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Clinical Laboratory Practice Resource. They also are advised to take notice of the date any particular guideline was adopted, and to consider
other relevant medical and scientific information that becomes available after that date. It also would be prudent to consider whether
intellectual property interests may restrict the performance of certain tests and other procedures.

Noninvasive prenatal screening (NIPS) using cell-free DNA
has been rapidly adopted into prenatal care. Since NIPS is
a screening test, diagnostic testing is recommended to confirm
all cases of screen-positive NIPS results. For cytogenetics labo-
ratories performing confirmatory testing on prenatal diagnostic
samples, a standardized testing algorithm is needed to ensure
that the appropriate testing takes place. This algorithm includes
diagnostic testing by either chorionic villi sampling or

BACKGROUND

This document was generated to support clinical cyto-
genetics laboratories in the testing and management of
positive noninvasive prenatal screening (NIPS) results and
is designed to be a rubric that can guide laboratory practice.
The American College of Medical Genetics and Genomics
(ACMG) revised its position statement on the use of NIPS for
fetal aneuploidy in July 2016.! This is meant to be a
companion to that revised statement.

NIPS, also referred to as cell-free DNA (cfDNA) or
noninvasive prenatal testing, has been available as a clinical

amniocentesis samples and encompasses chromosome analysis,
fluorescence in situ hybridization, and chromosomal microarray.
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screening option for pregnant women since 2011.2 Initially,
NIPS was available primarily for the detection of trisomy
21,>3 but it rapidly evolved to include the detection of
trisomies 13 and 18, sex chromosome identification, and sex
chromosome aneuploidies.*> NIPS has better performance as
a screening test for trisomy 21 than for trisomies 13 or 18, or
for sex chromosome aneuploidies.® Recently, select micro-
deletion syndromes and smaller copy-number changes, as
well as other autosomal aneuploidies, have been added by
some laboratories as additional screening options.”® Various
factors affect the accuracy of NIPS results, including confined
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placental mosaicism (CPM), maternal genomic contribution
and technical or statistical issues.” Follow-up diagnostic
testing is uniformly recommended for all patients with
positive NIPS results.!'®!! This document establishes a
standardized testing algorithm that is essential for the
cytogenetics laboratory to ensure that the appropriate
diagnostic testing has occurred and that the results are
reliable, accurate, and reflective of the fetal karyotype.

DIAGNOSTIC TESTING

Follow-up prenatal diagnostic testing is recommended for all
patients with positive NIPS results. This can be accomplished
by either chorionic villus sampling (CVS) or amniocentesis.
In general, diagnostic testing should be appropriate for the
suspected anomaly (i.e., chromosomal microarray (CMA) for
smaller copy-number changes). Some laboratories may opt to
perform fluorescence in situ hybridization (FISH) for the
aneuploidy or copy-number change in question and then
reflex to either chromosome analysis or CMA, dependent on
the FISH results. While FISH is possible for either type of
copy-number change, it may not be as accurate, depending on
the exact size of the anomaly or structural rearrangements.

Chromosome analysis on either CVS or amniocentesis
demonstrating nonmosaic trisomy or sex chromosome
aneuploidy consistent with the NIPS result is considered
confirmation of a positive NIPS and therefore of an affected
fetus. A full study (as defined by the ACMG laboratory
guidelines'?) on CVS or amniocentesis demonstrating a
normal karyotype would not typically warrant additional
metaphase cell counts or other analyses. However, a mosaic
result on CVS should not be considered confirmatory. There
are known physiological limitations of CVS that include the
possibility of CPM and rare case reports of complete
discordancy between the CVS karyotype and the fetal
karyotype.!>~1¢ While NIPS can be performed in the late first
trimester of pregnancy, and CVS is a possibility for
confirmatory studies (and often desired by the patient due
to timing), CVS may simply reflect the same DNA/cells
that were detected by NIPS, as both are derived from the
placenta.l” Certain aneuploidies, including trisomy 13 and
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monosomy X, are more likely to be found in the mosaic form
on CVS, which may influence genetic counseling about the
preferred diagnostic test for confirmatory studies.'® When
CVS shows mosaicism for the suspected trisomy, it is
impossible to determine if this is CPM or true fetal mosaicism
(TFM). Therefore, a mosaic CVS result cannot be treated as
confirmation of an affected fetus and a follow-up amniocent-
esis is warranted, as is recommended in all cases of mosaicism
observed on CVS!21>16 (Table 1).

Similarly, CMA testing on either CVS or amniotic fluid may
be used as confirmatory diagnostic testing in cases with
positive NIPS results, or as reflex testing in cases with initial
normal results from chromosome analysis. Smaller copy-
number changes are ideally confirmed by this method. Again,
if the NIPS results and CMA results are concordant, no
further testing is recommended. However, given that
structural information is not available from CMA analysis, a
reflex to chromosome analysis may be considered to evaluate
the structural arrangement to inform recurrence risks,
especially for those cases with trisomies 21 and 13.

On occasion, prenatal diagnostic testing may not be
performed due to loss of the pregnancy before testing is
possible. In such instances, testing of the products of
conception and/or the fetus by either chromosome analysis
or CMA should be considered on a case-by-case basis.

Other forms of abnormal result exist, such as “no calls” and
the unanticipated findings rendered by special maternal
medical circumstances (e.g., obesity, oocyte donations and
prior transfusions). These are discussed at length in the
revised ACMG position statement! but are beyond the scope
of this laboratory algorithm.

POSITIVE PREDICTIVE VALUE
While most NIPS laboratories report a greater than 99%
specificity and sensitivity for trisomy 21, the positive predic-
tive value (PPV) is essential for patient care. The 2016 ACMG
position statement! recommends that all laboratories report-
ing NIPS results also include the PPV, as well as the negative
predictive value, detection rate, clinical specificity and fetal
fraction. PPV answers an important question: “If NIPS is

Table 1 Prenatal diagnostic testing algorithm following positive NIPS results

NIPS positive for: Recommended Sample Result/recommended further testing
laboratory test type
T13, T18, T21, SCA, other Chromosome analysis CVS Normal or abnormal c/w NIPS No further testing/consider CMA
aneuploidy, triploidy
Mosaic Follow-up amniocentesis with
mosaicism studies®
AF Normal or abnormal c/w NIPS or  No further testing/consider CMA
mosaic /w NIPS
Smaller copy-number changes CMA CVS or AF Negative or abnormal c/w NIPS No further testing

Abnormal not ¢/w NIPS Further testing may be warranted

dependent on specific finding

AF, amniotic fluid; CMA, chromosomal microarray; CVS, chorionic villus sampling; c/w, consistent with; NIPS, noninvasive prenatal screening; SCA, sex chromosome

aneuploidy; T13, trisomy 13; T18, trisomy 18; T21, trisomy 21.
See the text for discussion of further testing options.
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positive, what is the chance that the fetus is affected?” The
PPV is affected by the analytic specificity and sensitivity of
the test, as well as the prevalence of the disorder in the
population.®!1° When the prevalence is age dependent, as it
is for trisomies 13, 18 and 21, maternal age is a determining
factor in the reliability of the test. Due to the higher incidence
of aneuploidy associated with advanced maternal age, a
35-year-old woman with a positive result by NIPS has a
higher PPV than a 25-year-old woman with a positive result.
In addition, less common disorders, such as trisomy 13 and
trisomy 18, would be expected to have lower PPVs than the
more common trisomy 21. Very rare disorders (e.g,
microdeletion syndromes and smaller copy-number changes),
which are typically not associated with increased maternal
age, would be expected to have even lower PPVs.” The PPV
can also be determined by comparing the NIPS results with
the diagnostic testing results, with the caveat that these studies
involve relatively low numbers of cases with wide confidence
intervals.20-23

SOURCES OF DISCORDANT RESULTS

The source of cfDNA in the maternal circulation is primarily
of maternal origin, with a much lower proportion (typically
around 10%) being derived from degraded trophoblastic cells
of the placenta.?* The primary reason for discordant NIPS
and diagnostic cytogenetic testing is that the DNA tested is
not solely representative of the fetus. This could be due to
CPM or to a resorbed or unrecognized twin pregnancy.
Furthermore, it has been reported that discordant results can
be due to variations in the maternal DNA contribution,
including low-level sex chromosome and autosomal chromo-
some mosaicism, maternal malignancies, and maternal copy-
number variants.>”-2>-27 It is well known that some women
may have low-level age-related losses and gains of the X
chromosome.??° There are a few reports of concurrent
maternal malignancies when multiple or rare aneuploidies
(e.g., autosomal monosomies) are detected by NIPS303!
Other reasons for discordance might be technical or
statistical.’ Since analytic algorithms differ between testing
platforms and providers, there could be inconsistency in the
reporting of aneuploidy results from the same pregnancy
reported from different laboratories due to the utilization of
different cutoffs, z-scores and/or comparison to different
normalization controls. By necessity, reporting algorithms
include screen-positive cases that are true negatives, to ensure
that nearly all true positives would be identified by the
screening test.

CPM AND TFM
When mosaicism is detected by CVS, cytogenetics labora-
tories attempt to distinguish between CPM and TFM. In
general, regardless of the chromosome involved, this requires
follow-up amniocentesis and often an extended chromosome
analysis of this specimen with adherence to standard guide-
lines for distinguishing between pseudomosaicism and
TFM.!? This extended analysis could include screening

GENETICS in MEDICINE | Volume 19 | Number 8 | August 2017

ACMG PRACTICE RESOURCES

additional cells (or colonies) from independent cultures.
Screening additional metaphase cells, however, has its
limitations, and a very low level of fetal mosaicism can
essentially never be ruled out. Theoretically, analyzing 15
amniotic fluid colonies from at least two independent
coverslips will rule out a 19% level of mosaicism at the
ninety-fifth confidence interval, while screening an additional
15 colonies will rule out a 10% level of mosaicism.*
Alternatively, interphase FISH for the mosaic aberration
found at CVS might be useful, although it should be noted
that laboratories need to validate and establish cutoff values
for positivity for each probe utilized. Any value below these
cutoff values or thresholds would be considered negative.>?
CMAs may also be ordered as part of the follow-up testing,
although detection of low-level mosaicism may be more
challenging than by chromosome analysis and/or interphase
FISH analysis®* (Table 1).

UNIPARENTAL DISOMY OF KNOWN IMPRINTED
CHROMOSOMES

CPM can occur as a result of either postzygotic nondisjunc-
tion or aneusomy rescue. Given the latter, it is important to
determine if the normal cell line represents uniparental
disomy if an imprinted chromosome is involved.!® In these
cases, discordance between the positive NIPS result and the
diagnostic test result should be followed up with testing
appropriate for detecting uniparental disomy of the particular
chromosome of interest.

NIPS RESULTS WITH MULTIPLE ANEUPLOIDIES
OR RARE ANEUPLOIDIES

Although reportedly rare, any NIPS result that is positive for
more than one aneuploidy or one that shows rare aneuploi-
dies, such as an autosomal monosomy, should include
consideration of the possibility of a maternal malignancy. A
wide variety of maternal malignancies have been described
in the literature in association with unusual NIPS results®®3!
and there are currently no guidelines for clinical evaluation
following these rare results. Further evaluation and referral to
an oncologist may be warranted.

SMALLER COPY-NUMBER CHANGES
Some NIPS laboratories offer screening for rare micro-
deletion syndromes and smaller copy-number changes. Again,
diagnostic testing is necessary in these cases, particularly
as most will be falsely positive due to lower PPVs, and some
may represent variants of uncertain significance. In most
cases that are positive by NIPS for smaller copy-number
changes, the breakpoints and the base pair coordinate
positions and sizes are not provided or reported by the testing
laboratory.>>3 As a result, specific microdeletion FISH is
not the appropriate diagnostic test, due to the possibility
of incorrect or incomplete FISH probe coverage. In the
vast majority of cases, a whole-genome CMA analysis
should be used to determine the true fetal result. As well,
it should be noted that maternal contribution may also
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play a role in discordant results, either due to low-level
maternal mosaicism or maternal copy-number changes?’
(Table 1).

NIPS cases positive for imprinted genetic disorders (e.g.,
Angelman or Prader — Willi syndrome) may come with the
acknowledgment that the laboratory cannot distinguish
between a deletion and uniparental disomy of the region in
question. In such cases, methylation analysis, including

CHERRY et al | Cytogenetic testing for positive NIPS results
methylation-specific multiplex ligation-dependent probe
amplification or similar methodology is the appropriate
diagnostic test to confirm the fetal result. It should be noted
that methylation may not be complete for all loci at the time
of CVS, and amniocentesis or neonatal testing may be
warranted. Laboratories performing methylation analyses
should be consulted regarding the appropriate specimen type
and requirements.

Table 2 Postnatal diagnostic testing algorithm following positive NIPS results

NIPS positive for Clinical phenotype

test

Recommended laboratory

Result/recommended further testing

T13,T18, T21, other aneuploidy,
triploidy

Normal

Abnormal c¢/w NIPS

Abnormal not ¢/w NIPS

SCA or discrepant sex Normal

chromosomes

Abnormal ¢/w NIPS or abnormal
not c/w NIPS

Smaller copy-number changes Normal or abnormal

Blood chromosome analysis

CMA

Blood chromosome analysis

Blood chromosome analysis

CMA

No testing needed N/A

Abnormal or mosaic ¢/w NIPS: no further testing;
Normal: additional cell counts or interphase FISH
or CMA

Further testing may be warranted depending on
specific findings

Abnormal or mosaic ¢/w NIPS: no further testing;

Normal: no further testing
Abnormal or mosaic ¢/w NIPS: no further testing;

Normal: further testing may be warranted
depending on the phenotype

Abnormal c¢/w NIPS: parental studies, if
indicated;

Negative: no further testing;

abnormal not c/w NIPS:

Further testing may be warranted depending on
specific findings

AF, amniotic fluid; CMA, chromosomal microarray; CVS, chorionic villus sampling; c/w, consistent with; N/A, not applicable; NIPS, noninvasive prenatal screening; SCA,

sex chromosome aneuploidy; T13, trisomy 13; T18, trisomy 18; T21, trisomy 21.

Box 1 Points to consider following positive noninvasive screening results

the fetus.

cannot be completely ruled out.

in positive NIPS cases with discordant results.

date information are essential for guiding management.

be warranted.

« NIPS is a screening test. It is not a diagnostic test. Diagnostic testing is recommended as a follow-up for any positive NIPS result.
o The fetal contribution of the cfDNA studied by NIPS is of presumed placental origin and, therefore, NIPS results may not be representative of

Sources of discordant NIPS results include CPM, a resorbed or unrecognized twin, maternal chromosome abnormalities (either mosaic or
nonmosaic), maternal malignancy, technical issues including low fetal fraction, or statistical errors.

Mosaic CVS results should not be considered confirmation of a positive NIPS result. Follow-up amniocentesis is recommended.

« Chromosome analysis on follow-up amniotic fluid specimens with screening of additional cells, FISH, and/or CMA analyses may be considered to
detect possible TFM in discordant cases. It should be understood that while the chance that TFM is present can be reduced to relatively low levels, it

o CMA is recommended as follow-up testing for any smaller copy-number changes that are reported as positive by NIPS.
Specific uniparental disomy analyses on CVS or amniotic fluid cells are recommended for any imprinted regions or chromosomes reportedly involved

For patients with screen-positive NIPS results, posttest access to genetic counseling by a genetics professional and accurate, balanced and up-to-

For unusual positive NIPS results (e.g., monosomy, or multiple or rare aneuploidies), an oncology consultation for possible maternal malignancy may
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In some cases, parents with a fetus suspected to have an
anomaly by NIPS will decline diagnostic testing and choose
the option of a neonatal assessment. If possible, at birth, a
genetics consultation should be requested and a detailed
physical examination performed. In NIPS cases positive for
trisomies 13, 18 or 21, normal findings on a physical exami-
nation by a clinical geneticist may be sufficient to preclude
further testing. Any suspicion of an abnormal phenotype
related to the aneuploidy in question should prompt a
cytogenetics evaluation. When warranted, an extended
chromosome analysis to rule out low levels of mosaicism or
FISH may be performed. If the neonate has an abnormal
physical examination that is not suggestive of the trisomy in
question, CMA is recommended. For sex chromosome
aneuploidies, chromosome analysis or CMA is recommended,
with the possibility of additional interphase FISH analysis if
mosaicism is suspected. Any NIPS result indicating smaller
copy-number changes should be confirmed by CMA.
Extensive testing of placental tissue is not recommended, as
this is not important in the clinical care of the infant. In most
cases, peripheral blood chromosome analysis of the infant’s
mother to screen for mosaic sex chromosome gains or losses
also may not be relevant and is typically not needed for
patient care or for reproductive management.?®?° However,
maternal chromosome analysis or CMA may be warranted
depending on the maternal phenotype or medical history.

Finally, sex designation by NIPS may be discordant with
physical examination. While sex designation by NIPS is
relatively accurate, there are cases of XX or XY NIPS results
with the opposite sexed infant.’”*® Blood chromosome
analysis is recommended (Table 2). Clinical findings suggest-
ive of a disorder of sexual differentiation may warrant follow-
up by CMA or an appropriate gene panel.

IMPORTANCE OF GENETIC COUNSELING
Pretest counseling by the provider offering NIPS should
include both the advantages and limitations of this screening
test, as well as the alternatives.! For patients with positive
NIPS results, posttest access to genetic counseling by a trained
genetics professional is essential for guiding management. To
ensure an informed decision regarding testing and diagnostic
follow-up, patients undergoing this screening should be
provided with up-to-date, balanced and accurate information
about the limitations of NIPS, the implications of both
negative and positive NIPS results, the potential for false
positives and false negatives, and the role of diagnostic testing.
Patients should understand that diagnostic testing is both
available and voluntary. Furthermore, the education of
providers is of paramount importance.

Several points to consider following a positive noninvasive
screening result are listed in Box 1.
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