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Principy genetického testovani

* Faze 1994 - 2014

* Testovani vybranych genu u indikovanych pacientek
* BRCA1
* BRCAZ
* PALB2
* CHEK2
« ATM

e Testovani populacné specifickych mutaci u vSech pacientek
* ¢c.181T>G v genu BRCA1
e ¢.5266dup v genu BRCA1



Principy genetického testovani
* Faze NGS od roku 2014

ONKOGENETICKY PANEL CZECANCA, 226 GENU viz CZECANCA.cz

AIP; ALK; APC; APEXT; ATM; ATMIN; ATR; ATRIP; AURKA; AXIN1; BABAM1; BAP1; BARD1; BLM; BMPR1A; BRAP; BRCAT;
BRCA2; BRCC3; BRE; BRIP1; BUB1B; C110rf30; C190rf40; casp8; CCND1; CDC73; CDH1; CDK4; CDKN1B; CDKN1C; CDKN2A;
CEBPA; CEP57; CLSPN; CSNK1D; CSNK1E; CWF19L2; CYLD; DCLRET1C, DDB2; DHFR; DICERT; DIS31L2; DMBT1; DMC1; DNAJCZ21;
DPYD; EGFR; EPCAM; EPHX1; ERCC1; ERCC2; ERCC3; ERCC4; ERCC5; ERCCo; ESR1; ESR2; EXO1; EXT1; EXTZ; EYAZ2; EZHZ;
FAM175A; FAM175B; FAN1; FANCA; FANCB; FANCC, FANCD2; FANCE; FANCF, FANCG; FANCI; FANCL; FANCM; FBXWY7; FH;
FLCN; GADD45A; GATAZ; GPC3; GRB7; HELQ; HNF1A; HOXB13; HRAS; HUST; CHEKT; CHEK2; KAT5; KCNJ5; KIT; LIGT; LIG3;
LIG4; LMOT; LRIGT; MAX; MCPH1; MDC1; MDMZ2; MDM4; MEN1; MET; MGMT; MLH1; MLH3; MMP8; MPL; MRETTA; MSHZ2;
MSH3; MSH5; MSH6; MSR1; MUS81; MUTYH; NAT1; NBN; NCAMT; NELFB; NF1; NF2; NFKBIZ; NHEJ1; NSD1; OGG1; PALBZ;
PARP1; PCNA; PHB; PHOXZ2B; PIK3CG; PLA2G2A; PMST1; PMSZ2; POLB; POLD1; POLE; PPM1D; PREX2; PRF1; PRKARTA; PRKDC;
PTEN; PTCHT; PTTGZ2; RAD1; RAD17; RAD18; RAD23B; RAD50; RAD51; RAD51AP1; RAD51B; RAD51C; RAD51D; RAD52;
RAD54B; RAD54L; RAD9A; RB1; RBBP8; RECQL; RECQL4; RECQL5; RET; RFCT; RFC2; RFC4; RHBDFZ; RNF146; RNF168; RNFS;
RPAT; RUNX1; SBDS; SDHA; SDHAFZ2; SDHB; SDHC; SDHD; SETBP1; SETX; SHPRH; SLX4; SMAD4; SMARCA4; SMARCB1;
SMARCET; STK11; SUFU; TCLTA; TELOZ; TERFZ; TERT; TLRZ; TLR4; TMEM127; TOPBP1; TP53; TP53BP1; TSC1; TSC2; TSHR;
UBEZ2A; UBEZB; UBEZ2l; UBE2VZ; UBE4B; UIMCT; VHL, WRN; WT1; XPA; XPC; XRCCT; XRCCZ; XRCC3; XRCC4; XRCC5; XRCC6;
ZNF350; ZNF365




Principy genetického testovani

REMNAL PANEL, 48 GENU

° F a' 7e N G S ACAN, ACTN4, ALB, BSND, C3, CASR, CD46, CFB, CFH, CFHR1, CFHR3, CFHRS5, CFl, CLCNKA, CLCNKEB, COL4A3, COL4A4,
COL4AS, FGFR3, HNF1beta, IHH, INF2, KCNJ1, LMX1B, MCT8 (SLC16A2), NPHS2, NPPC, NPR2, PKD1, PKD2, PKHD1, SHOX,

sLC12A1, SLC12A3, THED, THRA, THRE, TMEMET, TRPCGE, TRPS1, TSC1, TSC2, T5HR, nekédujici oblast CME3.Y (zesilovad SHOX)

LIPIDOVY PANEL, 10 GENU

APOB, APOE, CELSR2, HFE, LDLR, LDLRAP1T, LIPA, NYMRIN, PCSKS, STAPM




Principy genetického testovani

* Faze vysSetrovani celého exomu u vSech pacientlu od 2023

KLINICKY EXOM

4800 klinicky wwznamnych gend. Pouze po predchozi domluvé, vwyietfeni v ramci wyzkumu,
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Nejvyznamnéjsi predisp

Table 1. Risk of Breast Cancer Overall Associated with Protein-Truncating Variants in 34 Genes in Population-Based Studies and All Studies.®

0«

ozi¢ni geny pro karcinom prsu

All Studies
Population-Based Studies (60,466 patients and Prior
Gene (48,826 patients and 50,703 controls)j 53,461 controls)7  Probability BFDP
No. of Carriers of Protein-
Truncating Variants Odds Ratio (95%C1)  PValue Pvalue Table 2. Associations between Pathogenic Variants in Established Breast Cancer-Predisposition Genes and Risk
Women with of Breast Cancer.*
Breast Cancer Contrals

ABRAXAS1 17 19 098 (050-194)  0.96 0.93 01 092 Breast Cancer—
AKT1 3 6 047 (0.12-1.93)  0.29 0.14 0.1 0.94 Predisposition Case Patients Controls Odds Ratio
ATM 294 150 210 (171.257) _ 9.2x10°> 5.5%10° 03 13x10° Gene'*’ (N=32,247) (N=32,544) (95% i) P Value
BABAMZ 7 g 0.62 (023-171)  0.36 034 0.1 0.95 . o
BARD1 62 32 2.09 (1.35-3.23)  0.00098 0.00011 02 0.0076 no. with pathogenic variant (%)
BRCAI 515 58 10.57 (8.02-13.93)  1.1x10°% 3.7x10°% 0.99 1.5%10°% ATM 253 (0.78) 134 (0.41) 1.82 (1.46-2.27) <0.001
BRCAZ 754 135 585 (465-7.06) 22610 B.4x107"" 0.99 3.1x107° : ' : : : '
BRIF1 86 75 T11 (0.80-153) 054 0.54 0.2 0.85 BARD1 49 (0.15) 35 (0.11) 1.37 (0.87-2.16) 0.18
CDH1 1 12 086 (037-198) 072 058 02 094 BRCA1 275 (0.85) 37 (0.11) 7.62 (5.33-11.27) <0.001
LHEKZ 704 315 254 (221201 3110739 3.2a08 0,29 13x1050

€.1100delC variant 548 245 266 (227-311)  LIx10% 5.3x10°53 BRCAZ 417 (1.29) 78 (0.24) 3.23 (4.09-6.77) <0.001

Other variants 156 70 213 (160-2.84)  3.0x107 7.4x10°10 CDH1 17 (0.05) 6 (0.02) 2.50 (1.01-7.07) 0.06
EPCAM 14 19 073 (036-1.49) 039 013 01 0.95
FANCC n . 126 (0.85.1.75) 020 0.20 o1 0.87 CHEKZ2 349 (1.08) 138 (0.42) 2.47 (2.02-3.05) <0.001
FANCM 302 300 1.06 (0.90-1.26) 0.43 0.28 0.1 0.96 NF1t 19 (0.06) 11 (0.03) 1.93 (0.91-4.31) 0.09
E'EE‘:II 31 “; 2;? Eg:;j:i 2228 z;i gi 22: PALBZ 148 (0.46) 38 (0.12) 3.83 (2.68-5.63) <0.001
MLH1 5 g 058 (0.19-177) 034 0.55 01 0.85 PTEN 8 (0.02) 3 (0.01) NA NA
MEey L 2] B pEEl) i o a8 RAD51C 41 (0.13) 35 (0.11) 1.20 (0.75-1.93) 0.44
MSHZ 13 13 1.06 (0.47-236)  0.89 0.80 01 092
MSHG 39 73 1.96 (1.15-333)  0.013 0.021 01 0.55 RAD31D 26 (0.08) 14 (0.04) 1.72 (0.88-3.51) 0.12
MUTYH 232 231 100 (0.83-121)  0.99 0.88 01 1.00 TP53% 19 (0.06) 2 (0.01) NA NA
NBN 20 103 0.90 (0.67-120)  0.43 0.65 02 0.95 Total 1621 (5.03 531 (163
NF1 31 17 176 (0.96-3.21)  0.068 0.011 02 0.25 ota il = - -
PALB2 274 55 5.02 (3.73-676)  16x10°%8 1.1x10732 0.99 2.9x10-32 ;
EKICA . ™ 021 006.075) 0016 15 01 o8 * The studies in the CARRIERS consortium that were included in this population-based analysis were BWHS, CPSII,
oS 0 - 1'16 (0'}_3 1'35} 0'53 0'3? 0'1 0'92 CPS3, CTS, MCBCS, MEC, MMHS, NHS, NHSII, WCHS, WHI, and WWHS. NA denotes not applicable (too few events
oren L . 2'25 (0'35_6'00} {:lm U-C!MD 0'2 0'_“ [<5] to calculate a stable odds ratio).
ADS0 - . 1.08 (0'83 1'40} 0.5? 0'45 0'1 0'95 + Odds ratio estimates for any breast cancer were adjusted for study, age, family history of breast cancer, and race or eth-

: e ‘ : ‘ - nic group.

RaDsIC 54 2% 193 (1.20-3.11)  0.0070 0.00026 03 0.0090 1 Pathogenic variants in NF1 and TP53 were restricted to those with an alternate allele fraction (calculated as the number
RAD51D 51 5 120 (1.11-2.93)  0.018 0.0013 03 0.044 of alternate allele reads divided by the total number of reads at a specific genomic position) between 0.3 and 0.7.
RECOL 103 120 0.84 (0.64-110) 021 0.89 01 0.85
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Table 1. Risk of Breast Cancer Overall Associated with Protein-Truncating Variants in 34 Gene.-s)n Population-Based Studies and All Studies.®
\mﬂﬁ‘_ All Studies
Population- wdies (60,466 patients and Prior
Gene (48,826 patients and 50,703 controls)j 53,461 controls)7  Probability BFDP
No. of Carriers of Protein-
Truncating Variants Odds Ratio (95%C1)  PValue Pvalue Table 2. Associations between Pathogenic Variants in Established Breast Cancer-Predisposition Genes and Risk
Women with of Breast Cancer.*
Breast Cancer Contrals
ABRAXAS1 17 19 098 (050-194)  0.96 0.03 01 092 Breast Cancer—
AKT1 3 6 047 (0.12-1.93)  0.29 0.14 0.1 0.94 Predisposition Case Patients Controls Odds Ratio
ATM 294 150 210 (171.257) _ 9.2x10°> 5.5%10° 03 13x10° Gene'*’ (N=32,247) (N=32,544) (95% i) P Value
BABAMZ 7 g 0.62 (023-171)  0.36 034 0.1 0.95 . o
BARD1 62 32 2.09 (1.35-3.23)  0.00098 0.00011 02 0.0076 no. with pathogenic variant (%)
BRCAI 515 58 10.57 (8.02-13.93)  1.1x10°% 3.7x10°% 0.99 1.5%10°% ATM 253 (0.78) 134 (0.41) 1.82 (1.46-2.27) <0.001
BRCAZ - 754 135 585 (465-7.06) 22610 B.4x107"" 0.99 3.1x107° : ' : : : '
BRIF1 86 75 T11 (0.80-153) 054 0.54 0.2 0.85 BARD1 49 (0.15) 35 (0.11) 1.37 (0.87-2.16) 0.18
CDH1 1 12 0.6 (037-198) 072 0.58 02 0.4 BRCA1 275 (0.85) 37 (0.11) 7.62 (5.33-11.27) <0.001 i
_ﬁﬁm 704 315 254 (221201 3110739 3.2a08 0.99 1.3x10°60

€.1100delC variant 548 245 266 (227-311)  LIx10% 5.3x10°53 BRCAZ 417 (1.29) 78 (0.24) 3.23 (4.09-6.77) <0.001 I\"I

Other variants 156 70 213 (160-2.84)  3.0x107 7.4x10°10 CDH1 17 (0.05) 6 (0.02) 2.50 (1.01-7.07) 0.06
EPCAM 14 19 073 (036-1.49) 039 013 01 0.95
FANCC n . 126 (0.85.1.75) 020 0.20 o1 0.87 CHEKZ2 349 (1.08) 138 (0.42) 2.47 (2.02-3.05) <0.001
FANCM 302 300 1.06 (0.90-1.26) 0.43 0.28 0.1 0.96 NF1t 19 (0.06) 11 (0.03) 1.93 (0.91-4.31) 0.09
E'EE‘:II 31 “; :j? Eg:;j:ﬁi 2228 z;i gi gz: PALBZ 148 (0.46) 38 (0.12) 3.83 (2.68-5.63) <0.001
MLH1 5 g 058 (0.19-177) 034 0.55 01 0.85 PTEN 8 (0.02) 3 (0.01) NA NA
MEey L 2] B pEEl) i o a8 RAD51C 41 (0.13) 35 (0.11) 1.20 (0.75-1.93) 0.44
MSHZ 13 13 1.06 (0.47-236)  0.89 0.80 01 092
MSHE 39 7 196 (115-333)  0.013 0.021 01 055 RAD31D 26 (0.08) 14 (0.04) 1.72 (0.88-3.51)
MUTYH 232 231 100 (0.83-121)  0.99 0.88 01 1.00 TP53% 19 (0.06) 2 (0.01) NA
NBN 20 103 0.90 (0.67-120)  0.43 0.65 02 0.95 Total 1621 (5.03 531 (163
NF1 31 17 176 (0.96-3.21)  0.068 0.011 02 0.25 ota il = -
PALB2 - 274 55 5.02 (3.73-676)  16x10°%8 1.1x10732 0.99 2.9x10-32 ;
EKICA . ™ 021 006.075) 0016 15 01 o8 * The studies in the CARRIERS consortium that were included in this population-based analysis were BW
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ADS0 - . 1.08 (9'33 1'40} 0.5? 0'45 0'1 0'95 + Odds ratio estimates for any breast cancer were adjusted for study, age, family history of breast cancer, a
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Nejvyznamnéjsi predispozicni geny pro karcinom prsu

Table 2. Risk of Breast Cancer Overall Associated with Rare Missense Variants in 34 Genes in Population-Based Studies
and All Studies.
All Studies
Population-Based Studies (60,466 patients and
Gene (48,826 patients and 50,703 controls)* 53,461 controls)*
No. of Carriers of Rare
Missense Variants Odds Ratio (95% Cl) P Value P Value
Women with
Breast Cancer Controls
ABRAXAS1 233 242 1.04 (0.86-1.25) 0.70 0.40
AKT1 142 156 0.96 (0.76-1.21) 0.72 0.63
ATM 2411 2471 1.06 (1.00-1.13) 0.051 0.0010
BABAM2 167 170 1.01 {0.81-1.26) 0.91 0.63
BARD1 591 616 (0.89-1.12) 0.94 041 R1699Q penetra ce 20_30%
o0
BRCA1 1393 1300 1.11 §1.02-1.20) 0.010 0.027
—
BRCAZ 2831 3033 (0.98)3.93—1.04] 0.50 0.53
BRIP1 268 961 0.95 (0.86-1.04) 0.25 0.54
CDH1 682 668 (0.98-1.23) 0.096 0.042
CHEK2 895 697 1.42 §1.28-1.58) 2.5x10°1 2.9x10718
EPCAM 290 328 0.97 (0.82-1.14) 0.69 0.43
FANCC 597 620 0.95 (0.85-1.07) 0.42 0.80
FANCM 1434 1566 0.95 (0.88-1.02) 0.17 0.85

V 4 v

Nékteré mutace riziko vzniku malignit nezvysuji nebo zvysuji vyrazné méne



Nejvyznamnéjsi predispozicni geny pro karcinom prsu
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Nejvyznamnéjsi predispozicni geny pro karcinom prsu
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Incidence karcinomu prsu dle véku a predispozicnich

(o)
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Figure S3: Frequency of PVs in the ATM, BRCA1, BRCA2, CHEK2 and PALB2 commonly mutated genes by age from the
CARRIERS population-based study. Generalized additive model with smooth spline function for age (black line) was applied along
with 95% confidence band (gray shading). Studies include BWHS, CPSII, CPS3, CTS, MCBCS, MEC, MMHS, NHS, NSHII, WCHS,
WHI, and WWHS.



Penetrace predispozicnich genu pro karcinom prsu
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Figure 3. Estimated Absolute Risk of Breast Cancer Associated with Protein-

Truncating Variants in 8 Genes.

Figure 1. Population-Based Lifetime Absolute Risk of Breast Cancer Development According to Age and the Commonly
Mutated Genes ATM, BRCA1, BRCAZ, CHEKZ, and PALBZ.

The Cancer Risk Estimates Related to Susceptibility (CARRIERS) consortium studies that were included in the analy-
sis of the absolute risk of breast cancer among pathogenic-variant carriers were the Cancer Prevention Study 11, the
Cancer Prevention Study 3, the California Teachers' Study, the Mayo Clinic Breast Cancer Study, the Multiethnic Co-
hort Study, the Mayo Mammography Health Study, the NMurses' Health Study, the Nurses' Health Study 11, the
Women's Circle of Health Study, the Women's Health Initiative, and the Wisconsin Women's Health Study. The
analysis in the general population was performed with the use of age-specific breast cancer incidence data (restrict-
ed to non-Hispanic Whites) from the Surveillance, Epidemioclogy, and End Results 21 registries.




Penetrace predispozicnich genu pro karcinom prsu dle
véku v dobé diagndzy karcinomu prsu

T : ociations between predisposition gene PVs and risk of breast cancer diagnosed at
< 50 years of age Jn the CARRIERS population-based study*

# of PV (frequency)
Gene Case (N=5296) Control (N=6042) OR p-value
ATM 67 (1.27%) 28 (0.46%) 2.30 < 0.001
BARD1 9 (0.17%) 8 (0.13%) 0.94 0.90
BRCA1 144 (2.72%) 11 (0.18%) 16.14 < 0.001
BRCAZ2 135 (2.55%) 14 (0.23%) 11.79 < 0.001
CHEK2 74 (1.40%) 26 (0.43%) 2.64 < 0.001
PALB2 31 (0.59%) 11 (0.18%) 2.91 0.004
RAD51C 9(0.17%) 5 (0.08%) 2.75 0.09

OR: Odds Ratio estimates for breast cancer were adjusted for study, age, and family history of breast
cancer, and race/ethnicity.

*: Analyses of CDH1, NF1, PTEN, RAD51D, and TP53 were not performed because of limiting numbers
of PVs; included studies: BWHS, CPSII, CPS3, CTS, MCBCS, MEC, MMHS, NHS, NHSII, WCHS, WHI,
and WWHS.



BRCA1 BRCAZ

e Zvysené RR: * Zvysené RR:
* Prsu >60-70% * Prsu >60-70%
e Ovarii 40-60% * Ovarii 13-30%
* Pankreatu 5% * Pankreatu 5-10%
* Prostaty * Prostaty
* Melanomu
» Chi. zakroky k diskuzi: * Chi. zakroky k diskuzi:
* bilat. ME ve véku 30-40 let  bilat. ME ve veku 30-40 let

- adnexektomie ve véku 40(-45) let * adnexektomie ve veku 45-(50) let
° kontralat_ ME * kontralat. ME



BRCA1 BRCAZ

* Screening: * Screening:
e MRI/ MMG / UZ 25-75 let e MRI/ MMG / UZ 25-75 let
e« TVUZ 2X rocné  TVUZ 2X roCné
* Nadorové markery +/- * Nadorové markery +/-

* Terapie: * Terapie:
* Pt derivaty * Pt derivaty
* PARPI * PARPI

 Chemoprevence * Chemoprevence
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NENI POPSANO ZVYSENE RIZIKO VZNIKU

KARCINOMU VAJECNIKU =>

NENI POPSAN PRIZNIVY EFEKT PROF. MASTEKTOMIE




ATM

* Zvysené RR: * Screening
* Prsu 25-38% * C50, od 40 let, kazdoro¢neée 1x
e Ovaria 3%
e Pankreatu 5-10%

* Chi. zakroky k diskuzi:

* Nejsou

* lonizujici zareni?
* Bez problému
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TABLE 3. Cumulative Risk of Developing Breast Cancer and Ovarian Cancer for Women With PALBZ Pathogenic Variants by Family History
Cumulative Risk of Developing Cancer for Women With PALBZ Pathogenic Variants, % (95% CI)
O _
Cancer Type Mother Unaffected at Age 50 Years, Mother and Maternal T T T T
and Age Without Considering Maternal Grandmother Unaffected at  Mother Affected at Mother and Sister ~ Grandmother Affected at Age 20 40 60 80
(years) Family History Age 70 Years Age 35 Years Affected at Age 50 Years 50 Years Age {vears)
Breast
30 0.7 (0.5t0 1) 0.7(05t0 1) 1(1to2) 2(1to2) 1(1to2) B
35 2(21t03) 2(1to3) 4 (3 to 6) 5 (410 6) 4 (3 to 5) Female Breast Cancer
Cohort
40 5@dto7) 5@to7) 9 (7to 12) 11 (9to 13) 9(7to0 12) e 1930-1939
45 /w 13) 10 (7 to 12) 18 (14 to 22) /-EG.Qto 24) 17 (14 to 21) 75 -| -+ 1950-1959 (observed)
> - 1950-1959 (predicted*)
50 17 (13 }p 21) 16 (13 to 20) 22231030 ( 31(27)036) 27 (23 to 32) SR g sorend)
55 to 30) 23 (1910 28) 38 (32 to 45) to 48) 38 (32 to 43) c‘&—" sl ™ 1970-1878 {predicted™)
60 31 (26 to 38) 30 (25 to 36) 47 (40 to 55) 52 (47 to 58) 47 (41 to 53) %
65 38 (32 to 46) 37 (30 to 44) 56 (48 to 63) 61 (55 to 67) 55 (49 to 62) E
L0 ]
70 44 (37 to 52) 43 (3510 51) 62 (54 to 71) 68 (61 to 74) 62 (55 to 69) =g
75 49 (41 to 59) 47 (39 to 57) 67 (58 to 76) 72 (66 to 79) 67 (59 to 74)
80 53 (44 to 63) b2 (42 to B62) 71 (62 to 80) 76 (69 to 83) 71 (63 to 79) 0 -

20 40 60 80
Age (years)
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* Hereditarni vlohy k nadorum prsu zpusobuiji vznik nadoru, které maji
specifické vzorce vzniku, Sifeni a senzitivity k riznym modalitam [éCby

* VVysledky genetickych analyz je treba posuzovat v kontextu rodinné
anamnézy, veku probandky, jejich prani a ocekavani

* VVysledky genetického vysetreni je treba interpretovat obezretné a peclive

e Zeny s alteracemi predispoziénich gend je tfeba aktivné vyhledavat a
venovat jim odpovidajici péci
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