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opinions are designed to apply to high income settings where prenatal screening for

aneuploidy is an established part of antenatal care.

e This position statement is not a clinical practice guideline but represents the consensus

opinion of the current ISPD Board based on the current state of knowledge and clinical

practice.

1 | INTRODUCTION

Every pregnancy has a chance of being affected by a clinically sig-
nificant chromosome condition. For this reason, prenatal screening
for the most common serious chromosome conditions (trisomies 21,
18 and 13) has been a routine part of prenatal care in high resource
settings for over 50 years. Prenatal screening has evolved through
maternal age-based screening, second trimester serum screening,
and first trimester combined screening to the current era of maternal
plasma cell-free DNA (cfDNA) based screening.

The genomic sequencing technology that facilitates cfDNA based
screening brings both benefits and challenges to the field of prenatal
care.r Non-invasive prenatal testing (NIPT) based on sequencing of
cfDNA in maternal blood has been rapidly adopted in high resource
settings.? In addition to its superior accuracy over traditional forms
of screening, NIPT has the capacity to detect genome-wide chro-
mosome imbalances, segmental imbalances, and microdeletion/
microduplications as well as to provide incidental information on the
maternal genome. The complexity of the issues raised for clinicians
and patients by this disruptive technology has been well documented
in the literature.®*

The first ISPD position statement on NIPT was written in 2015,
when the place of NIPT in routine antenatal care was still evolving.®
At that time, there were many unanswered questions about its
comparative performance with traditional forms of screening,
confusion about false positive results (FPR), and concerns about
missed opportunities to detect ‘atypical’ chromosome conditions.
Ethical issues and cost-effectiveness were also significant areas of
debate. The body of published evidence has since exploded rapidly.®
Many health care systems now embrace NIPT in their national
screening programs (Belgium, the Netherlands, Denmark, the UK),
state or private health insurance schemes (United States), while in
other countries NIPT remains entirely patient-funded.”® Numerous
professional societies, including ISPD, have issued guidance on the
implementation of NIPT.”° In some countries, even genome-wide

1

NIPT has become commonplace,** while in other countries, NIPT

for the common autosomal aneuploidies is not widely accessible.?

2 | SCOPE AND PURPOSE

This new ISPD position statement addresses the evolving clinical and
research questions that have emerged since the 2015 statement. This
document is written for health care professionals and laboratory

scientists providing prenatal screening and diagnostic services. The
writing group was drawn from current ISPD Board members and
membership: maternal fetal medicine specialists (LH, NV, LS, MC,RR),
laboratory (JV, MP) and clinical geneticists (LC, DM), and genetic
counselors (KE) with broad geographical representation (UK, Europe,
China, USA, Mexico, Singapore, Australia). This statement has been
approved for publication by the ISPD Board. The ISPD Board
gratefully acknowledges consumer representative Jane Fisher, Di-
rector of Antenatal Results and Choices, for her review of this
statement.

In this statement, we cover the role of NIPT for routine screening
for chromosome conditions in unselected populations of people with
singleton pregnancies. Non-invasive prenatal testing for twin preg-
nancies was recently addressed in a separate ISPD position state-
ment and will not be covered here.®

As an international organization, ISPD recognizes that there are
important population-specific considerations in the organization of
prenatal screening and diagnosis. The opinions stated here are
designed to apply to high income settings where prenatal screening
for aneuploidy is considered an established part of antenatal care.
This position statement is not a clinical practice guideline but rep-
resents the consensus opinion of the current ISPD Board based on

the current state of knowledge and clinical practice.

3 | BACKGROUND ON THE BIOLOGY AND
TECHNOLOGY OF NON-INVASIVE PRENATAL
TESTING FOR ANEUPLOIDY SCREENING

Cell-free DNA of fetoplacental origin was first demonstrated in
maternal plasma in 1997,* and since then has been translated
rapidly into clinical practice for the detection of fetal chromosomal
conditions. CfDNA is released from cells as a by-product of cell-
turnover and can be extracted from plasma or other body fluids.
Circulating cfDNA arising from the placenta is derived from the outer
cytotrophoblast,’® is detectable as early as 5 weeks of gestation,®
increases with gestation, and reaches 10%-12% of the total maternal
plasma cfDNA pool by the end of the first trimester.’

The proportion of cfDNA arising from each chromosome is
proportional to the size of the chromosome and the number of
chromosomes in an individual's karyotype. Next generation
sequencing technologies have facilitated the development of NIPT by
allowing these fragments of plasma cfDNA to be sequenced, their

chromosome of origin identified by mapping to a reference genome
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TABLE 1 Main technological platforms for noninvasive prenatal testing.

Technique Principle

Massively parallel sequencing, random whole
genome sequencing®®

Clinical relevance

All cfDNA fragments in maternal plasma are e Able to detect imbalance in whole chromo-
sequenced (both maternal and fetal origin)

somes and segments of chromosomes down to
approximately 7Mb in size and so may detect
microdeletion/microduplications

e employed in genome-wide NIPT

e may detect maternal chromosomal imbalances

e may detect cfDNA plasma profiles suggestive
of maternal malignancy

Chromosome-selective NIPT using amplification Chromosome-specific regions on target o Will not detect aberrations in most ‘off target’

of selected regions and microarray
hybridization!®

SNP-based chromosome-selective NIPT¢

chromosomes are enriched in a PCR-type
reaction and this optimized sample is
hybridized to a microarray

chromosomes, or report on subchromosomal
changes, except 22q11.2 deletion for some
platforms

e statistical method includes the person's prior
chance of aneuploidy

Separately analyses DNA from maternal white e Use of SNPs allows additional biological in-
blood cells and from the plasma; targeted

formation to be obtained using the allelic ratio

amplification and analysis of unique SNPs on e able to detect triploidy,
selected chromosomes/regions of interest; o zygosity of twin pregnancies

e may detect selected recurrent MMS

Abbreviations: MMS, microdeletion microduplication syndromes; NIPT: noninvasive prenatal testing; SNPs; single nucleotide polymorphisms.

and quantified.'® This so-called ‘counting method’ of sequencing can
identify more- or less-than-expected quantities of plasma cfDNA
from individual chromosomes and thus detect pregnancies with
suspected trisomy or monosomy, respectively. Although most of the
maternal plasma cfDNA is derived from maternal cells, sequencing
for NIPT is performed at a sufficient depth to detect small changes in
the plasma profile due to aneuploidy in the placenta.

Several different technologies exist to perform NIPT for tri-
somies 21, 18, 13 and monosomy X. An overview of the three main
approaches is provided in Table 1. Very few direct comparisons of
different platforms have been published: one head-to-head compar-
ison of two different sequencing platforms showed equivalent clinical
validity.?

4 | PERFORMANCE CHARACTERISTICS

Trisomy 21.

Multiple systematic reviews have demonstrated that NIPT is a
highly accurate screening test for trisomy 21, 18 and 13.42°22 A
recent evidence-based review from the American College of Medical
Genetics and Genomics produced summary statistics of NIPT for
general unselected populations.® The pooled performance charac-
teristics for trisomy 21 screening based on 28 included studies
showed a sensitivity of 98.80% (95% Cl 97.81-99.34) and a speci-
ficity of 99.96% (95% Cl 99.92-99.98) (Table 2).

Trisomy 18 and trisomy 13.

Non-invasive prenatal testing also has high performance metrics
for trisomy 18 and trisomy 13 with sensitivities of 98.83% (95% CI
95.45-99.71) and 100% (95% Cl 0.0-100.00) and specificities of
99.93% (95% Cl 99.83-99.97) and 99.96%, (95% Cl 99.92-99.98)
respectively.® (Table 2)

Positive predictive values.

The chance of an affected fetus after a high chance NIPT (posi-
tive predictive value (PPV) is influenced by specificity and false-
positive rates (1- specificity) as well as the background prevalence
of the specific condition. The PPV of NIPT is highest for trisomy 21
(91.78%) because of biological and epidemiological factors (Table 2.)
Due to the lower natural prevalence of trisomy 18 and trisomy 13
and the increased incidence of confined placental mosaicism (CPM),
their PPVs are lower (65.77% and 37.23% respectively) and the
associated confidence intervals are wider.

Despite the high performance of NIPT for the common trisomies,
it does not achieve the accuracy of a prenatal diagnostic test. False
positive results occur because of biological, technical or statistical
reasons, and given the serious implications of a false positive result in
the prenatal period, diagnostic testing is strongly recommended if
patients are considering termination of pregnancy. Some patients
may decline diagnostic testing if they elect to have NIPT for infor-
mation only and may prefer to continue pregnancy with a presump-
tive diagnosis of aneuploidy.

Confined placental mosaicism occurs in 1%-2% of pregnancies
and can be a cause of false positive NIPT results. Some chromosome
abnormalities such as trisomy 13 and monosomy X have higher risks
of it and amniocentesis may be preferred over chorionic villus sam-
pling (CVS) if no fetal ultrasound abnormalities are present.?*>?* The
modeled rate of a mosaic CVS result after a high chance NIPT result
varies by the type of suspected aneuploidy and ranges from 2% to 4%
for trisomy 21 or trisomy 18%, to 22% for trisomy 13% and 59% of
monosomy X.2> However, patient preferences and needs should be
taken into account as some of them may not want to wait for
amniocentesis especially in the setting of an fetal structural anomaly
and/or because of legal limits on the termination of pregnancy. Thus,

shared decision-making and counseling that amniocentesis may be
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TABLE 2 The performance of non-invasive prenatal testing (NIPT) in a general unselected population for trisomy 21, 18 and 13 (adapted

from Rose et al®).

Condition Sensitivity (%) 95% ClI Specificity (%) 95% CI PPV (%) 95% ClI

Trisomy 21 98.80 97.81-99.34 99.96 99.92-99.98 91.78 88.43-94.23
Trisomy 18 98.83 95.45-99.71 99.93 99.83-99.97 65.77 45.29-81.68
Trisomy 13 100 0-100 99.96 99.92-99.98 37.23 26.08-49.93

recommended after a CVS if CPM is suspected is important in making
this decision.

4.1 | Consensus statements

1. NIPT is the most accurate screening test for the common auto-
somal aneuploidies (trisomies 21, 13 and 18) in unselected
singleton populations, and those at known increased probability.

2. FPR occur with NIPT. Therefore, ISPD strongly recommends that
all pregnant individuals with a high chance NIPT result have ge-
netic counseling and diagnostic testing if they are considering

termination of pregnancy.

5 | FETAL FRACTION, TEST FAILURES AND
INCIDENTAL DETECTION OF MATERNAL
NEOPLASIA

Non-invasive prenatal testing represents a major departure from
previous aneuploidy screening tests, not just in its superior accuracy
but also in the biology and technology that underpin its performance.
As a test based on analyzing cfDNA fragments in maternal plasma, it
analyses genomic sequences of both maternal and placental origin.
The so-called “fetal fraction” refers to the proportion of cfDNA
fragments in maternal plasma that arise from the placenta as a per-
centage of the total cfDNA. The fetal fraction varies between in-
dividuals, and by other factors such as gestational age, maternal
weight, maternal race, fetal karyotype, and maternal medical
conditions.2¢%”

Fetal fraction is an important quality control metric as it has a
significant influence on NIPT test performance,?® however there is no
clear consensus regarding the benefits of measuring and reporting
fetal fractions.??° Very low fetal fractions are associated with less
accurate NIPT results; however, fetal fraction measurement is
imprecise and there is substantial variation between laboratories in
the fetal fraction threshold below which a result cannot be issued.®!
This threshold depends on the technical platform and bioinformatic
algorithms employed by each laboratory, as well as individual sample
characteristics.

At very low fetal fractions, a “no call” or ‘failed” NIPT result may
be issued, creating a clinical dilemma as a ‘no call’ result is associated
with an increased chance of fetal aneuploidy or other potential

adverse outcomes.®2-34 Suggested management pathways after a ‘no

call’ result include a repeat blood draw for NIPT analysis, diagnostic
testing, or an alternative form of aneuploidy screening such as the
first trimester-combined test.>> Further analysis of the fetal fraction
relative to the affected fraction of cfDNA can also provide informa-
tion on the likely causes of an abnormal NIPT result, such as placental
mosaicism, maternal copy number variants (CNVs), or discordant
aneuploidy in twins.%¢~38

It is also well-recognised that in about one in 10,000 samples, an
occult maternal malignancy may be detected through genome-wide
abnormalities in the plasma profile caused by circulating tumor
DNA. 370 Depending on the NIPT platform used, this may result in an
unreportable result, a result indicating an unusual aneuploidy (e.g.
simultaneous monosomy and trisomy), or subchromosomal gains and
losses on multiple chromosomes. This creates dilemmas for pre-test
and post-test counseling, as suspicions of malignancy are often not
confirmed, depending on the platform used. There may also be benign
sources such as fibroids.*? Suggested disclosure and investigative
approaches in the case of suspected malignancy are described in

detail elsewhere. 4?43

5.1 | Consensus statements

3. Fetal fraction is an important quality control metric, but sub-
stantial variation exists between laboratories and test method-
ologies. Laboratories should perform their own internal validation
of their limit of detection and threshold for ‘no call’ results.

4. Providers (laboratory and clinicians) should have established
clinical pathways for the management of patients with a “no call”
result. This may include detailed ultrasound, offer of repeat NIPT,
alternative screening test, and/or diagnostic testing.

5. If technically relevant, protocols for the identification and
disclosure of suspected malignancy should be developed by
laboratories.

6 | IMPLEMENTATION MODELS OF NON-
INVASIVE PRENATAL TESTING

The screening performance of NIPT for trisomy 21,18 and 13 has

been validated in both general populations,‘m’47

and high prevalence
populations.6*®-°° The earliest implementation model of NIPT was
for patients identified by a prior screening as having a high chance of

aneuploidy. In this ‘contingent’ screening model, pregnant people
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with an elevated chance of fetal aneuploidy (e.g. advanced maternal
age, previous pregnancy with trisomy, or intermediate/high-chance
results from conventional screening) are offered NIPT rather than
immediate diagnostic testing.>° The benefit of this strategy is that it
dispels many of the FPR identified via conventional prenatal
screening, thus reducing invasive diagnostic tests with their associ-
ated risks of miscarriage.>! This strategy also balances the higher
costs of NIPT, which make it unaffordable in many countries as a
universal first-line screening test.

As more reassuring data on the performance of NIPT in general
populations emerged, it was increasingly adopted as a primary screen
both in national screening programs®? and as a self-funded choice.>®
In recent vyears, several professional society statements have
affirmed that NIPT could be offered to pregnant people as a primary
screen, with various caveats around funding arrangements and other
local access factors.”>#=>¢ The majority of pregnant people prefer
NIPT to other options due to its superior screening performance,
earlier testing, lower risk of requiring an invasive diagnostic test, and
fewer anxieties.’”>® However, NIPT as a primary screen is a more
costly strategy than the contingent model.’*> Furthermore, if NIPT
replaces the nuchal translucency (NT) ultrasound at 11-13 weeks,
then its implementation as a primary screen will also reduce oppor-
tunities for early ultrasound detection of fetal structural anomalies.®®

Countries with public health care systems have adopted various
approaches, including contingent NIPT (Denmark, UK), primary
screening with NIPT (the Netherlands and Belgium), a “case-by-case”
approach in Germany,®? and a self-funded consumer choice approach
(Australia).>® Choosing an appropriate implementation model for a
public health system aiming for equitable access is complex and
influenced by many factors. These include public funding, cost-
effective analysis, the structure of the health care system, and
different socio-cultural, ethical, and legal contexts.®?

6.1 | Consensus statements

6. NIPT for the common autosomal aneuploidies performs sufficiently
well to be offered in primary or contingent screening models.

7. The ISPD Board acknowledges that context-specific consider-
ations in health policy influence decisions and implementation

models.

7 | EXPANDED NON-INVASIVE PRENATAL
TESTING

The common autosomal trisomies comprise only 71% of all prenatally
detected chromosome abnormalities.®® The new capabilities provided
by cfDNA-based screening have resulted in laboratories offering
detection for conditions that were not previously the subject of
prenatal screening, such as the sex chromosome aneuploidies. This
trend has created new clinical and ethical questions for our field and

is currently one of the most debated areas of clinical practice.®*

DIAGNOSIS-WILEY—L°

There are significant challenges in synthesizing the evidence base
in expanded NIPT due to major differences in technological plat-
forms. Published studies also vary in population characteristics that
influence the performance of NIPT, including average gestational age
at testing, referral indications, frequency of fetal structural anoma-
lies, and other risk factors. The rarity of some conditions detected
with expanded NIPT also makes proper validation in clinical cohort
studies unfeasible. Furthermore, the variable clinical phenotype of
some conditions assessed in expanded NIPT makes the ascertain-
ment of false negative NIPT results in newborns challenging without
universal genetic assessment. The main groups of conditions included
in expanded NIPT (sex chromosome aneuploidies, rare autosomal
trisomies, and microdeletion/microduplication syndromes) are dis-

cussed in separate sections below.

8 | SEX CHROMOSOME ANEUPLOIDY AND FETAL
SEX DETERMINATION

Sex chromosome aneuploidies (SCA) are the most common chro-
mosomal conditions as a group, and affect up to one in 400 new-
borns.®®> The sex chromosomes have a distinctive process of
replication, pairing, and unique gene content that makes them more
likely to have errors in replication and resultant aneuploidy or
mosaicism.®®%” Many people with SCA are clinically undiagnosed as
these have a less distinct phenotype as a group than those with
autosomal aneuploidies. Studies comparing newborn screening
prevalence to registry studies suggest clinical diagnostic rates of 70%
for 45X, 23% for 47 XXY, 7% for 47,XXX, and 9% for 47 XYY.6>

An American College of Medical Genetics and Genomics
(ACMG) meta-analysis reported PPVs for SCAs that were substan-
tially lower than those for trisomy 21.° PPVs ranged from 30% (45,X)
to 74% (47 XXY; 47 XYY). The number of studies contributing to
these analyses was generally small, with sensitivity ranging from 0%
to 100% for 47 XXX and 47 XYY (Table 3).

While the SCA PPVs are lower than those seen in the common
autosomal trisomies, ultrasound is an important adjunct to deter-
mining the chance of 45X, which is the only SCA with a consistent
prenatal phenotype (including increased NT and/or cystic
hygroma). With an abnormal ultrasound and a high chance NIPT
result for monosomy X, the PPV may be over 85% (14/16).°®
Expert pretest counseling and consent is recommended when of-
fering NIPT for SCA, with expert post-test counseling if a high
chance result is returned.®’

The ethical issues around screening for the SCA and determining
fetal sex for nonmedical reasons are covered in detail by Johnston
et al.”® While many of these ethical issues are not unique to the sex
chromosomes, the prenatal detection of SCAs is more controversial
than the autosomal trisomies because of their wide phenotypic spec-
trum. Due to the lower PPV of NIPT and the ethical debate on offering
SCA screening, there is more variation in public policy and patient
choice surrounding NIPT for SCA, with several countries, states, and

territories choosing not to offer SCA screening at all.®
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TABLE 3 The performance of non-invasive prenatal testing (NIPT) in a general unselected population for sex chromosome aneuploidy

(SCA) (adapted from Rose et al®).

Condition Sensitivity (%) 95% ClI Specificity (%) 95% ClI PPV (%) 95% ClI

Monosomy X 97.68 84.25-99.70 99.84 99.67-99.92 29.52 22.72-37.36
47 XXX 100 0.0-100 99.97 99.96-99.98 53.95 40.58-66.77
47 XXY 99.25 78.13-99.98 99.99 99.98-99.99 74.05 59.47-84.73
47 XYY 100 0.0-100 99.99 99.99-100) 74.45 58.40-85.81
Overall SCAs 99.63 94.83-99.98 99.80 99.69-99.88 43.13 37.92-48.50

8.1 | Consensus statements

8. NIPT for SCA is sufficiently accurate to be offered alongside
autosomal aneuploidy screening with specific pretest counseling
and consent.

9. However, other societal, economic, cultural and ethical factors
may need to be considered in health policy decisions regarding
population-based screening for the SCA. Further studies to
evaluate the downstream impacts of offering NIPT for sex chro-
mosome conditions should be considered where such screening is

offered.

9 | RARE AUTOSOMAL TRISOMIES

Massively parallel sequencing techniques that perform genome-wide
sequencing enable the detection of whole chromosome imbalances in
any chromosome. Trisomies in the autosomes other than chromo-
somes 21, 13 and 18 have become known as the “rare autosomal
trisomies” (RATs). Full trisomies of these autosomes are rarely
observed in live fetuses after the first trimester; indeed, 97% of all
RATSs detected in CVS appear to be confined to the placenta and not
present in the fetus.”* CPM is a well-recognized biological cause of
false positive NIPT results. This high rate of CPM and the rarity of
true fetal RAT is reflected in low PPVs seen with NIPT. A recent
systematic review and meta analysis of NIPT for RATs calculated a
pooled PPV of 11.46% (95% Cl 7.80-15.65).”2 This meta analysis
could not calculate the sensitivity and specificity rates of NIPT for
RATSs due to insufficient data.

Given the high rate of CPM (especially in the presence of a normal
ultrasound), amniocentesis is the preferred test for diagnostic assess-
ment of the fetus after a high chance result for a RAT on NIPT. How-
ever, if a euploid fetus is confirmed on amniocentesis, the risk of
Uniparental disomy (UPD) must then be considered if the RAT involved
one of the imprinted chromosomes. The autosomes 6,7, 11, 14, 15, and
20 contain imprinted regions which cause parent-of-origin differential
gene expression.”® Uniparental disomy is the condition where both
homologues of a whole chromosome, or a chromosomal segment, are
inherited from the same parent without a contribution from the other
parent. A trisomic conception can be rescued by the mitotic loss of one
of the three chromosomes but results in UPD. Based on CVS and

amniocentesis data, the overall risk of UPD in a pregnancy with a CPM

for an imprinted chromosome is 2.1%, though the specific risk varies
among the imprinted chromosomes.”?

It is also evident that CPM may confer an increased risk of
adverse obstetric outcomes even after a euploid fetal karyotype has
been confirmed.®¢3? Trisomy 16 is associated with early onset fetal
growth restriction and fetal surveillance is warranted for people who
received a high chance NIPT result for trisomy 16. Further details on
management approaches that integrate ultrasound findings and high
chance NIPT results for the SCA and RATS are provided by Mardy
and colleagues.?* However, the overall cost-effectiveness of identi-
fying CPM through expanded NIPT is still widely debated. The
Netherlands, which conducted a national study of genome-wide
NIPT, recently recommended that RATs no longer be reported due
to the low PPV.”* However, their experience may not be general-
isable to other settings or providers due to the substantial variation
in laboratory techniques and reporting standards in genome-wide

screening.

9.1 | Consensus statements

10. There is insufficient data to assess the performance and
clinical utility of routine NIPT for RATs. NIPT for RATs is
therefore not recommended for the routine care of unse-
lected populations.

11. Where screening for RATs is performed, management after a
high chance result requires expert post-test counselling and
specialist management.

12. Due to the high likelihood of CPM underlying a positive NIPT
result for a RAT, amniocentesis is the single most informative
test for fetal karyotype.

13. If NIPT returns a high-chance result for a trisomy involving an
imprinted chromosome, amniocentesis with appropriate studies
to detect UPD is recommended.

14. Further prospective studies are required to evaluate all aspects
of NIPT for RATSs.

10 | SUBCHROMOSOMAL IMBALANCES

As well as RATs, genome-wide sequencing can also detect sub-

chromosomal imbalances such as duplications, deletions and
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unbalanced translocations (variously referred in the literature as
segmental imbalances, structural aberrations, and CNVs). However,
the ability of genome-wide NIPT to detect these complex changes
depends on the size of the imbalance, the fetal fraction, the
sequencing depth, and for SNP-based approaches, the targets
included in the individual platform. Two countries (Belgium and the
Netherlands) have implemented population-based screening with
genome-wide NIPT with analysis for segmental imbalances.**”>
The frequencies of screen-positive NIPT results in the Belgian and
Dutch studies were 0.07% and 0.16%, with PPVs of 47% and 32%
respectively. These PPVs are similar to the NIPT screening per-
formance for trisomy 13, although sensitivity data are not available
because of incomplete follow-up in screen-negative cases. Based
on these results, the Netherlands has recommended routine
reporting of suspected subchromosomal imbalances on NIPT.”*
However, as stated above, their experience,11 and that of

Belgium,”®

may not be generalisable to other settings because of
variation in laboratory techniques and reporting standards in CNV
screening.

It is important that clinicians recognize that genome-wide
NIPT for subchromosomal imbalances is not a comprehensive
screen for all pathogenic CNVs. More than half of the pathogenic
CNVs in the prenatal diagnosis population are <7 Mb in size and
thus below the resolution of many current genome-wide NIPT
platforms.”® The use of NIPT for sub chromosomal imbalances
continues to be debated due to the risks of false positives,
increasing parental anxiety, and potentially increasing diagnostic
procedures.®?”7 In selected circumstances, however, it may be of
clinical utility, for example, for carriers of balanced reciprocal

translocations.”®

10.1 | Consensus statements

15. There is insufficient data to assess the performance and
clinical utility of routine NIPT for subchromosomal imbal-
ances. Large scale population-based evaluations of routine
screening for subchromosomal imbalances are being under-
taken in several countries and data continue to emerge. Until
such time as the outcome data are clear and shown to be
reproducible in other settings, NIPT for subchromosomal
imbalances is not recommended for the routine care of un-
selected populations.

16. Where screening for subchromosomal imbalances is performed,
management after a high chance result requires expert post-test
counselling and specialist management.

17. Genome-wide NIPT that includes subchromosomal imbalances
should not be considered a comprehensive screen for all path-
ogenic CNVs as many pathogenic CNVs are below the limits of
resolution of genome-wide NIPT.

18. Further prospective studies are required to evaluate all aspects

of NIPT for subchromosomal imbalances.

DIAGNOSIS-WILEY—L 7

11 | MICRODELETIONS AND
MICRODUPLICATIONS

Microdeletion and microduplication syndromes (MMS) are caused by
small subchromosomal CNVs, typically <5 Mb. Due to their small size,
NIPT for MMS involves a different technical approach to the detection
of larger CNVs discussed in the above section on subchromosomal
imbalances; therefore, they are discussed separately here.

The three most common microdeletion syndromes in the pre-
natal diagnosis population are 22q11.2 deletion syndrome (DiGeorge
syndrome), 4p16.3 deletion (Wolf-Hirschhorn syndrome) and
5p15.33 deletion syndrome (Cri-du-Chat syndrome).”® MMS are not
detectable with traditional aneuploidy screening tests and are not
related to maternal age. Some current MMS NIPT assays offer either
22q11.2 deletion syndrome screening (in addition to common auto-
somal trisomy +/— SCA screening) or a panel of five common
recurrent MMS including DiGeorge (22q11.2 del), Cri-du-Chat (5p),
Prader-Willi/Angelman (15q del), 1p36 deletion, and Wolf-
Hirschhorn (4p del) syndromes.

Because of the rarity of these conditions, published data on the
technical and clinical validity of microdeletion syndromes are scarce.
In a systematic review of NIPT for MMS, Familiari et al found that
none of the seven included studies performed genetic confirmation in
cases that did not undergo prenatal diagnostic testing or in those
with a low chance NIPT result. They were therefore unable to
calculate either the sensitivity or specificity of MMS screening.”’
Only one prospective study of 22q11.2 deletion syndrome screening
has been published with confirmatory postnatal testing of all included
cases, including those with a low chance result.® This study with a
genetic outcome in 18,289 pregnancies (87.6% of the enrolled
cohort) reported a 22q11.2 deletion frequency of 1 in 1524, a screen-
positive rate of 0.2%, sensitivity of 75% (95% Cl 42.8-94.5), speci-
ficity of 99.84% (95% Cl, v99.77-99.89), and a PPV of 23.7% (95%Cl
11.4%-40.2%). The wide confidence intervals reported in this study
reflect the low number of affected cases (n = 12). Furthermore, the
relatively high frequency of 22q11.2 deletion in this study cohort (1
in 1524) may not reflect the prevalence in the general population,
and likely represents the best-case scenario for PPV.

Despite the individual rarity of MMS (aside from 22q11.2 deletion
syndrome), a United States cost-benefit study found that additional
screening for the five classical microdeletions would improve effective-
ness and decrease costs compared to offering NIPT for aneuploidy
alone! In 2022, based on these two studies anne,8081 the ACMG has
suggested that all patients be offered NIPT to screen 22q11.2 deletion
syndrome.” However, the cost-benefit analysis would not necessarily
translate to other health care systems outside the United States. Other
considerations, such as increased anxiety and invasive testing rates, need
to be considered in more depth. It is also important to be aware that
technological platforms used in MMS screening vary, including single-
nucleotide polymorphism analysis®® random massively parallel
sequencing,? and microarray hybridization.®® It is therefore not possible

to generalize performance characteristics from one assay to another.
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11.1 | Consensus statements

19. 22q11.2 deletion syndrome is the most common microdeletion
syndrome. Only one study has evaluated cfDNA-based
screening for 22q11.2 deletion syndrome in a clinical cohort
with genetic confirmation of all included participants. There is
insufficient data to assess the performance and clinical utility of
routine NIPT for MMS. NIPT for MMS is therefore not recom-
mended for the routine care of unselected populations.

20. Where screening for MMS is performed, management after a
high chance result requires expert post-test counselling and
specialist management.

21. Further prospective studies are required to evaluate all aspects
of MMS screening with cfDNA.

12 | ROLE OF ULTRASOUND IN NON-INVASIVE
PRENATAL TESTING

Multiple studies have shown the clinical importance of an ultrasound
prior to blood draw for NIPT to date pregnancies and detect major
abnormalities. In one study conducted in a high-prevalence population,
16.1% of pregnant patients had an ultrasound finding at the time of
NIPT blood draw that would have altered the provider's counseling,
such as a fetal structural anomaly, incorrect dating, multiple gestation,
or nonviable pregnancy.®* Other societies have previously addressed
the question of ultrasound prior to cfDNA screening and similarly
recommend an early first trimester ultrasound for dating, diagnosis of
multiple pregnancy, and confirmation of viability before NIPT 8586

The 11-13 weeks ultrasound, which was originally implemented
as a component of the first trimester-combined screen for trisomies
21, 13, and 18, is now regarded as having independent value for the
early identification of fetal structural anomalies, regardless of a
person's choice of primary screening test. In the Netherlands, where
NIPT has replaced the first trimester-combined screen on a national
scale, most fetal anomalies are now not diagnosed until the second or
third trimester.®® The detection rate of some major malformations,
such as anencephaly and exomphalos, would be expected to
approach 100% at 11-13 weeks. However, more advanced first
trimester anatomy assessments require expertise that is not uni-
formly available outside specialist centers.5”

All patients diagnosed with a fetal anomaly should also be
offered diagnostic testing with chromosomal microarray, irrespective
of a prior low chance NIPT result.2>8%8 The residual risk of a clini-
cally significant CNV in the presence of a fetal structural abnormality
varies with gestational age and ultrasound finding.®?

A specific clinical scenario that has arisen in the NIPT era is the
management of an isolated increased NT measurement in a pregnant
person with a low chance NIPT result.”® A NT > 3.5 mm is associated
with a variety of conditions that are not detectable on NIPT,
including atypical chromosome abnormalities, single gene conditions,
and structural malformations. Diagnostic testing should therefore be

recommended to pregnant patients who have a NT > 3.5 mm at 11-

13 weeks gestation, regardless of prior or intended NIPT.’? Lower
NT thresholds for offering diagnostic testing have been proposed, but
there is little consensus in the published literature on what standards
should be adopted.”?"?4 Similarly, the management of nuchal edema

before 11 weeks O days is still unclear.”>?¢

12.1 | Consensus statements

22. At least one early first trimester scan for dating, diagnosis of
multiple pregnancy and confirmation of fetal viability should be
offered before performing NIPT.

23. People who have NIPT as a primary screen should still be
offered an 11-13 weeks ultrasound where local resources
permit.

24. Fetus with ultrasound abnormalities, including NT measurement
>3.5 mm, should be offered diagnostic testing and evaluation
with chromosomal microarray regardless of the prior NIPT
result. There is no consensus on the use of alternative NT
thresholds (such as 3.0 mm or 99" centile) for defining a pop-

ulation that should be offered diagnostic testing.

13 | PRE- AND POST-TEST COUNSELING
CHALLENGES

International society for prenatal diagnosis supports the principles of
autonomy, equity and voluntary informed choice in all prenatal
testing. Clinicians should ensure that pre-test counseling promotes
patient autonomy whilst providing a supportive environment for
shared discussion and decision making in line with the patient's
values.”” (Table 4)

Post-test counseling for those with low chance results should
include a caveat that NIPT does not exclude all genetic conditions
and that false-negative results may occur. Individuals with a high
chance result should also be informed that FPR may occur, and that
diagnostic testing is recommended prior to management decisions,
particularly if termination of pregnancy is being considered. When a
high chance result is discussed with a patient, clinicians should ensure
they present an informed description of the suspected condition,
including discussion about the range of phenotypic variation. Further,
they should provide educational materials that are developed in
conjunction with advocacy organizations and consider offering a
referral to a health care professional with expertise on that condition.
Where NIPT has uncovered incidental findings relevant to maternal
health, referral to a genetics specialist is recommended to ensure
appropriate management of that parent and any other relevant
family members.

The increasing complexity of prenatal screening and the associ-
ated genetic counseling workload has been observed in many set-
tings, particularly where expanded NIPT options are available.
Further research into alternative genetic counseling delivery tech-

niques such as telehealth, web-based educational videos, and
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BOX 1 Summary of consensus position from the 2023 ISPD board

e NIPT is the most accurate screening test for the common autosomal aneuploidies (trisomies 21, 13 and 18) in unselected singleton
populations, and those at known increased probability. It can be offered in primary or contingent screening models with context-
specific considerations in local health policy influencing decisions and implementation models.

o False-positive results occur with NIPT. Therefore, ISPD strongly recommends that all patients with a high chance of NIPT result
have genetic counseling and are offered diagnostic testing, particularly if the termination of pregnancy is being considered.

o Fetal fraction is an important quality control metric, but substantial variation exists between laboratories and test methodologies.
Laboratories should perform their own internal validation of their limit of detection and threshold for ‘no call’ results.

e Providers (laboratory and clinicians) should have established clinical pathways for the management of patients with a “no call”
result. This may include detailed ultrasound, offer of repeat NIPT, alternative screening test, and/or diagnostic testing.

o |f technically relevant, protocols for the identification and disclosure of suspected malignancy should be developed by
laboratories.

o NIPT for sex chromosome aneuploidy is sufficiently accurate to be offered alongside autosomal aneuploidy screening with specific
pretest counseling and consent. However, other societal, economic, cultural and ethical factors may need to be considered in health
policy decisions regarding population-based screening for the sex chromosomes.

e There is insufficient data to assess the performance and clinical utility of routine NIPT for rare autosomal trisomies, sub-
chromosomal imbalances and microdeletion/duplication syndromes. Further research is required to evaluate these applications
of NIPT, but if offered as part of local practice there should be protocols in place to manage high-risk results and detailed platform-
specific counseling available both pre- and post-testing.

e At least one early first trimester scan for dating, diagnosis of multiple pregnancy and confirmation of fetal viability should be offered
before performing NIPT.

e Fetuses with ultrasound abnormalities, including NT measurement >3.5 mm, should be offered diagnostic testing and evaluation
with chromosomal microarray regardless of the prior NIPT result.

o The ethical implementation of NIPT requires attention to provision of quality pre-testing counseling, equity of access, and access to
appropriate downstream clinical services.

o All stakeholders, including healthcare consumers, should be involved in determining local implementation models and future di-

rections for NIPT.

computerized decision aids is needed to help meet the growing de-

mand for prenatal genetic counseling services.”®-101

13.1 | Consensus statements

25. Principles of informed choice should be maintained in the face of
‘routinization’ of prenatal screening and the expanded scope of
some NIPT assays.

26. All patients should have access to pre- and post-test genetic
counseling. Those with a high chance NIPT result should be
offered diagnostic testing for confirmation.

27. Research should evaluate new ways of providing genetic coun-
seling services that can address the growing demand while

maintaining the principles of informed consent.

14 | ETHICAL ISSUES

There are many ethical issues associated with NIPT for aneuploidy;
however, detailed discussion of the ethical issues is beyond the scope

of this paper. Some are common to prenatal screening generally, such

the erosion of informed choice and the potential to increase stig-
matization of individuals with chromosome conditions.'°? Other
ethical issues are more specific to NIPT, such as the widening scope
of aneuploidy screening, inequity of access due to the relatively high
cost, increasing complexity of pre-test counseling with limited re-
sources, and in some settings, influences from the competitive com-
mercial environment.2%371% An ethical framework developed in the
Netherlands proposed four limits to the scope of NIPT: “NIPT should
generate only test outcomes that are relevant to reproductive
decision-making, informed choice should be (made) possible through
adequate pre-test counseling, the rights of future children should be
respected, and equal access should be guaranteed.”*®” Responsible
implementation of NIPT requires that all services are available to
support patient decision-making and clinical care before and after

following the offer of prenatal screening.
14.1 | Consensus statements
28. The ethical implementation of NIPT requires attention to pro-

vision of quality pre- and post-test counseling, equity of NIPT

access, and access to appropriate downstream clinical services.
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29. All stakeholders, including health care consumers, should be
involved in determining local implementation models and future
directions for NIPT.

15 | FUTURE OF CELL-FREE DNA SCREENING

Our understanding of circulating cell-free nucleic acids is still in its
infancy. Emerging knowledge about plasma cfDNA, cell-free RNA,
epigenetics, tissue-specific molecular signatures, and ‘fragmentomics’
reveals the complexity of this new biology.1°®%? Prenatal screening
has proven to be the ‘poster child’ for clinical translation this field and
will likely continue to be at the forefront of new applications.**° Some
of the exciting new directions include analysis of plasma cfRNA to

111,112

monitor placental function and the maternal plasmaviral DNA to

screen for perinatal infections, such as cytomegalovirus. 113114

16 | CONCLUSIONS

This position statement represents the consensus opinion of the cur-
rent ISPD Board based on the current state of knowledge and clinical
practice. (See Box 1 for summary and Supplemental file 1 for the
complied list of the 25 consensus statements). Non-invasive prenatal
testing is a highly sensitive and specific screening test for trisomies 13,
18, and 21, which can be implemented as a first line screening test for
all pregnant people or as a contingent test in people with a higher
chance of fetal aneuploidy on prior screening. A high chance result
should prompt discussion of an invasive test for confirmation, as NIPT
for aneuploidy is not diagnostic. All patients diagnosed with a fetal
anomaly should also be offered diagnostic testing with chromosomal
microarray, irrespective of a prior low chance NIPT result. Expert pre-
and post-test counseling is required. This is resource intensive and new
methods for delivering pretest information should be researched as
well as greater investment in genetic education and workforce. Pretest
information should be tailored to the platform being used and
healthcare professionals should be aware of what is being offered
through the differing technologies. The clinical utility of NIPT for the
detection of subchromosomal rearrangements, including micro-
deletion and duplication syndromes, RATS, and other adverse preg-
nancy outcomes is still emerging, and further research is required prior

to widespread clinical implementation.
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