells from leukocytes in small volume; cells
(S. San Francisco, California) are recoverable and viable.
On-Q-Ity Circulating Cancer Capture and Microfluidic dual capture platform isolates cells based on EpCAM affinity and size. Viable
Characterization Chip (C5) cells are captured with 95% recovery.
RareCells Diagnostics ISET: Isolation by Size of Epithelial |solation by filtration based on size, not antigen selection. Cells can be further characterized
(Paris and Austin, Texas) Tumor Cells for mutations.
ScreenCell ScreenCell MB (molecular biology) Filtration device equipped with different buffers depending on which downstream analysis is
(Paris and Westford, ScreenCell CC (cell culture) to be done.
Massachusetts) ScreenCell Cyto
Silicon Biosystems DEPArray Microarray containing dielectrophoretic cages. Image-based selection allows sorting by shape,
(Bologna, Italy) nucleus-to-cytoplasm ratio, fluorophores co-localization and other morphological features.

Viable cells are recoverable.

Veridex CellSearch CTC Capture based on EpCAM affinity. Next-generation system incorporates open channel allowing
assays using additional antibodies.

Kling. Nature Biothecnology. 2012



Probability of survival (%)

CTCs: clinical applications

Key studies: prognostic value by CellSearch®in metastatic disease

Breast & prostate cancer : >5 CTC/7.5mL
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Different perceptions

Enumeration +/ - Enumeration + cytomorphology
cytomorphology Sequencing technologies
- First generation

- Next generation

Gene expression analysis

PCR, non-PCR assays
.




ctDNA vs CTC

____lctDNA cTC

Composition
Present in healthy individuals
Lifetime

Isolation

Equipment

WGA required for DNA analysis
Immunophenotype studies
Longitudinal monitoring
Genetic analyses

Information on heterogeneity

In vivo studies

Small fragments of DNA
No
<2h

Standard preparation of
plasma DNA

None

No
No
Yes
Yes
Yes (average of all cells)
No

Viable tumor cells
No
Years (dormant state)

Complex CTC isolation

Special instrumentation
for cell identification

Yes
Yes
Yes
Yes
Yes, if enough cells

Yes (ex-vivo cultures)



CONCLUSIONS

Cancer is an heterogeneous disease

In the last years we have learn about oncogenes and supresor genes as

modulators of tumour growth

But, interactions between cells and tumour microenvironment are equal or

more important for cancer treatment

Personalize medicine or now called precision medicine has to be develop

for all cancer patients
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