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CEVRESEL
FAKTORLER

BIYOLOJIK YOLAKLAR

COKLU GEN
DEGISIKLIKLERI

TUMOROGENEZIS
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Neden Genetik ve Molekiiler
Belirteglere Thtiyacimiz Var?

* Tani
* Tedavi yanitini 6n gorme (prediktif)

* Prognoz



Estimated age-standardised incidence Estimated age-standardised incidence
and mortality rates: men and mortality rates: women
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importance of moleculer markers for diagnosis and selection of targeted treatments in patients with cancer.




Aciger
Ca

ALK
EGFR
BRAF
KRAS

Ckit

Crizotinib

o Vemurafenib : .
Erlotinib Dabrafenib Imatinib

Afatinib Trametinib




Meme Kanseri

Erken evre; adjuvan tedavi
Neye gore tedavi ?
-Hasta ozellikleri (yas ,menopozal durum )
-Patolojik 6zellikler ( evre, grade, tm ¢api, In , timor
morfolojisi
-Doku belirtecleri( ER,PR,HER?2)
-Genomik profil( luminal A-B, HER2 zengin tip, Bazal
benzeri)

-proliferasyon belirtegleri( ki 67, p53,uPA sistem, hc
disi HER2 bélgesi vs)



T Luminal CKs and
ER-related genes

Molecular Pathology of Breast CancerWhat a Pathologist Needs to Know Kimberly H. Allison, Am J Clin Pathol. 2012
Dec;138(6):770-80
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Tedaviyi predikte eden faktorler
- ER PR ; hormonoterapi

- HERZ2; adjuvan trastuzumab

- Gen ekspresyon profilleri ; KT
*21 gen rekirrens skor (RS)
*endopredict

*breast cancer index (bci)
*Amsterdam 70 gen profil



21 gen Rekirrens skor ( RS )
* Meme kanseri igin 6nemli olabilecek muhtemel 250 gen
belirleyici
» Ekspresyon seviyelerinin belirlenmesi igin RT-PCR
bk S, Tang G, Shak S et al.  Clin Oncol. 2006 Aug 10:24(23):3726-34 PMTD: 16720680
RS < 18 ; dustk risk
RS 19-30 ; orta risk
>30 ;yliksek risk

Paik S, Tang 6, Shak S, Kim C et al. NJ Clin Oncol. 2006;24(23):3726. PMID 16720680
Mamounas EP, Tang G, Fisher B, et al . J Clin Oncol. 2010;28(10):1677. PMID: 20065188



BRCA 1 ve BRCA 2

* Ailevi meme ca hastalarinda gorilen en sik germline
mutasyonu

* Farkl klinik ozellikleri+

* Bazal benzeri

* Platin analoglari ile tedaviye daha iyi yanit
*PARP inhb(olaparib) ¢alisma diizeyinde

Tutt A, Ellis P, Kilburn L et al. SABCS, 2014 [abstract S3-01].
Oza AM, Cibula D, Benzaquen AO et al. Lancet Oncol 2015; 16: 87-97.



BRCA 1 - BRCA 2

* <50 yas meme ca tanisi

* Triple-negatif meme ca <60 yas

* >2 primer meme ca

 Invasive over- fallop tup ca, or primer peritoneal ca
e Erkek meme ca



HER2

Gen amplifikasyonu—> overekspreyonu ->7%15
Negatif prognostik
Adjuvan -metastatik basamakta anti-HERZ tedaviye
yaniti predikte eder
IHC/FISH
*Trastuzumab
*Lapatinib
*Pertuzumab
*T-DM1
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PRINCIPLES OF HER2 TESTING'2

HER2 testing by

— IHC 0,1+

validated IHC assay?3

HER2 testing by validated

+ |[HC 2+

— |HC 3+

. Average HER2 copy number

single-probe ISH assay2-

—» HER2/CEP17_|
ratio 22.0

HERZ2 testing by
validated dual-probe ——
ISH assa

HER2/CEP17__
ratio <2.0

L

. Average HER2 copy
number 26.0 signals/cell

HER2 (-)

Equivocal
" result

HER2 (+)

Average HER2 copy
number <4.0 signals/cell — > ISH(-)

Equivocal
>4.0 and <6.0 signals/cell result

Average HER2 copy

number 26.0 signals/cell ISH (+)

. Average HER2 copy

number <4.0 signalsicell — ISH (+)*

Average HER2 copy

number 24.0 signalsicell > ISH (+)

Average HER2 copy
number <4.0 signalsicell — ISH ()

Average HER2 copy number Equivocal
24.0 and <6.0 signals/cell result

——» ISH (+)

Must reflex test with ISH (if same
specimen), or order new test
with IHC or ISH (if new specimen
available).

Must reflex test with dual-probe
ISH or with IHC (if same specimen),
or order new test with ISH or IHC
(if new specimen available).

Must reflex test with IHC (if same
specimen), test with alternative

— | ISH chromosome 17 probe, or

order a new test with ISH or IHC
(if new specimen available).

INCCN Endorses the ASCO/CAP HER2 testing guideline. “Principles of HER2 Testing” modified with permission from Wolff AC, Hammond EH, Hicks DG, et al. Recommendations for

human epidermal growth factor
J Clin Oncol 2013:31:3867-4013 For additional information. see

i

2 testing in breast cancer. Amencan Society of Cinical Oncology/College of Amenican Pathologists Clinical Practice Guideline Update.

2Laboratory must participate in a quality assurance accreditation progrzn for HER2 0estng Otherwise, tissue specimen should be sent to an accredited laboratory for testing. Health care

systems and providers must cooperate to ensure the highest quality testing.
*Evidence from trastuzumab adjuvant trials show that HER2 testing by ISH or IHC have smllar uﬁﬂy to pfedla dlmcal beneﬁt from HER2-tangeeed therapy.

4See ASCOICAP HER2 Guideline Data

ement 2E (available at o

Note: ANl recommendations are category 24 unless otherwiss Indicated.
Clinical Trials: NCCN belleves that the best management of any cancer patient Is In a clinical trial. Participation In clinical trials Is especially sncouraged.

information on these rare scenanos.
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PISK-mTOR

e PI3K . meme ca da en sik mutant gen

* Ozellikle luminal tipler

e PTI3K-mTOR yolaginin mutasyon sonucu aktivasyonu ile
HT ve antiHER2 tedaviye direng

*Everolimus

Cell. 2015 Jun 18;161(7):1681-96. PMID: 26091043
Baselga J, Campone M, Piccart M et al N Engl J Med. 2012 Feb 9;366(6):520 PMID: 22149876



Anti HER2 therapy Aromatase inhibitor
Trastuzumab Nonsteroidal Als
Lapatinib Anastrozole

| Pertuzumab Letrozole

Steroidal Als E

Selective Estrogen

Receptor Modulators
Breast cancer Tamoxifen

mTOR inh.
Everolimus

3 L} ) | 1 2
.l“.‘.‘.-“-‘o-§«u0-“00

EE
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| CDKA/ Inhibitor ™ p b
Palbociclib

Tobin NP, Foukakis T, De Petris L, Bergh J. J Intern Med. 2015 Dec;278(6):545-70 PMID: 26373821

al



Kolon Kanseri

INK4A, SMAD4 and E-cadherin

Adhesion

Signalling

)

Growth factors

Kerr D. Nat Rev Cancer. 2003 Aug;3(8):615-22. Review. PMID: 12894249



4-6%
Hereditary CRC

50-60%
Sporadic CRC

30-40%
Familial CRC

Genetics and Colorectal Cancer. American Society of Colon & Rectal Surgeons. Retrieved March 24, 2013



MSI

Evre 2 kolon ca ***
*Risk stratifikasyonu yiksek riskli
Klinikopatolojik ozellikler i )
*t4
*In <12
*obstriiksiyon , perforasyon
*tm grade
*lvi pni
*Cs disik riskli
**dMMR/MSI



MSIT

‘MSS ‘\ =

‘ MSI- L

‘N\SI-H ‘ 5 | Zyi prognoz Sagkalim daha
5FU yarari yok iyi

G, GafdR, Santini A, Maestri I, Guerzoni L, Cavazzini L J Clin Oncol. 2006;24(15):2359. PMID 16710035

Sinicrope FA, Mahoney MR, Smyrk TC et al J Clin Oncol. 2013 Oct;31(29):3664-72. PMID 24019539



KRAS

* Kirstein rat sarcoma
* RAS gen ailesi lyesi

* %37-40 mutant ve karsinogenezin ¢ok erken
donemlerinde olusur

* Ekzon 2(en sik) ; ( Kodon 12-13),ekzon 3 ve 4
* mutant KRAS ; prognostik ?
; antiEGFR tedaviye yanitsiz( prediktif)

Arber, N., Shapira, I., Ratan, J., et al.Gastroenterology. 2000 Jun;118(6):1045-50.PMID: 10833479
Bos JL, Fearon ER, Hamilton SR et a/ Nature. 1987 May 28-Jun 3;327(6120):293-7.PMID: 3587348



BRAF

» RAS-RAF-MAPK yola
* %5-10 mutant

e Cogunlukla V60OOE mutasyonu
o Koti prognostik (MSI-L ,MSS metastatik)

Lochhead P, Kuchiba A, Imamura Y et al. J Natl Cancer Inst. 2013 Aug;105(15):1151-6. Epub 2013 Jul 22. PMID 23878352
Van Cutsem E, Kéhne CH, Ldng I et al J Clin Oncol. 2011 May 20;29(15):2011-9. doi: 10.1200/J€0.2010.33.5091.

* Anti -EGFR tedaviler igin prediktif degil -

Bokemeyer C, Kohne C, Rougier P, et al. Cetuximab with chemotherapy as first-line treatment for metastatic colorectal cancer: Analysis
of the CRYSTAL and OPUS studies according to KRAS and BRAF mutation status (abstract #3506). J Clin Oncol 2010; 28:262s.

Van Cutsem E, Kéhne CH, Ldng I et al . J Clin Oncol. 2011;29(15):2011. PMID 21502544
Ogino S, Shima K, Meyerhardt JA et al Clin Cancer Res. 2012;18(3):890. PMID 22147942



aflibercept cetuximab
bevacizumab panitumumab aflibercept

colon cancer
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Cell proliferation / Call survival
Cell adhesion Cell m*ﬁ

Apoptosis Angiogenesis

Tobin NP, Foukakis T, De Petris L, Bergh J. J Intern Med. 2015 Dec;278(6):545-70 PMID: 26373821
al




Akciger kanseri
NSCLC by histology

Others
20%

Squamous Cell Carcinoma Adenocarcinoma
DDR2, 2% HER2/MEK, 2%
megfﬁ%m\\ o|s1 2//°- RET, 1%
ALK, 5%

FGFR1, 20%

Chan BA, Hughes BG.Trans| Lung Cancer Res. 2015 Feb;4(1):36-54. doi: 10.3978/j.issn.2218-6751.2014.05.01. Review.PMID: 25806345



— Gen Insidans

KRAS 15% - 25%
EGFR 10% - 35%
ALK 3% - 7%
MET 2% - 4%
HER2 2% - 4%
BRAF 1% - 3%
PIK3SCA 1% - 3%
AKT1 1%
MAP2K1 1%
NRAS 1%
ROS1 1%

RET 1%



gefitinib
erlotinib
afatinib

Lung cancer HER2 / HER3

cnzotlmb
ceritinib
alectinib

J
l STAT 3/5)
[mTOR)

Survival Proliferation

Tobin NP, Foukakis T, De Petfris L, Bergh J. J Intern Med. 2015 Dec;278(6):545-70 PMID: 26373821
al




EGFR

* Ekstra ve intraseliiler bélgeye sahip bir fransmemran
trozinkinaz

* Mutasyon sonrasi tirozin kinaz aktivitesinde artis
sonucu onkojenik transformasyon

* %10-15 mutant

* Daha iyi prognoz
* EGFR TKI tedaviye yanit

Ji H, Li D, Chen L, Shimamura T et al Cancer Cell. 2006 Jun;9(6):485-95. PMID: 16730237
Yip PY, Yu B, Cooper WA et al J Thorac Oncol. 2013 Apr;8(4):408-14 PMID: 23392229



EGFR

)

Ligand: EGF, TGF-a
Cell membrane

Erlotinib (Tarceva®)
Gefitinib (Iressa®)

Proliferation Resistance to
apoptosis

Angiogenesis



Relative incidence of EGFR TK ECFR protein
domain mutations
(total n=3303)

Exons 1-16 % | Extracellular domain

Exon 20 Exon 17 1 28 !  Transmembrane domain

- > Exons 18-24 TK domain

0 10 20 30 40 50| Exons25-28 Regulatory domain
Incidence (%) J

Classical activating mutations

Paz-Ares J Cell Mod Med 2010 8




MET
amplification
3%

Small cell+MET
1%
Small cell
1%
Small cell +
T790M
2%

MET+ T790M
3%

EGFR TKI direnci

HER2 + T790M
/4%

EGFR ikinci mutasyon

*methionine - threonine
790 .poziyon

MET amplifikasyonu
*7%5-20

*EGFR direnci olmadan
primer dokuda bulunmasi
kotl prognostik

***afatinib, osimertinib

Blakely CM, Bivona TG. Cancer Discov. 2012;2:872-875.
Cappuzzo F, Marchetti A, Skokan M, J Clin Oncol. 2009;27(10):1667.



anaplastic lymphoma
kinase-echinoderm
microtubule-
associated protein-like
4

Translokasyon varligi

ALK TKI yanitini
predikte eder

**crizotinib ,ceritinib

Chromosome 2p

Proliferation

Inversion

Reproduced with permission from: Shaw AT, Solomon B. Targeting Anaplastic Lymphoma Kinase in Lung Cancer. Clin Cancer
Res 2011; 17: 2081



ROS-1

Insiilin reseptor ailesine ait rtk

71-2 driver onkogen

Diger genler- tanslokasyon -ROS1 -CD74 en sik
FISH break-apart assay

ROS 1 translokasyonu + ; crizotinib

Bergethon K, Shaw AT, Ou SH et al .J Clin Oncol. 2012 Mar;30(8):863-70. Epub 2012 Jan 3.PMID22215748
Shaw AT, Ou SH, Bang YJ et al. N Engl J Med. 2014;371(21):1963.PMID 25264305



" [ess ROS1 TK

Es5  ROS1TK |
E36 ROS1 TK
Es6  ROS1TK |

FIG E36 ROS1 TK
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Stumpfova M, Jdnne PA.Clin Cancer Res. 2012 Aug 15;18(16):4222-4. PMID: 22859716



Biomarker-based personalized therapy for lung cancer

NSCLC, in particular adenocarcinoma

\

Test for EGFR mutations

/\

EGFR mutant EGFR wildtype

O\

TKI responsive mutation  LKI resistant mutation . .
P Test for alterations in other molecular

e.g. exon 19 deletion, e.g. T790M targets or pathways e.g. ALK, ROSI, RET,
L858R. L861Q cMET

EGFR TKI New generation EGFR- TKI Targeted therapy e.g. crizotinib

e.g. Afatinib

l

Further research into presence of other biomarkers:

1. To understand the molecular biology of lung cancer

2. Feedback for clinical management +/- prognostication

Cooper WA, Lam DC, O'Toole SA, Minna JD.J Thorac Dis. 2013 Oct;5 Suppl
5:5479-90. doi: 10.3978/.issn.2072-1439.2013.08.03. Review. PMID: 24163741



Malign Melanom

* BRAF ;7%42-55;
* NRAS; %15-20 ; koti prognostik
 Ckit ;7%10(akral, mukozal; kotii prognostik)

Glitza IC, Davies MA.Chin Clin Oncol. 2014 Sep;3(3):27.

PMID: 25632386
Devitt B, Liu W, Salemi R et al.Pigment Cell Melanoma Res. 2011 Aug;24(4):666-72..x. Epub 2011 Jun 22.PMID: 21615881



- Growth |
factors

RAS—-RAF Pathway

Normal RAS—RAF
pathway signaling

Oncogenic BRAF
signaling

Normal activation of
RAS by extracellular
factors

Normél cell

proliferation and
survival

Constitutive activation
is independent of
extracellular factors

Not responsive to
normal regulatory
signals

Excessive cell
proliferation and

Mufoz-Couselo E, Garcia JS, Ann Transl Med. 2015 Sep;3(15):207. PMID: 26488003




BRAF

* Kotu proghoz
* V60OE en yaygin
* PCR
** vemurafenib
dabrafenib
**MEK inhb ( tframetinib ,Cobimetinib)

Halaban R, Zhang W, Bacchiocchi A et al Pigment Cell Melanoma Res. Pigment Cell Melanoma Res. 2012 May:25(3):402.PMID: 20149136
Grob JJ, Amonkar MM, Martin-Algarra S et al. Ann Oncol. 2014 Jul;25(7):1428-36. PMID: 24769640
Collisson EA, De A, Suzuki H, Gambhir SS, Kolodney MS.Cancer Res. 2003 Sep 15;63(18):5669-73. PMID: 14522881



GBM

O6-Metilguanin-DNA metiltransferaz (MGMT)
1p19q kodelesyonu
Izositrat Dehidrogenaz (IDH)mutasyonu




MGMT

unmethylated MGMT promotor

Transcription/translation
. >

MGMT promotor active

MGMT promotor methylation

inactive

MGMT prbmétor

Weller et al. Nat Rev Neurol 2010



Median 0§
Methylated (n = 92): 18.2 mos
Unmethylated (n = 114): 12.2 mos

-~ oo w
o o o

— Methylated MGMT
promoter

= Unmethylated MGMT
promoter

(=2
o

-
(==

Probability of OS (%)
s S

— Unmethylated, radiotherapy
~ Unmethylated, radiotherapy

(o]
o

10 HR: 0.45 ‘P < .001) plus temozolomide
— Methylated, radiotherapy

— Methylated, radiotherapy
plus temozolomide

RT+Tem: 21.7ay
RT: 15.3ay

Probability of OS (%)




GIST

* KIT gen mutasyonu 7%80

e CD1177%95 + (KIT rtk iizerinde epitop)
e PDGFRa mutasyonu 7%6-10

D842v /exon 18 mutayonu

* %10-15 KIT ve PDGFRa mutasyonu yok

Miettinen M, Lasota JVirchows Arch. 2001;438(1):1.PMID 11213830
Miettinen M, Lasota J, Sobin LH.Am J Surg Pathol. 2005;29(10):1373.PMID 16160481



PDGFRa

Membrane

<«— Exon9(11%)

«— Exon11(67.5%) <«— Exon12(0.9%)
«— Exon13(0.9%) <— Exon14(0.3%)

«— Exon 17 (0.5%) +— Exon18(6.3%)

BRAF: Cytoplasm
RAS:

NF1:
SDHB/C

Blay JY, Le Cesne A, Cassier PA, Ray-Coquard IL.Discov Med. 2012 May;13(72):357-67. Review. PMID: 22642917
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Blay JY, Le Cesne A, Cassier PA, Ray-Coquard IL.Discov Med. 2012 May;13(72):357-67. Review. PMID: 22642917




Sonug olarak...

Maksimum sagkalim /timor yaniti
Minimal yan etki

Tedaviden en ¢ok fayda
gorebilecek hasta grubu

: : IHC / morfoloji
Tedaviye yaniti predikte e
edebilecek belirtecler DNA /RNA bazli genetik yontemler

Prognoz DNA /ekzom sekanslama yontemleri
Hedef tedaviler



