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ZDROJE INFORMACI

» Zcela obecny a rychly prehled — clanek Zaklady cilena lécba v
onkologii

* Prehledny text viz skripta Klinické onkologie str.86-95

Pro zajemce o hlubsi informace

* napr. Slaby O. et al. Molekularni medicina, Galen 2015. kapitola Cilena
terapie

* Imunoterapie ¢lanky

* https://www.linkos.cz/casopis-klinicka-onkologie/2015-12-15-
supplementum-4/#wizard-layout-headline-2




Gerald Edelman and Rodney Porter

objev chemickeé 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-lymfocytl
1986 - schvaleni U.S. Food and Drug Administration (FDA)

k lecbé nemocnych s akutni rejekci transplantatt ledvin, srdce
nebo jater




Mechanismus ucinku MoAbs
ADCC: antibody-dependent cellular
cytotoxicity (= bufikami zprostfedkovana
cytotoxicita zavisld na protilatkach)

CDC: complement dependent cytotoxicity

Primy cytostaticky ucinek protilatek

Engineered Fc properties and applications
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Generic naming formula:

Name = prefix + substem(s) + stem ——| _mab  monoclonal antibody

J -ib small molecule with
' variable inhibitory properties
Monoclonal antibodies
Target Source
-Ci(r)- circulatory system -ximab chimeric human-mouse
-liim)- immune system -Zumab humanized mouse
-t(u)- tumeor -mumab fully human

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

http:/f'vww.mycancergenome.org/




Monospecifické protilatky:

= =5 ,

Fab F(ab') Fab' scFv di-scFv sdAb
(fragment antigen hinding) 2 (single-chain (single domain
variable fragment) antibody)

Bispecifické protilatky

chemically linked BITE
F{:Eh'} 0 {bi-specific T-cell engager)

trifunctional antibody

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

hispecific antibodies : trifunctional antibody, chemically linked F{ab'}g, bi-specific T-

cell engager)




Priklad bispecifické trifunkcni protilatky:
napf. catumaxomab (Removab ®)

EpCAM = Epithelial cell adhesion molecule (CD326)

Tumor cell T cell

"h.:_\_\_\- .

4 A
E“GW Catumaxomab W

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




Tvorba
neutralizaénich Mysi, chimerické, humanizované a cisté lidské MoAb
protilatek pri
aplikaci (human
anti-mouse
antibody,
HAMA,): neni
optimalni vazha
imunokompetent
-nich bunék na
mysi Fe fragment

N v

(ADCC) - p /

priklad: A - /? %4’“}

anti-CD20 i . HF

ibritumomab L .| \ anti-EGFR
tiuxetan Hurmen

panitumumab (Vectibix)

(konjugat s 90-

- |_I_i Mousesequences | | Human sequences

Ytrium, beta o Ohicosyiction __ Complernentarity anti-CD20

zaric) (Zevalin) deeminng regens ofatumumab (Arzerra)

Naturs Reviews | Cancor P0OZN. Phase 2 studie ve EN
Brno, u pacientu
s chronickou lymfocytarni
leukemii {CLL)

tositumomab
(Bexxar)
(konjugat s 131-1,
betaigama
Zaric)




Pozn. ADEPT : Antibody-directed enzyme prodrug therapy




Chimerické monoklonalni protilatky- rituximab, cetuximab, brentuximab
vendotin (konjugat s monometylauristatin E)

Humanizované monoklonalni protilatky — bevacizumab, trastuzumab,
nimotuzumab, pertuzumab ...

https://www.mycancergenome.org/ kompletni aktualizovany seznam




Protilatky proti membranovym antigenim leukocytu

(1)
Rituximab (Mabthera, Rituxan) :

*  Chimerickad mysi-lidska anti-CD20 MoAb
* 1997 - 1. schvaleni MoAb k terapii malignich onemocnéni
*  Mechanismus tcinku komplexni povahy

« CD20 exprimovan na zralych B-lymfocytech a u

zralych B-hematoonkologickych malignit (folikularni
lymfom, B-CLL, Burkittdv lymfom, difuzni velkobunéény B-lymfom
(DLBCL),

* Hematoonkologické indikace ( napf. lymfomy plastové zony (mantel cell
lymfoma)

* neonkologické indikacie napf. refrakterni = na lé¢bu Spatné reagujici =
ITP ¢i AIHA (autoimunitni trombocytopenie ¢i autoimunitni hemolyticka

anemie)




Rituximab v Ié¢bé maligniho lymfomu

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

Dale pak pro udrzovaci Iécbu folikularniho lymfomu v 1. linii i v relapsu onemocnéni pro nemocné, u kterych indukéni
terapii bylo dosazeno minimalné parcialni remise nebo lepsi klinické odpovédi. Po indukéni |éCbé 1. linie je rituximab
podavan 1xza 2 mésice po dobu 2 let (tedy 12 davek), po indukéni terapii relapsu folikularniho lymfomu pak 1xza 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 zafizenich 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
lymfocyt (SLL), Burkittlv lymfom, MALT lymfomy, dalsi CD20 pozitivni lymfomy a chronicka B-lymfaticka
leukémie.Podani rituximabu v téchto indikacich je moziné pouze v Centrech intenzivni hematologické péce (CIHP).




s ve

Nezadouci ucinky rituximabu:
Relativné cCasté, zridka vSak zavazné

Béhem a bezprostiedné po aplikaci |ékG-horecka, tres, hypotenze, bronchospazmus, angioedém ...
Riziko reaktivace chronické hepatitidy B, proto pred nasazenim |léku vzdy vySetrfeni sérologické vysetreni na HBV

Vzacné tézka alergické reakce , srdec¢ni zastava, syndrom akutni lyzy nadoru

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




Protilatky proti membranovym antigenim leukocytt

(2)

Ofatumumab (Arzerra) :

* Cisté lidska anti-CD20 MoAb

* odlisny epitop nez rituximab

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

* témér neindukuju tvorba autoprotilatek HAHA

* statut orphan drug klécbé chronicke lymfaticke leukéemie (CLL)

* klinické studie u nehodgkinskych lymfoma (NHL)

Veltuzumab :

humanizovana anti-CD20 MoAb IgG1
stejny epitop jako rituximab
subkutanni podani




Protilatky proti membranovym antigentim leukocytl

(3)
Alembuzumab (MabCampath):

* humanizovana anti-CD52 MoAb

* povrchovy glykoprotein pritomny u malignich i normalnich T- a B-
lymfocyta, ale téz monocytt/makrofagu

* deplece CD4+ 1 CD8+ T-lymfocytd

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

* |écba chronické lymfatické leukémie (CLL)

« ¢etné NU véetné pancytopenie, tézké postinfuzni reakce, syndrom
nadorového rozpadu|




Protilatky proti receptorovym kinazam(1)

FLC SR FILK RAF
PEE FiK AKT MEK
TR ERK

Obr. 3% Sionaim drahy aktivovase recepforovennt porasinkmazom (RTE)

Klener P, Klener P Ir: Nova protinadorova |eciva a lecebné strategie v onkologii 2010




Protilatky proti receptorovym kinazam (2)

EGFR/ERBB/HER

« ErbB1 (EGFR) zodpovédny za regulaci
normalniho bunééného rustu

» Porucha ErbB1 vede k neregulovatelne
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




Tab. 7 Frehled vivbrarnich receploravyvh fyrasinkinas

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

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

ERBB1/ | favian erythroblastic leukemia

HER1 viral ancogenes homologdwaman

emaermal grovwth facior recepror

ERBB2/ | neurcbiastoma/glioblastoma nevaie vytvdfi heterodimery karcinam prsu, ovaria

HERZ/ dgs=rfved oncogene hamolog lgand 5 EGFRAERABIAHER T

NEU

MET hepatacyte growth factar receptor HGF hepatocyte growth factar | karcinor zaludku, ledvin

IGFIR insulin-like growth Facter receptor IGF fnswiine-like groweh facror | karcinom prostaty, plic

_ _Ied'.rin. mnoholetny mvelom
PDGFR | platalet-derived growth factor PDGR plateler- derived growth AML, karcinom prsu, sarkomy
_ receptor Factor

FGFR fibroblast growth factor receptor FGF fibroblast growth factor karcinom plic, prsu, ovaria,
endomeatna, faludiu,
prastaty, mocového méchyie

FLT3 FMS-fike tyrosine kinase FLT3 AML

ligand

KIT/SCFR | sterm cell factor receptor | SCEKITLY | stem cell factor/mast celi | AML mastocytaza, GIST

o7 | MGF growith factor

FLmy/ FMS-Nike tprosine kinaselvascular | VEGF wasculareadatheliol | nadorowve cévy

VEGFR1 | endeothelial grewth factor receptor growth factor .

KDR/ kinase insert domain receptor/fetal | VEGF vascular endothelial | nadorowve Cevy

VEGFR2/ | liverkinase growth factor

FLE1 |

C5F1RS | celony stimuwiating facter 1 receptor | CSF1/ calony stimulating factar 1/ | karcinom IS0, avaria,

c-FMS Aeline McDonough sarcoma viral M-CSF macrophage-colony endomeiria, plic, prostaty,

Co11s {v-FM5) oncogene homalog stirmukating foctor | pankreatu, edvin




CEtux.imab (Erbitux): chimericka lgG1l MoAb proti

extraceluldrni doméné receptoru EGFR/ERBB1/HER1. 5 x vyiii afinita
oproti pfirozenym liganddm (EGF, TGFa)

Pritomnost aktivacnich mutaci genu KRAS byla klinickymi studiemi
prokazdna jako vyznamna determinanta rezistence nadoru viéi pisobeni

anti-EGFR MoAb.
Pouze u pacientd s tumory, jejichz bufiky obsahuji wt KRAS lze poditat s
terapeutickym dspéchem. Indikace : karcinomy hlavy a krku, metastaticky

kolorektalni kgrcinom B c
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bEVﬂszumﬂb (AUEStin) neutralizacni humanizovana
MoAb proti ligandu VEGF

blokada nadorové neuvaskularizace -- antiangiogenni lécha

indikace :

metastaticky karcinom tlustého streva,

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

klinické studie : multiformni glioblastom , karcinom pankreatu etc.

transtuzumab (Herceptin) humanizovana 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




Inhibitory receptorovych tyrosinkinaz RTK a PTK

Tab. 8 Prehled inhibitowst RTK o PTR

inhihi‘tﬂ? 5 F“muiinirm ucinkem na EGFR/ERBB/HER

qefitinib Iressa FGFR/ERBB1/HER
erlotinb [ Tarceva EGFR/ERBB 1 /HEA]

lapatinib Tyverb EGFR/ERBB1/HER1, EREB2/HERZ/NEU, ERK1, ERKZ, AKT
3IBW-2992 Tovok EGFR/ERBB1/HER1, ERBB2/HER2/NEU

canertinib - pan-ERBB B

neratinib - EREBZ/HERZ/MEU

vandetanih Zactima | EGFR/ERBB1/HER1, VEGFR

Inhibitory s pfevainym Géinkem na VEGFR jsou uvedeny v kapitole 11.1.2.

multikinazové inhibitory

matinik Glivec BCR-ABL, KIT
dasatinib Sprycel BCR-ABL, KIT, PDGFR
Ailotinib | Tasigna | BCR-ABL, KIT, PDGER
Dosutinib - BCR-ABL, 5SRC
sunitinib Sutent VEGFR1-3, PDGFRA/B, KIT, RET, CSF1R
| S-CFEE‘HE} Nexaua - VEGFR1-3; PDGF.I;&._RAF [CRAF BRAF vietné |

mutovanych BRAF), KIT, RET, FLT3 |

- FLT3, JAKZ, NTRK1/TRKA, NTRK3/TRKC

FLT3, PDGER, KIT

Kiener P, Klener P Jr: Nova protinddorova 1&CIva a 1éCebné strategie v onkologii 2010




weriCidmaty WEGF Lz iavimaly ] trastuzumials

Tyrosinkinazové inhibitory zahrnuji Siroké

w1 intogei - spektrum molekul, které v soucasnosti
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signdlu do bunky.
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IMUNOTERAPIE

CHECK POINTS

spoustéce kostimulacnich a inhibi¢nich drah T lymfocytarni odpovédi vedouci k modulaci délky
amplitudy imunitni odpovédi a tim k udrzeni intergrity organismu (selftolerance)

T bunécné inhibicni a stimulaéni receptory a jejich ligandy
Anti-PD (programedcell deathl, CD279), Anti PD—L1(CD274), anti PD-L2( CD273),
anti-CTLA 4 (cytotoxicT-lymphocyte-associated protein 4, CD152)

CAVE: irAE (immune related adverse events)

pneumonitis, colitis, hepatitis, nephritis, renalni a thyroidalni dysfunkce
kozni toxicita

autoimunni hypopituitaritidy




Activating

Agonistic
antibodies

;_-._.{ receptors
CD28 :

Inhibitory

receptors ?
CTLA-4

¥ PD-1 }:::

TIM-3 A

Blocking

T-cell antibodies
stimulation

https://www.hindawi.com/journals/scientifica/2013/857519/fig1/




Check point blockers

CTLA4

Cytotoxic T lymphocyte associated antigen

inhibicni molekula T lymfocytl ( CD4+, CD8+)

interakce s CD80/86 na APC

Kompetice s CD28 T bunék (CD28 stimulace vs CTLA 4 inhibice)
inhibice T lymfocytarni proliferace a aktivace

Ipilimumab anti CTLA4

rekombinantni humanni monoklonalni protilatka

stimulace imunitni odpoveédi

prvni FDA schvaleny checkpoint od r. 2011 (metastaticky melanom)
neprimy antitumorosni efekt posileni T mediované odpoveédi




Ipilimumab Blocks Negative Signaling From CTLA-4

Co-slimulation via CD28: CTLA-4 blocks co-stimulation: Ipilimumab blocks CTLA-4:
T-cell activation Mo T-cell activation T-cell activation

Aclapted from Lebbs st sl ESRMO 2008
APC anbgen-presening osll; CTLA-4, cytotomo Tdymphooyis antigen-4; MHC, mapor hstocompatibility gomplex; TCR, T-ooll mospioe




Check point blockers

PD1 program cell death receptor

Transmembranovy protein T, B, NK, DC monocytu

Exprese je zvySena na lymfocytech v mikroprostredi nadoru

inhibice apoptosy malignich bunék premeéna T efektorovych na Treg,
vycCerpani T efektorovych bunék

interakce s PD-L1 a PD-L2

anti PD 1 (nivolumab)

plné humanizovana IgG4 anti PD 1 protilatka
blokace PD1-PDL cesty

povolen FDA

kombinace s ipilimumabem nebo monoterapie




PD-L1 PD-L2
program cell death receptor ligand
exprese hematopoetické bunky (T, B, NK, DC,monocyty) a bunky tumoru

interakce PD-PDL1/2
Inhibice T lymfocytarni odpovédi, indukce Treg

Anti PDL1 atezolizumab
Anti PDL 1
5/16 FDA urotelidlni carcinom




T cell T cell
Inhibition Activation

T eell proliferation, T cell inactivation, Restoration of T cell praliferation,
differentiation, survival tolerance, anergy differentiation, survival
Effector T cell effector T cell effector T cell
Inhibition Re-activation
anti-PD-1

anti=-PD-L1f2

e

PD-L1f2
T cell inactivation, Restoration of T cell effector
tolerance, anergy function and tumor cell killing

http:/lcd31376.r76 cf2 rackedn. com/T0393fimmu-04-00417-HTMLimage m/fimmu-04-00417-g004 jpg




Proti

Mivalumab

2014

2015

2015

2018

2016

2017

2017

2017

2017

atky proti PD-1 / PD-L1
IIIIIIIIIIIlllll:e:r:.;p:.:e:lllIIII.IIIIIIIIIIIIIIIIIIII.IIIIIIIII.I

Tumor
Melanoma

NSCLC

Renal cell
carcinoma

Classical
Hodgkin
lymphoma

HWNSCC

dMMR or MSI-H
colorectal cancer

Urothelial
carcinoma

Hepatocellular
carcinoma

Melanoma

Stage
Unresectable
Metastatic

Metastatic

Metastatic

Relapsed
Refractory

Recurrent
Metastatic

Metastatic

Locally advanced
Metastatic

Unresectable
Metastatic

Completely resected

Lymph node
involvement

Metastatic

Indication

Progressing after PC,
EGFR-TKI, ALK-TKI

Adults

Progressing after
ASCT + brentuximah
vedotin

Progressing after 23
lines of therapy,
including ASCT

FProgressing after PC

Progressing after
chemotherapy: 5-FU,
oxaliplatin, irinotecan

Progressing after PC

Progressing after
sorafenib

Adjuvant




Protilatky proti PD-1 / PD-L1

IEEEEEEEEEEEEENEEEEEEEEEEEEEEDN
Year Approved Tumor

Target Agent
FPD-1 Pembrolizumab 2014

2015

2016

2016

2017

2017

2017

2017

2017

2018

2018

Melanoma

NSCLC

NSCLC

HNSCC

NSCLC

Classical
Hodgkin
lymphoma
Any dMMR or
MSI-H cancers
Urothelial
carcinoma

Gastric/GE]
adenocarcinoma

Cervical cancer

PMBCL

Stage
Unresectable
Metastatic

Advanced
Metastatic and PD-L1
>1%

Metastanc and PD-L1
=50%

Recurrent
Metastatic
Advanced
Metastatic
Any PD-L1
expression level
Relapsed
Refractory

Linresectable
Metastatic

Lacally advanced
Metastatic

Recurrent
Locally advanced
Metastatic

Recurrent
Metastatic

Relapsed
Refractory

Indication

Frogressing after PC

First line

Heavily pretreated

First line in combination
with carboplatin +
pemetraxed
chemotherapy

Adults, children
Progressing after =3
lines of therapy

Frogressing after all
standard therapy

CPs=1

Pragressing after =2
lines of 5-FU, PC, anti-
HERZ2/neu

CP5 =1

Frogressing after =1
line of chemaotherapy

Adults, children

Frogressing after =3
lines of therapy




Protilatky proti PD-1 / PD-L1

Target Agent Year Approved Tumor Stage Indication
FD-L1 Atezolizumab 20186 NSCLC Metastatic Progressing after PC
20186 Urathelial Locally advanced Progressing after PC
carcinoma Metastatic
2017 Uraothetlial Locally advanced First line: ineligible for
carcinoma Metastatic cisplatin-based
chemotherapy
Second line:
progressing after PC
PD-L1 Durvalumab 2017 Urathelial Locally advanced Progressing after PC
carcinoma Metastatic
2018 NSCLC Unresectable stage 1l Consolidation

Ma progression after
chemoradiation

PD-L1 Avelumab 2017 Urathelial Locally advanced Progressing after PC
carcinoma Metastatic
2017 Merkel cell Metastatic Adults, children =12 y

garcinoma old




Imunoterapie

James P. Allison Tasuku Honjo

CTLA—d. Prize share: 1/2 Prize share: 1/2 P D—l

The Nobel Prize in Physiology or Medicine 2018 was
awarded jointly to James P. Allison and Tasuku
Honjo "for their discovery of cancer therapy by
inhibition of negative immune regulation.”




CAR-T cells (Chimeric Antigen Receptor)

CAR T-cell Therapy

- i
Remove blood from | = f-,rm

patienttogetTcells| -~ = =
Do

.

CAR T cells bind to cancer
cells and kill them
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Grow millions of
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...Upon encountering the antigen of interest,
all necessary costimulation occurs and the T
cell can eliminate the encountered cell...

,Choosing the most appropriate antigen is
extremely critical, as CARs will essentially kill
any cell expressing its target antigen.”




CAR-T cells (Chimeric Antigen Receptor)

Vhod ny’r antigen? »,Choosing the most appropriate antigen is
e CD19 (B-CE" ALLa B Iymfomy) extremely critical, as CARs will essentially kill

e BCMA (mnohofietm} myelom) any cell expressing its target antigen.”
* CD30 (Hodgkin lymphoma)
s FLT3 (AML)

Lhuman epidermal growth factor
receptor 2 (HER2)-targeted CAR that
caused fatal pulmonary toxicity,
potentially due to low levels of HER2
expression in the lungs”




CAR-T cells (Chimeric Antigen Receptor)

IiFEFEEEEEEEEEEEEEENEEEEEEEEEEEENEENEEEEEEEEEEEEEEEEEENEEEEEENEEENEEEEEEEEEEENI
The HEW EM

Large B-cell lymphomas, including diffuse large B-cell lymphoma,
primary mediastinal B-cell lymphoma, and transformed follicular
Axicabtagene Ciloleucel CAR T-Cell Therapy YMPhoma, are treated with combination chemoimmunotherapy at

in Refractory Large B-Cell Lymphoma  diagnosis. Patients who have a relapse with chemotherapy-sensitive
9 Meslap F L Locke WL Balers L) Lekake D0 M A ebeen dis@ase may be treated with high-dose chemotherapy followed by
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.« autologous stem-cell transplantation. However, patients who have
chang | weront i G0 disease that is resistant to primary or salvage chemoimmunotherapy
or who have had a relapse after transplantation have an extremely
poor prognosis. Recently, in a large, international, retrospective
research study involving patients with non-Hodgkin’s lymphoma
(SCHOLAR-1), investigators found an objective response rate of 26%,
a complete response rate of 7%, and a median overall survival of 6.3
months with existing therapies among patients who had aggressive B-
cell ymphoma that was resistant to chemotherapy or who had a
relapse within 12 months after autologous stem-cell transplantation.
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