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M300pbT 3a 4iieH Ha Hay4yHOTO JXypHu € chritacHo 3amoBeq Ne 3765/17.12.2024 r. Ha
Menunacku YHuBepcutet - [lneBen. Penensusita e cho0pa3eHa ¢ U3UCKBaHUATA Ha
3akoHa 3a pa3BUTHE Ha akaJeMuU4HHs cbcraB B PemyOmuka bwarapus (3PACPB) u
IIpaBunHMKa 3a HEroBOTO NPUIIOKEHHE, KakTO U ¢ [IpaBuiaHMKa 3a pa3BUTHE Ha

aKaJeMUYHHS ChCTaB HAa MeIUIIMHCKN YHUBEpPCUTET - [1neBeH.

IIpencraBeHUT MU 3a peLeH3Us AMCEPTALMOHEH TPy o3arjiaBeH ,,[IpoyuBaHe BbpXy
HOCHUTEJICTBOTO Ha T'€HETUYHH Je(EeKTH 3a Mpeapas3NooKeHUE MPH KEHU C paK Ha
Ir'bpJia U paK Ha SIMYHUK OT bbirapckarta momysianys U 3HAYEHUETO HA YCTAHOBEHUTE
TeHEeTUYHU BapUaHTH 3a M3TPaXkJIaHe Ha MOAXOJ 3a T€HETHMYHO KOHCYJITHpaHE MpHU
Te3n 3abomsBanusa” Ha A-p 3opHuna KamOypoBa-MapTHHOBa, IOKTOPAHT KbM

karenpara 1no MenunuHcka reHetuka, Pakynrer @apmauns Ha MeAUUMHCKU



yauBepcutrer — [lneBeH, oOxBama 172 cTaHgapTHU MAITUHONKMCHHU CTPAHUIU U
ceabpxka 20 ¢purypu u 28 tabnunu. Lutupanu ca 465 nurepaTypHH U3TOYHHUIIU, OT
kouto 317 (68%) ca Ha cratum ciuex 2010 r., a 127 (27%) - cmeq 2020 r. Kobm
JUcepTalusiTa UMa U MPUIOKEHNE, KOETO MPEICTaBs KIMHUYHU ciaydau ¢bc CHUHIpPOM
Ha HacjeAcTBeHa MylTHIoKycHa Heoruiasusi (Multilocus Inherited Neoplasia Allele
Syndrome (MINAS).

JlucepTallmOHHUAT TPYyJd € I[IOCBETEH Ha IMpoydyBaHE upe3 Hail-cbBpeMeHHaTa
ratopMa 3a HOBO-TEHEPAIIMOHHO CEKBEHHpPAHE Ha MYTAllMl B T€HH, CBBP3aHH C
MPEIPasNoNoKEHOCT KbM pa3BUTHE HA paK Ha MJICYHATA JKJie3a U SUYHUIUTE B
OBATapcKy TAIMEHTKH, 3a W3rpakJaHe Ha ONTHMAJCH IOAXOJ Ha TEHETHYHO
KOHCYIITUpaHe MpHu Te3W 3abonsiBaHus. B mocnexanurte aecerwetus: Oeie u3sicHEHA
OCHOBaTa Ha TEeHETHYHATa MPEJUCIO3UIMS MPU MHOIO PAKOBH CHHIPOMHU U B
MOJIEPHOTO 3/[paBeomna3BaHe Ha MHOTO CTPaHH Ca BbBEJACHN T€HETUYHU JHATHOCTUIHU
CKPUHUHTOBU TIPOTpaMH 3a HU3CIEABAHE HAa BHCOKO-TIEHETPAHTHU/BUCOKO-PUCKOBU
TeHU, KOUTO Ca MyTHUPaJU NIpH (paMUITHUTE CIydad Ha pak. MyTallMOHHUAT aHAJU3 Ha
TE3W TeHH MMa OrPOMHO 3HAUYCHHE 3a TeHETUYHOTO KOHCYJITHpaHe, romara jJa ce
MIOBHIIY IIIAHCA 3a OIIeNIIBaHE, OMpPEeNs MPOrHO3aTa Ha HOCUTEINTE U HACOYBA KbM
HaN-TIOJIXOJISIIUTE U IEPCOHATU3UPAHU MPOPUIAKTUIHU U TEPANIEBTUYHN MEPKH.
HacnenctBeHusT pak Ha Mie4yHara Xje€3a M SWYHUKA € €JUH OT HAM-IIUPOKO
npoyuBaHuTe pakoBu cuHApoMu. [Ipe3 1994-1995 r. 6sixa uneHTuuIMpaHn BUCOKO-
nenerpantHute npenpasnonaramu rean BRCAL m BRCA2 3a Tesu BumoBe pak.
[TocnenBany reHETHYHU MPOYYBAHUS TTOMOTHAXa 32 OTKPUBAHETO HA JOMBIHUTCITHH
TeHH C YMEpPEH pHCK, a I[UIOCTHO-TEHOMHHUTE AacOlMAaTUBHU MPOYYBAHUS
UIACHTHU(UIIUpAaxXa  JPYrH  HUCKO-TICHCTPAHTHU  aJleJld,  acCOIMUPaHH  C
MPEeNpasoioKEHOCT KbM paka Ha rbppata. CraHa sICHO, Y€ TEHH CBBpP3aHU C
OTIpEJICJICHN PAKOBU CHHJIPOMH HOCST BHCOK PUCK 3a €UH OIpe/IeNieH TYMOPEH THII,
HO CBII[0 UMAT HUCKA MEHETPAHTHOCT U HOCST HUCHK JI0 YMEPEH PHUCK 3a Pa3BHUTHUETO
Ha Jpyrd TymopHU TumnoBe. [lo Taswm mnpuunHA, TEHETHYHUAT CKPUHHUHT 3a
HACJICZICTBEHUTE PAKOBU CHHIPOMH, Oa3MpaH caMO Ha €IMH WU HAKOJIKO T'HH, BEYe
Ce CUHMTa 3a OTPaHWYCH B THPCEHETO HA TeHEeTWYHaTa mpenucrnosunus. Hacrosimara

Aucepranusa OIrcCBa Haﬁ-ﬂeTaﬁHHO KIMHUYHUTC, IIaTOJIOTUYHM W TI'CHCTUYHHU



XapaKTepUCTUKU HA MAIMEHTKH C paK Ha MJIEYHATA JKJIe3a U SMYHUKA, TTOT4ePTaBaAKN
poisTa Ha HOBO-TeHepalMoHHOTO cekBeHupane (NGS) 3a KIMHUYHOTO MOBEICHHE.
HoBo-reHepannmoHHOTO CEKBEHHWpaHE, OCHOBAHO HAa TCHHH MaHEIH ¢ (OKYC BBPXY
TyMOp-acollMMpaHy T'eHH, € Hal-4ecTo M3I0JI3BaHaTa rmiaT¢hopMa B MOMEHTA MOpaau
MO-HUCKATa I[eHa ¥ 3HAYUTEIHO IMO-ITbJIHAaTa UHPOpMAIUs B CPAaBHEHUE C OTAETHOTO
TUPEKTHO CEKBEHUpPAHE Ha TeHHWTe. I3MmonmsBaHeTo My B JUArHOCTUYHATA MPAKTHKA
M3MCKBAa BHUMATEIIHO KIMHUYHO U aHAJIUTHYHO MPOYYBaHE, TaKa KAaKTO perysaiuuTe
M3HUCKBAT 32 BCEKH €JIMH JUArHOCTHYCH TECT.

B TO3u cMmuChl, TemMaTra Ha JUCEPTANMATA € OCOOEHO AKTYaJIHA U C TOJISAMO
3HaYeHHe 32 MeJUKO-TeHeTHYHATA JUATHOCTHKA, FTeHeTUYHATA eNuIeMHUO0JI0TUsl,
FeHeTHYHOTO KOHCYJITHPaHe U KIMHUYHOTO NMOBeleHHe MPH MAIMEHTKHU ¢ PaK Ha
MJIEYHATA KJIe3a W sIHYHUKA, KAKTO W 32 HATPYNBAHETO HA HAYYHHU JAHHH 32
reHeTHKaTa HAa Te3H PAKOBH 3a00J5IBAHHS C TOJSAMO 3APABHO-COLMAIHO
3Havenme. [loxropantkara JI-p KamOypoBa HeChbMHEHO MOCTUTA NMPUHOCH C HAYYEH,
MIPWIOKCH W OPUTHHAJICH XapaKTep B Ta3H IMOCOKA.

JlucepTalinoHHUST TPYA € HamucaH MO OOUIONPHUETHS TPUHIUI U CE€ ChCTOM OT
Jluteparypen 0030p (38 ctp.), Llen u 3amaun (1 crp.), Matepuanu u Metoau (5 ctp.),
Pesynratn u O6cwxaane (94 crp.), kKaTo HakKpas ca U3BEACHU NO-BakHHUTE V3BOIN M
[Ipunocu.

JlutepaTypHusaT 0030p ob6xBama 38 cTpaHullM U ChABPKA 6 ¢urypu u 4 Tabauiu,
KaTo MbpBaTa My 4YacT € TMOCBETEHAa Ha paka Ha I'bpJaTa, a BTOpaTa — Ha paka Ha
SYHUKA. PasriexaaT ce BBIPOCH CBBP3aHU C CHHJICMHOJIOTHATA, CTHOJIOTHITA U
naToreHe3ara Ha 3a00JsBaHUATA, KAaTO OCHOBHO ca TMPEACTaBEHH PHUCKOBUTE
TCHCTHYHU (PaKTOpU. 3HAYUTEIIHO MSCTO € OTJ/IEJICHO Ha T'EHUTE ¢ BUCOKA U yMepeHa
MIEHETPAHTHOCT, KOUTO TIOBHINIABAT PUCKA 32 pa3BUTHE Ha 3a00JISIBAHETO M YECTO Ce
W3IMOJI3BAaT KaTO NMPOTHOCTHYEH Omomapkep. B mocrnenHara dacT Ha JuTEepaTypHUS
0030p MOIPOOHO ca JaJeHN HACOKHU 3a U300p Ha MOAXOJAII T€HETHYEH TECT CIOpe.
nuvHaTa U (aMuITHATa aHaMHe3a Ha marueHTKuTe. Cepruo3HO BHHUMaHHE € 00bpHATO
Ha TCHETUYHOTO KOHCYJTHPAaHE IMPU HACIEICTBEHH (OpMH Ha pak Ha rbpjata U
SITYHUKA, KATO OTJICITHO Cca pa3TJie[aHy JABaTa ChIIECTBEHH €Tana OT KOHCYJITHPAHETO

— HOPCA-TCCTOBOTO KOHCYJITHPAHC C IMOKa3aHHWATA 3a M3CICABAHC W CIICA-TCCTOBOTO



KOHCYJITUPaHE C BCUUKHM aCHEKTHU Ha KacKaJHO TECTBAHE, JOIBbJIHUTEIHU HAXOJKHU U
oOCHK/IaHe Ha PENpONyKTUBHU puckoBe. KaTo 1510 0030pbT € MHOro aodpe
HANKMCAH, HAYYHO U3AbPKAH U 0AJAHCHPAH U OKA3BAa OTJIHYHA HHPOPMHUPAHOCT
HA JIOKTOPAaHTKATa MO TeMaTa Ha Auceprauusita. OT HEro JOTMYHO € U3BEICHO
3aKJIIOYEHUETO, Y€ C HABJIM3aHETO Ha HOBUTE T€HOMHH TEXHOJOTHH CE€ OTKPUBAT HOBU
I€HY, Ipeapasnojliaraliy 3a pa3BUTHETO HA pPaKk HAa I'bpAA U SMYHUK, KaTO Hapen C
TE€HUTE C BUCOKA MEHETPATHOCT, BCE MOBEYE HAPACTBA IEIBT U HA OTKPUTH I'€HU C
yMEpPEHa MEHETPATHOCT, KAKTO U Ha HUCKO-TIEHETPATHUTE T€HHU JIOKYCH. ['oseMusT
obeM wuH(poOpmaIms, ToMydyaBaH MPU HU3CIEIBAHETO HA MPEAPa3MOIOKEHUETO C
Meroaute Ha NGS, oT enHa cTpaHa, U OT Apyra Hy)KJaTa OT MHTEPIPETUPAHETO U B
KOHTEKCTa Ha MepcoHaIHaTa MeJUIIMHCKA U haMUITHA UCTOPHS HAa KOHKPETHATA JKEHa,
J0Bele J0 HapacTBaHe Ha HEOOXOIMMOCTTa OT TE€HETUYHO KOHCYJITHUPAHE IMpHU
MAlMEHTKUTE, KAKTO U OT U3TPaXkJaHe Ha MOJXOJ 33 T€HETUYHO KOHCYJITHpAHE MpPU
TAX.

3aroBa M HeJaTa HAa auMceprauMaTa € QopmyiupaHa B mnocoka ,llpoyuBane Ha
yecToTaTa M npoduia Ha MATOT€HHU BapUAHTU B T€HHUTE 3a MPEAPa3NOI0KEHHUE MPU
KEHH C paK Ha I'bpAa WIM PaK Ha SMYHUK, OT bbharapckaTta nmomynanus U U3rpaxiaaHe
Ha TOJIXO0/1 32 TEHETUYHO KOHCYJITUPaHE MpU Te3U 3a0osABanus’. B u3nbiHeHnero Ha
TE3 LIEJIN TOKTOpaHTKaTa CH TMOCTaBs 3ama4n: 1) Jla ce mpoydar mpu KeHu ¢ pak Ha
IbpllaTa OCHOBHUTE KJIMHUKO-TIATOJIOTUYHU Xapaktepuctuku; 2) [la ce npoyum
yecToTara u npoduiia (BUA U MOJIEKYJIHA XapaKTepUCTUKA) Ha MaTOTeHHUTE BApUAHTH
B T€HUTE 3a MpeApas3NooKEeHUE KbM pak MpH KEHU C pak Ha rbpjara — B oOIara
rpyma, o Bb3pacTOBH IPYyINH, B rpynata ¢ ¢pamMuieH pak Ha I'bpJaTa U B rpymnara c
TPOMHO-HETaTUBEH pak Ha rbpjara; 3) Jla ce mpoydar mpu sKeHH ¢ paK Ha SHYHHKA
OCHOBHHUTE KJIMHUKO-TTATOJOTHYHH XapakTtepuctuku; 4) Jla ce mpoy4m decrorata U
npoduia (BUJ U MOJIEKYJIHA XapaKTePUCTHUKA) HA MaTOTCHHUTE BAPUAHTH B TEHUTE 32
npeapa3noIoKeHue KbM paK MpH JKEHH ¢ Pak Ha siituHuka; 5) Jla ce u3rpaam mojaxon
32 FEHETUYHO KOHCYJITHPaHE NP KEHU C paK Ha I'bpjaTa U sSIfYHUKA B 3aBUCUMOCT OT
HOCHUTEJICKHS CTaTyC Ha MATOT€HHM BAPUAHTH B I€HUTE 3a MPEAPA3IOIO0KEHHE KbM

pax.



B cnmenBamms pasgen ,,Marepuanin u MeTOAM ca MPEICTABEHH BKJIIOYCHUTE B
POYYBAHETO MalMeHTKH — 203 MalMeHTKu ¢ paK Ha IbpjaTa, pa3AesieHd MO Bb3pacT
(5 rpymu), mo kputepuu 3a pammiaHOCT (6 TPymH), CHOPEI UMYHOXHCTOXUMHUUHUS
craryc (4 rpynu); ¥ 67 KE€HH C paK Ha sSYHKKA, HAOpaHU PETPOCICKTHBHO. B KpaThk
BUJ Ca TPEICTaBeHU U3MOJI3BAHUTE METOJM, a HMEHHO — aHKETEeH METOJ;
reneasiornyeH meton JHK ananu3 ¢ wms3ommpane nHa JIHK, macuBHO mnapanenHo
CEKBEHHMpAHE W aHaJu3 Ha JAaHHHUTE OT CEKBEHUPAHETO; MCHETHMYHO KOHCYJITHpPAHE,
CTaTUCTUYECKa 00paboTKa Ha TaHHUTE.

Paznenst ,,Pesynratu u oOChXkmaHe 3amouBa C TPEJCTaBIHE HAa BBH3PACTOBH,
PENpONYKTUBHU, (DaMIJIHA U KIMHUYHU XapaKTEPUCTUKU Ha MTPOYUYBAHUTE JKEHH C PaK
Ha I'bpJaTa U XUCTOJOTUYHH M MOJIEKYJIIPHU OCOOEHOCTH HA TyMOpHTE mpu Tsax. Haii-
TOJISIM JISUT UMAT JKEHHUTE, TUArHOCTUIIMPAaHU BBB Bb3pactta Mexay 40 u 49 rogunu
(42,9%). JlokTOpaHTKaTa IUCKyTHpa HEOOXOJAUMOCTTa OT MPEOCMHUCIISTHE Ha
HayallHaTa BbB3pacT 3a OOXBalllaHe OT CKPUHUHTA 3a paK Ha T'bpAaTa B Halara
ronyJylanys W 3amouBaHero My or 40 roammHa BB3pact, a He OT 50 ., Kakto €
noHacrosiieM. B mpoyuBaHeTo € ycTaHoBeHO, ue 28,6% ca C HaJHOPMEHO TerJio
(25<BMI <30), a 14,8% ca cnc 3aTabcTsaBane (BMI > 30), T.e. o6mo 43.4% ot
OOJHUTE WMaT TOBWIIEH HWHAEKC Ha TelecHa Mmaca. HamepeHa e cTaTUCTUYECKH
3HauMMa Bpb3ka Mexay noBumieHus BMI u paka Ha repaara cnen 50-roguuniHa
BBb3pacT. OCBEH TOBa, JAENBT HAa MOCTMEHONAY3aJIHUTE >KEHU C XOPMOH-TIO3UTHUBEH
pPELENTOPEeH CTaTyC Ha TYMOPHHUTE KJIETKH M HaJIHOPMEHO TErJIO € JIBa IbTH MO-TOJISM
(64,7%) B cpaBuenue ¢ gensT (31,3%) Ha CchIMS  BHI TYMOPH IpH
MOCTMEHOIIAY3aJIHU KEHH 0e3 HaIHOPMEHO TEeryo. YCTaHOBEHATa OT JIOKTOpaHTKaTa
(dbaMuIHOCT (POJACTBEHUK OT IbpBa CTENEH C pak Ha repaara) e 15,8%, koito ce
nokauBa Ha 21.2% mnpu ngo0aBsiHE HAa aACOLUMUPAHU OHKOJOTMYHHU 3a00JIIBaHUs
(mankpeac u mpoctara). BTopara wact OT pe3yiaTaTHTe ONKMCBAa 4YeCcTOTaTa Ha
HOCUTENCTBO W mnpodun  (BUA W MOJEKYyJHAa  XapakTepuCTHKa)  Ha
natoreHHuTe/BepositHO natoreHHu (I1/BIT) BapuanTu B reHUTE 32 MpeApas3noIoKeHNe
KbM pak cpej HM3cielBaHaTa rpyrna »XeHU ¢ pak Ha rbpaaTta. IlaToreHHW/BeposTHO
MaTOreHHU BapUaHTH B MpelpasnojiaraliiTe T'eHH 3a pak Ha rbpjaara ca yCTAaHOBEHU

nipu 21.6% oT Bcuuku u3ciienBaHu manueHTku — 10.8% BbB BUCOKOTIEHETPAHTHU T€HU



(6,4% ot ax B BRCAL, 3,4% B BRCA2 u 1% B rena PALB2). IIpu npyru 10.8% ca
otrkputu [1/BII BapuanTu B 11 renu 3a npeapas3nookeHre ¢ yMepeHa NeHEeTPaHTHOCT
(ATM, BLM,CHEK2, BRIP1, CDKN2A, ERCC5, RAD51C, FANCM, FANCG,
FANCI, FANCL). YcraHoBeHa € MHOIO CHJIHA KOpeialus MEKIY XOPMOHATHHS
pELEenToOpeH cTaTyc Ha Tymopa U HocuTenctBoro Ha IIB, karo ER-no3utuBHuTE
Tymopu acounupar ¢ [IB B yMepeHO NEHETpaHTHUTE I'€HM, TOKATO Ipu *keHu ¢ ER-
HEraTUBHUTE TYMOPH, IMO-YECTO C€ OTKPUBA I'€pMHHATUBHA MYTallUs BbB BUCOKO-
neHeTpanTHUTe reHu. OOchAeHO €, ue npu ER-o3uTHBHUTE TYMOpPH, 110-€(PEKTUBEH €
MoAXO0Ja 3a F€HETUYEH CKPUHUHT, M3noi3Bau] Merogute Ha NGS, nopaau mo-uecto
yCTaHOBsIBAaHE Ha HoOcUTENCTBO Ha IIB B ymepeHo-neHeTpaHTHHTE TeHM. Bcuuknm
HAMEpPEeHH T[AaTOTCHHHU/BEPOSTHO TMATOTCHHH BapUaHTH ca TOJIPOOHO OINHUCAHU B
TUCEPTAllMOHHUS TPYI. Y CTAHOBEHA € CTATUCTUYECKH 3HAYMMO M0-BUCOKA YECTOTa Ha
MyTallMK TPU )KEHU B MJaga Bb3pacT. OT yMepeHO-TIEHETPAHTHUTE I'€HH, Hall-BUCOKa
¢ yectorata Ha mytauuu B CHEK2 rena (5,9% ot Bcuuku uscneaanu). [1pu xeHu ¢
(daMuieH pak Ha rppjara, 4ecToTa Ha HocuTelacTBo Ha 1B B mpenpasnosnoramure 3a
PT renu e 21,9% — 9,4% ca HocuTenku Ha MyTalysl BbB BUCOKOIIEHETPAHTHUTE T€HU
u 12,5% B ymepeHo-nieHeTpaHTHUTE T'eHu. MiMa pasinka B 4ecToTrara Ha HOCUTEICTBO
npu Apyrute ase ¢paMuwiHd rpynu: 25% B rpymnata, KOSITO UMaT POACTBEHHUIM OT |
crenieH ¢ PI" u ¢ PA; u 32.6% B rpymnara, kosito umat poacrsenuuu ¢ PI', ¢ PA u np.
acormupanu kapruHomu (PII, Pnan). Ilo-Bucok nsin Ha HocutenctBo Ha [1B B BRCA
TeHUTE € HaMepeHa, KOTaTo MpH aHalIu3a Ha (haMUIIHAaTa aHAMHE3a ¢€ B3UMaT IPeIBU
U POJICTBEHHIIUTE C pak Ha siiyHuka (44,4% ot HamepeHuTe ne()eKTH), CPABHEHO C
Jesia Ha HOCHTEJICTBO Cpell )KCHUTE C (aMITHOCT camo 3a pak Ha repua (28,6%).
VYcraHoBeHara oOmia dyectora Ha HocureiactBo Ha [IB B renure 3a
NpeapasnoiIokKeHNe, Cpell KEHH C TpOiHO-HeratuBeH pak Ha Teprara (THPT) e
43,2% (32,4% B BRCA1/2 renute u 10,8% B yMepeHO-TICHETPaHTHHUTE TICHH).
YcTaHoBeHUST 1571 Ha HocutelncTBO Ha [IB moka3Ba, 4ye mouTW mNoOJOBHMHATA OT
ciydaute ¢ THPI' ca HacnmencTBeHn (opmu, KaTo JBE TPETHU OT TE€3M HACIEACTBEHU
dhopmu ce gpmxatT Ha HocuTencTBo Ha [IB B BRCA1/2 rena.

Tperara yact ot pasuen ,,Pesynaratu u oOCHXKAaHE € MOCBETEHA Ha BbH3PACTOBH,

PEIIPOAYKTHBHU, (baMI/IJ'IHI/I, XUCTOJOTUYHH W KIMHUYHU XapaKTCPHUCTUKKU HaA



npoyuBaHuTe keHU ¢ PSl. YcraHoBeHO €, ue oKoJo JiBe - TpeTH (66,7%) OT KeHute ¢
PS ca ¢ BMI > 25, koeTo moakpensi pojisita Ha HAAHOPMEHOTO TETJI0 KaTO PUCKOB
(dakTop 3a pazBuTHe Ha ToBa 3abonsBane. B 11,9% ot ciyuyaute ca HamMmepeHU JaHHU
3a (ammiHOCT 3a PI/PSl. BucoKkoCcTeneHHUAT Cepo3eH OBapHajeH KapIMHOM € Hai-
YecTO JAMArHOCTHIMPAHUAT XuctonorudyeHn tun PS, xaro ce otkpuBa B 67,2% oOT
u3cneaBanuTe ckeHu. Crnexpamiara yacT OT pasjelia KOMEHTHpa 4YecToTaTa Ha
HOCHUTEJICTBO U Mpodui (BUI U MOJIeKyJTHa Xapakrepuctuka) Ha [I/BII BapuanTtu B
TEHUTE 3a MPEeApas3NoJoKEHUEe KbM paK Cpea Hu3cieaBaHaTa rpyna xeHu c PSl.
Hocurencrso Ha repmunarusuau 1IB B npexpasnomaramure 3a P4 renn € HamepeHo
mpu 26,9% OT 3acerHaTuTe JKEHW — OKOJIO MOJOBHMHATAa OT TAX MMAaT aBTO30MHO-
JOMUHATHU HacieJcTBeHU pakoBu cuHApoMH: 9% mmar HBOC - HOocaT myTamuu B
BRCAL (ue ca nHamepenu mytanmuu B BRCA2); 3% ca cbc Cunapom Ha Jlunu LS (TIB
B MSH2 u PMS2 renure) u 3% c Lynch-like syndrome LLS (IIB BsB WRN rena).
Ocrananure MO3UTHUBHHU cllydau ca pesyiarar ot [IB B qpyru npenpasnonaramu 3a P51
read: Bucoko-meHeTpanTHH - RADS1D, u ymepeno-nenetpantan - TP53, FANCE,
FANCM, FANCL, FANCG, ERCC3, ATM, NBN, WRN, CHEK2. Cpennara BB3pact
Ha XeHuTe ¢ HocutTencTBo Ha [IB B mpenpasnonarammre renu € 53,5T., KOeTo € ¢ 6
TOJMHU TO-MaJIKO OT CpeAHaTa BB3pacT Ha JUArHOCTUIIMpaHe Ha xeHu Oe3 [IB
(59,51.).

B o6mara rpyna ot 270 sxenu ¢ PI" u P e namepeHo HocutenctBo Ha 1B B renute 3a
npeapasnoioxkenue B 23% ot xenure. Hamepenara yectota Ha HocuTencTBo Ha [1B
BbB BRCAL u BRCA2 B obmiara rpyna ¢ PI/PA ¢ 9,6% (BRCAL B 7% ot ciydaute, a
BRCA2 B 2,6%). ToBa e 38.8% OT BCHMUKM HaMEPECHU T'CHETUYHH JE(PEKTH, KOHWTO
JIOKTOpAHTKaTa Hapuya HACJIEJICTBEH pak Ha Tbpaa ©u SAWYHUK. OTKPUTOTO
HocutenctBo Ha [IB B apyru FA renn (6e3 BRCA1/2) B obmiara rpymna sxenu ¢ PI/PS
e 4,4%, xoero checTaBisiBa 17,9% ot Bcuuku renernynu Aedektu. [IB B CHEK2 rena
ca BTOpH IO YeCTOTa cpell ’KeHUTe OT ob1aTta rpyna, ¢ 151 21% oT Bcuuku HaMepeHu
TCHETUYHU JACPEKTH.

OTKpI/ITI/I cab BapuaHTa, HCAOKIaABaHU JOCEra B CBETOBHUTC 'rCHOMHU 0aszu JaHHU, B

reautre FANCM, FANCG, BRIPI (FANCJ), RAD51C, TP53 u ERCCS.



3a TBpBU IBT B JUCEPTAMOHEH TPyJ ce koMmeHTHpar ciaydante Ha MINAS (Multi-
locus Inherited Neoplasia Allele Syndrome) — namepen B 1.9% OT BcH4KH HU3CIIeIBAaHU
xenu ¢ PI" u P, xato mpu 40% ot Ts1x uma HocurenctBo Ha [1B B BRCA renute, a B
npyru 40% - B CHEK2 rena. [lpu pak Ha situnuka 16.7% OT mO3UTHUBHUTE 3a
MyTalMM Clyyau CIajaT KbM Ta3M Ipyna, a pu pak Ha repaara — 4.6%. MHrepeceH e
¢dakTa, 4e MpU BCHYKM CIy4ad HA CMECEH CEPO3CH M CHIOMETPHOUACH TYyMOp Ha
AYHMKAa € HaMepeHo KOMOMHHMpaHO HocuTenactBo Ha [IB B moBeye oT enun
npenpasnonaran] 3a pak reH (MINAS), koero Haii-BeposTHO ce OOsCHsSBa ¢
HQJIWYMETO Ha MOBeYe OT €MH MMaTOTeHETHYEH BT, AOBEN A0 pa3BuTuero Ha P npu
TE3W TAIMEHTH.

B®3 ocHOBa Ha Moy4eHHUTE pe3yaTaTH € pa3pabOTeH ISUIOCTEH MOAX0]l 38 TEHETHYHO
KOHCYJITHpaHe MpPU HACJIEJCTBEH PaK Ha I'bpJaTa U pak Ha sHYHUIMTE. | eHeTUYHUST
KOHCYJITaHT UTpae KII0Y0OBa POJIL, OCOOCHO KOTaTo ce MACHTU(UIUPAT MATOTCHHU
BapHaHTU B T'€HU C yMepeHa MEeHeTPaHTHOCT. Upe3 aHanu3upaHe Ha Is1aTa HAJIMYHA
uHpoOpMaIHsT — BKIIOYUTETHO (aMWIHA HCTOpPHUS, KOHKPETHHS 3acCerHar TeH W
UACHTU(UIUPAHUS BapUaHT — KOHCYJITAHTUTE MOTaT Jla OCUTYPAT MEpCOHATU3UPAHU
OLICHKA HA PHUCKAa W Ja MPEnopbuaT HAW-TIOAXOISAIIATE CTpATeTHH 3a JICUYCHHE WU
MIPEBEHLUS.

B pesyarar Ha aucepTanMOHHHS TpYZ ca M3BEACHUM 9 BaKHM M3BOJA: IIBPBUTE J(Ba
KacasiT OCHOBHHTE pE3yJNTaTH MpH paKk Ha TbpAara; BTOPUTE JBa BKIIOYBAT
pe3yaTaTuTe OT MPOYUYBAHETO 3a paK Ha SIMYHUKA; CJEIBALIUTE JBa MPEICTaBST
0000IIeHNTE pE3yATaTh 3a JBETE TPYNH; IIECTHIT W3BOJI € IIOCBETeH Ha
Hacle[CcTBeHata MynTwiokycHa Heoruazusa (MINAS); mocneanurte Tpu H3BOJA
KacasiT TeHETUYHHS CKPUHUHT ¥ TEHETHUYHOTO KOHCYJITHpPAaHE, TACHO CBBP3aHU C
HACJIEZICTBEHUTE (OPMH Ha paK Ha TI'bpAa W SHYHUK, IPU KOUTO NPEBEHIUATA U
npoUIIaKTHKATa UTPAsT €CEHLIMAIHA POJIA 3a 3ara3BaHe KUBOTA HA MALUECHTKUTE.
JuceprauMsita € ¢ HeCbMHEHU NPHHOCH OT MeTOAUYeH, (PyHAaMeHTAJeH M
NpUJIOKeH XapakTep. Harpymanu ca mAaHHU 32 MyTallMOHHMS CIIEKTHD, Ch3aBalll
TCHETUYHA TPEIPa3NoNI0KEHOCT KbM pPaK Ha ThplaaTa, B JOMBIHCHHWE KbM HaM-
yectute BRCAL u BRCAZ2 renu. IIpeacraBnsiBa uHTEpeC MpaBeHH JIM Ca aHAIU3U 34

rojJICMM IrCHOMHHU MPCHAPCIKIAHWA B IIPEAPASIOIAraiuTe r¢eHu, KOUTO OMxa MOTJIH Ja



MOBUIIAT 4YECTOTaTa HAa HAaMEpPEeHWTE MaroreHHu BapuaHTu? Ilpemnmara num ce
CErperalioHeH aHalu3 B CEMEWCTBAaTa KaTO 4acT OT MPEUIOKEHUS AIrOPUTHBM Ha
T€HETUYHOTO KOHCYJTHUpPaHE, OCOOEHO B CIy4yauTe C HAMEpPEHU HOBH BapUaHTU U
TaKMBa C HESCHO KJIMHUYHO 3HaYeHUe?

JlaHHUTE, BKJIIOUYEHHU B AUCEPTALMOHHUS TPYH, ca IPEACTaBeHU B 4 HAYYHU CTaTHH - 2
oT cTatuute ca pedepupanu B SCOpUS. M3ciensanusaTa ca GUHAHCHUPAHU U3ISIO O
npoekt BGO5M20P001-1.002-0010-CO1  "IlentTbp 3a KOMIETEHTHOCT TIO
nepcoHaian3upana meaunuHa, 3D u TenemenauuuHa, poOOTH3MpaHa M MUHUMAIHO
uHBa3uBHa xupyprus" ot OmneparuBHa nporpama ,Hayka u oOpa3oBaHue 3a
WHTETUTeHTEH pacTex  u EBporneiickus GoH/I 3a pernOHAIHO pa3BUTHE.

3amo3Hax ce C IpoeKTa 3a aBTopedepaT M CUUTaM, Y€ TOW BAPHO OTpas3siBa
MIOJIYYEHHUTE PE3YJITATU U MIOCTUKEHUS Ha IUCEPTALIMOHHUSA TPY.

3AKIIIOYEHME: lucepranoHHuaT Tpya Ha a-p 3opHuna boromminosa KamGyposa-
MapTtuHOBa € IIOCBETEH Ha €JHa MHOIO akTyajHa TeMa, a HWMEHHO -
BHCOKOTEXHOJIOTUYHOTO M3CIEABAHE 3a TICHETUYHUM MYyTalMd, CBBpP3aHU C
reHEeTUYHATa IPepa3oio)KEHOCT KaTo OCHOBEH PHUCKOB (akTop INpU paka Ha
rbpAaTa W SHYHMKA M C U3TPAKIAHETO HA €(QEKTUBEH INOJXO0Jl Ha TeHETUYHO
KOHCYJITHpaHe MpH MalUeHTKH ¢ TeHeTuyHu aedextu. [lomydeHute pesynraTu
OIMCBAT B HAW-TOJNIEMH JETaiy 1) MyTallMOHHHUAT CIEKTHhP NPU pak Ha I'bplaaTa u
SWYHUKA U 1) KIMHUKO-TEHCTUYHHUTE KOPEJIAlMU, KOUTO ca 0e3CMOPHU MPUHOCH H
HMAaT roJIsIMO NMPAKTH4YeCKO 3HaveHHe. OmNHUCBAT C€ CHILO TaKa HOBH MAaTOI€HHU
MyTalluyd B TyMOp-aCOLMHUPAHU T'€HH, KOETO € OPUIHHAJIEH NPHUHOC B CBETOBHATA
Hayka. Karo umam mpen BUJ BCHYKO TOBa, NMpENopbyBaM yO€IeHO Ha YBaXKaeMOTO
Kypu naa npucbau Ha aA-p 3opuuna boromumioBa KamOypoBa-MapruHoBa

Hay4yHarta u obpasoBatenna crerneH JOKTOP.
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The dissertation submitted for review entitled "Study on the genetic defects for predisposition in
women with breast and ovarian cancer from the Bulgarian population and the importance of the
identified genetic variants for creating an approach for genetic counseling for these diseases" by
Dr. Zornitsa Kamburova-Martinova, doctoral student at the Department of Medical Genetics,
Faculty of Pharmacy of the Medical University - Pleven, covers 172 standard typewritten pages
and contains 20 figures and 28 tables. It cited 465 literary sources, of which 317 (68%) are
articles after 2010, and 127 (27%) - after 2020. The dissertation also includes an appendix that
presents clinical cases with Multilocus Inherited Neoplasia Allele Syndrome (MINAS).

The dissertation is dedicated to a study of mutations in genes associated with predisposition to
breast and ovarian cancer, using the most modern platform for next-generation sequencing in

Bulgarian patients, and to develop an optimal approach to genetic counseling for these diseases.



In recent decades, the basis of genetic predisposition in many cancer syndromes has been
clarified, and in modern healthcare in many countries, genetic diagnostic screening programs
have been introduced to study highly penetrant/high-risk genes that are mutated in familial cases
of cancer. Mutational analysis of these genes is of great importance for genetic counseling, helps
to increase the chance of survival, determines the prognosis of carriers, and directs to the most

appropriate and personalized preventive and therapeutic measures.

Hereditary breast and ovarian cancer is one of the most widely studied cancer syndromes. In
1994-1995, the highly penetrant predisposition genes BRCA1 and BRCAZ2 for these cancers were
identified. Subsequent genetic studies have helped to discover additional genes with moderate
risk, and genome-wide association studies have identified other low-penetrance alleles associated
with breast cancer susceptibility. It has become clear that genes associated with certain cancer
syndromes carry a high risk for one particular tumor type, but also have low penetrance and carry
a low to moderate risk for the development of other tumor types. For this reason, genetic
screening for hereditary cancer syndromes, based on only one or a few genes, is now considered
limited in the search for genetic predisposition. This dissertation describes in the most detailed
way the clinical, pathological and genetic characteristics of patients with breast and ovarian
cancer, emphasizing the role of next-generation sequencing (NGS) for clinical management.
Next-generation sequencing, based on gene panels with a focus on tumor-associated genes, is the
most commonly used platform at the moment due to its lower cost and significantly more
complete information compared to individual direct gene sequencing. Its use in diagnostic
practice requires careful clinical and analytical study, as the regulations require for each
diagnostic test. In this sense, the topic of the dissertation is particularly relevant and of great
importance for medical-genetic diagnostics, genetic epidemiology, genetic counseling and
clinical management of patients with breast and ovarian cancer, as well as for the accumulation of
scientific data on the genetics of these cancers with great health and social importance. The
doctoral student Dr. Kamburova undoubtedly achieves contributions of a scientific, applied and

original nature in this direction.

The dissertation is written according to the generally accepted principle and consists of a
Literature Review (38 pages), Aim and Objectives (1 page), Materials and Methods (5 pages),
Results and Discussion (94 pages), and finally the most important Conclusions and Contributions

are drawn.



The literature review covers 38 pages and contains 6 figures and 4 tables, with the first part
dedicated to breast cancer and the second to ovarian cancer. Issues related to the epidemiology,
etiology and pathogenesis of the diseases are examined, mainly presenting the genetic risk
factors. A significant place is given to genes with high and moderate penetrance, which increase
the risk of developing the disease and are often used as a prognostic biomarker. The last part of
the literature review provides detailed guidelines for choosing an appropriate genetic test
according to the personal and family history of the patients. Serious attention is paid to genetic
counseling in hereditary forms of breast and ovarian cancer, and the two essential stages of
counseling are separately considered - pre-test counseling with the indications for testing and
post-test counseling with all aspects of cascade testing, additional findings and discussion of
reproductive risks. Overall, the review is very well written, scientifically sound and balanced and
shows excellent awareness of the doctoral student on the topic of the dissertation. It logically
concludes that with the advent of new genomic technologies, new genes are being discovered that
predispose to the development of breast and ovarian cancer, and along with genes with high
penetrance, the proportion of discovered genes with moderate penetrance, as well as low-
penetrance gene loci, is also increasing. The large amount of information obtained in the study of
predisposition with NGS methods, on the one hand, and the need to interpret it in the context of
the personal medical and family history of the particular woman, on the other, has led to an
increase in the need for genetic counseling for patients, as well as the development of an

algorithm for that.

Therefore, the aim of the dissertation is formulated in the direction of "Study of the frequency
and profile of pathogenic variants in the genes for predisposition in women with breast and
ovarian cancer, from the Bulgarian population and development of an approach for genetic
counseling in these diseases". In the implementation of these goals, the doctoral student sets the
following tasks: 1) To study the main clinicopathological characteristics in women with breast
cancer; 2) To study the frequency and profile (type and molecular characteristics) of pathogenic
variants in the genes for predisposition to cancer in women with breast cancer - in the general
group, by age groups, in the group with familial breast cancer and in the group with triple-
negative breast cancer; 3) To study the main clinicopathological characteristics in women with
ovarian cancer; 4) To study the frequency and profile (type and molecular characteristics) of

pathogenic variants in the genes for predisposition to cancer in women with ovarian cancer; 5) To



develop an approach for genetic counseling in women with breast and ovarian cancer depending

on the carrier status of pathogenic variants in cancer predisposition genes.

The following section “Materials and Methods” presents the patients included in the study — 203
patients with breast cancer, divided by age (5 groups), by family criteria (6 groups), according to
immunohistochemical status (4 groups); and 67 women with ovarian cancer, recruited
retrospectively. The methods used are briefly presented, namely — questionnaire method;
genealogical method, DNA analysis with DNA isolation, massively parallel sequencing and

analysis of sequencing data; genetic counseling; statistical data processing.

The section “Results and Discussion” begins with a presentation of age, reproductive, family and
clinical characteristics of the studied women with breast cancer and histological and molecular
features of their tumors. The largest group includes women diagnosed between the ages of 40 and
49 years (42.9%). The doctoral student discusses the need to rethink the starting age for breast
cancer screening in our population and start it at 40 years of age, rather than 50, as is currently
the case. The study found that 28.6% were overweight (25<BMI <30), and 14.8% were obese
(BMI > 30), i.e. a total of 43.4% of patients had an elevated body mass index. A statistically
significant association was found between elevated BMI and breast cancer after the age of 50. In
addition, the proportion of postmenopausal women with hormone-positive tumor cell receptor
status and overweight was twice as high (64.7%) compared to the proportion (31.3%) of the same
type of tumors in postmenopausal women without overweight. The familial incidence (first-
degree relative with breast cancer) established by the doctoral student is 15.8%, which increases
to 21.2% when associated oncological diseases (pancreas and prostate) are added. The second
part of the results describes the carrier frequency and profile (type and molecular characteristics)
of pathogenic/likely pathogenic (P/LP) variants in cancer predisposition genes among the studied
group of women with breast cancer. Pathogenic/probably pathogenic variants in breast cancer
predisposition genes were identified in 21.6% of all studied patients — 10.8% in highly penetrant
genes (6.4% of them in BRCA1, 3.4% in BRCA2 and 1% in the PALB2 gene). In another 10.8%,
P/LP variants were found in 11 genes for predisposition with moderate penetrance (ATM, BLM,
CHEK?2, BRIP1, CDKN2A, ERCCS5, RAD51C, FANCM, FANCG, FANCI, FANCL). A very
strong correlation was found between the hormone receptor status of the tumor and the carriage
of PV, with ER-positive tumors associating with PV in moderately penetrant genes, while in

women with ER-negative tumors, a germline mutation in highly penetrant genes was more often



found. It was discussed that in ER-positive tumors, the approach for genetic screening using NGS
methods is more effective, due to the more frequent detection of PV carriage in moderately
penetrant genes. All pathogenic/probably pathogenic variants found are described in detail in the
dissertation. A statistically significantly higher frequency of mutations was found in young
women. Of the moderately penetrant genes, the highest frequency of mutations is in the CHEK?2
gene (5.9% of all studied). In women with familial breast cancer, the frequency of carriership of
PV in the genes predisposing to BC is 21.9% - 9.4% are carriers of mutations in highly penetrant
genes and 12.5% in moderately penetrant genes. There is a difference in the frequency of
carriership in the other two family groups: 25% in the group that has first-degree relatives with
BC and with OC; and 32.6% in the group that has relatives with BC, OC and other associated
carcinomas (prostate, pancreas). A higher proportion of BRCA gene mutations was found when
the family history included relatives with ovarian cancer (44.4% of the defects found) compared
with the proportion of mutations among women with a family history of breast cancer only
(28.6%). The overall prevalence of BRCA mutations in the susceptibility genes among women
with triple-negative breast cancer (TNBC) was 43.2% (32.4% in BRCA1/2 genes and 10.8% in
moderately penetrant genes). The prevalence of BRCA mutations indicates that almost half of the
cases of TNBC are hereditary, with two-thirds of these hereditary forms due to mutations in the

BRCAI1/2 gene.

The third part of the section “Results and Discussion” is devoted to age, reproductive, family,
histological and clinical characteristics of the studied women with OC. It was found that about
two-thirds (66.7%) of women with OC had a BMI > 25, which supports the role of overweight as
a risk factor for the development of this disease. In 11.9% of cases, data on familial OC were
found. High-grade serous ovarian carcinoma is the most frequently diagnosed histological type of
OC, being found in 67.2% of the studied women. The next part of the section comments on the
carrier frequency and profile (type and molecular characteristics) of P/LP variants in cancer
predisposition genes among the studied group of women with OC. Germline mutations in the
genes predisposing to OC were found in 26.9% of affected women — about half of them had
autosomal dominant hereditary cancer syndromes: 9% had HBOC — carrying mutations in
BRCAT1 (no mutations were found in BRCA2); 3% had Lynch syndrome LS (mutations in MSH2
and PMS2 genes) and 3% had Lynch-like syndrome LLS (mutations in the WRN gene). The
remaining positive cases were the result of mutations in other genes predisposing to OC: highly

penetrant - RADS51D, and moderately penetrant - TP53, FANCE, FANCM, FANCL, FANCG,



ERCC3, ATM, NBN, WRN, CHEK2. The average age of women with mutations in the genes
predisposing to OC was 53.5 years, which was 6 years younger than the average age of diagnosis

of women without mutations (59.5 years).

In the total group of 270 women with BC and OC, carriership of PV in the predisposition genes
was found in 23% of women. The found frequency of carriership of PV in BRCA1 and BRCA2
in the total group with BC/OC was 9.6% (BRCAI1 in 7% of cases, and BRCA2 in 2.6%). This is
38.8% of all found genetic defects, which the doctoral student calls hereditary breast and ovarian
cancer. The detected carriership of PV in other FA genes (excluding BRCA1/2) in the total group
of women with BC/OC was 4.4%, which constitutes 17.9% of all genetic defects. PV in the
CHEK?2 gene is the second most frequent among women in the total group, with a share of 21%

of all found genetic defects.

6 variants, previously unreported in the world's genomic databases, were discovered in the genes

FANCM, FANCG, BRIP1 (FANCJ), RAD51C, TP53 and ERCCS.

For the first time, a dissertation discusses the cases of MINAS (Multi-locus Inherited Neoplasia
Allele Syndrome) - found in 1.9% of all women with BC and OC, with 40% of them carrying the
PV in the BRCA genes, and another 40% - in the CHEK2 gene. In ovarian cancer, 16.7% of
mutation-positive cases fall into this group, and in breast cancer - 4.6%. It is interesting that in all
cases of mixed serous and endometrioid ovarian tumors, combined carriage of PV in more than
one cancer-predisposing gene (MINAS) was found, which is most likely explained by the
presence of more than one pathogenetic pathway leading to the development of OC in these

patients.

Based on the results obtained, a comprehensive approach to genetic counseling in hereditary
breast and ovarian cancer has been developed. The genetic counselor plays a key role, especially
when pathogenic variants in genes with moderate penetrance are identified. By analyzing all
available information — including family history, the specific affected gene and the identified
variant — counselors can provide personalized risk assessments and recommend the most

appropriate treatment and prevention strategies.

As a result of the dissertation work, 9 important conclusions have been drawn: the first two
concern the main results in breast cancer; the second two include the results of the ovarian cancer

study; the next two present the summarized results for both groups; the sixth conclusion is



dedicated to hereditary multilocus neoplasia (MINAS); the last three conclusions concern genetic
screening and genetic counseling, closely related to hereditary forms of breast and ovarian
cancer, in which prevention and prophylaxis play an essential role in preserving the lives of

patients.

The dissertation has undoubted contributions of a methodological, fundamental and applied
nature. Data have been accumulated on the mutation spectrum creating a genetic predisposition to
breast cancer, in addition to the most common BRCAI1 and BRCA2 genes. It is of interest
whether analyses have been performed for large genomic rearrangements in the predisposing
genes, which could increase the frequency of the pathogenic variants found? Is segregation
analysis in families offered as part of the proposed genetic counseling algorithm, especially in

cases with new variants found and those with unclear clinical significance?

The data included in the dissertation work are presented in 4 scientific articles - 2 of the articles
are referenced in Scopus. The research was fully funded under project BGOSM20OP001-1.002-
0010-CO01 "Center of Competence in Personalized Medicine, 3D and Telemedicine, Robotic and
Minimally Invasive Surgery" by the Operational Program "Science and Education for Smart

Growth" and the European Regional Development Fund.

I have read the abstract project and believe that it faithfully reflects the results and achievements

of the dissertation work.

CONCLUSION: The dissertation work of Dr. Zornitsa Bogomilova Kamburova-Martinova is
dedicated to a very important topic, namely - high-tech research on genetic mutations related to
genetic predisposition as a major risk factor in breast and ovarian cancer and the development of
an effective approach to genetic counseling for patients with genetic defects. The results obtained
describe in the greatest detail 1) the mutation spectrum in breast and ovarian cancer and ii) the
clinical-genetic correlations, which are indisputable contributions and have great practical
significance. New pathogenic mutations in tumor-associated genes are also described, which is an
original contribution to world science. Having all this in mind, I strongly recommend that the
esteemed jury award Dr. Zornitsa Bogomilova Kamburova-Martinova the scientific and

educational degree of DOCTOR (PhD).
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