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FIGYELMEZTETES
Ezt a tdjékoztatdt csak a kezel6orvos haszndlhatja és értelmezheti. Az orvos mérlegelheti, vagy figyelmen kiviil hagyhatja a jelentés altal nyujtott informacidkat. Az Oncompass Riport informéciét

szolgaltat a tumorok és a molekularis profil kozti 6sszefliggésekrél a tudomanyos irodalom felhasznaldsdval. Az ONCOMPASS Medicine a szakirodalom tartalméaért felelésséget nem véllal. A
feltiintetett gydgyszerek az adott tumortipusban lehetnek térzskdnyvezettek és/vagy finanszirozottak, annak viszonylatdban, hogy a riportot melyik orszagban hasznaljak.
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BETEG ADATAI

Oncompass™ ID: Primer daganat lokalizaci6ja: breast

Név: Szovettani tipus: invasive carcinoma NST
Sziletési datum: 1959 Metasztazis lokalizaciéja: bone, lymph node

SZAKERTOK

Molekuldris Farmakolégus: Dr. Petak Istvan
Genetikai Tanacsado: Déri Jalia, MSc
Molekuléris Bioldgus: Vérkondi Edit, PhD
Konzulens Orvos: Dr. Pajkos Gabor

Szakértd: Dr. Szuszén Marianna

Betegut Koordinator: Czeté Réka

Info-bionikus Mérnék: Tihanyi Déra, MSc
Molekuléris Bionikus Mérnok: Dirner Anna, MSc

PATOLOGIAI ES MOLEKULARIS DIAGNOSZTIKAI VIZSGALATOK
Mintaazonosité: XXX (szOvettani minta)

Minta eredete: nyirokcsomé metasztdzis
Tumorarédny: 50%
Tumortipus: invaziv ductdlis emlé carcinoma

Elvégzett vizsgalatok:

IHC - PD-L1 normal expresszid
MSI - MSS

TMB - magas: 6,44 mut/Mb
NGS - 591 gén

Korabbi molekularis vizsgalatok eredménye:
IHC - ER, PR, HER2 normdl expresszié
IHC - PD-L1 overexpresszid (>1%)

KORABBI KEZELESEK

Neoadjuvéns kezelés: DOCETAXEL + DOXORUBICIN
1. vonal: PACLITAXEL + BEVACIZUMAB

2. vonal: CARBOPLATIN + DOCETAXEL

OSSZEFOGLALAS

Az Oncompass vizsgdlat a kovetkezé mintdbdl tortént:
Mintaazonosité: XXX (szovettani minta), Minta eredete: nyirokcsomé metasztdzis. Tumorarany: 50%

Elvégzett vizsgdlatok:

IHC - PDL1 (Normal expresszid)
MSI - MSS

TMB - HIGH

NGS - 591 gén

Kor&bbi molekuléris vizsgélatok eredménye:
IHC - ER (Normal expresszid), HER2 (Normal expresszid), PR (Normal expresszid)
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OSSZEFOGLALAS

IHC - PDL1 (Overexpresszié >1%)

591 gén NGS szekvendldsa 5103 genetikai varidnst mutatott ki a mintdban. A molekuléris profilba feltoltott 34 varidns bioinformatikai és
funkciondlis szlirések eredményeként keriilt kivélasztdsra. Ezek a varidnsok szerepelnek a Realtime Oncology Calculatorban tovébbi
funkcionalis interpretécié és orvosi dontéstdmogatés céljabol.

Az MTC algoritmusa az aktudlis evidencia adatbéazis alapjén driverként listdzta a kovetkezd eltéréseket: TMB-H driver (AEL: 803,92, AF/TR:

NA /50%), PDL1 protein overexpression driver (AEL: 475,62, AF/TR: NA/NA), BRCA1-K654fs*47 driver (AEL: 85,31, AF/TR: 31.72%/50%), KMT2C-
C391* driver (AEL: 16,09, AF/TR: 7.24%/50%),

Tovabbi driver gén ismeretlen varidnsaként -VUS, driver gén jeloléssel -listdzott alterdcidokra vonatkozélag nem szerepel informécié az
evidencia adatbazisban, de ismert, hogy a gén méas mutaciéi hozzajarulhatnak a daganatképzddéshez: TP53-M160_A161dup VUS, driver gén
(AEL: 22,52, AF/TR: 23.66% /50%), KIT-E930Q VUS, driver gén (AEL: 14,13, AF/TR: 12.1%/50%), CUL3-R162fs*9 VUS, driver gén (AEL: 0,07, AF/TR:
8.62%/50%),

TMB HIGH: A vizsgdlt mintdban a szekvencia analizis (NGS) soran kapott 1 megabazisra vonatkozé mutéciék széma (TMB): 6,44. Az
adatbéazisunkban 1évé kalkuldlt TMB értékek (n=585) eloszlésa alapjén az eseteink 90%-dban kaptunk ennél alacsonyabb TMB értéket.

A magas TMB érték pozitiv asszocidciéban 4all a PD-1 és PD-L1 inhibitorokra adott valasszal kiilénb6z6 tumortipusokban.

A PEMBROLIZUMAB az FDA éltal torzskonyvezett magas TMB értékd, elérehaladott vagy metasztatikus, szolid tumorral rendelkezd, felnétt és
gyermek betegek szdmadra.

A térzskonyv alapjaul a KEYNOTE-158 fazis Il klinikai vizsgdlat (NCT02628067) elére tervezett retrospektiv analizise szolgalt.

TMB-High tripla negativ emlédaganat

A PEMBROLIZUMAB az FDA &ltal torzskonyvezett magas TMB értékd, elérehaladott vagy metasztatikus, szolid tumorral rendelkezé, felnétt és
gyermek betegek szdmdra.

Az ATEZOLIZUMAB térzskonyvezett PD-L1 pozitiv, irrezekdbilis, lokdlisan elérehaladott vagy metasztatikus tripla negativ emlédaganat (triple
negative breast cancer, TNBC) indikaciéban nab-paclitaxellel kombindciéban.(IMpassion130 klinikai vizsgalat).

PD-L1 overexpresszalt tripla negativ emlédaganat

TNBC indikaciéban torzskonyvezett immunterapia az ATEZOLIZUMAB és a PEMBROLIZUMAB (csak az FDA 4ltal).

A PEMBROLIZUMAB (PD-1 inhibitor) az FDA A&ltal torzskonyvezett kemoterdpidval kombindciéban PD-L1 pozitiv (10%), el6rehaladott TNBC
betegek szdmara.

A kdpiaszdm-variacié (copy number variation, CNV) vizsgélat eredménye

Magasabb képiaszdmban vannak jelen, a z FGFR1, CCNE1, RHPN2, CEBPA (n=8), TACC1 (n=7), ZNF703, BRCA1 (n=5).

Az NGS vizsgalat altal detektalt kopiaszam-valtozasokat klinikai relevancia esetében FISH vizsgalattal is javasoljuk megvizsgalni. Az FGFR1 gén
FISH vizsgalata folyamatban van.

FGFR1 amplifikacié6 emlédaganatban: FGFR1 amplifikacié esetén az FGFR1 gatlé gydgyszerek lehetnek hatékonyak. Torzskényvezett multi-
tirozin kindz gétlészerek, amelyek tobbek kdzott az FGFR jelpalyét is gétoljdk a LENVATINIB, a NINTEDANIB, a PAZOPANIB, a REGORAFENIB és
a PONATINIB, illetve kevésbé specifikusak a SORAFENIB és a SUNITINIB. FDA 4éltal urothelidlis daganatok indikaciéjaban elfogadott FGFR gatlo
hatéanyag az ERDAFITINIB.

CCNE1 amplifikacié: CCNE1 amplifikacié esetén a CDK-k és a WEE1 emlitheték pozitiv asszocidciéban, mint indirekt targetek.

Egy preklinikai vizsgélat soran PARP+ATR inhibitorok kombinaciéja CCNE1 amplifikalt, PARPI- és platina-rezisztes ovarium daganat xenograft
modellekben teljes terdpids valaszt és tumor regressziét eredményezett.

BRCA1-K654fs*47: Ez a mutacié a ClinVar és a BRCA Exchance adatbéazisok és a tudoméanyos irodalom szerint patogén. Szerepel a COSMIC
adatbéazisban is. A leolvasési kereteltolédast okozd mutdcié (frameshift mutation) a BRCA1 gén nonsense-mediated decay (NMD) rezisztens
pozicidjat érinti. A mutdns génrdl egy csonka fehérjevaltozat képzédik, ezért feltételezhetd, hogy funkcidvesztéssel jar. BRCA inaktivacié esetén
a PARP inhibitorok emlithetéek pozitiv asszocidciéban. Ovériumdaganatokban irtdk le, hogy BRCA mutécié esetén a PD-1/PD-L1 gétlé
immunterdpidtol is emelkedett hatékonysdag vérhato.

BRCA mutaciéo emlédaganatban

Csiravonalas BRCA mutécié esetén HER2 negativ emlédaganatos betegek részére torzskonyvezett PARP gatlé gydgyszer az OLAPARIB és a
TALAZOPARIB. Mindkét gyégyszer neoadjuvans/adjuvdns/metasztatikus vonalban alkalmazott kemoterdpia utdn adhaté.

Frameshift mutaciok
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érzékenységet mutattak immunterdpiéara.

OSSZEGEZVE:

elvégezziik.

A frameshift mutdcidk egy alcsoportjdt képezd, hosszl leolvasési keretli neoantigénekkel (neoORF) rendelkezé betegek nagyobb

Molekularis profil alapjan-amennyiben klinikailag tdmogathaté- széba johet: IMMUNTERAPIA+PARP gatlé (Atezolizumab+Olaparib/vagy
Talazoparib), TMB-high/6,44, PDL1 pozitivitas és BRCA1 mutécié miatt,off label+EMK. Az FDA t6rzskényvezte az atezolizumabot PD-L1 pozitiv,
irrezekabilis, lokalisan elérehaladott vagy metasztatikus tripla negativ emiédaganat indikacioban nab-paclitaxellel kombindcioban. Csiravonalas
BRCA mutacié esetén HER2 negativ emlédaganatos betegek részére térzskényvezett PARP gatlo gyogyszer az OLAPARIB és a TALAZOPARIB.
Mindkét gyogyszer neoadjuvans/adjuvans/metasztatikus vonalban alkalmazott kemoterapia utan adhato.

BRCA1 mutécié germline vizsgdlata javasolhatd (vérbdl), illetve genetikai tandcsadas. A kezelborvos kérésére BRCA1 mutécid vizsgdlatat vérbdl

MOLEKULARIS CELPONT ELEMZES

MOLEKULARIS ALTERACIOK

TMB-H driver (AEL: 803,92, AF/TR: NA/50%),

PDL1 protein overexpression driver (AEL: 475,62, AF/TR: NA/NA),
BRCA1-K654fs*47 driver (AEL: 85,31, AF/TR: 31.72%/50%),
TP53-M160_A161dup VUS, driver gén (AEL: 22,52, AF/TR: 23.66%
/50%),

KMT2C-C391* driver (AEL: 16,09, AF/TR: 7.24%/50%),

KIT-E930Q VUS, driver gén (AEL: 14,13, AF/TR: 12.1%/50%),
NFE2L2-G589D VUS, driver gén (AEL: 1,18, AF/TR: 11.01%/50%),
GNAS-P459R driver (AEL: 0,85, AF/TR: 30.3%/50%),

KDM5C-S299R VUS, driver gén (AEL: 0,50, AF/TR: 55.89%/50%),
CUL3-R162fs*9 VUS, driver gén (AEL: 0,07, AF/TR: 8.62%/50%),
FOXA1-L148V VUS, driver gén (AEL: 0,04, AF/TR: 69.51%/50%),
TENT5C-E299K driver (AEL: 0,01, AF/TR: 45.34%/50%),
GAS6-V673fs*37 driver (AEL: 0,01, AF/TR: 3%/50%),

ZNF703-A514del ellentmondésos driver (AEL: 0,00, AF/TR: 4.27%/50%),
ZNF703-P307S ellentmondéasos driver (AEL: 0,00, AF/TR: 9.4%/50%),
AKAP9-Q1373E ellentmonddsos driver (AEL: 0,00, AF/TR: 11.97%/50%),
MAGI2-E867K ellentmonddsos driver (AEL: 0,00, AF/TR: 12.5%/50%),
BRCA1-D430N ellentmonddsos driver (AEL: 0,00, AF/TR: 38.74%/50%),
OTOP1-V69M ellentmondasos driver (AEL: 0,00, AF/TR: 23.08%/50%),
KLHL6-Q317L ellentmondd&sos driver (AEL: 0,00, AF/TR: 38.4%/50%),
SEC16A-T1001l ellentmondésos driver (AEL: 0,00, AF/TR: 58.21%/50%),
PCBP1-N84S ellentmondasos driver (AEL: 0,00, AF/TR: 42.56%/50%),
PIK3CG-Q1071E ismeretlen jelentéségl varidns (AEL: 0,00, AF/TR:
9.09%/50%),

OTOP1-L104M ismeretlen jelentéségl varidns (AEL: 0,00, AF/TR:
51.92%/50%),

AXL-P279Q ismeretlen jelentéségl varidns (AEL: 0,00, AF/TR: 30.69%
/50%),

SPEG-R1621C ismeretlen jelentéségl varidns (AEL: 0,00, AF/TR:
33.09%/50%),

BUB1B-Q487H ismeretlen jelentéségl varidns (AEL: 0,00, AF/TR: 8.43%
/50%),

AMPH-Q71fs*4 ismeretlen jelentéségU varidns (AEL: 0,00, AF/TR: 25.2%
/50%),

FGF14-N242T ismeretlen jelentéségl varidns (AEL: 0,00, AF/TR: 25%
/50%),

CCNE1-R101S ismeretlen jelentéségUi varidns (AEL: 0,00, AF/TR: 7.24%
/50%),

KMT2C-R380L nem driver (AEL: -3,65, AF/TR: 7.5%/50%),

KIT-M541L nem driver (AEL: -4,20, AF/TR: 49.94%/50%),

GNAT2-A5V nem driver (AEL: -5,00, AF/TR: 50.15%/50%),
WNK2-H758N nem driver (AEL: -5,00, AF/TR: 61.82%/50%),
EPHAS5-A672T nem driver (AEL: -10,00, AF/TR: 99.53%/50%),
NOTCH1-R1279H nem driver (AEL: -16,57, AF/TR: 61.04%/50%)

INDIREKT CELPONT GENEK

CD274 vad tipus (AEL: 1764,22),
® PDL1 protein overexpression driver (AEL: 475,62) ;
® BRCA1-K654fs*47 driver (AEL: 85,31) ;
® TMB-H driver (AEL: 803,92) ;
® BRCA1-D430N driver (AEL: 0,00)

PD-1vad tipus (AEL: 1440,84),
® BRCA1-K654fs*47 driver (AEL: 85,31) ;
® TMB-H driver (AEL: 803,92) ;
® PDL1 protein overexpression driver (AEL: 475,62) ;
® BRCA1-D430N driver (AEL: 0,00)

CTLA4 vad tipus (AEL: 809,26),
* TMB-H driver (AEL: 803,92)

PARP1 vad tipus (AEL: 165,38),
® BRCA1-K654fs*47 driver (AEL: 85,31) ;
¢ BRCA1-D430N driver (AEL: 0,00)

KIT vad tipus (AEL: 121,53),
® KIT-E930Q driver (AEL: 14,13)

CHEK1 vad tipus (AEL: 109,87),
* BRCAT1-D430N driver (AEL: 0,00) ;
* BRCA1-K654fs*47 driver (AEL: 85,31) ;
* TP53-M160_A161dup driver (AEL: 22,52)

PARP2 vad tipus (AEL: 85,41),
* BRCA1-K654fs*47 driver (AEL: 85,31);
¢ BRCA1-D430N driver (AEL: 0,00)

WEE1 vad tipus (AEL: 26,32),
® TP53-M160_A161dup driver (AEL: 22,52)

ATR vad tipus (AEL: 23,86),
® TP53-M160_A161dup driver (AEL: 22,52)

CDK4 vad tipus (AEL: 23,50),
* TP53-M160_A161dup driver (AEL: 22,52)

RARG vad tipus (AEL: 23,41),
® TP53-M160_A161dup driver (AEL: 22,52)

PLK1 vad tipus (AEL: 23,00,
* TP53-M160_A161dup driver (AEL: 22,52)

PRKDC vad tipus (AEL: 22,92),
* TP53-M160_A161dup driver (AEL: 22,52)

CDK1 vad tipus (AEL: 22,85),
® TP53-M160_A161dup driver (AEL: 22,52)
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CDK®9 vad tipus (AEL: 22,85),
® TP53-M160_A161dup driver (AEL: 22,52)

CDK2 vad tipus (AEL: 22,85),
® TP53-M160_A161dup driver (AEL: 22,52)

AURKB vad tipus (AEL: 22,80),
® TP53-M160_A161dup driver (AEL: 22,52)

BRD4 vad tipus (AEL: 18,23),
® KMT2C-C391* driver (AEL: 16,09)

JAK2 vad tipus (AEL: 14,55),
® KIT-E930Q driver (AEL: 14,13)

glutaminase vad tipus (AEL: 4,45),
® NFE2L2-G589D driver (AEL: 1,18)

PRKACA vad tipus (AEL: 1,35),
® GNAS-P459R driver (AEL: 0,85)

ATM vad tipus (AEL: 0,72)
® CUL3-R162fs*9 driver (AEL: 0,07)

ALLO HATOANYAGOK

FORGALOMBAN LEVO
4 listazott hatéanyag (6sszesen 95)

PEMBROLIZUMAB (esophagus - squamous cell carcinoma [FDA]; lung
- non-small cell carcinoma [FDA+EMA]; barmely tumor - renal cell
carcinoma [FDA+EMA]; head-neck - squamous cell carcinoma
[FDA+EMA]; rectum - barmely szovettan [FDA+EMAY]; breast - barmely
sz6vettan [FDA]J; barmely tumor - mediastinal B-cell lymphoma [FDA];
gastroesophageal junction - adenocarcinoma [FDA]; gastric -
adenocarcinoma [FDA]; barmely tumor - malignant melanoma
[FDA+EMA]; skin - squamous cell carcinoma [FDA]; cervix - barmely
szovettan [FDA]; lung - adenocarcinoma [FDA+EMA]; skin - Merkel cell
carcinoma (MCC) [FDA]; barmely tumor - urothelial carcinoma
[FDA+EMA]; liver - hepatocellular carcinoma [FDA]; endometrium -
barmely szovettan [FDA]; barmely tumor - endometrioid carcinoma
[FDA]J; colon - barmely szovettan [FDA+EMA]; barmely tumor - Hodgkin
Iymphoma [FDA+EMA]) (AEL: 10455,98)
TMB-H driver (AEL: 803,92) ;

® PD-1vad tipus target (AEL: 1440,84) ;

® PD-L1 protein overexpression driver (AEL: 475,62) ;

® PD-L1vad tipus target (AEL: 1764,23)

ATEZOLIZUMAB (barmely tumor - malignant melanoma [FDA]; lung -
small cell carcinoma [FDA+EMA]; lung - non-small cell carcinoma
[FDA+EMA]; barmely tumor - urothelial carcinoma [FDA+EMA]; breast -
barmely szovettan [FDA+EMA]; liver - hepatocellular carcinoma
[FDA+EMA]) (AEL: 3641,80)

® PD-L1vad tipus target (AEL: 1764,23) ;

® PD-L1 protein overexpression driver (AEL: 475,62)

OLAPARIB (pancreas - barmely szévettan [FDA+EMA]; peritoneum -
barmely szovettan [FDA+EMA]; prostate - barmely szOvettan
[FDA+EMA]; fallopian tube - barmely szévettan [FDA+EMA]; ovary -
barmely szévettan [FDA+EMA]; breast - barmely szovettan [FDA+EMA))
(AEL: 766,00)

® PARP1vad tipus target (AEL: 165,38) ;

® BRCA1-D430N driver (AEL: 0,00) ;

® BRCA1-K654fs*47 driver (AEL: 85,31)

NIRAPARIB (ovary - epithelial carcinoma [FDA+EMA]; fallopian tube -
barmely szovettan [FDA+EMA]; peritoneum - bdarmely szovettan
[FDA+EMA]) (AEL: 402,97)

® BRCA1-K654fs*47 driver (AEL: 85,31) ;

® PARP1vad tipus target (AEL: 165,38) ;

® BRCA1-D430N driver (AEL: 0,00);

® PARP2 vad tipus target (AEL: 85,41)

DAGANAT MOLEKULARIS PROFILJAVAL POZITiV KAPCSOLATBAN DAGA

NEGATIV

AT MOLEKULARIS PROFILJAVAL
LATBAN ALLO HATOANYAGOK

FORGALOMBAN LEVO
10 listazott hatéanyag (6sszesen 13)

DOXORUBICIN (bone marrow - multiple myeloma [FDA]; blood vessel -
kaposi sarcoma [FDA]; ovary - carcinoma [FDA]; breast - carcinoma
[FDA)) (AEL: -47,76)

® TP53-M160_A161dup driver (AEL: -22,52) ;

® KMT2C-C391* driver (AEL: -16,09)

CRIZOTINIB (lung - non-small cell carcinoma [FDA+EMA];, barmely
tumor - anaplastic large cell lymphoma [FDA)]) (AEL: -44,26)

® TP53-M160_A161dup driver (AEL: -22,52) ;

® KIT-E930Q driver (AEL: -14,13)

CHOP (AEL: -39,53)
® TP53-M160_A161dup driver (AEL: -22,52)

CYTARABINE (AEL: -24,65)
® KMT2C-C391* driver (AEL: -16,09)

PACLITAXEL (AEL: -22,56)
® TP53-M160_A161dup driver (AEL: -22,52)

ETOPOSIDE (AEL: -22,56)
® TP53-M160_A161dup driver (AEL: -22,52)

BAZEDOXIFENE (AEL: -16,16)
® ESR1vad tipus target (AEL: -16,38)

GEFITINIB (lung - squamous cell carcinoma [FDA+EMA]; lung -
adenocarcinoma [FDA+EMA]; lung - non-small cell carcinoma
[FDA+EMA)) (AEL: -1,40)

MELPHALAN (AEL: -0,17)

AFATINIB (lung - non-small cell carcinoma [FDA+EMA]; lung -
squamous cell carcinoma [FDA+EMA]; lung - adenocarcinoma
[FDA+EMAY]) (AEL: -0,14)
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DAGANAT MOLEKULARIS PROFILJAVAL POZITIV KAPCSOLATBAN DAGANAT MOLEKULARIS PROFILJAVAL  NEGATIV

ALLO HATOANYAGOK KAPCSOLATBAN ALLO HATOANYAGOK
KLINIKAI FEJLESZTES ALATT KLINIKAI FEJLESZTES ALATT
10 listazott hatéanyag (6sszesen 108) 7 listézott hatéanyag (6sszesen 7)
TORIPALIMAB (AEL: 2056,45) R-CHOP (AEL: -63,80)
® PD-L1 protein overexpression driver (AEL: 475,62) ; ® TP53-M160_A161dup driver (AEL: -22,52)

® PD-1vad tipus target (AEL: 1440,84)
PATUPILONE (AEL: -22,59)

SINTILIMAB (AEL: 1956,45) ® TP53-M160_A161dup driver (AEL: -22,52)
® PD-1vad tipus target (AEL: 1440,84) ;
® PD-L1 protein overexpression driver (AEL: 475,62) AZD9496 (AEL: -16,38)

® ESR1vad tipus target (AEL: -16,38)

CS1001 (AEL: 1764,48)
® PD-L1vad tipus target (AEL: 1764,23) SRN-927 (AEL: -16,38)

® ESR1vad tipus target (AEL: -16,38)

BINTRAFUSP ALFA (AEL: 1764,22)
® PD-L1vad tipus target (AEL: 1764,23) ELACESTRANT (AEL: -16,16)

® ESR1vad tipus target (AEL: -16,38)

PACMILIMAB (AEL: 1764,22)
® PD-L1vad tipus target (AEL: 1764,23) BRILANESTRANT (AEL: -16,11)

® ESR1vad tipus target (AEL: -16,38)

MDX-1105 (AEL: 1764,22)
® PD-L1vad tipus target (AEL: 1764,23) FK866 (AEL: -1,82)

camrelizumab (AEL: 1441,74)
® PD-1vad tipus target (AEL: 1440,84)

TISLELIZUMAB (AEL: 1441,32)
® PD-1vad tipus target (AEL: 1440,84)

GEPTANOLIMAB (AEL: 1441,04)
® PD-1vad tipus target (AEL: 1440,84)

ABBV-181 (AEL: 1440,84)
® PD-1vad tipus target (AEL: 1440,84)

A hatdéanyagok mellett megjelend pontszdmok a hatéanyagokra vonatkozd aggregdlt evidencia-szintet (AEL, aggregated evidence level) jelzik. Az AEL a tumor tipusokat, molekuldris varidnsokat,
célpontokat és hatéanyagokat 6sszekapcsolé evidencidk szamat, tudomanyos hatasat és klinikai relevancidjat reprezentalja. Az egyes evidencia relaciék pontszdmait az alapjan normalizaljuk és
sllyozzuk, hogy az egyes Osszefliggésekben leirt jellemz&k milyen mértékben hasonlitanak a vizsgélt beteg paramétereihez. A hatéanyagok pontszdmait a relevéns, hatéanyagokat, tumor
tipusokat, drivereket és célpontokat 6sszekapcsold relacidk (és azok AEL-jeinek) 6sszegzésével szamitjuk. A hatéanyagokat AEL szerinti csokkend sorrendben listdzzuk.

( Roviditések: AEL - aggregdlt evidencia-szint, AF - allél frekvencia, TR: tumor arany )
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KLINIKAI VIZSGALATOK

Keresési Kritériumok

ALLAPOT: Not yet recruiting,Active recruiting

AZONOSITO LEiRAS

A klinikai vizsgalatok listdjat a Realtime Oncology Molecular Treatment Calculator segitségével allitottuk elé. A klinikai vizsgalatok esetében a szliréshez a beteg klinikai és molekularis profiljdban
szereplé paramétereket vetettiik 0ssze a rendszerben taldlhaté klinikai vizsgalatok bevélogatdsi és kizérasi feltételeivel. A manudlisan bedllitott keresési feltételek nem feltétlentl tartalmaznak
minden szUrési kritériumot. Az Oncompass Medicine a rendszerben szerepld klinikai vizsgalatokért és az adatok helyességéért nem vdllal feleldsséget, és nem garantalja a beteg bekerlilését a
listan szerepld klinikai vizsgalatokba.

RESZLETES MOLEKULARIS PROFIL

GENETIKAI VARIANSOK

AKAP9-Q1373E, AMPH-Q71FS*4, AXL-P279Q, BRCA1-D430N, BRCA1-K654FS*47, BUB1B-Q487H, CCNE1-R101S, CUL3-R162FS*9, EPHA5-A672T,
FGF14-N242T, FOXA1-L148V, GAS6-V673FS*37, GNAS-P459R, GNAT2-A5V, KDM5C-S299R, KIT-E930Q, KIT-M541L, KLHL6-Q317L, KMT2C-
C391*, KMT2C-R380L, MAGI2-E867K, NFE2L2-G589D, NOTCH1-R1279H, OTOP1-L104M, OTOP1-V69M, PCBP1-N84S, PIK3CG-Q1071E, SEC16A-
T1001l, SPEG-R1621C, TENT5C-E299K, TP53-M160_A161DUP, WNK2-H758N, ZNF703-A514DEL, ZNF703-P307S

VAD TiPUSU GENEK

ABCB1, ABCC2, ABL1, ABL2, ABRAXAS1, ACVRI1B, ACVRL1, ADGRB3, AGTRAP, AIP, AKT1, AKT2, AKT3, ALK, AMER1, APC, APEX1, AR, ARAF,
ARFRP1, ARID1A, ARID1B, ARID2, ASXL1, ATM, ATP11B, ATP4A, ATP6VOD2, ATR, ATRX, AURKA, AURKB, AXIN1, AXIN2, B2M, BAP1, BARD1, BAX,
BAZ2B, BCL2, BCL2L1, BCL2L2, BCL6, BCL9, BCOR, BCORL1, BCR, BIM, BIRC2, BIRC3, BLM, BMPR1A, BRAF, BRCA2, BRD4, BRIP1, BTG1, BTK,
CARD™, CASP8, CASR, CBFB, CBL, CBLB, CBLC, CCDC178, CCDC6, CCND1, CCND2, CCND3, CD74, CD79A, CD79B, CDA, CDC27, CDC73,
CDH1, CDK12, CDK4, CDK6, CDK8, CDKN1A, CDKN1B, CDKN1C, CDKN2A, CDKN2B, CDKN2C, CEBPA, CEP57, CHD1, CHD2, CHD4, CHD?7,
CHEK1, CHEK2, CHIC2, CIC, CIT, CREBBP, CRKL, CRLF2, CSFIR, CSMD3, CSNK2A1, CTCF, CTNNA1, CTNNB1, CUBN, CYLD, CYP19A1, CYP2A6,
CYP2B6, CYP2C19, CYP2C9, CYP2D6, DAXX, DCC, DCUN1D1, DDB2, DDR1, DDR2, DDX11, DDX3X, DICER1, DIS3L2, DMD, DNMT3A, DOTIL,
DPH3, DPYD, DSE, ECT2L, EED, EGFR, ELMO1, EML4, EMSY, EP300, EPCAM, EPHA2, EPHA3, EPHA7, EPHB1, ERBB2, ERBB3, ERBB4, ERCC1,
ERCC2, ERCC3, ERCC4, ERCC5, ERG, ERRFI1, ESR1, ESR2, ESRP1, ETV6, EXOC2, EXT1, EXT2, EZH2, EZR, FANCA, FANCB, FANCC, FANCD2,
FANCE, FANCF, FANCG, FANCI, FANCL, FANCM, FAS, FAT1, FAT3, FBXO11, FBX0O32, FBXW7, FGF10, FGF19, FGF23, FGF3, FGF4, FGF5, FGF6,
FGF9, FGFR1, FGFR2, FGFR3, FGFR4, FH, FLCN, FLT1, FLT3, FLT4, FN1, FOXL2, FOXO1, FOXP1, FRS2, FSTL5, FUBP1, FZD3, G6PD, GABRAG,
GALNT17, GATA1, GATA2, GATA3, GATA4, GATA6, GEN1, GID4, GLI1, GNA11, GNA13, GNAI2, GNAQ, GOPC, GPC3, GPR78, GREM1, GRIN2A,
GRM3, GRMS8, GSK3B, GSTP1, GXYLT1, H3-3A, H3C2, HGF, HNF1A, HOXB13, HRAS, HSD3B1, HSP9OAA1, HSPH1, IDH1, IDH2, IFITM1, IFITM3,
IGF1R, IGF2, IGF2R, IGSF10, IKBKE, IKZF1, IKZF4, IL2RA, IL2RB, IL2RG, IL6, IL6ST, IL7R, INHBA, INPP4B, IRAK4, IRF2, IRF4, IRS2, ITCH, JAK1, JAK2,
JAK3, JUN, KAT6A, KDM4B, KDM5A, KDM6A, KDR, KEAP1, KEL, KIAA1549, KIF5B, KLF6, KMT2A, KMT2D, KNSTRN, KRAS, KREMEN1, LAMA2,
LCK, LMO1, LPAR2, LRP1B, LRRK2, LTK, LYN, LZTR1, MAGI3, MAGOH, MAP2K1, MAP2K2, MAP2K4, MAP3K1, MAP3K4, MAP4K3, MAP7, MAPK1,
MAPK3, MASIL, MAX, MCL1, MDM2, MDM4, MED12, MED13, MEF2B, MEN1, MET, MIER3, MITF, MLH1, MLLT3, MPL, MRE11, MSH2, MSH3, MSHS6,
MSTIR, MTOR, MUC16, MUTYH, MYC, MYCL1, MYCN, MYD88, MYO18A, MYO1B, NBN, NCOA2, NCOR1, NEK2, NF1, NF2, NFKBIA, NIPA2, NKX2-1,
NKX2-8, NKX3-1, NOTCH2, NOTCH3, NPM1, NRAS, NRCAM, NRG1, NRP2, NSD1, NT5C2, NTRK1, NTRK2, NTRK3, NUP93, OR5L1, PAK3, PALB2,
PAX3, PAX5, PAX7, PBRM1, PCGF2, PD-L1, PDGFRA, PDGFRB, PDK1, PDL2, PDZRN3, PHF6, PHOX2B, PIK3C2B, PIK3CA, PIK3CB, PIK3CD,
PIK3R1, PIK3R2, PLCG2, PLEKHS1, PMS1, PMS2, PNP, POLD1, POLE, POT1, PPARG, PPMIL, PPP2R1A, PPP2R2A, PRDM1, PREX2, PRF1, PRKARI1A,
PRKCI, PRKDC, PRKN, PRPF40B, PRSS8, PSMB1, PSMB2, PSMB5, PSMD1, PSMD2, PTCH1, PTEN, PTGFR, PTPN11, PTPN12, PTPRD, QKI, RAC1,
RAC2, RAD21, RAD50, RAD51, RAD51B, RAD51C, RAD51D, RAD54L, RAF1, RANBP2, RARA, RARB, RARG, RB1, RBM10, RECQL4, RECQLS5, RET,
RHBDF2, RHEB, RHOA, RICTOR, RIT1, RNF43, ROS1, RPS6KB1, RPTOR, RUNX1, RUNX1T1, RXRA, RXRB, RXRG, S1PR2, SAMDOL, SBDS, SCN11A,
SDC4, SDHA, SDHAF2, SDHB, SDHC, SDHD, SEPT9, SETBP1, SETD2, SF1, SF3A1, SF3B1, SH2B3, SHH, SHOC2, SLC22A1, SLC22A2, SLC31A1,
SLC34A2, SLC45A3, SLC7A8, SLCOA9, SLCO1B1, SLIT2, SLX4, SMAD2, SMAD3, SMAD4, SMARCA4, SMARCB1, SMARCE1, SMC1A, SMC3, SMO,
SNCAIP, SOCS1, SOS1, SOX10, SOX2, SOX9, SPEN, SPOP, SPRED1, SPTA1, SRC, SRSF2, SSTR1, STAG2, STAT3, STAT4, STK11, SUFU, SUZ12,
SYK, SYNE3, TACC3, TAF1, TAS2R38, TBX20, TBX3, TCERG1, TCF7L2, TERC, TERT, TET2, TFG, TGFBR2, THSD7B, TIAF1, TMEM127, TMPRSS2,
TNFAIP3, TNFRSF14, TOP1, TOP2A, TP53BP1, TP63, TPM3, TPM4, TPMT, TRAF5, TRIO, TRRAP, TSC1, TSC2, TSHR, TYK2, U2AF1, U2AF2, UBR3,
UGT1A1, USP16, USP25, VCL, VEGFA, VHL, WDCP, WEE1, WISP3, WRN, WT1, WWP1, XPA, XPC, XPO1, XRCC2, YAP1, YES1, ZBED4, ZBTB2,
ZFHX3, ZIC3, ZMYM3, ZNF2, ZNF217, ZNF226, ZNF473, ZNF595, ZRSR2

FISH/CNA/IHC POZITIV GENEK FISH/CNA/IHC NEGATIV GENEK

PD-L1 PROTEIN OVEREXPRESSION ABL1 TRANSLOCATION ABSENCE, ALK TRANSLOCATION ABSENCE,
BCR TRANSLOCATION ABSENCE, BRAF TRANSLOCATION ABSENCE,
BRD4 TRANSLOCATION ABSENCE, CD74 TRANSLOCATION
ABSENCE, EGFR TRANSLOCATION ABSENCE, ERBB2 PROTEIN
NORMAL, ESR1 PROTEIN NORMAL, FGFR1 TRANSLOCATION
ABSENCE, FGFR2 TRANSLOCATION ABSENCE, FGFR3
TRANSLOCATION ABSENCE, KIF5B TRANSLOCATION ABSENCE, MET
TRANSLOCATION ABSENCE, NRG1 TRANSLOCATION ABSENCE,
NTRK1 TRANSLOCATION ABSENCE, NTRK2 TRANSLOCATION
ABSENCE, NTRK3 TRANSLOCATION ABSENCE, PD-L1 PROTEIN
NORMAL, PGR PROTEIN NORMAL, RAF1 TRANSLOCATION ABSENCE,
RARA TRANSLOCATION ABSENCE, RET TRANSLOCATION ABSENCE,
ROS1T TRANSLOCATION ABSENCE, TACC1 TRANSLOCATION
ABSENCE, TACC3 TRANSLOCATION ABSENCE

MOLEKULARIS BIOLOGIAI INTERPRETACIO
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MOLEKULARIS ALTERACIOK

TMB-H driver (AEL: 803,92, AF/TR: NA/50%),

PDL1 protein overexpression driver (AEL: 475,62, AF/TR: NA/NA),
BRCA1-K654fs*47 driver (AEL: 85,31, AF/TR: 31.72%/50%),
TP53-M160_A161dup VUS, driver gén (AEL: 22,52, AF/TR: 23.66%
/50%),

KMT2C-C391* driver (AEL: 16,09, AF/TR: 7.24%/50%),

KIT-E930Q VUS, driver gén (AEL: 14,13, AF/TR: 12.1%/50%),
NFE2L2-G589D VUS, driver gén (AEL: 1,18, AF/TR: 11.01%/50%),
GNAS-P459R driver (AEL: 0,85, AF/TR: 30.3%/50%),

KDM5C-S299R VUS, driver gén (AEL: 0,50, AF/TR: 55.89%/50%),
CUL3-R162fs*9 VUS, driver gén (AEL: 0,07, AF/TR: 8.62%/50%),
FOXA1-L148V VUS, driver gén (AEL: 0,04, AF/TR: 69.51%/50%),
TENT5C-E299K driver (AEL: 0,01, AF/TR: 45.34%/50%),
GAS6-V673fs*37 driver (AEL: 0,01, AF/TR: 3%/50%),

ZNF703-A514del ellentmondasos driver (AEL: 0,00, AF/TR: 4.27%/50%),
ZNF703-P307S ellentmonddésos driver (AEL: 0,00, AF/TR: 9.4%/50%),
AKAP9-Q1373E ellentmonddasos driver (AEL: 0,00, AF/TR: 11.97%/50%),
MAGI2-E867K ellentmonddsos driver (AEL: 0,00, AF/TR: 12.5%/50%),
BRCA1-D430N ellentmonddsos driver (AEL: 0,00, AF/TR: 38.74%/50%),
OTOP1-V69M ellentmondésos driver (AEL: 0,00, AF/TR: 23.08%/50%),
KLHL6-Q317L ellentmondésos driver (AEL: 0,00, AF/TR: 38.4%/50%),
SEC16A-T1001I ellentmondésos driver (AEL: 0,00, AF/TR: 58.21%/50%),
PCBP1-N84S ellentmondéasos driver (AEL: 0,00, AF/TR: 42.56%/50%),
PIK3CG-Q1071E ismeretlen jelentéségl varidns (AEL: 0,00, AF/TR:
9.09%/50%),

OTOP1-L104M ismeretlen jelentéségl varidns (AEL: 0,00, AF/TR:
51.92%/50%),

AXL-P279Q ismeretlen jelent6ségl varidns (AEL: 0,00, AF/TR: 30.69%
/50%),

SPEG-R1621C ismeretlen jelentéségl varidns (AEL: 0,00, AF/TR:
33.09%/50%),

BUB1B-Q487H ismeretlen jelentéségl varidns (AEL: 0,00, AF/TR: 8.43%
/50%),

AMPH-Q71fs*4 ismeretlen jelentéségU varidns (AEL: 0,00, AF/TR: 25.2%
/50%),

FGF14-N242T ismeretlen jelentéségl varidns (AEL: 0,00, AF/TR: 25%
/50%),

CCNE1-R101S ismeretlen jelentéségU varidns (AEL: 0,00, AF/TR: 7.24%
/50%),

KMT2C-R380L nem driver (AEL: -3,65, AF/TR: 7.5%/50%),

KIT-M541L nem driver (AEL: -4,20, AF/TR: 49.94%/50%),

GNAT2-A5V nem driver (AEL: -5,00, AF/TR: 50.15%/50%),
WNK2-H758N nem driver (AEL: -5,00, AF/TR: 61.82%/50%),
EPHAS5-A672T nem driver (AEL: -10,00, AF/TR: 99.53%/50%),
NOTCH1-R1279H nem driver (AEL: -16,57, AF/TR: 61.04%/50%)

INDIREKT CELPONT GENEK
CD274 vad tipus (AEL: 1764,22),

® PDL1 protein overexpression driver (AEL: 475,62) ;
® BRCA1-K654fs*47 driver (AEL: 85,31) ;

® TMB-H driver (AEL: 803,92) ;

* BRCA1-D430N driver (AEL: 0,00)

PD-1vad tipus (AEL: 1440,84),

® BRCA1-K654fs*47 driver (AEL: 85,31) ;

® TMB-H driver (AEL: 803,92) ;

® PDL1 protein overexpression driver (AEL: 475,62) ;
® BRCA1-D430N driver (AEL: 0,00)

CTLA4 vad tipus (AEL: 809,26),
* TMB-H driver (AEL: 803,92)

PARP1 vad tipus (AEL: 165,38),

® BRCA1-K654fs*47 driver (AEL: 85,31) ;
® BRCA1-D430N driver (AEL: 0,00)

KIT vad tipus (AEL: 121,53),
® KIT-E930Q driver (AEL: 14,13)

CHEK?1 vad tipus (AEL: 109,87),

® BRCAT1-D430N driver (AEL: 0,00) ;
® BRCA1-K654fs*47 driver (AEL: 85,31) ;
® TP53-M160_A161dup driver (AEL: 22,52)

PARP2 vad tipus (AEL: 85,41),

® BRCA1-K654fs*47 driver (AEL: 85,31) ;
® BRCA1-D430N driver (AEL: 0,00)

WEE1 vad tipus (AEL: 26,32),

® TP53-M160_A161dup driver (AEL: 22,52)

ATR vad tipus (AEL: 23,86),

® TP53-M160_A161dup driver (AEL: 22,52)

CDK4 vad tipus (AEL: 23,50),

* TP53-M160_A161dup driver (AEL: 22,52)

RARG vad tipus (AEL: 23,41),

* TP53-M160_A161dup driver (AEL: 22,52)

PLK1 vad tipus (AEL: 23,00),

* TP53-M160_A161dup driver (AEL: 22,52)

PRKDC vad tipus (AEL: 22,92),

® TP53-M160_A161dup driver (AEL: 22,52)

CDK1 vad tipus (AEL: 22,85),

® TP53-M160_A161dup driver (AEL: 22,52)

CDK®9 vad tipus (AEL: 22,85),

® TP53-M160_A161dup driver (AEL: 22,52)

CDK2 vad tipus (AEL: 22,85),

® TP53-M160_A161dup driver (AEL: 22,52)

AURKB vad tipus (AEL: 22,80),

® TP53-M160_A161dup driver (AEL: 22,52)

BRD4 vad tipus (AEL: 18,23),

® KMT2C-C391* driver (AEL: 16,09)

JAK2 vad tipus (AEL: 14,55),
* KIT-E930Q driver (AEL: 14,13)

glutaminase vad tipus (AEL: 4,45),

® NFE2L2-G589D driver (AEL: 1,18)

PRKACA vad tipus (AEL: 1,35),
* GNAS-P4509R driver (AEL: 0,85)

ATM vad tipus (AEL: 0,72)

* CUL3-R162f5*9 driver (AEL: 0,07)

AZONOSITO

NEV Anonymous
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MOLEKULARIS BIOLOGIAI INTERPRETACIO

A tumor mutational burden (TMB) vizsgalat eredménye

A vizsgélt mintdban a szekvencia analizis (NGS) sorén kapott 1 megabazisra vonatkozé mutaciék széma (TMB): 6,44. Az adatbazisunkban lévd
kalkulalt TMB értékek (n=585) eloszldsa alapjan az eseteink 90%-aban kaptunk ennél alacsonyabb TMB értéket.

A TMB érték klinikai interpretacidja egyelére nem egyértelm(, az eredmény téjékoztatd jelleg(.

A magas TMB érték pozitiv asszocidciéban 4all a PD-1 és PD-L1 inhibitorokra adott valasszal kiilénb6z6 tumortipusokban.

Goodman és munkatarsai 151 olyan beteg adatait elemezték, akik immunterdpids kezelésben részesiiltek, és ismert volt esetiikben a TMB érték.
Kiilonbdzé — 6sszesen 21 féle — tumortipus szerepelt a vizsgalatban. A magas TMB értéket minimum 20 mutacié/megabazis-ként definialtak. A
magas TMB értékkel rendelkezé betegcsoport valaszadasi ardnya immunterapidra 58% volt, mig alacsony vagy kozepes TMB érték esetén 20%.
A PD-1/PD-L1 g&tl6 terapidban részesiilé betegek kozott is korrelacié volt megfigyelhetd a TMB érték és a kezelés kedvezd kimenetele kozott (1).
Hasonlé terapids elényt tapasztaltak a magas TMB érték( csoportban az alacsony/kézepes TMB értéklihoz képest PD-1/PD-L1 gétlé kezelés

hatéséara, mikroszatellita stabil (MSS) beteg (n=60, 14 kiilonbdz8 hisztolégia) mintdinak analizise sordn. A medidn progressziémentes tulélés 26,8
és 4,3 hénapnak bizonyult (2).

Egy masik tanulményban 1662 immunterapidval kezelt beteg adatait elemezték. Magas TMB értéknek tekintették minden szovettani tipusban a
TMB értékek legmagasabb 20%-at. A magas TMB betegcsoportban szignifikdnsan hosszabb volt a talélés. Kiilonbozé kiiszébértékekkel

szdmolva azt allapitottdk meg, hogy minél magasabb a TMB érték, annél nagyobb tilélési elényt élveznek az immunterépiat kap6 betegek (3).

Forgalomban 1évé PD-1 vagy PD-L1 gétlé hatéanyagok a NIVOLUMAB, PEMBROLIZUMAB, AVELUMAB, ATEZOLIZUMAB, DURVALUMAB és
CEMIPLIMAB.

A PEMBROLIZUMAB az FDA é&ltal torzskdonyvezett magas TMB értékd, elérehaladott vagy metasztatikus, szolid tumorral rendelkezé, felnétt és
gyermek betegek szdméra.

A torzskonyv alapjdul a KEYNOTE-158 fazis Il klinikai vizsgélat (NCT02628067) elbre tervezett retrospektiv analizise szolgalt. A vizsgalat
eredményei alapjan a magas TMB statusz (a vizsgalatban 10 mutacié/mb-nek definialtak) kedvezdbb kimenetellel volt asszocialt pembrolizumab
monoterdpia esetén elézetesen kezelt elérehaladott szolid daganatos betegek korében (n=790, 10-féle tumor tipus). Az objektiv vélaszadasi rata
29%-nak (30/102) bizonyult magas TMB statusz esetén, 28%-nak (23/81) magas TMB esetén a magas vagy ismeretlen MSI statuszi betegek
eredményeit kizdrva és 6%-nak (43/688) az alacsony TMB értékl csoportban. Az adatok kiértékelésekor, 37,1 hénapos medidn kovetési idd
mellett, a mediadn vélaszadasi id6 nem kerllt elérésre a magas TMB értékl csoportban, mig az alacsony TMB statuszu kohort esetén 33,1 hénap
volt (4).
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(10):1570-1573. Epub 2019 Aug 12. PMID: 31405947

(3) Samstein RM, et al. Tumor mutational load predicts survival after inmunotherapy across multiple cancer types. Nat Genet. 2019 Feb;51(2):202-
206. Epub 2019 Jan 14. PMID: 30643254

(4) Marabelle A et al. Association of tumour mutational burden with outcomes in patients with advanced solid tumours treated with
pembrolizumab: prospective biomarker analysis of the multicohort, open-label, phase 2 KEYNOTE-158 study. Lancet Oncol. 2020 Sep 10:51470-
2045(20)30445-9. Epub ahead of print. PMID: 32919526

TMB-High tripla negativ emlédaganat

A PEMBROLIZUMAB az FDA é&ltal torzskdonyvezett magas TMB értékd, elérehaladott vagy metasztatikus, szolid tumorral rendelkezé, felnétt és
gyermek betegek szdméra.

Az ATEZOLIZUMAB torzskonyvezett PD-L1 pozitiv, irrezekabilis, lokdlisan elérehaladott vagy metasztatikus tripla negativ emlédaganat (triple
negative breast cancer, TNBC) indikaciéban nab-paclitaxellel kombindciéban. Az IMpassion130 klinikai vizsgalat eredményei szerint az elsé
vonalas nab-paclitaxel-hez adott atezolizumab kezelés a teljes betegpopulécion és a PD-L1 pozitiv alcsoportban is szignifikdnsan ndvelte a

progresszidmentes tulélést (progression-free survival, PFS). Teljes betegpopuldcion a medidn PFS az atezolizumab plusz nab-paclitaxel

kombin&ciés karban 7,2 hénapnak, mig a placebo plusz nab-paclitaxel karban 5,5 hénapnak addédott (1). Ebben a tanulményban nem vizsgélték a
TMB sétuszt.

TNBC betegek kozott a neoadjuvans kemoterdpidhoz adott durvalumab (PD-L1 géatlé) 53%-ra emelte a teljes valaszadasi arényt, a placebo +
kemoterdpia karban 44% volt ez az érték. A TMB-H betegcsoportban a betegek 58%-anél figyeltek meg teljes patolégiai vdlaszadéast, mig a TMB-
L (low) csoportban ez az érték 38% volt (2).
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Egy fézis Ib klinikai vizsgdlatban elérehaladott, TNBC betegeket kezeltek elsé vonalban ipatasertib, atezolizumab és kemoterépia
kombinacidjdval. A vizsgdlat elézetes eredményei szerint a betegek 73%-dnél értek el teljes vagy részleges vdlaszt, biomarker statusztdl
fliggetlendl (3).

Féazis Il vizsgalatban magas TMB értékkel el6rehaladott emiédaganatos betegek vettek részt. A vélaszadési ardny 21% volt, a median PFS 10,6
hét, a medién teljes tulélés (overall survival, OS) 31,6 hét (4).

Referenciak:

(1) Schmid P et al., Atezolizumab and Nab-Paclitaxel in Advanced Triple-Negative Breast Cancer. N Engl J Med. 2018 Nov 29;379(22):2108-2121.

Epub 2018 Oct 20. PubMed PMID: 30345906

(2) Sibylle Loibl et al., Exome analysis of oncogenic pathways and tumor mutational burden (TMB) in triple-negative breast cancer (TNBC): Results
of the translational biomarker program of the neoadjuvant double-blind placebo controlled GeparNuevo trial. J Clin Oncol 37, 2019 (suppl; abstr
509)

(3) firstwordpharma.com/node/1632490

(4) Alva AS et al., Pembrolizumab (P) in patients (pts) with metastatic breast cancer (MBC) with high tumor mutational burden (HTMB): Results from
the Targeted Agent and Profiling Utilization Registry (TAPUR) Study. 2019.

PD-L1 overexpresszio

A PD-L1 overexpresszié tobb tumortipusban 0sszefliggést mutat a PD-1 és PD-L1 gétlé immunterdpidk hatékonysagdaval (1, 2).

Forgalomban Iévé PD-1 vagy PD-L1 géatlé hatéanyagok a NIVOLUMAB, PEMBROLIZUMAB, AVELUMAB, DURVALUMAB, ATEZOLIZUMAB és a
CEMIPLIMAB.

Referenciak:

(1) Patel SP, Kurzrock R. PD-L1 Expression as a Predictive Biomarker in Cancer Immunotherapy. Mol Cancer Ther. 2015 Apr;14(4):847-56. doi:
10.1158/1535-7163.MCT-14-0983. Epub 2015 Feb 18. Review. PubMed PMID: 25695955.

(2) Herbst RS et al., Predictive correlates of response to the anti-PD-L1 antibody MPDL3280A in cancer patients. Nature. 2014 Nov 27;515(7528):
563-7. doi: 10.1038/nature14011. PubMed PMID: 25428504

PD-L1 overexpresszalt tripla negativ emlédaganat

A PD-L1 overexpresszié tobb tumortipusban osszefliggést mutat a PD-1 és PD-L1 gétlé immunterdpidk hatékonysagdaval (1, 2).

Egy tanulményban tripla negativ emlédaganatos (triple negative breast cancer, TNBC) betegek 19%-aban (20/105) mutattak ki >5% feletti PD-L1
expressziét (3). TNBC betegek korében intenziven kutatott teriilet az immunterdpidk alkalmazésa (4).

TNBC indikaciéban torzskonyvezett immunterapia az ATEZOLIZUMAB és a PEMBROLIZUMAB (csak az FDA 4ltal).

Az ATEZOLIZUMAB (PD-L1 inhibitor) nab-paclitaxellel (nanorészecske albumin-k&tétt paclitaxel) kombindcidban térzskdnyvezett PD-L1 pozitiv,
irreszekabilis, lokdlisan elérehaladott vagy metasztatikus TNBC betegek szdmdra. Az IMpassion130 klinikai vizsgélat eredményei szerint a PD-L1
pozitiv betegeknél a medidn progresszidmentes tulélés (progression-free survival, PFS) az atezolizumab plusz nab-paclitaxel kombinéaciés
karban 7,5 hénapnak, mig a placebo plusz nab-paclitaxel karban 5,0 hénapnak adédott. A PD-L1 pozitiv alcsoportban atezolizumab plusz nab-
paclitaxel karban az esetek 59%-dban, mig a placebo plusz nab-paclitaxel karban az esetek 47%-&ban értek el teljes vagy részleges vélaszt. A
teljes betegcsoporton a medidn PFS és 7,2 hénap és 5,5 honap, a median teljes tulélés (overall survival; OS) 21,0 és 18,7 hénap, az objektiv
vélaszadasi rata (objective response rate; ORR) 56% és 45,9% volt az atezolizumab és a placebo karban (5, 6).

Az IMpassion031 fézis 1l vizsgdlat el6zetes eredményei alapjdn az atezolizumab kombindlva nab-paclitaxellel majd
doxorubicin+cyclophosphamide kemoterdpidval (A-kemo) kedvezdbb patoldgiai teljes vélaszt eredményezett a placebo és nab-paclitaxel majd
kemoterdpia (P-kemo) kombinaciéhoz képest elézetesen nem kezelt, korai stddiumi TNBC betegek korében, PD-L1 statusztdl fliggetlendl (7).
Az IMpassion131 fazis lll vizsgélat el6zetes eredményei alapjdn az atezolizumab és paclitaxel kombindcié nem eredményezett szignifikdns PFS
és OS el6nyt a placebo+paclitaxel terdpidhoz képest elsévonalas kezelésként TNBC betegek szamara (8).

Egy fazis | vizsgalatban (NCT01375842) metasztatikus TNBC betegek (n=112) részesiiltek atezolizumab terapidban. Az 1 éves OS rata 45% volt a
magas PD-L1 expresszidju tumor-infiltrdlé immunsejtekkel rendelkezé betegek esetén és 37% a PD-L1-et alacsony szinten vagy nem expresszalé
betegek kozo6tt. A vélaszaddsi rata rendre 13% és 5% volt (9).

Egy fézis Ib klinikai vizsgdlatban elérehaladott, TNBC betegeket kezeltek elsé vonalban ipatasertib, atezolizumab és kemoterépia
kombinacidjdval. A vizsgdlat elézetes eredményei szerint a betegek 73%-dnél értek el teljes vagy részleges vdlaszt, biomarker statusztdl
fliggetlendl (10).
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Egy fazis Ib vizsgélatban (JAVELIN, NCT01772004), az avelumab (PD-L1 gétl6) kezelés hatékonysdgét tanulmanyoztdk PD-L1 stdtusz alapjan nem
elészelektdlt, tobbszorosen elékezelt, metasztatikus emlédaganatos betegek (n=168) kozott. Az ORR a teljes csoportban 3,0% volt, a TNBC
betegek (n=58) alcsoportjdban 5,2%. Az ORR pozitiv trendet mutatott a tumor asszocidlt immunsejtek PD-L1 expresszidjaval, TNBC betegek
esetén 22,2% és 2,6% volt PD-L1 pozitiv és negativ esetben (11).

A PEMBROLIZUMAB (PD-1 inhibitor) az FDA &ltal térzskdnyvezett kemoterdpidval kombindciéban PD-L1 pozitiv (10%), el6rehaladott TNBC
betegek szdmdra. A torzskonyv alapjdul a fazis Il KEYNOTE-355 vizsgalat szolgdlt, melyben a pembrolizumab vagy placebd és kemoterdpia
kombindciét hasonlitottdk ossze. A 10%-ndl magasabb PD-L1 expresszidval rendelkezé TNBC betegek alcsoportjdban a medidn PFS 9,7 hénap
volt a pembrolizumab karban (n=220) és 5,6 hénap a placebo karban (n=103). PD-L1 stétusztdl fiiggetlenil a medidn PFS 7,5 hénap volt a
pembrolizumab-karban (n=566), és 5,6 hénap a placebo-karban (n=281) (12).

Egy fazis Il vizsgalatban (KEYNOTE-086, NCT02447003) a pembrolizumab (PD-1 inhibitor) hatékonysagat tanulméanyoztak elézetesen kezelt
metasztatikus TNBC betegek kozott (kohort A). Az ORR 5,5% korili értékl volt PD-L1 expressziétdl fliggetlentl. A medidn PFS 2,0 hénap, a
medidn OS 9,0 hénap volt, a 6-hdnapos PFS és OS réta rendre 14,9% és 69,1% volt (13).

Referenciak:

(1) Patel SP, Kurzrock R. PD-L1 Expression as a Predictive Biomarker in Cancer Immunotherapy. Mol Cancer Ther. 2015 Apr;14(4):847-56. Epub
2015 Feb 18. Review. PubMed PMID: 25695955

(2) Herbst RS et al., Predictive correlates of response to the anti-PD-L1 antibody MPDL3280A in cancer patients. Nature. 2014 Nov 27;515(7528):
563-7. PubMed PMID: 25428504

(3) Mittendorf EA et al., PD-L1 expression in triple-negative breast cancer. Cancer Immunol Res. 2014 Apr;2(4):361-70. PubMed PMID: 24764583
(4) Stagg J, Allard B. Immunotherapeutic approaches in triple-negative breast cancer: latest research and clinical prospects. Ther Adv Med
Oncol. 2013 May;5(3):169-81. PubMed PMID: 23634195

(5) Schmid P et al., Atezolizumab and Nab-Paclitaxel in Advanced Triple-Negative Breast Cancer. N Engl J Med. 2018 Nov 29;379(22):2108-2121.
Epub 2018 Oct 20. PubMed PMID: 30345906

(6) Emens LA et al., IMpassion130: Final OS analysis from the pivotal phase lll study of atezolizumab + nab-paclitaxel vs placebo + nab-paclitaxel
in previously untreated locally advanced or metastatic triple-negative breast cancer. Annals of Oncology. 2020;31(suppl_4):51142-51215. doi:
10.1016/annonc/annonc325.

(7) Mittendorf EA et al., Neoadjuvant atezolizumab in combination with sequential nab-paclitaxel and anthracycline-based chemotherapy versus
placebo and chemotherapy in patients with early-stage triple-negative breast cancer (IMpassion031): a randomised, double-blind, phase 3 trial.
Lancet. 2020 Sep 18:50140-6736(20)31953-X. PMID: 32966830

(8) Miles DW et al., Primary results from IMpassion131, a double-blind placebo-controlled randomised phase lll trial of first-line paclitaxel (PAC) +
atezolizumab (atezo) for unresectable locally advanced/metastatic triple-negative breast cancer (nTNBC). Annals of Oncology. 2020;31(suppl_4):
S51142-S1215. doi: 10.1016/annonc/annonc325.

(9) Schmid P et al., Atezolizumab in metastatic TNBC (mTNBC): Long-term clinical outcomes and biomarker analyses [abstract]. In: Proceedings of
the American Association for Cancer Research Annual Meeting 2017; 2017 Apr 1-5; Washington, DC. Philadelphia (PA): AACR; Cancer Res 2017;
77(13 Suppl):2986. doi:10.1158/1538-7445.AM2017-2986.

(10) Schmid P et al., Abstract CT049: Phase Ib study evaluating a triplet combination of ipatasertib (IPAT), atezolizumab (atezo), and paclitaxel
(PAC) or nab-PAC as first-line (1L) therapy for locally advanced/metastatic triple-negative breast cancer (TNBC). 2019.

(11) Dirix LY et al., Avelumab, an anti-PD-L1 antibody, in patients with locally advanced or metastatic breast cancer: a phase 1b JAVELIN Solid
Tumor study. Breast Cancer Res Treat. 2018 Feb;167(3):671-686. doi: 10.1007/510549-017-4537-5. Epub 2017 Oct 23. PMID: 29063313

(12) Cortes J et al., Pembrolizumab plus chemotherapy versus placebo plus chemotherapy for previously untreated locally recurrent inoperable
or metastatic triple-negative breast cancer (KEYNOTE-355): a randomised, placebo-controlled, double-blind, phase 3 clinical trial. Lancet. 2020
Dec 5;396(10265):1817-1828. PMID: 33278935

(13) Adams S et al., Pembrolizumab monotherapy for previously treated metastatic triple-negative breast cancer: cohort A of the phase Il
KEYNOTE-086 study. Ann Oncol. 2019 Mar 1,30(3):397-404. doi: 10.1093/annonc/mdy517. PMID: 30475950

A kopiaszam-variacié (copy number variation, CNV) vizsgdlat eredménye

Az NGS vizsgélat sordn CNV analizist végeztiink. Képiaszam-varidciénak tekintjik, ha a detektélt kopiaszdm a normdl képiaszdmtdl (n=2) eltérd.
NGS alapu technolégiaval a képiaszam-véltozasok becslése lehetséges.

Az eredmény alapjan feltételezhetd kdpiaszdm-ndvekedést okozd genetikai eltérés jelenléte. Daganatképzdédéssel osszefiiggésbe hozhatd
gének, melyek feltehetéen magasabb kdépiaszédmban vannak jelen, a z FGFR1, CCNE1, RHPN2, CEBPA (n=8), TACC1 (n=7), ZNF703, BRCA1 (n=5).
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Az NGS vizsgalat altal detektdlt kdpiaszdm-véltozadsokat klinikai relevancia esetében FISH vizsgélattal is javasoljuk megvizsgélni. A kizardlag
NGS-sel detektdlt kopiaszdm-valtozasok rutinszerlien nem szerepelnek a molekuldris profilban listdzott azon varidnsok kozott, amelyeket a
digitdlis terdpiatervezés figyelembe vesz. Az FGFR1 gén FISH vizsgélata folyamatban van.

FGFR1 amplifikacié emlédaganatban

Az FGFR1 amplifikacié ismert onkogenikus genetikai elvltozas eml6rakban. Egy tanulményban a 880 vizsgéalt eml&tumor 8,7%-a mutatott FGFR1
amplifikdciot. Az 6sztrogénreceptor pozitiv betegek kdzétt az FGFR1 amplifikdcid rosszabb prognézissal korreldlt (1).

Egy meta-analizis eredménye szerint az FGFR1 amplifikdcié révidebb betegségmentes tuléléssel is korreldl (2).

FGFR1 amplifikdcié esetén az FGFR1 gatlé gyogyszerek lehetnek hatékonyak (3). Torzskonyvezett multi-tirozin kindz gétlészerek, amelyek
tobbek kozott az FGFR jelpélyét is gatoljdk a LENVATINIB, a NINTEDANIB, a PAZOPANIB, a REGORAFENIB és a PONATINIB, illetve kevésbé
specifikusak a SORAFENIB és a SUNITINIB. FDA altal urothelidlis daganatok indikaciéjaban elfogadott FGFR gétlé hatéanyag az ERDAFITINIB.

Egy fézis l/lla vizsgélatban 12 FGF aberraciéval rendelkezé elérehaladott emlérédkos beteg részesilt LUCITANIB (fejlesztés alatt 4ll6 FGFR gétlé
hatéanyag) kezelésben. 6 beteg mutatott részleges tumorvélaszt, és 6 betegnél irtak le stabil betegséget a kezelés hatdsdra. A medidn
progressziémentes tulélés 40,4 hét volt (4). Egy fazis Il vizsgdlatban 178 metasztatikus emlédaganatos beteg részesiilt lucitanib kezelésben. A
teljes vélaszadasi ardny 3% volt, és nem irtak le killénbséget a kezelés hatékonysédgdban az FGF aberracidk alapjan (5). EQy masik lucitanibet
tesztel6 fazis Il vizsgélatban (NCT02053636) 76 HR pozitiv, HER2 negativ metasztatikus emlé carcinomds beteget vizsgaltak. A klinikai elény
(azaz a teljes és részleges vélaszadas, illetve a 24 hétnél hosszabb stabil betegség Osszesitett ardnya) 41% volt az FGFR1 amplifikdlt betegek
esetén. A teljes vélaszadasi ardny az FGFR1 erésen amplifikdlt paciensek esetében 25%, mig a gyengén amplifikalt betegeknél 8% volt (6).

A DOVITINIB, fejlesztés alatt all6 FGFR gétlé hatdéanyag, fazis Il vizsgdlatban 25%-os vélaszaddsi ardnyt eredményezett FGFR1 amplifikdlt HR+
emlérakos betegek kérében, mig FGFR negativ HR+ emlérdkos betegek kozott a valaszadasi ardny 3% volt (7).

FGFR1 amplifikdciét hordozd, emlétumorbdl szarmazd preklinikai modellekkel végzett kisérletekben specifikus FGFR1 gétldszerek (a ponatinib,
illetve a klinikai fejlesztés alatt all6 brivanib) aktivitdst mutattak (8, 9). Kevésbé specifikus, az FGFR tobb tipusat blokkold tirozin kindz inhibitorok
csokkentették az olyan eml6 eredetll sejtvonalak osztédasat, amelyekben a FGFR jelpdlya aktivalédott, és ugyanezek a szerek hatéstalanok
voltak az aktivalédott jeldtviteli Gtvonal jelenléte nélkdl (9, 10).

Referenciak:
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PubMed PMID: 17397528

(2) Chang J et al., Prognostic Value of FGFR Gene Amplification in Patients with Different Types of Cancer: A Systematic Review and Meta-
Analysis. PLOS ONE. 2014 Aug 29;9(8):e105524. PubMed PMID: 25171497

(3) Brady N et al., The FGF/FGFR axis as a therapeutic target in breast cancer. Expert Rev Endocrinol Metab. 2013 Jul;8(4):391-402. PubMed

PMID: 25400686

(4) Soria J-C et al., Phase I/lla study evaluating the safety, efficacy, pharmacokinetics, and pharmacodynamics of lucitanib in advanced solid

tumors. Ann Oncol. 2014 Nov 1,25(11):2244-51. PubMed PMID: 25193991

(5) Mayer IA et al., A phase 2 open-label study of lucitanib in patients (pts) with FGF aberrant metastatic breast cancer (MBC). Cancer Res. 2017
Feb 15;77(4 Supplement):P6-11-03-P6-11-03.

(6) Hui R et al., Lucitanib for the Treatment of HR+/HER2- Metastatic Breast Cancer: Results from the Multicohort Phase Il FINESSE Study. Clin

Cancer Res. 2020 Jan 15;26(2):354-363. Epub 2019 Oct 16. PMID: 31619444

(7) André F et al., Targeting FGFR with Dovitinib (TKI258): Preclinical and Clinical Data in Breast Cancer. Clin Cancer Res. 2013 Jul 1,19(13):3693—
702. PubMed PMID: 23658459

(8) Medina RL et al., Phase | trial of the combination of the multikinase inhibitor nintedanib plus letrozole: A window of opportunity trial in

adjuvant hormone-receptor positive breast cancer (HRPBC). JCO. 2016 May 20;34(15_suppl):TPS615-TPS615.

(9) Gozgit JM et al., Ponatinib (AP24534), a Multitargeted Pan-FGFR Inhibitor with Activity in Multiple FGFR-Amplified or Mutated Cancer Models,

Mol Cancer Ther. 2012;11(3):690-9 PubMed PMID: 22238366

(10) Shiang CY et al., Amplification of fibroblast growth factor receptor-1in breast cancer and the effects of brivanib alaninate, Breast Cancer Res

Treat. 2010;123(3):747-55 PubMed PMID: 20024612

CCNE1 amplifikacio
A CCNE1 altal kédolt cyclin E1, a G1-S fazistranziciét irdnyitja a ciklin-dependens kindz 2 (CDK2) fehérjével komplexet képezve, és fontos

szerepet jatszik a sejtciklus szabalyozds, DNS replikacié és kromoszéma szegregdcié folyamataban (1).
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A tudoményos irodalom alapjan a CCNE1 képiaszdm-novekedés és overexpresszid rossz progndzissal asszocidlt kiilonb6zé daganattipusokban,
kulonosen tripla-negativ emlétumorok (TNBC) esetén (1-3). A CCNE1 amplifikdcié TP53-mutédns gyomordaganatban méjattéttel asszocialt egy
tanulmany szerint (4).

CCNE1 amplifikacié esetén a CDK-k és a WEE1 emlithet6k pozitiv asszocidciéban, mint indirekt targetek (5).

A CDK2 és pan-CDK gétlék ugyan igéretesnek tlintek preklinikai kisérletekben CCNE1 amplifikdcié esetén, azonban nem jutottak tul fazis Il
vizsgalatokon monoterdpiaként az off-target gatlds okozta mellékhatdsok miatt. Jelenleg a CDK2 inhibitorokat PI3K inhibitorokkal vagy
kemoterdpidval kombinaciéban tanulményozz4k (5).

Egy tanulmanyban a ciklin-E1 overexpresszidja novelte a WEE1 aktivitdst, CDK2-fliggé médon aktivélta a DNS replikacids stressz Gtvonalakat, és
érzékenyitette a TNBC-s sejtvonalakat az adavosertib WEE1 inhibitorra (3).

Megnoévekedett CCNE1 képiasz&dmU ovarium tumoros sejtvonalak proliferdciéjat gdtolta, migraciéjat, koldniaformald képességét csokkentette
DINACICLIB és az SDHA inhibitor 3NPA kombinacidja egy preklinikai vizsgalat soran (6).

Egy preklinikai vizsgélat sordan PARP+ATR inhibitorok kombinaciéja CCNE1 amplifikélt, PARPi- és platina-rezisztes ovarium daganat xenograft
modellekben teljes terdpids valaszt és tumor regressziét eredményezett (7).

Referenciak:

(1) Zhao H et al., Prognostic Values of CCNET Amplification and Overexpression in Cancer Patients: A Systematic Review and Meta-analysis. J

Cancer. 2018 Jun 14;9(13):2397-2407. PMID: 30026836

(2) Zhao ZM et al., CCNET ampilification is associated with poor prognosis in patients with triple negative breast cancer. BMC Cancer. 2019 Jan 21;
19(1):96. PMID: 30665374

(3) Chen X et al., Cyclin E Overexpression Sensitizes Triple-Negative Breast Cancer to Weel Kinase Inhibition. Clin Cancer Res. 2018 Dec 15;24
(24):6594-6610. Epub 2018 Sep 4. PMID: 30181387

(4) Kim B et al., CCNET ampilification is associated with liver metastasis in gastric carcinoma. Pathol Res Pract. 2019 Aug;215(8):152434. Epub 2019
May 4. PMID: 31178228

(5) Gorski JW et al., CCNET1 Amplification as a Predictive Biomarker of Chemotherapy Resistance in Epithelial Ovarian Cancer. Diagnostics (Basel).
2020 May 5;10(5):279. PMID: 32380689

(6) Guo T et al., Inhibition of succinate dehydrogenase sensitizes cyclin E-driven ovarian cancer to CDK inhibition. Biofactors. 2016;42(2):171-178.

PMID: 26826064

(7) Kim H et al., Combining PARP with ATR inhibition overcomes PARP inhibitor and platinum resistance in ovarian cancer models. Nat Commun.

2020 Jul 24;11(1):3726. PMID: 32709856

TACC1 képiaszam-nyerés
A TACC1 fehérjérél egérmodellekben kimutatték, hogy onkogenikus tulajdonsdgaival hozz4jarulhat az emlédaganatok kialakuldséhoz (1).
Prosztatadaganatokban a TACC1 gén expresszids szintje az androgén-fliggetlen stddiummal asszocialt (2).

Referenciak:

(1) Cully M et al., Transforming acidic coiled coil 1 promotes transformation and mammary tumorigenesis. Cancer Res. 2005 Nov 15; 65(22):10363-
70.

(2) Devilard E et al., FGFR1and WT1 are markers of human prostate cancer progression. BMC Cancer 6, 272 (2006) doi:10.1186/1471-2407-6-272

ZNF703 kopiaszam-nyerés

A ZNF703 proto-onkogén emelkedett képiaszdma overexpressziéval és rosszabb klinikai kimenetellel asszocial (1, 2). A ZNF703
overexpresszidja jellemzé luminal B tipusu (hormon receptor pozitiv) emlé daganatokban. Overexpresszidja esetén az AKT/mTOR utvonal
aktivacidja és az ERalfa csokkent mlkodése figyelhetd meg (3, 4). Feltehetéen hozzajarulhat tamoxifen hormonkezeléssel szemben valé
rezisztencia kialakuldsdhoz (3). mTOR gétlé hatdanyag alkalmazasa novelte a ZNF703 overexpresszalo sejtek érzékenységét tamoxifennel
szemben (3). Preklinikai vizsgélatban az AKT inhibitor MK2206 és a PI3K inhibitor LY294002 egyarant csokkentette a ZNF703 overexpresszald
sejtek proliferacidjat (4).

Referenciak:

(1) Holland DG et al,. ZNF703 is a common Luminal B breast cancer oncogene that differentially regulates luminal and basal progenitors in human
mammary epithelium. EMBO Mol Med. 2011 Mar;3(3):167-80. doi: 10.1002/emmm.201100122. Epub 2011 Feb 18. PMID: 21337521

(2) Sircoulomb F et al., ZNF703 gene amplification at 8p12 specifies luminal B breast cancer. EMBO Mol Med. 2011 Mar;3(3):153-66. doi: 10.1002
/emmm.201100121. Epub 2011 Feb 15. PMID: 21328542

(3) Zhang X et al., Luminal breast cancer cell lines overexpressing ZNF703 are resistant to tamoxifen through activation of Akt/mTOR signaling.
PLoS One. 2013 Aug 26,8(8):e72053. doi: 10.1371/journal.pone.0072053. eCollection 2013. PMID: 23991038
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(4) Wang H et al., Elevated Expression of Zinc Finger Protein 703 Promotes Cell Proliferation and Metastasis through PI3K/AKT/GSK-3 Signalling
in Oral Squamous Cell Carcinoma. Cell Physiol Biochem. 2017;44(3):920-934. doi: 10.1159/000485360. Epub 2017 Nov 24. PMID: 29176314

Az Gjgeneracios szekvenalds (NGS) eredménye

591 gén NGS szekvendldsa 5103 genetikai varidnst mutatott ki a mintdban. A molekuldris profilba feltoltétt 34 varidns bioinformatikai és
funkciondlis szlirések eredményeként kerllt kivédlasztdsra. Ezek a varidnsok szerepelnek a Realtime Oncology Calculatorban tovabbi
funkciondlis interpretécio és orvosi dontéstdmogatds céljabol.

A molekuléris profilban szereplé varidnslista 6sszedllitdsa sordn az Ingenuity Variant Analysis szoftver aldbbi sz(ir6it haszndltuk:

- CONFIDENCE: Olvaséasi mélység, allél frakcid, illetve genotipus kvalitds szerinti filterezést tesz lehetévé. A bioinformatikai szlirés sordn azokat a
varidnsokat zartuk ki, amelyeknek a jelenléte bizonytalan a szekvendldsi minéségértékek alapjan.

- COMMON VARIANTS: Segitségével kiszlirhetéek azok a varidnsok, amelyek nagy gyakorisdggal megfigyelhetdk az egészséges populdcidban.
Kizartuk azokat a varidnsokat, amelyek legaldbb 10%-o0s gyakorisdggal fordulnak elé az egészséges populdciéban az 1000 Genomes Project, az
ExAC vagy az NHLBI ESP exomes adatbézis szerint.

- PREDICTED DELETERIOUS: Azonositja azokat az alterdcidkat, amelyek szakirodalmi evidencidk alapjan befolyasoljdk a génfunkciét,

génexpresszidt. A sz(ré alkalmazdséval kizdrtuk az olyan alterdcidkat, amelyek az ACMG guideline szerint "Benign" vagy "Likely Benign"

kategoridba esnek, vagyis erds evidencidk tdmasztjak ald, hogy nem okoznak 6roklédé genetikai betegséget.

- CANCER DRIVER VARIANTS: Olyan mutdcidk azonositdsat teszi lehetévé, amelyek valdszinlisithetéen tumorigenezishez vagy metasztzisok
kialakuldsdhoz vezetnek. Kivélasztottuk azokat a varidnsokat, amelyek szakirodalmi adatok szerint daganat kialakuldsdhoz kothetd Gtvonalakat,
szabdlyoz6 egységeket vagy sejtes folyamatokat érintenek. Tovabba kivélasztdsra keriiltek azok a varidnsok is, amelyekrdl a szakirodalomban

szerepel daganat-indikdcidban leirt adat.

A molekuléris profilban szereplé varidnslista 6sszedllitdsa sordn az Ingenuity Variant Analysis szoftveren kiviil alkalmazott |épések:
- A listdbol kisz(rtlik a nem exonikus régidkat érinté varidnsokat
- Tovébbi bioinformatikai szliréseket hajtottunk végre egyéb szekvenélasi minéségértékek alapjan

A varidnsok klinikai jelentéségének felméréséhez hasznalt adatbdzisok:

COSMIC (Catalog of Somatic Mutations in Cancer): Ebben az adatbazisban tumorszévetben detektdlt szomatikus mutdcidkat gylijtenek 6ssze.
NCBI dbSNP (National Center for Biotechnology Information Single Nucleotide Polymorphism database): Ebben az adatbdzisban egészséges és
kulonbozé (nem kizérdlag daganatos) megbetegedésekben szenvedd betegekben leirt csiravonalas (minden sejtben jelenlévé) alterdcidk
szerepelnek.

NCBI ClinVar: Az adatbazis genotipikus és fenotipikus jellemzdk kozotti kapcsolatok gylijteménye, a varidnsok klinikai jelentéségérdl elérhetd
evidencidkat 6sszegzi, nem csak daganatos betegségekkel 6sszefliggésben.

SNPEffect: Egypontos nukleotid polimorfizmusok/mutécidk klinikai jelentéségét tartalmazza az OMIM és mds adatbdzisok, valamint in silico
predikcidk alapjan.

IARC (International Agency for Research on Cancer) TP53 Database: Az IARC TP53 adatbéazis daganatos megbetegedésekhez kotheté TP53
gént érinté mutdciok gyljteménye. A kilénb6zé irodalmi és més generdlis adatbazisokbdl szdrmazé adatok mellett a mutdcidk 8 kiilonboz6
promoteren mutatott transzkripcids aktivitdsdnak atlagan alapuld funkciondlis klasszifikacidja is megtaldlhatd az adatbéazisban.

BRCA Exchange: Ebben az adatbézisban a BRCA1 és BRCA2 génekben azonositott mutdcidk funkciondlis adatai és klasszifikacidja taldlhatd
meg.

UniProt: A UniProt adatbdzisban kiilonb6z6 fehérjék (géntermékek) szekvencidlis és funkciondlis adatai taldlhatdak.

A detektalt genetikai variansok funkcionalis interpretaciéja

A Molecular Treatment Calculator (MTC) az adatbéazisdban szerepld evidencidk sllyozott 6sszegzése alapjén a kovetkezé kategoridkba sorolja a
detektdlt varidnsokat: driver, driver gén ismeretlen jelentéségl varidnsa (VUS, driver gén), nem megerésitett driver, biomarker, ismeretlen
jelentéség varidns (VUS, variant of unknown significance), nem driver.

Az algoritmus pozitiv pontszdmmal veszi figyelembe azokat a tudoményos adatokat, amelyek szerint egy varidns vagy egy mutdns gén
hozzdjarul a daganatképzédéshez, és negativ pontszdmot ad azoknak az adatoknak, amelyek szerint egy varidns nem serkenti a
daganatképzédést. Egy varidns osztdlyozdsa sordn az algoritmus sulyozza és 6sszegzi azokra az evidencidkra vonatkozé pontszdmot, amik az
adott varidnsrél, a mutdns génrél vagy a gén mds mutécidirdl tartalmaznak informacioét. Az igy kapott sllyozott 6sszeg az aggregalt
evidenciaszint (aggregated evidence level, AEL).
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Driver kategéridba sorolja az algoritmus azokat a variansokat, amelyekre vonatkozéan az AEL pozitiv, és az adott varidnsrél szerepel evidencia

az adatbéazisban.

Driver gén ismeretlen jelentéségui varidnsaként, VUS, driver gén jel6léssel szerepelnek a riportban azok a varidnsok, amelyekkel kapcsolatban

nem szerepel inform&cié az evidencia adatbdzisban, de ismert, hogy a gén més mutécidi hozzajarulhatnak a daganatképzdédéshez.

Ismeretlen jelentéségl varians (variant of unknown significance, VUS) kategériaba kerililnek azok a varidnsok, amelyekrél nem szerepel

inform&cié az evidencia adatbézisban, és a gén mds mutéacidirdl, vagy a mutdns génrél sem &ll rendelkezésre adat.

Biomarkerként szerepelnek a riportban azok a varidnsok, amik az adott eltérésekre vonatkozé evidencidk alapjdn 6sszefliggést mutatnak
valamilyen hatéanyag hatékonysagdval, de driver tulajdonsaguk jelenleg nem ismert, bizonytalan, vagy biztosan nem driverek.

Nem megerésitett driver kategoéridba kertilnek azok a varidnsok, ahol a driverként valé osztdlyozés alapjaul szolgdlé evidencidk szdma és

evidenciaszintje alacsony.
Nem driver kategéridba sorolja az algoritmus azokat a varidnsokat, melyeknek aggregalt evidenciaszintje negativ.

BRCA1-K654fs*47

Ez a mutécié a ClinVar és a BRCA Exchance adatbéazisok és a tudoményos irodalom (1) szerint patogén. Szerepel a COSMIC adatbézisban is. A
nagy valészinliséggel az NMD folyamat nem vezet a mutdns mRNS lebomldsahoz (1). A muténs génrél egy csonka fehérjevéltozat képzédik,
ezért feltételezhetd, hogy funkciévesztéssel jar.

Referenciak:

(1) Li J, et al, Bajalica-Lagercrantz S, Dunning AM, Decker B, Allen J, Luccarini C, Pooley K, Simard J, Dorling L, Easton DF, Teo SH, Hall P, Borg A,
Grénberg H, Czene K. Prevalence of BRCA1 and BRCAZ2 pathogenic variants in a large, unselected breast cancer cohort. Int J Cancer. 2019 03
01,144(5):1195-1204. doi: 10.1002/jjc.31841. Epub 2018 Mar 09. PubMed PMID: 30175445.

(2) Litchfield K et al., Escape from nonsense mediated decay associates with anti-tumor immunogenicity. 2019. doi: 10.1101/823716.

BRCA mutans gén - célpontok

BRCA inaktivaci6 esetén a PARP inhibitorok emlithetéek pozitiv asszocidciéban (1, 2). Forgalomban Iévé PARP gatlé gyégyszerek az OLAPARIB,
RUCAPARIB, NIRAPARIB és a TALAZOPARIB.

Egy meta-analizis szerint BRCA muténs szolid daganatos betegek kdzo6tt az olaparib kezelés szignifikdns talélési elényt jelentett (3).
Ovériumdaganatokban irtdk le, hogy BRCA mutécié esetén a PD-1/PD-L1 gatlé immunterapiatdl is emelkedett hatékonysdg vérhaté (4, 5).

EmI&é- és pancreas daganatokban leirtdk mar, hogy a BRCA muténs tumorok jol reagélinak platina-alapu terapiara (6-8).

Referenciak:

(1) Farmer H et al.,Targeting the DNA repair defect in BRCA mutant cells as a therapeutic strategy. Nature. 2005 Apr 14,434(7035):917-21.

PubMed PMID: 15829967

(2) Livraghi L, Garber JE. PARP inhibitors in the management of breast cancer: current data and future prospects. BMC Med. 2015 Aug 13;13:188.
Review. PubMed PMID: 26268938

(3) Guo XX et al., The efficacy and safety of olaparib in the treatment of cancers: a meta-analysis of randomized controlled trials. Cancer Manag
Res. 2018 Aug 10;10:2553-2562. eCollection 2018. PubMed PMID: 30127642

(4) Strickland KC et al., Association and prognostic significance of BRCA1/2-mutation status with neoantigen load, number of tumor-infiltrating
lymphocytes and expression of PD-1/PD-L1 in high grade serous ovarian cancer. Oncotarget. 2016 Mar 22;7(12):13587-98. PubMed PMID:

26871470

(5) Matsuo K et al., Nivolumab use for BRCA gene mutation carriers with recurrent epithelial ovarian cancer: A case series. Gynecol Oncol Rep.
2018 Jun 20;25:98-101. eCollection 2018 Aug. PubMed PMID: 29998185

(6) Byrski T et al., Cisplatin chemotherapy in the treatment of BRCAT-positive metastatic breast cancer (MBC). Journal of Clinical Oncology, 2009,
27.15_suppl: 1099-1099.

(7) Golan T et al., Overall survival and clinical characteristics of pancreatic cancer in BRCA mutation carriers. Br J Cancer. 2014 Sep 9;111(6):1132-8.
Epub 2014 Jul 29. PubMed PMID: 25072261

(8) Byrski T et al., Pathologic complete response rates in young women with BRCAT-positive breast cancers after neoadjuvant chemotherapy. J
Clin Oncol. 2010 Jan 20;28(3):375-9. Epub 2009 Dec 14. PubMed PMID: 20008645
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BRCA mutaciéo emlédaganatban

Csiravonalas BRCA mutécié esetén HER2 negativ emlédaganatos betegek részére torzskényvezett PARP gétlé gyogyszer az OLAPARIB és a
TALAZOPARIB. Mindkét gydégyszer neoadjuvans/adjuvans/metasztatikus vonalban alkalmazott kemoterdpia utdn adhaté. Hormonreceptor
pozitiv betegeknél az elézetes hormonkezelés is sziikséges.

Fazis lll vizsgélatban HER2 negativ, deleterious vagy likely deleterious csiravonalas BRCA mutéciét hordozé emlédaganatos betegeket kezeltek
olaparibbal, vagy az orvos vélasztdsa szerinti hatéanyaggal (treatment of physician's choice, PCT). Az objektiv valaszadasi arény (objective
response rate, ORR) 59,9% volt az olaparib kezelésben részesiilé csoportnél és 28,8% az egyéb kezelést kapo betegek koérében. A medidn
progresszié mentes tulélés (progression-free survival, PFS) rendre 7,0 és 4,2 hénap volt az olaparibot és az egyéb kezelés kapd betegek
csoportjdban. Az olaparib kezelés hormonreceptor pozitiv és negativ betegek kérében is hatékonyabbnak bizonyult a standard kezelésnél (1).
Féazis Ill vizsgélatban a talazoparib monoterdpia 8,6 hénapos PFS-t eredményezett BRCA muténs elérehaladott emlérdkos betegek kozo6tt, mig
standard kemoterapia kezelés esetén a median PFS 5,6 hénap volt. Az ORR 62,6% volt a talazoparib karon, 27,2% a kemoterdpia karon (2).

Egy fézis Ill klinikai vizsgalatban HER2-negativ, csiravonalas BRCA1/2 mutacidkat hordozd, elérehaladott emlédaganatos betegek talazoparib
kezelést, vagy a kezel6orvos 4ltal vélasztott kemoterdpidt (PCT) kaptak. A talazoparib esetében statisztikailag szignifikdns becsdlt dltaldnos
javulast tapasztaltak a kiinduldsi &llapothoz képest a globélis egészségi allapotban / életminéségben (GHS / QoL), szemben a PCT statisztikailag
szignifikdns romlasdval (3,0 és -5,4). A talazoparib hatdséara statisztikailag szignifikdnsan nagyobb késést figyeltek meg a GHS / QoL végleges
klinikailag jelentds romlasdig a PCT-hez viszonyitva (medidn 24,3, illetve 6,3 hénap) (3).

Egy fézis ll-es klinikai vizsgalatban BRCA1/2 mutdcidkat hordozd, elérehaladott emlédaganatos betegek talazoparib kezelést kaptak. Az ORR a
BRCAT1 (1-es csoport), illetve BRCA2 (2-es csoport) mutdcidkat hordozd betegeknél 23%-nak, valamint 33%-nak adddott. Tripla-negativ
emlédaganatos és hormon-receptor pozitiv betegek esetén az ORR 26% és 29% volt. A median PFS és OS az 1-es csoportban 4 és 12,7 hénap, a
2-es csoportban 5,6 és 14,7 hénap volt (4).

Egy fazis I-es klinikai vizsgélatban 14 emlé-, és 12 ovariumdaganatos, csiravonalas BRCA1/2 mutdcidkat hordozé beteg talazoparib kezelést
kapott. Az emlédaganatos betegeknél az ORR 50%-nak adddott. Egy betegnél teljes vélaszadast, 6-nél részleges vélaszadast, 5-nél pedig stabil
betegséget figyeltek meg. A klinikai hasznosulasi ardny 86%-os volt, a median PFS 34,6 hétnek adédott. Az ovariumdaganatos betegeknél az
ORR 42%, a klinikai hasznosuldsi arédny pedig 67%-os volt. Egy betegnél komplett vélaszt, 6-nal részleges vélaszt, 5-nél stabil betegséget
figyeltek meg. A medidn PFS 36,4 hétnek bizonyult (5).

Egy fézis I-es klinikai vizsgélatban 19 emlédaganatos, csiravonalas BRCA1/2 mutéciékat hordozé beteg neoadjuvans talazoparib kezelést kapott.
10 betegnél RCB-0-t (RCB-0 = CR), 2-nél RCB-I-et, 5-nél RCB-II-t és 3-nal RCB-lll-mat figyeltek meg. Az RCB-0/CR ardny 53%, az RCB-0/I/CR arény
63% volt (6).

Féazis Il vizsgdlatban molekularisan nem szelektdlt tripla negativ emlédaganatos betegek kozott a niraparib (PARP gétld) és a pembrolizumab
(PD-1 gétlé) kombindcidja 21%-os vélaszadasi ardnyt és 49%-os betegség kontroll ardnyt eredményezett. A BRCA mutdns alcsoportban a
vélaszadasi ardny 47%, a betegség kontroll ardny 80%, a medidn progressziomentes tulélés 8,3 hénap volt. A BRCA vad tipusu alcsoportban a
vélaszadasi ardny 11%, a betegség kontroll ardny 33%, a medién progressziémentes talélés 2,1 hénap volt (7).

Referenciak:

(1) Robson M et al., Olaparib for Metastatic Breast Cancer in Patients with a Germline BRCA Mutation. N Engl J Med. 2017 Aug 10;377(6):523-533.

Epub 2017 Jun 4. Erratum in: N Engl J Med. 2017 Oct 26;377(17 ):1700. PMID: 28578601

(2) Drew Y et al., Phase 2 multicentre trial investigating intermittent and continuous dosing schedules of the poly(ADP-ribose) polymerase

inhibitor rucaparib in germline BRCA mutation carriers with advanced ovarian and breast cancer. Br J Cancer. 2016 Mar 29;114(7):723-30. PMID:
27002934

(3) Ettl J et al., Quality of life with talazoparib versus physician's choice of chemotherapy in patients with advanced breast cancer and germline

BRCA1/2 mutation: patient-reported outcomes from the EMBRACA phase Il trial. Ann Oncol. 2018 Sep 1,29(9):1939-1947. PubMed PMID:

30124753

(4) Turner NC et al., A Phase Il Study of Talazoparib after Platinum or Cytotoxic Nonplatinum Regimens in Patients with Advanced Breast Cancer
and Germline BRCA1/2 Mutations (ABRAZO). Clin Cancer Res. 2019 May 1,25(9):2717-2724. Epub 2018 Dec 18. PubMed PMID: 30563931

(5) de Bono J et al., Phase I, Dose-Escalation, Two-Part Trial of the PARP Inhibitor Talazoparib in Patients with Advanced Germline BRCA1/2

Mutations and Selected Sporadic Cancers. Cancer Discov. 2017 Jun;7(6):620-629. Epub 2017 Feb 27. PubMed PMID: 28242752

(6) Litton JK et al., Neoadjuvant Talazoparib for Patients With Operable Breast Cancer With a Germline BRCA Pathogenic Variant. J Clin Oncol.

2019 Aug 28:JCO1901304. [Epub ahead of print] PubMed PMID: 31461380

(7) Vinayak S, Tet al. Open-Label Clinical Trial of Niraparib Combined With Pembrolizumab for Treatment of Advanced or Metastatic Triple-
Negative Breast Cancer. JAMA Oncol. 2019 Jun 13;5(8):1132-40. doi: 10.1001/jamaoncol.2019.1029. Epub ahead of print. PMID: 31194225.

Frameshift mutaciok
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A révid inszercidk és delécidk kovetkeztében kialakuld frameshift mutéciok korai stop kodont (premature termination codon, PTC)

eredményezhetnek és fokozottan érzékennyé vélhatnak a nonsense-mediated decay (NMD) folyamat &ltali mRNS-szint(i degradéciéra. Az NMD
az eukaridta génexpresszié alapveté mindségbiztositdsi rendszere, mely normdl sejtekben megakaddlyozza a csonka fehérjék toxikus

felhalmozédéasat. A frameshift mutdciok egy része azonban elkeriilheti az NMD degradaciét (1), ezaltal alternativ leolvasasi keretek (ORF)
johetnek létre, melyek Uj, a vad tipusu génektdl kulonb6z6, tumorspecifikus (neoantigén) szekvencidval rendelkeznek (2). Ezek a neoantigének
hozzajarulhatnak a tumorellenes immunvélasz kialakuldsdhoz alacsony tumor mutation burden (TMB) értékkel rendelkezé daganatokban (1, 3),
ezéltal az immunterapias kezelések célpontjaul szolgalhatnak. igy a frameshift mutaciok nagy jelentéséggel rendelkezhetnek a pontmutéciékhoz
(SNV-Kk) képest, kis el6fordulédsi gyakorisdguk ellenére (4, 5).

Az NMD degradéciét elkertilé mutécidk nagyobb ardnyban fordulnak el6 a gének utolsé exonjdban és az utolsé elétti exon utolsd 50 nukleotidja
kozott, az elsé exon elsé mintegy 150 nukleotidjdban, illetve a 400 nukleotidndl hosszabb exonokban mint méds exonokban (6). Egy

tanulményban az allélspecifikus frameshift indelek (fs-indelek) detektdldsa parositott DNS és RNS szekvendldsi adatokban (n=453, TCGA) azt
mutatta, hogy az expresszalt fs-indelek jelenléte olyan genomidlis poziciokban volt megfigyelhetd, amelyek valészinlsithetéen elkeriilik az NMD-
t és magasabb fehérje expresszidval tarsulnak, dsszhangban az NMD elkeriilés szabdlyaival (3).

A TCGA adatbdzis vizsgdlata szerint frameshift mutécié miatt keletkezett neoantigének minden tumortipusban eléfordulnak (4). Vesesejtes
carcinomdban, lobuldris emlécarcinomaban és colorectalis carcinoméban a leggyakoribbak (7).

Toébb tumortipusban, koéztiik melanoméban, vesesejtes carcinomdban, fej-nyak laphdmcarcinoméban és tidédaganatokban is megdfigyelték,
hogy az aminosavcserét eredményezd pontmutdcidkhoz képest a frameshift mutdciok nagyobb mennyiségben képeznek magas kotési

affinitdst neoantigéneket (4, 5, 7). Jelenlétik Osszefliggést mutat a citotoxikus T-sejtek infiltrdcidjdval, valamint az immun checkpoint

inhibitorokra (ICl) adott tumorvélasszal (3, 4, 7, 8). Melanomés betegcsoportban a kifejez6dé frameshift mutdcidk szdma jobb prediktornak

bizonyult immunterapidk hatdsosségdra nézve, mint a pontmutéciék széma (1, 3).

A frameshift mutdcidk egy alcsoportjdt képezd, hosszl leolvasasi keretli neoantigénekkel (neoORF) rendelkezé betegek nagyobb

érzékenységet mutattak immunterapidra (1, 3).

Referenciak:

(1) Litchfield et al., Contrasting the drivers of response to immunotherapy across solid tumour types: Results from analysis of n> 1000 cases.
Annals of Oncology. 2019; 30(7):1-35. doi: 10.1093/annonc/mdz238.012.

(2) Richters MM et al., Best practices for bioinformatic characterization of neoantigens for clinical utility. Genome Med. 2019 Aug 28;11(1):56.
PMID: 31462330

(3) Litchfield K et al., Escape from nonsense-mediated decay associates with anti-tumor immunogenicity. Nat Commun. 2020 Jul 30;11(1):3800.
PMID: 32733040

(4) Turajlic S et al., Insertion-and-deletion-derived tumour-specific neoantigens and the immunogenic phenotype: a pan-cancer analysis. Lancet
Oncol. 2017 Aug;18(8):1009-1021. Epub 2017 Jul 7. PMID: 28694034

(5) Hanna GJ et al., Frameshift events predict anti-PD-1/L1 response in head and neck cancer. JCI Insight. 2018 Feb 22;3(4):e98811. PMID:
29467336

(6) Litchfield K et al., Escape from nonsense-mediated decay associates with anti-tumor immunogenicity. Nat Commun. 2020 Jul 30;11(1):3800.
PMID: 32733040

(7) Chae YK et al., Clinical and immunological implications of frameshift mutations in lung cancer. J Thorac Oncol. 2019 Oct;14(10):1807-1817. Epub
2019 Jun 22. PMID: 31238177

(8) Maby P et al., Correlation between density of CD8+ T-cell infiltrate in microsatellite unstable colorectal cancers and frameshift mutations: a
rationale for personalized immunotherapy. Cancer Res. 2015 Sep 1,75(17):3446-55. Epub 2015 Jun 9. PMID: 26060019

KMT2C-C391*

A varidnst tobb, mint 100 alkalommal szerepel a COSMIC adatbéazisban. Az NCBI ClinVar mutéciés adatbazisban nem taldlhaté bejegyzés az
alterdcié pathogenitdsdra vonatkozéan. Az alterdcié az egyik PHD-ujj régiéban taldlhat6. A korai STOP kodon megjelenését eredményezé
mutdcié (nonsense mutation) kovetkeztében egy jelentésen révidebb fehérjevaltozatot kodolé KMT2C varidns jon Iétre, amelyrél hidnyoznak a
FYR és a SET domének is. Ezért a mutéacid valdszinlileg a szubsztratfelismerés hibdjdhoz vezet, és ezaltal a KMT2C metiltranszferaz funkcidjanak
elvesztését eredményezi (1, 2). A LOVD adatbéazisban azonban benignus, vélhetéen benignus besoroldssal szerepel.

Referenciak:

(1) Yang B et al. Comprehensive analysis of age-related somatic mutation profiles in Chinese young lung adenocarcinoma patients. Cancer Med.
2019 04;8(4):1350-1358. doi: 10.1002/cam4.1839. Epub 2019 Nov 01. PubMed PMID: 30821106.

(2) Cho SJ et al. KMT2C Mutations in Diffuse-Type Gastric Adenocarcinoma Promote Epithelial-to-Mesenchymal Transition. Clin Cancer Res. 2018
Dec 15;24(24):6556-6569. doi: 10.1158/1078-0432.CCR-17-1679. Epub 2018 Aug 14. PubMed PMID: 30108106.
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KMT2C mutans gén - célpontok

A tumorszupresszor funkciéju hiszton metiltranszferdz KMT2C/MLL3 fehérje (1) funkcidveszté mutdcidirdl tobb daganattipusban leirtdk mar, hogy
hozzdjérulhatnak a daganatképzédéshez (2-4). MLL3 hidnyos leukémia sejtek ellendliéak voltak hagyomdnyos kemoterdpidval szemben, de
érzékenynek mutatkoztak a BET gatlé JQ1 hatdanyagra (1).

Referenciak:

(1) Chen C et al. MLL3 is a haploinsufficient 7q tumor suppressor in acute myeloid leukemia. Cancer Cell. 2014 May 12;25(5):652-65. Epub 2014
May 1. PMID: 24794707

(2) Weirich S et al. Somatic cancer mutations in the MLL3-SET domain alter the catalytic properties of the enzyme. Clin Epigenetics. 2015 Mar 28;
7(1):36. PMID: 25829971

(3) Guo C et al. KMT2D maintains neoplastic cell proliferation and global histone H3 lysine 4 monomethylation. Oncotarget. 2013 Nov;4(11):2144-
53. PMID: 24240169

(4) Fujimoto A et al. Whole-genome sequencing of liver cancers identifies etiological influences on mutation patterns and recurrent mutations in
chromatin regulators. Nat Genet. 2012 May 27;44(7):760-4. PMID: 22634756

ZNF703-P307S
Ez a varidns alacsony frekvencidval szerepel a COSMIC adatbéazisban (n<5). A tudoményos irodalomban nem érheté el adat a funkcionélis
jelentéségérol.

GNAS-P459R
Ez a varidns alacsony frekvencidval szerepel a COSMIC adatbéazisban (n<15). A SNPeffect adatbdzis szerint a mutdcié GNAS hiperfunkcio
megbetegedést (GNASHYP) okoz.

GNAS mutans gén - célpontok

A GNAS egy proto-onkogén (1), de bizonyos tumortipusokban tumorszupresszor szerepét is leirtdk (2). Egy kontroll nélkili GNAS mutans
xenograft modellen végzett kisérlet alapjan a GNAS génben detektalt funkcidveszté driver mutdcidéval kapcsolatban emlithetd indirekt target a
PKA (PKACA) (1), melynek inhibitorai jelenleg klinikai fejlesztés alatt allnak.

Referenciak:

(1) Ritterhouse LL, et al. Mod Pathol. 2017 Dec;30(12):1720-1727. doi: 10.1038/modpathol.2017.88. Epub 2017 Aug 4. PMID: 28776576.

(2) He X, et al. The G protein subunit Gs is a tumor suppressor in Sonic hedgehog-driven medulloblastoma. Nat Med. 2014 Sep;20(9):1035-42.
doi: 10.1038/nm.3666. Epub 2014 Aug 24. PMID: 25150496; PMCID: PMC4334261.

(3) Dana Jean Steffen et al., GNAS-PKA Oncosignaling Network in Colorectal Cancer, April 2017The FASEB Journalvol. 31 no. 1 Supplementlb527

CUL3-R162fs*9
A leolvasési kereteltoloddst okozé mutdcid (frameshift mutation) kdvetkeztében egy jelentésen révidebb fehérjevéltozatot kédolé CUL3 varidns
jon létre, igy a funkcidvesztés nagymértékben valdszinlsithetd.

CUL3 mutans gén - célpontok
A CUL3 gén egy ubiquitin ligdzt kédol. Funkciévesztése TP53 mutans sejtekben daganatképzdédéshez vezet. A TP53 és CUL3 egyiittes
funkcidvesztése érzékenyit ATM gétlé hatdéanyagokra (1).

Referenciak:
(1) Drainas AP, et al. Genome-wide Screens Implicate Loss of Cullin Ring Ligase 3 in Persistent Proliferation and Genome Instability in TP53-
Deficient Cells. Cell Rep. 2020 Apr 07;31(1):107465. doi: 10.1016/j.celrep.2020.03.029. PubMed PMID: 32268084.

ZNF703-A514del
A mutécié szerepel a COSMIC adatbdzisban, azonban funkciondlis jelentéségérél nem taldlhaté adat a szakirodalomban.

TENT5C-E299K
Ez a varidns alacsony frekvencidval szerepel a COSMIC adatbdzisban (n<15). A tudomanyos irodalomban nem érhetd el adat a funkciondlis
jelentéségérol.

GAS6-V673fs*37
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Ez az alteracié szerepel a COSMIC adatbdzisban.. A leolvasési kereteltoléddst okozdé mutécié (frameshift mutation) kovetkeztében egy
jelent6ésen rovidebb fehérjevaltozatot kddold GAS6 varidns jon Iétre, igy a funkcidvesztés nagymértékben valdszinlsithetd.

KIT-M541L

A mutécié megtaldlhaté a COSMIC adatbéazisban. A szakirodalomban (1, 2), a ClinVar adatbazisban és az SNPEffect adatbazisban tumorigenikus
hatés nélkiili polimorfizmusként irjdk le, azonban ¢sszefliggésbe hoztdk gyermekkori mastocytosissal (3). Sejtvonalas evidencidk alapjan az
imatinib KIT-inhibitorra a vad tipushoz képest nagyjabdl kétszeres, ndvekedett érzékenységet mutat (3). Ot krénikus eozinofil leukémias beteget
bevoné tanulményban alacsony dézisu (100 mg/nap) imatinib kezelés mellett teljes remissziét tapasztaltak mind az 5 beteg esetében (a medidn
kovetési idé 74 hénap volt). A tanulmanyba bevont betegek koziil négy péaciens KIT-M541L varidnst hordozott, de egy esetben sem detektéltak
olyan genetikai elvaltozast, amely érzékenységet mutatna imatinib kezelés esetén (BCR/ABL1, FIPIL1/PDGFR, illetve JAK2 mutacid) (4).

Referenciak:

(1) Grabellus F et al. The prevalence of the c-kit exon 10 variant, M541L, in aggressive fibromatosis does not differ from the general population. J
Clin Pathol. 2011 Nov;64(11):1021-4. PubMed PMID: 21757432

(2) Kriiger S et al. The c-kit (CD117) sequence variation M541L, but not N564K, is frequent in the general population, and is not associated with
CML in Caucasians. Leukemia. 2006;20(2):354-5; discussion 356-7. PubMed PMID: 16307017

(3) Foster R et al. Association of paediatric mastocytosis with a polymorphism resulting in an amino acid substitution (M541L) in the
transmembrane domain of c-KIT. Br J Dermatol. 2008 Nov;159(5):1160-9. PubMed PMID: 18795925

(4) Alessandra lurlo et al. Identification of kitM541L somatic mutation in chronic eosinophilic leukemia, not otherwise specified and its implication
in low-dose imatinib response. Oncotarget. 2014 Jul; 5(13): 4665-4670. PubMed PMID: 25015329

Molekularis profiltél fiiggetleniil torzskonyvezett hatéanyagok emlédaganat indikaciéban

Az angiogenezis gatlé hatéanyag BEVACIZUMAB tdrzskonyvezett emld tumor indikaciéban.

Egy vizsgélat sordn 722 metasztatikus emlédaganatos betegben hasonlitottdk 6ssze a bevacizumab + paclitaxel kezelés és a paclitaxel
monoterdpia hatdséat (1). EQy masik vizsgdlatban 1237 beteg esetében végeztek Osszehasonlitdst a kilonbozé kemoterdpids kezelésekkel
(példaul capecitabine) kombindciéban kapott bevacizumab illetve placebo hatdsa kdzott (2). A vizsgdlatok eredménye azt mutatta, hogy a
bevacizumab addsa névelte a progresszidmentes tilélést (progression-free survival, PFS). A bevacizumab + paclitaxel kombinécié esetében a
PFS medidnja 11,4 honap volt, szemben az 6ndllé paclitaxel kezeléssel, ahol 5,8 hénapot mértek. A bevacizumabot capecitabine terapiaval
kombindlva a 8,6 hénapra nétt a median PFS a capecitabine + placebo kontroll csoportban megdfigyelt 5,7 hénaphoz képest (2).

Referenciak:

(1) Miller K et al., Paclitaxel plus bevacizumab versus paclitaxel alone for metastatic breast cancer. N Engl J Med. 2007 Dec 27;357(26):2666-76.

PubMed PMID: 18160686

(2) Robert NJ et al., RIBBON-1: randomized, double-blind, placebo-controlled, phase Il trial of chemotherapy with or without bevacizumab for

first-line treatment of human epidermal growth factor receptor 2-negative, locally recurrent or metastatic breast cancer. J Clin Oncol. 2011 Apr 1;
29(10):1252-60. Epub 2011 Mar 7. PubMed PMID: 21383283
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2078-2092. doi: 10.1056/NEJM0a1801005. Epub 2018 Sep 16. PubMed PMID: 29658856.
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squamous cell carcinoma (cSCC): efficacy and safety results from the phase Il KEYNOTE-629 study. Ann Oncol.
2019;30:(mdz394.069):v908. doi: 10.1093/annonc/mdz394.069

Fuchs CS, Doi T, Jang RW, Muro K, Satoh T, Machado M, Sun W, Jalal SI, Shah MA, Metges JP, Garrido M, Golan T,
Mandala M, Wainberg ZA, Catenacci DV, Ohtsu A, Shitara K, Geva R, Bleeker J, Ko AH, Ku G, Philip P, Enzinger PC,
Bang YJ, Levitan D, Wang J, Rosales M, Dalal RP, Yoon HH. Safety and Efficacy of Pembrolizumab Monotherapy in
Patients With Previously Treated Advanced Gastric and Gastroesophageal Junction Cancer: Phase 2 Clinical
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PubMed PMID: 29543932; PubMed Central PMCID: PMC5885175.
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Balmanoukian A, Loriot Y, Srinivas S, Retz MM, Grivas P, Joseph RW, Galsky MD, Fleming MT, Petrylak DP, Perez-
Gracia JL, Burris HA, Castellano D, Canil C, Bellmunt J, Bajorin D, Nickles D, Bourgon R, Frampton GM, Cui N,
Mariathasan S, Abidoye O, Fine GD, Dreicer R. Atezolizumab in patients with locally advanced and metastatic
urothelial carcinoma who have progressed following treatment with platinum-based chemotherapy: a single-arm,
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Mar 4. PubMed PMID: 26952546; PubMed Central PMCID: PMC5480242.
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(16)32455-2. Epub 2016 Dec 8. PubMed PMID: 27939400; PubMed Central PMCID: PMC5568632.

Schmid P, Adams S, Rugo HS, Schneeweiss A, Barrios CH, Iwata H, Diéras V, Hegg R, Im SA, Shaw Wright G,
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in Advanced Triple-Negative Breast Cancer. N Engl J Med. 2018 11 29;379(22):2108-2121. doi: 10.1056
/NEJM0a1809615. Epub 2018 Sep 20. PubMed PMID: 30345906.
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PREXASERTIB Heidler CL, Roth EK, Thiemann M, Blattmann C, Perez RL, Huber PE, Kovac M, Amthor B, Neu-Yilik G, Kulozik AE.
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Models and Sensitizes to PARP Inhibition. Clin Cancer Res. 2019 10 15;25(20):6127-6140. doi: 10.1158/1078-0432.
CCR-19-0448. Epub 2019 Jul 13. PubMed PMID: 31409614; PubMed Central PMCID: PMC6801076.
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2020 Jul 08. PubMed PMID: 32510664.
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Bagheri MH, Botesteanu DA, Steinberg SM, Minasian L, Ekwede |, Kohn EC. Prexasertib, a cell cycle checkpoint
kinase 1 and 2 inhibitor, in BRCA wild-type recurrent high-grade serous ovarian cancer: a first-in-class proof-of-
concept phase 2 study. Lancet Oncol. 2018 02;19(2):207-215. doi: 10.1016/S1470-2045(18)30009-3. Epub 2018 Jul
18. PubMed PMID: 29361470.
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Shumway SD. Unique functions of CHK1 and WEE1 underlie synergistic anti-tumor activity upon pharmacologic
inhibition. Cancer Cell Int. 2012 Nov 13;12(1):45. doi: 10.1186/1475-2867-12-45. PubMed PMID: 23148684; PubMed
Central PMCID: PMC3517755.
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PubMed Central PMCID: PMC4137066.
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CISPLATIN Brachova P, Thiel KW, Leslie KK. The consequence of oncomorphic TP53 mutations in ovarian cancer. Int J Mol Sci.
2013 Sep 23;14(9):19257-75. doi: 10.3390/ijms140919257. Review. PubMed PMID: 24065105; PubMed Central
PMCID: PMC3794832.
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diagnosed with advanced serous ovarian carcinoma. Int J Oncol. 2015 Feb;46(2):607-18. doi: 10.3892/ij0.2014.2747.
PubMed PMID: 25385265; PubMed Central PMCID: PMC4277253.
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PubMed PMID: 24677579.
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RIVICICLIB Mariaule G, Belmont P. Cyclin-dependent kinase inhibitors as marketed anticancer drugs: where are we now? A
short survey. Molecules. 2014 Sep 11;19(9):14366-82. doi: 10.3390/molecules190914366. Review. PubMed PMID:
25215591
RGB-286638 Mariaule G, Belmont P. Cyclin-dependent kinase inhibitors as marketed anticancer drugs: where are we now? A
short survey. Molecules. 2014 Sep 11;19(9):14366-82. doi: 10.3390/molecules190914366. Review. PubMed PMID:
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RONICICLIB Ayaz P, Andres D, Kwiatkowski DA, Kolbe CC, Lienau P, Siemeister G, Liicking U, Stegmann CM. Conformational
Adaption May Explain the Slow Dissociation Kinetics of Roniciclib (BAY 1000394), a Type | CDK Inhibitor with
Kinetic Selectivity for CDK2 and CDK9. ACS Chem Biol. 2016 Jun 17;11(6):1710-9. doi: 10.1021/acschembio.6b00074.
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Rossi V, Donini M, Sergio P, Passalacqua R, Rossi G, Buti S. When a thymic carcinoma "becomes" a GIST. Lung
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Prenen H, Cools J, Mentens N, Folens C, Sciot R, Schoéffski P, Van Oosterom A, Marynen P, Debiec-Rychter M.
Efficacy of the kinase inhibitor SU11248 against gastrointestinal stromal tumor mutants refractory to imatinib
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ALVOCIDIB Senderowicz AM. Flavopiridol: the first cyclin-dependent kinase inhibitor in human clinical trials. Invest New Drugs.
1999;17(3):313-20. Review. PubMed PMID: 10665481.
MILCICLIB Weiss GJ, Hidalgo M, Borad MJ, Laheru D, Tibes R, Ramanathan RK, Blaydorn L, Jameson G, Jimeno A, Isaacs JD,

Scaburri A, Pacciarini MA, Fiorentini F, Ciomei M, Von Hoff DD. Phase | study of the safety, tolerability and
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potent cyclin-dependent kinase inhibitor. Mol Cancer Ther. 2010 Aug;9(8):2344-53. doi: 10.1158/1535-7163.MCT-10-
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Axis in Solid Tumors: Focus on Methylation and Noncoding RNAs. Oxid Med Cell Longev. 2018 Mar 13;2018:
2492063. doi: 10.1155/2018/2492063. eCollection 2018. Review. PubMed PMID: 29643973; PubMed Central
PMCID: PMC5872633.

https://cancer.sanger.ac.uk/cosmic/search?q=NFE2L2+D27Y

Wellcome Trust Sanger Institute
GNAS-P459R Wellcome Trust Sanger Institute

Wellcome Trust Sanger Institute
Wellcome Trust Sanger Institute
Wellcome Trust Sanger Institute

https://www.ncbi.nlm.nih.gov/clinvar/variation/134493/
KDM5C-S299R Wellcome Trust Sanger Institute

Wellcome Sanger Institute
Wellcome Trust Sanger Institute

Wellcome Sanger Institute

NCBI ClinVar Database
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CUL3-R162fs*9 Wellcome Sanger Institute
Wellcome Sanger Institute
Castro MP, Goldstein N. Mismatch repair deficiency associated with complete remission to combination
programmed cell death ligand immune therapy in a patient with sporadic urothelial carcinoma: immunotheranostic
considerations. J Immunother Cancer. 2015 Dec 15;3:58. doi: 10.1186/s40425-015-0104-y. eCollection 2015. PubMed
PMID: 26674132; PubMed Central PMCID: PMC4678532.
Drainas AP, Lambuta RA, Ivanova |, Sercin O, Sarropoulos |, Smith ML, Efthymiopoulos T, Raeder B, Stiitz AM,
Waszak SM, Mardin BR, Korbel JO. Genome-wide Screens Implicate Loss of Cullin Ring Ligase 3 in Persistent
Proliferation and Genome Instability in TP53-Deficient Cells. Cell Rep. 2020 Apr 07;31(1):107465. doi: 10.1016/].
celrep.2020.03.029. PubMed PMID: 32268084; PubMed Central PMCID: PMC7166082.

FOXA1-L148V Wellcome Sanger Institute
Wellcome Sanger Institute
Wellcome Sanger Institute
Li M, Zhang W, Liu C, Shi Y, Tang W, Chen S, Gu H, Yin J, Zhang Z, Jiang P. Forkhead box A1 (FOXAT1) tagging
polymorphisms and esophageal cancer risk in a Chinese population: a fine-mapping study. Biomarkers. 2016 Sep;21
(6):523-9. doi: 10.3109/1354750X.2016.1160425. Epub 2016 Apr 6. PubMed PMID: 27050876.
Wellcome Trust Sanger Institute

TENT5C-E299K Wellcome Sanger Institute
Wellcome Trust Sanger Institute

GAS6-V673fs*37 Wellcome Sanger Institute

ZNF703-A514del Wellcome Trust Sanger Institute
Wellcome Trust Sanger Institute

ZNF703-P307S Wellcome Trust Sanger Institute
Wellcome Trust Sanger Institute

AKAP9-Q1373E Wellcome Sanger Institute

MAGI2-E867K Wellcome Sanger Institute

BRCA1-D430N Wellcome Sanger Institute

OTOP1-VEOM Wellcome Trust Sanger Institute

KLHLE-Q317L Wellcome Trust Sanger Institute

SECI6A-T1001 Wellcome Trust Sanger Institute

PCBP1-N845 Wellcome Trust Sanger Institute

KMT2C-R380L Wellcome Trust Sanger Institue
Yang B, Luo L, Luo W, Zhou Y, Yang C, Xiong T, Li X, Meng X, Li L, Zhang X, Wang Z, Wang Z. The genomic
dynamics during progression of lung adenocarcinomas. J Hum Genet. 2017 Aug;62(8):783-788. doi: 10.1038/jhg.
2017.40. Epub 2017 Jan 06. PubMed PMID: 28381877; PubMed Central PMCID: PMC5537414.
Cho SJ, Yoon C, Lee JH, Chang KK, Lin JX, Kim YH, Kook MC, Aksoy BA, Park DJ, Ashktorab H, Smoot DT, Schultz
N, Yoon SS. KMT2C Mutations in Diffuse-Type Gastric Adenocarcinoma Promote Epithelial-to-Mesenchymal
Transition. Clin Cancer Res. 2018 Dec 15;24(24):6556-6569. doi: 10.1158/1078-0432.CCR-17-1679. Epub 2018 Aug 14.
PubMed PMID: 30108106; PubMed Central PMCID: PMC6295255.
LOVD database

KIT-M541L SNPeffect database
Kriiger S, Emig M, Lohse P, Ehninger G, Hochhaus A, Schackert HK. The c-kit (CD117) sequence variation M541L, but
not N564K, is frequent in the general population, and is not associated with CML in Caucasians. Leukemia. 2006
Feb;20(2):354-5; discussion 356-7. PubMed PMID: 16307017.
Dufresne A, Bertucci F, Penel N, Le Cesne A, Bui B, Tubiana-Hulin M, Ray-Coquard |, Cupissol D, Chevreau C, Perol
D, Goncalves A, Jimenez M, Bringuier PP, Blay JY. Identification of biological factors predictive of response to
imatinib mesylate in aggressive fibromatosis. Br J Cancer. 2010 Aug 10;103(4):482-5. doi: 10.1038/s].bjc.6605783.
Epub 2010 Jul 27. PubMed PMID: 20664593; PubMed Central PMCID: PMC2939782.
Gongalves A, Monges G, Yang Y, Palmerini F, Dubreuil P, Noguchi T, Jacquemier J, Di Stefano D, Delpero JR, Sobol
H, Bertucci F. Response of a KIT-positive extra-abdominal fibromatosis to imatinib mesylate and KIT genetic
analysis. J Natl Cancer Inst. 2006 Apr 19;98(8):562-3. PubMed PMID: 16622127.

GNAT2-ASV NCBI ClinVar Database

A Realtime Oncology Molecular Treatment Calculator szamitasaival. Datum / Date: 2021-03-25 17:23

Minden jog fenntartva, Oncompass GmbH. Oldalszam / Page: 50 / 61

Einsiedlerstrasse 23, 8834 Schindellegi, SWITZERLAND
E-mail: info@realtimeoncology.com Web: www.realtimeoncology.com



Oncompass Report P Aronymons

A Realtime Oncology Molecular Treatment Calculator szamitasaival

BIOMARKEREK ES

DRIVEREK REFERENCIA

WNK2-H758N NCBI ClinVar

EPHA5-A672T Wellcome Sanger Institute
http://snpeffect.switchlab.org/mutation/EPHA5_HUMAN/VAR_042144

NOTCH1-R1279H Wellcome Sanger Institute

McBride KL, Riley MF, Zender GA, Fitzgerald-Butt SM, Towbin JA, Belmont JW, Cole SE. NOTCH1 mutations in
individuals with left ventricular outflow tract malformations reduce ligand-induced signaling. Hum Mol Genet. 2008
Sep 15;17(18):2886-93. doi: 10.1093/hmg/ddn187. Epub 2008 Jun 30. PubMed PMID: 18593716; PubMed Central
PMCID: PMC2722892.

NCBI ClinVar

TARGET GENEK REFERENCIA

CD274 vad tipus Strickland KC, Howitt BE, Shukla SA, Rodig S, Ritterhouse LL, Liu JF, Garber JE, Chowdhury D, Wu CJ, D'Andrea AD,
Matulonis UA, Konstantinopoulos PA. Association and prognostic significance of BRCA1/2-mutation status with
neoantigen load, number of tumor-infiltrating lymphocytes and expression of PD-1/PD-L1 in high grade serous
ovarian cancer. Oncotarget. 2016 Mar 22;7(12):13587-98. doi: 10.18632/oncotarget.7277. PubMed PMID: 26871470;
PubMed Central PMCID: PMC4924663.

Goodman AM, Sokol ES, Frampton GM, Lippman SM, Kurzrock R. Microsatellite-Stable Tumors with High Mutational
Burden Benefit from Immunotherapy. Cancer Immunol Res. 2019 10;7(10):1570-1573. doi: 10.1158/2326-6066.CIR-19-
0149. Epub 2019 Oct 12. PubMed PMID: 31405947; PubMed Central PMCID: PMC6774837.

Goodman AM, Kato S, Bazhenova L, Patel SP, Frampton GM, Miller V, Stephens PJ, Daniels GA, Kurzrock R. Tumor
Mutational Burden as an Independent Predictor of Response to Immunotherapy in Diverse Cancers. Mol Cancer
Ther. 2017 Nov;16(11):2598-2608. doi: 10.1158/1535-7163.MCT-17-0386. Epub 2017 Aug 23. PubMed PMID:
28835386; PubMed Central PMCID: PMC5670009.

Schrock AB, Ouyang C, Sandhu J, Sokol E, Jin D, Ross JS, Miller VA, Lim D, Amanam |, Chao J, Catenacci D, Cho M,
Braiteh F, Klempner SJ, Ali SM, Fakih M. Tumor mutational burden is predictive of response to immune checkpoint
inhibitors in MSI-high metastatic colorectal cancer. Ann Oncol. 2019 Apr 30. pii: mdz134. doi: 10.1093/annonc
/mdz134. [Epub ahead of print] PubMed PMID: 31038663.

Aguiar PN Jr, De Mello RA, Hall P, Tadokoro H, Lima Lopes G. PD-L1 expression as a predictive biomarker in
advanced non-small-cell lung cancer: updated survival data. Immunotherapy. 2017 May;9(6):499-506. doi: 10.2217
/imt-2016-0150. PubMed PMID: 28472902.

PD-1vad tipus Shields LBE, Gordinier ME. Pembrolizumab in Recurrent Squamous Cell Carcinoma of the Vulva: Case Report and
Review of the Literature. Gynecol Obstet Invest. 2019;84(1):94-98. doi: 10.1159/000491090. Epub 2018 Feb 17.
PubMed PMID: 30016784.

Aguiar PN Jr, De Mello RA, Hall P, Tadokoro H, Lima Lopes G. PD-L1 expression as a predictive biomarker in
advanced non-small-cell lung cancer: updated survival data. Inmunotherapy. 2017 May;9(6):499-506. doi: 10.2217
/imt-2016-0150. PubMed PMID: 28472902.

Strickland KC, Howitt BE, Shukla SA, Rodig S, Ritterhouse LL, Liu JF, Garber JE, Chowdhury D, Wu CJ, D'Andrea AD,
Matulonis UA, Konstantinopoulos PA. Association and prognostic significance of BRCA1/2-mutation status with
neoantigen load, number of tumor-infiltrating lymphocytes and expression of PD-1/PD-L1 in high grade serous
ovarian cancer. Oncotarget. 2016 Mar 22;7(12):13587-98. doi: 10.18632/oncotarget.7277. PubMed PMID: 26871470;
PubMed Central PMCID: PMC4924663.

Goodman AM, Sokol ES, Frampton GM, Lippman SM, Kurzrock R. Microsatellite-Stable Tumors with High Mutational
Burden Benefit from Immunotherapy. Cancer Immunol Res. 2019 10;7(10):1570-1573. doi: 10.1158/2326-6066.CIR-19-
0149. Epub 2019 Oct 12. PubMed PMID: 31405947; PubMed Central PMCID: PMC6774837.

Tang B, Yan X, Sheng X, Si L, Cui C, Kong Y, Mao L, Lian B, Bai X, Wang X, Li S, Zhou L, Yu J, Dai J, Wang K, Hu J,
Dong L, Song H, Wu H, Feng H, Yao S, Chi Z, Guo J. Safety and clinical activity with an anti-PD-1 antibody JSOO1 in
advanced melanoma or urologic cancer patients. J Hematol Oncol. 2019 01 14;12(1):7. doi: 10.1186/s13045-018-0693-
2. Epub 2019 Feb 14. PubMed PMID: 30642373; PubMed Central PMCID: PMC6332582.

CTLA4 vad tipus Samstein RM, Lee CH, Shoushtari AN, Hellmann MD, Shen R, Janjigian YY, Barron DA, Zehir A, Jordan EJ, Omuro A,
Kaley TJ, Kendall SM, Motzer RJ, Hakimi AA, Voss MH, Russo P, Rosenberg J, lyer G, Bochner BH, Bajorin DF, Al-
Ahmadie HA, Chaft JE, Rudin CM, Riely GJ, Baxi S, Ho AL, Wong RJ, Pfister DG, Wolchok JD, Barker CA, Gutin PH,
Brennan CW, Tabar V, Mellinghoff IK, DeAngelis LM, Ariyan CE, Lee N, Tap WD, Gounder MM, D'Angelo SP, Saltz L,
Stadler ZK, Scher HI, Baselga J, Razavi P, Klebanoff CA, Yaeger R, Segal NH, Ku GY, DeMatteo RP, Ladanyi M, Rizvi
NA, Berger MF, Riaz N, Solit DB, Chan TA, Morris LGT. Tumor mutational load predicts survival after immunotherapy
across multiple cancer types. Nat Genet. 2019 Feb;51(2):202-206. doi: 10.1038/s41588-018-0312-8. Epub 2019 Jan
14. PubMed PMID: 30643254; PubMed Central PMCID: PMC6365097.
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PARP1 vad tipus McGonigle S, Chen Z, Wu J, Ackermann K, Tendyke K, Moniz G, et al. Abstract 4688: E7449: A novel PARP inhibitor
enhances the efficacy of radiotherapy and chemotherapy and has potent single agent anticancer activity in BRCA-
deficient tumors. Cancer Res. 2012 Apr 15;72(8 Supplement):4688-4688.

Anantha RW, Simhadri S, Foo TK, Miao S, Liu J, Shen Z, Ganesan S, Xia B. Functional and mutational landscapes of
BRCA1 for homology-directed repair and therapy resistance. Elife. 2017 Apr 11;6. pii: €21350. doi: 10.7554/eLife.
21350. PubMed PMID: 28398198; PubMed Central PMCID: PMC5432210.

Drew Y, Ledermann J, Hall G, Rea D, Glasspool R, Highley M, Jayson G, Sludden J, Murray J, Jamieson D, Halford S,
Acton G, Backholer Z, Mangano R, Boddy A, Curtin N, Plummer R. Phase 2 multicentre trial investigating intermittent
and continuous dosing schedules of the poly(ADP-ribose) polymerase inhibitor rucaparib in germline BRCA

mutation carriers with advanced ovarian and breast cancer. Br J Cancer. 2016 Mar 29;114(7):723-30. doi: 10.1038/bjc.
2016.41. Epub 2016 Mar 22. Erratum in: Br J Cancer. 2016 Jun 14;114(12):e21. PubMed PMID: 27002934; PubMed

Central PMCID: PMC4882768.

Ledermann JA, Drew Y, Kristeleit RS. Homologous recombination deficiency and ovarian cancer. Eur J Cancer.
2016 Jun;60:49-58. doi: 10.1016/j.ejca.2016.03.005. Epub 2016 Apr 9. Review. PubMed PMID: 27065456.

Livraghi L, Garber JE. PARP inhibitors in the management of breast cancer: current data and future prospects. BMC
Med. 2015 Aug 13;13:188. doi: 10.1186/512916-015-0425-1. Review. PubMed PMID: 26268938; PubMed Central
PMCID: PMC4535298.

KIT vad tipus Hochhaus A, Baccarani M, Giles FJ, le Coutre PD, Muller MC, Reiter A, Santanastasio H, Leung M, Novick S,
Kantarjian HM. Nilotinib in patients with systemic mastocytosis: analysis of the phase 2, open-label, single-arm
nilotinib registration study. J Cancer Res Clin Oncol. 2015 Nov;141(11):2047-60. doi: 10.1007/s00432-015-1988-0.
Epub 2015 May 23. PubMed PMID: 26002753; PubMed Central PMCID: PMC4768228.

Zermati Y, De Sepulveda P, Féger F, Létard S, Kersual J, Castéran N, Gorochov G, Dy M, Ribadeau Dumas A,
Dorgham K, Parizot C, Bieche Y, Vidaud M, Lortholary O, Arock M, Hermine O, Dubreuil P. Effect of tyrosine kinase
inhibitor STI571 on the kinase activity of wild-type and various mutated c-kit receptors found in mast cell neoplasms.
Oncogene. 2003 Feb 6;22(5):660-4. PubMed PMID: 12569358.

Smith BD, Kaufman MD, Lu WP, Gupta A, Leary CB, Wise SC, Rutkoski TJ, Ahn YM, Al-Ani G, Bulfer SL, Caldwell TM,
Chun L, Ensinger CL, Hood MM, McKinley A, Patt WC, Ruiz-Soto R, Su Y, Telikepalli H, Town A, Turner BA, Vogeti L,
Vogeti S, Yates K, Janku F, Abdul Razak AR, Rosen O, Heinrich MC, Flynn DL. Ripretinib (DCC-2618) Is a Switch
Control Kinase Inhibitor of a Broad Spectrum of Oncogenic and Drug-Resistant KIT and PDGFRA Variants. Cancer
Cell. 2019 May 13;35(5):738-751.€9. doi: 10.1016/j.ccell.2019.04.006. PubMed PMID: 31085175.

Lyle M, Long GV. Diagnosis and treatment of KIT-mutant metastatic melanoma. J Clin Oncol. 2013 Sep 10;31(26):
3176-81. doi: 10.1200/JC0O.2013.50.4662. Epub 2013 Aug 12. PubMed PMID: 23940219.

CHEK1 vad tipus Paculovéa H, Kramara J, Simeckova S, Fedr R, Sougek K, Hylse O, Paruch K, Svoboda M, Mistrik M, Kohoutek J.
BRCA1 or CDK12 loss sensitizes cells to CHK?1 inhibitors. Tumour Biol. 2017 Oct;39(10):1010428317727479. doi:
10.1177/1010428317727479. PubMed PMID: 29025359.

Chen Z, Xiao Z, Gu WZ, Xue J, Bui MH, Kovar P, Li G, Wang G, Tao ZF, Tong Y, Lin NH, Sham HL, Wang JY, Sowin
TJ, Rosenberg SH, Zhang H. Selective Chk1 inhibitors differentially sensitize p53-deficient cancer cells to cancer
therapeutics. Int J Cancer. 2006 Dec 15;119(12):2784-94. PubMed PMID: 17019715.

Dai Y, Chen S, Kmieciak M, Zhou L, Lin H, Pei XY, Grant S. The novel Chk1 inhibitor MK-8776 sensitizes human
leukemia cells to HDAC inhibitors by targeting the intra-S checkpoint and DNA replication and repair. Mol Cancer
Ther. 2013 Jun;12(6):878-89. doi: 10.1158/1535-7163.MCT-12-0902. PubMed PMID: 23536721, PubMed Central
PMCID: PMC3681875.

Koniaras K, Cuddihy AR, Christopoulos H, Hogg A, O'Connell MJ. Inhibition of Chkl-dependent G2 DNA damage
checkpoint radiosensitizes p53 mutant human cells. Oncogene. 2001 Nov 8;20(51):7453-63. PubMed PMID:
11709716.

PARP2 vad tipus McGonigle S, Chen Z, Wu J, Ackermann K, Tendyke K, Moniz G, et al. Abstract 4688: E7449: A novel PARP inhibitor
enhances the efficacy of radiotherapy and chemotherapy and has potent single agent anticancer activity in BRCA-
deficient tumors. Cancer Res. 2012 Apr 15;72(8 Supplement):4688-4688.

WEE1 vad tipus Hirai H, Iwasawa Y, Okada M, Arai T, Nishibata T, Kobayashi M, Kimura T, Kaneko N, Ohtani J, Yamanaka K, Itadani
H, Takahashi-Suzuki I, Fukasawa K, Oki H, Nambu T, Jiang J, Sakai T, Arakawa H, Sakamoto T, Sagara T, Yoshizumi
T, Mizuarai S, Kotani H. Small-molecule inhibition of Wee1 kinase by MK-1775 selectively sensitizes p53-deficient
tumor cells to DNA-damaging agents. Mol Cancer Ther. 2009 Nov;8(11):2992-3000. doi: 10.1158/1535-7163.MCT-09-
0463. PubMed PMID: 19887545.

Leijen S, van Geel RM, Pavlick AC, Tibes R, Rosen L, Razak AR, Lam R, Demuth T, Rose S, Lee MA, Freshwater T,
Shumway S, Liang LW, Oza AM, Schellens JH, Shapiro Gl. Phase | Study Evaluating WEE1 Inhibitor AZD1775 As
Monotherapy and in Combination With Gemcitabine, Cisplatin, or Carboplatin in Patients With Advanced Solid
Tumors. J Clin Oncol. 2016 Dec 20;34(36):4371-4380. doi: 10.1200/JC0.2016.67.5991. Epub 2016 Oct 31. PubMed
PMID: 27601554.

ATR vad tipus Reaper PM, Griffiths MR, Long JM, Charrier JD, Maccormick S, Charlton PA, Golec JM, Pollard JR. Selective killing of
ATM- or p53-deficient cancer cells through inhibition of ATR. Nat Chem Biol. 2011 Apr 13;7(7):428-30. doi: 10.1038
/nchembio.573. PubMed PMID: 21490603.

CDK4 vad tipus Zou X, Ray D, Aziyu A, Christov K, Boiko AD, Gudkov AV, Kiyokawa H. Cdk4 disruption renders primary mouse cells
resistant to oncogenic transformation, leading to Arf/p53-independent senescence. Genes Dev. 2002 Nov 15;16
(22):2923-34. PubMed PMID: 12435633; PubMed Central PMCID: PMC187486.
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RARG vad tipus Larsson CA, Moyer SM, Liu B, Michel KA, Pant V, Yang P, Wong J, EI-Naggar AK, Krahe R, Lozano G. Synergistic and
additive effect of retinoic acid in circumventing resistance to p53 restoration. Proc Natl Acad Sci U S A. 2018 02 27;
115(9):2198-2203. doi: 10.1073/pnas.1719001115. Epub 2018 Oct 13. PubMed PMID: 29440484; PubMed Central
PMCID: PMC5834709.

PLK1 vad tipus Degenhardt Y, Greshock J, Laquerre S, Gilmartin AG, Jing J, Richter M, Zhang X, Bleam M, Halsey W, Hughes A,
Moy C, Liu-Sullivan N, Powers S, Bachman K, Jackson J, Weber B, Wooster R. Sensitivity of cancer cells to Plk1
inhibitor GSK461364A is associated with loss of p53 function and chromosome instability. Mol Cancer Ther. 2010
Jul;9(7):2079-89. doi: 10.1158/1535-7163.MCT-10-0095. Epub 2010 Jun 22. PubMed PMID: 20571075.

PRKDC vad tipus Sun Q, Guo Y, Liu X, Czauderna F, Carr MI, Zenke FT, Blaukat A, Vassilev LT. Therapeutic Implications of p53 Status
on Cancer Cell Fate Following Exposure to lonizing Radiation and the DNA-PK Inhibitor M3814. Mol Cancer Res.
2019 12;17(12):2457-2468. doi: 10.1158/1541-7786.MCR-19-0362. Epub 2019 Jul 24. PubMed PMID: 31551253.

CDK1 vad tipus Bhattacharya S, Ray RM, Johnson LR. Cyclin-dependent kinases regulate apoptosis of intestinal epithelial cells.
Apoptosis. 2014 Mar;19(3):451-66. doi: 10.1007/s10495-013-0942-3. PubMed PMID: 24242917; PubMed Central
PMCID: PMC3945523.

CDK®9 vad tipus Bhattacharya S, Ray RM, Johnson LR. Cyclin-dependent kinases regulate apoptosis of intestinal epithelial cells.
Apoptosis. 2014 Mar;19(3):451-66. doi: 10.1007/s10495-013-0942-3. PubMed PMID: 24242917; PubMed Central
PMCID: PMC3945523.

CDK2 vad tipus Bhattacharya S, Ray RM, Johnson LR. Cyclin-dependent kinases regulate apoptosis of intestinal epithelial cells.
Apoptosis. 2014 Mar;19(3):451-66. doi: 10.1007/s10495-013-0942-3. PubMed PMID: 24242917; PubMed Central
PMCID: PMC3945523.

AURKB vad tipus Diaz RJ, Golbourn B, Shekarforoush M, Smith CA, Rutka JT. Aurora kinase B/C inhibition impairs malignant glioma
growth in vivo. J Neurooncol. 2012 Jul;108(3):349-60. doi: 10.1007/s11060-012-0835-2. Epub 2012 Jun 01. PubMed
PMID: 22382783.

BRD4 vad tipus Chen C, Liu Y, Rappaport AR, Kitzing T, Schultz N, Zhao Z, Shroff AS, Dickins RA, Vakoc CR, Bradner JE, Stock W,
LeBeau MM, Shannon KM, Kogan S, Zuber J, Lowe SW. MLL3 is a haploinsufficient 7q tumor suppressor in acute
myeloid leukemia. Cancer Cell. 2014 May 12;25(5):652-65. doi: 10.1016/j.ccr.2014.03.016. PubMed PMID: 24794707,
PubMed Central PMCID: PMC4206212.

JAK2 vad tipus Huang Z, Ruan HB, Zhang ZD, Chen W, Lin Z, Zeng H, Gao X. Mutation in the first Ig-like domain of Kit leads to
JAK2 activation and myeloproliferation in mice. Am J Pathol. 2014 Jan;184(1):122-32. doi: 10.1016/j.ajpath.
2013.09.019. Epub 2013 Nov 7. PubMed PMID: 24211109.

glutaminase vad tipus Sayin VI, LeBoeuf SE, Singh SX, Davidson SM, Biancur D, Guzelhan BS, Alvarez SW, Wu WL, Karakousi TR,
Zavitsanou AM, Ubriaco J, Muir A, Karagiannis D, Morris PJ, Thomas CJ, Possemato R, Vander Heiden MG,
Papagiannakopoulos T. Activation of the NRF2 antioxidant program generates an imbalance in central carbon
metabolism in cancer. Elife. 2017 Oct 2;6. pii: €28083. doi: 10.7554/elLife.28083. PubMed PMID: 28967864;
PubMed Central PMCID: PMC5624783.

Romero R, Sayin VI, Davidson SM, Bauer MR, Singh SX, LeBoeuf SE, Karakousi TR, Ellis DC, Bhutkar A, Sanchez-
Rivera FJ, Subbaraj L, Martinez B, Bronson RT, Prigge JR, Schmidt EE, Thomas CJ, Goparaju C, Davies A, Dolgalev |,
Heguy A, Allaj V, Poirier JT, Moreira AL, Rudin CM, Pass HI, Vander Heiden MG, Jacks T, Papagiannakopoulos T.
Keap1 loss promotes Kras-driven lung cancer and results in dependence on glutaminolysis. Nat Med. 2017 Nov;23
(11):1362-1368. doi: 10.1038/nm.4407. Epub 2017 Oct 2. PubMed PMID: 28967920; PubMed Central PMCID:

PMC5677540.
PRKACA vad tipus http://www.fasebj.org/content/31/1_Supplement/Ib527.short
ATM vad tipus Drainas AP, Lambuta RA, Ivanova |, Sercin O, Sarropoulos |, Smith ML, Efthymiopoulos T, Raeder B, Stiitz AM,

Waszak SM, Mardin BR, Korbel JO. Genome-wide Screens Implicate Loss of Cullin Ring Ligase 3 in Persistent
Proliferation and Genome Instability in TP53-Deficient Cells. Cell Rep. 2020 Apr 07;31(1):107465. doi: 10.1016/j.
celrep.2020.03.029. PubMed PMID: 32268084; PubMed Central PMCID: PMC7166082.

DRIVER ES TARGET GENEK LEIRASA

DRIVER GENEK

Név Leiras

AMPH May participate in mechanisms of regulated exocytosis in synapses and certain endocrine cell types. May control
the properties of the membrane associated cytoskeleton.

AXL Receptor tyrosine kinase that transduces signals from the extracellular matrix into the cytoplasm by binding growth
factor GAS6 and which is thus regulating many physiological processes including cell survival, cell proliferation,
migration and differentiation. Ligand binding at the cell surface induces dimerization and autophosphorylation of
AXL. Following activation by ligand, ALX binds and induces tyrosine phosphorylation of PI3-kinase subunits PIK3R1,
PIK3R2 and PIK3R3; but also GRB2, PLCG1, LCK and PTPN11. Other downstream substrate candidates for AXL are
CBL, NCK2, SOCS1 and TNS2. Recruitment of GRB2 and phosphatidylinositol 3 kinase regulatory subunits by AXL
leads to the downstream activation of the AKT kinase. GAS6/AXL signaling plays a role in various processes such
as endothelial cell survival during acidification by preventing apoptosis, optimal cytokine signaling during human
natural killer cell development, hepatic regeneration, gonadotropin-releasing hormone neuron survival and
migration, platelet activation, or regulation of thrombotic responses. Plays also an important role in inhibition of Toll-
like receptors (TLRs)-mediated innate immune response. In case of filovirus infection, seems to function as a cell
entry factor.
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BRCA1 E3 ubiquitin-protein ligase that specifically mediates the formation of Lys-6-linked polyubiquitin chains and plays a
central role in DNA repair by facilitating cellular responses to DNA damage. It is unclear whether it also mediates
the formation of other types of polyubiquitin chains. The E3 ubiquitin-protein ligase activity is required for its tumor
suppressor function. The BRCA1-BARD1 heterodimer coordinates a diverse range of cellular pathways such as DNA
damage repair, ubiquitination and transcriptional regulation to maintain genomic stability. Regulates centrosomal
microtubule nucleation. Required for normal cell cycle progression from G2 to mitosis. Required for appropriate cell
cycle arrests after ionizing irradiation in both the S-phase and the G2 phase of the cell cycle. Involved in
transcriptional regulation of P21 in response to DNA damage. Required for FANCD?2 targeting to sites of DNA
damage. May function as a transcriptional regulator. Inhibits lipid synthesis by binding to inactive phosphorylated
ACACA and preventing its dephosphorylation. Contributes to homologous recombination repair (HRR) via its direct
interaction with PALB2, fine-tunes recombinational repair partly through its modulatory role in the PALB2-
dependent loading of BRCA2-RAD51 repair machinery at DNA breaks. Component of the BRCA1-RBBP8 complex
which regulates CHEK?1 activation and controls cell cycle G2/M checkpoints on DNA damage via BRCAl-mediated
ubiquitination of RBBP8.

CCNE1 Essential for the control of the cell cycle at the G1/S (start) transition.

EPHAS Receptor tyrosine kinase which binds promiscuously GPI-anchored ephrin-A family ligands residing on adjacent
cells, leading to contact-dependent bidirectional signaling into neighboring cells. The signaling pathway
downstream of the receptor is referred to as forward signaling while the signaling pathway downstream of the
ephrin ligand is referred to as reverse signaling. Among GPl-anchored ephrin-A ligands, EFNA5 most probably
constitutes the cognate/functional ligand for EPHAS. Functions as an axon guidance molecule during development
and may be involved in the development of the retinotectal, entorhino-hippocampal and hippocamposeptal
pathways. Together with EFNAS plays also a role in synaptic plasticity in adult brain through regulation of
synaptogenesis. In addition to its function in the nervous system, the interaction of EPHAS with EFNA5 mediates
communication between pancreatic islet cells to regulate glucose-stimulated insulin secretion (By similarity).

FGF14 Probably involved in nervous system development and function

GAS6 Ligand for tyrosine-protein kinase receptors AXL, TYRO3 and MER whose signaling is implicated in cell growth and
survival, cell adhesion and cell migration. GAS6/AXL signaling plays a role in various processes such as endothelial
cell survival during acidification by preventing apoptosis, optimal cytokine signaling during human natural killer cell
development, hepatic regeneration, gonadotropin-releasing hormone neuron survival and migration, platelet
activation, or regulation of thrombotic responses.2 Publications (Microbial infection) Can bridges virus envelope
phosphatidylserine to the TAM receptor tyrosine kinase Axl to mediate viral entry by apoptotic mimicry (PubMed:
21501828). Plays a role in Dengue cell entry by apoptotic mimicry (PubMed:23084921). Plays a role in Vaccinia virus
cell entry by apoptotic mimicry (PubMed:21501828). Plays a role in ebolavirus and marburgvirus cell entry by
apoptotic mimicry (PubMed:17005688).

GNAS May inhibit the adenylyl cyclase-stimulating activity of guanine nucleotide-binding protein G(s) subunit alpha which
is produced from the same locus in a different open reading frame. Guanine nucleotide-binding proteins (G
proteins) are involved as modulators or transducers in various transmembrane signaling systems. The G(s) protein
is involved in hormonal regulation of adenylate cyclase: it activates the cyclase in response to beta-adrenergic
stimuli. XLas isoforms interact with the same set of receptors as Gnas isoforms (By similarity). Guanine nucleotide-
binding proteins (G proteins) are involved as modulators or transducers in various transmembrane signaling
systems. The G(s) protein is involved in hormonal regulation of adenylate cyclase: it activates the cyclase in
response to beta-adrenergic stimuli. Stimulates the Ras signaling pathway via RAPGEF2.

GNAT2 Guanine nucleotide-binding proteins (G proteins) are involved as modulators or transducers in various
transmembrane signaling systems. Transducin is an amplifier and one of the transducers of a visual impulse that
performs the coupling between rhodopsin and cGMP-phosphodiesterase.

KDM5C Histone demethylase that specifically demethylates Lys-4 of histone H3, thereby playing a central role in histone
code. Does not demethylate histone H3 Lys-9, H3 Lys-27, H3 Lys-36, H3 Lys-79 or H4 Lys-20. Demethylates
trimethylated and dimethylated but not monomethylated H3 Lys-4. Participates in transcriptional repression of
neuronal genes by recruiting histone deacetylases and REST at neuron-restrictive silencer elements. Represses the
CLOCK-ARNTL/BMAL1 heterodimer-mediated transcriptional activation of the core clock component PER2 (By
similarity).

KIT Tyrosine-protein kinase that acts as cell-surface receptor for the cytokine KITLG/SCF and plays an essential role in
the regulation of cell survival and proliferation, hematopoiesis, stem cell maintenance, gametogenesis, mast cell
development, migration and function, and in melanogenesis. In response to KITLG/SCF binding, KIT can activate
several signaling pathways. Phosphorylates PIK3R1, PLCG1, SH2B2/APS and CBL. Activates the AKT1 signaling
pathway by phosphorylation of PIK3R1, the regulatory subunit of phosphatidylinositol 3-kinase. Activated KIT also
transmits signals via GRB2 and activation of RAS, RAF1 and the MAP kinases MAPK1/ERK2 and/or MAPK3/ERK1.
Promotes activation of STAT family members STAT1, STAT3, STAT5A and STATS5B. Activation of PLCG1 leads to the
production of the cellular signaling molecules diacylglycerol and inositol 1,4,5-trisphosphate. KIT signaling is
modulated by protein phosphatases, and by rapid internalization and degradation of the receptor. Activated KIT
promotes phosphorylation of the protein phosphatases PTPN6/SHP-1 and PTPRU, and of the transcription factors
STAT1, STAT3, STAT5A and STAT5B. Promotes phosphorylation of PIK3R1, CBL, CRK (isoform Crk-Il), LYN, MAPK1
/ERK2 and/or MAPK3/ERK1, PLCG1, SRC and SHC1.

KLHL6 Involved in B-lymphocyte antigen receptor signaling and germinal center formation.

KMT2C Histone methyltransferase. Methylates Lys-4 of histone H3. H3 Lys-4 methylation represents a specific tag for
epigenetic transcriptional activation. Central component of the MLL2/3 complex, a coactivator complex of nuclear
receptors, involved in transcriptional coactivation. KMT2C/MLL3 may be a catalytic subunit of this complex. May be
involved in leukemogenesis and developmental disorder.

NFE2L2 Transcription activator that binds to antioxidant response (ARE) elements in the promoter regions of target genes.
Important for the coordinated up-regulation of genes in response to oxidative stress. May be involved in the
transcriptional activation of genes of the beta-globin cluster by mediating enhancer activity of hypersensitive site 2
of the beta-globin locus control region.
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PCBP1
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PIK3CG

SEC16A

SPEG
TP53

WNK2

ZNF703

Leiras

Functions as a receptor for membrane-bound ligands Jagged1, Jagged2 and Deltal to regulate cell-fate

determination. Upon ligand activation through the released notch intracellular domain (NICD) it forms a

transcriptional activator complex with RBPJ/RBPSUH and activates genes of the enhancer of split locus. Affects the
implementation of differentiation, proliferation and apoptotic programs. Involved in angiogenesis; negatively
regulates endothelial cell proliferation and migration and angiogenic sprouting. Involved in the maturation of both
CD4+ and CD8+ cells in the thymus. Important for follicular differentiation and possibly cell fate selection within the
follicle. During cerebellar development, functions as a receptor for neuronal DNER and is involved in the

differentiation of Bergmann glia. Represses neuronal and myogenic differentiation. May play an essential role in
postimplantation development, probably in some aspect of cell specification and/or differentiation. May be involved
in mesoderm development, somite formation and neurogenesis. May enhance HIF1A function by sequestering
HIF1AN away from HIF1A. Required for the THBS4 function in regulating protective astrogenesis from the

subventricular zone (SVZ) niche after injury. Involved in determination of left/right symmetry by modulating the
balance between motile and immotile (sensory) cilia at the left-right organiser (LRO).

Required for normal formation of otoconia in the inner ear. Inhibits P2Y purinoceptors. Modulates calcium
homeostasis and influx of calcium in response to extracellular ATP (By similarity).

Single-stranded nucleic acid binding protein that binds preferentially to oligo dC

Involved in the costimulatory signal, essential for T-cell proliferation and production of IL10 and IFNG, in an IL2-
dependent and a PDCD1-independent manner. Interaction with PDCD1 inhibits T-cell proliferation and cytokine
production.

Phosphoinositide-3-kinase (PI3K) that phosphorylates Ptdins(4,5)P2 (Phosphatidylinositol 4,5-bisphosphate) to
generate phosphatidylinositol 3,4,5-trisphosphate (PIP3). PIP3 plays a key role by recruiting PH domain-containing
proteins to the membrane, including AKT1 and PDPK1, activating signaling cascades involved in cell growth,
survival, proliferation, motility and morphology. Links G-protein coupled receptor activation to PIP3 production.
Involved in immune, inflammatory and allergic responses. Modulates leukocyte chemotaxis to inflammatory sites
and in response to chemoattractant agents. May control leukocyte polarization and migration by regulating the
spatial accumulation of PIP3 and by regulating the organization of F-actin formation and integrin-based adhesion at
the leading edge. Controls motility of dendritic cells. Together with PIK3CD is involved in natural killer (NK) cell
development and migration towards the sites of inflammation. Participates in T-lymphocyte migration. Regulates T-
lymphocyte proliferation and cytokine production. Together with PIK3CD participates in T-lymphocyte
development. Required for B-lymphocyte development and signaling. Together with PIK3CD participates in
neutrophil respiratory burst. Together with PIK3CD is involved in neutrophil chemotaxis and extravasation.
Together with PIK3CB promotes platelet aggregation and thrombosis. Regulates alpha-lib/beta-3 integrins (ITGA2B/
ITGB3) adhesive function in platelets downstream of P2Y12 through a lipid kinase activity-independent mechanism.
May have also a lipid kinase activity-dependent function in platelet aggregation. Involved in endothelial progenitor
cell migration. Negative regulator of cardiac contractility. Modulates cardiac contractility by anchoring protein
kinase A (PKA) and PDE3B activation, reducing cAMP levels. Regulates cardiac contractility also by promoting beta-
adrenergic receptor internalization by binding to ADRBK1 and by non-muscle tropomyosin phosphorylation. Also
has serine/threonine protein kinase activity: both lipid and protein kinase activities are required for beta-adrenergic
receptor endocytosis. May also have a scaffolding role in modulating cardiac contractility. Contributes to cardiac
hypertrophy under pathological stress. Through simultaneous binding of PDE3B to RAPGEF3 and PIK3R6 is
assembled in a signaling complex in which the PI3K gamma complex is activated by RAPGEF3 and which is
involved in angiogenesis.

Defines endoplasmic reticulum exit sites (ERES) and is required for secretory cargo traffic from the endoplasmic
reticulum to the Golgi apparatus. SAR1A-GTP-dependent assembly of SEC16A on the ER membrane forms an
organized scaffold defining an ERES. Required for normal transitional endoplasmic reticulum (tER) organization.

Isoform 3 may have a role in regulating the growth and differentiation of arterial smooth muscle cells.

Acts as a tumor suppressor in many tumor types; induces growth arrest or apoptosis depending on the

physiological circumstances and cell type. Involved in cell cycle regulation as a trans-activator that acts to

negatively regulate cell division by controlling a set of genes required for this process. One of the activated genes
is an inhibitor of cyclin-dependent kinases. Apoptosis induction seems to be mediated either by stimulation of BAX
and FAS antigen expression, or by repression of Bcl-2 expression. In cooperation with mitochondrial PPIF is

involved in activating oxidative stress-induced necrosis; the function is largely independent of transcription. Induces
the transcription of long intergenic non-coding RNA p21 (lincRNA-p21) and lincRNA-MkIn1. LincRNA-p21 participates
in TP53-dependent transcriptional repression leading to apoptosis and seem to have to effect on cell-cycle

regulation. Implicated in Notch signaling cross-over. Prevents CDK7 kinase activity when associated to CAK

complex in response to DNA damage, thus stopping cell cycle progression. Isoform 2 enhances the transactivation
activity of isoform 1 from some but not all TP53-inducible promoters. Isoform 4 suppresses transactivation activity
and impairs growth suppression mediated by isoform 1. Isoform 7 inhibits isoform 1-mediated apoptosis. Regulates
the circadian clock by repressing CLOCK-ARNTL/BMAL1-mediated transcriptional activation of PER2 (PubMed:
24051492).

Serine/threonine kinase which plays an important role in the regulation of electrolyte homeostasis, cell signaling,
survival, and proliferation. Acts as an activator and inhibitor of sodium-coupled chloride cotransporters and
potassium-coupled chloride cotransporters respectively. Activates SLC12A2, SCNN1A, SCNN1B, SCNN1D and SGK1
and inhibits SLC12A5. Negatively regulates the EGF-induced activation of the ERK/MAPK-pathway and the
downstream cell cycle progression. Affects MAPK3/MAPK?1 activity by modulating the activity of MAP2K1 and this
modulation depends on phosphorylation of MAP2K1 by PAK1. WNK2 acts by interfering with the activity of PAK1 by
controlling the balance of the activity of upstream regulators of PAK1 activity, RHOA and RAC1, which display
reciprocal activity.

Transcriptional corepressor which does not bind directly to DNA and may regulate transcription through
recruitment of histone deacetylases to gene promoters. Regulates cell adhesion, migration and proliferation. May
be required for segmental gene expression during hindbrain development.
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Serine/threonine protein kinase which activates checkpoint signaling upon double strand breaks (DSBs), apoptosis
and genotoxic stresses such as ionizing ultraviolet A light (UVA), thereby acting as a DNA damage sensor.
Recognizes the substrate consensus sequence [ST]-Q. Phosphorylates Ser-139 of histone variant H2AX/H2AFX at
double strand breaks (DSBs), thereby regulating DNA damage response mechanism. Also plays a role in pre-B cell
allelic exclusion, a process leading to expression of a single immunoglobulin heavy chain allele to enforce clonality
and monospecific recognition by the B-cell antigen receptor (BCR) expressed on individual B-lymphocytes. After
the introduction of DNA breaks by the RAG complex on one immunoglobulin allele, acts by mediating a
repositioning of the second allele to pericentromeric heterochromatin, preventing accessibility to the RAG complex
and recombination of the second allele. Also involved in signal transduction and cell cycle control. May function as
a tumor suppressor. Necessary for activation of ABL1 and SAPK. Phosphorylates DYRK2, CHEK2, p53/TP53,
FANCD2, NFKBIA, BRCA1, CTIP, nibrin (NBN), TERF1, RAD9 and DCLRE1C. May play a role in vesicle and/or protein
transport. Could play a role in T-cell development, gonad and neurological function. Plays a role in replication-
dependent histone mRNA degradation. Binds DNA ends. Phosphorylation of DYRK2 in nucleus in response to
genotoxic stress prevents its MDM2-mediated ubiquitination and subsequent proteasome degradation.
Phosphorylates ATF2 which stimulates its function in DNA damage response.

Serine/threonine protein kinase which activates checkpoint signaling upon genotoxic stresses such as ionizing

radiation (IR), ultraviolet light (UV), or DNA replication stalling, thereby acting as a DNA damage sensor. Recognizes
the substrate consensus sequence [ST]-Q. Phosphorylates BRCA1, CHEK1, MCM2, RAD17, RPA2, SMC1 and p53
/TP53, which collectively inhibit DNA replication and mitosis and promote DNA repair, recombination and

apoptosis. Phosphorylates Ser-139 of histone variant H2AX/H2AFX at sites of DNA damage, thereby regulating

DNA damage response mechanism. Required for FANCD2 ubiquitination. Critical for maintenance of fragile site
stability and efficient regulation of centrosome duplication.

Serine/threonine-protein kinase component of the chromosomal passenger complex (CPC), a complex that acts as
a key regulator of mitosis. The CPC complex has essential functions at the centromere in ensuring correct
chromosome alignment and segregation and is required for chromatin-induced microtubule stabilization and
spindle assembly. Involved in the bipolar attachment of spindle microtubules to kinetochores and is a key regulator
for the onset of cytokinesis during mitosis. Required for central/midzone spindle assembly and cleavage furrow
formation. Key component of the cytokinesis checkpoint, a process required to delay abscission to prevent both
premature resolution of intercellular chromosome bridges and accumulation of DNA damage: phosphorylates
CHMPA4C, leading to retain abscission-competent VPS4 (VPS4A and/or VPS4B) at the midbody ring until abscission
checkpoint signaling is terminated at late cytokinesis (PubMed:22422861, PubMed:24814515). AURKB
phosphorylates the CPC complex subunits BIRC5/survivin, CDCA8/borealin and INCENP. Phosphorylation of
INCENP leads to increased AURKB activity. Other known AURKB substrates involved in centromeric functions and
mitosis are CENPA, DES/desmin, GPAF, KIF2C, NSUN2, RACGAP1, SEPT1, VIM/vimentin, GSG2/Haspin, and histone
H3. A positive feedback loop involving GSG2 and AURKB contributes to localization of CPC to centromeres.
Phosphorylation of VIM controls vimentin filament segregation in cytokinetic process, whereas histone H3 is
phosphorylated at Ser-10 and Ser-28 during mitosis (H3S10ph and H3S28ph, respectively). A positive feedback
between GSG2 and AURKB contributes to CPC localization. AURKB is also required for kinetochore localization of
BUB1 and SGOL1. Phosphorylation of p53/TP53 negatively regulates its transcriptional activity. Key regulator of
active promoters in resting B- and T-lymphocytes: acts by mediating phosphorylation of H3S28ph at active
promoters in resting B-cells, inhibiting RNF2/RING1B-mediated ubiquitination of histone H2A and enhancing binding
and activity of the USP16 deubiquitinase at transcribed genes.

Chromatin reader protein that recognizes and binds acetylated histones and plays a key role in transmission of
epigenetic memory across cell divisions and transcription regulation. Remains associated with acetylated chromatin
throughout the entire cell cycle and provides epigenetic memory for postmitotic G1 gene transcription by

preserving acetylated chromatin status and maintaining high-order chromatin structure. During interphase, plays a
key role in regulating the transcription of signal-inducible genes by associating with the P-TEFb complex and

recruiting it to promoters: BRD4 is required to form the transcriptionally active P-TEFb complex by displacing

negative regulators such as HEXIM1 and 7SKsnRNA complex from P-TEFb, thereby transforming it into an active

form that can then phosphorylate the C-terminal domain (CTD) of RNA polymerase Il. Promotes phosphorylation of
Ser-2 of the C-terminal domain (CTD) of RNA polymerase Il. According to a report, directly acts as an atypical

protein kinase and mediates phosphorylation of Ser-2 of the C-terminal domain (CTD) of RNA polymerase Il; these
data however need additional evidences in vivo (PubMed:22509028). In addition to acetylated histones, also

recognizes and binds acetylated RELA, leading to further recruitment of the P-TEFb complex and subsequent

activation of NF-kappa-B. Also acts as a regulator of p53/TP53-mediated transcription: following phosphorylation by
CK2, recruited to p53/TP53 specific target promoters. Isoform B: Acts as a chromatin insulator in the DNA damage
response pathway. Inhibits DNA damage response signaling by recruiting the condensin-2 complex to acetylated

histones, leading to chromatin structure remodeling, insulating the region from DNA damage response by limiting
spreading of histone H2AFX/H2A.x phosphorylation

Plays a key role in the control of the eukaryotic cell cycle by modulating the centrosome cycle as well as mitotic
onset; promotes G2-M transition, and regulates G1 progress and G1-S transition via association with multiple
interphase cyclins. Required in higher cells for entry into S-phase and mitosis. Phosphorylates PARVA/actopaxin,
APC, AMPH, APC, BARD1, Bcl-xL/BCL2L1, BRCA2, CALD1, CASP8, CDC7, CDC20, CDC25A, CDC25C, CC2D1A,
CSNK2 proteins/CKIl, FZR1/CDH1, CDK7, CEBPB, CHAMP1, DMD/dystrophin, EEF1 proteins/EF-1, EZH2, KIF11//EG5,
EGFR, FANCG, FOS, GFAP, GOLGA2/GM130, GRASP1, UBE2A/hHR6A, HISTIH1 proteins/histone H1, HMGA1,
HIVEP3/KRC, LMNA, LMNB, LMNC, LBR, LATS1, MAP1B, MAP4, MARCKS, MCM2, MCM4, MKLP1, MYB, NEFH, NFIC,
NPC/nuclear pore complex, PITPNM1/NIR2, NPM1, NCL, NUCKS1, NPM1/numatrin, ORC1, PRKAR2A, EEFIE1/p18,
EIF3F/p47, p53/TP53, NONO/p54NRB, PAPOLA, PLEC/plectin, RB1, UL40/R2, RAB4A, RAP1GAP, RCC1, RPS6KB1
/S6K1, KHDRBS1/SAM68, ESPL1, SKI, BIRC5/survivin, STIP1, TEX14, beta-tubulins, MAPT/TAU, NEDD1, VIM/vimentin,
TK1, FOXO1, RUNX1T/AML1, SIRT2 and RUNX2. CDK1/CDC2-cyclin-B controls pronuclear union in interphase
fertilized eggs. Essential for early stages of embryonic development. During G2 and early mitosis, CDC25A/B/C-
mediated dephosphorylation activates CDK1/cyclin complexes which phosphorylate several substrates that trigger
at least centrosome separation, Golgi dynamics, nuclear envelope breakdown and chromosome condensation.
Once chromosomes are condensed and aligned at the metaphase plate, CDK1 activity is switched off by WEE1- and
PKMYT1-mediated phosphorylation to allow sister chromatid separation, chromosome decondensation, reformation
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of the nuclear envelope and cytokinesis. Inactivated by PKR/EIF2AK2- and WEE1-mediated phosphorylation upon
DNA damage to stop cell cycle and genome replication at the G2 checkpoint thus facilitating DNA repair.
Reactivated after successful DNA repair through WIP1-dependent signaling leading to CDC25A/B/C-mediated
dephosphorylation and restoring cell cycle progression. In proliferating cells, CDK1-mediated FOXO1
phosphorylation at the G2-M phase represses FOXO1 interaction with 14-3-3 proteins and thereby promotes FOXO1
nuclear accumulation and transcription factor activity, leading to cell death of postmitotic neurons. The
phosphorylation of beta-tubulins regulates microtubule dynamics during mitosis. NEDD1 phosphorylation promotes
PLK1-mediated NEDD1 phosphorylation and subsequent targeting of the gamma-tubulin ring complex (gTuRC) to
the centrosome, an important step for spindle formation. In addition, CC2D1A phosphorylation regulates CC2D1A
spindle pole localization and association with SCC1/RAD21 and centriole cohesion during mitosis. The
phosphorylation of Bcl-xL/BCL2L1 after prolongated G2 arrest upon DNA damage triggers apoptosis. In contrast,
CASP8 phosphorylation during mitosis prevents its activation by proteolysis and subsequent apoptosis. This
phosphorylation occurs in cancer cell lines, as well as in primary breast tissues and lymphocytes. EZH2
phosphorylation promotes H3K27me3 maintenance and epigenetic gene silencing. CALD1 phosphorylation
promotes Schwann cell migration during peripheral nerve regeneration.

CDK2 Serine/threonine-protein kinase involved in the control of the cell cycle; essential for meiosis, but dispensable for
mitosis. Phosphorylates CTNNB1, USP37, p53/TP53, NPM1, CDK7, RB1, BRCA2, MYC, NPAT, EZH2. Interacts with
cyclins A, B1, B3, D, or E. Triggers duplication of centrosomes and DNA. Acts at the G1-S transition to promote the
E2F transcriptional program and the initiation of DNA synthesis, and modulates G2 progression; controls the timing
of entry into mitosis/meiosis by controlling the subsequent activation of cyclin B/CDK1 by phosphorylation, and
coordinates the activation of cyclin B/CDK1 at the centrosome and in the nucleus. Crucial role in orchestrating a fine
balance between cellular proliferation, cell death, and DNA repair in human embryonic stem cells (hESCs). Activity
of CDK2 is maximal during S phase and G2; activated by interaction with cyclin E during the early stages of DNA
synthesis to permit G1-S transition, and subsequently activated by cyclin A2 (cyclin A1in germ cells) during the late
stages of DNA replication to drive the transition from S phase to mitosis, the G2 phase. EZH2 phosphorylation
promotes H3K27me3 maintenance and epigenetic gene silencing. Phosphorylates CABLES1 (By similarity). Cyclin E
/CDK2 prevents oxidative stress-mediated Ras-induced senescence by phosphorylating MYC. Involved in G1-S
phase DNA damage checkpoint that prevents cells with damaged DNA from initiating mitosis; regulates
homologous recombination-dependent repair by phosphorylating BRCA2, this phosphorylation is low in S phase
when recombination is active, but increases as cells progress towards mitosis. In response to DNA damage,
double-strand break repair by homologous recombination a reduction of CDK2-mediated BRCA2 phosphorylation.
Phosphorylation of RB1 disturbs its interaction with E2F1. NPM1 phosphorylation by cyclin E/CDK2 promotes its
dissociates from unduplicated centrosomes, thus initiating centrosome duplication. Cyclin E/CDK2-mediated
phosphorylation of NPAT at G1-S transition and until prophase stimulates the NPAT-mediated activation of histone
gene transcription during S phase. Required for vitamin D-mediated growth inhibition by being itself inactivated.
Involved in the nitric oxide- (NO) mediated signaling in a nitrosylation/activation-dependent manner. USP37 is
activated by phosphorylation and thus triggers G1-S transition. CTNNB1 phosphorylation regulates insulin
internalization. Phosphorylates FOXP3 and negatively regulates its transcriptional activity and protein stability (By
similarity).

CDK4 Ser/Thr-kinase component of cyclin D-CDK4 (DC) complexes that phosphorylate and inhibit members of the
retinoblastoma (RB) protein family including RB1 and regulate the cell-cycle during G(1)/S transition. Phosphorylation
of RB1 allows dissociation of the transcription factor E2F from the RB/E2F complexes and the subsequent
transcription of E2F target genes which are responsible for the progression through the G(1) phase.
Hypophosphorylates RB1 in early G(1) phase. Cyclin D-CDK4 complexes are major integrators of various
mitogenenic and antimitogenic signals. Also phosphorylates SMAD3 in a cell-cycle-dependent manner and
represses its transcriptional activity. Component of the ternary complex, cyclin D/CDK4/CDKN1B, required for
nuclear translocation and activity of the cyclin D-CDK4 complex.

CDK9 Protein kinase involved in the regulation of transcription. Member of the cyclin-dependent kinase pair (CDK9/cyclin-
T) complex, also called positive transcription elongation factor b (P-TEFb), which facilitates the transition from
abortive to productive elongation by phosphorylating the CTD (C-terminal domain) of the large subunit of RNA
polymerase Il (RNAP Il) POLR2A, SUPT5H and RDBP. This complex is inactive when in the 7SK snRNP complex
form. Phosphorylates EP300, MYOD1, RPB1/POLR2A and AR, and the negative elongation factors DSIF and NELF.
Regulates cytokine inducible transcription networks by facilitating promoter recognition of target transcription
factors (e.g. TNF-inducible RELA/p65 activation and IL-6-inducible STAT3 signaling). Promotes RNA synthesis in
genetic programs for cell growth, differentiation and viral pathogenesis. P-TEFb is also involved in cotranscriptional
histone modification, mMRNA processing and mRNA export. Modulates a complex network of chromatin
modifications including histone H2B monoubiquitination (H2Bub1), H3 lysine 4 trimethylation (H3K4me3) and
H3K36me3; integrates phosphorylation during transcription with chromatin modifications to control co-
transcriptional histone mRNA processing. The CDK9/cyclin-K complex has also a kinase activity towards CTD of
RNAP Il and can substitute for CDK9/cyclin-T P-TEFb in vitro. Replication stress response protein; the CDK9/cyclin-K
complex is required for genome integrity maintenance, by promoting cell cycle recovery from replication arrest and
limiting single-stranded DNA amount in response to replication stress, thus reducing the breakdown of stalled
replication forks and avoiding DNA damage. In addition, probable function in DNA repair of isoform 2 via interaction
with KU70/XRCC6. Promotes cardiac myocyte enlargement. RPB1/POLR2A phosphorylation on Ser-2 in CTD
activates transcription. AR phosphorylation modulates AR transcription factor promoter selectivity and cell growth.
DSIF and NELF phosphorylation promotes transcription by inhibiting their negative effect. The phosphorylation of
MYOD1 enhances its transcriptional activity and thus promotes muscle differentiation.

CHEK1 Serine/threonine-protein kinase which is required for checkpoint-mediated cell cycle arrest and activation of DNA
repair in response to the presence of DNA damage or unreplicated DNA. May also negatively regulate cell cycle
progression during unperturbed cell cycles. This regulation is achieved by a number of mechanisms that together
help to preserve the integrity of the genome. Recognizes the substrate consensus sequence [R-X-X-S/T]. Binds to
and phosphorylates CDC25A, CDC25B and CDC25C. Phosphorylation of CDC25A at Ser-178 and Thr-507 and
phosphorylation of CDC25C at Ser-216 creates binding sites for 14-3-3 proteins which inhibit CDC25A and
CDC25C. Phosphorylation of CDC25A at Ser-76, Ser-124, Ser-178, Ser-279 and Ser-293 promotes proteolysis of
CDC25A. Phosphorylation of CDC25A at Ser-76 primes the protein for subsequent phosphorylation at Ser-79, Ser-
82 and Ser-88 by NEK11, which is required for polyubiquitination and degradation of CDCD25A. Inhibition of CDC25
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leads to increased inhibitory tyrosine phosphorylation of CDK-cyclin complexes and blocks cell cycle progression.
Also phosphorylates NEK6. Binds to and phosphorylates RAD51 at Thr-309, which promotes the release of RAD51
from BRCA2 and enhances the association of RAD51 with chromatin, thereby promoting DNA repair by homologous
recombination. Phosphorylates multiple sites within the C-terminus of TP53, which promotes activation of TP53 by
acetylation and promotes cell cycle arrest and suppression of cellular proliferation. Also promotes repair of DNA
cross-links through phosphorylation of FANCE. Binds to and phosphorylates TLK1 at Ser-743, which prevents the
TLK1-dependent phosphorylation of the chromatin assembly factor ASF1A. This may enhance chromatin assembly
both in the presence or absence of DNA damage. May also play a role in replication fork maintenance through
regulation of PCNA. May regulate the transcription of genes that regulate cell-cycle progression through the
phosphorylation of histones. Phosphorylates histone H3.1 (to form H3T11ph), which leads to epigenetic inhibition of
a subset of genes. May also phosphorylate RB1to promote its interaction with the E2F family of transcription factors
and subsequent cell cycle arrest Isoform 2: Endogenous repressor of isoform 1, interacts with, and antagonizes
CHK1 to promote the S to G2/M phase transition

CTLA4 Inhibitory receptor acting as a major negative regulator of T-cell responses. The affinity of CTLA4 for its natural B7
family ligands, CD80 and CD86, is considerably stronger than the affinity of their cognate stimulatory coreceptor
CD28.

glutaminase Catalyzes the first reaction in the primary pathway for the renal catabolism of glutamine. Plays a role in maintaining
acid-base homeostasis. Regulates the levels of the neurotransmitter glutamate in the brain. Isoform 2 lacks catalytic
activity.

JAK2 Non-receptor tyrosine kinase involved in various processes such as cell growth, development, differentiation or
histone modifications. Mediates essential signaling events in both innate and adaptive immunity. In the cytoplasm,
plays a pivotal role in signal transduction via its association with type | receptors such as growth hormone (GHR),
prolactin (PRLR), leptin (LEPR), erythropoietin (EPOR), thrombopoietin (THPO); or type Il receptors including IFN-
alpha, IFN-beta, IFN-gamma and multiple interleukins. Following ligand-binding to cell surface receptors,
phosphorylates specific tyrosine residues on the cytoplasmic tails of the receptor, creating docking sites for STATs
proteins. Subsequently, phosphorylates the STATs proteins once they are recruited to the receptor.
Phosphorylated STATs then form homodimer or heterodimers and translocate to the nucleus to activate gene
transcription. For example, cell stimulation with erythropoietin (EPO) during erythropoiesis leads to JAK2
autophosphorylation, activation, and its association with erythropoietin receptor (EPOR) that becomes
phosphorylated in its cytoplasmic domain. Then, STAT5 (STAT5A or STATS5B) is recruited, phosphorylated and
activated by JAK2. Once activated, dimerized STAT5 translocates into the nucleus and promotes the transcription
of several essential genes involved in the modulation of erythropoiesis. In addition, JAK2 mediates angiotensin-2-
induced ARHGEF1 phosphorylation. Plays a role in cell cycle by phosphorylating CDKN1B. Cooperates with TEC
through reciprocal phosphorylation to mediate cytokine-driven activation of FOS transcription. In the nucleus, plays
a key role in chromatin by specifically mediating phosphorylation of Tyr-41 of histone H3 (H3Y41ph), a specific tag
that promotes exclusion of CBX5 (HP1 alpha) from chromatin.

KIT Tyrosine-protein kinase that acts as cell-surface receptor for the cytokine KITLG/SCF and plays an essential role in
the regulation of cell survival and proliferation, hematopoiesis, stem cell maintenance, gametogenesis, mast cell
development, migration and function, and in melanogenesis. In response to KITLG/SCF binding, KIT can activate
several signaling pathways. Phosphorylates PIK3R1, PLCG1, SH2B2/APS and CBL. Activates the AKT1 signaling
pathway by phosphorylation of PIK3R1, the regulatory subunit of phosphatidylinositol 3-kinase. Activated KIT also
transmits signals via GRB2 and activation of RAS, RAF1 and the MAP kinases MAPK1/ERK2 and/or MAPK3/ERK1.
Promotes activation of STAT family members STAT1, STAT3, STAT5A and STATS5B. Activation of PLCG1 leads to the
production of the cellular signaling molecules diacylglycerol and inositol 1,4,5-trisphosphate. KIT signaling is
modulated by protein phosphatases, and by rapid internalization and degradation of the receptor. Activated KIT
promotes phosphorylation of the protein phosphatases PTPN6/SHP-1 and PTPRU, and of the transcription factors
STAT1, STAT3, STAT5A and STAT5B. Promotes phosphorylation of PIK3R1, CBL, CRK (isoform Crk-Il), LYN, MAPK1
/ERK2 and/or MAPK3/ERK1, PLCG1, SRC and SHC1.

PARP1 Involved in the base excision repair (BER) pathway, by catalyzing the poly(ADP-ribosyl)ation of a limited number of
acceptor proteins involved in chromatin architecture and in DNA metabolism. This modification follows DNA
damages and appears as an obligatory step in a detection/signaling pathway leading to the reparation of DNA
strand breaks. Mediates the poly(ADP-ribosyl)ation of APLF and CHFR. Positively regulates the transcription of
MTUS1 and negatively regulates the transcription of MTUS2/TIP150. With EEF1A1 and TXK, forms a complex that
acts as a T-helper 1 (Th1) cell-specific transcription factor and binds the promoter of IFN-gamma to directly regulate
its transcription, and is thus involved importantly in Th1 cytokine production. Required for PARP9 and DTX3L
recruitment to DNA damage sites. PARP1-dependent PARP9-DTX3L-mediated ubiquitination promotes the rapid
and specific recruitment of 53BP1/TP53BP1, UIMC1/RAP80, and BRCA1to DNA damage sites.

PARP2 Involved in the base excision repair (BER) pathway, by catalyzing the poly(ADP-ribosyl)ation of a limited number of
acceptor proteins involved in chromatin architecture and in DNA metabolism. This modification follows DNA
damages and appears as an obligatory step in a detection/signaling pathway leading to the reparation of DNA
strand breaks

PD-1 Inhibitory cell surface receptor involved in the regulation of T-cell function during immunity and tolerance. Upon
ligand binding, inhibits T-cell effector functions in an antigen-specific manner. Possible cell death inducer, in
association with other factors.

PD-L1 Involved in the costimulatory signal, essential for T-cell proliferation and production of IL10 and IFNG, in an IL2-
dependent and a PDCD1-independent manner. Interaction with PDCD1 inhibits T-cell proliferation and cytokine
production.

PLK1 Serine/threonine-protein kinase that performs several important functions throughout M phase of the cell cycle,

including the regulation of centrosome maturation and spindle assembly, the removal of cohesins from
chromosome arms, the inactivation of anaphase-promoting complex/cyclosome (APC/C) inhibitors, and the
regulation of mitotic exit and cytokinesis. Polo-like kinase proteins acts by binding and phosphorylating proteins are
that already phosphorylated on a specific motif recognized by the POLO box domains. Phosphorylates BORA,
BUB1B/BUBR1, CCNB1, CDC25C, CEP55, ECT2, ERCC6L, FBXOS5/EMI, FOXM1, KIF20A/MKLP2, CENPU, NEDD1,
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NINL, NPM1, NUDC, PKMYT1/MYT1, KIZ, PPPIR12A/MYPT1, PRC1, RACGAP1/CYK4, SGOL1, STAG2/SA2, TEX14,

TOPORS, p73/TP73, TPT1 and WEE1. Plays a key role in centrosome functions and the assembly of bipolar spindles
by phosphorylating KIZ, NEDD1 and NINL. NEDD1 phosphorylation promotes subsequent targeting of the gamma-
tubulin ring complex (gTuRC) to the centrosome, an important step for spindle formation. Phosphorylation of NINL
component of the centrosome leads to NINL dissociation from other centrosomal proteins. Involved in mitosis exit
and cytokinesis by phosphorylating CEP55, ECT2, KIF20A/MKLP2, CENPU, PRC1 and RACGAP1. Recruited at the
central spindle by phosphorylating and docking PRC1 and KIF20A/MKLP2; creates its own docking sites on PRC1

and KIF20A/MKLP2 by mediating phosphorylation of sites subsequently recognized by the POLO box domains.

Phosphorylates RACGAP1, thereby creating a docking site for the Rho GTP exchange factor ECT2 that is essential
for the cleavage furrow formation. Promotes the central spindle recruitment of ECT2. Plays a central role in G2/M

transition of mitotic cell cycle by phosphorylating CCNB1, CDC25C, FOXM1, CENPU, PKMYT1/MYT1, PPPIR12A
/MYPT1 and WEE1. Part of a regulatory circuit that promotes the activation of CDK1 by phosphorylating the positive
regulator CDC25C and inhibiting the negative regulators WEE1 and PKMYT1/MYT1. Also acts by mediating

phosphorylation of cyclin-B1 (CCNB1) on centrosomes in prophase. Phosphorylates FOXM1, a key mitotic

transcription regulator, leading to enhance FOXM1 transcriptional activity. Involved in kinetochore functions and

sister chromatid cohesion by phosphorylating BUB1B/BUBR1, FBXO5/EMI1 and STAG2/SA2. PLK1 is high on non-
attached kinetochores suggesting a role of PLK1 in kinetochore attachment or in spindle assembly checkpoint

(SAC) regulation. Required for kinetochore localization of BUB1B. Regulates the dissociation of cohesin from

chromosomes by phosphorylating cohesin subunits such as STAG2/SA2. Phosphorylates SGOL1: required for

spindle pole localization of isoform 3 of SGOL1 and plays a role in regulating its centriole cohesion function.

Mediates phosphorylation of FBXO5/EMI1, a negative regulator of the APC/C complex during prophase, leading to
FBXOS5/EMI1 ubiquitination and degradation by the proteasome. Acts as a negative regulator of p53 family

members: phosphorylates TOPORS, leading to inhibit the sumoylation of p53/TP53 and simultaneously enhance

the ubiquitination and subsequent degradation of p53/TP53. Phosphorylates the transactivation domain of the

transcription factor p73/TP73, leading to inhibit p73/TP73-mediated transcriptional activation and pro-apoptotic

functions. Phosphorylates BORA, and thereby promotes the degradation of BORA. Contributes to the regulation of
AURKA function. Also required for recovery after DNA damage checkpoint and entry into mitosis. Phosphorylates
MISP, leading to stabilization of cortical and astral microtubule attachments required for proper spindle positioning
(PubMed:8991084, PubMed:11202906, PubMed:12207013, PubMed:12447691, PubMed:12524548, PubMed:
12738781, PubMed:12852856, PubMed:12939256, PubMed:14532005, PubMed:14734534, PubMed:15070733,

PubMed:15148369, PubMed:15469984, PubMed:16198290, PubMed:16247472, PubMed:16980960, PubMed:
17081991, PubMed:17351640, PubMed:17376779, PubMed:17617734, PubMed:18174154, PubMed:18331714, PubMed:
18418051, PubMed:18477460, PubMed:18521620, PubMed:1

Phosphorylates a large number of substrates in the cytoplasm and the nucleus. Regulates the abundance of
compartmentalized pools of its regulatory subunits through phosphorylation of PJA2 which binds and ubiquitinates
these subunits, leading to their subsequent proteolysis. Phosphorylates CDC25B, ABL1, NFKB1, CLDN3, PSMC5
/RPT6, PJA2, RYR2, RORA and VASP. RORA is activated by phosphorylation. Required for glucose-mediated

adipogenic differentiation increase and osteogenic differentiation inhibition from osteoblasts. Involved in the

regulation of platelets in response to thrombin and collagen; maintains circulating platelets in a resting state by
phosphorylating proteins in numerous platelet inhibitory pathways when in complex with NF-kappa-B (NFKB1 and
NFKB?2) and |-kappa-B-alpha (NFKBIA), but thrombin and collagen disrupt these complexes and free active PRKACA
stimulates platelets and leads to platelet aggregation by phosphorylating VASP. Prevents the antiproliferative and
anti-invasive effects of alpha-difluoromethylornithine in breast cancer cells when activated. RYR2 channel activity is
potentiated by phosphorylation in presence of luminal Ca2+, leading to reduced amplitude and increased

frequency of store overload-induced Ca2+ release (SOICR) characterized by an increased rate of Ca2+ release and
propagation velocity of spontaneous Ca2+ waves, despite reduced wave amplitude and resting cytosolic Ca2+.
PSMC5/RPT6 activation by phosphorylation stimulates proteasome. Negatively regulates tight junctions (TJs) in
ovarian cancer cells via CLDN3 phosphorylation. NFKB1 phosphorylation promotes NF-kappa-B p50-p50 DNA
binding. Involved in embryonic development by down-regulating the Hedgehog (Hh) signaling pathway that

determines embryo pattern formation and morphogenesis. Prevents meiosis resumption in prophase-arrested

oocytes via CDC25B inactivation by phosphorylation. May also regulate rapid eye movement (REM) sleep in the
pedunculopontine tegmental (PPT). Phosphorylates APOBEC3G and AICDA. Isoform 2 phosphorylates and

activates ABL1in sperm flagellum to promote spermatozoa capacitation. Phosphorylates HSF1; this phosphorylation
promotes HSF1 nuclear localization and transcriptional activity upon heat shock (PubMed:21085490).

Serine/threonine-protein kinase that acts as a molecular sensor for DNA damage. Involved in DNA non-
homologous end joining (NHEJ) required for double-strand break (DSB) repair and V(D)J recombination. Must be

bound to DNA to express its catalytic properties. Promotes processing of hairpin DNA structures in V(D)J

recombination by activation of the hairpin endonuclease artemis (DCLRE1C). The assembly of the DNA-PK complex
at DNA ends is also required for the NHEJ ligation step. Required to protect and align broken ends of DNA. May
also act as a scaffold protein to aid the localization of DNA repair proteins to the site of damage. Found at the ends
of chromosomes, suggesting a further role in the maintenance of telomeric stability and the prevention of

chromosomal end fusion. Also involved in modulation of transcription. Recognizes the substrate consensus

sequence [ST]-Q. Phosphorylates Ser-139 of histone variant H2AX/H2AFX, thereby regulating DNA damage

response mechanism. Phosphorylates DCLREIC, c-Abl/ABL1, histone H1, HSPCA, c-jun/JUN, p53/TP53, PARP1,

POU2F1, DHX9, SRF, XRCC1, XRCC1, XRCC4, XRCC5, XRCC6, WRN, MYC and RFA2. Can phosphorylate C1D not
only in the presence of linear DNA but also in the presence of supercoiled DNA. Ability to phosphorylate p53/TP53
in the presence of supercoiled DNA is dependent on C1D. Contributes to the determination of the circadian period
length by antagonizing phosphorylation of CRY1 Ser-588 and increasing CRY1 protein stability, most likely through
an indirect machanism. Interacts with CRY1and CRY2; negatively regulates CRY1 phosphorylation.

Receptor for retinoic acid. Retinoic acid receptors bind as heterodimers to their target response elements in

response to their ligands, all-trans or 9-cis retinoic acid, and regulate gene expression in various biological

processes. The RAR/RXR heterodimers bind to the retinoic acid response elements (RARE) composed of tandem 5'-
AGGTCA-3' sites known as DR1-DR5. In the absence of ligand, acts mainly as an activator of gene expression due
to weak binding to corepressors. Required for limb bud development. In concert with RARA or RARB, required for
skeletal growth, matrix homeostasis and growth plate function (By similarity).
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Acts as a negative regulator of entry into mitosis (G2 to M transition) by protecting the nucleus from cytoplasmically
activated cyclin Bl-complexed CDK1 before the onset of mitosis by mediating phosphorylation of CDK1 on Tyr-15.
Specifically phosphorylates and inactivates cyclin Bl-complexed CDK1 reaching a maximum during G2 phase and a
minimum as cells enter M phase. Phosphorylation of cyclin B1-CDK1 occurs exclusively on Tyr-15 and
phosphorylation of monomeric CDK1 does not occur. Its activity increases during S and G2 phases and decreases
at M phase when it is hyperphosphorylated. A correlated decrease in protein level occurs at M/G1 phase, probably
due to its degradation

CELZOTT HATOANYAGOK

FORGALOMBAN LEVO GYOGYSZEREK (75): ABEMACICLIB, ACALABRUTINIB, AFATINIB, ALECTINIB, ATEZOLIZUMAB, AVELUMAB, AXITINIB,
BELINOSTAT, BEVACIZUMAB, BORTEZOMIB, BOSUTINIB, BRIGATINIB, CABOZANTINIB, CARFILZOMIB, CEDIRANIB, CERITINIB, CETUXIMAB,
COBIMETINIB, COPANLISIB, CRIZOTINIB, DABRAFENIB, DARATUMUMAB, DASATINIB, DURVALUMAB, ELOTUZUMAB, ENASIDENIB,
ERLOTINIB, EVEROLIMUS, GEFITINIB, IBRUTINIB, IDELALISIB, IMATINIB, INOTUZUMAB OZOGAMICIN, IPILIMUMAB, IXAZOMIB, LAPATINIB,
LENALIDOMIDE, LENVATINIB, METFORMIN, MIDOSTAURIN, NECITUMUMAB, NERATINIB, NILOTINIB, NINTEDANIB, NIRAPARIB, NIVOLUMAB,
OLAPARIB, OLARATUMAB, OSIMERTINIB, PALBOCICLIB, PANITUMUMAB, PANOBINOSTAT, PAZOPANIB, PEMBROLIZUMAB, PERTUZUMAB,
POMALIDOMIDE, PONATINIB, RAMUCIRUMAB, REGORAFENIB, RIBOCICLIB, ROMIDEPSIN, RUCAPARIB, SORAFENIB, SUNITINIB, T-DM1,
TEMSIROLIMUS, THALIDOMIDE, TRAMETINIB, TRASTUZUMAB, VANDETANIB, VEMURAFENIB, VISMODEGIB, VORINOSTAT, ZIV-AFLIBERCEPT

KLINIKAI VIZSGALATBAN ELERHETO HATOANYAGOK (445): 17-AAG, 45C-201, 45C-202, 45C-203, AAL881, AB-010, ABBV-221, ABT-414, ABT-
494, ABT-700, ABT-767, ABT-806, ABTL0812, ACOO10MA, AC-480, ACE-041, ACP-319, ACY-1215, ACY-241, ADU-623, AEBO71, AEE788, AG-
014699, AG-120, AG-881, AGI-5198, AKN-028, ALLITINIB, ALRN-6924, AMG208, AMG-232, AMG319, AMG337, AMG595, AMUVATINIB,

ANLOTINIB, AP26113, AP32788, APRINOCARSEN, AR-42, ARGX-111, ARQO87, ARQ736, ARRY-380, ARRY382, ARX788, AS-703026, AS703988,
ASP2215, ASP3026, ASP5878, ASP8273, AT13387, AT7519, AT9283, AUY922, AV-412, AVX901, AZ628, AZD0156, AZD1480, AZD2014,

AZD2461, AZD3759, AZD4547, AZD5438, AZD6094, AZD6244, AZD6738, AZD-7762, AZD8055, AZD8186, AZD8330, AZD8835, B-701,

BARICITINIB, BAY1000394, BAY1082439, BAY1163877, BAY1179470, BAY1187982, BAY1436032, BAY54-9085, BAY87-2243, BEZ235, BGB-283,
BGB-290, BGJ398, BGT226, BI-2536, BI6727, BI847325, BI-847325, BI860585, BIIBO21, BIIB0O28, BKM120, BLU-285, BMN673, BMS-599626,
BMS-690514, BMS-777607, BMS-906024, BMS-911543, BMS-986115, BRIVANIB, BRONTICTUZUMAB, BYL719, CAL-263, CANERTINIB,

CAPMATINIB, CC-223, CEP-32496, CEP-37440, CEP-9722, CG200745, CGM097, CH5424802, CHIAURANIB, CHIR-124, CHIR-265, CHR-2845,
CHR-3996, CLR457, CM-082, CP-724714, CPI-1205, CRA-024781, CRENOLANIB, CT-707, CT-P6, CUCD-101, CUDC-101, CUDC-907, CXD101,

CYCO065, CYC116, DACOMITINIB, DANUSERTIB, DCC-2618, debio0932, debio1347, DECERNOTINIB, DEMCIZUMAB, DOVITINIB, DS-2248, DS-
3032b, DS-6051b, DS-7423, DS-8201a, E6201, E7016, E7050, E7090, E7449, EDO-5101, EGF816, EMD1204831, EMD1214063, ENMD-2076,

ENMD-981693, ENTRECTINIB, ENZASTAURIN, EPITINIB, EPZ-6438, ERTUMAXOMAB, EZN-2968, FAMITINIB, FEDRATINIB, FILGOTINIB,

FLUZOPARIB, FLX925, FORETINIB, FPAO08, FPA144, FRUQUINTINIB, FS102, GANDOTINIB, GC1118, GDC-0084, GDC-0425, GDC-0575, GDC-
0623, GDC-0941, GDC-0980, GF109203X, GLESATINIB, GLPG-0555, GOLVATINIB, GS-9820, GSK1059615, GSK2126458, GSK2636771,

GSK2816126, GSK-461364, HDM201, HEMAY022, HGS1036, HM61713, HMN-214, HMR1275, HS-10241, HSP990, ICOTINIB, ICRUCUMAB,

IDH1R132H, IDH305, ILORASERTIB, IMC-CS4, IMGN289, IMU-131, INC280, INCB039110, INCB040093, INCB047986, INCB050465, INCB052793,
INCB054828, INCB-47986, INIPARIB, INO-1001, IPI-145, IPI-493, IPI-504, IPI-549, ITF2357, JNJ-26481585, JNJ-26483327, JNJ-26854165, JNJ-
38877605, JNJ-42756493, JNJ-61186372, KA2237, KAI-1678, KOS-1022, KTNO158, KU55933, KW-2478, LBT613, LDK378, LESTAURTINIB,

LGX818, LINIFANIB, LOP628, LORLATINIB, LUCITANIB, LXS196, LY2606368, LY287445, LY-2874455, LY2875358, LY294002, LY3023414,

LY3039478, LY3076226, LY3164530, M344, MASITINIB, MATUZUMAB, MC1568, ME-344, ME-401, MEDI4276, MEHD7945A, MEK162,

MFGR1877S, MGAH22, MGCDO0103, MGCD265, MI-773, MK0752, MK-1496, MK-1775, MK-2461, MK-7965, MK-8242, MK-8776, MLNO128, MLN1117,
MM-111, MM-151, MM-302, MOMELOTINIB, MOTESANIB, MPC-3100, MPTOE028, MR1-1, MRX34, MSC2156119J, NIMESULIDE, NIMOTUZUMAB,
NMS-1286937, NMS-E973, NMS-P937, NS-018, NS-398, NVP-BEP800, OBP-801, ODM-203, ON-01910, ONARTUZUMAB, ORANTINIB, OSI-027,
0OSI-930, P1446A-05, P276-00, P7170, PACRITINIB, PARECOXIB, PCI-34051, PD-0166285, PD0325901, PD184352, PD98059, PEFICITINIB,

PEGDINETANIB, PELITINIB, PEPIDH1M, PEXIDARTINIB, PF-00337210, PF-02341066, PF-03084014, PF-03446962, PF-04217903, PF-04691502,
PF-04965842, PF-06459988, PF-06463922, PF-06747775, PF-477736, PHA-793887, PHA-848125AC, PKI-166, PKI179, PKI-587, PLX-5622,

PLX8394, PLX-9486, POZIOTINIB, PQR309, PRT062070, PU-H71, PWT143, PWT33597, PX-478, PX-866, PYROTINIB, QUIZARTINIB, R547,

RAF265, RDEA119, REBASTINIB, RG1530, RGB-286638, RIDAFOROLIMUS, RILOTUMUMAB, RINDOPEPIMUT, R03280, RO4929097,

R0O4987655, RO5045337, RO5083945, RO5126766, RO5212054, RO5503781, RO6839921, ROCILETINIB, RP6530, RUBOXISTAURIN, RXDX-
101, S-222611, S49076, SAIT301, SAPITINIB, SAR125844, SAR260301, SB939, SCH-900776, SEMAGACESTAT, SEMAXANIB, SF1126, SGX523,
SHP-141, SIMOTINIB, SNDX-275, SNS-032, SNX-2112, SNX-5422 mesylate, SOLCITINIB, SOTRASTAURIN, STA-9090, SU-014813, SU-11274,

SU9516, SULFATINIB, Sym004, TAK-165, TAK-285, TAK-733, TANDUTINIB, TAREXTUMAB, TAS-120, TASELISIB, TELATINIB, TEPOTINIB,

TESEVATINIB, TEW-7197, TG02, TG100-115, TG100-801, TG101348, TGR-1202, TIVANTINIB, TIVOZANIB, TSA, TSR-011, TSU-68, U0126, UCN-01,
VARLITINIB, VATALANIB, VELIPARIB, VER155008, VER-49009, VER-50589, VS-5584, VX-970, WP1066, WX-037, WX-554, X-396, X-82, XL019,
XL147, XL-281, XL647, XL765, XL-820, XL888, XL-999, ZALUTUMUMAB, ZD4547, ZM336372, ZSTK474

A gének funkciondlis leirdsa a UniProt (Universal Protein Resource) adatbazisbél szadrmazik.

Ez a riport a Realtime Oncology Molecular Treatment Calculator segitségével késziilt. Minden jog fenntartva. A Molecular Treatment Calculator Riportot csak orvos hasznélhatja és értelmezheti.
Az orvos véleményét nem helyettesiti. Az orvos mérlegelheti, vagy figyelmen kiviil hagyhatja a riport altal nydjtott informécidkat. A Molecular Treatment Calculator Riport a tudomanyos irodalom
felhasznaldsaval informaciét szolgéltat a tumorok és a molekuldris profil kozti sszefiiggésekrél. A szakirodalom teljességéért és azok tartalméért sem az Oncompass Medicine, sem a Realtime
Oncology nem véllal felel6sséget. A feltlintetett gydgyszerek az adott tumortipusban lehetnek torzskonyvezettek és/vagy finanszirozottak, annak viszonylataban, hogy a riportot melyik orszdgban
hasznaljak.
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Molekuléris farmakolégus, lgazgaté
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