Zaklady klinické onkologie

Evropskym socialnim fondem
a statnim rozpo&tem Ceské republiky

Tato prezentace je spolufinancovana

04 — Uvod do problematiky cilené 1é¢by
v onkologii
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Karel Zitterbart
Klinika detské onkologie LF MU a FN Brno




Konvencni cytostatika (chemoterapeutika)

metotrexat, pralatrexat,

antifolika raltitrexed, pemetrexed,
I ed
DNA prekurzory nowex
@ merkaptopurin, thioguanin,
; 2 deoxycoformycin, kladribin,
antipuriny

ribonuklectidy

cytarabin, gemcitabin, fludarabin,
klofarabin, nelarabin, forodesin

antipyrimidiny

T

deoxyribonukleotidy

5-fluorouracil, tegafur,
kapecitabin, floxuridin

inhibitory
deoxyribonukleotid reduktazy

hydroxyurea
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dusikaty yperit, cyklofosfamid,
ifosfamid, chlorambucil, busulfan,
alkylaéni latky derivaty nitrézomocoviny,

derivaty platiny, aziridiny,
mitomycin C

antracykliny, mitoxantron,

interkaladni latky aktinomyciny, amonafid,
vazba na DNA amsakrin
inhibice opravy

radiomimetika bleomycin

TOPOI (irinotekan, topotekan,
rubitekan, gimatekan)

inhibitory topoizomeraz TOPOIl  (tenipozid, etopozid,

voreloxin)
cytostatika pGsobici jinymi dakarbazin, temozolomid,
jiné mechanismy nebo kombinovanymi atrasentan, zibotentan,
mechanismy bexaroten
inhibitory polymerace vinka alkaloidy
inhibice
mikrotubulG
inhibitory depolymerace taxany, epotilony
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Teoreticka vychodiska cilené lécby (targeted therapy)

piime oviivnéni
nadorovych bunék

oviivnéni proces
mimo nadorovy
buriky

uchovavani geneticks informace (DNA) - — nahrada defekinino nadorového suprasoru

transkripce (DNA, RNA) — blokada transkripce specificke sekvence
onkogenu antisense oligonuklectidem

translace (RNA) — inhibice translace specificke sekvence
onkogenu antisense oligonukleotidem

posttranslacni modifikace (proteiny) — inhibigefarnesdiansfars

monoklonalni

signalni kaskady (proteiny)
— inhibice intraceluldrnino piienosu signa

protilatky
pro proliferaci (kinazy)
— inhibice jadernych transkrip&nich jz ( M OA b )
Etabolizujicich nebo \

odstranujicich cytotoxicke latky ) sma I I d ru g sll

diferenciace a apoptdza (protainy — navozeni diferenciace nebo apoptdzy bunky

exprese povrchovych znakd (proteiny) © — cilena doprava cytotoxickych latek do
buriky (imunotoxiny);
— imunodiagnostika

angiogeneze — blokada novotvorby cév v nadoru inhibici

rastoveho faktoru pro endotel

imunitni systém — navozeni protinadorove imunitni cdpovédi
vakcinaci nadorovym antigenem
— pouzitl monoklonalni protilatky proti

nadorovému antigenu

extracelularni pfenos signalu — neutralizace ristovych faktord [cytokind,
chemokind) pro nadorovou bunku

monoklonalni protilatkou
dle Adam, Z. et al., Remedia 2005



* TradiCni chemoteapie « Cilena terapie

— Neselektivni pusobeni — Selektivni pusobeni
— Systémova toxicita — I\/I-:?né systémovych
— Obvykle pouzivani NU
maximalni tolerované — Davka odpovida
davky (MTD) biologicky aktivni

koncentraci |écCiva

— Muze dodat dalsi
klinicke vyhody
(Qol)
Ale: v realném zivote

neexistuje ani idealni cilené
terapeutikum ....




Emil Adolf von Behring (1854-1917)

* jeden ze zakladatell imunologie a sérologie, objevitel séra proti
zaskrtu (1890)
e 1901: prvni nositel Nobelovy ceny za fyziologii a medicinu

Paul Ehrlich (1854- 1915)

Seitenkettentheorie (1897)

e toxiny a antitoxiny” jako chemické substance
 koncept "magic bullet,,

e autoimunitajako “horror autotoxicus”

* Nobelova cena v roce 1908



Gerald Edelman and Rodney Porter

objev chemické struktury protilatek (1961-1969)
(Nobelova cena , 1972)

Jerne, Koehler, and Milstein

hybridomova technologie (1975)
(Nobelova cena , 1984)

Muromonab-CD3 (Orthoclone OKT3, vyrobce Janssen-Cilag)
Mysi monoklonalni protilatka anti-CD3 --> deplece T-lymfocytu
1986 - schvaleni U.S. Food and Drug Administration (FDA)

k Ié¢bé nemocnych s akutni rejekci transplantatt ledvin, srdce
nebo jater




Historie MoAbs

Approval Approval of

of first

Rituximab immunotoxin
armed mAb
(Gemtuzumab

B 2R ozogamicin)
First ScFy o

and
bispecific
mAbs

y > e d Approval of
s - ks A radioimmuno-

; imeri i *hage \
magic chimeric humanized Phag . o
. Approval of Lonjugate

Trastuzumab mAbs
I

bullets" mAbs mAbs display

Tumor Muromonah

2 ; anti- (OKT-3) mAbs -
&Kohler: idiotypic approval for artaliee enzyme human mAb of large

mAbs S transplantation Zep prodrug (Panitumumab) clinical trials

producing therapy of

hybridomas (ADEPT) Trastuzumab
as adjuvant

Milstein Ab directed First fully Completion

Figure 1. The revolution of molecular targeted cancer therapy.

Abbreviation: mAb, monoclonal antibody.

Adapted from Ben-Kasus T, Schechter B, Sela M et al. Cancer therapeutic antibodies come of age: Targeting minimal residual
disease. Mol Oncol 2007;1:42-54, copyright 2007, with permission from Elsevier.

The Oncologist 201 1:16(suppl 1):23-29



Signaling complexity: The engineering perspective.

Yarden Y The Oncologist 2011;16:23-29
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VYZNAM PRIDANI RITUXIMABU K RUZNYM CHEMOTERAPEUTICKYM rituximab

REZIMUM PRO CELKOVE PREZITi PACIENTU (Mabthera, fy Roche)
L lézebny resim *celkové preif ' -anti-CD20 chimericka 1gG1
 [potet pacienty) i MoAb
Marcus, et al. [12] R-CVP (n = 162) 83 % 10,0290 -1997:1. schvalena
CVPin= 159) ST % ,
Hiddemann, et al., 2006 RCHOP(=223)  95% 10,016 MoAb k terapii malignich
- CHOP (n = 205 - 90 % : Mo
R A et e ssseshansss | ONemocnéni (B-NHL)
Herold, et al., 2006 R MCP (n 105) : 87 % - 0,0096 . ,
. MCP (n = 96) 749 -CD20 exprimovan na
Foussard 2 a12006 SRS (n=175) i 91 et L | S zrachh B-Iymfocytech ana
- CHVP-INF (n =183 (84 % : e v v
: s S : vice nez 90 % bunék B-NHL
CVP — cyklofosfamid + vinkristin + prednison; CHOP — cyklofosfamid + doxonubicin + vinkristin + - po vaz bé nedochazik
prednison; MCP — mitoxantron + chlorambucil + prednison; CHVP-INF — cyklofosfamid + doxorubicin + . . .
etoposid + prednison + interferon alfa; R — rituximab ‘ 4Lm:emallzacj,kamp[ew
L
- — CHOP  —— R-CHOP 32
8
= 08 3
E 5 o,
f o | ‘g 04 medién sledovani: 53 mésicl
g g 03 -
g 04 g 02
'g 5 0,1 4
g a 5 p =0,0290 odhad 4letého OS: 83 % vs. 77 %
S O 6 12 18 26 30 36 42 48 54 60 66 72
p = 0,0004 doba (mésice)
0 T T T T T T T 1
0 1 2 3 4 5 6 7 8 pacienti v riziku:
doba sledovént (roky) CVP {159 {155 (151 {141 {136 {132 {125 {120 {111 (67 (30 (8 {0
R-CVP 1162 1162 1160 1155 1150 1144 1142 1132 1124 81 40 7 0
dals Srovnani celkového preZiti neprediécenych pacienty s difuznim velkobunétnym B Iym- - ) .
fomem lécenych rezimem CHOP vs. R-CHOP (rituximab, cyklofosfamid, doxorubicin, vinkris- Graf 1 Srovnan/ celkového prezitf (OS) neprediécenych paclent s follkuldrnim lymfomem
tin, prednison) ve studii GELA LNH 98.5; podie [15] - Feugler, et al., 2005. lécenych rezimem CVP vs. R-CVP (rituximab, cyklofosfamid, vinkristin, prednison);

podie [12]- Marcus, et al., 2006.

Belada D. Monoklonalni protilatky v lIéébé lymfomu. Remedia 2008; 18: 416-423.



Udrzovacilécba
rituximabem
(tzv. maintenance)

=
N

=
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Progression-Free Rate

=
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Patlents at Risk, n

| Rasponse evaluation * S0 or PO O study
w
PR or CR
Randomization
12
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q & weeks, 2 yrs
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Pz 0001 |
|
|
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GO5 A72 443 336 230 103 18

(JNCCN 2010;8[Suppl 6]:51-514)



F(ab),




Tvorba
neutralizaénich ~ IMySi, chimerické, humanizované a ciste lidské MoAb
protilatek pfi
aplikaci (human
anti-mouse
antibody,
HAMA,)); neni
optimalnivazba
imunokompetent
-nich bunék na

Mouse
mysSi Fc fragment
(ADCC)
priklad: & &
anti-CD20 H
ibritumomab \ anti-EGFR

Humanized

tiuxetan Chimeric ruman panitumumab (Vectibix)
(konj Ug?)t s 90- | I ] Mousesequences | | Human sequences
Ytrium, beta . Complementarity anti-CD20
ey ’Z I © Glycosylation ~ determining regions
zaric) (Zevalin) ofatumumab (Arzerra)

Nature Reviews | Cancer POZN. Phase 2 studie ve FN

tositumomab 2 st
(Bexxar) Brno, u pacientu
(konjugats 131-| s chronickou lymfocytadrni
betaigama ’ leukémii (CLL)

zaric)



Monospecifické protilatky:

NNYN = =5

Fab F( ab Fab' scFv di-scFv sdAb
(fragment antigen binding) (single-chain (single domain
variable fragment) antibody)

Bispecifické protilatky

chemically linked BITE
' (bi-specific T-cell engager)
trifunctional antibody F(ab )2 i .

monospecificantibodies: fragment antigen-binding, F(ab'), fragment, Fab'
fragment, single-chain variable fragment, di-scFv, single domain antibody)

bispecificantibodies : trifunctional antibody, chemically linked F(ab'),, bi-specific T-
cell engager)



http://en.wikipedia.org/wiki/fragment_antigen-binding
http://en.wikipedia.org/wiki/fragment_antigen-binding
http://en.wikipedia.org/wiki/fragment_antigen-binding
http://en.wikipedia.org/wiki/F(ab')2_fragment
http://en.wikipedia.org/wiki/F(ab')2_fragment
http://en.wikipedia.org/wiki/F(ab')2_fragment
http://en.wikipedia.org/wiki/F(ab')2_fragment
http://en.wikipedia.org/wiki/Fab'_fragment
http://en.wikipedia.org/wiki/Fab'_fragment
http://en.wikipedia.org/wiki/single-chain_variable_fragment
http://en.wikipedia.org/wiki/single-chain_variable_fragment
http://en.wikipedia.org/wiki/single-chain_variable_fragment
http://en.wikipedia.org/wiki/di-scFv
http://en.wikipedia.org/wiki/di-scFv
http://en.wikipedia.org/wiki/di-scFv
http://en.wikipedia.org/wiki/single_domain_antibody
http://en.wikipedia.org/wiki/trifunctional_antibody
http://en.wikipedia.org/wiki/chemically_linked_Fab
http://en.wikipedia.org/wiki/chemically_linked_Fab
http://en.wikipedia.org/wiki/bi-specific_T-cell_engager
http://en.wikipedia.org/wiki/bi-specific_T-cell_engager
http://en.wikipedia.org/wiki/bi-specific_T-cell_engager
http://en.wikipedia.org/wiki/bi-specific_T-cell_engager
http://en.wikipedia.org/wiki/bi-specific_T-cell_engager

Priklad bispecifické trifunkcni protilatky:
napr. catumaxomab (Removab ©)

EpCAM = Epithelial cell adhesion molecule (CD326)

EDCA&C’ | Catumaxomab wg
N 7

Tumor cell

e receptc

Macrophage, NK cell or dendritic cell

Used for treatment of malignant ascites in patients with EpCAM-positive cancer if a
standard therapyis not available

T cell



Immunotoxin

scFv-enzyme

ADEPT
@nocon}@ Prodrug Drug

Pozn.ADEPT : Antibody-directed enzyme prodrug therapy




Mechanismus ucinku MoAbs

ADCC: antibody-dependentcellular

cytotoxicity (= bunkami zprostredkovana

cytotoxicita zavisla na protilatkach)

CDC: complement dependent cytotoxicity

Ve

Primy cytostaticky ucinek protilatek

Engineered Fc properties and applications

Engineered IlgG

Fc —— Mutations Properties
human Increased
hlgGie lgG1 T2500/M428L0 plasma halflife
hlaG1e2 human M282YIS254TIT256E + Increased
g laG1 H433KM434F plasma half-life
hlgGes human E233RL234VIL230AMG236 Reduced ADCC
g lgG1 +A32TGIA33I05IP3315 and CDC
human Increased
hlgGled IgG1 E3334 ADCC and CDC
higG2e1  Uman K322A Reduced CDC
lgiG2
mause LZ35E + E318AK3IZ0A Reduced ADCC
mlgG2Aae

loG2a IK3Z22A

and CDC

CDC

Complement

Activation /
CC3b

Anﬁgg\q

Cell Death

Target Cell #

Effector
Cell

FcyR

ADCC

Lysis or
Phagocytosis

http://www.invivogen.com/

Potential Benefits

Improved localization to target; increased
efficacy; reduced dose or frequency of
administration

Improved localization to target; increased
efficacy; reduced dose or frequency of
administration

Reduced adverse events

Increased efficacy

Reduced adverse events

Reduced adverse events

Applications

Waccination;
therapeutic use

Waccination;
therapeutic us

Therapeuticuse
without cell depletion

Therapeutic use with
cell depletion

Waccination;
therapeutic use

Therapeutic use
without cell




Tab. 5 Chimérické monoklonaini protildtky. Protilatky registrované v Ceské republice jsou zviraznény.

protilatka obchodnl pHipravek cilova struktura
rituximab MabThera cD20

galiximab Primatized CDao

lumiliximab Lucid CD23

brentuximab vedotin (SGN-35) - CD30%)
basiliximab Simulect CD25

oetuxlmab Erbitux EGFR/ERBB1/HER1
volociximab - a5-B1 integrin
g1c6 (") Neuradiab 1enascin

") protildtka konjugovand s monometylauristatinem E

Klener P, Klener P Jr: Nova protinadorova léciva a Ié¢ebné strategie v onkologii 2010



Tab. 6 Humanizované monoklondlni protilatky. Protilatky registrované v Ceské republice a pouzivané v onko-
logicke praxi jsou zvivaznény.

protilatka obchodni pripravek cilova struktura
bevacizumab Avastin VEGF
ranibizumab Lucentis VEGF
trastuzumab Herceptin ERBB2/HER2/NEU
pertuzumab Omnitarg ERBB2/HER2/NEU
nimotuzumab Theraloc EGFR/ERBB1/HER1
alemtuzumab MabCampath CD52

lintuzumab Zamyl CD33
dacetuzumab (SGN-40) - CD40
epratuzumab - CD22

veltuzumab - CD20

apolizumab Remitogen HLA-DR
milatuzumab - CD74

daclizumab Zenapax ILZR

tocilizumab Actemra IL6R
mepaolizumab Bosatria ILS

labetuzumab (') - CEA, CIDE
gemtuzumab ozogamicin *) Mylotarg CD33
inotuzumab ozogamicin *} - CD22
tacatuzumab tetraxetan **) (*vt) - AFP

*) protilatky konjugované s kalicheamycinem

.. «
I S Klener P, Klener P Jr: Nova protinadorova léciva a Ié¢ebné strategie v onkologii 2010



Generic naming formula:

Name = prEfix + SUbStem(S) + stem——>| _mab m0n00|0na| gnngody
l -ib small molecule with
variable inhibitory properties

Monoclonal antibodies

Target Source
-Ci(r)-  circulatory system -Ximab chimeric human-mouse
-lilm)-  immune system -Zzumab humanized mouse
-t(u)- tumor -mumab fully human

Small molecules
-tinib tyrosine kinase inhibitor
-zomib proteasome inhibitor
-ciclib  cyclin-dependent kinase inhibitor
-parib  poly ADP-ribose polymerase inhibitor

http://www.mycancergenome.org/



International Nonproprietary Names: Nomenclaturefor monoclonal antibodies
WHO Drug Information Vol 23, No. 3, 2009

predpona cﬂwﬁ struktura pived (typ) protilatky pfipona

: —ba[c} bakterie

—n:u{rj kartilr:waskularnl S-'_-,."S'[EFI'I
CID[|] rladn::lr tlus.teh-::- streva
ﬁ.l[ng} houba

) nadmv ecniku e o
gﬂ” o e <EXO- hy'bndkr'_.,rs.a.«’mys (blspeC|f|cka protilatka)
- SO S S prim,;;_ﬁ
variabilni TR I o myé -mab
;.. PoU- humanr”
o SR | S Ghlrrlenclq.r
rnu[l] muskul@skeletalnl E‘-'_-,."S'[E.'r'l'l o e
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: —neu{r} newwj,r systern
;, -ZU- humanlznyany
_,:,,{5:,_ kcrst R
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tr::-x{a] t-::-:-{ln
tu[m] |IbD"..fD|I'I‘;I' nador
*-flir] ”-’ir'.v’ e ny oxt :
Modifikovano z: Sobotkova, M., Bartiinkova J., Remedia, 2008



Protilatky proti membranovym antigenum leukocytt

(1)
Rituximab (Mabthera, Rituxan):

* Chimericka mysi-lidska anti-CD20 MoAb

e 1997- 1.schvaleni MoAb k terapii malignich onemocnéni

e Mechanismus ucinku komplexni povahy

 (CD20 exprimovan na zralych B-lymfocytech a u zralych B-
hematoonkologickych malignit (folikuldrni lymfom, B-CLL, Burkittav
lymfom, difuzni velkobunécény B-lymfom (DLBCL), v ramci klinickych
zkousek v mnoha dalsich indikacich, a to jak hematoonkologickych ( napr.
lymfomy plastové zény (mantel cell lymfoma) tak neonkologickych
indikacich napt. refrakterni = na |éCbu Spatné reagujici = ITP ¢i AIHA
(autoimunitni trombocytopenie ¢i autoimunitni hemolyticka anémie)




Rituximab v lécbé maligniho lymfom

Rituximab je indikovan pro IéCbu folikularniho lymfomuv 1. linii v kombinaci s
chemoterapii (CVP, CHOP), dale pro |é¢bu CD20 pozitivniho difizniho B-velkobunécného
lymfomuv kombinacis chemoterapii CHOP (celkem 8 davek) nebo v kombinacis
chemoterapii (ICE, ESHAP) v relapsu difuzniho B-velkobunééného lymfomu.

Dale pak pro udrzovacilécbu folikularniho lymfomu v 1. liniii v relapsu onemocnéni pro
nemocné, u kterych indukéniterapii bylo dosazeno minimalné parcialniremise nebo lepsi
klinické odpovédi. Po indukéni |éCbé 1. linie je rituximab podavan 1% za 2 mésice po dobu 2
let (tedy 12 davek), po indukéni terapii relapsu folikularniho lymfomu pak 1% za 3 mésice po
dobu 2 let (tedy 8 davek). Dalsi indikaci je monoterapie folikularniho lymfomu v relapsu
onemocneéni.

Podanirituximabu v registrovanychindikacich je mozné ve zdravotnickych zafizenich se
zvlastni smlouvou zahrnujicich Centraintenzivni hematologické péce a Komplexni
onkologicka centra.

Rituximab dale prokazal v ramci klinickych studii prospéch ve smyslu prodlouzeni doby do
progrese Ci celkového preziti u dalSich CD20 pozitivnich lymfoproliferativnich chorob:
lymfom z plastovych bunék (MCL), lymfom z malych lymfocytl (SLL), Burkittiv lymfom,
MALT lymfomy, dalSi CD20 pozitivni lymfomy a chronicka B-lymfaticka leukémie.
Podanirituximabu v téchto indikacich je mozné pouze v Centrech intenzivni hematologické
péce (CIHP).




Ve

Nezadouci ucinky rituximabu:
Relativné casté, zridka vSak zdavazné

Béhem a bezprostifedné po aplikacilékl- horecka, tres, hypotenze,
bronchospazmus, angioedém ...

Riziko reaktivace chronické hepatitidy B, proto pred nasazenim |éku vzdy
vysSetrenisérologické vysetrenina HBV

Vzacnétézka alergické reakce , srdecni zastava, syndrom akutnilyzy nadoru

Imunosuprese:
Deplece B-lymfocytl v délce mésicu ( fyziologickychi autoreaktivnich),
repopulaceccav 9-12 mésici po inicialnidepleci




Udrzovacilécba
rituximabem
(tzv. maintenance)
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N
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=
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Pz 0001 |
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(JNCCN 2010;8[Suppl 6]:51-514)



Protilatky proti membranovym antigenum leukocytt

(2)

Ofatumumab (Arzerra):

e (Cistélidska anti-CD20 MoAb

e odliSny epitop nez rituximab

* stalejSivazba na receptor, ADCC stejné intenzity jako rituximab, ale
intenzivnéjSiindukce CDC

e témér neindukuju tvorba autoprotilatek HAHA

e statutorphandrug klécbé chronické lymfatické leukémie (CLL)

e klinické studie u nehodgkinskych lymfoma (NHL)

Veltuzumab :
humanizovana anti-CD20 MoAb IgG1

stejny epitop jako rituximab
subkutanni podani



Protilatky proti membranovym antigenum leukocytt

(3)
Alembuzumab (MabCampath):

* humanizovana anti-CD52 MoAb

e povrchovy glykoprotein pritomny u malignich i normalnich T- a B-
lymfocytl, ale téZ monocytli/makrofagl

* deplece CD4+ i CD8+ T-lymfocytl

e vysokeé riziko oportunnich infekci (CMV, herpesvirosy, Pneumocystis
jiroveci)

* |écbachronické lymfatické leukémie (CLL)

« ¢cetné NU v&etné pancytopenie, téZké postinfuzni reakce, syndrom
nadorového rozpadu



Protilatky proti kinazam(1)

bunédna
membrana

mTOR ERK

Obr. 38 Signalni drahy aktivované receptorovymi tyrozinkinazami (RTK)

Klener P, Klener P Jr: Nova protinadorova léciva a Ié¢ebné strategie v onkologii 2010



Tab. 7 Prehled vybranych receptorovyeh tyrozinkind:z

RTK ligand malignity s prokazanou
deregulaci RTK
(overexprese, mutace)

EGFR/ epidermal growth factor receptor EGF epidermal growth factor karcinom tlustého stieva, plic

ERBB1/ | /avian erythroblastic leukemia

HER1 viral oncogene homolog/human

epidermal growth factor receptor

ERBB2/ | neuroblastoma/glioblastoma nevaze vytvari heterodimery karcinom prsu, ovaria

HER2/ derived oncogene homolog ligand s EGFR/ERBBI/HER]

NEU

MET hepatocyte growth factor receptor | HGF hepatocyte growth factor | karcinom zaludku, ledvin

IGFIR insulin-like growth factor receptor IGF insuline-like growth factor | karcinom prostaty, plic,
ledvin, mnohocetny myelom

PDGFR | platelet-derived growth factor PDGR platelet-derived growth AML, karcinom prsu, sarkomy

receptor factor

FGFR fibroblast growth factor receptor FGF fibroblast growth factor karcinom plic, prsu, ovaria,
endometria, zaludku,
prostaty, mocového méchyre

FLT3 FMS-like tyrosine kinase FLT3 AML

ligand

KIT/SCFR | stem cell factor receptor SCF/KITL/ | stem cell factor/mast cell | AML, mastocytoza, GIST

cD117 MGF growth factor

FLT1/ FMS-like tyrosine kinase/vascular VEGF vascular endothelial nadorove cévy

VEGFR1 | endothelial growth factor receptor growth factor

KDR/ kinase insert domain receptor/fetal | VEGF vascular endothelial nadorove cévy

VEGFR2/ | liver kinase growth factor

FLK1

CSFIR/ | colony stimulating factor 1 receptor | CSF1/ colony stimulating factor 1/ | karcinom prsu, ovaria,

c-FMS /feline McDonough sarcoma viral M-CSF macrophage-colony endometria, plic, prostaty,

cD11Ss (v-FMS) oncogene homolog stimulating factor pankreatu, ledvin



Protilatky proti receptorovym kinazam (2)

EGFR/ERBB/HER

* ErbB1 (EGFR) zodpoveédny za regulaci
normalniho bunééného rastu

» Porucha ErbB1 vede k neregulovatelné
proliferaci a potencialni malignizaci
procesu

- ErbB2 pomalu aktivovatelny, dlouhodoby
vliv na proliferaci

« ErbB3 a ErbB4 heterodimerizuji s jinymi
ErbB receptory

Zvysena exprese Mutace na Autokrinni
ErbB1-1 ErbB2-2 ErbB2-3 ErbB1-2 ErbB2-4 ErbB1 nebo ErbB2 ErbB1 smyéka

RS T




Cetuximab (ErbitUX): chimerickaIgG1 MoAb proti

extracelularnidoméné receptoru EGFR/ERBB1/HER1. 5 x vyssi afinita
oprotipfirozenym liganddm (EGF, TGFa)

Pritomnost aktivacnich mutaci genu KRAS byla klinickymi studiemi
prokazana jako vyznamna determinantarezistence nddoru vici plsobeni
anti-EGFR MoAb.

Pouze u pacientls tumory, jejichZz buriky obsahuji wt KRAS lze poditat s
terapeutickym uspéchem. Indikace: karcinomy hlavy a krku, metastaticky

kolorektalni karcinom B c




Progression-free survival by treatment within KRAS groups

A 1004~
Treatmentgroup Events N % Median (weeks)
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Panit + BSC 124119 112 106 80 69 63 58 50 45 44 44 33 25 21 20 17 13 13 13 10 7 7
BSC alone 11910991 81 38 20 15 15 14 11 10 9 9 6 6 6 6 5 4 3 3 2 2

Amado, R. G. et al. J Clin Oncol; 26:1626-1634 2008
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volocixmaby bevacizumab trastuzumab

inkibitoe
m-TOR

prolferace ME1AS1a20vAN1 porucha imunity

Obr. 51 Ziednodudené schéma teansdukdnioh kaskad spouseényoh VEGEF, EGE a integriny
Cervend jsou zndzomeény zasaty riznych inhibitor(.



bevacizumab (A\laStin) neutraliza¢ni humanizovana
MoAb proti ligandu VEGF

blokada nadorové neuvaskularizace -- antiangiogennilécba

indikace:

metastaticky karcinom tlustého streva,

prsu, nemalobunécénykarcinom plicjiny nez dlazdicového typu, karcinom
ledviny

klinické studie : multiformni glioblastom, karcinom pankreatu etc.

tranStuzumab (Herceptin) humanizovana MoAb
proti ERBB2/HER2/NEU

zvysSend exprese u 10-30 % karcinomu prsu, dale u karcinomu ovaria,
prostaty, endometria

transtuzumab branidimerizacis ostatnimi ¢leny ERBB



volocixemab VEGF

bevacizumaby
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VEGFR
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Obr. 51 Ziednodudend schéma teansdukdnioh kaskad spoudeényoh VEGEF, EGEF a integriny
Cervend jsou zndzomeény zasaty riznych inhibitor(.
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Tab. 8 Prehled inhibitoru RTK a PTK
inhibitory s prevaznym ucinkem na EGFR/ERBB/HER

gefitinib Iressa EGFR/ERBB1/HER1

erlotinib Tarceva EGFR/ERBB1/HER1

lapatinib Tyverb EGFR/ERBB1/HER1, ERBB2/HER2/NEU, ERK1, ERK2, AKT
BIBW-2992 Tovok EGFR/ERBB1/HER1, ERBB2/HER2/NEU

canertinib - pan-ERBB

neratinib - ERBB2/HER2/NEU

vandetanib Zactima EGFR/ERBB1/HER1, VEGFR

Inhibitory s pfevaznym ucinkem na VEGFR jsou uvedeny v kapitole 11.1.2.

multikinazové inhibitory

imatinib Glivec BCR-ABL, KIT

dasatinib Sprycel BCR-ABL, KIT, PDGFR

nilotinib Tasigna BCR-ABL, KIT, PDGFR

bosutinib - BCR-ABL, SRC

sunitinib Sutent VEGFR1-3, PDGFRA/B, KIT, RET, CSF1R

sorafenib Nexavar VEGFR1-3, PDGFRB, RAF (CRAF, BRAF, vcetné
mutovanych BRAF), KIT, RET, FLT3

estaurtinib - FLT3, JAK2, NTRK1/TRKA, NTRK3/TRKC

tandutinib ~ FLT3, PDGFR, KIT

Klener P, Klener P Jr: Nova protinadorova léciva a Ié¢ebné strategie v onkologii 2010



Agent

Ado-trastuzumab emtansine
(Kadcyla)

Afatinib (Gilotrif)

Aldesleukin (Proleukin)

Alemtuzumab (Campath)

Axitinib (Inlyta)

Belimumab (Benlysta)

Bevacizumab (Avastin)

Bortezomib (Velcade)

Target(s)

HER2 (ERBB2/neu)

EGFR (HER1/ERBB1), HER2
(ERBB2/neu)

CD52

KIT, PDGFRB, VEGFR1/2/3
BAFF

VEGF ligand

Proteasome

FDA-approved
indication
*Breast cancer (HER2+)

*Non-small cell lung cancer
(with EGFR exon 19 deletions
or exon 21 substitution
(L858R) mutations)

*Renal cell carcinoma

*Melanoma

*B-cell chronic lymphocytic
leukemia

*Renal cell carcinoma
*Lupus erythematosus

*Colorectal cancer
*Glioblastoma

*Non-small cell lung cancer
*Renal cell carcinoma

*Multiple myeloma
Mantle cell lymphoma



Bosutinib (Bosulif)

Brentuximab vedotin (Adcetris)

Cabozantinib (Cometriq)

Canakinumab (llaris)

Carfilzomib (Kyprolis)

Cetuximab (Erbitux)

Crizotinib (Xalkori)

Dabrafenib (Tafinlar)

Dasatinib (Sprycel)

Denosumab (Xgeva)

ABL

CD30

FLT3, KIT, MET, RET, VEGFR2
IL-1PB

Proteasome

EGFR (HER1/ERBB1)

ALK, MET

BRAF

ABL

RANKL

*Chronic myelogenous leukemia
(Philadelphia chromosome positive)

*Hodgkin lymphoma

*Anaplastic large cell ymphoma
*Medullary thyroid cancer

*Juvenileidiopathic arthritis

*Cryopyrin-associated periodic
syndromes

*Multiple myeloma

*Colorectal cancer (KRAS wild type)
*Squamous cell cancer of the head
and neck

*Non-small cell lung cancer (with
ALK fusion)

*Melanoma (with BRAF V600
mutation)

*Chronic myelogenous leukemia
(Philadelphia chromosome positive)

*Acute lymphoblastic leukemia
(Philadelphia chromosome positive)

*Giant cell tumor of the bone



Erlotinib (Tarceva)

Everolimus (Afinitor)

Gefitinib (Iressa)

Ibritumomab tiuxetan (Zevalin)

Ibrutinib (Imbruvica)

Imatinib (Gleevec)

Ipilimumab (Yervoy)
Lapatinib (Tykerb)

Nilotinib (Tasigna)

EGFR (HER1/ERBB1)

mTOR

EGFR(HER1/ERBB1)

CD20

BTK

KIT, PDGFR, ABL

CTLA-4
HER2 (ERBB2/neu), EGFR (HER1/ERBB1)

ABL

*Non-small cell lung cancer
*Pancreatic cancer

*Pancreatic neuroendocrine tumor
*Renal cell carcinoma

*Nonresectable subependymal giant cell
astrocytoma associated with tuberous
sclerosis

*Breast cancer (HR+, HER2-)

*Non-small cell lung cancer with known
prior benefit from gefitinib (limited
approval)

*Non-Hodgkin's lymphoma

*Mantle cell lymphoma
*Chronic lymphocytic leukemia

*Gl stromal tumor (KIT+)
*Dermatofibrosarcoma protuberans
*Multiple hematologic malignancies
including Philadelphia chromosome-
positive ALLand CML

*Melanoma

*Breast cancer (HER2+)

*Chronic myelogenous leukemia
(Philadelphia chromosome



Obinutuzumab (Gazyva) CD20 *Chronic lymphocytic leukemia

Ofatumumab (Arzerra, HuMax- CD20 *Chronic lymphocytic leukemia
CD20)

Panitumumab (Vectibix) EGFR (HER1/ERBB1) *Colorectal cancer (KRAS wild type)
Pazopanib (Votrient) VEGFR, PDGFR, KIT *Renal cell carcinoma

Pertuzumab (Perjeta) HER2 (ERBB2/neu) *Breast cancer (HER2+)

Ponatinib (Iclusig) ABL, FGFR1-3, FLT3, VEGFR2 *Chronic myelogenous leukemia

*Acute lymphoblastic leukemia
(Philadelphia chromosome

positive)
Regorafenib (Stivarga) KIT, PDGFRB, RAF, RET, VEGFR1/2/3 *Colorectal cancer
*Gastrointestinal stromal tumors
Rituximab (Rituxan, Mabthera) CD20 *Non-Hodgkin’s lymphoma

*Chronic lymphocytic leukemia
*Rheumatoid arthritis
*Granulomatosis with polyangiitis

Romidepsin (Istodax) HDAC *Cutaneous T-cell lymphoma

*Peripheral T-cell lymphoma



Ruxolitinib (Jakafi)

Sipuleucel-T (Provenge)

Sorafenib (Nexavar)

Temsirolimus (Torisel)

Tocilizumab (Actemra)

Tofacitinib (Xeljanz)

Tositumomab (Bexxar)

Trametinib (Mekinist)

Trastuzumab (Herceptin)

JAK1/2

VEGFR, PDGFR, KIT, RAF

mTOR

IL-6R

JAK3

CD20

MEK

HER2 (ERBB2/neu)

*Myelofibrosis

*Prostate cancer

*Hepatocellularcarcinoma
*Renal cell carcinoma
*Thyroid carcinoma

*Renal cell carcinoma

*Rheumatoid arthritis
*Juvenileidiopathicarthritis
*Rheumatoid arthritis
*Non-Hodgkin'slymphoma

*Melanoma (with BRAF V600
mutation)

*Breast cancer (HER2+)
*Gastric cancer (HER2+)



Vandetanib (Caprelsa) EGFR (HER1/ERBB1), RET, °*Medullarythyroid
VEGFR2 cancer

Vemurafenib (Zelboraf) BRAF *Melanoma (with BRAF
V600 mutation)

Vismodegib (Erivedge) PTCH, Smoothened *Basal cell carcinoma

Vorinostat (Zolinza) HDAC *CutaneousT-cell
lymphoma

Ziv-aflibercept (Zaltrap)  PIGF, VEGFA/B *Colorectal cancer

http://www.mycancergenome.org/



EUROPEAN MEJSICINES AGENCY

Midostaurin: multi TK inhibitor PKCa, VEGFR2, C-kit, PDGFR, FLT3

Blinatumomab: novel bispecific construct - reacts simultaneously to normal CD3+ T cells and
CD19+ ALL cells, followed by T cell-mediated cytotoxicity (BiTE mechanism)

Ponatininb:inhibition of all known variants of the BCR-ABL fusion protein and other TK including
FLT3, FGFR, SRC, VEGFR, c-KIT and PDGFR

Axitinib:multiple tyrosine kinase inhibitor, more potent inhibitor of VEGF receptors than Avastin,
targeting pan-VEGF (R1, R2, R3), PDGFR+cKIT

Cabazitaxel: novel taxane, two key advantages - ability to cross the blood-brain-barrier and to
overcome drug resistance

Crizotinib: tyrosine kinase inhibitor targeting the product of ALK and the product of MET
(neuroblastoma, ALCL)

Azacitidine: two mechanisms; inhibition of DNA methyltransferase at low doses - hypomethylation
of DNA, and direct cytotoxicity in abnormal hematopoietic cells at high doses

Vandetanib inhibitor of the tyrosine kinase activity of VEGFR-2, an endothelial cell receptor for
VEGF, EGFR and the RET tyrosine kinase.

TH-302 nitroimidazole-linked prodrug. Under hypoxic conditions releases bromo-isophosphoramide
mustard (Br-IPM), a DNA crosslinking agent

Obitunumab - anti CD 20, higher affinity than rituximab
Cobimetinib: MEK 1/2 inhibition, Ras/Raf/MEK pathway

Many more...> 800 anti-cancer drugs waiting... Prof. Stérba, personal communication



http://www.registry.cz/index.php?pg=projekty&type=4

Registry COS monitoruijici cilenou 1éébu zhoubnych nador: Ceska onkologicka spoleénost

(COS) vede klinické registry pacient(l lé¢enych cilenou biologickou Ié¢bou v Komplexnich
onkologickych centrech (KOC). Diky registrim je mozno hodnotit pfinos a bezpecnost |éCby.
Zaddavaniudajl do registri neni povinné, ale pfesto v nich jsou zaznamendny informace o
vice nez 90 % pacientu. Registry poskytuji dostatek ovéfenych dlkaz(i o tom, Ze ndkladnou
|écbou se v onkologii neplytva a je podavana podle hesla ,,spravna lécba spravnému
pacientovi®.
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Breast

Klinicky registr pacientek s karcinomem prsu, které jsou |éfeny trastuzumabem [(Herceptin®),

lapatinibem (Tywerb®@) a/nebo bevacizumabem [(Avastin@].

1t Daldi informace

Corect
Klinicky registr pacientd s kelorektalnim karcinomem (CRC), ktefi jsou |&€eni cetuximabem
(Erbitux&), bevacizumabem (Avastin®) a/nebo panitumumabem [Vectibix@).

12 Dalsi informace

Erbitux
Klinicky registr pacientd s lokalné pokroéilym karcinomem hlavy a krkeu, ktefi jsou 1&Eeni
cetuximabem (Erbitux@].

1z Dalgi informace

Pemetrexed
Klinicky registr pacientd s malignim pleurdlnim mezoteliomem, ktefi jsou |&éeni pemetrexedem
(AlimtaE].

1: Dalsi informace

reGISTer
Registr pro sbér epidemiclogickych a klinickych dat pacientd s gastrointestindlnim stremalnim
tumorem (GIST). v jehoZ rémci je mj. monitorovana |ééba imatinibem [(Glivec®) a sunitinibem

(Sutent®@].


http://www.registry.cz/index.php?pg=projekty&type=4
http://www.registry.cz/index.php?pg=projekty&type=4

Nemalobunécny plicni karcinom (NSCLC) jako priklad
solidniho nadoru, u néhoz bylo identifikovano vice
biologickych , podskupin®, odlisSné ,, drugable” resp. s rliznou
predpokladanou odpovédi k TKI

Tab. 6 Molekularni aberace a implikace pro klinickou prax|

Molekularni abnormality Frekvence vyskytu u NSCLC (%) ' Klinické implikace
EGFR mutace 2 senzitivita k EGFR TK|

EGFR zvyseny pacet kopil 3 nejednaznacna data o senzitivité k EGFR TKI a8 mAb
MET amplifikace ~Z rezistence k EGFR TKI, horsi prognoza

MET mutace 3 mozny vliv na 'GI:[? 7! ezistenci

EMLA-ALK fuze 3-7 senzitivita k ALK inhibitorum

KRAS mutace i | spajena s koufenim, horsi prognoza

HERZ mutace 3-1C | rezistence k EGFR TKs

PIKZCA amplifikace 2 mozny vliv na EGFR rezistenci

PIK3CA mutace : mozny viiv na EGFR rezistenci, mozna predikce lécebné

odpovedi na PIBK/AKT/mTOR inhibitory

BRAF mutace 3 spajena s kourenim
IGF-1R amplifikace 27 indikuje lepsi progndzu nemocnych s operabilnim NSCL(

Petruzelka et al. Postgrad. Med. 2013



Tab. 7 Molekularni terové struktury u NSCLC a cilené Iéky u adenokarcinomu

Teré Frekvence genovych aberaci Lék nebo [ékova skupina . SL nebo studie
u adenokarcinomi (%) ;
EGER 10-30 erlotinib SL
| gefitinio SL
| jine TKI nebo jejich kembinace Klinicka studie
KRAS 10-30 ~ | HSP90 inhibitory Klinicka studie
= daly) klinicka studie
EML4-ALK 5-7 crizotinib Sl
SPY0 Inhibitory klinicka studie
: TKI druhé generace klinicka studie
ROST T 2 — = crizotinib linicka studie
BRAF 3 BRAF inhibitary Klinicka studie
MET 50 (pezn. vdechny NSCLC, IHC overexprese) onartuzumab klinicka studie
crizotinib «linicka studie

EGFR - receptor pro epidermdlni ristovy faktor; EML4-ALK - echinoderm microtubule-associated protein-like 4-anaplastic lymphoma kinase;

IHC - immunchistochemické; SL - standardni Ié¢ba; TKI - tyrozinkindzovy inhibitor

Petruzelka et |la. Postgrad. Med. 2013



Prediktivni testovani: predikce odpovédi na
cilenou lécbu

New Tumor Biopsy

v

Histological Genomic
pathology pathology
: Genomic ALK MET EGFR
NSCQTIEID;HDW'E alterlatinn ampliiIcatinn mutitinn
EGFR TKI ALK TKI MET TKI EGFR TKI
therapy therapy therapy therapy

! l
WM MR M AR
No clinical Clinical W W W

responses response

Fig 3. Stratification of patients based on specific genomic features, before
treatment, could yield substantially increased clinical response rates to kinase-
targeted therapies compared with traditional histopathology-based stratification.
MSCLC, non—small-cell lung cancer; EGFR, epidermal growth factor receptor; TKI,
tyrosine kinase inhibitor; ALK, anaplastic lymphoma kinase; MET, mesenchymal-
epithelial transformation factor/hepatocyte growth factor receptor.

J Clin Oncol 27:5650-5659. |



Human cancers are heterogeneous

DNA-sequencing of aggressive prostate cancers

Total alterations per sample
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[ Gene fusion
Gene amplification
[ Deletion
[l Truncation (by stop codon, frameshift, or re-arrangement)
[ Point mutation

Beltran H et al (2012) Cancer Res
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gene



Meduloblastom jako priklad



MEDULOBLASTOM
—

MO/ M+
Residuadlni
nador
J( Biologické
vlastnosti
Histologie

standardni riziko (SR)

dité starsi 3 let

lokalizované onemocnéni

totalni, resp. témeér totalni resekce
(reziduum<1,5 cm?)

vysokeé riziko (HR)

pacient nespliujici vysSe uvedena kritéria

e Nejcastejsi maligni nador CNS déti

e ~20% primarnich nadorti CNS déti
e CR~ 15 ptipadd/ rok

e Embryonalni nador CNS (WHO gr. IV)

(Chang et al., 1969)
MO: bez metastaz
M1: mikroskopicka diseminace
M2: makroskopické
intrakranialni mts

M3: makroskopické

spinalni mts
M4: extraneuralni mts



( - LMO/ M+J

[ Residualni Snaha identifikovat
Badol J e Nenihodné N\ bi0|0giCké Znaky S
Histopatologicky genove a prognostickym
podtyp chromozomové vyznamem

zmeny )

WHO 2007:

Klasicka varianta (A)
Desmoplasticky MB (B)
Velkobunécny MB (C)
a varianta MB s tézkou difuzni anaplasii

(D)




BIOLOGICKE PROGNOSTICKE ZNAKY u MB

(dvé a vice nezavislych studii)

Desmoplasie (déti pod 3 roky)

Jadernd akumulace beta-cateninu

Amplifikace protoonkogent MYC (MYCN, MYCC)
velkobunécny MB / tézka difuzni anaplasie

Survival . ar -
. Method of N Statistical Clinical Cohort age
Disease feature detection Prevalence H:I:tg:::;p analysis trial range Reference
(Ellison,
i, oy
Wrt/Wg pathway ‘gjﬁ? gfg fe'ﬁ BDES‘{;‘ p=0.006"™ PNET3 3-168yrs | Onilude et
activation IHC Efl'éi?;ﬁ}
(B-catenin nuclear . . =gjar,
stabilization) 10/69 (14%) 12” - "'EE?:BS’E p=0.03" SIMB9G | 3.1-202 yrs C“‘g‘i?:ﬁ“
Favourable (5 year ) pa :
risk 2000)
20/43 85% vs 34% . HIT- (Ruliowskd
_ _ _ 47%) 7 year PES) | P<0.001 . <3yrs . Bode et
Desmoplasia Histopathological ¥ SKK' 92 al. 2005)
(in infants =3yrs) assessment (McManam
17/28 53% vs 17T%
MR CHNS9204 <3 yrs v, Pears et
]
(61%) (5 year O5) al. 2007)
(Lamant,
5ig4 All dead m MchManam
FISH (6%) at 5 yrs™ p=<0.001 PMET3 =3 yrs y etal.
MY C gene 2004}
amplification (Rutkowski
5111 40% vs B6% . . von
gPCR (4.5%) 7 fe";r 0s) NS HIT '91 3- 1B yrs Bleren e
Adverse risk al. 21’]'_'1?!
(Gaijar,
23M16 BT % ve ~80% _ " _ Chintagurn
Large-cell / . . (20%) (5 year EFS) | P7O-% SIMBS6 | 31-202y1s | claetal
\ Histopathological
anaplastic 2006)
. assessment
Histology (McManam
5{3}?3;,1? ‘?g% v 5?35}% p=0.024" PNET3 | 27-164 yrs | y, Pearset
y al. 2007)

Clifford S., SIOP PNETS5 Protocol



Outcome Prediction in Pediatric Medulloblastoma Based on
DNA Copy-Number Aberrations of Chromosomes 6q and
17q and the MYC and MYCN Loci

Stefan Pfister, Marc Rembe, Axel Benner, Frank Mendrzyk, Grischa Toedrt, Jorg Felsberg, Andrea Wittmann,
Frauke Devens, Nicolas UL Gerber, Stefan Joos, Andreas Kulozik, Guido Reifenberger, Stefan Rutkowsks,
Ctmar D, Wiestler, Bernhard Radlwimmer, Wolfram Scheurlen, Peter Lichter, and Andrey Korshunov

VOLUME 27 MUMMBER 10 AFPRIL 2009
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2010: POHLED NA MOLEKULARNI KLASIFIKACI MEDULOBLASTOMU

onemocnénise 4 molekularnimi podtypy

Podt Kool A B E CcD
YP Northeott WNT SHH SkupinaC SkupinaD
T WNT/TGF SHH signaling Fotoreceptorové Neuronalni a
Expresni profil signaling markery fotoreceptorové
NOTCH/PDGF | NOTCH/PDGF FHERSE
signaling signaling

Geneticka
charakteristika

Cell cycle proteinsT

PR \d
; 1

CTNNB1
mutations

Cell cycle proteins T

ST S

MYCN ampl.

PTCH/ SMO/
SUFU mutations

Cell cycle proteinsT

RO

S e
:i.'.,‘--.';..'; "‘33'1
i(17q), X, +18

MYC ampl.

i(17q), - 8, -X, +18
MYCN ampl.
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Syntéza recentnich expresnich studii (Kool et al. 2008, Northcott et al. 2010):
MB je onemocnéni se 4 molekularnimipodtypy. Specifické asociace (i) s klinickymi
udaji (vék pacienta pfi diagndze, metastatické Sireni, progndza onemocnéni) (ii)

histopatologickymi charakteristikami (podtyp, stupen anaplazie, IHC ,signature)
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2012: POHLED NA MOLEKULARNI KLASIFIKACI MEDULOBLASTOMU

onemocnénise 4 molekularnimi podtypy

Cerebellar Embryonal Tumors

ATRT | Medulloblastoma |
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Group 3
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hy Group3a Group3p h Group4 f

Taylor MD et al, Acta Neuropathol 2012



2012: POHLED NA MOLEKULARNI KLASIFIKACI MEDULOBLASTOMU

onemocnénise 4 molekularnimi podtypy

CONSENSUS
Cho (2010)

Northcott (2010)
Kool (2008)

Thompson {2006)
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Molecular Subgroups of Medulloblastoma

WNT SHH Group 4
(€3 c3 C1/C5 C2/C4
WNT SHH Group C Group D
A B E C/D
B C.D E A AC
e N

s
dd‘QQ

classic, rarely LCA

rarely M+

very geod
ﬁ&
CTNNBT mutation

WNT signaling

MYC +

cetfh
dd:QQ

desmoplastic/nodular,
classic, LCA

uncommonly M+

infants good, others
intermediate

3q+
9g9-
10g-

PTCH1/SMO/SUFU mutation
GLI2 amplification
MYCN amplification

SHH signaling

MYCN +

& i i
ddQ

classic, LCA classic, LCA
very frequently M+ frequently M+
poor intermediate
11p- 1p-
7+ 8- N . 5
1o+ . 7+ X- 8
17q+ 109- 17q+
18g+ 16q- 18g-+
i17q i17q
MYC amplification CDK6 amplification

Photoreceptor/GABAsrgic

MYC +4+

L |
ddQ

MYCN amplification

Neuronal/Glutamatergic

minimal MYC/MYCN

Taylor MD et al, Acta Neuropathol 2012



Subtype distributions (1a —1d)

All patients Infants Children
200 100
100 1 S0 l { } I \ ‘ I ‘
0 0
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Histology distributions (i —11)
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Kool M et al, Acta Neuropathol 2012



Next-Generation Sequencing Studies: 2012
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2013: POHLED NA MOLEKULARNI KLASIFIKACI MEDULOBLASTOMU

Clinical features
Gender ratio (M/F)
Age distribution

Histology
Metastas:s at diagnosis
Overall survival (5 years)
Proposed cell of origin

Genomic features
Cytogenetics

m Gain
W Loss

Driver genes*

WNT (~10%)

~1/1

6

« CTNNB1 (90.6%)

* DDX3X (50%)

* SMARCA4 (26.3%)
* MLL2 (12.5%)

* TP53 (12.5%)

WNT signalling

SHH (~30%)

g

5:}:"::::""2

“Infant Childhood Adult

Classic > desmoplastic/
nodular > LCA > MBEN

~15-20%
~75%

CGNPs of the EGL and
cochlear nucleus; neural
stem cells of the SVZ

14
%a~ 100"

* PFTCHI1 (28%)

» TP53 (13.6%)
«MLL2(12.9%)

« DDX3X(11.7%)
* MYCN (8.2%)

» BCOR (8%)
«LDB1(6.9%)

* TCF4(5.5%)
«GLIZ(5.2%)

SHH signalling

7

Group 3 (~25%)

o MO p=mmm- -
i i

Group 4 (~35%)

" Infant Childhood Adult

Classic > LCA

~40-45%
~50%

Prominin 1*, lineage” neural

stem cells: CGNPs of the
EGL

« MYC(16.7%)

« PVT1(11.9%)

» SMARCA4(10.5%)
« OTX2 (1.7%)

» CTONEP1 (4.6%)

* LRP1B (4.6%)

« MLLZ (4%)

= MYC signature
* Retinal signature

Unknown

Neuronal signature

Northcott PA etal, Nat Rev Cancer2012
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JOURNAL OF CLINICAL ONCOLOCY ORIGINAL REPORT

Cytogenetic Prognostication Within
Medulloblastoma Subgroups

David IL.H. Shih, Paul A. Northcott, Marc Rembke, Andrey Korshunov, Vijay Ramaswamy, Marcel Kool,
Betty Luu, Yuan Yao, Xin Wang, Adrian M. Dubuc, Livia Garzia, John Peacock, Stephen C. Mack,
Xiaochong Wu, Adi Rolider, A. Sorana Marrissy, Florence M.G. Cavalli, David T.W. Jones, Karel Zitterbart,
Claudin C. Faria, Ulrich Schiller, Leos Kren, Toshihire Kumabe, Teiji Tominaga, Young Shin Ra,

Miklds Garami, Peter Hauser, Jennifer A. Chan, Shenandoah Robinson, Laszlé Bognir, Almos Klekner,

Al G. Saad, Linda M. Liaw, Steffen Albrechs, Adam Fontebasso, Giuseppe Cinalli, Pasgualino De Antonellis,
Massimoe Zollo, Michael K. Cooper, Reid C. Thompson, Simon Bailey, Janer C. Lindsey, Concezio Di Roceo,
Luca Massimi, Erna M.C. Michiels, Stephen W. Scherer, Joanna | Phillips, Nalin Gupta, Xing Fan,

Karin M. Muraszko, Rajeev Vibhakar, Charles G. Eberhart, Marpam Fowladi, Boleslaw Lach, Shin Jung,
Robert |. Wechsler- Reya, Michelle Févre-Moniange, Anne Jouvet, Nada Jabado, Ian F. Pollack,

William A. Weiss, Ji-Yeoun Lee, Brung-Kyu Cho, Seung-Ki Kim, Kyu-Chang Wang, Jeffrey R. Leonard,
Joshua B. Rubin, Carmen de Torres, Cinzia Lavaring, Jauwme Mora, Yoon-Jae Che, Uri Tabori,

James M. Olson, Amar Gajjar, Roger |. Packer, Stefan Rutkowski, Scort L. Pomeroy, Pim J. French,

Namne K. Kloosterhof, Johan M. Kros, Erwin G. Van Meir, Steven C. Clifford, Franck Bourdeaut,

Olivier Delarire, Frangois F. Doz, Cynihia E Hawlkins, David Malkin, Wieslowa A. Grajkowska,

Marta Perek-Polnik. Eric Bouffer. lames T. Rutka. Stefan M. Phster.

Results

subgroup information improves the predictive accuracy of a multivariable survival model
compared with clinical biomarkars alone. Most previously published cytogenetic biomarkers
ara only prognostic within a single medulloblastoma subgroup. Profiling six FISH biomarkars
(GLE AMYC, chromosoma 11 [chirl 1), chrld, 17p, and 17g) on formalindixad paraffinambedded tissuas,
wie can reliably and reproducibly identiy vary low-risk and wary high-nsk patients within SHH, Group 3, and
Group 4 medulicbiastomeas.
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Nase zkuSenost:

Od r. 1998-2000 amplifikace MYCC, posléze také MYCN
dr. Pavelka, prof. Stérba, doc. Kuglik — metoda FISH (OLG)

Spoluprace s OLG: od 2001 CGH, posléze HR CGH
OLG a CMBGT: s rozvojem technologii cca poslednich 5 let - aCGH

Paralelné: nase ucast v akademickych konsorciich (Toronto, Heidelberg):
expresni profilovani a NGS; aktivni u€ast v SIOP-E BTG: aktivni podil na
tvorbé protokolt pro SR MB, HR MB a infants

Soucasnost:

v'UPA, doc. Kfen : IHC pro b-catenin, YAP, GAB1, filamin,
FISH: MYCC,MYCN

v'UPA, prof. Smardova: FASAY TP53

v'CMBGT, ing. Dvorakova a Mgr. RobeSova: sekvenacéni analyza ex3 b-

catenin a FISH (dr. Oltova a kol.) FISH: MYCC,MYCN

v CMBGT: aCGH (Mgr. Cermanova, dr. Tichy)

v'Nové: CEITEC - doc. Slaby — expresni profilovani- subgrouping



Patient eligible for
PNET 5 MB

g

li-catenin THC*

* IHC (mandatory) and

Positive | Negative mutation analysis (optional)
I PNETSMB - LR I PNET 5 MB - SR
I Randomisation I
Radiotherapy Radiotherapy Radiotherapy +
alone Carboplatin
(without (without 35 mg/m” 5 times/week
vincristine) vineristine) (without vincristine)

Maintenance Chemotherapy
ABA BAB

Maintenance Chemotherapy
ABA BAB AB




Human cancers are heterogeneous

a Intertumoural heterogeneity b Intratumoural heterogeneity C Intratumoural spatial
between patients between primary and heterogeneity
metastatic sites

& e
d Functional heterogeneity e Functional heterogeneity
Tumour initiating ability (stem-ness) Metastatic capacity

®
|
0
!

Primary
tumour

Tumour-initiating cell

-— @™

v
e
@ Qj%'@@ New tumour 9 Lymphovascular

dissemination
@ Standard therapy l 1 l

Terminal l Recurrent tumour Macrometastasis ~ Dormancy Cell death
differentiation Q
L 8

Meric-Bernstam, F. & Mills, G. B. (2012) Nat. Rev. Clin. Oncol. doi:10.1038/nrclinonc.2012.127




Human cancers are heterogeneous

DNA-sequencing of aggressive prostate cancers

Total alterations per sample
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Beltran H et al (2012) Cancer Res

Samples altered per

gene



Personalized cancer therapy

Time points for Pathology
clinically relevant
tissue
Primary tumor Resected tissue

Personalized
Therapy

Meric-Bernstam F & Mills GB (2012) Nat Rev Clin Oncol



Nadory asociované s komplexem
tuberozni sklerosy jako priklad
uspesniho uziti biologicke lécby
MTOR inhibitorem (everolimus)



Syndrom

Gen

Nador CNS

Neurofibromatdza
typu 1

NF1
(neurofibro
min)

gliomy optické drahy, low—grade
astrocytomy v diencephalon,
hemisférach Ci infratentorialné

Neurofibromatoza NF2 schwannom, meningeom,

typu 2 (merlin) ependymom

Tuberozni skleréza TSC1, subependymalni velkobunecny
TSC2 astrocytom

von Hippel-Lindau VHL hemangioblastomy (mozecek,

micha, retina)

Gorlinav syndrom PTCH meduloblastom

(syndrom

bazocelularniho

névu)

Turcotlv syndrom APC, meduloblastom, glioblastom
MLH1,
PMS2

Li—-Fraumeni TP53 astrocytomy, karcinom

choroidalniho plexu,
meduloblastom




mTOR INHIBICE: EVEROLIMUS K LECBE
NADORU SPOJENYCH
S KOMPLEXEM TUBEROZNI SKLEROZY



Dédicné genodermatozy s nadorovou
predispozici

Neurokutanni syndromy (fakomatozy)

Neurofibromatézatyp 1, typ 2

Tuberosni skleréza (Tuberous Sclerosis Complex, TSC)
GorlinGv syndrom (Nevoid Basal Cell Carcinoma Syndrome)
Xeroderma Pigmentosum

Dyskeratosis Congenita

Ataxia telangiectasia

von Hippel-Lindau disease

Sturge-Weber syndrome

Cutaneomeningospinal angiomatosis
Klippel-Trénaunay syndrom

Hypomelanosis of Ito.

Ullmann syndrom = Systemic angiomatosis

Brégeat syndrom = Oculocerebral angiomatosis a dalsi



Epidemiologie TSC

* 1:6000 porodu
* 1,5 milionu postizenych celosvétove
* CR: odhad 1 000-1 500 nemocnych s TSC
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1835: Pierre Frangois Olive Rayer
prvni popis kozniho postiZzeni u TSC

1862: Friedrich Daniel von Recklinghausen
prvni popis postizeni srdce a CNS u TSC

1880: Désiré-Magloire Bourneville
Sclérose tubéreuse des circonvolutions cérébrales

1906: Heinrich Vogt
diagnostickad kritéria: trias kfece, psychomotorickad
retardace, adenoma sebaceum

1967: Manuel Rodriguez Gomez

71 pacienti s TSC, 38 % z nich intelekt v pasmu normy

Lagos JC, Gdmez MR (1967). "Tuberous sclerosis: reappraisal of a clinical entity". Mayo Clinic
Proceedings 42 (1): 26—49.

Zdroj fotografie: http://en.wikipedia.org/wiki/D%C3%A9sir%C3%A9-Magloire_Bourneville



grous sclerosis complex 2012

C1 or TSC2 pathogenic mutation in DNA from normal tissue is sufficient to make a definite diagnosis of tuberous
sr:lemsm complex (TSC). A pathogenic mutation is defined as a mutation that dearly inactivates the function of the TSC1 or TSC2 proteins (e.g.,
out-of-frame indel or nonsense mutation), prevents protein synthesis (e.g., large genomic deletion), or is a missense mutation whose effect on
protein function has been established by functional assessment (www.lovd.nl/TSC1, www.lovd [TSC2, and Hoogeveen-Westerveld et al., 2012
and 2013). Other TSC1 or TSC2 variants whose effect on function is less certain do not meet these criteria, and are not sufficient to make a
definite diagnosis of TSC. Note that 10% to 25% of TSC patients have no mutation identified by conventional genetic testing, and a normmal result
any effect on the use of clinical diagnostic criteria to diagnose TSC.

. Hypomelanotic macules (=3, at least 5-mm diameter)
. Angiofibromas (=3) or fibrous cephalic plague
. Ungual fibromas (=2)
Shagreen patch
Multiple retinal hamartomas
. Cortical dysplasias”
Subependymal nodules
Subependymal giant cell astrocytoma
. Cardiac rhabdomyoma
Lymphangioleiomyomatosis (LAM)*
. Angiomyolipomas (=2)7
Minor features
1. “Confetti” skin lesions
2. Dental enamel pits { =3)
3. Intraoral ibromas (=2)
4
5

SO WLmN DM E W=

—

. Retinal achromic patch
. Multiple renal cysts
6. Monrenal hamartomas

Definite diagnosis: Two major features or one major feature with =2 minor features
Possible diagnosis: Either one major feature or =2 minor features

+« Includes tubers and cerebral white matter radial migration lines.
' A combination of the two major dinical features (LAM and angiomyolipomas) without other features does not meet criteria for a definite diagnosis.

H. Northrup, D.A. Krueger, Pediatric Neurology 49 (2013) 243-254



_———————
Fetus Infancy Childhood Adolescence Adulthood

Chrino PB et al. NEngl J Med. 2006; 335: 1345-1356




Manifestace TSC v CNS

Anatomické a funkéni zmeény v CNS, které vedou k
neurologickeé dysfunkci

Postizeni CNS az u 90 % pacientt s TSC

Anatomicke zmeny léze tvori pravdepodobne morfologicke
ykontinuum®, jednotlivé formy popisovany

v’ Kortikalni tubera — ztrata normalni architektury kortexu,
80-90 % pacientl s TSC

\/Subepend malni noduly(g EN) — fokalni léze prilll. a
postrannlc komorach, 80 % pacientl s TSC, mohou
progredovat v SEGA

v Subependymalni obrovskobunécné astrocytomy (SEGA) -
dysmorfniglialni bunky a vaskularni stroma, velikost SEGA
jenad1lcm



Manifestace TSC v CNS

e funkénizmény
Epilepticka aktivita
Infantilni spasmy (Westuv syndrom)
Parcialni zachvat s komplexni symptomatologii
vigabatrin (Sabril)
Porucha kognitivnich funkci
Autismus

ADHD

Mentalni retardace je udavana u 44-65 % pacientl s TSC
(Winterkorn EB et al. Neurology. 2007)



A 20-year-old woman with tuberous sclerosis. (a) Axial FLAIR MR shows small subependymal
nodules along the lateral walls of the lateral ventricles (white arrows) and heterogeneous masses at
the foramen of Monro that likely represent subependymal giant cell astrocytomas (arrowheads). There
is cortical and sub-cortical bright signal indicating tubers (black arrows). (b) Noncontrast head CT at
the corresponding location shows calcifications at the subependymal giant cell astrocytomas
(arrowheads), subependymal nodules (white arrows) and cortical tuber (black arrows) on the right.

J Clin Imaging Sci. 2011; 1: 39.



Kozni postizeni u TSC

* 90-98 % pacientu s TSC
hypopigmented macules (97.2%)
facial angiofibromas (adenoma sebaceum)(74.5%)
shagreen patch (48.1%)
"cafe-au-lait" macules (28.3%)
molluscum fibrosum pendulum (22.6%)
forehead fibrous plaque (18.9%)
periungual fibromas (15.1%)
"confetti-like" macules (3 of 103, 2.8%)

Int J Dermatol. 1998 :37:911-917



Kozni postizeni u TSC



http://www2.massgeneral.org/livingwithtsc/affects/skin-popup_macule1.htm

Postizeni ledvin u TSC

1) Cystické postizeni ledvin: 18-53 % pacientu

Tézky fenotyp: PDK1/TSC2 mikrodelec¢ni syndrom
2) Angiomyolipomy ledvin (AML) u cca 75 % pacientti s TSC
3) Renalni karcinom

Radiographics 2003; 23:241


http://radiographics.rsna.org/content/23/1/241/F7.expansion.html

Postizeni ledvin u TSC

* angiomyolipomy (AML): mezenchymalni nadory
* (sincidenci0,3-3 % chirurgicky explorovanych nador( ledvin)
U TSC (cca 20 % vSech pripadli AML) :
mnohocetné |éze na obou ledvinach
vyvijeji se v detstvi, behem adolescence se zvétsuji
Komplikace: i) retroperitonealni krvaceni (winderlich syndrome)
predevsim u nadort nad 4 cm
ii) chronické rendlni selhani

Immature-appearing : >
smooth muscle Angiomyolipoma

Kidney
Cell lacking ;
TSC1 or TSC2 Fat i

Renal
__angiomyolipomas

>

— e
Dysplastic vessels




Postizeni plicu TSC

* 5% pacientu s TSC
plicni lymfangileiomyomatoza (LAM)

-az u 40 % premenopauzalnich zen
rentgenologické zmeény, 5 % klinicky vyznamnych

- benigni metastaticka hypotéza z AML

- klinika — lymfaticka obstrukce vedouci k
pneumotoraxu, chylotoraxu, cystické prestavbé

- th: symptomaticka; popisovan i progesteron,
transplantace plic; nové mTOR inhibice



Postizeni plic u TSC

4

J Clin Imaging Sci. 2011; 1: 39.



Aktivace mTOR v patogenezi TSC

TSC1 9qg34 hamartin
TSC2 16p13.3 tuberin

Proteiny TSC1 a TSC2 tvofri komplex TSC1/TSC2
(hamartin-tuberin) s GTPazovou aktivitou

Cilovym proteinem TSC1/TSC2 je Rheb (Ras homolog
enriched in brain), jenz inhibuje mTORC1

mutace TSC1 nebo TSC2 vede k patologickeé aktivaci
MTORC1



Growth-promoting signals |

Mitogens Growth factor withdrawal
Cytokines |ﬁ" Starvation
Hormones E./ Energy depletion
Nutrients Cellular stress
Energy i
Oncogenes I.Eheb'l Tumor Suppressors
\ mTORC1
mTOR LS
__ Raptor ~
/ @EBE--\
mMRNA Aerobic De novo Pentose De novo
Translation Glyculysm Lipid Phosphate | Nucleotide
r{ Synthesm Pathway Synthesis
ATP
Ribosome Biosynthetic ‘ NADPH l /
Biogenesis Precursors Ribose
l 3  \Aas Gl':,rcer}\ l
Protein | | Membranes | | Nucleic Acids |

Anabolic Cell Growth and Proliferation
Manning DB, 2013



Aktivace mTOR v patogenezi TSC

Mutace TSC1: vice nez 200 alelickych variant
20-30 % pripadu TSC

Mutace TSC2: vice nez 700 alelickych variant
70-80 % pripadu TSC
tezsi klinické postizeni v pripade TSC2 mutace

Zadnd z mutaci nema &etnost vice jak 1 %

V 10 — 15 % pripadu konvencni molekularné
geneticka analyza nenachazi mutaci (MLPA, NGS ...)



sirolimus everolimus

Rapamycin RADOO1 (everolimus)



Klinické studie s everolimem u TSC

Planned
enrollment

Study design

Dosing regimen

Trial Patient population
(ClinicalTrials.gov
identifier) (n)
EXIST-1 SEGA (all ages) associated with 99
(NCT00789828) TsC
SEGA Age =3 years with SEGA 25
(NCTO0411619) associated with TSC
EXIST-2 Age =18 years with AML 99
(NCTO0790400) associated with TSC or sporadic

LAM
AML Age 18-65 years with AML 30
(NCT00457964) associated with TSC or sporadic

LAM
AML long-term Age 18-65 years with AML 10
follow-up associated with TSC or sporadic
(NCT00792766) LAM
Epilepsy Age =2 years with epilepsy 40
(NCT01070316) associated with TSC and failure =2

approved antiepileptic drug
therapies

International, prospective,
multicenter, randomized,
double-blind, parallel-group,
placebo-controlled, Phase llI

Open-label, Phase I/Il

International, multicenter,
randomized, double-blind,
placebo-controlled, Phase llI

Open-label, Phase I/Il

Open-label, Phase I/Il

Monrandomized, open-label,
multicenter, Phase I/l

Everolimus 4.5 mg/m?/day
starting dose (titrated based on
safety and blood trough
concentration) or placebo

Everolimus 3 mg/m?#/day titrated
to achieve trough concentration
of 5-15 ng/ml

Everolimus 10 mg/day
or placebo

Everolimus 5 or 10 mg/day, or 30,
50 or 70 mg/week

Everolimus (dose per previous
AML study dose)

Everolimus 5 mg/m?/day titrated
to achieve trough concentration
of 5.1-10 ng/ml

AML: Angiomylipoma; LAM: Lymphangioleiomyomatosis; SEGA: Subependymal giant-cell astrocytoma; TSC: Tuberous sclerosis complex.

Expere Rew. Anticancer Ther. 11(8), (2011)



NCT00411619

Krueger DA, Care MM, Holland K, Agricola K, Tudor C, Mangeshkar P,
Wilson KA, Byars A, Sahmoud T, Franz DN. Everolimus for subependymal
giant-cell astrocytomas in tuberous sclerosis. N EnglJ Med. 2010 Nov

4;363(19):1801-11.
registracni studie preparatu Votubia pro SEGA

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Everolimus for Subependymal Giant-Cell
Astrocytomas in Tuberous Sclerosis

Darcy A. Krueger, M.D., Ph.D., Marguerite M. Care, M.D.,
Katherine Holland, M.D., Ph.D., Karen Agricola, F.N.P., Cynthia Tudor, P.N.P.,
Prajakta Mangeshkar, M.S., Kimberly A. Wilson, M.S., Anna Byars, Ph.D.,
Tarek Sahmoud, M.D., Ph.D., and David Neal Franz, M.D.



NCT00789828 (EXIST-1)

Franz DN, Belousova E, Sparagana S et al.
Lancet. 2013 Jan 12;381(9861):125-32.

Efficacy and safety of everolimus for subependymal giant
cell astrocytomas associated with tuberous sclerosis complex
(EXIST-1): a multicentre, randomised, placebo-controlled

phase 3 trial

David Neal Franz, Elena Belousova, Steven Sparagana, E Martina Bebin, Michael Frost, Rachel Kuperman, Olaf Witt, Michael H Kohrman,
J Robert Flamini, Joyce Y Wu, Paolo Curatolo, Petrus| de Viries, Vicky H Whittemore, Elizabeth A Thiele, James P Ford, Gaurav Shah, Helene Cauwel,

David Lebwohl, Tarek Sahmoud, Sergiusz Jozwiak



EXIST-1 Study Design

Progressive SEGA
associated with TSC (N =

: 117) Treatmentuntii SEGA

e Definitive TSC per Gomez progressionor
criteria unacceptable toxicity

Crossover at
SEGAprogression

>1 target SEGA lesion 21
cm in diameter

Serial SEGA growth
confirmed by imaging or
new/worsening
hydrocephalus

Stratified by
EIAED use

Zdroj: D.N. Franz et al. 2012

EIAED = enzyme inducing antiepileptic drug.

Accrual between August 2009 and September 2010.

3Everolimus starting dose 4.5 mg/m?2/dayand adjusted to trough level of 5-15 ng/mL. Dose could be adjusted in cases of toxicity.
ClinicalTrials.gov identifier NCT00789828.



SEGA Best Overall Response Rate

Full Analysis Set, n 78 39
Response (95% Cl), % 35 (24-46) 0 (0-9)
P-value <0.0001

Zdroj: D.N. Franz et al. 2012

*P-value is obtained from the one sided exact Cochran-Mantel Haenszel test, stratified by EIAED use vs EIAED non-use



SEGA Response Rate in Subgroups

Differencein SEGA responserate
Everolimus-Placebo

Response n/N (%)

| Placebo Everolimus
All patients (N = 117) - ——— 0/39(0.0)  27/78(34.6)
Stratum | with EIAED (N=22) +——— . = 0/7(0.0)  4/15(26.7)
1 without EIAED (N = 95) i : & ! 0/32(0.0) 23/63(36.5)
T Male (N = 67) : : O ! 0/18(0.0)  12/49(24.5)
ex 1 Female (N = 50) i : o i 0/21(0.0) 15/29(51.7)
T <3years(N=20) : s = 0/7(0.0)  3/13(23.1)
Age | 3-<18 years (N = 81) i - - ' 0/26(0.0)  21/55(38.2)
1 >18years(N=16) ! E + i 0/6(0.0)  3/10(30.0)
.
20 0 20 40 60
Placebo Infavor of Everolimus
EIAED = enzyme inducing antiepileptic drug. Zdroj: D.N. Franz et al. 2012

Exact 95% confidence interval obtained from the exact unconditional confidence limits.



EXIST-2: VOTUBIA in renal
angiomyolipoma with TSC

The first and only prospective, double-blind, randomised, Phase lll clinical trial in patients who have renal
angiomyolipoma with TSC

Designed to evaluate the efficacy and safety of VOTUBIA in patients with renal angiomyolipoma as a
feature of TSC (n=113) or sporadic lymphangioleiomyomatosis (SLAM) (n=5)

Study design™?

Key inclusion criteria: VOTUBIA: 10 mg once daily

Age =18 years n=79
Diagnosis of TSC or sLAM

Crossover allowed
Definitive angiomyolipoma Randomisation at angiomyolipoma
diagnosis (2:1) progression

At least 1 angiomyolipoma
lesion =3 cm in longest
diameter using CT/MRI Pl:fggo

Treatment continued until
angiomyolipoma progression
or unacceptable toxicity

* Primary end point:
— Angiomyolipoma response rate based on independent radiology review
* Keysecondary end points:

— Time to angiomyolipoma progression
— Skin lesion response rate



Everolimus was proven to reduce
renal angiomyolipoma volume

Rates of renal angiomyolipoma volume reduction

with placebo (n=39) and VOTUBIA (n=79)"?

. =30% reduction
=50% reduction
100 i
. | 80.3%
. 60 E
20 |
5.7% |
o IR |
Placebo* '  VOTUBIA | Placeho* VOTUBIA
\ i

*No patients receiving placebo achieved renal angiomyolipoma volume reductions of =50% at 12 weeks or 24 weeks.

References: 1. VOTUBIA [summary of product characteristics]. Novartis Pharma AG; 2012. 2. Data on file; Novartis Pharma AG.



MTOR inhibice v lécbé TSC asociovanych
nadoru

9-2011: European Commission (EC) has approved everolimus
(Votubia) for the treatment of patients aged 3 years and
older, with subependymal giant cell astrocytoma (SEGA)
associated with tuberous sclerosis complex (TSC), who
require therapeutic intervention but are not amenable to
surgery

11-2012: Everolimus granted European Licence for
renal AML

9-2013: Everolimus urcen k 1écbé SEGA i u déti mladsich 3 let



PRVNI ZKUSENOSTI S UZITIM
EVEROLIMU (VOTUBIA) K LECBE
NADORU SPOJENYCH
S KOMPLEXEM TUBEROZNI
SKLEROZY
NA KLINICE DETSKE ONKOLOGIE
LF MU A FN BRNO



Pripad 1
Neurochirurgové referuji ke konzultaci 17 -letého chlapce (JD)

TSC, mutace TSC2 genu potvrzena molekularné geneticky
Multioborova péce, dominantné nefrolog, neurochirurg,
ortoped, dermatolog, neurolog, kardiolog

- Angiomyolipomy ledvin do 3 cm, proteinurie, hypertenze
(Monopril)
- Sekundarni skoliosa

lllll

nejsou
- OA: mezi 1-3 lety popisovana centralni hemiparéza, Vojta...
- SA: stredniSkola — umélecka remesla-keramik



MR mozku v 9 letech véku (rok 2004)




Rok 2010: intermitentni pfiznaky ICH, edém papily, progrese Sife
komorového systému, progrese rustu SEGA

Res.: Inzerce V-P shuntu do PPK




Rok 2011: pfiznaky ICH,, progrese Sife LPK, rust SEGA
Res.: Uprava V-P shuntu: biventrikularni , drenovany obé komory




4-2012: dalSi progrese rustu SEGA, inoperabilni, vysoké riziko velmi
tézkého pooperacniho deficitu dle NCH

Konzultace KDO FN Brno, dop. mTOR inhibitor (everolimus, Votubia)




baseline

CONTRAST:
30

FN Brno

£ [ T2W_FLAIR 4mm
mozek; .egdifuze/per ze,opak.a dopls k.l

1L

Supratentorialné obraz postizeni v ramci tuberozni sklerdzy, viceCetna
tumordzni loziska SEGA v obl. postrannich komor celkové v regresi,
zejm. nejvétsiléze pfi foramen Monroi vpravo. Regrese edému v bilé
hmoté vpravo F-P. Regrese dilatace pravé postranni komory.



v 4

Pripad 1 — pokracujici |éCebna odpoved

baseline 3 mésice 16 mésicl




Pripad 2 —

Divka, mezi9 a 11 rokem véku jednoznacna progrese SEGA

rok 2010 rok 2012




Pripad 2 —

Divka, mezi9 a 11 rokem véku jednoznacna progrese SEGA

rok 2010 rok 2012




Pripad 2 —|écebna odpoved

Volumometricky redukce objemu SEGA o0 56 %

baseline 3 mésice




Pripad 2 —|écebna odpoved

Volumometricky redukce objemu SEGA o0 56 %

baseline 3 mésice




Pripad 3 —|lécebna odpoved

14-leta divka, progredujici SEGA
Volumometricky redukce objemu SEGA 0 80 %

baseline 3 mésice




Zaver

U prezentovanych pacientt s TSC a SEGA v rustové progresi doslo
k jasnému klinickému benefitu = vyznamné objemové zmenseni
SEGA pri |écbé everolimem (VOTUBIA)

Lécba mTOR inhibitorem je dobre tolerovana, maximalni
pozorované akutni toxicity byly stupné < 2 (dominantné
stomatitida a alterace metabolismu tuku)

MTOR inhibice je ucinna farmakologicka alternativa u nemocnych
s nadory spojenymi s TSC, kteri vyzaduji terapeuticky zasah

Do budoucna je tfeba dusledné analyzovat dlouhodobé léCebné
vysledky a chronickou toxicitu protrahovaného podani mTOR
inhibitoru, stejné jako nakladovou efektivitu tohoto postupu



