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Approximately 3% to 5% of pregnancies are complicated by birth defects or genetic
disorders.

]

Chromosomal abnormalities are present in approximately 1 in 150 live births, and
congenital malformations remain the leading cause of infant death and a leading

cause of childhood death.
An estimated 3.2 million of these children are disabled for life.

!

These chromosomal abnormalities include aneuploidy (defined as having one or more
extra or missing chromosomes), translocations, duplications, and deletions.
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ePrenatal testing are aspects of prenatal care that focus on
detecting problems with the pregnancy as early as possible.

eThese may be anatomic and physiologic problems with the
health of the zygote, embryo, or fetus, either before
gestation even starts (as in preimplantation genetic
diagnosis) or as early in gestation as practicable.




Routine Antenatal Care

‘o Fetal Defects: Early scan to diagnose

1990S pregnancy & dating
e Anomaly Scan: 22-24 wks.

e 11-14 wks. Fetal Defects

2005 e 20-23 wks. PIPIP The great Ob syndrome

e 11-13+6 Fetal Defects, Chemical Markers, Major
2010 Cardiac defects, Uterine artery Doppler

e 20-23 wks.: Anomaly Scan




ACOG

¥ The American College of
Obstetricians and Gynecologists

In 2007, the American Congress of Obstetricians and Gynecologists (ACOG)
released "ACOG Practice Bulletin No. 77 which recommended:

-

making aneuploidy screening or invasive testing available for all
women, ideally at their first prenatal visit.

)

This idea was revolutionary at the time, as previously only women who
were considered to be at high risk had been offered these tests



Prenatal Screening Tests

Most prenatal testing is intended for screening. These tests include:

Serum screening

an increased risk.

Carrier screening

Ultrasound

The goals of these tests are to identify women with pregnancies at high risk of
chromosomal abnormalities or birth defects.

Although ultrasound can be diagnostic, such as in the case of open neural tube
defect, serum screening is intended only to identify women with pregnancies at



Indication for prenatal screening

Increased risk for fetal chromosomal abnormalities based on advanced
maternal age,

—— previous pregnancy affected by fetal chromosomal abnormality

Family history of a known genetic condition or if the couple is a known of
gene mutation or balanced translocation.

Either of the couple affected by congenital disorder : e.g. ; congenital
cardiac defects

—— Previous history of a pregnancy affected by congenital anomalies

—— Family history of congenital abnormalities

Maternal medical condition : diabetes, autoimmune diseases, hypertension,
hypothyroidism etc.




Prenatal testing includes both screening
tests and diagnostic tests:

B Prenatal diagnosis

e often, but not always, requires an invasive procedure such as
chorionic villus sampling (CVS) or amniocentesis to acquire fetal
cells or amniotic fluid for analysis.

e Prenatal diagnosis is meant to be as definitive as possible, giving a
“yes or no” answer as to whether the fetus is affected with a
particular disorder.

e onthe other hand, has traditionally referred to testing for certain
common birth defects such as chromosomal aneuploidies, neural
tube defects, and other structural anomalies in pregnancies not

known to be at an increased risk for a birth defect or genetic

disorder



Diagnostic evaluation typically involves 3 major categories :

1. Fetuses at a high risk for a genetic or congenital disorder.
2. Fetuses at high risk for common congenital abnormalities.
3. Fetuses discovered ultrasonographically to have structural
or functional abnormalities.

High risk describes ‘a risk greater than the chance of fetal death

associated with the diagnostic procedure considered’.




Standard Techniques Used in Prenatal Diagnosis

Technique

Optimal Time (Wks)

Disorders Diagnosed
Non-Invasive

Non-Invasive

Chorionic villus sampling

MATERNAL SERUM

SCREENING 10-14 Down syndrome

Triple test or combined test
Structural abnormalities (e.g.,

Ultrasound 18-20 central nervous system, heart,
kidneys, limbs)

Invasive

Amniocentesis 16 Neural tube defect

Fluid Chromosome abnormalities,

Cells metabolic disorders, molecular
defects

1012

Chromosome abnormalities,
metabolic disorders, molecular
defects
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History of prenatal testing-i

A

Initial screening for birth defects was developed in the 1950s with ultrasound
and has become increasingly prominent in obstetric care.

/

Real-time gray-scale imaging became available in the 1970s and improved prenatal
diagnosis by allowing for evaluation of pregnancies earlier in gestation.

/

Aims of ultrasonography include determination of gestational age and fetal
number, evaluation for malformations, testing of fetal well-being, and assistance
with invasive diagnostic and therapeutic procedures.
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History of prenatal testing-ii

Amniocentesis, the first available prenatal chromosomal
diagnostic testing option, was first described in the 1950s.

Amniocentesis has become increasingly safe and is now
used for several purposes, including genetic screening and
infectious evaluations

Chorionic villus sampling (CVS) is another diagnostic test
and can be performed earlier in gestation.

Subsequently, noninvasive tests, including serum analyte
screening and cell-free DNA screening, were developed for
purposes of screening for genetic abnormalities within a
pregnancy.
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History of prenatal screening-iii

A

In the context of screening for Down syndrome and other major aneuploidies, the primary
aim is to provide specific information that allows couples to make informed reproductive
decisions and is not focused on eradicating disability

The natural frequency of chromosomal abnormalities at birth approximates to 6 per 1000 births amongst
women without any form of antenatal screening. The autosomal aneuploidies are most frequent with
Down syndrome (Trisomy 21) the most common of the group having a historical birth prevalence of 1in
800, and Edward ' s syndrome (Trisomy 18) at 1 in 6,500 and Patau ' s syndrome (Trisomy 13) 1 in 12,500.
The birth rates of the major autosomal trisomies increase with advancing maternal age. Thus the general
prevalence of these conditions has increased over the past 25 years as a direct consequence of women
postponing childbirth until later life, with the consequence that the expected life birth rate without
screening is approaching 1 in 5oo.
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History of prenatal testing-iv

A

Until around 1990 maternal age was the main screening modality for
detecting pregnancies carrying a fetus with Down syndrome. If a mother
was over the age of 35 she would have been offered amniocentesis and
karyotyping (counting and matching chromosome pairs) of the fetal cells
isolated and cultured from the amniotic fluid

/L A

In the 1980s this would have identified about 5 % of pregnant women who
would need to consider amniocentesis and potentially would have identified
about 30 % of cases with Down syndrome.




History of prenatal testing-v

A

Developments in second trimester maternal serum screening In the mid to late 1980s
a series of observations led to the proposed use of second trimester maternal serum
biochemical markers in a screening program for Down syndrome which invariably
built upon existing programs screening for Neural Tube Defects. In 1984 Merkatz et
al. initially observed low levels of a-fetoprotein (alpha-fetoprotein, AFP) in a group of
pregnancies with Trisomy 21 or Trisomy 18. This was confirmed in a larger series by
Cuckle et al. who proposed a screening program based on specific AFP cut off ' s. In
an attempt to improve screening performance Cuckle et al. proposed a method of
screening which combined a priori age risk with the likelihood ratio of the AFP result
having come from a population of pregnancies in which the fetus had Down
syndrome rather than from a population with a normal fetus
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History of prenatal testing-vi

A

In 1987 Bogart et al. observed increased maternal serum levels of total f-hCG in
pregnancies with trisomy 21 and low levels in those with trisomy 18. One year
later Canick et al. observed reduced levels of unconjugated estriol in pregnancies
with trisomy 21. The next logical step in screening was proposed by Wald et al. in
using the methodology outlined by Cuckle et al. the three biochemical markers
were combined together using their Gaussian distributions from affected and
unaffected pregnancies to achieve a combined likelihood ratio which was then
used to modify the a priori age risk. This multimarker assessment scheme
became known as the Triple Test and heralded the introduction of biochemical
screening for Down syndrome in the second trimester.
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History of prenatal testing-vii

A

Between 1992 and 1996 various publications initially
using nonspecific methods for Inhibin showed this
marker and specifically the form Inhibin-A was also

increased in pregnancies with trisomy 21 and with the

development of more robust assays for this marker, it

was gradually added to screening programs resulting
in what now is known as the quadruple test

L




History of prenatal testing-viii

A

Screening performance using a combination of the different markers shows that:

For a two marker protocol using AFP and Free B-hCG a DR of around 64 % can be
achieved for a 5 % FPR.

If a three marker protocol were used —including U-E3 DR about 67 % and if a four
marker protocol were used —including Inhibin-A DR would increase to around 72
%.

The four marker protocol commonly referred to as the * Quad Test ‘is generally
the standard in use when screening is performed in the second trimester.

Detection rates for Trisomy 18 tend on the whole to be considerably lower at
around 60 %.
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History of prenatal testing-ix

At the 18 — 22 week ultrasound anomaly scan the
presence of a wide variety of * soft markers 'has also been
proposed as a screening method for trisomy 21. The vast
majority of these soft makers have been poorly evaluated

and it is only recently that appropriate likelihood ratios
have been associated with the most useful of the markers

such as ventriculomegaly, nuchal fold thickness,
hypoplastic nasal bone and aberrant subclavian artery

/ | .




History of prenatal testing-x

A

First trimester screening: The past decade and a half has seen a considerable focus on
moving screening earlier into the first trimester. Earlier screening is seen as providing
women with an earlier reassurance and if termination of pregnancy is desired, this
can be completed by a safer procedure and before fetal movements are usually
evident. The fact that some aneuploid pregnancies detected in the first trimester will
be spontaneously lost before term is not a valid argument against early screening.
For these women it is important information to know, which can shape future
reproductive decision making. Screening markers in the first trimester consist of the
ultrasound marker Nuchal Translucency (NT) and the maternal serum biochemical
markers free B-hCG and Pregnancy Associated Plasma Protein-A (PAPP-A) and form
what has become known as the combined test. This test has now become the
National Screening Standard in many countries.
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History of prenatal testing-xi

A

Alternative screening strategies have been described which are more complex
than the simple Quad test or the Combined Test. One such test is the Integrate
Test which attempts to combine the tests used in the first trimester with those
used in the second trimester. Thus PAPP-A and NT are measured at 11 —13
weeks, the patient is not given a risk assessment but then returns at 16 weeks for
further biochemical tests which include AFP, Free B-hCG, U-E3 and Inhibin-A.

Only when all the data are together is a risk produced. The theoretical benefits of
this approach are a perceived increase in detection rate or lowering of the false
positive rate. In the UK this is not a nationally recommended screening test but is
popularin the USA
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History of prenatal testing-xil

A

CVS and those with a very low risk (e.g. 1:1000) are reassured and those in the middle
are offered further testing. This further contingent testing can be to refer those
women to a specialist fetal medicine/ Ultrasound unit for the measurement of nasal
bone, facial angle, tricuspid reqgurgitation and Ductus venosus in the first trimester —
this information is then combined with the earlier information from combined
testing and a revised single risk calculated. All of these latter markers require skills in
measurement and in the case of the latter two high energy colour doppler. They are
not advised as routine screening markers and are best left to skilled tertiary centers.
A second alternative would be to offer the intermediate group second trimester
biochemical screening with the Quad test and to combine all of the test elements
togetherin a single risk. The modifications add little to the overall detection rate but
can mean the false positive rate falls well below 2 %
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History of prenatal testing-xiiii

A

More recently it has been suggested that cell free fetal DNA
measured in the maternal circulation may also be a contender for
use in a Contingent approach, harnessing the improved
screening potential of this marker to dramatically reduce the
screen positive rate yet only performing this expensive test on
around 12 % of the pregnant population. In its current form cell-
free fetal DNA testing is not diagnostic and is unlikely to replace
CVS/Amniocentesis and QFPCR/karyotyping in the near future.

L
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History of prenatal testing-xv

A

4 h

RATIONALE FOR SCREENING

Protocols for prenatal screening for Down syndrome have been implemented because:

® The prevalence of trisomy 21, 18, and 13 in live births in the United States in the absence
of screening, diagnosis, and termination is approximately 1in 500, 1 in 4000, and 1in
7000, respectively.Prevalence increases with advancing maternal age

e The burden of disease for the affected individual and his/her family can be significant.
e Accurate prenatal diagnostic tests are readily available.

e Prenatal diagnosis gives parents options: an opportunity to plan for the birth of an

\\ affected child or pregnancy termination /




History of prenatal testing-xvi

A

First-trimester combined test

The "combined test" includes both sonographic determination of NT
and determination of biochemical markers associated with
aneuploidy: pregnancy-associated plasma protein A (PAPP-A) and
free-beta or total hCG. Tests integrated across the first and second
trimesters

Integrated screening tests measure biochemical markers of Down
syndrome in both the first and second trimesters and may or may not
include NT measurements




History of prenatal testing-xvii

A

There are three types of integrated test:

e The full integrated test includes serum PAPP-A at 10+0 to 13+0 weeks and sonographic NT at 10+3 to
13+6 weeks as the first step. These results are then integrated with results of the quadruple test performed
on a second serum sample collected ideally at 15+0 to 18+6 weeks (but can be done as late as 22+6 weeks)

to determine the risk of trisomy 21 est candidates.

® The serum integrated test differs from the full integrated test by not including ultrasound measurement
of NT. (DR 85 %&FPR 4%)

* Stepwise sequential testing is a modified version of the full integrated test that provides risk estimates
after the first step. In most protocols, the sequential screening process involves performing the first-
trimester portion of the full integrated test, reporting risks of Down syndrome to the patient, and offering
CVS to women whose results place them at very high risk of an affected fetus (eg, =1 in 5o).

Women whose screen does not place them at very high risk go on to complete the second-trimester
portion of the test

26
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~omparison of performance of 3 serum-based Down syndrome screening tests according to prespecified detection rate, false-
yositive rate, and population

Quadruple test . Integrated test
(AFP, uE3, hCG, InhA at 15-20 Combined test (NT and PAPP-A at 12 weeks plus
weeks) (NT, PAPP-A, hCG at 12 weeks) AFP, uE3, hCG, InhA at 15-20 weeks)
DR (%) FPR (%) FPR (%) FPR (%)
70 2.0 1.3 0.2
80 4.5 3.6 0.7
90 11.7 11.7 3.2
FPR (%) DR (%) DR (%) DR (%)
1 62 67 83
3 75 78 90
5 81 83 93
Risk cutoff (1:N) DR (%) FPR (%) DR (%) FPR (%) DR (%) FPR (%)
1:100 74 2.5 75 1.9 85 1.3
1:200 82 4.7 81 3.8 89 2.4
1:300 86 6.6 84 5.5 91 3.4
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screening tests for trisomy 21 (Down syndrome)

Screening test

Components

Gestational age at testing
(weeks)

Detection/screen positive
rates for trisomy 21

Comments

First trimester combined

Quadruple

Integrated or sequential

Serum integrated

Cell-free DNA

NT+PAPP-A, free beta-hCG or
NT+PAPP-A, intact/total hCG

hCG, AFP, uE3, DIA

PAPP-A+NT
and
hCG, AFP, uE3, DIA

Same as integrated but without
NT

Genome-wide or targeted
methods

Blood at 11+0 to 13+6

NT at 10+3 to 13+6

Blood at 15+0 to 18+6 (can be
through 22+6)

First blood draw and NT are at
the same time as for combined
test

Second blood draw is at the
same time as for quadruple test

First blood draw at the same
time as for combined test

Second blood draw is at the
same time as for quadruple test

Blood at 1040 or later

85% / 5%

80% / 5%

94% / 5%
or
85% / 2%

85% / 5%

99.2% / 0.08%

®  Results can be available in the
first trimester

= Also detects trisomy 18 and
often trisomy 13

= Does not screen for neural
tube defects

=  Does not require ultrasound

= Can be offered to patients
presenting for prenatal care
in the second trimester

= Also detects trisomy 18 and
neural tube defects

= Highest detection rate for
serum/ultrasound tests.

= Also detects trisomy 18 and
often trisomy 13.

= In the sequential format, the
first-trimester results are
reported if very high (eg, =21
in 50); remaining patients go
on to complete the second
trimester part of the test.

Best test for those without
access to NT scans or early
diagnosis by CVS

= Highest sensitivity and
specificity for all trisomies

= Also detects sex chromosome
aneuploidies

= 1-3% of tests fail (no result)

= Reasonable to use for
secondary screening after
a prior serum screen positive
before moving on to
diagnostic testing
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Cell-free DNA

A

/NIPT for chromosomal aneuploidy screening became commercially available in 2011. ACOG arh
SMFM published a committee opinion in December 2012,

We should be offered cfDNA screening test in the following high-risk groups :
(1)Maternal age 35 years or older at delivery
(2)History of a prior pregnancy with a trisomy
(3) Parental balanced Robertsonian translocation with increased risk of fetal T13 or T21
(4) Positive test results for aneuploidy, including CFTS, STS or integrated screening
(5) Fetal ultrasonographic finding indicating an increased risk of aneuploidy

\\ December 2020 | Supplement to OBG Management /
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Schematic diagram of noninvasive prenatal
screening (NIPS) for trisomies by next-generation
sequencing of cell-free DNA in maternal serum.
Fetal component of maternal serum cell-free DNA
shown in red, maternal contribution in blue.
Millions of molecules of DNA are sequenced and
assigned to each chromosome by computerized
alignment against the human genome. Highly
accurate measurements of small but significant
increases in the fraction of molecules assigned to
chromosome 13, 18, 21 or X compared to a
reference indicate increased risk for trisomy of
each of these chromosomes.

Cell-free DNA in maternal serum

L 1 1 .

Number of sequences per chromosome
1

ks A ‘_, m
Chrt Chr2 Chr3 ... Chr21 Chr22

Count the number of sequences
assigned to each chromosome
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Chr1
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..ATGAGTGACAGCAGAAA..
..GATACGAGTACGAAAGA..
..CCTGGCATACACGGCAG...
..GTTTCAGTGCGTCAATT...
..AAATGCCCATGTTTGCA..
.. TGGTGCAGTACGCGGAC...
..AACTAGTGAGTACCCAG..
..CCCTGGGACGATTCGAG...
..AGTGAACGTATTTAACG..
..TACCCCTGGTCCAGACC...

..GACCTGACGACATCACG..

Chr2 Chr3
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w

Align to human genome
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to individual chromosomes

Chr21 Chr22
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A

/ In August 2020, ACOG and SMFM updated their practice bulletin on \
screening for fetal chromosomal abnormalities and published documents
following:

» cfDNA screening is an appropriate test to offer as a first-tier screen for all
pregnant women, regardless of background risk or maternal age

« cfDNA screening is the most sensitive and specific screening option for the
common aneuploidies regardless of maternal age or baseline risk

« cfDNA-based screening In twin pregnancies could be offered
\\ « cfDNA-based Screening for microdeletions is still not recommended /

L




Society Recommendations

/ cfDNA screening \

The ease of screening, the ability to give results as early as 10
weeks of gestation, the noninvasive nature, marketing by the
laboratories, and the ability to predict gender made cfDNA
screening a very popular choice.

\\ December 2020 | Supplement to OBG Management /
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Rare autosomal trisomies

A

The term ‘rare autosomal trisomy’ (RAT) refers to a trisomy
for any autosome other than 13, 18 and 21. Constitutional
forms of these aneuploidies are almost invariably lethal, and
hence the overwhelming majority of cases represent
mosaicism which may be confined to placental tissue .

Originally, NIPT methods were designed solely to detect
trisomies 13, 18 and 21.
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A

However, NGS-based NIPT methods generate low-depth sequencing coverage for all autosomes, which has allowed
retrospective re-analysis of these datasets to detect trisomies for any chromosome .

Several studies applying this analytical methodology have revealed that the prevalence of RATs is approximately 0.1—
0.3% in general obstetric population cohorts .

Trisomy 7 is the most commonly detected RAT, while trisomies 15, 16 and 22 are more frequently detected via NIPT than
previous studies using chorionic villous sampling data .

Constitutional RATs are usually associated with spontaneous miscarriage, but mosaic RATs may be associated with a
range of adverse outcomes such as placental insufficiency, low birth weight, miscarriage and structural anomalies due to
fetal mosaicism . In addition, CPM for a chromosome containing imprinted regions can lead to a clinical phenotype via
generation of uniparental disomy in the developing fetus following trisomy rescue. A key example is uniparental disomy
for chromosome 15, which causes Prader—Willi syndrome or Angelman syndrome, dependent on a maternal or paternal
origin, respectively. However, mosaic RATs are also associated with normal births: a recent meta-analysis reported that
41% of RATs detected via NIPT resulted in a normal postnatal outcome . Thus, while extending the diagnostic scope of
NGS-based NIPT to include detection of RATs is possible without significant amendment of most technical laboratory

protocols, the utility of this approach is controversial and there is as yet no consensus on value from the clinical

community
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Copy-number variants

A

NIPT has also been extended to the detection of chromosomal deletions and duplications
within the fetal genome, by applying the same principles of dosage as for aneuploidy analysis
(Advani et al. 2017). Microdeletions and microduplications are copy-number variants (CNV5s)
which lie below the resolution of traditional karyotyping methods and are associated with a
broad range of genetic syndromes. While individually rare, these conditions are collectively
common and do not exhibit a maternal age affect, unlike the common trisomies. Pathogenic
CNVs can occur across the genome but around 25% are recurrent, the most common being the
22q11.2 deletion, which is causative of Di-George syndrome and has been demonstrated to
have a prevalence of 1in 992 in a low risk obstetric population (Grati et al. 2015). While NIPT
can be extended to include CNV screening, the majority of commercial platforms only report
the detection of several recurrent microdeletion syndromes (Table 3), with only one claiming to
detect all CNVs that are 7 Mb or greater.
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recurrent microdeletion syndromes

A

{ble 3 Recurrent chromosomal deletions causing genetic \
I

syndromes commonly offered in expanded NIPT by commercia

providers.

Chromosomal locus Condition

1p36 1p36 deletion syndrome

4p16 Wolf—Hirschorn syndrome

5p Cri du Chat syndrome

824 824 deletion syndrome

11923 Jacobsen syndrome

15q11-13 Angelman syndrome and
Prader—Willi syndrome

220t l.2 Di-George syndrome

L A
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Single gene disorders

A

/As the precision of non-invasive prenatal screening using SNP technology has narrow)
in on CNVs, this screening can then focus even further to single gene disorders.

The first commercially available screening test for single gene disorders was launched in
early 2017. This panel screens for single nucleotide variants (SNVs) in 30 genes
responsible for a variety of genetic conditions. These genes can be generally categorized
by clinical phenotype: Noonan spectrum, Craniosynostosis, Skeletal, and Syndromic
disorders. Many of the conditions have no ultrasound findings early in pregnancy, are
typically de novo, and may be associated with advanced paternal age. The combined
incidence of these conditions in the general population is approximately one in 600.

Each of these genes are screened in the cfDNA of a pregnant woman using next-
generation sequencing technology. Pathogenic or likely pathogenic variants are

\\ reported, with the recommendation for confirmation by diagnostic testing. /

L

37




Today Prenatal Diagnosis Has Gone To A New Era Of Chips
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Advantages of the single nucleotide

polymorphism-based noninvasive prenatal test
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Whole Genome Chips

Next generation sequencing (NGS)

-Also known as high-throughput sequencing, Massively parallel or deep sequencing

-An entire human genome can be sequenced within a single day Technology which has revolutionized
genomic research

Chromosomal microarray analysis (CMA)

-CMA is a new laboratory test used to detect chromosomal imbalance at a higher resolution than current
techniques.

-CMA can find chromosome problems with more detail
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Next Generation Sequensing (NGS) Using Chips

Method: Sequencing of several genes at the same time

Advantages: High speed, Low cost Great accuracy

Applications: Multigenic conditions (ASD, CM)

Benefits: Improved diagnosis of disease Earlier detection of genetic predispositions to disease
Personalized, custom drugs

CHROMOSOMAL MICROARRAY (CMA) USING CHIPS

High-resolution whole-genome screening

Comprehensive coverage

Can even identify submicroscopic abnormalities, that are too small to be detected by karyotyping
Advantages (over conventional karyotype):

1. much higher resolution, which yields more genetic information

2. DNA can be obtained from uncultured specimens

3. Results are available more quickly than with karyotyping

4. No problem of culture failure [ contamination

5. 5.lInvolves computerized analysis, less subjective [ prone to human error
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Recent advances in prenatal diagnosis

Array analysis

the detection rates of clinically significant copy number alterations
(CNAs) varied among the studies mainly because of two factors:

(1) the arrays used had differing formats, designs, probe densities, and
resolutions

(2) the clinical indications included in the studies varied (some included
all prenatal cases, whereas others included only cases with abnormal
ultrasound findings)
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Advantages of microarray analysis overconventional karyotyping

« the ability to more precisely characterize CNAs associated with abnormal
karyotypes.

* asignificant proportion of cases studied by array will show a clinically
significant CNA even with apparently normal karyotypes.
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