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Tato prezentace je spolufinancovana

Evropskym socialnim fondem

a statnim rozpostem Ceské republiky

Zaklady klinické onkologie

Uvod do problematiky cilené 1é¢by
v onkologii

Karel Zitterbart
Klinika detské onkologie LF MU a FN Brno



Teoreticka vychodiska cilené |écby (targeted therapy)

piime oviivnani
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 oligonuklectidem

posttranslaéni medifikace (proteiny) mono kl on é I n i

signalni kaskady (proteiny) — blokada receptoru pro ristovy fakid

— inhibice intracelularniho pfenosu signa p rOtI I at ky
pro proliferaci (kinazy) ( M o Ab)

ETabolizujicich nebo \

odstranujicich cytotoxicke latky ) sma I I d ru g sll

diferenciace a apoptdza (protainy — navozeni diferenciace nebo apoptozy 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
— pousitl monoklonalni protilatky proti

nadorovému antigenu

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

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



* TradiCni chemoteapie « Cilena terapie

— Neselektivni pusobeni — Selektivni pusobeni
— Systémova toxicita - Méné systémovych
— Obvykle pouzivani NU
maximalni tolerované — Davka odpovida
davky (MTD) biologicky aktivni

koncentraci |éCiva

— Muze dodat dalsi
klinické vyhody
(Qol)
Ale: v realném Zivote
neexistuje ani idedlni 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 autoimunita jako “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 v %o & ®
SR - 33— G -

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 1écbé nemocnych s akutni rejekci transplantatu ledvin, srdce
nebo jater




Historie MoAbs

Approval Approval of

of first

Rituximah immunotoxin
armed mAb

(Gemtuzumab
ozogamicin)

First ScFy
and
bispecific
mAbs
Approval of
P. Ehrlich: First First Phase | i radioimmuno-
"magic chimeric humanized g . T jugate
bullegts" mAbs mAbs display Approval o Lol

Trastuzum: mAbs
technology I'rastuzumab

Milstein I:";”’ (\(')‘:‘I’";‘)’""’ e Ab directed First fully Completion
‘::::;: e idiotypic approval for cytokine i hu’m;-m m.\b’ of large
e transplantation 2R prodrug (Panitumumab) clinical trials
producing therapy of
hybridomas (ADEPT) Trastuzumab
as adjuvant

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
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VYZNAM PRIDANI RITUXIMABU K RUZNYM CHEMOTERAPEUTICKYM rituximab
REZIMUM PRO CELKOVE PREZITI PACIENTU (Mabthera, fy Roche)

Foe \ézebn redim clkové preiifi p -anti-CD20 chimericka IgG1
 [potet pacienty) E MoAb
Marcus, et al. [12] 'R-CVP (n=162) 83% 10,0290 -1997: 1. schvalena
CVPin= 159) 77T % ,
Hiddemann, et al., 2006 RCHOP(n=223)  95% 10016 MoAb k terapii malignich
- CHOP (n= 205 - 90 % : ) QU4
R e R s ssnssebamss | ONEMocnéni {B-NHL)
Herold, et al., 2006 R-MCP (n 105) : 87 % - 0,0096 . s
. MCP (n = 96) a9 -CD20 exprimovan na
ey iy (O (n =175) : 91 e | o zralych B-Iymfocytech ana
- CHVP-INF (n =183 -84 % : s v v
- s S e vice nez 90 % bunék B-NHL
CVP - cyklofosfamid + vinkristin + prednison; CHOP — cyklofosfamid + doxorubicin + vinkristin + - po vazbé nedochazi k
predniscn; MCP — mitoxantron + chlorambucil + prednison; CHVP-INF — cyklofosfamid + doxorubicin + . . .
etoposid + prednison + interferon alfa; R — fituximab | internalizaci komplexu
%
1 — CHOP  —— R-CHOP 1“:;,
8
= 081 3
§ 5 0,
g 06 g 04 medidn sledovéni: 53 mésicd
5 § 031
°
g 04 g 02
2 g 01
g a 5 p =0,0290 odhad 4letého OS: 83 % vs. 77 %
S O 6 12 18 2 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 8 7 8 pacienti v riziku:
doba sledovan (roky) CVP {159 {155 {151 {141 (136 (132 {125 {120 (111 {67 (30 {8 {0
R-CVP 1162 1162 1160 1155 1150 1144 1142 132 1124 81 40 / § 0
Graf 3 Srovndn/ celkového preZitl neprediééenych pacientu s difuznim velkobun&énym B Iym— - .
fomem lécenych rezimem CHOP vs. R-CHOP (rituximab, cykiofosfamid, doxorubicin, vinkris- Graf 1 Srovndnf celkového prezitl (OS) nepredléenych paclentu s follkuldarnim lymfomem
tin, prednison) ve studl GELA LNH 98.5: pode [15] ~ Feligier, et al, 2005. I6¢enych rezimem CVP vs. R-CVP (rituximab, cyklofostamid, vinkristin, prednison);

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

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



Udrzovaci lécba
rituximabem
(tzv. maintenance)

1.0

0.8
0.6

0.4

Progression-Free Rate

0.2

Fatlents at Risk, n

| Rasponse evaluation *  S0oor PO O study
w
PR or CR
Randomization
12x
Observation rituzimah
q & weeks, 2 yrs
_I_‘_I_I_LI—LI'_\_:_LL‘ B2%
— X
H
B Rituximab malntenance : 6% 1
[ {n = 505} X
B Observation (n =513) |
stratifled HR = .50 |
| 95% CI; .39-84 |
P 0001 |
|
1
i [ 12 18 24 30 36
Months
LG 472 443 336 230 103 18

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

neutralizatnich ~ IMySi, chimerické, humanizované a cisté lidské MoAb
protilatek pfi
aplikaci (human
anti-mouse
antibody,
HAMA,); neni
optimalni vazba
imunokompetent
-nich bunék na
mysi Fc fragment

Mouse
(ADCC)
priklad:
anti-CD20 H
ibritumomab \ anti-EGFR

tiuxetan Chimeric ruman panitumumab (Vectibix)
(konjugat s 90-

Ytrium, beta
zaric) (Zevalin)

Humanized

I ] Mouse sequences [ | Human sequences

anti-CD20
ofatumumab (Arzerra)
Nature Reviews | Cancer POZN. Phase 2 studie ve FN

. Complementarity
® Glycosylation ~— determining regions

tositumomab 2 st
(Bexxar) Brno, u pacientu
(konjugét s 131 s chronickou lymfocytarni
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 .

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

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



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

Priklad bispecifické trifunkéni protilatky:
napr. catumaxomab (Removab ®)

EpCAM = Epithelial cell adhesion molecule (CD326)

EDCA&(/\: | Catumaxomab wg
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 therapy is not available

T cell



Immunotoxin

scFv-enzyme

ADEPT .
@no con]@ Prodrug Drug

Pozn. ADEPT : Antibody-directed enzyme prodrug therapy




Mechanismus ucinku MoAbs

ADCC: antibody-dependent cellular

cytotoxicity (= bunkami zprostredkovana

cytotoxicita zavisla na protilatkach)

CDC: complement dependent cytotoxicity

ve

Primy cytostaticky ucinek protilatek

Engineered Fc properties and applications

Engineered lgG

Effector
Cell

FcyR

CDC a

Complement

Activation /
CC3b

ADCC

Lysis or
Phagocytosis

An
Target Cell 4

Cell Death

Potential Benefits

P - Mutations Properties
higGleq  uman T250QUM428L LEETEED
g 1gG plasma half-life
hlaGie2 human M252YIS254TITZ256E + Increased
g lgG1 H433KM434F plasma half-life
flaGle3  Muman  E233PIL234VIL235AAG236 Reduced ADCC
g 1gG1 + A32TGIAZ30S/P321S and COC
human Increased
LES 1gG1 I ADCC and CDC
higGzeq  uman K322A Reduced CDC
1gG2
mlaG2Aze] maouse L235E + E318AMK3Z20A Reduced ADCC
g lgG2a IK322A and CDC

http://www.invivogen.com/

Applications

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

Vaccination;
therapeutic use

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

Yaccination;
therapeutic us

Therapeutic use

SELIERUED R E LS without cell depletion

Therapeutic use with

Increased efficacy cell deplefion

Yaccination;

Reduced adverse events )
therapeutic use

Therapeutic use

Reduced adverse events )
without cell




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

protilatka obchodni pfipravek cilova struktura
rituximab MabThera cD20

galiximab Primatized cDao

lumiliximab Lucid CD23

brentuximab vedotin (SGN-35) - CcD30%)
basiliximab Simulect CcD2s

oetuxémab Erbitux EGFR/ERBB1/HER1
volociximab - a5-B1 integrin
81C6 (") Neuradiab 1enascin

1 protildtka konjugovand s monometylauristatinem E

Klener P, Klener P Jr: Nova protinadorova |éciva a IéCebné strategie v onkologii 2010



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

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

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

veltuzumab - CD20

apolizumab Remitogen HLA-DR
milatuzumab - CD74

daclizumab Zenapax IL2R

tocdilizumab Actemra IL6R
mepaolizumab Bosatria _ ILS

labetuzumab (') - CEA, CIDE
gemtuzumab ozogamicin *) Mylotarg CD33
inotuzumab ozogamicin *} - cD22
tacatuzumab tetraxetan **) (*vt) - AFP

*) protildtky konjugované s kalicheamycinem

. «
Yprotilitior kanjugovans s ytriem it Klener P, Klener P Jr: Nova protinadorova |éciva a IéCebné strategie v onkologii 2010



Generic naming formula:

Name = prEfix + SUbStem(S) + stem——>| _mab m0n00|0na| gnngody
i -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: Nomenclature for monoclonal antibodies

piedpona

cﬂnm:l struktura

WHO Drug Information Vol 23, No. 3, 2009

pivod [typ] protilaticy  pfipona

variabilni
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Modifikovano z: Sobotkbvé, M., Bartlnkova J., Remedia, 2008



Protilatky proti membranovym antigenum leukocytu

(1)
Rituximab (Mabthera, Rituxan) :

e Chimericka mysi-lidska anti-CD20 MoAb

e 1997 - 1. schvaleni MoAb k terapii malignich onemocnéni

 Mechanismus ucinku komplexni povahy

 (CD20 exprimovan na zralych B-lymfocytech a u zralych B-
hematoonkologickych malignit (folikularni lymfom, B-CLL, BurkittGv
lymfom, difuzni velkobunécény B-lymfom (DLBCL), v ramci klinickych
zkousek v mnoha dalsich indikacich, a to jak hematoonkologickych ( napr.
lymfomy plastové zony (mantel cell lymfoma) tak neonkologickych
indikacich napr. refrakterni = na IéCbu Spatné reaguijici = ITP i AIHA
(autoimunitni trombocytopenie i autoimunitni hemolytickd anémie)




Rituximab v Iécbé maligniho lymfomu

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

Dale pak pro udrzovaci |éCbu folikularniho lymfomu v 1. linii i v relapsu onemocnéni pro
nemocné, u kterych indukcni terapii bylo dosazeno minimalné parcidlni remise nebo lepsi
klinické odpovédi. Po indukcni [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
onemocnéni.

Podani rituximabu v registrovanych indikacich je mozné ve zdravotnickych zarizenich se
zvlastni smlouvou zahrnujicich Centra intenzivni 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), Burkittlv lymfom,
MALT lymfomy, dalSi CD20 pozitivni lymfomy a chronicka B-lymfaticka leukémie.

Podani rituximabu v téchto indikacich je mozné pouze v Centrech intenzivni hematologické
péce (CIHP).




Ve

Nezadouci ucinky rituximabu:
Relativné cCasté, zfidka vSak zavazné

Béhem a bezprostfedné po aplikaci |ék(- horecka, ties, hypotenze,
bronchospazmus, angioedém ...

Riziko reaktivace chronické hepatitidy B, proto pred nasazenim léku vidy
vysetreni sérologické vysSetfeni na HBV

Vzacneé tézka alergické reakce , srdecni zastava, syndrom akutni lyzy nadoru

Imunosuprese:
Deplece B-lymfocytl v délce mésicl ( fyziologickych i autoreaktivnich ),
repopulace cca v 9-12 mésici po inicialni depleci




Udrzovaci lécba
rituximabem
(tzv. maintenance)
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12x
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H
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1
i [ 12 18 24 30 36
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LG 472 443 336 230 103 18

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



Protilatky proti membranovym antigenum leukocytu

(2)

Ofatumumab (Arzerra) :

e (isté lidska anti-CD20 MoAb

e odlisny epitop nez rituximab

e stalejsi vazba na receptor, ADCC stejné intenzity jako rituximab, ale
intenzivnéjsi indukce CDC

* témeér neindukuju tvorba autoprotilatek HAHA

» statut orphan drug k |écbé chronické lymfatické leukémie (CLL)

e klinické studie u nehodgkinskych lymfomu (NHL)

Veltuzumab :
humanizovana anti-CD20 MoAb IgG1

stejny epitop jako rituximab
subkutanni podani



Protilatky proti membranovym antigenum leukocytu

(3)
Alembuzumab (MabCampath):

* humanizovana anti-CD52 MoAb

e povrchovy glykoprotein prfitomny u malignich i normalnich T- a B-
lymfocytd, ale téZ monocytl/makrofagt

 deplece CD4+ i CD8+ T-lymfocytl

* vysoké riziko oportunnich infekci (CMV, herpesvirosy, Pneumocystis
jiroveci)

* |écba chronické lymfatické leukémie (CLL)

« &etné NU véetné pancytopenie, té7ké postinfuzni reakce, syndrom
nadorového rozpadu



Protilatky proti kinazam(1)

buné&dna
membrana

PLC SRC PI3K RAF
PKC FAK AKT MEK
mTOR ERK

Obr. 38 Signalni drahy aktivované receptorovymi tyrozinkinazami (RTK)

Klener P, Klener P Jr: Nova protinadorova |éciva a IéCebné 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 streva, plic

ERBB1/ | favian 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, mocoveho 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

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

smycka




Cetuximab (ErbitUX): chimericka IgG1 MoAb proti

extracelularni doméné receptoru EGFR/ERBB1/HER1. 5 x vyssi afinita
oproti pfirozenym ligandiim (EGF, TGFa)

Pfitomnost aktivacnich mutaci genu KRAS byla klinickymi studiemi
prokdazana jako vyznamna determinanta rezistence nadoru vici pusobeni
anti-EGFR MoAb.

Pouze u pacientt s tumory, jejichZ buriky obsahuji wt KRAS lze pocitat s
terapeutickym uspéchem. Indikace : karcinomy hlavy a krku, metastaticky

kolorektalni karcinom B c




Progression-free survival by treatment within KRAS groups

A 100 =
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Amado, R. G. et al. J Clin Oncol; 26:1626-1634 2008
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Obr. 51 Zjednehudend schéma transdukdnich kaskad spousiényen VEGE, EGE a integriny
Cervend jsou zndzomény zasaty riznych inhibitor(.



bevacizumab (A\IaStin) neutralizaéni humanizovana
MoAb proti ligandu VEGF

blokdda nadorové neuvaskularizace -- antiangiogenni |écba

indikace :

metastaticky karcinom tlustého streva,

prsu , nemalobunécny karcinom plic jiny nez dlazdicového typu, karcinom
ledviny

klinické studie : multiformni glioblastom , karcinom pankreatu etc.

transtuzumab (Herceptin) humanizovans Moab
proti ERBB2/HER2/NEU

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

transtuzumab brani dimerizaci s ostatnimi ¢leny ERBB



volocixmab VEGF bervacizumat trastuzumab
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Obr. 51 Zfednodusend schéma teansdukdnich kaskad spousiényoh VEGE, EGE a integriny
Cervend jsou zndzomény zasaty riznych inhibitor(.



Tab. 8 Prehled inhibitoru RTK a PTK
1 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

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

tandutinib - FLT3, PDGFR, KIT

Klener P, Klener P Jr: Nova protinadorova |éciva a IéCebné 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-1B

Proteasome

EGFR (HER1/ERBB1)

ALK, MET

BRAF

ABL

RANKL

*Chronic myelogenous leukemia
(Philadelphia chromosome positive)

*Hodgkin lymphoma

*Anaplastic large cell lymphoma
*Medullary thyroid cancer

*Juvenile idiopathic 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 ALL and 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 ymphoma

*Peripheral T-cell ymphoma



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

*Hepatocellular carcinoma
*Renal cell carcinoma
*Thyroid carcinoma

*Renal cell carcinoma

*Rheumatoid arthritis

*Juvenile idiopathic arthritis
*Rheumatoid arthritis

*Non-Hodgkin's lymphoma

*Melanoma (with BRAF V600
mutation)

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



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

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

Vismodegib (Erivedge) PTCH, Smoothened *Basal cell carcinoma

Vorinostat (Zolinza) HDAC *Cutaneous T-cell
lymphoma

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

http://www.mycancergenome.org/



EUROPEAN ME[;ICINES 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/rRaf/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 Iéébu zhoubnych nadori: Ceskd onkologicka spole¢nost

(COS) vede klinické registry pacientl lé&enych cilenou biologickou lé¢bou v Komplexnich
onkologickych centrech (KOC). Diky registrim je mozno hodnotit pfinos a bezpecénost lécby.
Zadavani udajl do registrQ neni povinné, ale presto v nich jsou zaznamendny informace o
vice nez 90 % pacient(l. Registry poskytuji dostatek ovérenych dikaz(i o tom, Ze ndkladnou
|é¢bou 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 léfeny trastuzumabem (Herceptin® ),
lapatinibem (Tyverb®) a/nebo bevacizumabem (Avastin®].

it Daldi informace

Corect
Klinicky registr pacientd s kolorektalnim karcinomem (CRC), ktefi jsou |&8eni cetuximabem
(Erbitux®), bevacizumabem (Avastin®) a/nebo panitumumabem (Vectibix®].

22 Daldi informace

Erbitux
Klinicky registr pacientd s lokdliné pokroéilym karcinomem hlavy a krku, ktefi jsou 1&€eni
cetuximabem (Erbitux®).

:: Dalsi informace

Pemetrexed
Klinicky registr pacientl s malignim pleurdinim mezoteliomem, ktefi jsou |&éfeni pemetrexedem
(Alimta@).

:: Dalsi informace

reGISTer
Registr pro sbér epidemiclogickych a klinickych dat pacientd s gastrointestindlnim stremalnim
tumorem (GIST). v jehoZ rémci je mj. monitorovana lééba 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 riznou

predpokladanou odpovédi k TKI

Tab. 6 Molekularni aberace a implikace pro klinickou prax|

Molekularni abnormality Frekvence vyskytu u NSCLC (%)

EGFR mutace

Klinické implikace

senzitivita k EGFR TK]

EGFR zvyseny pocet kopii 30-6C

MET amplifikace TL

MET mutace

nejiednaznacna data o senzitivité k EGFR TKI a mAb

ezistence k EGFR TKI, horsi progndza

nozny vliv na EGFR rezistenci

EMLA-ALK fuze

[
[
senzitivita kK ALK inhibitorum

KRAS mutace
HERZ mutace

PIKZCA amplifikace

PIKZCA mutace

| spajena s koufenim, horsi progneéza

rezistence k EGFR TKs

mozny vliv na EGFR rezistenci

v na EGFR rezistenci, mozna predikce lécebné

13K/AKT/mTOR inhikitory

MOZNy v

QCGPOVEDI Na

BRAF mutace

IGF-1R amplifikace 27

spajena s kourenim

indixuje lepsi prognozu nemaocnych s operabilnim NSCL(

Petruzelka et al. Postgrad. Med. 2013



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

Teré Frekvence genovych aberaci Lék nebo |ékova skupina . SL nebo studie
u adenokarcinomi (%) }
EGER 10-30 erlotinib SL
gefitinio SL
jine TKI nebe jejich kambinace Klinicka studie —3
KRAS 10-30 7 B HSP90 infibitory Klinicka studie
= daly) klinicka studie
EML4-ALK 5-7 crizotinib Sl
inhibitory klinicka studie
TKI druhé generace klinicka studie
ROSI 2 — crizotinit Klinicka studie ’
BRAF 3 = BRAF inhibitary Klinicka studie
MET 50 (pazn. vdechny NSCLC, IHC overexprese) onartuzumab klinicka studie

crizotinib klinické studie

EGFR - receptor pro epidermdlni ristovy faktor; EML4-ALK - echinoderm microtubule-associated protein-like 4-anaplastic lymphoma kinase;
IHC - immunochistochemické; SL - standardnf Ié€ba; TKI - tyrozinkinazovy inhibitor

Petruzelka et la. Postgrad. Med. 2013



Prediktivni testovani : predikce odpovédi na
cilenou lécbu

Mew Tumor Biopsy

v N

Histological Genomic
pathology pathology
: Genomic ALK MET EGFR
NSCQ‘EIEID;G“DW'E alteritinn ampliiIcatinn mutaltian
EGFR TKI ALK TKI MET TKI EGFR TKI
therapy therapy therapy therapy

! l
MMM MR MR AR
MNo clinical Clinical W W W

responsec 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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Nové moznosti farmakologické lécby nadoru
spojenych s tuberozni sklerézou

MUDr. Karel Zitterbart, Ph.D.

Klinika detské onkologie LF MU a FN Brno

Spoluprace prvniho autora s farmaceutickymi firmami:
Novartis CR—prednasejici



[ -c!‘c(al{ov-:. vaseulaires.

1835: Pierre Frangois Olive Rayer
prvni popis kozniho postizeni 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, psychomotoricka
retardace, adenoma sebaceum

1967: Manuel Rodriguez GOmez

71 pacientli 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



Growth-promoting signals |

Mitogens Growth factor withdrawal
Cytokines lfn\. Starvation
Hormones E./ Energy depletion
Nutrients Cellular stress
Energy a
Oncogenes '.Eheb'l Tumor Suppressors
\ mTORC1
mTDR LS
__ Raptor ~
/ @EBE--\
mMRNA Aerobic De novo Pentose De novo
Translation Glyculysm Lipid Phosphate | Nucleotide
Ii{ Synthems Pathway Synthesis
ATP l
Ribosome Biosynthetic ‘ NADPH l /
Biogenesis Precursors Ribose
,l, 3  \AAs G.rycer}y l
Protein | | Membranes | | Nucleic Acids |

Anabolic Cell Growth and Proliferation
Manning DB, 2013















Epidemiologie TSC

1:6 000 porodu
1,5 milionu postizenych celosvetove
CR: odhad 1 000 — 1 500 nemocnych s TSC

Klinicka symptomatologie i mira zavaznosti
postiZeni je u jednotlivych pripadu TSC velmi
riznoroda



ierous 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 varnants 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 normal 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 fibromas (>2)
4
5

SOLmNOWME WS

—

. 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
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Prenatalni obdobi Batoleci vék Pfedskolni a Skolni vék Adolescence Dospélost

5-18 let

Angiomyolipomyledvin ajater
Kozni projevy
Hamartomy sitnice

Projevy v dutiné ustni

LAM: Lymfangioleiomyomatodza



Multi-systémovy charakter TSC

e Péce o pacienty s multisystémovymi chorobami, jako je TSC, je
medicinskou i spolecenskou vyzvou

 “Centra excelence”: péce poskytovana na jednom misté

* Clinics without walls”: definovana sit spolupracujicich odbornik(

— genetik

— pediatr

— (détsky) neurolog
— (détsky) kozni |ékar
— ocni lékar

— nefrolog

— plicni |ékar

— neurochirurg

— psycholog

— psychiatr

— (détsky) onkolog

Graffigna G, et al. BMJ Open. 2013;3:e003707.
TSC, tuberous sclerosis complex. Northrup H, et al. Pediatr Neurol. 2013;49:243-54.



ProC by mel byt detsky onkolog

soucasti TSC-tymu?

7—-10 % vSech détskych mozkovych nadorl( maji hereditarni predispozici

Histology Hereditary syndromes

Pilocytic astrocytoma NF1

Diffuse astrocytoma Li-Fraumeni, NF1
Anaplastic astrocytoma Li-Fraumeni
Glioblastoma Li-Fraumeni, NF1, turcot type 1
Ependymoma NF2

Choroid plexus tumour Li-Fraumeni, RTPS
SEGA TSC

Dysplastic gangliocytoma Cowden
Medulloblastoma/PNET NBCCS, turcot type 2, Li-Fraumeni, RTPS
AT/RT RTPS
Schwannoma NF2, schwannomatosis
Neurofibroma NF1

MPNST NF1

Meningioma NF2, NBCCS

AT/RT, atypical teratoid/rhabdoid tumour; MPNST, malignant peripheral nerve sheath tumours; NBCCS, naevoid basal cell
carcinoma syndrome; NF1, neurofibromatosis 1; NF2, neurofibromatosis 2; PNET, primitive neuroectodermal tumour; RTPS, Ohgaki H, et al. Curr Opin Neurol.
rhabdoid tumour predisposition syndrome; SEGA, subependymal giant cell astrocytoma. 2010;23:583-91.



Pro¢ by meél byt détsky onkolog
soucasti TSC-tymu?(cont.)
Casna (pre-emptivni) diskuse s rodi¢i/pacientem
o rizicich, ¢asné detekci a Iécbé nadorul spjatych s TSC
Cilena lécba v detské onkologii v rozmachu
Zvazovani rizik a management akutni a pozdni toxicity
lécby

Péce primarné poskytovana v multidisciplinarnim tymu

Zitterbart K. Klin Onkol. 2014;27:401-5.



Nadory spojené s TSC

Casta manifestace

 Rabdomyomy myokardu (cca 2/3 pripadu)

e Supependymalni obrovskobunécny astrocytom (SEGA)
(cca 20 %)

* Angiomyolipomy ledvin (AML) (85 %), vzacne také
jater, nadledvin, testikularni

Vzacna manifestace
* Lymphangioleiomyomatoza plic

(u5 % zen v tizi, ktera klinicky vyznamna)
 PEComa (Perivascular epithelial cell tumor)
* Chordom
* Neuroendokrinni nadory ruznych lokalizaci



Vzacné nadory spjaté s TSC

Maligni PECom Chordom u 3-letého
u 9-letého chlapce chlapce

Cases from the Department of Pediatric Oncology,
PEComa, perivascular epithelioid cell tumour. Masaryk University, University Hospital Brno, Czech Republic.



Growth-promoting signals |

Mitogens Growth factor withdrawal
Cytokines lfn\. Starvation
Hormones E./ Energy depletion
Nutrients Cellular stress
Energy a
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\ mTORC1
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Translation Glyculysm Lipid Phosphate | Nucleotide
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ATP l
Ribosome Biosynthetic ‘ NADPH l /
Biogenesis Precursors Ribose
,l, 3  \AAs G.rycer}y l
Protein | | Membranes | | Nucleic Acids |

Anabolic Cell Growth and Proliferation
Manning DB, 2013



sirolimus everolimus

Rapamycin RADOO1 (everolimus)

Sirolimus byl izolovan z pudni bakterie Streptomyces hygroscopicus na ostrové
Rapa Nui (VelikonoCni ostrov ve vychodni Casti Polynésie) v roce 1975 a byl
puvodné zkouman jako ucinné antimykotikum. Posléze byl odhalen vyznamny
antiproliferaCni a imunosupresivni efekt rapalog a dnes se sirolimus i
everolimus uplatnuji v transplantacni medicine.



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) T5C
SEGA Age =3 years with SEGA 25
(NCT00D411619) associated with TSC
EXIST-2 Age =18 years with AML 99
(NCTOO790400 ) associated with TSC or sporadic

LAM
AML Age 18-65 years with AML 30
(NCT0O0457964) 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 Il

Open-label, Phase I/1|

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

Open-label, Phase I/1|

Open-label, Phase I/1|

Nonrandomized, open-label,
multicenter, Phase I/1l

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: Lymphangicleiomyomatosis; SEGA: Subependymal giant-cell astrocytoma; TSC: Tuberous sclerosis complex.

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



MTOR inhibice v |écbé 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 EU Licence for
renal angiomyolipoma

9-2013: everolimus approved for the treatment of infants



Subependymalni obrovskobunéecény astrocytom

 nador mozku nizkého stupné malignity (gradus 1)

* typicka je intraventrikularni lokalizace SEGA
v postrannich a treti mozkové komore, nejcasteji pri
foramen Monroi

e SEGA se v prubéhu Zivota vyskytne az u 20 % jedincu
s TSC. Rust nadoru je typicky pro prvni dvé dekady
zivota pacientu s TSC, vede ke vzniku obstrukéniho
hydrocefalu a podminuje klinicky obraz intrakranialni
hypertenze

* Postizeni SEGA muze byt i viceCetné Ci bilateralni



Kazuistika

V roce 2012 neurochirurgove referuji ke konzultaci 17 -letého
chlapce

OA: mezi 1-3 lety véku popisovana centralni hypotonie, RHB-
Vojta... zlepseni

SA: stredni skola — umélecka remesla-keramik

Dg. TSC v 9 letech, k dg vede rozvoj kozniho postizeni
mutace TSC2 genu nasledné potvrzena i mol. geneticky

multioborova péce (neurochirurg, ortoped, dermatolog,
neurolog, kardiolog, nefrolog)

Dominujici patologie v 2. dekadé: rostouci SEGA

Dale: angiomyolipomy ledvin do 3 cm, mirna proteinurie,
hypertenze (Monopril), sekundarni skoliosa, kize ...



MR mozku v 9 letech véku (rok 2004)




V 15 letech (2010): klinicky intermitentni pfiznaky syndromu intraktanialni
hypertenze, edém papily, progrese Sire komoroveho systému, progrese
ristu vicecetnych SEGA

Res.: Inzerce V-P shuntu




Rok 2011: priznaky ICH,, progrese Sife LPK ,dalSi rast SEGA
Res.: Uprava V-P shuntu: biventrikularni , drenovany obe 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

IM:17
08:55:29

FN Brho

“ T2W_FLAIR 4mm
mozekfiPZek.difuze/perflize,opak.a dopls k..,

R v

Supratentorialné obraz postizeni v ramci tuberdzni sklerézy, viceCetna
tumordzni loziska SEGA v obl. postrannich komor celkoveé v regresi,
zejm. nejvétsi léze pfi foramen Monroi vpravo. Regrese edému v bilé
hmoté vpravo F-P. Regrese dilatace pravé postranni komory.



Kazuistika — pokracujici |écebna odpoved

baseline 3 mésice 16 mésicl

ZlepSeni kozniho postizeni
Mirna regrese AML ledvin
Toxicita maximalné gr 2: stomatitida; mukoadhesivni pasta s kortikoidy



Pripad 2 —|écebna odpoved

14-leta divka, progredujici SEGA
Volumetricky redukce objemu SEGA o0 80 %

Baseline 3 mésice




Pripad 3 —|lécebna odpoved

Volumetricky redukce objemu SEGA o0 56 %

baseline 3 meésice




Akutni toxicita systémove |écby
everolimem

- o= = 2C ;
0¢ i =
Stomatitis 46 (41.1) 9 ( 5.9) 2 (2.6) 0 (0.0
Nasopharyngitis 36 (32.1) 19 (18.8) 14 (18.2) 5 (27.8)
Acne 28 (25.0) 8(7.9) 3(3.9) 0 (0.0
Headache 26 (23.2) 11 (10.9) 3 (3.9) 0 (0.0)
Hypercholesterolemia 25 (22.3) 9(8.9) 6 [ 7.8) 3 (16.7)
Aphthous stomatitis 21 (18.8) 14 (13.9) 6(7.8) 1(5.6)
Fatigue 19 (17.0) 2{2.0) 2 (2.6) 0 (0.0
Cough 18 (16.1) 4 (4.0} 4(5.2) 0 (0.0
Diarrhea 17 (15.2) 6(5.9) 3(3.9) 0 (0.0
Nausea 17 (15.2) 5 { 5.0} 0 {0.0) 2 (11.1)
Mouth ulceration 17 (15.2) 3(3.0) 2(2.6) 0 [0.0)
Urinary tract infection 16 (14.3) 14 (13.9) 6[7.8) 1(5.6)
Vomiting 15 (13.4) 7 6.9) 1(1.3) 1(5.6)
Hypertension 14 {12.5) 3(3.0) 3(3.9) 1(5.6)
Edema peripheral 12 {10.7) 8(7.9) 4(5.2) 0 [0.0)
Amenorrhea 12 (10.7) 716.9) 3(3.9) 0 (0.0}
Leukopenia 12 {10.7) 6(5.9) 0 (0.0} 0 (0.0}
Back pain 12 {10.7) 5 ( 5.0} 2(2.6) 1(5.6)
Blood lactate dehydrogenase increased 12 {10.7) 2{2.0) 1(1.3) 0 [0.0)
Hypophosphatemia 11 { 9.8) 5(5.0) 4(5.2) 2 (11.1)

§ Oth A d opean A




Topicka lécba mTOR inhibitorem

110 PE Dill et al. / Pediatric Neurology 51 (2014) 109—113
TABLE L
Summary of Previously Reported Cases Treated With Topical Sirolinius, n = 62 in Total
Year Author n Age Concentration Compound Frequency Side Effect Remarks
(vr) of Sirolimus Effects
2013 Tanaka et al® 4 236 0.2% OJintment, 2w per day One case All better  Left-right
no details with temporary COMmparison
erythema not
only on treated
area with known
atopic dermatitis
7 630 2% Gel, no details 2= per day Mone All better  Left-right
COMPAarison
and better skin
penetration than
the ointment
2013 Wheless 2 10and 12 01% Hydrophilic 2= per day Mone All better
and Almoazen® ointment (United for 2 wk, then
States 1= per day
Pharmacopeia)
2012 Kaufmannetal'” 2 Gand21 01% Eucerin 1:x per day Mone All better
2012 Koenig et al."’' 18 =13 0.015% Skincerity 1= per day n = 2 skin 73% better Five drop out, two
and 0.003% buming of them because
i of skin burning
2012 Trucuelo et al's 1 11 1.0 Dexeryl cream 1= per day Mone Better
2012 Wataya et al.”? 1 8 0.2% Mo details 2w per day Mone Better
2011 DeKlotz et al.™ 1 nodata 1.0% Petrolatum 2= per day Mone Better
2011 Foster et al.™” 2 517 0.1% Petrolatum 2w per day Mone All better
2 517 1 mg/mL Solution (Pfizer) 2= per day Both skin Changed to
irritation ointment
20011 Mutizwa et al.'® 2 15 and 26 1 mg/mL Solution (Pfizer) 2w per day not Both skin All better
tolerated irritation
because
of side effects:
) 1= per day
2011 Salido et al.™” 10 6-43 0.4% Petrolatum 3= per wk Mone All better
2011 Wataya et al.'® 9 945 0.2% 0.03% tacrolimus 2= per day MNone All better  Left-right
ointment COMparison
2010 Haemel et al.'® 1 16 1.0 Petrolatum 2w per day Mone Better



Clinical ObservaWns

Topical Everolimus for Facial Angiofibromas in the Tuberous @C e
Sclerosis Complex. A First Case Report

Patricia E. DillMD* ", Gaston De Bernardis MD "<, Peter Weber MD?, Uli Lésch PhD

* Department of Pediatric Neurology and Developmental Medicine, University Children’s Hospital Basel, University of Basel, Basel,
Switzerlond

B INSERM Unité 1511, Paris, France

 Division of Pediatric Surgery, University Children's Hospital Basel University of Basel, Basel, Switzerland

4 Hospital Pharmacy, University Hospital Basel, University of Basel, Basel, Switzerland

PE. Dill et al. / Pediatric Neurology 51 (2014) 109—113 111

FIGURE 1.
Facial angiofibromas before and after 6 months of treatment with 0.4% everolimus ointment. (Color version of this figure is available in the online edition .)



0,4 % everolimus

Rp.

Everolimus 0,02¢g
Paraffinum liguidum 1,69
Vaselinum album ad 5,09
M.f.ung. No Il (tres)

1x denne vecer,
dusledna fotoprotekce
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Zaver
U prezentovanych pacientl s TSC doslo k jasnému klinickému
benefitu pri lécbé mTOR inhibitorem (systémove, topicky).

Lécba mTOR inhibitorem je dobre tolerovana, maximalni
pozorované akutni toxicity byly stupné < 2 (systémoveé:
dominantné stomatitida a alterace metabolismu tukl, lokdlné
prechodny erytém pfri horsi fotoprotekci — more, hory)

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

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



Multioborova pécée — definovana sit
spolupracujicich odborniku

e Cilem: péce poskytovana v souladu s mezinarodnimi
guidelines (koordinovana a standardizovana),
zalozena na evidence-based doporucenich

e LA patient-centred” pristup, zvazovani maximalniho
prospéchu pri ruznych lé¢ebnych moznostech

meurosurgeqn Geneticist

Paediatrice—sPaediatric | Dermatologist

oncologist | neurologist | ophthalmologist

% v AL
Nephrologist s>Primary care

¢ paediatrician | V¢
Urologist Psychiatrist

;(Neuro)psychologist




Zaver

U prezentovanych pacientu 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 tuki)

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

Do budoucna je tfeba disledné analyzovat dlouhodobé |1é¢ebné
vysledky a chronickou toxicitu protrahovaného podani mTOR
inhibitoru, stejné jako nakladovou efektivitu tohoto postupu



