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1990 — 2019

Existuje protinadorovy imunitny dozor

Objasnena molekulova podstata kontrolneho
mechanizmu

Moznosti zasiahnut’ terapeuticky na baze kontrolnych
bodov imunity (CTLA4, PDI, PD-L1)

Moznost’ liecit’ siroke spektrum nadorovych ochoreni

Tasuku Honjo

r.2018 dostali Nobelovu cenu
Medicina/ protinadorova imunita




PD-LI

PD-LI (programmed death-ligand |, B7-H |, CD274) je transmembranovy
protein, viaze sa na PD-1 (programmed cell death protein -1)

»Normalne* bunky chraneneé pred destrukciou roznymi mechanizmami
Aby neboli rozoznane ako cudzie — expresia PD-LI

Ochrana pred autoimunitou

Fyziologicky pritomneé na imunokompetentnych bunkach

Proteiny tzv. kontrolnych bodov imunity
PD-L1 expressing cell
PD-L1

2 Inactive cytotoxic
| T cell

PD-1



Imunitny dozor

Dendriticka bunka
(profesionalna antigén
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Motz GT et al. Immunity. 2013;39:61—73. Chen DS et al. Inmunity. 2013;39:1—10. Pardoll DM. Nat Rev Cancer. 2012;12:252—64. Janeway CA, et al. Inmunobiology. 6th ed. New York
and London: Garland Science; 2004:341-342. Liu CC et al. N Engl | Med. 1996 ;335:1651-1659. Mellman | et al. Nature. 201 1;,480:480-489.



Nadorova bunka a imunitny dozor

?

Nadorova bunka — schopna O
vymanit’ sa spod kontroly IS
exprimuje inhibicne ligandy PD-LI
pre receptory na
imunokompetentnych bunkach ot O - Y

neexprimuje MHCI

znizuje expresiu kostimulacnych
molekul na APC, sekrécia
imunosupresivnych cytokinov
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Imunoterapia — inhibitory ,, check point

PD-L1/PD-1 binding inhibits T cell
killing of tumor cell

Tumor cell

Antigen

T cell receptor
J\

Blocking PD-L1 or PD-1 allows
T cell killing of tumor cell

Tumor cell
death

Figure 2 Tumor cell capable of resisting the immune system by expressing ligands PD-L1/PD-L2 which interact with their co-inhibitory receptor PD-1 in order to suppress
tumor immunity with a consequent tumor growth (A). Pembrolizumab action mechanism, according to which this anti-PD-1 antibody blocks the interaction between PD-1
and its ligands PD-L1 and PD-L2 by binding to PD-1 receptor with a consequent anti-tumor growth (B).

Abbreviations: MHC, major histocompatibility complex: PD-1, programmed cell death-1; TCR, T-cell receptor.

https://lwww.cancer.gov/publications/dictionaries/cancer-terms/def/immune-checkpoint-inhibitor
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Imunoterapia ,,check point inhibitorm

2011 2014

|

Sept 4, 2014
Pembrobzanab
for unresectable
or metastatic
Mielanoma

Dec 18, 2015
Pembrolzonab
for unresectable
Mielanoma

|

THow 23, 2015 Mnvohmrmab
for RCC

Oct 28, 2015 Ipibmumab
for Melanoma with

Oct 2, 2015
= 25
NSCLC
1
Oct 1, 2015
Tivoh

MNow 21, 2016

for Multiple
Miveloma

MNowv 10, 2016
Nivohmmnalkb

Oet 18, 2016
Arezolinmnab

Aug 5, 2016
embrolizialkb
for SCCHMN

|

Miay 18, 2016
Arezolinmnab

Miay 17, 2016
T
for cHIL

Dec 20, 2017 MNivohzmab
for metastatic Melanoma with
complete resection
|
Sept 22, 2017, MNivohmmab
for HCC

Sept 22, 2017 Pembrohzumab
for gastric cancer

Aung 1, 2017 Nivohmmab
for colorectal cancer

I
May 23, 2017 Pembrobzumab
for colorectal cancer and
sobid momor

2017

Miay 18, 2017 Pembroblizumab
for Urothelal Carcinoma
I
Miay 10, 2017 Pembrolizumab
for MNon-squamons NSCLC
I
May 9, 2017 Axehmmab
for Urothelial Carcimoma
I
Miay 1, 2017 Duarvahmmab
fior Urothelial Carcinoma
I
Mar 23, 2017 Avehmmab
for MCC

Mar 15, 2017 Pembrobzumakb
for cHIL

Feb 2, 2017 MNivohmab
for Urothelial Carcinoma

2018

Feb 16, 2018
Durvalumab

for unresectable

TNSCLAC

°6é

Hl'adanie vhodného

prediktivheho

BIOMARKERU pre liecbu



Prediktivne biomarkery IT

IHC stanovenie PD-LI — rychle, lacne, zvalidovane (Cdx,
pharma Dx) — mol. patologia

IHC stanovenie deficitu MMR proteinov.......

MSI — mikrosatelitova instabilita — geneticka metoda
(rtPCR, sekvenacie.... rozne markery)

TMB - TMB/L (tumor mutation burden/load) -NGS
Neoantigen burden...komplex metodik
Infiltracia nadoru ,,immune cells"”

Ine.... POLE, JAK /2 mutacie



IHC expresia PD-L1 ako biomarker

Problém!!!! T

variabilita diagnostickych IHC protilatok (rozne klony)
Pouzite rozne platformy (farbiace automaty)

IHC stanovenie expresie PD-L|

Hodnotenie na nadorovych bunkach, ale aj
imunokompetentnych, tumor infiltrujucich

Pre rozne lieky indikovane rozne systéemy

Pre rozne protilatky a systémy pouzivane rozdielne
hodnotiace systémy

Pre rozne nadory rozne diagnosticke, hodnotiace pristupy



Variabilita diagnccrirl(\'/rh IHC nratilarnalk

Table 3. Assessment marks for IHC assays and antibodies run C5, PD-L1 (lung) IHC

A CE-IVD / FDA e
approved n  Vendor Optimal Good Borderline Poor Suff.! OPSE
PD-L1 assays
rmAD clone SP263, 740- ¢ \entana/Rache 12 2 2 - 88% 93%
4907
rmAb clone SP263, 740-
4907° 1 Ventana/Roche - - - 1 - -
rmAb clone SP263, 741-
4905° 4 Ventana/Roche 2 2
rmAb clone SP263, 790- 45 yentana/Roche 34 10 4 - 92% 92%
4905
mAb clone 22C3 ’
. ] 24  Dako/Agilent 17 5 - 2 92% 92%
harmDX, SK006°
22C3 DAKO Autostainer Lj premox. skod
mAb clone ’
pharmDX, SK006’ 9 Dako/Agilent 2 2 1 4 44% -
mAb clone 22C3 .
pharmDX, GEOO6® 3 Dako/Agilent 3 - - - - _
rmAb clone 28-8 ’
. . pharmDX, SKDO5® 3 Dako/Agilent 2 1 - - - -
28-8 DAKO Autostainer Li antibodies® for
laboratory developed Suff
PD-L1 assays, n  Vendor Optimal Good Borderline Poor Suff.* ops?
concentrated
antibodies
mAb clone 22C3 42  Dako/Agilent 11 20 9 2 74% 74%
42 mAb clone ELIL3N 5  Cell Signaling 1 4 - - 100% 100%
S P I ve ntan a Ve ntana U |tra rmAb CAL10 3 Biocare 3 1 _ 2 67% 100%
3 Zytomed Systems
rmAb clone 28-8 4 Abcam 1 2 - 1 - -
1 Cell Marque
SP263 ventana Venta.na Ultra 1 Zeta Corporation
rmAb clone ZR3 e 1 - - 3 - -
1 Nordic Biosite
1 Gene Tech
. . 1 Quartett
73-10 DAKO Autostainer Lij mabcone or1 I Diagomics . .
rmAb BSR90 1 Nordic Biosite 1 - - - - -
rmAb clone SP142 1 Spring Biosystems - 1 - - - -
Ready-To-Use : : 1 Suff.
e n  Vendor Optimal Good Borderline Poor Suff. ops?
rmAb CAL10, API3171 1 Biocare - - 1 - -
rmAb QR1, 2-PR292-13 1  Biocyc - 1 - - -
rmAb clone MXR003, 1 Maixin _ R R _ _
RMA-0732
Total 176 91 51 17 17
Proportion 51% 29% 10% 10% 80%

www:nordigcorg -t o -



Metodika stanovenia PD-LI

Imunohistochemicky dokaz expresie PD-LI

Pouzitie vylucne pharmDx/CDx kity na vyrobcom validovanej
platforme
Dostupne aj protilatky neviazane na platformu a system

PD-L | IHC 22C3, DAKO

I’
' | ;
fi
S o |
I =
] N\
™

PD-LI IHC SP263 Ventana
PD-LI IHC SP142 Ventana




Pre rozne terapeutika indikovane rozne systemy

Aktualne — 1600 klinickych studii PD| a PD-LI

Cca 350 z nich pouziva IHC expresiu PD-L| ako urcujucu pre
volbu terapie ,,check point™ inhibitormi

| Pre rozne fazy ochorenia a liecby!

AT S
3 3

Stale nie je ,, definitivny marker"

Testy nie su uniformne



Liek
Genericky nazov, fy

Keytruda (pembrolizumab),

Merck

Opdivo

(nivolumab), Bristol-Myers

Squibb

Tecentriq (atezolizumab),

Genentech/Roche

Imfinzi

(durvalumab), AstraZeneca

Bavencio

(avelumab), Merck KgAa/Pfizer

Libtayo

(cemiplimab-rwic),

Sanofi/Regeneron

Terapeuticky ciel’

PD-1

PD-1

PD-LI

PD-LI

PD-LI

PD-1

Prvé schvalené

December 2014, Melanoma

Jal 2014, Melanoma

Jal 2016,

Urothelial carcinoma

M3j 2018,

Urothelial carcinoma

September 2018, Merkel cell

carcinoma, RCC *

2020 Urotelial ca

2018

Lokdlne pokrocily SCC koze

Schvaleny diagnosticky systém

22C3 (Dako)

IHC scoring: Tumor cell

membrane
28-8 (Dako)

IHC scoring: Tumor cell

membrane

SP142 (Ventana)

IHC scoring: Tumor cell
membrane, infiltrating immune

cells

SP263 (Ventana)

IHC scoring: Tumor cell
membrane

SP263,73-10 (Dako)
[Research Use Only]

IHC scoring: Tumor cell

membrane

neurceny



Snaha o zjednotenie

Porovnavacie studie zakladnych diagnostickych IHC eseji testovania expresie PD-L| proteinu
- projekt Blueprint 1,2A a 2B (2017,2018)

Tim odbornikov IASLC (International Association for the Study of Lung Cancer) testovanie
vzoriek, rozne typy nadorov, ako sa lisi IHC expresia/farbenie v jednotlivych systémoch

Hodnotenie nadorovych aj imunokompetentnych buniek

VYSLEDOK
Zhoda v 3 z 5 eseji — 22C3, 28-8, SP263
73-10 fsenzitivita a naopak SP142 | senzitivita




22C3 DAKO

Autostainer Link48,
DAKO

pembrolizumab

NSCLC, Urotelialny ca, ca zaludka, GEJ,
melanom, ca cervixu, Hodgkin ly, skv.ca
hlavy a krku, TNB ca

28-8 DAKO

Autostainer Link48,
DAKO

nivolumab

NSCLC, Urotelialny ca, Hodgkin ly,
skv.ca hlavy a krku, ca oblicka, pecen,
KRC MSI-H, melaném

SP142 Ventana

Ventana Ultra

atezolizumab

NSCLC, Urotelialny ca, TNB ca

SP263 Ventana Ventana Ultra durvalumab NSCLC, Urotelialny ca, skv.ca pluc
nivolumab
pembrolizumab

73-10 DAKO Autostainer Link48, avelumab Merkel cell ca, RCC v kombo, Phase |l

DAKO

zaludok ca




Ake si moznosti u UC

TABLE 3 Updated summary of immunotherapy trials in metastatic urothelial ca

Setting }/CI \ Phase n  ORR(%) PFS(mo) OS (mo)
Metastatic Atezolizumab v 1 931 22 21 11.1vs 0.6 VentanaSP142 IC

Cut-off SAEs HrQOL
5% 20  Improved fatigue

second-lire chemotherapy and physical
therapy function
Pembrolizumabv.. Il 542 210 2] 10.3%6.7.4 DakolHC22C3 TCand I@ 10% 15
chemotherapy?
Nivolumab [l 270 20 20 8.74 VentanaSP142 TCand IR 1%, 5% 18  Stableor
improved
Avelumab | 249 17 1.58 6.5 Dako e 5% 8 -
IHC73-10
Durvalumab /11 191 17.8 1.5 18.2 VentanaSP263 TCorl 25% 49 -
Metastatic Atezolizumab [l 119 23 27 15.9 VentanaSP142 TC <1%, 16 -
firstline® 1%-4%, >5%
Pembrolizumza> [l 370 29 20 11.0 Dako IHC22C3 TCa#dIC <«<1%, 16 -

1-9%, >10%

Jiang DM, Sridhar SS. Prime time for immunotherapy in advanced uroMerM Clin Oncol.2018;14:24-32.
.



Skorovacie systemy a hodnotenie NSCLC

1 Klon diag. protilatky platforma nador Hodnotenie expresie PD-LI

e | Autostainer Link48,  NSCLC TPS = pocet pozit.TCs/

celkovy pocet ,,viabilnych TCs
X100%

2.linia >1%TCs

ESO Tour, 13.10.2020



Skorovacie systemy a hodnotenie UC

Klon diag. Protilatky/ Platforma Hodnotenie Schvalené
liecivo PD-LI expresie
22C3 DAKO Autostainer Link48, CPS> 10 FDA
Pembrolizumab DAKO EMA
SP142 Ventana Ventana Ultra IC aj TC FDA
Nivolumab 2> 1% EMA
> 5%

SP142Ventana Ventana Ultra IC = 5% FDA
Atezolizumab EMA
SP263 Ventana Ventana Ultra TC or IC=225% FDA
Durvalumab

73-10 DAKO Autostainer Link48, Na SK liecba bez FDA
Avelumab DAKO testovania ,1C=25%




Stanovenie CPS skore pre PD-L]|

Pre pembrolizumab — UC, aca zaludok, cervix, GEJ.

CPS = celkove pozitivne skore

pocet PD-LI pozitivhych buniek
(TCs, makrofagy, tu.infiltr. lymf.)

celkovy pocet ,,viabilnych®“ TCs

Vysledok CPS 0 — 100 (cut-off =2 10)

All tumor /'*\\
90% unstained a2 b)%ﬂ%\
P iy
g ™ osgP, DO l
&R e 22"
\ o / C o' o
~— ﬁ 0‘1@9 i/
10% g
L ©Positive tumor cell
@ Negative tumor cell

« Positive mononuclear inflammatory cell
° Negative mononuclear inflammatory cell

www.agilent.com/en-us/e-learning-dako-products.



Hodnotenie expresie PD-L|

ESO Tour, 13.10.2020
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dMMRP koreluje s MSI- H

Le etal., 2017, Science. 2017 Jul 28; 357(6349): 409-413. http://doi: 10.1126/science.aan6733



MSI

Mikrosatelitova instabilita vedie k dMMRP

MSS alebo MSI-H

Metody PCR, sekvenacne

Rozne markery sledovania (NR21, NR22, NR24, BAT25, BAT26)

ldylla (acvr2A, BTBD7, DIDOI,
MREI I, RYR3, SEC3 I A, SULF2 - 22mut pozit. MSI-H) [ semmemmmmmns




TMB - mutacna naloz

TMB — mnozstvo/pocet somatickych mutacii v kodujucich
oblastiach nadoru (pocet mutacii/Mb)

pocet mutacii/ IMb......... | milion nukleotidov
NGS analyza — celogenomova WGS
celoexomova WES
cielena na urcite geny a oblasti (panel based TMB)

Nevyhody: velké mnozstvo dat — potreba selekcie relevantnych,
casovo narocng, vysoka cena analyzy, nejasné a neuniformnée
hodnotenie cut-off

vysoka TMB je charakterizovana >10 mut/Mb (>20 mut/Mb )



TMB a neoantigeny

TMB vysoko variabilna v roznych typoch nadorov

Vysoka TMB potvrdena v NSCLC, melanomoch,
urotelialnych ca, dMMRP/MSI-H kolorektalnych ca

Vseobecne pacienti s nadorr
TMB profituju z terapie ,,ch

TMB - 7 produkcia neoantig

Hyper-mutated tumor cell



Hazard ratio (PFS)

Study Cancer ICI Log-rank P Comparison
Johnson 2016 melanoma ** PD-(L)1 ‘ = { <0.0001 High (>23.1) vs vs Low (<3.3)
Kowanetz 2016 NSCLC PD-(L)1 } | NA High (Q3-Q4, >=9.9) vs Low (Q1-Q2)
Kowanetz 2016 NSCLC PD-{L)1 f | NA High (Q4, >=16.6) vs Intermediate—Low (Q1-Q3, <16.6)
Goodman 2017 NSCLC, melanoma and others PD—(L)1, CTLA-4, combo, IL2, other | - { <0.001 High (>19) vs Low-intermediate
I— non-NSCLC/melanoma PD—(L)1, CTLA-4, combo, IL2, other | | 0.0007 High (>19) vs Low-intermediate
NSCLC, melanoma and others PD-(L)1 | - } 0.0005 High (19) vs Low-intermediate
|— non-NSCLC/melanoma PD-(L)1 } | 0.0033 High (>19) vs Low-intermediate
melanoma and lung PD—{L)1, CTLA-4, combo, IL2, other | - { 0.0012 High (>19) vs Low-intermediate
melanoma and lung PD-(L)1 f { 0.0402 High (>19) vs Low-intermediate
Khagi 2017  NSCLC, melanoma and others * PD-(L)1, CTLA-4, combo, IL2, other } | 0019 High (>3 Tot N VUS) vs Low (<=3 Tot N VUS)
Rizvi2018  NSCLC PD-(L)1 } { 0.023 High (Q3-Q4, >=7.4) vs Low (Q1-Q2)
Wang 2019  NSCLC* PD—(L)1 } } 0.01 High (>=6 tot mut) vs Low (<6 tot mut)
] T T T T T T T T T T T T T T T T T T
0.1 0.2 0.3 04 05 0.6 0.7 08 09
W M1
S High TMB Better —— = ——— Low TMB Better —————> M Guardant360
[l MSK-IMPACT
Il NCC-GP150

Tumor mutational burden quantification from targeted gene panels: major advancements and

challenges

Fancello, L., et al.,] Immunother Cancer.2019 Jul 15;7(1):183. doi: 10.1186/s40425-019-0647-4.
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https://jitc.biomedcentral.com/articles/10.1186/s40425-019-0647-4

Limitacie testovania

Sampling — problem male biopsie (bs, core-cut)
Dynamika PD-L| expresie v ramci imunity -

Kvalita spracovania vzorky
Informacia o vysetrovanej vzorke a pacientovi

Technicke, pristrojove vybavenie, cena a dostupnost’
vysetrenia, €as




Zaver pre laboratorium

Pouzivatt CompanionDx, Complementary, CE IVD testy
Ak iné opatrne s hodnotenim a indikaciou liecby
Report — aku protilatku, test a platformu pouzivame

- aky skorovaci system pouzivame
Optimalny algoritmus — hlavne male vzorky BS, core-cut

Poznat’ pozadie testovania a liecby

1 == = = 7 l ‘ ¥ ; ¢




Zaver

Imunoterapia- efektivna liecba sirokého spektra agresivnych nadorov

Optimalna a dostupna volba metodiky, eseje, protilatky, platformy, spravny hodnotiaci systém

Report — aki metodiku, test a platformu pouzivame
- aky skorovaci systém pouzivame

Multidisciplinarny pristup

Medzinarodné kontroly kvality, centra pre testovanie

Aktualne moznosti HNSCC- PD-L1, cPs
, Esofagus SCC- PD-L1I, cpS
Pan biomarker TMB?? GEJ- PD-LI, cPs

, : Zal(dok- PD-LI, cps
- perspektivny biomarker TNB ca prsnik- PD-LI, cps

- ,, Ireshold“?WGS,WES, panel? NSCLC- PD-LI, Tps

CRC a Endometrialny ca- dMMRP,
Urotelialny ca- PD-LI, CPS
Cervix- PD-LI, cPs
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DAKUJEM ZA POZORNOST

WERE ALL GOOD HERE. NOTHING TO SEE.
THIS ISN'T THE CANCER WERE LOOKING FOR.

lucia.frohlich@gmail.sk
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