Noninvasive prenatal testing:
Where we are and where we’re going

O Does noninvasive prenatal testing change our concepts

of screening and diagnosis?

Lee P. Shulman, MD

he introduction of amniocentesis in

the 1960s brought to prenatal diagnos-

ticians the ability to detect fetal chro-
mosome abnormalities and certain structural
defects (including neural tube defects). Since
that time, a goal for these practitioners has
been the development of effective screening
algorithms to better identify women at high
risk for detectable fetal abnormalities in con-
cert with the advent of safer and more acces-
sible diagnostic tests, with the eventual aim
being the development of a noninvasive pre-
natal diagnostic test.

Postamniocentesis advancements have
included the identification of maternal se-
rum analytes as well as the incorporation of
first-trimester ultrasonographic measure-
ments of the fetal nuchal translucency (NT)
and nasal bone, all associated with an im-
proved ability to identify women at increased
risk for fetal trisomies 21 and 18 as well as
some other fetal abnormalities. In addition,
targeted ultrasound has greatly improved the
ability to detect fetal structural and growth
abnormalities in women of all risk levels, al-
though it remains a highly subjective process
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with considerable inter/intraoperator and
equipment variability.

Noninvasive prenatal screening has the
advantages of being noninvasive and carry-
ing no increased risk for fetal loss compared
with chorionic villus sampling (CVS) and
amniocentesis, which are associated with a
small increased risk for pregnancy loss (1/500
to 1/1,500 over baseline risk for loss). How-
ever, noninvasive screening is limited com-
pared with diagnostic procedures because it
provides only a risk adjustment rather than a
definitive diagnostic outcome and is mostly
limited to assessment for fetal trisomies 18
and 21.

Targeted ultrasound can identify struc-
tural abnormalities associated with other
chromosomal, genetic, and genomic abnor-
malities, but again depends on operator ex-
perience, equipment used, maternal habitus,
and fetal position. Accordingly, considerable
interest has remained in developing a more
effective approach for detecting fetal an-
euploidy and other fetal abnormalities, in-
cluding assays that eventually could serve to
provide noninvasive prenatal diagnosis.

Recent advances bring us

closer to our ultimate goal

The recent introduction of circulating cell-
free nucleic acids (ccfna) technologies for
prenatal screening for common fetal an-
euploidies, better known as noninvasive
prenatal testing, or NIPT, has presented a far
more effective prenatal screening protocol
for certain groups of women compared with
the aforementioned screening algorithms
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that rely on measurements of the fetal NT in
the late first trimester and maternal serum
measurements of analytes in the first and
second trimesters.

Currently, four NIPT screening products
are available commercially in the United
States: MaterniT21 Plus (Sequenom, San Di-
ego, California); Verifi (Illumina, San Diego,
California); Harmony Prenatal Test (Ariosa
Diagnostics, San Jose, California); and Pan-
orama Prenatal Test (Natera, San Carlos,
California). While the technologies and algo-
rithms used by each of the companies differ,
they all rely on the premise that 5% to 10% of
ccfna in maternal blood are fetal in nature.!
Calculating the ratios of the expected amount
of each chromosome-specific nucleic acid
to that actually measured in the sample, a
prediction of a normal or abnormal comple-
ment for that specific chromosome is then
made. None of the commercially available
tests specifically identify fetal DNA or differ-
entiate fetal from maternal DNA.

Current validation studies have thus far
limited the offering of NIPT to women at in-
creased risk for fetal aneuploidy, including
those:**

o ofadvanced maternal age

« with a positive conventional screening test

o with abnormal ultrasound results sugges-
tive of aneuploidy, or

o who have had a prior pregnancy with a
chromosome aneuploidy found in the
NIPT panel.

Studies of all available technologies
tested on women at increased risk for fetal
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aneuploidy have thus far shown considerably
higher sensitivities and specificities and detec-
tion rates for fetal trisomies 21, 18, and 13 than
conventional screening algorithms, although
detection rates for trisomy 13 are slightly lower
than those observed for trisomies 21 and 18.

We still have many hurdles

to leap

However, the groups of women at high risk
for fetal aneuploidy just outlined represent
only a small segment of the community of
pregnant women. A multicenter study in-
volving 1,914 women published February
2014 in the New England Journal of Medi-
cine” showed considerably and significantly
lower false-positive rates and higher posi-
tive predictive values for the detection of
trisomies 21 and 18 by NIPT compared with
conventional fetal aneuploidy screening.
This study incorporated women at low risk
for fetal aneuploidies in the study cohort,
although women at high risk (based on the
stated range of maternal age) also were in-
cluded in the cohort. Unfortunately, no in-
formation was provided in the report about
the percentage of low-risk women among
the study participants.

Another concern about the published
accuracy of NIPT clinical assays was recently
sounded by Menutti and colleagues.® The
authors cited recent cases of positive NIPT
outcomes for fetal trisomies 18 and 13 that
were not confirmed by diagnostic testing
of the pregnancies in question. The authors
pondered whether such cases may reflect a
limitation of the positive predictive values
attributed to NIPT assays and that such limi-
tations may carry profound inaccuracies in
determining the accuracy of such protocols
for rare aneuploidies.

While the improved detection rates for
NIPT compared with conventional screen-
ing are not surprising, guidelines published
by the American College of Obstetricians
and Gynecologists still do not recommend
the use of NIPT for the screening of low-risk
women because of insufficient evaluation of
ccfna technologies in the screening of such
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8.4  Pediatric Use

Safety and efficacy of Skyla have been established in women of reproductive age. Efficacy is
expected to be the same for postpubertal females under the age of 18 as for users 18 years
and older. Use of this product before menarche is not indicated.

8.5 Geriatric Use
Skyla has not been studied in women over age 65 and is not approved for use in this
population.

8.6  Hepatic Impairment
No studies were conducted to evaluate the effect of hepatic disease on the disposition of
LNG released from Skyla [see Contraindications (4)].

8.7  Renal Impairment
No studies were conducted to evaluate the effect of renal disease on the disposition of
LNG released from Skyla.

17  PATIENT COUNSELING INFORMATION

See FDA-approved patient labeling (Patient Information)

* Counsel the patient that this product does not protect against HIV infection (AIDS) and
other sexually transmitted diseases (STDs).

« Gounsel the patient on the benefits, risks, and side effects of Skyla prior to insertion.
Provide the Patient Information Booklet and give her the opportunity to read the
information and discuss fully any questions she may have concerning Skyla as
well as other methods of contraception. Advise the patient that the Full Prescribing
Information is available to her upon request.

« Inform the patient about the risks of ectopic pregnancy, including the loss of fertility.
Teach her to recognize and report to her healthcare provider promptly any symptoms
of ectopic pregnancy.

« Inform the patient about the possibility of PID and that PID can cause tubal damage
leading to ectopic pregnancy or infertility, or infrequently can necessitate hysterectomy,
or cause death. Teach patients to recognize and report to their physician promptly any
symptoms of pelvic inflammatory disease. These symptoms include development
of menstrual disorders (prolonged or heavy bleeding), unusual vaginal discharge,
abdominal or pelvic pain or tenderness, dyspareunia, chills, and fever.

* Counsel the patient that irregular or prolonged bleeding and spotting, and/or cramps
may occur during the first few weeks after insertion. If her symptoms continue or are
severe she should report them to her healthcare provider.
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* Counsel the patient on how she can check that the threads still protrude from the

cervix and caution her not to pull on the threads and displace Skyla. Inform her that

there is no contraceptive protection if Skyla is displaced or expelled. [See Warnings

and Precautions (5.6, 5.7).]

Instruct the patient to contact her healthcare provider if she experiences any of the

following:

* Astroke or heart attack

* \lery severe or migraine headaches

* Unexplained fever

* Yellowing of the skin or whites of the eyes, as these may be signs of serious liver
problems

* Pregnancy or suspected pregnancy

* Pelvic pain or pain during sex

* HIV positive seroconversion in herself or her partner

* Possible exposure to sexually transmitted infections (STIs)

e Unusual vaginal discharge or genital sores

* Severe vaginal bleeding or bleeding that lasts a long time, or if she misses a
menstrual period

* Inability to feel Skyla’s threads

* Inform the patient that Skyla can be safely scanned with MRI only under specific
conditions [see Warnings and Precautions (5.11)]. Instruct patients who will have
an MRI to tell their doctor that they have Skyla. This information is included on the
Follow-Up Reminder Card.

* Complete the Follow-up Reminder Card and give to the patient.
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pregnancies.® This also applies to twin preg-
nancies, despite preliminary studies show-
ing comparable detection of trisomies 18
and 21 in such pregnancies compared with
singleton pregnancies.*®

There are no direct comparative studies
of the four commercially available screening
products, thus precluding a robust compari-
son and determination of the best existing
method to use.

So, where are we with NIPT
exactly?

The recent introduction of NIPT into routine
obstetric care has left many clinicians with
a wide range of questions, many of which
cannot be answered because of little or no
information, robust or otherwise, to formu-
late an accurate and cogent response. So let’s
state what we know based on the available
evidence, recognizing that this will likely
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change, perhaps considerably, in the weeks
and months ahead.

NIPT is a far superior approach, com-
pared with conventional screening ap-
proaches, to screening for fetal trisomies
21, 18, and 13 in women carrying singleton
pregnancies who are at an increased risk for
fetal chromosome abnormalities.

In our current understanding of prena-
tal screening and diagnosis, NIPT does not
provide either the comprehensive approach
or the diagnostic accuracy associated with
CVS and amniocentesis. As such, NIPT is not
a suitable replacement for prenatal diagnos-
tic procedures.

However, its application to screening
a low-risk population for the common fetal
aneuploidies, as well as in twin pregnancies,
has been supported by initial studies, and
the inclusion of other clinical outcomes—
including other chromosome abnormalities,
such as X and Y aneuploidies, trisomy 16,
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and triploidy'®" and certain genomic abnor-
malities (eg, 22q deletions)—in the screen-
ing algorithm will expand the future clinical
applications of NIPT screening.

Does NIPT change our concepts
of screening and diagnosis?
This question is simple but profound and is
perhaps the most important to be asked and
addressed. Is a screening algorithm that has
a similar sensitivity and specificity to that of
CVS and amniocentesis for the most com-
mon fetal trisomies in the first and second tri-
mesters sufficient to replace invasive testing
for most women? Does the ability to detect
fetal genomic abnormalities with microarray
analyses of fetal cells obtained by CVS or am-
niocentesis provide a far greater benefit than
that possible with any screening algorithm?
With renewed interest in the cost of
health-care screening and diagnosis, we
need to consider how comprehensive and
accurate our prenatal screening and diag-
nostic tests should be and whether such
improvements are desired or even possible
from a clinical or economic viewpoint. In
addition, the development of new technolo-
gies, such as the capture and analysis of fetal
cells in maternal blood, presents the poten-
tial for a direct diagnostic fetal assay without
the risks of an invasive procedure.

Bias-free counseling
cannot be overlooked
That being said, the current role of NIPT and
other screening protocols in obstetric care
needs to be clearly communicated to women
who are considering their fetal assessment op-
tions, with emphasis placed on the capabilities
and limitations of prenatal screening (even the
newer ccfna-based options), the actual risks
associated with invasive testing, and the ability
of invasive testing to provide expanded fetal in-
formation with the use of microarray analyses.
Asithas been from the beginning of pre-
natal testing in the 1960s, counseling con-
tinues to be the most important part of the
prenatal screening and diagnostic process
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and itis needed to facilitate clinical decisions
made by women and couples. Counseling
must include an accurate communication
of the risks, benefits, and limitations of the
aforementioned options and issues, and
should be provided in a manner that strives
to be free of bias, direction, and the personal
opinions of the counselor.

In order to provide such counseling, we
must remain informed of the ongoing work in
the field of prenatal testing, a task that has be-
come more challenging with the rapid release
of a considerable amount of new informa-
tion on prenatal screening technologies over
the past 2 years. This will likely continue, and
perhaps become even more frenetic, with the
expected release of additional information on
the clinical applications of ccfna technologies
in the near future as well as the development
of new technologies applicable for the screen-
ing and diagnosis of fetal abnormalities. @
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