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Maternal kanda fetal DNA

Trafik iki yonlu
— fetal kanda maternal DNA (%00,9)

— maternal kanda fetal DNA (%14,3)
(Sekizawa, 2003)

idrarda da bulunur (Tsoi NBY 2012)
Fetal DNA plasenta (trofoblast)
kokenli

— 4-5. haftadan itibaren
(Guibert, 2003)

— Plasental karyotipi yansitir
(Masuzaki, 2004)

— Anembryonik gebeliklerde
saptanabilir (Alberry, 2007)

Konsantrasyon GH ile artar
Klirensi hizlidir (30 dk) (Lo, 1998)

— Dogumdan sonra tamamen kaybolur
(Lo, 1999)

11-14 hafta
— Ortalama cff-DNA %10

— %4’Un altinda analizi zor
* Obezite ile azalyor
» Plasenta kugukse azaliyor

* CRL, PAPP-A, sHCG, sigara
ile artiyor

Ashoor G, 2012




Maternal kilo ve cffDNA

Maternal weight bin (kg)
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22.000 singleton pregnancies >10 weeks gestational age

Wang et al Prenat Diagn 2013



Gestasyonel yas- cff DNA
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“The vast majority of clinical maternal plasma samples >10 weeks gestational age
contain an adequate fetal cfDNA proportion to allow for useful clinical results.”

Wang et al. Prenat Diagn July 2013



Prenatal tanida serbest fetal DNA

« Annede (-), fetusta (+) (babadan veya de Novo) genlerin
tanisi

— Rh negatif anne - Rh pozitif fetus

« 2007°den itibaren
— Fetal cinsiyet tayini (SRY)

« X'e bagl hast. (Kiz ise islem gereksiz)

« Ambigius genitalia

« KAH > steroide baslamak icin (fetus erkekse gereksiz)
— Tek gen hastaliklari

« Baba hasta - otozomal dominant hastaliklar
— Akondroplazi, Huntington

« Ebeveynlerin farkli mutasyonlar tasidigi resesif hastaliklar
— Kistik fibrozis



Aneuploidi- serbest fetal DNA

Massively parallel (next-generation)
sequencing: MPS

Chromosome Selective Sequencing
CSS

Targeted sequencing of SNP

Full otomatik
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Full genom GGCCCTGGGGACAGTCTCCAATCCACTGAGTCATCT chr10
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Kromozom: 1 2 3 21 Trizomi 21



CSS

« Hedef kromozomun bir
bolgesi —

e o T
* Lokus-spesifik T
oligonukleotid kullanilir
« Sadece ilgilenilen bolgeyi okur
— Daha ucuz

— Daha hizh

— Olasilik rakami verir



Targeted Sequencing of SNP
(Single Nukleoid Polimorfizmi)

DNA dizisinde tek bir nukleotid
(A, T,C veya G) diziliminde
degisiklik

— Kigiler arasinda

— Kromozomlar arasinda

* Arastirilan kromozom
uzerindeki
— SNP’leri

— Alellerin dagilimini analiz
eder

« Referans kromozoma
(dizomik) gerek yok

Paternal DNA gerekir



NIPT yoéntemleri
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Turkiye'deki Firmalar

« ABD * Gin
Clinical Laboratory Improvement — BGI- (Nifty)
Amendments (CLIA) sertifikali
— Sequenom-

(MaterniT21-T21 plus)

— Aria Diagnostics-
(Harmony)

— Natera- (Panorama)

-MPS
-CSS
— Verinata- (Prenatal Test) -SNP




Sequenom-

(MPS)

LifeCodexx (Almanya)

e VisibiliT  MaterniT21 plus

— Trizomi 21 ve 18

* PrenaTest
— Trizomi 21, 18 ve 13

1500-2500 TL

Trizomi 21,18,13,22,16

Seks, 45,X, 47, XXY, 47,XXX,
47,XYY

22q (DiGeorge)

5p (Cri-du-chat)

1p36 deletion

15q (Prader-Willi/Angelman)
11q (Jacobsen)

8q (Langer-Giedion)

4p (Wolf-Hirschhorn)



BGI- (MPS)

e NIFTY « Ek Olarak
— Trizomi 21,13,18 — Seks

— Seks anomalileri
e 45X, 47, XXY, 47,XXX,
47,XYY
— Mikrodelesyonlar
« 22q (DiGeorge)
* 5p (Cri-du-chat)
* 1p36 deletion

Hastaneler fiyatlandiriyor




Aria Diagnhostics-

(CSS)

Harmony Prenatal Test « Harmony ve Y analizi

— Trizomi 21, 18, ve 13

— Trizomi 21, 18, 13, ve fetal
seks (ve Y aneuploidi, XYY)

« Harmony ve X,Y analizi

— Trizomi 21, 18, 13, fetal seks
ve seks kromozom
aneuploidileri; Monosomi X
(Turner), XXY (Klinefelter),
XXX, XYY, ve XXYY

1360 TL+KDV
XY>+130 USD




Natera-

e Panorama
Trizomi 21, 18, ve 13

Seks kromozom
anomalileri

(SNP)

* Genigletilmis
Panorama

— 45X, 47, XXY, 47,XXX,

47 XYY
Triploidi

1750-2450 TL

229 (DiGeorge)
5p (Cri-du-chat)
1p36 deletion

15q (Prader-
Willi/Angelman)



MPS

Calisma N Sonug | Tr 21 Tr 18 Tr 13 XO
- %
Rossa WK, 2011 753 8,7 %100(86/86)
Palomaki GE, 2011 | 4664 |6 %98,6(209/212)
Ehric M, 2011 480 6,7 %100(39/39)
Palomaki GE, 2012 | 1971 | 0,9 %100 %91,7
(59/59) (11/12)
Bianchi DW, 2012 | 2882 8,9 %100(89/89) %97,2 %78.,6 %93,8
(35/36) (11/14) (15/16)
Bianchi DW, 2013 | 113 %100(30/30) %100 %75 (3/14) | %95,2
KHygr (10/10) (20/21)
Dan S, 2012 11263 | 1,5 %100(143/143) | 94100
(47/47)
Canick JA, 2012 25 ikiz %100(7/7) %100(1/1)
Toplam 23151 %99,5 %99,3 %83,8 %945
(603/606) (151/152) | 26/31 35/37




CSS

Calisma N Sonug | Tr 21 Tr 18 Tr 13 XO
- %
Ashoor G, 2012 400 1 %100 (50/50) | %98 (49/50)
Sparks AB, 2012 298 %100 (39/39) | %100 (7/7)
Nicolaides K, 2012* | 2049 |5 %100 (8/8) %100 (2/2)
*Dusuk riskli pop.
Ashor G, 2013 1992 |2,6 %80 (8/10)
Norton ME, 2012 3228 | 4,6 %100 (81/81) | 97,4 (37/38)
Toplam 7967 %100 %97,9 %80
(178/178) (95/97) (8/10)




SNP

Calisma N Sonug¢ | Tr21 |Tr18 |[Tri13 | XO XXY | Triplo
YA idi

Zimmermann B, 166 12,6 %100 %100 %100 | %100 | %100

2012 11/11 | 3/3 2/2 2/2 2/2

Nicolaides KH, 242 5,4 %100 | %100 | %100 | %100 %100

2013 25/25 | 3/3 1/1 2/2 1/1

Toplam 408 %100 | %100 |%100 | %100 | %100 | %100

36/36 6/6 3/3 4/4 2/2 1/1




Analysis of Cell-Free DNA in Maternal
Blood in Screening for Aneuploidies:
Meta-Analysis
M.M. Gil R. Akolekar M.S. Quezada B. Bregant K.H. Nicolaides

Table 1. Studies reporting on the application of cfDNA analysis of maternal blood in screening for trisomy 21

Author Method  Gestational Trisomy 21 Non-trisomy 21
age (range), = =
eiks total, n  detection, n total, n false positive, n

Chiu et al. { 14], 2011 MPSS 13(-) 86 86 (100.0, 95.8-100.0) 146 3(2.05,0.43-5.89)
Ehrich et al. [15], 2011 MPSS 16 (8-36) 39 39 (100.0, 91.0-100.0) 410 1(0.24,0.01-1.35)
Palomaki et al. [16], 2011 MPSS 15(8-21) 212 209 (98.6, 95.9-99.7) 1,471 3(0.20, 0.04-0.60)
Sehnert etal. [17], 2011 MPSS 15(10-28) 13 13 (100.0, 75.3-100.0) 34 0 (0.00, 0.00-10.28)
Ashoor et al. [18]. 2012 CSS 12(11-13) 50 50 (100.0, 92.9-100.0) 347 0 (0.00, 0.00-1.06)
Bianchi et al. [19], 2012 MPSS 15(10-23) 89 89 (100.0, 95.9-100.0) 404 0 (0.00,0.00-0.91)
Jiang et al. [21], 2012 MPSS - (10-34) 16 16 (100.0, 79.4 - 100.0) 887 0 (0.00,0.00-0.42)
Lau et al. [22], 2012 MPSS . . 3)
Neowdsetsi 302 css | Trizomi 21 DR: %99 FPR: %0,08 |9
Norton et al. [24], 2012 CSS 0.19)
Sparks etal. [26], 2012 CSS 18(11-36) 36 36 (1000, 90.3-100.0) 131 0(0.00,0.00-2.78)
Zimmerman et al. [27],2012 SNP 17 (9-36) 11 11(100.0, 71.5-100.0) 134 0 (0.00,0.00-2.72)
Guex et al. [30],2013 MPSS 12(11-13) 30 30 (100.0, 88.4-100.0) 146 0 (0.00, 0.00-2.50)
Liang et al. [32], 2013 MPSS 21(11-39) 37 37 (100.0, 90.5 - 100.0) 367 0 (0.00, 0.00-1.00)
Nicolaides et al. [34], 2013 SNP 13(11-13) 25 25 (100.0, 86.3-100.0) 204 0 (0.00, 0.00-1.79)
Song et al. [3?].2013 MPSS 16 (11-21) 8 8 (100.0, 63.1-100.0) 1,733 0 (0.00,0.00-0.21)
Stumm et al. [38], 2013 MPSS 15(11-32) 39 38 (97.4, 86,5-99.9) 430 0 (0.00, 0,00-0.85)
Verweij et al. [39], 2013 CSS 14(10-28) 18 17 (94.4, 72.7-99.9) 502 0(0.00,0.00-0.73)
Pooled analysis, %

Fixed-effects model 99.0 (98.2-99.6) 0.07 (0.03-0.12)

Random-effects model 99.0 (98.2-99.6) 0.08 (0.03-0.14)
Cochrane’s Q 7.747 (0.9717) 19.337 (0.3095)
I? statistic, % 0(0-43.7) 12.1 (0.0-50.3)
Egger bias 0.02745 (0.8957) 0.2299 (0.1831)

Detection and false-positive values include percentages and 95% CI in parentheses. Pooled analysis and 1” statistic include 95% CI
in parentheses. Cochrane’s Q and Egger bias include p values in parentheses.

Fetal Diagn Ther 2014;35:156-173
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Table 2. Studies reporting on the application of cfDNA analysis of maternal blood in screening for trisomy 18

Author Method  Gestational Trisomy 18 Non-trisomy 18
age (range), -
ratihe total, n  detection, n total, n false positive, n

Chen etal. [13], 2011 MPSS - 37 34 (91.9,78.1-98.3) 252 5(1.98,0.65-4.57)
Sehnert et al. [17], 2011 MPSS 15(10-28) 8 8 (100.0, 63.1-100.0) 39 0 (0.00, 0.00-9.03)
Ashoor et al. [18], 2012 CSS 12(11-13) 50 49 (98.0, 89.4-99.9) 347 0 (0.00,0.00-1.06)
Bianchi et al. [19], 2012 MPSS 15(10-23) 36 35 (97.2, 85.5-99.9) 460 0 (0.00, 0.00-0.80)
Jiang et al. [21], 2012 MPSS -(10-34) 12 12 (100.0, 73.5-100.0) 891 1(0.11, 2.8¢"7-0.62)
Lau et al, [22], 2012 MPSS 12(11-28) 10 10 (100.0, 69.2-100.0) 98 0 (0,00, 0.00-3.69)
Nicolaides et al. [23], 2012 CSS 1 13) ) 201000 158 _1000) 1947 (10 001
Norton et al. [24], 2012 CSS 1 . . . . 5
e oo sess 1] Trizomi 18 DR: %96.8 FPR: %0.15 [’
Sparks et al. [26], 2012 CSS 1 =30, S BLIU00, O T = T00.0) T o0, D00 -2,
Zimmerman et al. [27], 2012 SNP 17 (9-36) 3 3 (100.0, 29.2-100.0) 142 0 (0.00, 0.00-2.56)
Guex et al. [30],2013 MPSS 12(11-13) 20 19 (95.0, 75.1-99.9) 156 0 (0.00,0.00-2.34)
Liang et al. [32], 2013 MPSS 21 (11-39) 13 13 (100.0, 75.3-100.0) 3901 0 (0.00, 0.00-0.94)
Nicolaides et al. [34], 2013 SNP 13(11-13) 3 3(100.0, 29.2-100.0) 226 0 (0.00, 0.00 - 1.62)
Song et al. [37], 2013 MPSS 16 (11-21) 2 2 (100.0, 15.8-100.0) 1,738 1(0.06, 1.5¢™-0.32)
Pooled analysis, %

Fixed-effects model 96.8 (94.5-98.4) 0.15(0.08 - 0.22)

Random-effects model 96.8 (94.5-98.4) 0.15 (0.08 - 0.25)
Cochrane’s Q 7.2471 (0.9248) 16.7753 (0.2684)
I? statistic, % 0(0-46.4) 21.2 (0.0 - 54.9)
Egger bias -0.1668 (0.4172) 0.1589 (0.5504)

Detection and false-positive values include percentages and 95% CI in parentheses. Pooled analysis and I? statistic include 95% CI
in parentheses. Cochrane’s Q and Egger bias include p values in parentheses.

Fetal Diagn Ther 2014;35:156-173
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Table 3. Studies reporting on the application of cfDNA analysis of maternal blood in screening for trisomy 13

Author Method  Gestational Trisomy 13 Non-trisomy 13
age, weeks total, n detection, n total, n false positive, n

Chen et al. [13], 2011 MPSS - 25 25 (100.0, 86.3-100.0) 264 3(1.14,0.24-3.28)
Bianchi et al. [19], 2012 MPSS 15(10-23) 14 11 (78.6,49.2-95.3) 485 0 (0.00,0.00-0.76)
Jiang et al. [21], 2012 MPSS - (10-34) 2 2 (100.0, 15.8—100.0) 901 0 (0.00,0.00-0.41)
Lau et al. [22], 2012 MPSS 12 (11-28) 2 2(100.0, 15.8-100.0) 106 0 (0.00, 0.00-3.42)
Palomalki et al. [25],2012 MPSS 14 (9-22) 12 11 (91.7,61.5-99.8) 1,959 16 (0.82,0.47-1.32)
Zimmerman et al. [27], 2012 SNP Il&ﬁdﬁ‘ 2 201000158 _100.0) 143 0.L0.00, 0.00-2.55)
Ashoor et al. [28], 2013 CSS : : . 0 . 0 k5, 1.3e93_0,29)
Guex et al. [30],2013 MPSS Trizomi 13 DR: %92,1 FPR: %0,20 0,0.00-2.24)
Liang et al. [32], 2013 MPSS 21 (11-39) 3 3(100.0, 29.2-100.0) 401 1(0.25, 6.3e7-1.38)
Nicolaides et al. [34], 2013 SNP 13 (11-13) 1 1(100.0, 2.5-100.0) 228 0(0.00,0.00-1.61)
Song et al. [37], 2013 MPSS 16 (11-21) 1 1(100.0, 2.5-100.0) 1,740 0 (0.00,0.00-0.21)
Pooled analysis, %

Fixed-effects model 92.1 (86.0-96.7) 0.19 (0.11-0.29)

Random-effects model 92.1 (85.9-96.7) 0.20 (0.04-0.46)
Cochrane’s Q 10.0423 (0.4368) 36.7126 (<0.0001)
12 statistic, % 10.3 (0-51.4) 72.8 (42.8-83.7)
Egger bias -0.4082 (0.2714) 0.7184 (0.2004)

Detection and false-positive values include percentages and 95% CI in parentheses. Pooled analysis and I2 statistic include 95% CI
in parentheses. Cochrane’s Q and Egger bias include p values in parentheses.

Fetal Diagn Ther 2014;35:156-173
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Table 4. Studies reporting on the application of cfDNA analysis of maternal blood in screening for monosomy X

Author Method  Gestational Monosomy X Non-monosomy X

AL (r ange), total, n detection, n total, n false positive, n

weeks
Sehnert et al. [17], 2011 MPSS 15 (10-28) 2 2 (100.0, 15.8-100.0) 45 0 (0.00, 0.00-7.87)
Bianchi et al. [19], 2012 MPSS 15(10-23) 20 15(75.0, 50.9-91.3) 462 1(0.22,5.5e93-1.20)
Jiang et al. [21], 2012 MPSS - (10-34) 3 3(100.0,29.2-100.0) 899 1(0.11, 2.8¢7%-0.62)
Lau et al. [22],2012 MPSS 12 (11-28) 8 8 (100.0, 63.1-100.0) 100 0 (0.00, 0.00-3.62)
Zimmerman et al. [27], 2012 SNP 17 (9-36) 1 1(100.0, 2.5-100.0) 144 0 (0.00, 0.00-2.53)
Guexetal. [30],2013 MPSS 11 /11 12 1C Lo lloon 2o o 100 o) 11 o0 nn_ o0 00 032-27)
Liang et al. [32], 2013 MPSS : . 0 . 0 | _1.39)
Mazloom et al. [33], 2013 MPSS Monozomi X DR: %88,6 FPR: %0,12 03_1.42)
Nicolaides et al. [34], 2013 SNP 13(11-13) 2 2(100.0, 15.8-100.0) 227 0 (0.00,0.00-1.61)
Nicolaides et al. [40], 2013 CSS 12(11-13) 47 43 (91.5, 79.6-97.6) 116 0 (0.00,0.00-3.13)
Samango-Sprouse et al. [36],2013 SNP 13 (9-36) 12 11(91.7, 61.5-99.8) 175 0 (0.00, 0.00-2.09)
Song et al. [37], 2013 MPSS 16 (11-21) 3 2(66.7,9.4-99.2) 1,737 0 (0.00, 0.00-0.21)

Pooled analysis, %
Fixed-effects model
Random-effects model

Cochrane’s Q

12 statistic, %

Egger bias

88.6 (83.0-93.1)
88.6 (83.0-93.1)
10.9584 (0.4468)
0 (0-49.8)

-0.1712 (0.7599)

0.12 (0.05-0.24)
0.12 (0.05-0.24)
7.1744 (0.7848)

0 (0-49.8)

0.2315(0.1161)

Detection and false-positive values include percentages and 95% CI in parentheses. Pooled analysis and I statistic include 95% CI
in parentheses. Cochrane’s Q and Egger bias include p values in parentheses.

Fetal Diagn Ther 2014;35:156-173
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* |kiz gebelikler | Trizomi 21 DR: %94,4

Table 6. Studies reporting on the application of cfDNA analysis of maternal blood in screening for trisomies in twin pregnancies

Author Method Gestational Karyotype Trisomic Non-trisomic
age (range), total,n  detection, n total, n false positive, n
weeks
Canick et al. [20], 2012 MPSS 14 (10-18) Trisomy 21 7 7 (100) 17 0(0.0)
Trisomy 13 1 1 (100)
Lau et al. [31], 2013 MPSS 13 (11-20) Trisomy 21 1 1 (100) 11 0 (0.0)
Gil et al. [29], 2013 CSS 13(12-13) Trisomy 21 10 9 (90.0) 181 0(0.0)
Trisomy 13 1 1 (100)
Total Trisomy 21 18 17 (94.4) 209 0(0.0)
Trisomy 13 2 2 (100)

Detection and false-positive values include percentages in parentheses.

Fetal Diagn Ther 2014;35:156-173
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Table 5. Studies reporting on the application of cfDNA analysis of maternal blood in screening for sex chromosome abnormalities oth-
er than monosomy X

Author Method  Gestational 47,XXX; 47, XXY;47.XYY Non-SCA
age (range), total, n detection, n total, n false positive, n
weeks
Bianchi et al. [19], 2012 MPSS 15(10-23) 9 8 (88.9,51.8-99.7) 453 0 (0.00, 0.00-0.81)
Jiang et al. [21], 2012 MPSS -(10-34) 3 3 (100.0, 29.2-100.0) 896 0 (0.00, 0.00-0.41)
Lau et al. [22],2012 MPSS 12(11-28) 1 1(100.0, 2.5-100.0) 99 0 (0.00, 0.00-3.66)
Zimmerman et al. [27], 2012 SNP 17 (9-36) 3 3 (100.0, 29.2-100.0) 141 0 (0.00, 0.00-2.58)
Guex et al. [30], 2013 MPSS
Liang et al. [32], 2013 mpss | 47 XXX, 47XXY, 47XYY DR: %93,8 FPR: %0,12 I
Mazloom et al. [33], 2013 MPSS =120 38 B 1000, 03.T = 100.0) 382 UToU0, 00— 0.9
Nicolaides et al. [40], 2013 CSS 12(11-13) 9 9 (100.0, 66.4—100.0) 107 1(0.93,0.02-5.10)
Samango-Sprouse et al. [36],2013 SNP 13 (9-36) 3 3 (100.0, 29.2-100.0) 172 0 (0.00, 0.00-2.12)
Pooled analysis, %
Fixed -effects model 93.8 (85.9-98.7) 0.12 (0.02-0.28)
Random-effects model 93.8 (85.9-98.7) 0.12 (0.02-0.28)
Cochrane’s Q 1.5726 (0.9914) 5.6194 (0.6898)
12 statistic, % 0 (0-54.4) 0(0-54.4)
Egger bias 0.0253 (0.9408) 0.2576 (0.1714)

Detection and false-positive values include percentages and 95% CI in parentheses. Pooled analysis and I? statistic include 95% CI
in parentheses. Cochrane’s Q and Egger bias include p values in parentheses. SCA = Sex chromosome abnormality.

Fetal Diagn Ther 2014;35:156-173



Noninvasive Prenatal Testing
Jamie O. Lo, MD(* Cori D. Feist, MS, CGC(1 Mary E. Norton, MD(%

and Aaron B. Caughey, MD, PhD%t

TAEBLE 2
Meoninvasive Prenatal Tests Available in the United Stateg™ 782044
Test Company Test Characteristics Cost, $ Sensitivity, % Specificity, % Mo Results
Werifi Verinata Trisomy 21, triscrmy 18, trisomy 13; 1200 Trisomy 21, =999 Trisomy 21, 99.8 2.6%
sex chromosome abnormalities Trisomy 18, 97.4 Trisomy 18, 99.6
[monosomy X, X600, XY, XYY) Trisormy 13, 87.5 Trisomy 13, >99.9
MaterniT21 Sequenom Trisomy 21, triscrmy 18, trisomy 13; 2762 Trisomy 21, 99.1 Trisomy 21, 99.9 0.8%
sex determination Trisomy 18, =99.9 Trisormy 18, 99.6
Trisormy 13, 91.7 Trisocrmy 13, 99.7
Harmony Aricsa Trisomy 21, triscrmy 18, trisomy 13, 795 Trisomy 21, =999 Triscrmy 21, =99.0 4.6%
sex chromosomal aneuploidy Trisormy 18, 98.1 Trisormy 18, =99.0
Trisomy 13, 80 Trisormy 13, =99.0
FPanorama Matera Trisomy 21, triscrmy 18, trisomy 13; 1495 Trisomy 21, 100 Trisomy 21, 100 5.4%
MoNoSomy X Triscmy 18, 100 Trisomy 18, 100

Trisomy 13, 100

Trisomy 13, 100

OBSTETRICAL AND GYNECOLOGICAL SURVEY, 2014 Volume 69, Number 2




Comparison of NIPT Technology Claims

Sensitivity ;:?:&?192"; Verinata Ariosa Natera
False Positive Verifi Harmony Panorama™

Rate plus

MPSS with Targeted Sequencing Targeted Sequencing

Methodology MPSS SAFeR with FORTE with SNPs

Trisomy 21

(Down Syndrome) >99.9% >99.9% >99% >99%

0.2% 0.2% <0.1% 0%

Trisomy 18

(Edwards Syndrome) »00.9% 97.4% >98% >99%

0.3% 0.4% <0.1% 0%

Trisomy 13

(Patau Syndrome) 91.7% 87.5% 80% 599%

0.9% 0.1% <0.1% 0%

45,Xx

95.0% >99%

(Monosomy X) Not evaluated 1.0% Not evaluated 0%
(1) Zimmermann et al, Prenat Diag 2012 (2) Natera Internal Data (3) Rabinowitz et al. Presented at ASHG 2012
(2) Downloaded on February 5, 2013
hitp:/fiwww.seguenomemm.com/Home/Health-Care-Professionals/Trisomy-21/Performance-Dala

(3) Downloaded on February 5, 2013 http:/iwww.verinata.com/providers/provider-overview/

(4) Downloaded on February 5, 2013 hiip://lvwww aricsadx.com



Mikrodelesyon ve Duplikasyonlar

The NEW ENGLAND
JOURNAL o« MEDICINE

Chromosomal Microarray versus Karyotyping
for Prenatal Diagnosis

 NEJM shows microdeletions are common (1.7% ofpregnancies)
« ACOG Committee Opinion #581 (Dec 2013)

— All patients having invasive testing can consider microarray analysis instead of
karyotyping

— “Most genetic mutations identified by chromosomal microarray analysis are not
associated with increasing maternal age; therefore, the use of this testing for
prenatal diagnosis should not be restricted to women aged 35 and older. ©



Mikrodelesyon ve Duplikasyonlar

Incidence out of 100,000 Live Births
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Mikrodelesyon ve Duplikasyonlar
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Mikrodelesyon ve Duplikasyonlar

| sensitiviy* | specificity

Prader-Willi 15/16 ?;I:Sgé.S-QQ.S%} 453/453 ?3?[?9.2-100%]
Angelman 21/22 ?;5;2 2-99.9%) 447/447 (1;0{;09 2-100%)
1p36 Deletion  1/1 ?; ‘;ﬁm} LI ?g?zug.z-mo%)

100% 99.8%

el 24/24 (CI: 85.8-100%) R (CI: 98.8-99.9%)

*SNP



Klinik Uygulama



Test hakkinda on bilgi verilmesi

 Hekim tarafindan
— K. Dogum o
— Genetik '

 Firma tarafindan

— Yazil bilgi ve imzali onam
— Test yurt disinda

- Amag
* Yontem
« Test basarisizligi

» Pozitif/Negatif sonuglarin anlami
« Kisithliklar



Test hakkinda on bilgi verilmesi

* Amac * Yontem
— Sik gortlen — Invazif degil
trizomileri taramak — 7-14 giinde sonuc
— Tanisal degil

* Test basarisizlgi
— %1-6



Test hakkinda on bilgi verilmesi

« Kisithliklar * Pozitif sonug

— Tdm kromozomlari taramaz — Konfirmasyon
— Plasental-mozaisizm riski
— Cogul gebelikler

* Hangi fetus?

* Seks anomalileri?

— “Vanishing twin” o Negatlf SoNnuG
* Yalanci pozitiflik

— Maternal anedploidi/malignite — Danisma

- MPSS Illed — Ultrason
« Triploidi o _ _
- Tek gen hastaliklar  Ciddi bulgu > invazif

« Dengeli translokasyonlar
« UPD taninmaz



Test hakkinda on bilgi verilmesi

« Avantajlar « Dezavantajlar

— Cok glcli bir tarama — Diger kromozom
TOFPRISAL DREMSS anomalileri

— QOperatore bagllmh deqil . Array cGH

— Erken yapilabilir (> 10 hf) _ Yapisal anomaliler

— Kabul edilme orani yuksek

— Invazif degil - UGG

— Invazif gereksinimi azaliyor — Preeklampsi
« Fetal kayp riski az — Fiyat

* Anksiyete az



Aile oykusunun onemi

Sebebi bilinmeyen infertilite

Tekrarlayan diislik veya kotii obstetrik oyku
> Ciftlere karyotip/Array cGH

Ailede “INDEKS VAKA” varsa oncelikle bu olgunun tanisi

— Hedefe yonelik invazif islem

Cf-DNA testleri su an igin

— Tek gen hastaliklar
— Frajil X
— Kiguk boyutlu mikrodelesyonarin tespiti icin uygun degil



Ultrason belirteclerinin
varliginda kullanalim mi?

Hayir Olabilir
 Major anomali * Diger 'soft’” markerlar
e NT>35mm — Bunlarla birlikte IAY, vs

« Kistik higroma — Sinirda test sonuglari

* NB yoklugu/hipoplazisi
* Ventrikulomegali

» Erken baslangicli agir
UGG

 Hidrops



Rapora nasil bakalim?



Seguenom- LifeCodexx AG
(MPS) VisibiliT test

21 ve 18. Kromozomlar i¢in Test Sonucu
Risk Esik Degeri: 1/100

Yasa Bagh | Test Sonrasi
Risk Risk
Trizomi 21 1/290 <1/10,000
Trizomi 18 1/2,950 <1/10,000

Normal miktarda Kromozom 21 ve 18

Yorum

Bu sonuglar normal Kromozom 21 ve 18 miktariyla

uyumlu olup, Trizomi 21 ve Trizomi 18 i¢in dusuk risk

gostermektedir.

Performans
Bu analitik dogrulama calismasi kapali olarak dizayn edilmis
olup, 10 hafta ve Uzerindeki genel gebe popllasyonunu temsil

etmektedir.’

Kromozom Performans Guven Araligi (%95)
Tri 91 Sensitivite: >%99 %80.8 - 100
rizom Spesifite: >%99.9 %99.5 - 100
Trizomi 18 Sensitivite: >%99 %65.6 - 100
Spesifite: >%99.9 %99.5 - 100

Testin Sinirlari

VisibiliT test sonuglari bir risk skoru sonucudur. Serbest fetal DNA
analizi, CVS veya amniyosentez ile elde edilen hassasiyet ve
dogrulukta prenatal taninin yerini alamaz. Yiksek risk sonucu olan
bir hasta genetik danismanlik icin yonlendirilmeli ve test sonucunun
dogrulanmasi igin invazif prenatal tani islemi onerilmelidir. Disuk
gebeligin etkilenmedigi Test
sonuglari ¢ok yuksek dogruluga sahip olsa da, plasental, maternal
veya fetal mozaisizm veya baska nedenlerle tim kromozomal

sonu¢ olmasi anlamina gelmez.




Seqguenom- LifeCodexx AG

(MPS)
MaterniT21 plus/PrenaTest

Istem No. ORD12345-01234 Sonug Tarihi: 09.10.2014 12:00

21, 18 ve 13. Kromozomlar igin Test Sonucu Performans

Calisilan 6rnekte 21, MaterniT21 PLUS laboratuvarda gelistirilmis test (LDT) icin performans

ozellikleri artmis fetal kromozomal andploidi riski bulunan gebe
1,23

18 ve 13. kromozomlar ' _ ; N
N O RMAL icin normal degerler kadinlarda yapilan klinik validasyon galismalan ile belirlenmistir.

saptanmistir. Klinik - —
takip Snerilmektedir. Kullanim Amaci Performans Guiven Araligi (%95)
. , Sens: %99.1 %96.3 - 99.8
Trizomi 21 Spes: %99.9 %99.6 - 99.9
Diger iliskili oldugu bilinen kromozom bolgeleri de ayrica Trizomi 18 Sens: >%99.9 %92.4 - 100
incelenmistir; Trizomi 22, Trizomi 16, Turner, Klinefelter, Spes: %99.6 %99.2 -99.8
Trizomi X, XYY sendromlar ve belirli mikrodelesyonlar (22q- . . Sens: %91.7 %59.7 - 99.6
DiGeorge, 15q- Angelman / Prader Willi, 11g- Jacobsen, 8q- Trizomi 13 Spes: %99.7 499.3-99.9
Langer-Giedion, 5p- Cri-du-chat, 4p- Wolf-Hirschhorn ve Y Kromozomu Hass: %99.4 %99.0-99.6
1p36- sendromu) sadece anormallik saptanmasi halinde Ek
Bulgu olarak raporlanmaktadir. Testin Sinirlari

NMA tact camirlan Hiim hiraularde nat canire varmauahilir Carhact fatal NNA

MaterniT21 plus test 17 farkli sendroma bakmaktadir Trizomi21,18 ve 13 igin “Normal” veya “Anormal” seklinde sonug vermektedir.
Diger nadir gérilen sendromlar i¢in anormallik saptanirsa ek bulgu olarak érnegin “Turner Sendromu Vardir’ seklinde ek bulgu
vermektedir. Diger sendromlarin “Ek bulgu” olarak verilmesinin nedeni bu sendromlarin “Anormal” seklinde damgalanmamasi yani aileyi
abortusa yonlendirmemesi igindir. Turner, Klinefelter, Trizomi X, XYY sendromu sonucu verilen aileler genetik danigsmanlik i¢in
yonlendiriimektedir.



BGI-GENOKS (MPS)

Referring Doctor: LAU TZE KIN

Centre / Hospital: Paramount Chinic

Phone: 2526-9388

Full address: Room409 4/F Central Building,1 Pedder Street Central HK

Blood Sample Derails:

EDC(d/m/y):22/03/2013 Gestation: 13w + 6/7 Taken on: 20/09/2012

Sample type received: Plasma Shipment condition: Dry Ice
Laboratory Report

Results:

Sample quality tex” Passed

Test for Probability of frisomy Risk Assessment
Trisomy 21 1/4643001905 Low risk
Trisomy18 1/666078741 Low risk
Trisomy13 1/42536394 Low risk




Aria Diagnhostics-GELAB(CSS)

- ) - 1) 0 O
KROMOZOM SONUCLAR OLASILIK ONERILER
Trizomi 21 (T21) DUSUK RISK 0,0001'In altinda nn hasta ile birikte degerdendirmes|
| Trizomi 18 (T18) DUSUK RiSK 0,0001'in altinda Sonuclann hasta ile birlikle deg i
| Trizomi 13 (T13) Q&QK RISK 0,0001'in altinda S lann hasta ile birlikte degerendirmesi
Seks kromozom anomalisi DUSUK RIiSK 0,0001'in altinda Sonuclann hasta ile birlikte degerendirmesi
TEST ACIKLAMALARI KLINIK DATA
Harmony Prenata| Test, kromozomiann birbidlering oranini Sigarak trizomi 21, 18, 13 risk
hesaplamasma yardime olmak Igin kullaniimaktadir. Ariosa Laboratuvannda gelistirlen test, direkt Saptama Oram Yalanc: Pozitiflik Oram
analiz yonmemiy'e
anne kaninda cell free DNA'W (cfDNA) lgimlemekte ve rapartards feial clDNA'ye géra sonug @ >%99 <0.001
vermekiedic, Tesl sonuglan, anne yas: (ya da yumurta dondr yasi) ve test istek formunda (%85 Cl: %95-100) (%85 Cl: %0,0-0,2)
yazan bilgilere gore risk hesaplanarak verimektedir, Testler, en az 10 haftahi ekl ve kix gebetikier >%98 <0,00.1
igin valide edilmistir, Testier; Jglz vb godu! gebellkier, mezalk durumiar, parsiyel kromozomal (%85 Ci: %83-100) (%86 Cl: %0.0-0.3)
anoploidiler,
translokasyonlar, maternal andploidiler igin valide edilmemis ve kullandmamaktadir. CONA analizi
sonucunda elde edilen veriler her zaman genotiple uyumlu oimayabilir. Tim ancploid fetCsler * Nadir gorllen bir anomall oldufu igin analiz edilen
saptanamadidi gibl bazi baze oploid fetuslarda andploidi icin ylksek riskli olarak degedendirilebilir. T1310 hasta sayist kisillxdir,
Sonuglar, dider kriterler de gz dnine alinarak deferiendirimeli ve gerekli durumiarda genetik @ * Harmony Test ile 10 hastanmn 81 saptanmigbe

damismanbk alinmaidr
Sadece ekl gebeliider igin valide edilmis clan XY analizi, X ve Y kromozomiannin birbirerine

* Yanhs pozitif orani; <0,000,1 (%85 Ci; 30.0-0.3}

oranin| Sigmekie olup yalnzea fetal cinsiyet anomaslileri (menazomi X, XXY, XYY, XXX, XXYY} Saptems ve yalanc: pozitfik aranlan, 1/100 (%1) cut-off deder tamed
rapor alingrak belirienmis olup tekl ve spontan gebelikler igindir
ediimektedir.

Harmeny XY, mozatk olmayan fotal soks kror J
XY Analizi anbploidiled igin de bilg: vermentedir. Test performansi,
seks kromozomy anomalisine gora farkhiddar géeteran|lir

REFERANSLAR: Nerton ME ol -'.’@21 Am J Obstot Gyn 207/ 137 #1.8 Noolwdns KH of ol (2012) Am J Obalet Gy 207/5) 374 91-6, Ashoor G of ol (2013) 5&;]:“ Obstet Gymeod 41(17.21-5
Harmoay Prenatal Test, sadace kinik kutlanim igin lasarianmis olup eraglirma amach kabul edilmemelide. Bu tasl, 1988 Kinik Laboraluvas lyilesSirme Yasas: (CLIA) larafindan belgelandinim's olan Aricea

Laboratuvan tarafindan gefstinkniy olup performans oigiriemelan yapiimaktadir. Test, FDA (ABD) tarafindan ongyanmamestir

LA U ARMRININ04A OTATE 4 NI 2Aaq004



Natera- BIRUNI,BURC (SNP)

PANORAMA

REPORT SUMMARY

HIGH RISK

Mates added by the clinical reviawar, if any, will appear in place of this taxt.

Sex of fetus: Mot reported Fetal fraction: 14.9%
Condition Prior Panorama
tested’ risk? risk score’ Result Interpretation
Trisomy 21 1/100 <1/10,000 Low Risk
Trisomy 18 1/187 =1/10,000 Low Risk
Trisomy 13 1/52& <1/10,000 Low Risk
Monosomy X 1/258 =1/10,000 Low Risk
Triploidy/Vanishing twin Low Risk

22q11.2 Deletion syndrome/ " . ) Follow-up counseling and
DiGeorge syndrome 1/2,000 119 High Risk testing recommended.
1p3é Deletion syndrome 1/5,000" 1/12,494 Low Risk
Angelman syndrome 1/12,000" 1/16,658 Low Risk
Cri-du=chat syndrome 1/20,000" 1/57.110 Laow Risk
Prader-willi syndrome 1/12,000° 1/13,882 Low Risk

1, Exclugies cases with svigerce of fetal sndiar placentsl masaicism 7, Based on materral sge oed gestalianal age  Ju Baced an 3 prisr rise and test results
& Trann incidsncar are basnd on overall dasans provabencs in S papalat on, This t! will net ideality 31l delstions sesacialed wilh sach discrdun, Aaiity = detect delsticna will Be based an size and iseatian,

TESTING METHODOLOGY: DA solated from the maternal blood, which contains fetal DMA, s amplified at 19,500 leci wsing a targeted PCR assay
and sequenced using a high-throughput sequencer, Sequencing data is aralyzed using Matera’s proprietary NATUS algorithm to determine the
fetal copy number for chromosomes 13, 18, 21, X, and ¥, thereby identifying whale chromoseme abnormalities at those chromosomes, and if

prdered, the micredeletion panel will identify microdeletions at the specified loci only, If a sample fails 1o meet the guality threshold, no result will
be reported for that chromosome,



Test Sonucu

Pozitif LR Negatif LR
Trizomi 21 1240 1000
Trizomi 18 18 650 31
Trizomi 13 460 13

Ornek:
Onceki risk 1/12.400, test pozitif > yeni risk 1/10
Occeci risk 1/500, test negatif > yeni risk 1/500.000

Gratacos E, Nicolaides K, Fetal Diagnosis Therapy 2014; 35:151-155



Pozitif tanida hangi invazif girisim?

Anormal sonu¢ > MUTLAKA invazif islemle dogrulama

— Sadece cf-DNA sonucu ile terminasyon yapilmamali
— Adli olarak konvansiyonel karyotip analizi gegerli

Ultrasonda yapisal anomaliler varsa?

— Karyotip analizi onerilir

CVS, AS, KS

— Moazaik olgularda her li¢ invazif islem gerekebilir

Yapilan islemler firmalar tarafindan karsilanmaktadir



Yapisal kromozom anomalilert,

cinsiyet kromozom anomaliler

MPSS yontemi ile

Dengeli translokasyon, inversiyon, triploidi ve uniparental dizomi olgulari saptanamaz

Dengesiz olanlar (delesyon, duplikasyon, dengesiz translokasyon, monozomi ve trizomiler)
saptanabilir

Tekil gebeliklerde gonozomal anomaliler (XO Turner, XXY Klinefelter, XXX ve XYY sendromlari) %95
dogrulukla saptanabilir

Cogul gebeliklerde gonozomal anomaliler teknik olarak tespit edilemez

“Turner”, “Klinefelter”, “Trizomi X” ve “XYY sendromu” sonuglarinin verilmeye
baslanmasi ile ciddi bir ETiK sikinti olusmaktadir;

Sonlandirma istegi?
Genetik danisma!

Annede bilinmeyen Mozaik Turner

Turner agisindan yalanci pozitif gilkmasina veya

Annedeki Trizomi X

Erkek fetusta yalanci pozitif Klinefelter



Cogul gebelikler

e cf-DNA

Trizomi 21,18,13,16,22 ve mikrodelesyonlar bakilabilir
Esik cf-DNA sinir1 %4 degil %8

Trizomiler icin %99,9 dogruluk

Mikrodelesyonlar i¢in heniiz olgu sayisi yetersiz
Gonozomal anomalilere teknik olarak bakilamaz

Kaybolan ikiz esleri yalanci pozitifliklere neden olabilir

e Ama testin yapilmasina engel degil ;
— “NORMAL” sonug alinmasi her iki fetus icin de gegerlidir
— “ANORMAL” sonug alindigi takdirde mutlaka invazif islem



Rh tayinl

 IMMUNIZE Rh olgularinda
— %99 dogrulukla “negatif” ve “pozitif”

— Yurtdisina gitmiyor
« 3 is gununde sonug veriliyor
« 600 TL



Medikolegal sorumluluklar

« Hekim?, Firma?, Hangi laboratuvar?

 Anormal sonu¢ > MUTLAKA invazif
— invazif islemle dogrulamadan gebelik sonlandiriimamal
— Adli olarak konvansiyonel karyotip analizi gegerli

« Agir yapisal anomaliler ‘ilgili uzmanhk’ konsultasyonu ve
— Konvansiyonel karyotip analizi



Mozaik anomaliler

NIPT anormal, karyotip normal > Plasental Mozaisizm

Normal cf-DNA > detayli ultrasonda kromozomal bozukluk
lehine bulgu >

— invazif islem

— aile invazif islem yapmayi kabul etmez ise yine imzasi alinmalidir

Ailelere test oncesi ve sonrasi bilgilendirme ve
belgelendirme



NIPT

« 2014 >1,000,000 test

 >60 ulke
Effect of NIPT on Invasive Procedures Globally
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Data sources: Genome Web for tests, literature for procedures



Ultrasound Obstet Gynecol 2014

Published online in Wiley Online Library (wileyonlinelibrary.com). DMO1: 10.1002/u0g.13393

el
QS I S u O g org CONSENSUS STATEMENT

Tum gebelere 11-14 USG

— NIPT olsun/olmasin

Pre-test konsultasyon

Normal USG sonrasi U¢ secenek
— Kombine test (ISUOG destekliyor)
— Invazif girisim (6yku,yas)
— NIPT

NIPT tanisal degil

— invazif ile dogrulanmali
Dusguk riskli grup icin erken
NIPT yapilmigsa kombine gereksiz

Kombine ve diger biyokimyasal testler
pozitifse NIPT invazif girisime alternatif
Cok yuksek riskli grupta (>1:10) NIPT
olmamali
NIPT normalse genetik sonogram ile risk
modifikasyonu yapiimamali
Yapisal anomali varsa karyotip+mikroarray
Diger genetik sendromlara NIPT
bakildiginda yalanci pozitiflik artar
Sunlara daha fazla ¢alisma gerekir

—  lkizler

—  Firmalar arasi fark






