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DAT VAN DE
1. Tinh cap thiét ciia de tai

Bét thuo‘ng nhiém sic thé (NST) thai xay ra khoang 1/150 tré sinh séng,
la mdt trong sO nhitng nguyén nhan hang ; dau gy nén tir vong va bénh tat
cho tré so sinh trén toan thé gigi. Chiém khoang 83% cuia nhing bat
thuong nay la do trisomy 21, 18, 13 va 1éch boi NST gidi tinh giy ra hoi
chimg Down, Edwards, Patau Turner...

Cho dén jnay, trén thé gioi Van chua c6 bién phap nao phong ngua tinh
trang thai mdc cac hoi ching do bat thuong NST. Céc phuong phap sang loc
trude sinh khong xam 14n phat hién bt thuong NST bao gdm siéu 4m hinh
thai va phan tich huyét thanh tir méu thai phu trong thai ky 1 va thai ky 2. Ty
1¢ phat hi¢n 1&ch boi dao dong tir 50 - 95% vdi ty 1€ duwong tinh gid khoang
5% tuy thudc vao phuong phép sang loc duogc su dung Dé chan doan Xxac
dinh thi cac thai phu ¢6 nguy co cao s€ duge thuc hién cac thu thut xam lin
nhu 1y miu gai rau hodc hat dich 6i dé khao sat sé lwong NST bang cac ky
thuat Karyotype QF-PCR, FISH, MLPA va Prenatal BoBs. Tuy nhién, cac
thu thuat xam 14n nay co6 thé gay mit thai véi ty 18 14 0,11% - 0,22%. Vi vay,
rat can c6 nhimg phuong phap sang loc méi véi ty 1¢ duong tinh gia thap
ddng thoi ty 18 phat hién cao hon, thai phy khong can chiu thu thuat xam lan,
tranh dwoc nguy co anh hudng dén thai phy va thai nhi.

Sang loc trudce sinh khong xam l4n bang phuong phap g1a1 trinh ty gen
thé hé m6i phan tich DNA thai tu do trong mau thai phy, giap sang loc sém
thai nhi trén nhiéu phuong dién khac nhau, dlen hinh nhu: xéc dinh sém
glO’l tinh thai gitp tién lugng kha nang thai méc cac bénh do NST lién két
vdi gi6i tinh; nguy co mac cac bénh di truyén cua thai trong nhirng gia dinh
c6 nguy co cao, khao sat yéu t6 RhesusD, xac dinh nguy co tién san giat,
trong d6 ndi bat 1a tng dung sang loc sém l¢éch boi NST (xet nghi¢m NIPS).
bay dugc xem la mot bude tién vugt bac trong linh vuc sang loc trude sinh
khong xam lan, do viéc lay mau va phan tich DNA thai ty do khong doi hoi
tinh can thiép sau, giam thiéu nguy co cung nhu céc bién ching trén thai phu
va thai nhi. Hon nira, xét nghiém NIPS c¢ ty 1€ phat hién 1éch bdi NST 21,
18, 13 trén 99% véi ty 1é duong tinh gia thap dudi 1%.

2. Muc tiéu ciia dé tai

1. Ung dung phuong phap gidi trinh tw gen thé hé méi phat hién léch béi
NST 21, 18, 13, X, Y bang DNA thai tw do trong mdu me.

2. Xac dinh ty I¢ lech boi NST 21, 18, 13, X, Y va bucc dau danh gia
gid tri cua phu’ong phdp gidi trinh tw gen thé hé méi sir dung DNA
thai ty do trong mdu me.

3. Dia diém thyec hi¢n dé tai

Pé tai thuc hién tai Trung tim Sang loc, Chéan doan trude sinh va so sinh,

Bénh vién Phu san Ha No6i; B6 mon Hoa sinh, Pai hoc Y Ha Noi.



4. Nhirng dong gop cia luén an

- Ba tmg dung dugc quy trinh giai trinh tr gen the hé moi trong sang loc
trudc sinh khong xam 14n x4c dinh léch boi nhidm sic thé 21, 18, 13, X, Y
bang phan tich DNA thai tu do trong huyét tuong thai phu. Da xac dmh duoc
dd nhay, do dac hiéu, gia tri tién doan duong, gia tri tién doan am cua trisomy
21, 18, 13 va léch bdi nhiém sic thé gi6i tinh thai nhi.

- Két qué ctia nghién ctru ¢6 gia trj (mg dung trong thyc hanh lam sang cao,
dac biét trén nhimg thai phu da duoc xét nghiém sang loc trude sinh truyen
théng c6 nguy co cao mang thai 1éch boi nhiém sic the giup lam giam s6
luong thai phy phai thuc hién thu thuat xam I4n khong can thiét, giam thiéu
nguy co cling nhu cic bién chimg trén thai phu va thai nhi.

5.Y nghia khoa hoc va thuec tién cua dé tai.

Nghién curu ¢6 y nghia thuc tién cao gop phan cung, cip mot ky thuét
sang loc truée sinh hién dai ngang tim quéc té, cung cip cho thay thube
lam sang thém mot phuong phap sang loc trudc sinh khéng xam lan co do
chinh xac cao, giam ty 1¢ duong tinh gia, co thé ap dung cho thai phu tir
tudn thai som. ‘

bé tai ¢o tinh sang tao, tinh mdi va cap nhat, lan dAu tién trién khai
thanh cong k¥ thuat giai trinh tu thé hé moi sang loc 1&ch boi NST thai tai
Viét Nam.

6. Céu tric luin 4n ‘

- Luan 4n dugc trinh bay trong 131 trang (khong ké tai liéu tham khao
va phu lyc). Luan an chia lam 7 phﬁn: Pat van dé 2 trang; Chuong 1: Téng
quan tai lidu 37 trang; Chuong 2: Ddi tugng va phuong phap nghién ctru 16
trang; Chuong 3: Két qua nghién ctru 34 trang; Chuong 4: Ban luan 39
trang; Két luan 2 trang; Khuyén nghi 1 trang.

- Luan an gém 33 bang, 15 biéu dd, 25 hinh va 2 so dd, c6 191 tai liéu
tham khao, trong d6 c6 06 tai lidu tiéng Viét va 185 tai lidu tiéng Anh.
Phéan phuy luc gém: cac k¥ thuat sir dung trong nghién ctru, phiéu thong tin
bénh nhan; danh sadch bénh nhan tham gia nghién ctru.

Chwong 1: TONG QUAN

1.1. Bét thwong nhiém sic thé thai
1.1.1. Tan sudt xudt hi¢n

Biét thuong NST phd bién nhat 1a trisomy 21, 18, 13 va bat thuong NST gioi
tinh giy hoi chimg Down, Edwards, Patau, Turner, Klinerfelter... Théng ké cua
Téng cuc dan sb cho thiy, mdi nim Viét Nam c6 khoang gan 1,5 triéu tré em
méi duoc sinh ra, trong d6 ty 1¢ di tt bam sinh chiém khoang 1,5 - 2,0% tré sinh
song. Pang luu ¥ 14 mdi ndm co khoang 1.400 - 1.800 tré méc trisomy 21,
khoang 200 - 250 tré méc trisomy 18.



1.1.2. Hdu quad clia bit thwong nhiém sdc thé

Bit thuong NST anh huong dén it nhét 7,5% tit ca cac truong hop thu
thai, chiém 50% truong hop say thai tu nhién trong ba thang dau hoic chét
trude khi sinh. Tan suét bat thuong NST thuong gap tir 1/150 - 1/200 tré
sinh séng. Khoang 3 - 4% tit ca cac ca sinh song c6 lién quan dén da di tat
bam sinh, cham phat trlen tam than hoac ri loan di truyén, ty 1¢ tang gip
doi khi tre duge 7 - 8 tudi voi céc rdi loan di truyen xuat hién cham hoac
duoc chan doan mudn hon.

1.2. Téng quan vé mot s6 xét nghiém sang loc, chin doan trwéc sinh
phat hién bét thwong NST
1.2.1. Cdc xét nghiém sang loc trudc sinh truyén théng

- Tudi thai phu: Nguy co bat thuong NST ting theo tudi thai phu. Nhém
thai phu > 35 tubi dugc xép vao nhom c6 nguy co cao. Hién nay, khoang 15%
phu nit mang thai > 35 tudi va ty 1¢ phat hién trisomy 21 1a 50%.

- Siéu &m thai: R4t nhiéu bét thuong hinh thai thai nhi ¢ thé phat hién dugc
bang siéu 4m trong thai ky 1. Mot s6 hinh anh bat thuong vé hinh thai cua thai
nhi c6 thé huéng dén mot sb hoi chimg bat thuong NST, trong d6 do md da
gay (Nuchal translucency - NT) 1a mét chi tiéu quan trong.

- Sang loc trude sinh bang xét nghiém héa sinh tir huyét thanh thai phu

Sang loc thai ky 1 (11 - 14 tuan) ‘

Sang loc Kkét hop thai ky 1 thyc hién tr 11 - 14 tuan thai, dya trén tudi
thai, tién sir mang thai 1éch boi NST, d6 mo da gay két hop dinh luong FB-
hCG va PAPP-A trong huyét thanh thai phy, sau d6 dira vao thuat toan tinh
nguy co mic trisomy 21, 18 va 13. Ty 1& phat hién trisomy 21 1a 90% v&i
ty 1¢ duong tinh gia 1a 5%.

Sang loc thai ky 2 (15 - 22 tuan)

Sang loc thai ky 2 thuc hién tir 15 - 22 tudn thai dya trén tudi thai phu
két hop dinh lugng hCG, AFP, uE3 va Inhibin A trong huyét thanh thai
phy, sau d6 dua vao thuat toan tinh nguy co mic trisomy 21, 18 va di tat
6ng than kinh. ,

1.2.2. Cac phwong phap chdn doan truwoc sinh

- Céc phuong phap lay mau trong chan doan trude sinh

Phuong phap liy miu xam lan nhu hat dich 6i hodc lay mau gai rau anh
huéng tre tiép dén thai vaco thé gy tai bién cho thai phu (mat thai, ri 6i...).

Phuong phép lay mau khong xam lan gitp thai phu tranh dugc nguy co
mét thai. Mau mau thai phu c6 thé sir dung dé phan tich té bao thai hodc
phan tich DNA thai ty do.

- Céc ky thuét di truyén ap dung trong chan doan trudc sinh

K¥ thuat phan tich by NST lap karyotype; K§ thuat lai huynh quang tai chd
(FISH); K¥ thudt dinh lugng huynh quang PCR (QF-PCR); K¥ thuit lai so sinh
b0 gen (array CGH); K¥ thuat Prenatal BoBs (PN BoBs)



1.3. Tong quan, vé DNA thai tw do trong mau thai phu
1.3.1. Nguén goc va dic diém DNA thai tw do trong huyet twong

DNA thai tu do (cffDNA) la cac phan manh DNA ngan c6 nguon gbe tir
rau thai, cffDNA co6 thé phat hién sém tir 5 - 7 tuan thai, chiéu dai trung
binh khoang 150 - 200 bp, chiém ty 1& 10 - 20% ndng d6 DNA tu do trong
huyét trong, ndng d6 cffDNA ting theo tudi thai. Thoi gian ban hity trung
binh cta cffDNA 1a 16,3 phdt (4 - 30 phat), cffDNA khong thé phat hién
sau sinh 2 gio.

1.3.2. Cdc yéu té anh hwong dén nong dj cffDNA

Lo va cong sy di ching minh riang nong do ¢ffDNA tuong quan thuan
Vi tudi thai, twong quan nghich v6i cén nang va chi s6 khdi co thé (BMI)
thai phu. Nong d6 cffDNA cao gip 1,6 lan & thai phu mang thai déi so vo1
thai don, ting huyét ap ciing c6 thé lam giam ndng d6 cffDNA. Nong do
cffDNA tang trong trisomy 21, giam trong trisomy 18, 13, monosomy X va
thé tam boi. Mot s yeu t6 nhu tudi thai phu, g101 tinh thal do mo da gay
thai, thai phu méc tiéu duong, bénh ly tuyén giap, nhiém virus viém gan B
(HBsAg) khong anh huéng dén ndng do cffDNA.

1.3.3. Ung dung lam sang ciia cffDNA trong huyét twong thai phu

Xac dinh gidi tinh thai va chan doan bénh di truyén don gen; Xac dinh
nhom mau RhD cia thai; Dy doan nguy co tién san giat; Xét nghiém huyét
théng; Sang loc 1éch boi NST thai...

1.4. Giai trinh ty gen thé hé méi ing dung trong phén tich cffDNA
1.4.1. Nguyén Iy gidi trinh tw thé hé mdi

~ Phuong phap gidi trinh ty gen thé hé moi hoat dong dua trén nguyén ly
tong hop tuong tu nhu giai trinh tw DNA theo phuong phap Sanger, trong
d6 DNA polymerase tong hop chudi DNA bing cach st dung ANTP gin
vao dau 3’ cua chudi DNA dang tong hop theo nguyén tic bo sung. Tuy
nhién, d6i v6i giai trinh ty thé hé méi, thay vi giai trinh ty mot doan don 1€,
k¥ thudt nay cho phép giai trinh ty vdi mét lugng 16n cac doan DNA khac
nhau song song tai cting mot thoi diém, tir d6 tiét kiém thoi gian va cho
lwong dit liéu dau ra vo ciing 10n so v6i phuong phap Sanger cil.

+ Nguyén 1y giai trinh ty [llumina sir dung c6ng nghé doc trinh tu theo
nguyén 1y tong hop (Sequencing By Synthesis - SBS) két hop voi viée st
dung cac nucleotide ¢6 gan tin hiéu huynh quang va khoéa dung thuén
nghich dé doc va nhan biét trinh ty mot cach tryc tiép.

+ Nguyén ly gidi trinh tw lon Torrent hay giai trinh ty ban dan (lon
semiconductor sequencing): Xac dinh trinh tu nucleotide trong DNA thong
qua viéc phat hién tin hiéu dién do ion H+ dugc giai phong ra trong qua trinh
tong hop DNA béng cic may do pH siéu nho gin vao chip cam tng ban dan.
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1.4.2. Ung dung phwong phdp gidi trinh tw gen thé hé méi trong xét
nghié¢m NIPS

Hién tai c6 ba phuong phap khac nhau daé phén tich cffDNA dang duoc
str dung nhu: giai trinh ty song song s lwong 16n ngéu nhién toan bo bd gen
(Massive Parallel Shotgun Sequencing - MPSS), giai trinh ty chon loc hay
muc tiéu cic ving gen quan tdm bang MPS (Chromosome Selective
Sequencing - CSS) va giai trinh tu biang phén tich kiéu gen dya vao da hinh
don nucleotide (Single Nucleotide Polymorphism - SNP). Trong mdi phuong
phéap phan tich, sir dung cac thuat toan tin sinh hoc va phuong phap thong ké
khac nhau dé tinh toan nguy co 1éch boi NST.
1.4.3. Cdc nghién citu iing dung phwong phdp gidi trinh tw thé hé méi
trong phdn tich cffDNA sang loc léch boi NST trén thé gioi

Fan va cong su (2008) 1an déu tién dwa ra k¥ thuat dém dinh luong NST
trong sang loc trudc sinh phat hién léch boi NST thai tir mau mau thai phu
su dung k¥ thuat MPSS.

Tir nam 2011, nhiéu t6 chirc 16n vé san phu khoa va di truyén trén thé
giéi da khuyén cdo sir dung xét nghiém NIPS trong thai ky. Cac khuyén
c4o déu thdng nhit nén str dung xét nghiém NIPS trén ddi tuong thai phu
¢6 nguy co cao mang thai 1éch boi NST. bé xac dinh do chinh xac cua xét
nghiém NIPS, phan tich tong hop ctia Gil va cong sy nim 2015 cho théy ty
1¢ phét hién cua trisomy 21, 18, 13 va monosomy X lan lugt 1a 99,2%;
96,3%; 91,0%; 90,3% va ty 1& duong tinh gia cua trisomy 21, 18, 13 lan
luot 1a 0,09%; 0,13%; 0,13%; 0,23%. Trong nghién ciru so S&nh Xxét
nghiém NIPS so v&i xét nghiém sang loc két hop thai ky 1 (CFTS) cho
thdy xét nghiém NIPS c6 ty 1é duong tinh gia thdp hon han CFTS 13 0,1%
S0 voi 4,5%. Nghién ctiu so sanh hi€u quéa xét nghiém NIPS véi sang loc
trude sinh truyén thong trén 100.000 thai phu tai Bi, cho thdy xét nghiém
NIPS da lam giam 94,8% cac thii thuat xam lan khong can thiét, giam
90,8% ty 1¢ mat thai lién quan dén thi thuat xam I4n va ting 29,1% ty 1&
phat hién thai mac trisomy.

1.4.4. Nghién ciru vé xét nghi¢m NIPS tai Viét Nam

Tai Viét Nam, cac nghién ciru phan tich ¢ffDNA trong sang loc va chan
doén true sinh van con han ché. Nam 2010, Nguyén Thanh Thay va cong sur
dung k¥ thuat PCR 16ng phat hién cffDNA tir huyét thanh me va tng dung
trong chan doan trude sinh. Nam 2014, Triéu Tién Sang va cong sy da budc
dau xay dung duoc quy trinh tich DNA tu do, phét hién cffDNA trong huyét
twong thai phu bang ky thuat PCR. Nam 2019, Nguyén Thi Phuong Lan va
cong su str dung k¥ thuat Realtime PCR phat hién cffDNA trong huyét tuong
thai phu du bao som tién san giat.



) . Chuwong2 . )
POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Poi twong nghién ciru

Thai phu ¢6 nguy co cao mang thai 1éch boi NST do sang loc bang cac
xét nghiém trudc sinh truyen thong tai Bénh vién Phu san Ha Noi tir ndm
2016 dén nim 2019.

2.1.1. Tiéu chudn lwa chon

Nhimg thai phy mang thai don tir 10 tuan thai dugc sang loc bang cac xét
nghiém trude sinh truyén thong 6 nguy co cao mang thai léch boi NST, ¢ it
nhét mot trong nhiing tiéu chuan sau duoc chon 1am dbi twong nghién ciru:

- Tudi thai phu > 35 tudi khi sinh.

- Siéu am thai nhan thy c6 tang nguy co léch boi NST. i

- Tién str mang thai trudc c6 léch boi NST, thai chét luu, say thai nhiéu
lan. Tién sir gia dinh c6 ngudi 1éch boi NST.

- Xét nghiém sang loc trudc sinh cd nguy co cao mang thai léch boi
(nguy co trisomy 21, 18, 13 > 1/250), bao gom sang loc két hop thai ky 1
(CFTS) hodc sang loc thai ky 2 (triple test).

- Thai phu ddng ¥y tham gia nghién ctru.

2.1.2. Tiéu chudn logi triv
Nhiing thai phu sau khong dugc chon lam ddi twgng nghién ctru:

- Thai phy mang thai < 10 tuan.

- Thai phu mang da thai hodc méat mot thai trong thai doi (Vanishing Twins).

- Thai phu da thure hién phau thuét ghép tang hodc diéu tri té bao gdc.

- Thai phu duoc truyén méau trong vong 3 thang.

- Thai phu dugc cho tring, thai phu mang thai hd.

- Thai phu ¢6 1éch bdi NST, thai phu mic bénh bénh ung thu ac tinh.

- Thai phu khéng ddng ¥ tham gia nghién ctru.

2.2. Phuwong phap nghién ciru
2.2.1. Thiét ké nghién ciru

Nghién ctru mé ta cat ngang, két hop v6i dbi chiéu thyc té (tinh trang
cua tré khi sinh ra...) sau sinh 1 thang.
2.2.2. Cé méu nghién ciru

Dua theo cong thire tinh c& mau danh cho cac nghién ctru chan doan,
¢& mau ciia nghién ctru 1a 1231 thai phu du tiéu chuan va dong y tham gia
nghién clru.
2.2.3. Phwong tién nghién ciru
- May moc va dung cu

May tach chiét DNA tu dong, may quang phd phan tich chudi DNA
kép, may phan tich DNA ty dong, may PCR, may chuan bi va xir Iy mau
trén chip ban dan (Ion Chef) va may giai trinh tu gen sir dung chip ban dan
(TIon Proton), dng 1dy mau Streck BCT.



- Hoa chdt

Hoa chat tach DNA tu do, hoa chat phan tich kich thude va ndng do
DNA, hoa chit do nong do DNA chu01 kep, hoa chét tinh sach DNA su
dung tur tinh, hoéa chat chuan bi mau va nhan ban DNA, hoa chit gin
barcode DNA vao mau, hoa chit chuan bi mau trén chip ban dan, chip ban
dan str dung cho qua trinh giai trinh ty.

2.2.4. Cdc quy trinh tién hanh nghién ciru

- Quy trinh: 10ml mau toan phan thai phu duoc lay vao 6ng mau chuyén
dung Streck BCT, sau d6 tach huyet tuong, tach chiét DNA tu do. DNA tir do
s& dugc tao thu vién DNA, kiém tra chat luong thu vién DNA, chuén bj thu
vién DNA trén may Ton Chef (mau thu vién DNA duge lam giau sé duoc tu
dong nap vao chip g1a1 trinh tw Ion PI V3) va giai trinh ty trén may lon Proton.

- Phan tich ket qua Str dung thuét toan dya trén phuong phap dém SeqFF
cua YOUNGENE tng dung tich hgp trong phan mém tin sinh hoc phan tich ty
dong de tinh todn ty 1€ cffDNA trén moi mau va h¢ sO z-score cho timg NST.
Cac mau co dir liéu nhleu cao = 3,5; s6 lwong doan doc DNA thép < 2 tri¢u la
mau giai trinh tu thét bai. Cac mau co cffDNA < 3,5% s& khong tra két qua
NIPS do khong dam bao do chinh xac ciia xét nghiém.

+ Xét nghiém NIPS duong tinh véi trisomy 13, 18, 21, X: z-score > 3.

+ Truong hop thai phu mang thai nam: z-score > 3 (47,XXY), z-score <
-3 (47,XYY); Tru:ong hop thai phu mang thai nit: z-score < -3 (45,X).

- Chan doan xdc dinh doi VvGi thai phu co két qua NIPS dwong tinh: Thu
thuat xdm I4n hat dich 6i, nuoi cay té bao, 1ap karyotype nham phén tich bo
NST thai duoc thyc hién theo chuin bang G nhu 1a mot tiéu chuan vang dé
dbi chimg véi phuong phap giai trinh tw gen thé hé moi.

- Theo di thai doi vdi thai phu két qua NIPS dm tinh: Theo di thai cho
dén khi sinh tai Bénh vién Phu san Ha Noi, tré so sinh s& dugc kham ngay
sau sinh boi bac sy so sinh va theo ddi tinh trang cua tré bang dién thoai
cho san phu va gia dinh sau 1 thang.

2.2.5. Xir Iy 56 liéu

Str dung phan mém Epidata 3.1 de nhap sb ligu, phan mém STATA
14 (StataCorp - Texas 77845 USA) dé phan tich s6 liéu. Str dung tuong
quan tuyén tinh (Pearson) dé tim m01 tu’ong quan gitra 2 bién ngau nhién
lién tuc. Su dung test ANOVA 1 chiéu c6 hiéu chinh Bonferroni dé tim su
khac biét giita cac gia tri trung binh ciia nhiéu nhém. Mirc y nghia thong ké
dugc thiét 1ap khi p < 0,05.
2.3.Pao durc trong nghién ciru ciia dé tai

Nghlen ctru dugce thuc hién sau khi dé cuong dugc Hoi dong Pao dic
cua Bénh vién Phu san Ha noi thong qua theo quyet dinh s6 09/PSHN -
HPDD. Cac dbi tuong nghién ciru cam két dong y tham gia nghlen cuu,
nhom thai phu két qua NIPS duong tinh dugc mién phi thi thuat xam lan
va xét nghiém karyotype, dugc bao mat thong tin.



2.4. So' dd nghién ctru
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rudi shai phu Eér
gud
H

l Lay 10mL mdu fink mach

Xét nghiém NIPS béng’phu’m.lg phap MPSS: : e §
= Tach huyét twwong sia dinh ¢6 1éch b4 NST
= Tach DNA tywrdo
* Chuén bi thir vién
* Giaitrinhtie

Loai khoi nghién ciru nhitng thai phu cé néng
g6 ¢ffDNA thap va gidi trink nr thar bar

| Thai phu dua tiéu chuan nghién ciru |

| Phdén tich két qud diea vao diém z-score

Thai phu nguy co cao mang thai Thai phu nguy co thiap mang thai
léechbsi NST 21, 18, 13, X, Y léch bsi NST 21, 18, 13, X, Y
Xeét nghiém karyotype Theo d&i thai dén khi
tir tudn 16 sink, kham sau sinh boi

BS so sinh, theo d&i tfini
trang cla tré bang dién
thoai cho gia dinh sdn
phusau I thdang

! l ! ]

Thailéch bdi NST Thai khéng 1éch béi Thailéch bor NST
21.18.13.X. Y NST21.18.13,. XY 21,18, 13. X, Y
Két huan

Phan tich két qua nghién cvmu:
Panh gia gia tri ena phuwrong phap giai trinh tir gen thé hé mdéi

So do 2.1. So' db nghién ciru

. Chuwong 3 .
KET QUA NGHIEN CUU

31 Ung dung phwong phap giii trinh tw gen thé hé¢ méi phat hién léch

bdi NST 21, 18, 13, X, Y biing DNA ty do trong mau thai phu

3.1.1. Bdc diém chung ciza nhom nghién creu

Bang 3.1. Pdc diém chung cia nhém nghién cizu
Pic diém Gia tri

Tuoi me trung binh (nadm) 34,3+ 5,7 (17-47)

Tudi thai trung binh (tuan) 15,2 + 3,1 (10-30)

10-13 tuan 6 ngay (n, %) 468 (38,02%)

14-20 tuan 6 ngay (n, %) 704 (57,19%)

>21 tuan (n, %) 59 (4,79%)

Nghién ciu tién hanh trén 1231 thai phy c6 tudi trung binh 1a 34,3

5,7 tudi. Tudi thai trung binh trung binh 12 15,2 + 3,1 tuan. Tudi thai tir 10 -

20 tuan 6 ngay chiém ty Ié cao 13 95,21%.
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Bdng 3.2. Yéu té nguy co cia thai phu lam xét nghiém NIPS

Yéu t6 nguy co S0 wgng
n Tong %
Tudi thai phu > 35 tudi 694 1231 56,4
Siéu 4m bt thudng 123 1231 10,0
Sang loc HT nguy co cao 814 1231 66,1
Tién str 95 1231 7,7
> 1 yéu t nguy co 467 1231 37,9

1231 thai phu c6 cic yéu té nguy co dugc chi dinh lam xét nghiém
NIPS. Trong do, sang loc bang huyét thanh me nguy co cao chiém ty 1¢ cao
nhét 13 66,1%, tiép theo 1a nhom thai phu tudi > 35 tudi chiém ty 1& 56,4%,
thai phu c6 két qua siéu am bat thuong chiém ty 16 10%. Nhém thai phu c6
tién sir sinh con bat thuong NST hoic sir dung thude trudce hay trong qua
trinh mang thai, tién str sdy thai, thai chét Iuru nhiéu lan, tién st gia dinh c6
nguoi 16ch boi NST chiém ty 16 thap nhat 1a 7,7%.

3.1.2. Két qud tich chiét DNA tw do va tao thuw vién DNA
Bdng 3.1. Néng do DNA tw do va néng do thuw vien DNA

Nong dd (ng/pL) n X +SD Min-Max | 95% CI
DNA tu do 1231 4,37+1,17 2,24-11,7 | 4,36-4,38
DNA thu vién 1231 293+168 | 0,051-18,6 | 2,92-2,94

Nong d6 DNA ty do trung binh 1a 4,37 + 1,17ng/uL (95% CI: 4,36 -
4,38ng/uL) véi dao dong tir 2,24 - 11,7ng/uL. Nong do thu vién DNA tu do
trung binh thu duoc sau bude chuan bi thu vién 1a 2,93 + 1,68ng/uL (95% Cl:
2,92 - 2,94ng/uL) v6i dao dong tir 0,051 - 18,6ng/uL.

3.1.2. Két qud chét lwong gidi trinh tw

TF.1 171,244 89%
Hinh 3.1. Hiéu qud nap mau vdo cth gidi trinh tw
Hinh 3.1 minh hoa két qua giai trinh tyr trén 1 chip: DNA thu vién sau
khi duoc gan 1én bé mat hat ISP (lon Sphere Particle) s& duoc nhan ban va
nap vao chip giai trinh ty.
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Bdng 3.2. Két qua chat lirong ISP trén chip gidi trinh tw

Két qua giai trinh tu n(chip) | X +sp | Min-Max | 95% ClI

Tong s6 base (Gb) 115 13,316,9 74-156 | 12,1-14,9

Mat d¢ ISP nap vao giéng (%) | 115 88,5+4,8 72,0-94,0 88,0-89,8

ISP co trén 1 loai DNA (%) 115 31,0£3,3 26,0-50,0 30,4-31,7

Trinh ty kém chat lugng (%) 115 12,848,5 3,0-48,0 10,4-13,6

ISP dat chat lugng (%) 115 60,6£5,8 40,0-69,0 59,6-61,8

S0 lugng giéng co hat ISP (triéu) 115 78,9+ 10,8 46,6-95,9 77,0-80,8

Keét qua giai trinh tu trén hé thong Ion Torrent sir dung Ion PI Chip V3, cho
thay luong dir liéu thd sau gii trinh tw dao dong tir 7,4 - 15,6Gb, trung binh dat
duoc 13,3 +6,9Gb (95% Cl, 12,1 - 14,9Gb). Mat d6 hat ISP nap vao cac giéng
dao dong tir 72,0 - 94,0%, trung binh dat 88,5 + 4,8% (95% ClI, 88,0 - 89,8%).
Két quéa chét lugng hat ISP cho thdy xéc suét hinh thanh hat ISP ¢6 trén 1 loai
DNA (polyclonal) 1a 31,0% va cac trinh tir kém chat lugng (low quality) 1a
12,8%. Hat ISP dat chét lwong chiém ty 1& trung binh 60,6 + 5,8%, dao dong
trong khoang 40,0 - 69,0%, tuong duong khoang 78,9 + 10,8 triéu giéng hay
doan doc DNA.

3.1.3. Ty I¢ thit bai ciia xét nghiém NIPS
Bdng 3.3. Ty I¢ that bai cua ciia xét nghiém NIPS

Nguyén nhan Lan 1 5 Lan 2
n % n %
Nong do cffDNA thip 47/1249 | 3,76 | 17/1249 1,36
Dit liéu nhiéu cao 4/1249 0,32 1/1249 0,08
S6 lwong trinh tu duy nhat thap 4/1249 0,32 0/1249 0
Téng 55/1249 | 44 | 18/1249

Ty 1¢ that bai cta xét nghiém NIPS trong nghién ciru 1a 1,44%, trong d6 nong
d6 cffDNA thap chiém 1,36% (47 mau lan 1 c6 nong do cffDNA dao dong tir 0,85
- 3,44% déu duogc lay mau lai 1an 2, két qua c6 17 mau van c¢6 ndng d6 cfiDNA
théip dao dong tir 1,7 - 3,27%, 30 mau thanh cong c6 néng d6 cffDNA dao dong tir
3,74 - 8,77%). Nguyén nhan gii trinh tu thit bai do dit liéu giai trinh tw nhidu cao
sau giai trinh tyr 1an 2 (dir liéu nhidu cao > 3,5) chiém ty 18 0,08%.
3.1.4. Két qud gidi trinh tw

Bang 3.4. Két qua gidi trinh tw

Dic diém X +SD (n=1231) Min - Max 95% CI
Nong dd cffDNA (%) 7,793,04 3,51-2459 | 7,62-7,96
URs (tri¢u) 4,4+1,1 2,0+17,7 4,345
DN (dit li¢u nhiéu) 0,38+1,09 (-2,31)-3,47 | 0,32-0,44

St dung thuat toan SeqFF ctia Youngene Patent (Dai Loan) tinh nong
do cffDNA cho thay nong do cffDNA trung binh trén 1 mau la 7,79 +




11

3,04%, dao dong trong khoang 3,51 - 24,59% (95% Cl, 7,62 - 7,96%). Sb
lwong trinh tw duy nhat (URs) trén mdi mau 1a 4,4 + 1,1 triéu, dao dong
trong khoang 2,0 - 17,7 tri€u (95% CI, 4,34 - 4,46 tri¢u). Dit li¢u nhiéu giai
trinh tw (DN - Data Noise) trung binh mau 14 0,38 + 1,09, dao dong trong
khoang tir -2,31 - 3,47 (95% Cl, 0,32 - 0,44).

Bdng 3.5. Két qua diém z-score NST 21, 18, 13, X

z-score NST21 | NST18 | NST 13 | NST X
Khong 1éch bdi (max) 2,57 2.8 2,77 2,9
Khong 1éch bdi (min) -4,59 -3,12 -3,99 2,9
Léch boi (max) 20,34 31,26 | 11,22 | 9,963
Léch boi (min) 3,19 3,53 3,22 -8,41

Két qui gidi trinh tr cho thay c6 59 mau léch boi NST, diém z-score
trisomy 13 (n = 5) dao dong tir 3,22 - 11,22. Diém z-score trisomy 18 (n = 15)
dao dong tir 3,53 - 31,26. Diém z-score trisomy 21 (n = 30) dao dong tir 3,19 -
20,34. Diém z-score cla monosomy X (n = 4) dao dong tir - 8,41 dén - 3,52,
diém z-score cua 47,XXY (n = 3) dao dong tir 4,05 dén 5,08, diém z-score clia
47 XYY 14 - 4,08(n=1), diém z-score ctia 47,XXX 14 9,963 (n = 1).

3.2. Xac dinh ty 1€ 1éch bdi NST 21, 18, 13, X, Y va danh gia gia tri cia
phwong phap giai trinh ty gen thé h¢ méi sir dung DNA thai tw do
trong huyét twong thai phu
3.3.1. Ty I¢ léch bgi NST sau gidi trinh tw

Bdng 3.6. Két qua NIPS

A 5 So lu’g’ng
Ket qua NIPS n %
Am tinh 1172 95,21
Duong tinh 59 4,79
Tong 1231 100

Bang 3.7. Ty I¢ léch boi NST sau gidi trinh tu

J . So lwong
Keét qua NIPS = %
Trisomy 21 30 50,8
Trisomy 18 15 25,4
Trisomy 13 5 8,5
Monosomy X 4 6,8
47 XXY 3 51
47 XYY 1 1,7
Trisomy X 1 1,7
Tong s6 59 100

Gidi trinh tyr 1231 mau méu thai phy phat hién 59 mau c6 két qua NIPS duong tinh
chiém ty 16 4,79%, 1172 mau c6 két qua NIPS am tinh chiém ty 18 95,21%.
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59 mau NIPS duong tinh 6 30 mau duong tinh voi trisomy 21 chlem ty 1é
cao nhit la 50,8%; tiep theo la 15 mau duong tinh véi trisomy 18 chiém ty 1¢
25,4%; 5 mau duong tinh véi trisomy 13 chiém ty 1¢ 8,5%. Léch boi NST gidi
tinh chlem ty 1€ 15,3% (trong do 6,8% mau duong tinh véi monosomy X;
5,1% mau duong tinh vdi 47,XXY; 1,7% mau duong tinh véi 47,XYY va
1,7% mau duorng tinh véi 47,XXX).

3.3.2. Gid tri nong do cffDNA trong xét nghiém NIPS
3.3.2.1. Nong dé cffDNA va tuéi thai

R4

r:0,0993 * r:0,2753

p:0,0348 *

Call fotal Fraction DNA (%)
15 0

10

5

10 15 20 25 30
Tudi Thai

* Dudi 21 tuhn Fitted values
& Trén 21 tin Fitted values

Biéu do 3.1. Nong dg cffDNA va tudi thai

Nong do cffDNA tang nhe ¢ nhom thai phu c6 tubi thai tir 10 - 20 tudn 6
ngay, tim thady moi twong quan thuén c6 y nghia thong ké gitta nong do
cffDNA va tudi thai tur 10 - 20 tuén 6 ngay v6i p = 0,0007. Nhom thai phu c6
tudi thai > 21 tuan, qnéng do cffDNA ty 1¢ thuén voi tudi thai, nong do cffDNA
tang nhanh theo tudi thai, tim thay moi tuong quan thuén c6 ¥ nghia thong ké
gilra nong d cffDNA va tudi thai > 21 tuan véi p = 0,0348.
3.3.2.2. Nong @6 cffDNA va can ndng, BMI thai phu

r:-0,1604 b ri-0,1512
a p: 0,000 . p: 0,000

0
0

15

Celfetal fracion DNA
Cell fetal fraction DNA (%)

10

100 10

Biéu do 3.2. Nong d¢ cffDNA va can nang,BMI thai phy
Nong d6 cffDNA ty 1¢ nghich V61 can nang, BMI thai phy, nong do
cffDNA giam khi BMI téng, tim thay su khéc bi€t c6 ¥ nghia thong ké gitra
nong d6 cffDNA va can nang, BMI véi p = 0,000.
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3.3.2.3. Nong dé cffDNA va trisomy 21,18
pn,.m—|

- .

_ Biéud63.3.Nong dj cffDNA va trisomy 21,18
20 mau c6 két qua NIPS dwong tinh véi trisomy 21 va 07 mau duong
tinh véi trisomy 18 ¢ tudi thai tir 10 - 20 tudn 6 ngay, trong d6 nong do
cffDNA & nhom NIPS duong tinh trisomy 21 va trisomy 18 lan luot 1a:
12,55% va 10,55% cao hon c¢6 ¥ nghia théng ké so voi nhom NIPS am tinh
¢6 ndng d6 cffDNA 1 7,5% (p = 0,000 va p = 0,011).
3.3.2.4. Nong dé cffDNA va z-score ciia NST 21, 18, 13, X

]

|
|

10

el el focion DNA %
1 «
).....

.
Fitted values

Biéu do 3.4. Nong do cffDNA va z-score NST 21, 18, 13, X

Nghién ctru phat hién mdi twong quan thuin c6 y nghia giita ndng do
cffDNA va z-score trong nhom trisomy 21, 18, 13, p < 0,001. Phat hién mbi
twong quan nghich ¢6 y nghia thong ké gitta ndng do cfiDNA va z-score
truong hop monosomy X véi p < 0,001. Khong tim thiy mdi twong quan c6 ¥
nghia thng ké giita ndng do cffDNA va z-score trudng hop 47,XXY, p > 0,05.
Khéng tim thdy mdi twong quan ¢ ¥ nghia théng ké giita ndng d6 cFFDNA va
z-score truong hop NIPS &m tinh NST 13, 18, 21, X, p > 0,05.
3.3.3. Két qud phan tich NST trén méu cé két qud NIPS duwong tinh

59 miu NIPS duong tinh duoc chi dinh thi thuat xdm 14n hat dich 6i, phan
tich bo NST bang phuong phap di truyén té bao, phan tich bo NST lap
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karyotype. Két qua c6 8 miu c6 két qua bo NST ¢6 sb lwong va ciu tric binh
thuong va 51 miu c6 két qua 1éch boi NST, trong d6: 29 miu trisomy 21 thuin
va 01 mau trisomy 21 kham (mos 47,XX,+21[8]/46,XX[72]); 12 mAu trisomy
18 thuan va 01 mau chuyén doan khong can bang gitta NST 18 va NST 21 tao
ra trisomy nhanh dai NST 18, [46,XX,der(21)t(18;21)(p11;q11)]; 02 mau
trisomy 13 thuan, 01 mau monosomy X va 01 miu dot bién ciu trac gay
thiéu hut cac gen can thiét trén nhanh dai NST X [46,X,i(Xq)]; 02 miu
47, XXY; 01 mau 47,XYY va 01 mau 47, XXX.

3.3.4. Gid tri ciia xét nghi¢gm NIPS trong sang loc léch bgi NST

Bdng 3.8. Gia tri xet nghiém NIPS

NIPS T 18 % (95% CI) Ty 18
(+) Se Sp PPV NPV mic %

T21, 18, 100,0 99,6 90,0 100,0 365

13 (92,1-100,0) | (99,0-99,9) | (78,2-96,7) (100,0-100,0) :
83,3 99,8 62,5 99,9

SCAs (35,9-99,6) (99,3-99,9) | (24,5-915) (99,5-100,0) 0,41

Téng 99,8 99,3 86,2 99,9 406
(89,6-100,0) | (98,7-99,7) | (74,6-93,9) (99,5-100,0) :

Ghi cha: Trisomy: T; Se: dé nhay; Sp: dé ddc hiéu; PPV: Gia tri tién dodn duwong;
NPV: gia tri tién doan am; .Léch bgi NST gioi tinh: SCAs.

D6 nhay cho trisomy 21, 18, 13 va SCAs 1a 100,0% (95% CI: 92,1 - 100,0%)
va 83,3% (95% CI: 35,9 - 99,6). D6 nhay chung 13 99,8% (95% CI: 89,6 -
100,0%). B dac hiéu cho trisomy 21, 18, 13 1a 99,6% (95% CI. 99,0 - 99,9%),
léch boi NST gidi tinh 99,8% (95% CI: 99,3 - 99,9%). Do dac hiéu chung la
99,3% (95% CI: 98,7 - 99,7%). Gia tri tién doan duong trisomy 21, 18, 13 va
léch bdi NST gidi tinh 1a 90,0% (95% CI: 78,2 - 96,7%) va 62,5 % (95% CI:
24,5 - 91,5%). Gia tri tién doan duong chung 1a 86,2 % (95% CI: 74,6 - 93,9%).
Gia tri ti€én doan am trisomy 21, 18, 13 va léch bdi NST gidi tinh la 100,0%
(95% CI: 100,0 - 100,0%) va 99,9 % (95% Cl: 99,5 - 100,0%). Gia tri tién doan
am chung 1a 99,9% (95% CI: 99,5 - 100,0%). Ty 1€ mac trisomy 21, 18, 13 va
léch bdi NST gidi tinh 13 3,65% va 0,41%. Ty 1€ mac 1éch boi chung 1a 4,06%.

Bang 3.9. Két qua NIPS dirong tinh véi trisomy 21, 18, 13
NIPS Ty 1€ % (95% CI) Ty 1€
() Se Sp PPV NPV mic %

T21 100 (88-100) | 100 (100-100) | 100 (88-100) | 100 (100-100) 2,44

T18 100 (75-100) | 99,8 (99-100) | 87 (60-98) 100 (100-100) 1,05

T13 100 (16-100 99,8 (99-100) 40 (5-85) 100 (100-100) 0,16

Téng | 100 (92,1-100) | 99,6 (99-99,9) | 90(78,2-96,7) | 100 (100-100) 3,65
Ghi cha: Trisomy: T; Se: dé nhay, Sp: do ddc hiéu; PPV: Gid tri tién dodn duong; NPV: gid
tri tién doadn dm.
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Két qua xét nghlem karyotype phat hi¢n 45 mau NIPS duong tinh that va 5
mau duong tinh gia (2 mau trisomy 18 va 3 méu trisomy 13, két qua xét nghiém
karyotype binh thuong). B nhay cho trisomy 21 la 100% (95% Cl: 88 - 100%),
trisomy 18 la 100% (95% CI: 75 - 100%), trisomy 13 la 100% (95% CI: 16 -
100%). B¢ nhay chung cho cé 3 loai trisomy 1a 100% (95% CI: 92,1 - 100%)
Do déac hiéu cho trisomy 21 la 100% (95% Cl: 100 - 100%), trisomy 18 va 13
déu 1a 99,8%. Do dic hiéu chung cho ca 3 loai trisomy 1a 99,6% (95% CI: 99 -
99,9%). Gia tri tién doan dwong tinh cao nhat 13 trisomy 21 chiém 100% (95%
Cl: 88 - 100%), tlep theo 1a trisomy 18 chiém 87% (95% CI: 60 - 98%), thap
nhat 13 trisomy 13 chiém 40% (95% CI: 5 - 85%). Gia tri tién doan dwong cho ca
3 loai trisomy 1a 90% (95% CI: 78,2 - 96,7%). Gia tri tién doan am cho ca 3 loai
trisomy 21, 18, 13 1a 100% (95% Cl: 99,7 - 100%). Ty 1¢ mac trisomy 21, 18, 13
1an Tuot 1a 2,44%; 1,05%; 0,16%; ty 1€ méc trisomy 21, 18, 13 chung 1a 3, 65%

Bdng 3.10. Két qua NIPS dwong tinh véi lech boi NST gioi tinh

NIPS TY 1 % (95% CI)

+) Se Sp PPV NPV
4o 100,0 99,8 50,0 1000

: (15.8-100,0) (99,4-100,0) (6,76-93.2) (99,7-100,0)
o0y 100,0 99,9 66,7 1000

* (15.8-100,0) (99,5-100,0) (9,43-99,2) (99,7-100,0)
0,0 99,9 0,0 99,9

ATXYY (0,0-97,5) (99,5-100,0) (0,0-97,5) (99,5-100,0)
P 100,0 1000 1000 1000

’ (2,5-100,0) (99,7-100,0) (2,5-100,0) (99,7-100,0)
Tong 833 99,8 625 99,9

(35,9-09,6) (99,3-09,9) (24,5-91,5) (99,5-100)

Ghi chii: Se: do nhay; Sp: do dac hi¢u; PPV: Gia tri tién doan dwong; NPV: gia tri tién doan am.

Két qua xét nghiém karyotype phét hién 5 mau NIPS duong tinh that, 3
mau duong tinh gia (2 mau duong tinh gia véi monosomy X va 1 mau duong
tinh gia véi 47,XYY, két qua karyotype binh thuong) va 1 mau am tinh gia (1
mau duong tinh véi 47,XXY, két qua karyotype 1a 47,XYY). Do nhay cho
45X va 47, XXY la 100,0% (95% CI: 15,8 - 100,0%), 47,XYY la 0,0% (95%
Cl: 0,0 - 97,5%), 47, XXX 1a 100,0% (95% CI: 2,5 - 100,0%). B¢ nhay chung
cho SCAs la 83,3% (95% ClI: 35,9 - 99,6). D6 dac hiéu cho 45,X la 99,8%
(95% CI: 99,4 - 100,0%), 47,XXY va 47,XYY la 99,9% (95% CI: 99,5 -
100,0%), 47,XXX la 100,0% (95% CI: 99,7 - 100,0%). D6 dic hiéu chung cho
SCAs 12 99,8% (95% Cl: 99,3 - 99,9%). Gia tri tién doan duong 47, XYY thap
nhét chiém 0,0% (95% CI: 0,0 - 97,5%), tiép theo 1a 45,X chiém 50% (95%
Cl: 6,76 - 93,2%), 47,XXY chiém 66,7% (95% CI: 9,43 - 99,2%), cao nhit la
47,XXX chiém 100% (95% CI: 2,5 - 100%). Gia tri tién doan duong cho
SCAs 1a 62,5 % (95% CI: 24,5 - 91,5%). Gia tri tién doan &m cho 45,X;
47 XXY; 47,XXX la 100,0% (95% ClI: 99,7 - 100,0%) va 47, XYY la 99,9%
(95% CI: 99,5 - 100,0%). Gia tri tién doan &m cho SCAs 1a 99,9 % (95% CI:
99,5 - 100,0%).
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3.3.5. Xét nghi¢m NIPS dwa trén yéu té nguy co
Bdng 3.11. Gid tri tién dodn dwong NIPS trén tirng yéu té nguy co

Pic dié n % NIPS (+) Karyotype 95% CI
ac dem 7 TP | FP PPV%
Tudi 694 (56,4%) | 25(3,6%) | 20 | 05 | 80,0(59,3-93,2)

SLHT 814 (66,1%) | 16 (2%) 12 | 04 | 75,0(47,6-92,7)

Siéu &m 123 (10%) 23 (18,7%) 22 01 95,7 (78,1-99,9)
>1YTNC | 467 (37,9%) | 23(49%) | 21 | 02 | 91,3(72-98,9)
Ghi chit: SLHT: sdng loc huyét thanh thai phu; YINC: Yéu t6 nguy co; TP: duong tinh thit;
FP: duong tinh gia; PPV: Gia tri tién doan dwong

Két qua NIPS duong tinh do siéu 4m hinh thai bat thuong chiém ty 1¢

cao nhét 1a 18,7%, gia tri tién doan duong tinh chiém ty 1¢ cao nhat 1a
95,7%. Tiép theo 1a két qua NIPS duong tinh do cé trén 1 yéu té nguy co
chiém ty 1& 4,9%, gia tri tién doan dwong tinh chlrem ty 16 91,3%. Két
qua NIPS duong tinh do tudi thai phu chiém ty 1€ thap l1a 3,6%, gia tri tién
doan duong tinh do tu6i thai phu chiém ty 1¢ 80%. K&t qua NIPS duong
tinh do sang loc huyet thanh chiem ty 1¢ thap nhat 2%, gid tri tién doan
duong tinh do sang loc huyét thanh chiém ty 1€ thap nhat 1a 75%.
3.3.7. Két qud NIPS dwong tinh lién quan dén siéu am bét thuong
Bdng 3.12. NIPS dwong tinh lién quan dén a6 mo da gdy

NIPS (n, %) < p
NT (mm) - Tong (n, %) )
Duwong tinh Am tinh (y° test)
<2 18 (2,5%) 710 (97,5%) | 728 (100,0%)
2-29 04 (5,3%) 71 (94,7%) 75 (100,0%) 0,000
3-39 05 (25,0%) 15 (75,0%) 20 (100,0%) '
4-58 04 (57,1%) 03 (42,9%) 07 (100,0%)
Tdong 31(3,7%) 799 (96,3%) | 830 (100,0%)

Ghi cht:NT: dg mo da gday

Téng sO 830 mau c6 két qua siéu am d6 mo da gay (NT) phat hién 31
mau NIPS dwong tinh chiém ty 1€ 3,7%, trong do thai phy ¢6 NT > 4mm ¢6
két qua NIPS duong tinh chiém ty 1& cao nhat 1a 57,1%. Tiép theo la thai
phu c6 NT tir 3 - 3,9mm c6 két qua NIPS duong tinh chiém ty 1¢ 25%. Thai
phu ¢6 NT < 3mm cé két qua NIPS duong tinh chiém ty 1 thap nhat la
7,8%. Su khéc biét vé ty 16 NIPS dwong tinh gitra c&c nhém co kich thudc
NT khéc nhau 1a ¢6 y nghia thong ké véi p = 0,000.

3.3.8. Két qud NIPS dwong tinh lién quan dén sang loc huyét thanh
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Bang 3.13. NIPS diwong tinh lién quan dén sang loc huyét thanh

NIPS x p
SLHT Duwong tinh Am tinh Tong (o test)
>1/10 03 (27,3%) 08 (72,7%) 11 (100%)
1/11 - 1/50 04 (3,3%) 116 (96,7%) | 120 (100%) 0.000
1/51 - 1/100 01 (0,5%) 205 (99,5%) | 206 (100%) ’
1/101 - 1/250 01 (0,2%) 461 (99,8%) | 462 (100%)
Téng 14 (1,75%) 785 (98,25%) | 799 (100%)

Ghi chii: SLHT: sang loc huyét thanh thai phu

Trong s6 814 méu c6 két qua sang loc huyét thanh thai phyu nguy co cao
¢6 799 mau nguy co cao trisomy 21, trong d6 két qua xét nghiém NIPS duong
tinh chiém ty 1& 1,75%, trong d6 mau c6 nguy co cao > 1/10 chiém ty 1é cao
nhét 1a 27,3%, tiép theo 1a mau c6 nguy co cao tir 1/11 - 1/50 chiém ty 1& 3,3%.
Mau c6 nguy co cao trong khoang 1/51 dén 1/250 chiém ty 18 thap 12 0,7%. Su
khéc biét vé ty 16 xét nghiémNIPS duong tinh giira cac nhom sang loc huyét
thanh nguy co cao 14 ¢6 y nghia théng ké véi p = 0,000.
3.3.6. Két qud nghién ciru

| 1249 thai phu nguy co cao léch boi NST*

* Thai phu nguy co sao
| léch bgi NST. bao_gom
1uGi thai phu = 35 méi. ket

ng lpc muge sinh

| Xét nghiém NTPS bing phwong phip MPSS

thing nguy ce cae,
| siéu dm_ bar thucimg hinh
shdi__rién i that phy va

Logi khdi nghién ciru 18 thai
phn c6 néng @6 cfDNA thip vé
giai trinh tie that bai

gia dinh o6 léch bgi NST

| 1231 thai phu 41 tiéu :hua:nnghlén ctu |

Phén tich két qud diea vao diém z-score

|

Thai phu xét nghiém NIPS duong tinh (n =59); Thai phu xét nghiém NIPS 4m tinh léch béi
Trisomy 21 (n = 30) 45X (m=4) NST21,18,13, X, Y(n=1172)
Trisomy 18 (n =15) 47.XXY (n=3)

Trsomy 13 (n=13) 47.XYY n=1)
TrisomyX (n=1)
Theo dbi that
JE S ———— dén kb sinh
Thai léch béi NST (n = 51); Thai khéng léch Thai khéng phat Thai tam béi
Trisomy 21 (n=30) boi NST 21, 18, hién léch béi m=1)
Trisomy 18 m=13) 13.X.Y(n=8) NST21,18,13,
Trisomy 13 n=2) X.Y(=1171)
45X m=2)
47, XXY n=2) Khdm sau sinh boi BS so sinh, theo dbi
47.XYY m=1) tinh trang cha tré bing dién thoai cho
Trisomy X =1) gia dinh sin phu san 1 thing

1

Tre khéng phat hiénléch béi NST 21, 18,13, X, Y (n = 1179)

l Kot Iugn

Xétnghiém NIPS siz dung NGS c6 d6 nhay, 46 dichiéu, gid tri
tién dodn dwong cao cho NST 21, l&thiphml cho NST 13 vi 1éch
oI NST gidi tinh

So d6 3.1. So do tom tdt két qua nghién ciiu




18

Chuong 4: BAN LUAN

Nghlen ctru duoc thyc hién trén 1231 thal phu c6 nguy co cao mang
thai mac trisomy 21, 18 va 13 do sang loc bang cac xét nghiém trude sinh
truyen thong. Cac ddi twong nghién ciru dugc lva chon dung theo cac tiéu
chuin da duoc dua ra trong, phan dbi tuong va phuong phéap nghién ctru.
Thai phu c6 tudi trén 35 tu01 chlem ty 1& cao. Tudi thai trung binh trong
nghién ctru 1a 15 - 16 tuan, tudi thai trong khoang 14 - 20 tuan 6 ngay
chiém da s6. Bbi tugng thai phu duoc Iya chon vao nghién ciru hoan toan
phu hop voi nghién ctru cia McCullough va cong su. Cho dén nay, tat ca
céc cac hi¢p hoi lién quan dén chuyen nganh sin phu khoa trén thé gidi déu
¢6 su théng nhit ring phan tich nong do cffDNA tir huyét trong thai phu
st dung phuong phiap MPSS hodc CSS hodc SNPs 1a xét nghlem t6t nhét
sang loc 1éch boi NST thai. Trong cac phuong phap tiép can, hang tri¢u
doan DNA ngén dugc dugce giai trinh tu ddng thoi, khop, 1ap ban do va so
sanh voi trinh tu chuin bo gen nguoi (hgl9) su dung cac thuat toan khac
nhau de co the phat hi¢n bat ky mot su thay d6i nho nao, gay ra 1éch boi
NST. Hau hét cffDNA trong huyét twong thai phu c6 nguon goc tir t& bao
rau thai, trong khi d6 ty 1¢ 16n DNA tu do cua thai phu c6 nguon gbc tir cac
té bao mau. Van dé dang lo ngal nhét trong thu nhan mau mau tir thai phu
la sy gia ting cac DNA tu do cua thai phu sau khi lay méu do thodi hoa cac
té bao bach cau, dan dén giam nong do cffDNA. Nghién cuu su dung ong
chuyen dung Streck BCTs chira chat khang dong la K3EDTA va cac chat
bdo quan c6 hi¢u qua gitp kéo dai thoi glan xtr Iy huyét twong, van chuyen
mau trong dleu kién nhi¢t do phong va gitip ngdn chén sy thodi hoa céc te
bao bach cau. Sir dung hé thong tu dong tach chiét DNA tu do cho thay
nong do DNA dao dong trong khodng 2,24 - 11,7ng/uL, cao hon hén so véi
cac phu’Ung phap tach chiét DNA tu do bang tay. Dleu nay cling hoan toan
phu hop v6i nghién ciru ctia Houfflin-Debarge. Két qua tao thu vién DNA
va kiém tra chat luong thu vién DNA cho thay khoang 80% kich thude thu
vién ph1‘1 hop véi chiéu dai doan DNA tu do. Trong giai doan toi wu quy
trinh gii trinh tu Jrong nghién ctru, DNA thu vién gan ma vach da dugc
pha loang theo nong do 55pM cho thy higu qua toi uu nhét cho ty 1€
polyclonal thip hon so véi cac ndng do khac. He thdng giai trinh ty gen thé
hé mai lon Torrent sit dung chip ban dan dém proton (ion H*). Mau thu
vién DNA dugc nhan ban trong mdi truong emulsion PCR (ePCR) c6 cac
thanh phan cua phan ing PCR va hat ISP (Ion Sphere Particle), bé mit cac
hat ISP ¢6 phu hang tri¢u cac adapter co thé bat cap bd sung véi adapter
P1. Trong diéu kién t6i wu, 1 giot ddu moi truong ePCR chi chira | hat ISP
va 1 doan thu vien DNA. DNA thu vién sau khi duoc gan lén bé mat hat
ISP s€ dugc khuéch dai va nap vao chip giai trinh tuy, Chat luong nap mau
nap vao chip giai trinh ty duoc biéu thi bang biéu do nhiét, mau sac cang
cang d6 cho thdy mat do hat ISP duoc nap vao giéng cang cao. Trong
nghién clru, thuc hién 102 lan glal trinh tw v6i 115 chip (m01 lan g1a1 trinh
tur tir 1 dén 2 chip, véi s6 mau toi da 13 14 mau/1 chip), két qua giai trinh ty
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cho thay mét d6 hat ISP trung binh nap vao chip dat 88,5%, thép nhét 1a
72% van dat ti€u chuan Khoang 60,6 + 5,8% hat ISP dat chat luong (twong
duong 78,9 tridu giéng hay doan doc DNA) trung binh c6 5,86 triéu lan
doc DNA tho trén mot mau, chidu dai trung binh doan doc DNA 1a 161bp,
tuong du:ong v6i kich thuée DNA ty do trong huyét twong da dugc béo cao
boi Lo va cong sy. Thuat toan TMAP (Torrent Mapping Alignment
Program) duoc chung minh la 1 trong 2 thudt toan tot nhat dé phat hién
1&ch bdi NST thai st dung cong nghé g1a1 trinh ty ban dan. Toan bo trinh ty
doan doc DNA dugc khép va so sanh véi trinh tu hg19 str dung thuét toan
TMAP. Két qua dir liéu nghlen ctru cho thay 99,6% cac doan doc DNA sip
xép vao trinh ty hgl9 voi chleu dai trung binh khoang 160,5bp, tuong
duong voi vung khao sat khi klem tra chat luong thu vién, cac doan doc
DNA ¢6 kich thude ngan s& co diém chinh xac gin cao. Diém chinh xac
tiép tuc duy tri ddi voi cac doan doc DNA ¢6 do dai duéi 180bp (dat 98,8%
d6 chinh xac). Trong tong sb doan doc DNA c6 kha ning sdp xép vao hg19
thi cac doan doc DNA dat chat luong AQ17 va AQ20 chlem ty I¢ cao,
ching t6 qua trinh giai trinh giai trinh ty dat yéu cau vé chat lwong. Trong
nghién ciru, ty 1¢ that bai _chung cta xét nghiém NIPS la 1,44%, trong, do
1,36% nguyén nhan do ndng d¢ cffDNA thép. Yeu t6 chinh dan dén nong
do cffDNA thip 1a do thai phu béo phi hodc kh01 luong rau thai nho vi lay
miu & tudi thai sém trudc 10 tudn hodc ca 2 yéu t trén. Nong do cffDNA
thép con c6 thé do thai méc trlsorny 18, trisomy 13, monosomy X va thé
tam boi (tr1p101dy) Két qua nghlen ctru phu hgp véi nghién ciru cua
McCullloughet va cong su bdo céao ty 1& that bai 1a 1,3% khi sir dung
phuong phap MPSS, ket qua tuong dong véi nghlen cliu danh gia ty 1¢ that
bai tir cdc phuong phdp giai trinh tw, véi MPSS c6 ty 1€ that bai thap nhat la
1,58%, tiép theo la CSS la 3,56% va cao nhét 1a 6,39% v&i SNPs. Mot sb
phong xét nghiém tu van nén lap lai xét nghiém NIPS trong trudng hop
that bai, tuy nhién, ty 1& that bai khi lp lai xét nghiém c6 thé 1én t6i 40 -
50% va ty 1€ léch b01 NST cao hon dang ké trén nhirng thai phu khong c6
két qua NIPS. Vi ly do nay, ACOG va SMFM khuyen nghi nhitng thai phu
khong nhan duoc két qua NIPS nén duoc tu van di truyen kiém tra bang
siéu &m va thu thuat xam lan. Hau hét cac nghién cru vé xét nghiém NIPS
dugc cong bd déu st dung diém z-score dé dua ra két luan xét nghiém
NIPS duong tinh hay am tinh. Trong nghién ctru, d1em z-score NST 21, 18,
13 va NST X déu phan bd theo biéu do chuan Dé phan tich d chinh xac
cua xét nghlem NIPS, ngoal viéc su dung dlem z-score con st dung rat
nhiéu yéu t6 khac nhu nong d6 cffDNA, sé lugng doc trinh tu duy nhat
(URs), phuong phap glal trinh ty va thuét toan dugc st dung Két qua giai
trinh tu trong nghién ctru cho thay diém z- score cao nhét cia NST 21, 18,
13 & ngudng khong phat hién 1éch boi NST lan luot 1a 2,77; 2.8; 2 57.
Ngudng z-score cua NST X khong phat hién 1éch boi NST gioi t1nh dao
dong trong khoang tir - 2,9 dén 2,9. Két qua nghién ctru cho thay 1172 mau
¢6 diém z-score khong phat hlen léch bdi NST hay mau NIPS am tinh
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chiém ty 1¢ 95, 21%. 59 mau c6 diém z- score trong ngudng phat hi¢n I¢ch
bdi NST hay mau NIPS duong tinh chlem ty 1¢ 4,79%, trong d6: 30 mau
trlsomy 21, 15 mau trlsomy 18, 05 mau tr1somy 13, 04 mau monosomy X,
03 mau 47,XXY, 01 mau 47,XYY va 01 mau trisomy X. Két qua nghlen
cuiu hoan tuong dong v6i nghién ctru cia Maxwell, Shan va cong su gol y
trén 95% thai phu c6 thé tranh duoc thu thuat xdm 14n néu dugc tu van xét
nghlem NIPS. Piéu nay khong nhiing lam giam chi phi, ap lyc, ma con dua
ra giai phap an toan cho thai phy, tranh dugc tai bién mat thai do thu thuét
xam lan. Néu tat ca 1172 thai phu dugc chi dinh 1am thu thuat xam 1an thi
€0 t6i 2 - 3 thai phu c6 kha niang mét thai, vi ty 1¢ mat thai do thu thuat xam
lan 12 0, 11% - 0,22%. D) nhay va d¢ chinh xac cua x¢t nghiem NIPS phu
thuoc nhiéu vao nong do cffDNA trong huyét tuong thai phy. Nong do
cffDNA ty 1¢ thudn vdi do nhay xét nghiém NIPS, vi vy, tim ra phuorng
phdp c6 do nhay va do chinh xéac cao 1a rat can thiét. Nghlen ctru da su
dung phuong phap dém s lugng doan doc DNA trong moi NST (phuong
phap dua trén dir li€u giai trinh tu ¢6 d bao phu thip DNA tir huyet tuong
thai phu - SeqFF). Ket qua cho thiy ndng do cffDNA c6 phan bd chuin va
co xu huong tang dan theo tudi thai twong mg. Néng do cffDNA tir 10 - 20
tuan 6 ngay tang nhe c6 y nghia thong ké. Nong d6 cffDNA ¢ tudi thai > 21
tuan ting nhanh c6 y nghia thong ké. Két qua nghlen ctru tuong ddng voi
nhiéu nghlen clitu trén the glO’l nhu nghlen clru cuia Zimmermann, Dar,
Hudecova va cong su. Két qua nghlen ctru cho thiy nong do trung binh
cffDNA 1a 7,79%, thap hon so v6i cac nghién ciru khac, Diu nay c6 thé ly
giai do cac nghién cru c6 ¢& mau dao dong I6n va thlet két nghién ciru
khac nhau, st dung cac phuong phap glal trinh ty va cac thuat toan khac
nhau nén nong d6 cffDNA thu dugc tir cac nghién ctru cung dao dong khac
nhau. Nhiéu nghién cuiru bao cao khong co6 sy khac biét vé nong do cffDNA
tudi thai tr 10 - 22 tudn, nong d¢ cfiDNA tdng nhanh sau 21 tuan Nghién
ctru ¢ sd luong thai phu mang thai > 21 tuan chiém ty 1¢ thap 1a 4,79%
(59/1231 mau) ¢6 thé 1a 01 ly do dan den ndéng d6 cffDNA thip trong
nghién ctru. Tiép theo, c6 mot sb yeu t6 nhu thao tac xtr Iy tach huyét
tuong, phuong phép tach DNA va cac kit hoa chat st dung ciing anh hudng
dang ké dén nong d6 cffDNA luu hanh trong huyét tuong thai phu. Nghlen
cuu voi ¢d mau chua du 16n, chua thé dai di¢n cho nong do cffDNA cua
thai phu, can c6 nhitng nghlen ctru voi ¢ mau 16n hon dé c6 thé xay dung
ngudng nong do cffDNA cta thai phy Viét Nam. Két qua phat hién moi
tuong quan nghlch cd y nghia thong ké gilra nong do cFDNA va BMI cta
thai phy, két qua phu hop véi rat nhicu nghlen ctru trén thé gidi nhu
Ashoor, Revello, Scott va cong su. Tang BMI va béo phi cé twong quan véi
tang nguy co két qua NIPS that bai. Do d6, c6 nhiing han ché trong vige su
dung xét nghlem NIPS & nhém thai phu béo phi. Hon nita, két qua nghlen
ctru cho thay tuoi thai phu cling c6 moi tuong quan ngh1ch dén nong do
cffDNA, tuy nhién moéi tuong quan rat yeu Nghién ctru cua Revello va
cong su (2016), Hou va cong su (2019) ciing cho két qua tuong dong.
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Trong nghién ciru, ndng do cffDNA cao hon trén nhém thai phu mang thai
mac trlsomy 21 va trisomy 18 so v6i nhom thai phu co ket qua NIPS am
tinh v6i léch boi NST tir 10 tuan dén 20 tuan 6 ngay, tim thiy sy khac biét
cO y nghia thong ké vé nong do cffDNA glua 2 nhom thai phuy. Nghlen cliiu
cua Ashoor va cong su (2013), Rava va cong su (2014) cho thiy nong do
cffDNA ¢ tuan thai tir 11 - 13 tuan trong truong hop trisomy 21 cao hon ¢
¥ nghia thong ké so v6i nhom xét nghiém NIPS am tinh, trong truong hop
tnsomy 18, 13, nong do cffDNA thap hon so véi nhom xét nghiém NIPS
am tinh. Nghlen ciru ctia Suzumori va cong su trén 6.993 thai phu c6 tudi
thai ttr 10 — 20 tudn thai ciing cho két qua nong d6 cffDNA thap hon dang
ké trong truong horp trisomy 18, 13 so voi truong hop xét nghiém NIPS am
tinh, tuy nhién nong do cffDNA tuong duong trong truong hop tnsomy 21
va truong hop xét nghi¢ém NIPS am tinh. Trong khi, Kinnings va cong su
chirng minh rang anh huong léch boi NST dén nong do cffDNA thay ddi
theo tu01 thai. Khi so sanh cac mau NIPS am tinh, nong do cffDNA tang tir
16 tuan thai voi mau trlsomy 21. Tuong tu, nong d6 cfiDNA giam tir 21
tuin va 18 tudn tuong ung voi trisomy 18 va 13. Do vy, cac léch boi NST
thai khac nhau c6 anh huéng khac nhau dén nong do cffDNA, tuy thudc
vao NST bi dnh huong Nghién ctru bi gigi han vé so luong mau tr1somy 18
phat hién duoc v6i tudi thai tir 10 tudn dén 20 tudn 6 ngay (n = 7), c6 thé vi
vay ndng do cffDNA trong trisomy 18 cao hon truong hgp NIPS am tinh.
Nong do cffDNA c6 moi tuong quan thuan véi diém z-score, khi ndng do
cffDNA tang, diém z-score cua trisomy 21, 18, 13 ting manh trong khi
diém z-score cua cac truong hop NIPS am t1nh van duy tri 6n dinh, mdi
tuong quan co y nghia thong ké. Két qua nay cung phu hop voi ngh1en cliu
cua Liao va cong sy. Nghlen ctru cho thay moi tuong quan nghich cé y
nghia thong ké glua nong d6 cffDNA va dlem Z-score tru’ong hop 45,X.
Khong tim thdy mbi lién quan c6 y nghia thong ké gitta nong do cffDNA
va diém z-score truong hop NIPS am tinh voi trisomy 13, 18, 21 va 1éch
boi NST gidi tinh. Két qua nghién cuu cung phu hop véi nghlen ciru cua
Xu-Ping Xu va cong sy. Hién nay, két qua phan tich NST van Ia tiéu chuan
Vang trong chan doan trudc sinh, 1a co SO dé so sanh va danh gia gla tri cia
cac ky thudt moi trong sang loc va chan doan trudc sinh. 59 mau NIPS
du(mg tinh str dung thu thuat xam 1an hut dich 6i phan tich bo NST, két qua
co 08 méiu c6 bd NST binh thuong (46,XX; 46,XY) chiém 13 6% va 51
mau trisomy 21, 18, 13 va léch boi NST gidi tinh dugc phat hlen chiém
86,4%. Xét nghlem NIPS ¢6 kha nang phat hién cao vuot troi va ty 1€
duong tinh gia thdp hon so v&i cac xét nghiém sang loc trudc sinh truyen
thong (co ty 1€ duong tinh gla tr 2 - 5%). Tuy nhién, xét nghlem NIPS van
gip két qua dwong tinh gia va 4m tinh gia, nguyen nhan cé thé do kham
khu trt rau thai (CPM), kham thai phu, bién the SO luong ban sao cua thai
phu (CNV), mat thai trong thai d6i, thai phu mic ung thu ac tinh, kham thai
thuc sy (TEM) va tham chi do sai sot tir phong xét nghi¢m. Nghlen ctu
phat hién 08 thai phu c6 két qua dwong tinh gia vé6i trisomy 18, 13 va léch
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bdi NST gidi tinh va 01 thai phu ¢6 két qua 4m tinh gié v6i 1éch boi NST
gidi tinh. Ty 1¢ duong tinh gid cia xét nghi¢ém NIPS véi trisomy 13 tuwong
dbi cao (3/5), co6 thé lién quan dén kich thuéc ctiia NST 13 hogc ham lugng
GC trén NST 13. Ngoai ra, nong d6 cffDNA va diém z-score c¢6 anh huong
dang ké dén ty 18 duong tinh gia xét nghlem NIPS. Nghién ciru ciia Yuan
va cong su cho thdy xét nghiém NIPS c6 diém z-score > 9 ¢6 d6 chinh xac
cao hon khi diém z-score trong khoang 3 < z-score < 5 hodc 5 < z-score <
9. Cac mau duong tinh gia véi trisomy 18, 13 trong nghién ctru déu co
cffDNA thap < 8% va diém z-score trong khoang 3 < z-score < 5 phu hogp
voi hudng dan cua Hoi Thai phu khoa My (ACOG) nam 2015, cho thay
ndng do cFDNA va dlem z-score thap 1a nguyen nhan chinh cta cac truong
hop xét nghlem NIPS thit bai. Nghlen ctu phét hién 03 truong hop NIPS
duong tinh gia véi léch bdi NST gidi tinh deu c6 diém z-score < -5. Mot
tru’ong hop NIPS am tinh gia voi 47,XYY, két qua giai trinh ty 13 thai nam
voi tin hi¢u NST Y cao 1a 0,001043 (tin hi¢u NST Y v6i glO’l tinh nam cé
nguong > 0,0003). Ket qua nay cung phu hgp voi nghién ctru cta Li va
cong su, va theo nhiéu nghién ctru, kiéu nhiém sac thé XXY va XYY rét
kho6 danh gia trong xét nghlem NIPS Do vy, voi két qua NIPS duong tinh
nén chi dinh tha thuat xdm 14n phén tich bd NST lap karyotype dé chan
doan xac dinh. Nghlen ctru cho thiy do nhay va do dic hiéu cua xét nghlem
NIPS la 100% va 99,6% véi trisomy 21, 18, 13. Trong do, do nhay va do
dac hiéu cho trlsomy 21 1a cao nhét tuong duong céc bao cao trén thé gidi.
Gia trj tién doan 4m cho ca 3 loai trlsomy 21, 18, 13 la 100% tuong dong
v6i két qua nghién ciru ctia Sekelska va cong sy nim 2019 cho thay gia tri
tién doan am cho trisomy 21, 18, 13 la 99,99%. Gia tri tién doan duong
trong nghlen ctru phat hién trisomy 21 cao nhat 1a 100%, tiép theo la
trisomy 18 véi ty 1¢ 87%, gid tri tién doan duong ctia trlsomy 13 tuong d01
thap 1a 40%, twong duong cac nghién cuu trén thé giéi. Piéu nay co thé
lién quan dén tan xuat trlsomy 13 thap hon c6 ¥ nghia so voi trisomy 21 va
trisomy 18. Hon nita, so truorng hop trisomy 13 trong mdi nghlen ctru 1a
khéac nhau va dan dén gia tri tién doan duong trisomy 13 c6 sy khac biét
gilia cac nghién ctiru. Nghién ctru phat hién 1éch bdi NST gidi tinh (SCAs)
c6 d6 nhay 1a 83,3% (95% CI: 35,9 - 99,6) va d6 dac hiéu 1a 99,8% (95%
Cl: 99,3 - 99,9%); gia tri tién doan duong la 62,5% (95% Cl: 245 -
91,5%). Do nhay va gia tri tién doan duong (PPV) cho SCAs co khoang tin
cay dao dong trong khoang rong do s0 lugng mau trong nghién ctru thap
Trong céc loai 1éch boi NST gisi tinh, PPV v6i 47,XYY la thap nhat =
0,0%; tiép theo 1a 45.X chiém 50,0%; 47,XXY 13 66,7%; PPV cao nhét 1a
47, XXX 1a 100,0%. Nghién ctru cua Hooks va cong sy da chi ra xét
nghiém NIPS sir dung phuong phap MPSS c6 do nhay cao 1a 92,6% va ty
1¢ duong tinh gia thap dudi 1,0% véi SCAs. ACOG chi ra do nhay va do
dac hi¢u phat hién SCAs 1a 91,0% va 99,6%. Nghién ctru ciia Xue va cong
su cho thay do nhay va do dac hiéu cao, tuy nhién PPV rét khac nhau véi
timg loai SCAs, thap nhit 1a monosomy X véi ty 18 28,57%, tiép theo la
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66,67% v6i 47,XYY, 80,0% v6i 47,XXX va cao nhit 1a 47,XXY véi
92,31%. Nghién cuu chi phét hién duoc 9 tru(‘mg hop SCAs, trong do 3
truorng hop duong tinh gia va 1 truorng hop am tinh gid, do vy c6 sy khic
biét vé PPV so véi cic nghién ctru khéc. Hau hét, SCAs khong co triéu
chung 1am sang rd rang hodc bét thudng trén siéu 4m, do vdy, han ché cua
nghién ctru la chi ¢6 thé kham tré sau sinh va dién thoai cho san phy nham
xac dinh tinh trang cta tré ma khong thé chan doan chinh xac tat ca cac
truong hop am tinh gid véi I¢ch boi NST gl(n tinh.

Nghién ctru trén 1231 mau cho két qua gia tri tién doan duong do siu
am bat thuong hinh thai chiém ty 1€ cao nhat. Dic biét, nhung thai phu c6
siéu 4m bat thuong hinh thai két h0’p NT > 4mm c6 két qua NIPS dlmng
tinh chiém ty 1€ cao nhét. Nghlen ctiu cua Beulen va cOng su cOng sy nam
2017 cho thay khong nén tu van xét nghlem NIPS trén nhu'ng thai phu co
bat thuong hinh thai trén siéu am, vi ca do nhay hodc gia tri tién doan am
déu thap hon so véi xét nghlem karyotype. Xét nghiém NIPS duong tinh
lién quan dén x€t nghlem sang loc huyét thanh thai phu nguy co cao
trisomy 21 cho thay voi nguy co ao > 1/10, ty 1€ xét nghlem NIPS du’(mg
tinh 13 cao nhat, két qua cta nghién ctru hoan toan phu hop v6i béo céo cla
Persico va cong sy nam 2016. Hiép hdi si€u am quoc t€ vé thai phy khoa
(ISUOG) khuyén céo tot nhit khong nén tu vin xét nghlem NIPS ma nén
chi dinh thu thuat xAm 14n cho nhimg tru’orng hop CFTS ¢6 nguy co rat cao
> 1/10 va do mo da gdy > 4mm. Nghlen ctru da cho thay mot s6 két qua rat
6 y nghia cua x¢ét nghi¢ém NIPS doi véi thye hanh 1am sang, giup lam gidm
thu thuat xam lan khong can thlet Xét nghiém sang loc truge sinh truyén
thong va siéu am dong vai tro rt quan trong trong giup céac thay thudc 1am
sang co the dua ra chi dinh xét nghiém NIPS va thu thuat xam I4n pht hop
v6i timg ddi twong thai phu.

KET LUAN

1. Ung dung dwgc phwong phap gidi trinh tu gen thé hé méi phat hién
1éch bdi NST 21, 18, 13, X, Y bing DNA thai tw do trong mau me.

- Ty 1& xét nghiém NIPS that bai 1a 1,44%, trong d6 nguyén nhan do nong
d6 cffDNA thap < 3,5% chiém ty 1& 1,36% va nguyén nhan do giai trinh tur
that bai chiém ty 1& 0,08%.

- Nghién ctru da toi uu/hoan thién quy trinh giai trinh ty: thu vién DNA
da gan ma vach dugc pha lodng theo nong do 55pM, nap t6i da 1a 14 miu
trén 1 chip giai trinh tu.

- Ty 1¢ xét nghiém NIPS duong tinh bang k¥ thuat giai trinh tu gen thé hé
md&i phén tich cffDNA 14 4,79% (59 mau dwong tinh/ 1231 mau).
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2. Bude diu danh gia gia tri ciia phwong phép gidi trinh tu gen thé h¢
maéi sit dung DNA thai tw do trong mau me.

- B4 nhay, d6 dac hiéu, gia tri tién doan dwong va gia tri tién doan am
chung cho trisomy 21, 18, 13 va léch boi nhidm sic thé giéi tinh 1an luot 1a
99,8 %; 99,3%; 86,2% va 99,9%.

- Nhiém séc thé 21, 18, 13: d nhay, d6 dic hiéu gia tri tién doan 4m
cao cho ca 3 hoi chiing Down, Edwards va Patau; gia tri tién doan duong
cao nhét cho hoi chimg Down (trisomy 21) 1a 100%, tiép theo 1a hoi ching
Edwards (trisomy 18) 12 87% va thap nhét 1 hoi ching Patau (trisomy 13)
1a 40%. Gia trj tién dodn duong cho ca 3 hoi ching 1a 90%.

- Nhiém sic thé gi6i tinh (X, Y): d6 dac hiéu va gia tri tién doan am cao
cho céc loai 1éch boi nhidm séc thé gidi tinh, do nhay bang 0,0% cho hoi
chimg Jacob (47,XYY), gia tri tién doan duong thap nhét cho hoi ching
Jacob 1a 0,0%, tiép theo 1a hoi chung Turner (45,X) 1a 50,0%. DJ nhay va
gia tri tién doan duong cho 1éch bdi NST gidi tinh 1a 83,3% va 62,5%.

- Xét nghiém NIPS bang k¥ thudt giai trinh tyr gen thé hé¢ méi phan tich
cffDNA c6 gié tri cao phat hién hoi chung Down, hdi chimg Edwards, nhung
thdp hon v&i hoi chimng Patau, hoi chimng Jacob va hoi chimg Turner.

KIEN NGHI

- Nén tu van xét nghiém NIPS sém cho thai phu tir 10 tuan thai ¢6 nguy
co cao Iéch boi NST.

- Nén chi dinh xét nghiém NIPS phu hop véi timg ddi tugng thai phu
dua trén két qua sang loc trudc sinh truyén thdng va siéu am: han ché chi
dinh xét nghiém NIPS & nhém thai phu béo phi, khong nén chi dinh xét
nghiém NIPS & nhém thai phu > 45 tudi, thai phu c6 két qua sang loc trudc
sinh nguy co rat cao > 1/10, thai phu c6 két qua siéu 4m hinh thai bat
thuong va d6 mo da gay cao > 3,5mm.

- Véi két qua xét nghiém NIPS dwong tinh, nén tu van thai phu thu
thuat xam 1an lam xét nghiém karyotype.

- Khi két qua xét nghiém NIPS duong tinh véi léch bdi NST gidi tinh,
nén tu van thai phu lam thém xét nghiém karyotype tir mau.

- Nén tu van trudc va sau xét nghiém NIPS vé gia tri ctia xét nghiém
NIPS véi 1éch bdi NST, dac biét 1a 1éch boi NST 13 va NST gidi tinh dé
tranh sang chan vé tim Iy cho thai phu khi nhan duoc két qua xét nghiém
NIPS duong tinh véi hoi chiing Patau va 1éch boi NST gidi tinh.
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INTRODUCTION

1. Rationale of the study

Fetal chromosomal abnormalities have been reported to occur in 1 of
150 live births, one of the leading causes of infant mortality and
morbidity worldwide. Approximately 83% of these abnormalities are
due to trisomy 21, 18, 13 and sex chromosome aneuploidies leading to
Down, Edwards, Patau, Turner syndrome....

To date, there are no measures in the world for preventing pregnancy
from chromosomal abnormalities. Therefore, early detection of
chromosomal abnormalities by prenatal screening and diagnosis and
genetic counseling is essential to reduce the incidence of chromosomal
abnormalities. Noninvasive prenatal screening for aneuploidy include
sonographic and biochemical markers in maternal blood of the first-
trimester and second-trimester. There is a false-positive rate of
approximately 5% va detection rates of 50 - 95%, depending on the
specific screening strategy used. While the screening tests are designed
to identify high risk, invasive procedures are considered diagnosis test,
such as chorionic villus sampling or amniocentesis to investigate the
number of chromosomes using karyotype, QF-PCR, FISH, MLPA and
Prenatal BoBs. However, both tests carry procedure-related risks of
miscarriage at 0,11% - 0,22%. Therefore, it is necessary to have
screening methods with lower false positive and higher detection rate,
this would lead to a decrease in the number of pregnant women taking
the procedure-related risks of miscarriage.

Noninvasive prenatal screening by new generation sequencing method
analyzes cell free fetal DNA in maternal blood, helps early screening of
fetuses in various aspects, such as: early determination of sex pregnancy
helps predict the likelihood of the prenatal diagnosis of sex-linked
disorders; risk of fetal hereditary diseases in high-risk families;
Determining RhD blood group of fetus; Predict the risk of pre-eclampsia;
among which is the application of cell free fetal DNA analysis in screening
chromosomal aneuploidy (NIPS test). This is considered a significant step
forward in the field of noninvasive prenatal screening, since cell free fetal
DNA sampling and analysis does not require deep intervention, risk
reduction and fetal complications for pregnant women and fetus. In
addition, the NIPS test has a detection rate of trisomy 21, 18, 13 over 99%
with low false positive rate less than 1%.


https://www.mayoclinic.org/tests-procedures/first-trimester-screening/about/pac-20394169
https://www.mayoclinic.org/tests-procedures/first-trimester-screening/about/pac-20394169

2. Objectives of the study

1. Application of the next-generation sequencing to detect
aneuploidies of 21, 18, 13, X, Y chromosomes by cell free fetal
DNA in maternal blood.

2. Determining the aneuploidy ratio of 21, 18, 13, X, Y chromosomes
and initial evaluation the value of the next-generation sequencing
using cell free fetal DNA in maternal blood.

3. Place of the study

The project was implemented at the Prenatal - Neonatal Screening
and Diagnosis Center, Hanoi Obstetrics and Gynecology Hospital;
Department of Biochemistry, Hanoi Medical University.
4. Contribution of the thesis

- Applied the next-generation sequencing procedure in cell-free DNA
sequencing-based noninvasive prenatal screening for trisomies 21, 18, 13 and
sex chromosome aneuploidy in pregnant woman's plasma. The sensitivity,
specificity, positive predictive value, negative predictive value of trisomy 21,
18, 13 and chromosome aneuploidy have been determined.

- The results of the study have high clinical applicability, especially for
pregnancy who have been tested for traditional prenatal screening at high risk
for chromosomal aneuploidy, helping to decrease in the number of
pregnant women taking the procedure-related risks of miscarriage,
minimize the risk as well as complications in pregnant women and the fetus.
5. Scientific and practical significance of the topic

Research significant practical contribution provides a diagnostic
technique modern international level, providing clinicians another
screening method of prenatal non-invasive high precision, reduced false
positive rate, can apply to women from early gestation week.

The project is innovative, new and up-to-date, successfully
implementing the new-generation sequencing technique to screen fetal
chromosomal anomalies in Vietnam for the first time.

6. Thesis structure

- The thesis is presented in 131 pages (excluding references and
appendices). The thesis is divided into 7 parts: Introduction 2 pages;
Chapter 1: Literature review 37 pages; Chapter 2: Subjects and research
methods 16 pages; Chapter 3: Research results 34 page; Chapter 4:
Discussion 39 page; Conclusion 2 pages; Recommended 1 page.

- The thesis consists of 33 tables, 25 charts, 15 figures and 2 diagrams,
with 191 references, including 06 Vietnamese documents and 185 English
documents. The appendix includes techniques used in the study, patient
information sheets and list of patients participating in the study.
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Chapter 1: OVERVIEW
1.1. Abnormal chromosome pregnancy
1.1.1. Frequency of appearance

The most common chromosomal abnormalities are trisomy 21, 18, 13
and sex chromosomal aneuploidies, which result in Down, Edwards, Patau,
Turner, Klinerfelter syndrome ... According to General Office for
population planning, nearly 1,5 million babies are born in Vietnam each
year, of which the birth defect rate accounts for about 1,5 — 2,0% of the live
births. It is noteworthy that there are approximately 1.400 - 1.800 children
with trisomy 21 and about 200 - 250 children with trisomy 18 each year.
1.1.2. Consequences of chromosomal abnormalities

Chromosomal aberrations pose a threat to at least 7,5% of all
conception cases, and they present in up to 50% of first trimester abortions
and stillbirths. The frequency of major chromosomal abnormalities is
estimated to be between 1/150 to 1/200 of live births. 3,0% to 4,0% of live
births are associated with a major congenital malformation, mental
retardation, or genetic disorder. This rate doubles when children reach 7 - 8
years of age, with later-appearing or later-diagnosed genetic disorders.

1.2. Overview of some screening tests and prenatal diagnosis to
detect chromosomal abnormalities
1.2.1. Traditionally screened aneuploidies

- Maternal age: The risk for fetal aneuploidy increases along with maternal
age. Advanced maternal age (35 years old or older) is classified as a high-risk
group. Currently, about 15% of pregnant women are > 35 years old and the
detection rate of pregnancies carrying trisomy 21 fetuses is approximately 50%.

- Sonography: Many structural abnormalities can be detected by ultrasound
scan during the first trimester of pregnancy, some of which can be related to
trisomy 21, 18, or 13. Nuchal translucency (NT) is the most representative
sonographic marker studied during the first trimester of pregnancy.

- Prenatal screening by biochemical markers
First trimester screening (11" to 14" weeks’ gestation)

First trimester combined screening test is carried out from 11th to 14th weeks’
gestation based on matenal age, NT combining quantitatively with F3-hCG and
PAPP-A in maternal serum, and algorithms to assess the risks of carrying trisomy
21, 18, and 13. This test has been reported to detect about 90% of pregnancies
carrying trisomy 21 fetuses with a false positive rate of 5%.

Second trimester screening (15" to 22" weeks ’ gestation)

Second trimester screening test is carried out from 15th to 22th
weeks’ gestation based on matenal age combining quantitatively with hCG,
AFP, UE3 and Inhibin A in maternal serum, then based on the algorithm for
assessing the risk of trisomy 21, 18, and neutral tube defects.

1.2.2. Methods of prenatal diagnosis



https://www.mayoclinic.org/tests-procedures/first-trimester-screening/about/pac-20394169
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- Methods of sampling in prenatal diagnosis

Invasive sampling methods such as chorionic villus sampling or
amniocentesis directly affect the fetus and can cause complications for
pregnant women (abortion, amniotic fluid...).

Non-invasive sampling method helps pregnant women avoid the
procedure-related risks of miscarriage. Maternal blood can be used for
fetal cell or cell free fetal DNA analysis.

- Genetic techniques applied in prenatal diagnosis

Analysis  techniques for making Kkaryotype chromosomes,
Fluorescent in situ hybridization (FISH), Quantitative Fluorescence -
Polymerase Chain Reaction (QF-PCR), Array Comparative Genomic
Hybridization (array CGH), Prenatal BoBs (PN BoBs)

1.3.1. Origin and characteristics of cell free fetal DNA in maternal plasma

Cell free fetal DNA (cffDNA) are short DNA fragments derived from
placenta, length of which are about 150 to 200 bp, and 10 - 20% of which
are between 10 - 21 weeks’gestations, and cffDNA increases as gestational
age increases. The average half-life of cffDNA is 16,3 minutes (4 - 30
minutes), cfFDNA cannot be detected after 2 hours of birth.

1.3.2. Factors affecting cffDNA

Lo et al proved that cFffDNA is positively correlated with gestational age
and negatively correlated with maternal weight and maternal body mass
index (BMI). cffDNA are 1,6 times higher in twin gestations compared to
singleton gestations, and hypertension can also reduce cffDNA. The
concentration of cffDNA increased in trisomy 21 and decreased in trisomy
18, trisomy 13, monosomy X and triploidy. Factors such as maternal age,
fetal sex, nuchal translucency, pregnant women with diabetes, thyroid
disease, hepatitis B virus infection (HBsAg) do not affect cffDNA.

1.3.3. Applications of cffDNA in pregnant plasma

Identifying the sex of the fetus; Diagnosis of single-gene disorders;
Determining RhD blood group of fetus; Predict the risk of pre-eclampsia;
Paternity testing; Identifying aneuploidy...

1.4. Next-generation sequencing in cffDNA analysis
1.4.1. Principle of the next-generation sequencing

The next generation sequencing (high-throughput sequencing and
massively parallel sequencing) works on the same synthetic principle
as DNA sequencing by the Sanger method, in which DNA polymerase
synthesizes DNA sequences using dNTP attached to the 3' end of DNA
sequences are synthesized on an additional principle. However, for new
generation sequencing, instead of sequencing a single fragment, this
technique allows sequencing with a large number of different DNA
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fragments in parallel at the same time, thereby saving the time and
output extremely large data compared to the old Sanger method.

+ Illumina sequencing principle using Sequencing By Synthesis (SBS)
technology combined with the use of nucleotides with fluorescent signals
and reversible stop locks to read and identify the order directly.

+ lon Torrent or lon semiconductor sequencing: Determining
nucleotide sequences in DNA through detecting electrical signals due to
H* ions released during DNA synthesis by micro pH meter attached to
semiconductor touch chip.

1.4.2. Application of next-generation sequencing in NIPS test

There are three currently in use methods for cffDNA analysis:
sequencing DNA fragments from the whole genome with Massive
Parallel Shotgun Sequencing (MPSS), targeted sequencing or
selectively sequencing specific genomic regions of interest by MPS
(CSS), and sequencing by genotyping analysis based on Single
Nucleotide Polymorphism (SNPs). Each analytical method uses
different bioinformatics algorithms and statistical methods to assess the
risk of chromosomal aneuploidies.

1.4.3. Research on applying next generation sequencing in analyzing
cffDNA to detect chromosomal aneuploidies in the world

Fan et al. (2008) first introduced the technique of quantitative
chromosome counting in prenatal screening research to detect
chromosomal aneuploidies from maternal blood using MPSS.

Since 2011, a number of major Obstetricians and Gynecologists and
genetic organizations around the world have published suggestions for the
use of NIPS during gestations. The suggestions are consistent with the use
of the NIPS in pregnant women at high risk. To determine the accuracy of
NIPS, a meta-analysis of Gil et al in 2015 showed that the detection rates of
trisomy 21, 18, 13 and monosomy X were 99,2%; 96,3%; 91%; 90,3%
respectively and the false positive rates of trisomy 21, 18, 13 were 0,09%;
0,13%; 0,13%; 0,23% respectively.

1.4.4. Research on NIPS test in Vietnam

In Vietnam, studies of cell free fetal DNA(cffDNA) analysis in prenatal
screening and diagnosis are still limited. In 2010, Nguyen Thanh Thuy and
her colleagues used nested PCR technique to detect cffDNA from maternal
serum and applied it in prenatal diagnosis. In 2014, Trieu Tien Sang et al.
initially developed a cell free DNA extraction procedure detecting cffDNA
in pregnant woman's plasma by PCR technique. In 2019, Nguyen Thi
Phuong Lan and her colleagues used Realtime PCR technique to detect
cffDNA in maternal plasma for early pre-eclampsia prediction.
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Chapter 2
SUBJECTS AND METHODS OF RESEARCH

2.1. Subjects of the study

Pregnant women in high risk based on first or second trimester screening
result in Hanoi Obstetrics and Gynecology Hospital from 2016 to 2019.
2. 1.1. Selection criteria

Singleton pregnant women from 10 week’s gestations who are in
high risk based on conditional screening result and have at least one of
the following criteria are selected as the subjects of study:

- Maternal age of 35 years or older at delivery.

- Fetal ultrasound findings indicating an increased risk of aneuploidy.

- History of a prior pregnancy with a trisomy, stillbirths, or multiple
abortion. A family history of people with aneuploidy.

- Positive first or second-trimester screening test results for
aneuploidy (risk > 1/250).

- Agreement to participate in the study.
2.1.2. Exclusion criteria

The pregnancies are not selected as an object of research:

- Pregnancies < 10 weeks’ gestations.

- Multiple gestation pregnancies or abortion twins (Vanishing Twins).

- Pregnancies performed transplant surgery, using stem cell therapy.

- Pregnancies received blood transfusions within 3 months.

- Pregnant women who are given eggs or surrogate.

-Women with chromosome abnormalities, pregnancies infected
malignant cancer.

- Pregnancies did not agree to participate in the study.
2.2. Research methods
2.2.1. Research design

The study has the cross-section descriptive, combining with actual
comparison (the condition of the child at birth...) 1 month after birth.
2.2.2. Study sample size

Based on the formula for calculating the sample size for diagnostic
studies, the sample size of the study is 1231 eligible women agreed to
participate in the study.
2.2.3. Research facilities
- Machine and tools
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Automatic DNA extraction machine, double-stranded DNA sequences
spectral analyzer, PCR machine, preparing and handling pattern on a
semiconductor chip (lon Chef) machine, next-generation sequencing using
semiconductor chip (lon Proton) machine, and Streck BCT tubes.

- Chemicals

Free DNA splitting chemicals, chemicals that analyze the size and
concentration of DNA, double-stranded DNA’s concentration measuring
chemicals, DNA wusing magnetism purification chemicals, sample
preparation and PCR chemical, chemicals attaching DNA barcode to the
sample substances, sample preparation on the semiconductor chip
chemicals, semiconductor chip used for the sequencing.

2.2.4. The process of conducting research

- Procedure: 10ml of whole blood of pregnant women is taken into
Streck BCT's tubes, then plasma and cell free DNA are extracted. The
cell free DNA will be used for a library of DNA and used to check the
quality of DNA library and to prepare DNA library on lon Chef
(enriched sample library DNA will be automatically loaded into the
chip sequencing lon P1 VV3) and sequenced on lon Proton machine.

- Analysis of results: Using the algorithm based on YOUNGENE's
SegFF counting method applied in automatic bioinformatics analysis
software to calculate cffDNA ratio per sample and z-score for each
chromosome in each sample could be calculated. Samples with high data
noise > 3,5 and low number of DNA fragments < 2 million are failed
sequences. Samples with cffDNA < 3,5% will not return NIPS results
because they do not guarantee test’s accuracy.

+ A z-score > 3 was used a cut-off for calling trisomy 13, 18, 21, X.

+ Cases of maternal carrying male fetus: z-score > 3 (47,XXY), z-score <
-3 (47,XYY); cases of maternal carrying female fetus: z-score < -3 (45,X).

- Diagnosis determined for pregnant women with positive NIPS
results: Invasive procedure of amniotic fluid, cell culture, karyotype for
analysis of fetal chromosomes is done according to G band as a gold
standard to control next-generation sequencing method.

- Pregnancy monitoring for pregnant women with negative NIPS
results: Monitoring the pregnancy until delivery at Hanoi Obstetrics and
Gynecology Hospital, newborns will be examined immediately after
birth by the neonatal doctors and they will monitor the baby's condition
by phone for pregnant women and families after 1 month.



2.2.5. Statistical analysis

Using Epidata 3.1 software to enter data, STATA 14 software (StataCorp
- Texas 77845 USA) for data analysis. Use linear correlation (Pearson) to
find the correlation between 2 consecutive random variables. Use one-way
ANOVA test with Bonferroni correction to find different groups. P-values
<0,05 were considered statistically significant.
2.3. Ethics in the research

The study has been approved by the Ethics Council of Hanoi
Obstetrics and Gynecology Hospital, according to No. 09/PSHN-
HDDD. The study subjects consent to participate in research; samples
of positive NIPS results are free of charge from invasive procedures
and karyotype, and they are kept as confidential informations.
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Chapter 3
RESEARCH RESULTS
3.1. Application of next generation sequencing in analyzing cffDNA
to detect chromosomal aneuploidies
3.1.1. General characteristics of the samples in the research
Table 3.1. General characteristics of the samples in the research

Characteristics Value
Average maternal age (years) 34,3 +£5,7 (17-47)
Average gestational ages (weeks) 15,2 + 3,1 (10-30)
10-13 weeks 6 days (n,%) 468 (38,02%)
14-20 weeks 6 days (n, %) 704 (57,19%)
> 21 weeks (n, %) 59 (4,79%)

The study was conducted on 1231 pregnant women with an average age of
34,3 £ 57 years. The average gestational ages are 152 + 3,1 weeks. The
gestational age of 10 - 20 weeks and 6 days accounts for a high rate of 95,21%.

Table 3.2. Risk factors for pregnant women have a NIPS test

. Number
Risk factors n Total %
Advanced maternal age 694 1231 56,4
Sonographic abnormality 123 1231 10,0
Traditional aneuploidy screening 814 1231 66,1
History 95 1231 7,7
> 1 risk factor 467 1231 37,9

1231 women with risk factors were ordered. In particular, abnormal
traditional aneuploidy screening accounted for the highest rate of
66,1%, followed by the group of advanced maternal age accounting for
56,4%, and women with sonographic abnormality results accounting for
10%. These group of pregnant women have a history of abnormal births
or using drugs before or during pregnancy, history of miscarriage,
stillbirth, a history of a prior aneuploidy, a family history of people with
aneuploidy accounts for the lowest rate of 7,7%.

3.1.2. Isolation of cell-free DNA and DNA library construction
Table 3.1. Cell free DNA concentration and DNA library concentration

Concentration (ng/pL) n X +SD Min - Max | 95% CI
Cell-free DNA 1231 4,37+1,17 2,24-117 | 4,36-4,38
DNA library 1231 2,93+1,68 0,051-18,6 | 2,92-2,94

The average cell free DNA concentration is 4,37 + 1,17ng/pL (95%
Cl, 4,36 - 4,38ng/uL) with a range of 2,24 - 11,7ng/uL. The average
concentration of cell free DNA library collected after library
preparation is 2,93 + 1,68ng/pL (95% CI: 2,92 - 2,94ng/uL) with ranges
from 0,051 - 18,6ng/uL.
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3.1.2. Results of sequencing quality

TF.1 171,244 89% T 1
Figure 3.1. Effective load of samples into sequencing chips

Figure 3.1 illustrates the results of sequencing on one chip: The
DNA library after being attached to the surface of the ISP particle (lon
Sphere Particle) will be cloned and loaded into the sequence chip.

Table 3.2. ISP quality ’s results on sequencing chips

Results of sequencing Chip | X +SD | Min-Max | 95% CI
Total base (Gb) 115 | 13,3+6,9 | 7,4-156 |12,1-14,9
Density ISP (%) 115 | 88,5+4,8 72-94 88-89,8
Quality ISP (%) 115 | 60,615,8 40-69 59,6-61,8
Well with ISP particles (million) | 115 79+11 47-95 77-81

Results of 102 sequences on 115 chips (1 sequence on 1-2 chips with
14 samples/chip) showed that the amount of raw data ranged from 7,4
to 15,6Gb, an average of 13,3 + 6,9Gb (95% CI, 12,1 - 14,9Gb). The
density of ISP particles loaded into the wells ranges from 72 - 94% with
an average of 88,5 + 4,8% (95% ClI, 88 - 89,8%). Quality ISP particles
account for an average of 60,6 + 5,8%, ranging from 40 - 69%, or about
79 + 11 million wells or the number of DNA readings.
3.1.3. Failure rate of the NIPS test

Table 3.3. Failure rate of the NIPS test

1st 2nd

Cause
n % n %

Low cffDNA concentration 47/1249 3,76 17/1249 1,36

High noise sequencing data 4/1249 0,32 1/1249 0,08

Low DNA read numbers 4/1249 0,32 0/1249 0

Total 55/1249 44 18/1249 1,44

Out of 1249 eligible samples selected for study, there were 4,4% of
failed samples after the first sequence. Results of the second sequence
had 32,7% of failed samples. Therefore, the failure rate of the NIPS test
in the study was 1,44%, in which low cffDNA concentration accounted
for 1,36% and high data noise accounted for 0,08%.
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3.1.4. Result of sequencing
Table 3.4. Result of sequencing

Characteristics X +SD Min - Max 95% ClI
cffDNA concentration (%) 7,79+3,04 3,51-24,59 7,62-7,96
DNA read numbers 44+1,1 2,0-17,7 4,3-45

Using Yougene's SeqFF algorithm, the average cffDNA concentration
is 7,79 + 3,04%, ranging from 3,51 - 24,59% (95% Cl, 7,62 - 7,96%). The
average number of DNA fragments per sample is 4,4 + 1,1 million, ranging
from 2,0 to 17,7 million (95% Cl, 4,3 - 4,5 million).

Table 3.5. Results z-score of chromosomes 21, 18, 13, X

Chromosome
Z-score 21 18 13 X
euploidy (max) 2,57 2,8 2,77 2,9
euploidy (min) -4,59 -3,12 -3,99 -2,9
aneuploidy (max) 20,34 31,26 11,22 9,963
aneuploidy (min) 3,19 3,53 3,22 -8,41
The sequencing results showed that there were 1172 euploidy and 59

aneuploidy samples; z-score of trisomy 13 (n = 5) ranged from 3,22 to 11,22;
z-score of trisomy 18 (h = 15) ranged from 3,53 to 31,26; z-score of trisomy 21
(n = 30) ranged from 3,19 to 20,34; z-score of monosomy X (n = 4) ranges
from -8,41 to -3,52; z-score of 47,XXY (n = 3) ranges from 4,05 to 5,38; z-
score of 47, XYY is -4,08 (n = 1); z-score of 47, XXX is 9,963 (n = 1).
3.2. Determine the abnormal ratio of chromosome 21, 18, 13, X, Y
and evaluation the value of next-generation sequencing using cell-
free fetal DNA in pregnant woman's plasma
3.3.1. Result of NIPS

Table 3.6. Result of NIPS

Number
Result of NIPS n %
Negative 1172 95,21
Positve 59 4,79
Total 1231 100

Sequence 1231 samples of pregnant women found 59 samples with
positive NIPS results accounted for 4,79% (59/1231), and 1172
pregnancies with negative NIPS results accounted for 95,21% (1172/1231)

Table 3.7. Result of NIPS

Number
Result of NIPS = %
Trisomy 21 30 50,8
Trisomy 18 15 254
Trisomy 13 5 8,5
Monosomy X 4 6,8
47 XXY 3 51
47 XYY 1 1,7
Trisomy X 1 1,7
Total 59 100
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59 positive NIPS samples had 30 positive samples with trisomy 21
accounting for the highest rate of 50,8%; followed by 15 positive
samples with trisomy 18 accounting for 25,4%; 5 positive samples with
trisomy 13 accounted for 8,5%. Sexual chromosome anomalies
accounted for 15,3% (of which 6,8% were positive for monosomy X;
5,1% positive for 47,XXY; 1,7% positive for 47, XYY and 1,7% of
samples were positive for 47,XXX).

3.3.2. The value of cffDNA in NIPS test
3.3.2.1. cffDNA and gestational age

% 00993 * 10,2753

p:0,0007 % * * p:0,0348 *
.

Call fotad Fraction DNA (%)
15 20

10

10 15 25 30

20
Tudi Thai

® Dudi 21 tudn Fitted values
& Trén 21 tudn Fited values

Chart 3.1. cffDNA and gestational age

cffDNA increased slightly in pregnant women have gestational age
from 10 to 20 weeks 6 days, found a statistically significant correlation
between cffDNA and gestational age from 10 to 20 weeks 6 days, p =
0,0007. For the pregnant women with gestational age > 21 weeks,
cffDNA is proportional to gestational age, cffDNA increased rapidly
with gestational age, found a statistically significant correlation between
cffDNA and gestational age > 21 weeks, p = 0,0348.
3.3.2.2. cffDNA and maternal weight, BMI

r:-0,1604 ri-0,1512
ol p: 0,000 . p: 0,000

n
2

15

Cel fetal frachon DNA

Cell fetal fraction DNA (%)
10

100 10

60
Bory weight

Chart 3.2. cffDNA and maternal weight, BMI
cffDNA is inversely proportional to the maternal weight, BMI, the
cffDNA decreased as the weight, BMI increased, finding a statistically
significant difference between cffDNA levels and weight, BMI, p =
0,000.
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3.3.2.3. cffDNA and trisomy 21,18

- -

Chart 3.3. cffDNA and trisomy 18, 21
20 pregnant women with NIPS positive results trisomy 21 and 07
positive women with trisomy 18 have gestational age from 10 to 20 weeks
6 days, of which cffDNA in positive NIPS with trisomy 21 and trisomy 18
respectively were 12,55% and 10,55% were statistically higher than
cffDNA in negative NIPS was 7,5% (p = 0,000 and p = 0,011).
3.3.2.4. cffDNA and z-score chromosome of 21, 18, 13, X

The study found a significant positive correlation between cffDNA
and z-score in the NIPS positive group with trisomy 21, 18, and 13, p <
0,001. The correlation was statistically significant between cffDNA and
z-score for positive NIPS with monosomy X, p < 0,001. No statistically
significant correlation was found between cffDNA and z-score in
positive NIPS cases with 47,XXY, p > 0,05. No statistically significant
correlation was found between cffDNA and z-score of the chromosome
13, 18, 21, X in negative NIPS, p > 0,05.

)

Chart 3.4. cffDNA and z-score of chromosome 21, 18, 13, X

3.3.3. Results of chromosome analysis on samples were positive NIPS results
59 aneuploidy samples were indicated for invasive procedures by
amniocentesis for confirmation diagnosis. 8 samples showed a normal
and 51 samples had aneuploidy results, of which: 29 trisomy 21 and 01
mosaic trisomy 21 (mos 47,XX,+21[8]/46,XX[72]), 12 trisomy 18 and
01 unbalanced transition pattern between chromosome 18, 21 produces
long trisomy 18, [46,XX,der(21)t(18;21)(p11;q11)], 02 trisomy 13, 01
monosomy X and 01 structural mutation pattern cause deficiency of
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necessary genes on long branch chromosome X [46,X,i (Xq)] , 02 of

47,XXY, 01 of 47,XYY, 01 trisomy X.

3.3.4. The value of the NIPS in screening for chromosomal aneuploidies
Table 3.8. The value of the NIPS

NIPS Rate % (95% CI) Incidence
+) Se Sp PPV NPV %
21, 100,0 99,6 90,0 100,0 265
18,13 | (92,1-100,0) | (99,0-09,9) | (78,2-96,7) | (100,0-100,0) ’
833 99,8 625 99,9
SCAs | (359.096) | (99.3-99,9) | (24,5-915) | (99,5-100,0) 0,41
99,8 99,3 86,2 99,9
Total | 896-100,0) | (987-09.7) | (74,6-939) | (99,5-100,0) | 496

Notes: Trisomy: T; Se: sensitivity; Sp: specificity; PPV: Positive
predictive value; Sex chromosomal aneuploidies: SCAs.

Sensitivity for trisomy 21, 18, 13 and sex chromosomal aneuploidy
is 100,0% (95% CI: 92,1 - 100,0%) and 83,3% (95% CI: 35,9 - 99,6%).
The overall sensitivity is 99,8% (95% CI: 89,6 - 100,0%). Specificity
for trisomy 21, 18, 13 are 99,6% (95% CI: 99,0 - 99,9%), sex
chromosomal aneuploidies are 99,8% (95% CI: 99,3 - 99,9%). The
overall specificity is 99,3% (95% CI: 98,7 - 99,7%). PPV for trisomy
21, 18, 13 and sex chromosomal aneuploidies are 90% (95% CI: 78,2 -
96,7%) and 62,5% (95% CI: 24,5 - 91,5%). The overall PPV is 86,2%
(95% CI: 74,6 - 93,9%). The incidence of trisomy 21, 18, 13 and sex
chromosomal aneuploidies are 3,65% and 0,41%. The rate of
chromosomal aneuploidy is 4,06%.

Table 3.9. Positive NIPS results for trisomy 21, 18, 13

NIPS Rate % (95% CI) Incidenc
(+) Se Sp PPV NPV e %
T21 100,0 100,0 100,0 100,0 244
(88,0-100,0) | (100,0-100,0) | (88,0-100,0) | (100,0-100,0) '
T18 100,0 99,8 87,0 100,0 105
(75,0-100,0) | (99,0-100,0) (60,0-98,0) | (100,0-100,0) '
T13 100,0 99,8 40,0 100,0 016
(16,0-100,0) | (99,0-100,0) (5,0-85,0) | (100,0-100,0) :
Tong 100,0 99,6 90,0 100,0 365
(92,1-100,0) (99,0-99,9) (78,2-96,7) | (100,0-100,0) '

Notes: Trisomy: T; Se: sensitivity; Sp: specificity; PPV: Positive
predictive value; NPV: negative predictive value.

Sensitivity for trisomy 21 is 100,0% (95% CI, 88,0 - 100,0%), trisomy
18 is 100,0% (95% ClI, 75,0 - 100,0%), trisomy 13 is 100,0% (95% CI,
16,0 - 100,0%). The common sensitivity for three types of trisomy is
100,0% (95% Cl, 92,1 - 100,0%). The specificity for trisomy 21 is 100,0%
(95% ClI, 100,0 - 100,0%), trisomy 18 and 13 are 99,8% (99,0 - 100,0%).
The specificity for three types of trisomy are 99,6% (95% CI, 99,0 -
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99,9%). The highest PPV of trisomy 21 is 100,0% (95% CI, 88,0 -
100,0%), followed by trisomy 18 is 87% (95% CI, 60 - 98%), the lowest
trisomy 13 is 40,0% (95% ClI, 5,0 - 85,0%). The PPV and NPV for three
types of trisomy are 90% (95% CI, 78,2 - 96,7%) and 100% (95% ClI,
100,0 — 100,0%). The incidence of trisomy 21, 18 and 13 are 2,44%;
1,05%; 0,16%; The overall incidence of trisomy 21, 18 and 13 are 3,65%.

Table 3.10. Positive NIPS results with sex chromosomal aneuploidies

NIPS Rate % (95% CI)

*) Se Sp PPV NPV

45X 100,0 99,8 50,0 100,0
(15,8-100,0) | (99,4-100,0) (6,76-93,2) (99,7-100,0)

47.XXY 100,0 99,9 66,7 100,0
(15,8-100,0) | (99,5-100,0) (9,43-99,2) (99,7-100,0)

4TXYY 0,0 99,9 00 99,9
(0,0-97,5) (99,5-100,0) (0,0-97,5) (99,5-100,0)

47, XXX 100,0 100,0 100,0 100,0
(2,5-100,0) (99,7-100,0) (2,5-100,0) (99,7-100,0)

Total 833 99,8 62,5 99,9

(35,9-99,6) (99,3-99,9) (24,5-91,5) (99,5-100)

Notes: Se: sensitivity; Sp: specificity; PPV: Positive predictive value;
NPV: negative predictive value.

The sensitivity for 45,X; 47,XXY are 100% (95% CI, 15,8 - 100%);
47 XXX is 100% (95% Cl, 2,5 - 100%). The sensitivity for 47, XYY is 0,0%
(95% ClI, 0,0 - 97,5%). The sensitivity for SCAs is 83,3% (95% ClI, 35,9 -
99,6%). Specificity and NPV for SCAs are 99,8% (95% Cl, 99,3 - 99,9%)
and 99,9% (95% Cl, 99,5 - 100,0%). The PPV of 47, XYY is the lowest,
accounting for 0,0% (95% Cl, 0,0 - 97,5%), followed by 45,X accounting for
50,0% (95% Cl, 6,76 - 93,2%), 47,XXY is 66,7% (95% CI, 9,43 - 99,2%),
the highest is trisomy X accounting for 100% (95% ClI, 2,5 - 100%). PPV for
SCAs are 62,5% (95% Cl, 24,5 - 91,5%).

3.3.5. NIPS results based on risk factors

Table 3.11. Positive predictive value of NIPS for each risk factor

. Karyotype 95% CI
Characteristic n, % NIPS (+)
TP | FP PPV%
Maternal age 694 (56,4%) | 25 (3,6%) 20 05 | 80,0 (59,3-93,2)
Maternal serum 814 (66,1%) | 16 (2,0%) 12 04 | 75,0 (47,6-92,7)
Ultrasound 123 (10,0%) | 23 (18,7%) 22 01 | 95,7 (78,1-99,9)
>1RF 467 (37,9%) | 23 (4,9%) 21 02 | 91,3(72-98,9)

Note: RF: Risk factors; TP: true positive; FP: false positive; PPV:
Positive predictive value
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The positive NIPS rate is 18,7% for an abnormal morphological
ultrasound, and the highest PPV is 95,7%; the following positive NIPS
rate higher by over one risk factor accounted for 4,9%, and the PPV is
91,3%; the positive NIPS rate due to the maternal age is 3,6%, and a
PPV accounted for 80,0%; the positive NIPS rate from maternal serum
screening accounted for the lowest rate of 2,0%, the PPV due to
maternal serum screening accounts for the lowest rate of 75,0%.

3.3.6. Positive NIPS results related to abnormal ultrasound
Table 3.12. Positive NIPS results is related to nuchal translucency

NT (mm) ____DIPS(n. %) __ Total (n, %) P
ositive Negative ' (o test)
<2 18 (2,5%) 710 (97,5%) | 728 (100,0%)
2-29 04 (5,3%) 71 (94,7%) 75 (100,0%) 0.000
3-39 05 (25,0%) 15 (75,0%) 20 (100,0%) '
4-58 04 (57,1%) 03 (42,9%) 07 (100,0%)
Total 31 (3,7%) 799 (96,3%) | 830 (100,0%)

31/830 positive NIPS samples (3,7%) have ultrasound result of the
nuchal translucency (NT), of which the highest positive NIPS results
rate have NT > 4mm is 57,1%; following by NT from 3 - 3.9mm
accounting for 25,0%; NT < 3mm accounting for the lowest rate of
7,8%. The difference in positive NIPS rates among NT-related groups is
statistically significant with p = 0,000.

3.3.7. Positive NIPS results related to serum screening
Table 3.13. Positive NIPS results related to serum screening

Screening of _ NIPS (n, %) _ Total (n, %) p
serum Positive Negative (2 test)

>1/10 03 (27,3%) 08 (72,7%) 11 (100%)

1/11 - 1/50 04 (3,3%) 116 (96,7%) 120 (100%) 0,000

1/51 - 1/100 01 (0,5%) 205 (99,5%) 206 (100%)

1/101 - 1/250 01 (0,2%) 461 (99,8%) 462 (100%)

Total 14 (1,75%) 785 (98,25%) 799 (100%)

Among 814 material serum screening samples, 799 samples were at
high risk for trisomy 21, after the sequence of detection of 14 (1,75%)
positive NIPS samples, of which risk > 1/10 had positive NIPS results
was the highest rate (27,3%), followed by risk from 1/11 to 1/50 with
positive NIPS results accounted for 3,3%. Samples with risk from 1/51
to 1/250 with positive NIPS results account for a lowest rate of 0,7%.
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The difference in positive NIPS rates among high-risk groups was
statistically significant with p = 0,000.

3.3.5. Diagram of research results

| 1249 women at high risk for aneuploidy®

| Testing for NIPS by MPSS method

Exchaded from D sady of 18
pregnvt | women  at  low
concentrations and  seguercig and
failure Jamity hiniovy of peopls

| 1231 cligibled women for study |

[

59 pregnant women with positive NIPS
Trisomy 21 (n = 30), Trisomy 18 (n = 13), Trisomy
13 (n=5), 45, X (n =4), 47, XXT (n = 3)

47, X¥¥ (n = 1) .
Trisomy X (n = 1 Tracking
: preghancy to

Karyorype from amniotic flutd buth

[ 4naiyze resuits based on z-score

Pregnant women with negative NIPS for
chromosomes 21, 18,13, X, Y (n=1172)

Ancuploidy (n =51) Euploidy (n=8) Pregnancy did not Triploidy
Trisomy 21 (n = 30) detect chromosomal @=1
Trisomy 18 (n = 13) ancuploidy 21, 18,
Trisomy 13 (n = 2) 13.X. Y (a=1171)
45, X (n=2)

47, XX¥ (n =2} Postpartum checkup by a newborn doctor,
47, X¥F (n=1) Jollew up the baby's condlition with a phone
Trisomy X (n= 1) 10 the woman's family after 1 month

Children did not detect chromosomal aneuploidy 21, 18, 13, X, ¥
(n=1179)

l Conclusion

NIPS assays using NGS have high sensitivity, specificity, positive
predictive values for trisomy 21, 18, lower for trisomy 13 and sex
chromosomal ancuploidics.

Diagram 3.1. Diagram of research results

Chapter 4: DISCUSSION

The study was conducted on 1231 women who were screened at
high risk of pregnancy trisomy 21, 18 and 13. The study subjects were
selected according to the criteria set out in the section of subjects and
methods. Pregnant women over 35 years old accounted for a high
proportion. The average gestational age in the study was 15 - 16 weeks,
the gestational age from 14 to 20 weeks 6 days accounted for a high
rate. Subjects selected for the study were completely consistent with the
study of McCullough et al. So far, all the associations related to
obstetrics and gynecology in the world have agreed that determining
cffDNA from maternal plasma by whole genome sequencing (MPSS) or
target sequencing (CSS or SNPs) are the best tests for fetal
aneuploidies. In these approaches, millions of short DNA fragments are
sequenced, aligned, mapped, and compared to the reference genome of
humans using different algorithms. Then, the number of sequences
generated from the different chromosomes was compared to detect any
minor changes that caused chromosomal aneuploidy. Most cffDNA in
maternal plasma is derived from placenta, while a large rate of the
maternal cell free DNA is derived from blood cells. The most
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worrisome problem in collecting blood samples from maternal is the
increase in cell free DNA of maternal due to degeneration of white
blood cells, leading to a decrease in cffDNA concentration. The study
used Streck BCTs specialized tubes containing KsEDTA and antifreeze
reagents effectively inhibited nuclease within 14 days, helping to
prolong the time of plasma processing, storage and sample transport in
room temperature conditions and helps prevent the degradation of white
blood cells. Fetal cells remain in the fetal circulation many years after
giving birth. In contrast, cffDNA disapear 2 hours after birth. Therefore,
cffDNA is the most suitable option in noninvasive prenatal screening.
The cell-free DNA extraction method used is critical to the cffDNA
obtained. Studies using automatic extraction systems show that the cell
free DNA in the range of 2,24 - 11,7ng/pL is much higher than the
manual extraction methods. This is also completely consistent with the
research of Houfflin-Debarge which shows that using the automatic
extraction methods, the concentration of cffDNA is 40,7% higher than
that of the manual methods. Result of library creation and quality
control of DNA libraries show that approximately 80% of the library
size corresponds to the length of the cell free DNA fragment. In the
optimal phase of the sequencing process in the study, the DNA library
that has been bar coded has been diluted to 55pM concentration,
showing the best effect for lower polyclonal ratios compared to other
concentrations. Next-generation sequencing system uses a proton
semiconductor chip that counts (H* ions). Library samples cloned in an
emulsion PCR (ePCR) environment have components of the PCR
reaction and the ISP (lon Sphere Particle), the surface of the ISP is
covered with millions of adapters that can be additionally paired with
adapters P1. Under optimal conditions, one drop of ePCR environment
contains only one ISP and one DNA library fragment. The DNA library
after being attached to the surface of the ISP will be cloned and loaded
into the sequence chip. The quality of the sample loaded into the
sequence chip is represented by a heat graph, the redder the color
indicates the higher the density of ISP loaded into the well. In the study,
102 sequences with 115 chips were performed (each order from 1 to 2
chips, with a maximum of 14 samples per chip), the results showed that
the ISP particle density Average chip load is 88,5%, the lowest is 72%
meeting standards. Approximately 60,6 + 5,8% of ISP particles got
quality (equivalent to 78,9 million wells or DNA fragments), an average
of 5,86 million readings of raw DNA per sample, average length of
DNA reading is 161bp, which is equivalent to cell free DNA size
reported by Lo et al. The TMAP algorithm (Torrent Mapping
Alignment Program) created by Nils Homer and colleagues from Life
Technologies has proven to be one of two the best algorithms for
detecting fetal chromosomal aneuploidy wusing semiconductor



19

sequencing technology. The total reads sequences are aligned and
compared with the sequence hgl9 using TMAP algorithm. The results
of the research data show that 99,6% of the DNA fragments are aligned
in hgl9 sequence with an average length of about 160,5bp, equivalent
to the survey area when checking the quality of the library. Regular
short DNA fragment sizes will have high accuracy points. Accuracy
point continues for DNA fragments below 180bp (98,8% accuracy). Of
the total reads that are likely to be are aligned in hgl9, the DNA
fragments of AQ17 and AQ20 quality have a high proportion, proving
that the sequencing process meets the quality requirements. In the
study, the overall failure rate of the NIPS test was 1,44%, of which
1,36% was caused by low cffDNA. The main factor leading to low
cffDNA is due to obesity in pregnant women or small volume of
placenta due to sampling at early gestation before 10 weeks or a
combination of these two factors. Low cffDNA can also be caused by
fetus with trisomy 18, trisomy 13, monosomy X and triploidy. The
study results are consistent with the study of McCullloughet et al
reported a failure rate of 1,3% when using the MPSS method. The
results are similar to the study evaluating the failure rate from the
sequencing methods, with MPSS, having the lowest failure rate of
1,58%, followed by CSS with 3,56% and the highest is 6,39% with
SNPs. Some laboratories consult there should be repeated NIPS test in
case of failure, however, the rate of failure when the test is repeated can
be up to 40 - 50% and the rate of chromosome aneuploidy is
significantly higher in pregnant women who do not have NIPS results.
For this reason, ACOG and SMFM recommend that women who do not
receive NIPS results should receive genetic counseling, ultrasound and
invasive procedures. Most published NIPS tests have used the z-score to
conclude whether a NIPS test is positive or negative. In the study, z-
score of chromosomes 21, 18, 13, X were all distributed according to
the Gaussian chart. To analyze the accuracy of the NIPS test, besides
using z-score, many other factors such as cffDNA level, number of
DNA readings, sequencing methods and algorithms are used. The
sequencing results in the study showed that the highest z-score of
chromosomes 21, 18 and 13 at the threshold of not detecting aneuploidy
is 2,77; 2,8; 2,57. The z-score threshold for chromosome X does not
detect aneuploidy, ranging from -2,9 to 2,9. The study results showed
that 1172 (95,21%) pregnancies had negative NIPT results; 59 (4,79%)
pregnancies had positive NIPT results, including 5 for T13, 15 for T18,
30 for T21, 9 for sex chromosome aneuploidies (4 monosomy X, 3 for
47, XXY, 1 for 47,XYY and 01 for trisomy X). The results of the study
are similar to those of Maxwell, Shan and colleagues suggest that over
95% of pregnant women can avoid invasive procedures if they are
consulted to perform NIPS test. This not only reduces costs, reduces
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pressure for pregnant women, but also provides a safe solution for
pregnant women, avoiding complications of abortion due to invasive
procedures. If 1172 pregnant women were assigned an invasive
procedure, there would be 2 - 3 pregnant women likely to have an
abortion, because the rate of pregnancy loss due to invasive procedure
is 0,11% - 0,22%. The sensitivity and accuracy of the NIPS test depend
on cffDNA. cffDNA is directly proportional to the NIPS test sensitivity,
so finding a method with high sensitivity and accuracy is essential. The
study used the method of counting the number of DNA fragments in
each chromosome (a method based on low-coverage DNA sequencing
data from the pregnant woman's plasma - SegFF). Results showed that
cffDNA were bell-shaped and tended to increase with corresponding
gestational age. cffDNA at gestational age from 10 to 20 weeks 6 days
increased slightly statistically. cffDNA at gestational age > 21 weeks
increased significantly. The research results are similar to many studies
in the world such as those of Zimmermann, Dar, Hudecova et al. The
research results show that the average cffDNA level is 7,79%, lower
than other studies, this may be explained by the large sample size
studies and the difference in research designs. Using different
sequencing methods and algorithms, the cffDNA levels obtained from
the studies also varies. Many studies report no difference in cffDNA
levels at gestational age from 10 to 22 weeks, cffDNA levels increase
rapidly after 21 weeks. The study with the number of pregnant women
> 21 weeks accounting for a low rate of 4.79% (59/1231 samples) may
be one reason leading to low cffDNA levels in the study. Next, there are
a number of factors such as placenta mas, manipulation of plasma
separation process, cell free DNA separation method and the chemicals
used also significantly affect the concentration of cffDNA circulating in
pregnant women's plasma. Research with the sample size is not large
enough, can not represent the cffDNA levels of pregnant women, it is
necessary to have studies with a larger sample size to be able to set the
cffDNA levels threshold of pregnant women in Vietnam. The results
found a statistically significant inverse correlation between the cffDNA
and BMI of pregnant women, the results consistent with many studies
in the world such as Ashoor, Revello, Scott et al. Increased BMI and
obesity are correlated with an increased risk of NIPS failure results.
Therefore, there are limitations in using the NIPS test in obese pregnant
women. In the study, cffDNA levels were higher in pregnant women
with trisomy 21 and trisomy 18 than in women with negative NIPS
results from 10 weeks to 20 weeks 6 days, found differences statistical
significance of cffDNA levels between 2 groups of pregnant women.
Research by Ashoor et al (2013), Rava et al (2014) showed that cffDNA
levels in gestational weeks from 11-13 weeks in case of trisomy 21
were statistically higher than the negative NIPS result. In the case of
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trisomy 18, 13, the cffDNA levels was lower than the negative NIPS
group. A study by Suzumori et al in 6,993 women with gestational age
of 10 - 20 weeks also showed significantly lower cffDNA levels in
trisomy 18, 13 than in the negative NIPS group. However, equivalent
cffDNA levels in trisomy 21 and negative NIPS group. Meanwhile,
Kinnings et al demonstrated that the effect of aneuploidy on cffDNA
levels varies with gestational age. When comparing negative NIPS
group, cffDNA levels increased from 16 weeks gestation to trisomy 21
samples. Similarly, cffDNA levels decreased from 21 weeks and 18
weeks, respectively, to trisomy 18 and 13. Therefore, the chromosome
difference have different effects on cffDNA levels, depending on the
affected chromosome. The study was limited in the number of trisomy
18 samples detected with gestational age from 10 to 20 weeks 6 days (n
= 7), so the cffDNA concentration in trisomy 18 is higher than in the
negative NIPS case. In the study, cffDNA levels was positively
correlated with z-score, when cffDNA increased, z-score of trisomy 21,
18, 13 increased sharply while z-score of negative NIPS cases remained
stable, the correlation was statistically significant. This result is also
consistent with the study of Liao et al. The study showed a statistically
inverse correlation between cffDNA levels and z-score in Turner
syndrome (45,X). No statistically significant relationship was found
between cffDNA levels and z-score for negative NIPS cases with
trisomy 21, 18, 13 and sex chromosomal aneuploidies (SCASs). The
research results are also consistent with the research of Xu-Ping Xu et
al. At present, invasive prenatal diagnosis by amniocentesis is the gold
standard for the diagnosis aneuploidy, which is the basis for comparing
and evaluating the value of new techniques in prenatal screening and
diagnosis. 59 NIPS positive cases using invasive procedures by
amniocentesis, resulted in 08 cases (13,6%) with normal chromosomes
(46,XX; 46,XY) and 51 trisomy 21, 18, 13 and SCAs cases (86,4%).
The NIPS assay has an exceptionally high detection capacity and a
lower rate of false positive than traditional prenatal screening tests
(which have a false positive rate of 2 - 5%). However, the NIPS test still
has a false positive result, possibly due to confined placental mosaicism
(CPM), fetal mosaic, copy number variation (CNV), vanishing twins,
maternal malignancy, true fetal mosaic (TFM) and even due to
laboratory errors. The study found that 08 pregnant women had false-
positive results for trisomy 18, 13 and SCAs and 01 pregnant women
had false-negative results for SCAs. The rate of false positive NIPS
results with trisomy 13 is relatively high (3/5), which may be related to
the size of chromosome 13 or the GC content on chromosome 13. In
addition, cffDNA and z-scores have a significant effect on the rate of
false positive NIPS results. The research of Yuan et al showed that the
NIPS test with z-score > 9 was more accurate when the z-score was
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within 3 < z-score < 5 or 5 < z-score < 9. False positive results for
trisomy 18, 13 in the study had low cffDNA < 8% and z-score within 3
< z-score < 5 in accordance with the guidelines of ACOG in 2015,
which shows low cffDNA and z-scores as the main cause of NIPS false
positive cases. The study found 03 false positive results with SCAs had
z-score < -5, 01 false negative case was 47,XYY: NIPS is positive with
47,XXY, when making definite diagnosis is 47,XYY, male fetus with
high Y chromosome signal is 0,001043 (the male Y chromosome signal
is > 0,0003). This result is also consistent with the study of Li et al,
according to many studies, the chromosome type XXY and XYY are
difficult to assess in the NIPS test. Therefore, with positive NIPS for
chromosomal aneuploidies consented to invasive prenatal diagnosis.
The study showed that the sensitivity and specificity of the NIPS test
were 100% and 99,6% for trisomy 21, 18, 13 of which, the sensitivity
and specificity for trisomy 21 were the highest equivalent to those in the
world reports. The negative predictive value for all trisomy 21, 18 and
13 is 100% similar to the results of Sekelska et al in 2019, which
showed that the negative predictive value for trisomy 21, 18, 13 is
99,99%. The highest positive predictive value in trisomy 21 detection is
100%, followed by trisomy 18 with 87%, the positive predictive value
of trisomy 13 is relatively low with 40%, equivalent to the above
studies in the world. This may be related to a significantly lower
frequency of trisomy 13 compared to trisomy 21 and trisomy 18.
Moreover, the number of trisomy 13 cases in each study was different
and led to a positive predictive value of trisomy 13 different between
studies. The study found that specificity and NPV with SCAs are 99,8%
and 99,9%, the sensitive are 83,3%, PPV are 62,5%. The sensitive with
47,XYY is 0,0%. PPV for 47,XYY is the lowest accounting for 0,0%,
followed by 45,X accounting for 50,0%, 47,XXY is 66,7%, the highest
is trisomy X accounting for 100%. Research by Yao, Cheung and
colleagues also have similar results, proving that the NIPS test more
accurately predicts trisomy X and Klinerfelter syndrome when
compared with Turner syndrome. The study carried out with a low
sample size, the cases of SCAs were detected only 9 cases, so the
detection rates of NIPS was different from other studies. Most of the
SCAs have no obvious clinical symptoms or ultrasound abnormalities,
so the limitation of the study is that it is only possible to examine babies
after birth and phones for women to determine the status of children
without being able to accurately diagnose all cases of false negative
SCAs. Research on 1231 samples showed PPV due to morphological
abnormal ultrasound accounting for the highest proportion. In
particular, pregnant women with ultrasound abnormalities combined
NT > 4mm with positive NIPS results accounted for the highest rate. A
study by Beulen et al in 2017 suggests that NIPS test should not be
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recommended for women with morphological abnormalities on
ultrasound, because both the sensitivity or the negative predictive value
are lower than the karyotype test. A positive NIPS result related to the
high-risk pregnancy screening test shows that with a high risk of > 1/10,
the rate of a positive NIPS test is the highest, resulting from study in
accordance with the report of Persico et al in 2016. ISUOG
recommends that is best not to advise on NIPS, but to recommend
invasive procedures for CFTS cases at very high risk > 1/10 and nuchal
translucency > 4mm. Research has shown some very significant results
of the NIPS test for clinical practice, helping to reduce unnecessary
invasive procedures. Traditional prenatal screening and ultrasound
plays an important role in helping clinicians to recommend NIPS tests
and invasive procedures suitable for each pregnant woman.

CONCLUSION

Based on the 2 objectives of the study, by applying the next
generation sequencing technique to analyze cell free fetal DNA in
pregnant woman's plasma, detect chromosomal aneuploidy of 21, 18, 13
and sex chromosome, the obtained research results allow to draw some
conclusions as follows:

1. Application of the next generation sequencing technique to detect
chromosomal aneuploidy of 21, 18, 13, X, Y chromosome with cell
free fetal DNA in maternal blood.

- The rate of NIPS test failures is 1,44%, of which the cause is due to
low cffDNA levels < 3,5%, accounting for 1,36% and the reasons for
failure sequences account for 0,08%.

- Research to optimize/complete the sequencing process: DNA
library has attached barcodes diluted at 55pM concentration, loading up
to 14 samples per 1 chip sequence.

- The rate of positive NIPS test by the next generation sequencing
technique analyzing cffDNA is 4,79% (59 positive samples/1231 samples).
2. Initial evaluation of the value of the next generation sequencing
technique using cell free fetal DNA in maternal blood.

- Sensitivity, specificity, positive predictive value and negative
predictive value for trisomy 21, 18, 13 and sex chromosome detection
are 99.8%; 99.3%; 86.2% and 99.9%.

- Trisomy 21, 18, 13: high sensitivity, specificity and negative
predictive value for all 3 syndrome of Down, Edwards and Patau; the
highest positive predictive value for Down syndrome (trisomy 21) is
100%, followed by Edwards syndrome (trisomy 18) is 87% and the
lowest is Patau syndrome (trisomy 13) is 40%. The positive predictive
value for all three syndromes is 90%.
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- Sex chromosomal aneuploidies (X, Y): high specificity and
negative predictive value for sex chromosomal aneuploidies, sensitivity
of 0,0% for Jacob's syndrome (47,XYY), The lowest positive predictive
value for Jacob's syndrome is 0,0%, followed by Turner syndrome
(45,X) of 50,0%. The sensitivity and positive predictive value for
detection of sex chromosomal aneuploidies are 83.3% and 62.5%.

- NIPS test by next generation sequencing technique to analyze cell free
fetal DNA has high value to detect Down syndrome, Edwards syndrome, but
lower for Patau syndrome, Jacob's syndrome and Turner syndrome.

SUGGESTIONS

- NIPS test should be advised for pregnant women who are at high
risk of fetal chromosomal aneuploidies, which will help reduce the
number of pregnant women who need to perform unnecessary invasive
procedures and reduce the risk as well as the complications in pregnant
women and fetus.

- The NIPS test is only a screening test, and women who have a
positive NIPS result should be advised to have an invasive procedure.

- Suitable NIPS testing should be indicated to each pregnant woman
based on traditional prenatal screening and ultrasound results.

From the results obtained, the research team made the following
recommendations:

- Early NIPS testing should be advised for women from 10 weeks
gestation at high risk of chromosomal aneuploidies.

- NIPS should be indicated appropriately for each pregnant woman
based on traditional prenatal screening results and morphological
ultrasound, NIPS testing should be restricted to obese women, should
not be indicated NIPS test in women > 45 years of age, women with
very high risk of maternal serum screening results > 1/10, women with
abnormal morphological ultrasound results and high nuchal
translucency of > 3,5mm.

- With positive NIPS test results, pregnant women are advised to
perform invasive procedure to perform karyotype test.

- When NIPS test results are positive for sex chromosomal
aneuploidies, it is advisable for pregnant women to get more blood
karyotype tests.

- Specialist should consult before and after NIPS test for pregnant
women on the advantages and limitations of NIPS test to detect
chromosomal aneuploidy, especially Patau syndrome and sex
chromosomal aneuploidy syndrome to avoid causing psychologically
trauma for pregnant women when they receive positive NIPS test results,
especially for Patau syndrome and sex chromosomal aneuploidies.
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