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Noninvasive prenatal testing
of aneuploidies: where are we now?

1estes ndo invasivos para aneuploidias
no pré-natal: onde estamos agora?

Introduction

Prenatal diagnosis of chromosomal aneuploidies is the most frequent prenatal test
offered to pregnant women. In most cases, they are recommended in the following cir-
cumstances: maternal age of 35 years or above; positive first- or second-trimester screen-
ing test results, and increased risk of fetal aneuploidies due to family history. During the
first trimester, screening tests include: nuchal translucency (NT) combined with maternal
age; levels of maternal serum pregnancy associated plasma protein-A (PAPP-A) and free
beta-human chorionic gonadotropin (3-hCG) combined with maternal age; combination
of NT measurement, the first trimester maternal serum analytes (PAPP-A, and free B-hCG
or total hCG) and maternal age, referred to as combined first trimester screening. The NT
measurement is valid when crown-rump length (CRL) is 45-84 mm, corresponding to
11-13+6 week of gestation, while PAPP-A and free B-hCG may be measured between
9-13+6 week of gestation'.

More recently, another option, which is the detection of an increased amount of chro-
mosomal material in maternal blood, became available to screen for chromosome aneuploidy.
This is called Non-invasive Prenatal Testing (NIPT). Recently, different tests are available,
depending on the employed methodologies and algorithms for data analysis. These may
involve massively parallel sequencing (MPS), targeted sequencing of specific chromosomal
segments, or directed sequence analysis of single nucleotide polymorphisms (SNPs)*.

While all these testing methods have limitations, healthcare providers need to be aware
of them in order to give their patients reliable information and genetic counseling. In this
paper, we focused on NIPT because it is the most promising screening option.

Among the above-mentioned tests, combined first trimester screening has been
demonstrated to have higher detection rates for Down Syndrome (78-91%) and trisomy
18 (91-96%) compared to NT only or serum analytes methods®”. Since pregnancies af-
fected with trisomy 13 have PAPP-A, free B-hCG, and NT patterns similar to trisomy 18,
this screening is also used to screen for trisomy 13°.
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Obviously, the great advantage of screening options
for chromosome aneuploidy is that they are non-invasive.
Hence, they are recommended for all pregnancies and usu-
ally precede a decision about whether or not to undergo
invasive diagnostic testing. On the other hand, screenings
have some limitations. The main one is that they do not
provide a definitive diagnosis. Furthermore, they have
lower detection rates in multiple pregnancies; variability
in the detections rates of trisomy 21, 18, 13, while no
information on fetal monosomy X, as well as false-positive
results that, in most laboratories, are higher than 5%’.

Results

The newest and recently introduced prenatal screen-
ing method is NIPT, which uses circulating cell-free fetal
DNA (cffDNA) in maternal plasma to estimate risk for
Down (trisomy 21), Edwards (trisomy 18), and Patau
Syndrome (trisomy 13). cffDNA in the plasma of pregnant
women was discovered by Lo et al.®. Later, in 2008, MPS
of the maternal plasma was used to detect material from
fetus with trisomy 21%'°. During the following years,
the same technique also detected fetal trisomy 18 and
13" as well as monosomy X'* in high-risk pregnan-
cies. The results obtained in the mentioned studies can
be seen in Table 1.

In 2012, preliminary results were presented and
concluded that cffDNA-based tests may have similar
sensitivity and specificity in an average risk population®.
The study of Nicolaides et al.' was conducted in 2,049
pregnant women undergoing routine screening for aneu-
ploidies at 11w0d — 13w6d weeks’ gestation. Trisomy risk
scores were given for 95.1% (1,949 of 2,049) of the cases,

including all eight with trisomy 21 and two among the
three with trisomy 18. The trisomy risk score was >99%
in the eight cases of trisomy 21 and two of trisomy 18
and <1% in 99.9% (1,937 of 1,939) of the euploid cases.
Results of the study presented by Norton et al.”” showed:
for trisomy 21, a sensitivity of 100% (95.5-100%) and
a false-positive rate of 0.03% (95%CI 0.002—0.20); for
trisomy 18, a sensitivity of 97.4% (86.5-99.9%) and a
false-positive rate of 0.07% (95%CI 0.02-0.25).

Later, Sparks et al.'® evaluated a novel biochemical
assay and algorithm for the prenatal evaluation of risk
for fetal trisomy 21 and 18 in a blinded analysis with
167 pregnant women. They performed a digital analysis
of the selected regions (DANSR), in combination with a
novel algorithm, fetal-fraction optimized risk of trisomy
evaluation (FORTE). It allows correctly identifying all
aneuploid cases (36 trisomies 21 and 8 trisomies 18)'°.

Moreover, the investigators assayed cell-free DNA
from a training set and a blinded validation set of preg-
nant women: 250 euploidies, 72 trisomies 21, and 16
trisomies 18. All 167 cases in the blinded validation
and 163/171 in the training set passed through the
quality control criteria. FORTE produced an individual-
ized trisomy risk score for each subject, which correctly
discriminated all T21 and T18 cases from the disomic
ones. The authors concluded that DANSR and FORTE
enable accurate non-invasive fetal aneuploidy detection
in a high-risk population, and stated that larger studies
including low- and average-risk pregnancies are needed.

Recently, in 2013, studies evaluating the performance
of the Harmony Prenatal Test and Panorama Prenatal Test
were reported'’. Ashoor et al.'” assessed the performance
of the Harmony Prenatal Test for the detection of trisomy

Table 1. Results from the last published clinical trials that measured the sensitivity and specificity of Noninvasive Prenatal Testing in the diagnostics of common aneuploidies

Palomaki et al." Palomaki et al.' Bianchi et al.’ Ashoor et al.”
Trisomy 21
Sensitivity 98.6% 1006
(95.9-99.7) (95.9-100) "
Specificit 4935t 100'%
pecticty (99.4-99.9) (99.1-100)
Trisomy 18
Sensitivity il
w0 (93.9-100) (85.5-99.9) "
Specificit 100
pednidly (99.3-99.9) (99.2-100)
Trisomy 13
Sensitivity 78.6% 80%
" (61.0-99.0) (49.2-99.9) (49.0-94.3)
Specificit 100% 99.9%
P Y (98.5-99.5) (99.2-100) (99.7-99.9)
Monosomy X
Sensitivity (69?83.—8;/;.8)
na na
Specifcty (98?;'—890/;.9)

na: nof analyzed.




13 in a two-phase, blinded, case-control study. In the
second phase, after modification of trisomy 13 algorithm
based on data from the first phase, the test was used to
detect trisomy 13 risk scores for 10 cases of trisomy 13
and 1,939 euploid cases. The trisomy 13 risk scores were
>99% in eight (80.0%) cases of trisomy 13. In the 1,939
euploid cases, the risk score for trisomy 13 was <0.01%
in 1,937 (99.9%), 0.79% in one and >99.0% in one.

The Panorama Prenatal Test was validated by
Nicolaides et al.'® in a population of 242 women with
singleton pregnancies, who had been submitted to cho-
rionic villus sampling (CVS) from 11 to 13 weeks. They
were referred because first-trimester screening indicated
an increased risk for trisomy 21, 18 or 13'%. Results were
provided for 94.6% (229 cases): 32 cases were correctly
identified as aneuploid, including trisomy 21 (n=25;
sensitivity=100%, specificity=100%), trisomy 18 (n=3),
trisomy 13 (n=1), Turner Syndrome (n=2) and triploidy
(n=1), with no false-positive or -negative results. In all
these studies (apart of Fairbrother et al."?), NIPT was in-
tegrated as a primary screening test for pregnant women
at high-risk of aneuploidy.

Discussion and conclusions

Testing can be done after the tenth week and typically
it is performed between 10 to 22 weeks. Interestingly, as
concluded by Norton et al.?” from a population perspec-
tive, a better option for NIPT may be a second-tier test
for those patients who screen positive by conventional
aneuploidy screening®. However, before routine MPS-
based population screening for fetal trisomy 21 are widely
introduced, additional trials are needed. According to the
International Society for Prenatal Diagnosis ISPD), they
should include i. a.: efficacy in low-risk populations or
suitable for the diverse sub-populations, such as twins
and IVF donor pregnancies® .

Unfortunately, data regarding the clinical validity of
NIPT are still limited. These are available only for studies
examining the early clinical experience of the Harmony
and Verifi Prenatal Tests. The limitations are associated
with the lack of follow-up information for the majority of
studies on pregnancies. For example, in the investigation
by Fairbrother et al.'” with 284 obstetrical patients who
were evaluated by both the Harmony Prenatal Test and
traditional first-trimester screening, only one woman,
who had a first-trimester screening result of one in five
for trisomy 21, elected to have invasive prenatal diagno-
sis, which revealed a normal fetal karyotype'”. Another
study, presented by Futch et al.?*, involved 6,123 patients
tested with the Verifi Prenatal Test. Of 280 fetuses with
aneuploidy detected by the NIPT, 94 (33.6%) were con-
firmed or the pregnancies resulted in miscarriage, and 14

(0.2%) yielded discordant (likely false-positive) results.
Unclassifiable results were obtained in up to 1% of cases
for each of the analyzed chromosomes. As a result, it was
assumed that the pregnancies that had not yet delivered
did not have an undiagnosed aneuploidy (missed by both
NIPT and first-trimester screening).

At this time, NIPT is only recommended for patients
from high-risk populations, including advanced maternal
age, positive screening test, abnormal ultrasound sugges-
tive of aneuploidy, or prior pregnancy with chromosome
aneuploidy?®!'?*?%, It is also recommended that a positive
NIPT conclusion, due to occasional false-positive results,
be followed by confirmatory diagnostic testing (chorionic
villus sampling, CVS or amniocentesis) prior to making
pregnancy decisions?*>*!, The invasive tests, apart from
giving an accurate diagnosis, also provide important
information about the cause and type of trisomy. When
Down Syndrome is due to a 21 chromosome transloca-
tion, this has important recurrence risk implications for
the parents and other family members.

Other risks concerning the NIPT are “unreportable”.
From 0.5 to 7% of women who undergo NIPT will not
get a result® (fact sheet published in 2012 by the National
Coalition for Health Professional Education in Genetics
and NSGC). This often happens due to the low amount
of fetal DNA in the sample (high maternal weight or
early gestational age). Moreover, some laboratories may
decline to report results that are near the cutoff.

As one can see, there are still some questions regarding
the introduction of NIPT into routine practice. In 2014,
in the United Kingdom, this resulted in initiating a na-
tional project called “Evaluation of NIPT for aneuploidy in
an NHS setting: a reliable accurate prenatal non-invasive
diagnosis (RAPID) protocol”?®. The collaborators expect
that this study may be a significant contribution for
policing decisions around the implementation of NIPT
for aneuploidies and allow developing the laboratory
standards for testing and reporting, education materials,
and counselling strategies.

Non-invasive tests based on the presence of ctfDNA
in maternal plasma carry a promise for the future and will
probably replace other screening methods as the standard
of care. However, there is still much to learn about such
technology and its clinical utility. Pretest genetic counsel-
ing should be given and must clearly state that cffDNA
test, despite having the highest sensitivity and specificity
among screening methods, is not a diagnostic test and
does not detect all cases of fetal Down Syndrome. It only
screens for the most common fetal trisomies (21, 18 and
13) and may give information on the sex chromosomes (X,
Y —i.a. monosomy X). As for today, NIPT should not be
proposed to low-risk pregnancies or multiple gestations
because there is not enough evaluation in these groups.
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