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A total of 551 pregnancies with positive results for noninvasive prenatal testing (NIPT) using
traditional karyotyping and chromosomal microarray analysis were analyzed. Confirmatory results,
positive predictive values, etiology exploration of false-positive results, and pregnancy outcomes
were recorded. The study demonstrated that NIPT performed better in predicting trisomy 21 and
trisomy 18 for pregnancies with advanced maternal age than for pregnancies with young maternal
age; as for trisomy 13 and sex chromosomal aneuploidy (SCA) prediction, there was no significant
difference between the two groups. The positive predictive values for trisomy 21, trisomy 18, trisomy
13, and SCA showed no significant upward trend when compared based on specific age categories (an
interval of 5 years), which suggested that NIPT-positive result deserves equal attention from both
providers and patients regardless of maternal age. In addition, the termination rates of 45,X, 47,XXY,
47,XXX, and 47,XYY were 100% (2/2), 92.9% (26/28), 33.3% (5/15), and 9.5% (2/21), respectively,
which demonstrated that the decision-making regarding pregnancies varied greatly according to the
types of SCAs, and further reinforce the importance of confirmatory prenatal diagnosis. The current
study also supported the viewpoint that confined placental mosaicism and maternal mosaicism were
the important etiology of false-positive results. (J Mol Diagn 2020, 22: 1469—1475; https://doi.org/
10.1016/j.jmoldx.2020.09.008)

Since 2011, noninvasive prenatal testing (NIPT) based on
massively parallel sequencing of cell-free fetal DNA in
maternal blood has been introduced internationally for pre-
natal screening of trisomy 21, 18, and 13 (T21, T18, and T13,
respectively). Although both are maternal peripheral blood
tests, the powerful benefits of NIPT compared with traditional
serologic screening are obvious.'” With reduced costs of
testing and growing numbers of studies demonstrating the
accuracy of NIPT in the general obstetric population,’ >
NIPT is recommended for all pregnant women.>’

In China, NIPT is generally recommended for women at
high risk of common chromosomal aneuploidies, such as
advanced maternal age (AMA), abnormal serologic
screening results, and some minor ultrasound indicators
related to T21. Nowadays, as more and more low-risk

pregnant women are willing to choose NIPT,*” it has
become the preferred method to screen for fetal chromo-
some abnormalities.'’ Given that NIPT is a highly reliable
screening test, positive results are often associated with
persistent anxiety among patients. Some of them mistakenly
assume that this testing is diagnostic and proceed to preg-
nancy termination without confirmatory diagnostic testing."’
Because cell-free fetal DNA is of placental origin and not of
fetal origin, it is truly a screening test. The question
following a positive NIPT is the likelihood of having an
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affected fetus, which might be answered by the positive
predictive value (PPV). All the types of chromosomal ab-
normalities detected by NIPT and their confirmatory results
by traditional karyotyping or chromosomal microarray
analysis in singleton pregnancies at high or low risk for
chromosomal aneuploidy were retrospectively explored.
The current research was mainly focused on assessing PPV
for pregnant women with different indications and different
age levels and analyzing the decision-making after a
confirmed abnormality. It is hoped that the results will
provide more practical evidence to aid clinicians in coun-
seling patients regarding NIPT-positive results.

Materials and Methods

Patients and Samples

This retrospective study reviewed 563 pregnant women with
NIPT-positive results who were referred to the Fujian Pro-
vincial Prenatal Diagnosis Center (Fuzhou, China) between
May 2015 and December 2019. Twelve cases were
excluded as they were twin pregnancies. As a result, 551
cases were enrolled. The clinical characteristics are sum-
marized in Table 1. The mean values of gestational age at
the time of NIPT and prenatal invasive testing were
16.6 & 2.9 and 22.0 £+ 3.3 weeks, respectively. The mean
age at delivery was 31.7 + 5.3 years. Women of AMA
accounted for 41% (226/551), including ages between 35
and 39 years (N = 187) and ages beyond 40 years
(N = 39). The remaining 59% (325/551) cases were women
at young maternal age (YMA), who were categorized into
three groups: <25 years old (N = 56), between 25 and 29
years old (N = 149), and between 30 and 34 years old
(N = 123). A total of 107 cases of younger women
demonstrated multiple clinical indications, including
abnormal serologic screening results (high- and critical-risk
results), soft ultrasound markers, ultrasound structural
abnormalities, and adverse reproductive history. Specimens
for confirmation were obtained from amniotic fluid during
18 and 24 gestational weeks, and fetal cord blood beyond 24
gestational weeks.

Follow-up information was obtained through clinical re-
cords or telephone calls. The study was approved by the
local Ethics Committee of Fujian Provincial Maternity and
Children’s Hospital. Written informed consent to participate
in the study was obtained from each patient.

NIPT Data Sources

Data regarding NIPT-positive cases were obtained from
different NIPT platforms, which were all certified by Chi-
nese Food and Drug Administration for high-throughput
sequencing, including NextSeq CNS500 sequencer (Berry
Genomics Corp., Beijing, China), NextSeq AR550
sequencer (Annoroad Gene Tech Co., Ltd., Beijing, China),
BGISeq 500 sequencer (MGI Tech Co., Ltd., Shenzhen,
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Table 1  Clinical Characteristic of 551 Pregnancies with NIPT-
Positive Results

Variable Value

Gestational age, mean + SD, weeks

At delivery 22.0 + 3.3
At NIPT 16.6 £ 2.9
At prenatal invasive testing 31.7 £ 5.3
Specimens, n (%)
Amniotic fluid 471 (85.5)
Cord blood 80 (14.5)
Clinical features, n (%)
Advanced maternal age 226 (41.0)
Abnormal serologic screening 57 (10.3)
Ultrasound structural abnormalities 16 (2.9)
Soft ultrasound markers 30 (5.4)
No indications 218 (39.6)
Adverse reproductive history 4 (0.7)

NIPT, noninvasive prenatal testing.

China), and Ion Proton sequencer (Da An Gene Co., Ltd.,
Shenzhen, China). Most cases in the current study were
investigated by NextSeq CN500 sequencer.

Confirmatory Invasive Prenatal Testing and Data
Analysis

All samples of amniotic fluid and fetal cord blood were
analyzed using traditional karyotyping, and chromosomal
microarray analysis was also offered to pregnant women
who consented. Single-nucleotide polymorphism array
was performed using Affymetrix CytoScan 750K array
(Affymetrix Inc., Santa Clara, CA). The experimental
methods and processes were similar to those described in
previous reports.'” At least five metaphases were
analyzed, and 20 metaphases were counted. When mosa-
icism was encountered, 50 to 100 metaphases were
counted. PPV, referring to the proportion of true positives,
was assessed to determine the likelihood that a positive
result indicates an affected fetus. For segmental imbal-
ances, the resolution of NIPT was set as 10 Mb, and the
copy number variations (CNVs) were divided into groups
with CNYV sizes <10 and >10 Mb.

Statistical Analysis

All data were entered into a Microsoft Excel 2016 (Micro-
soft Corp., Redmond, WA) spreadsheet, and SPSS software
version 19.0 (SPSS, Inc., Chicago, IL) was used for statis-
tical analysis. Statistical comparisons were performed using
%2 test, and P < 0.05 was considered statistically significant.

Results
Overall NIPT and Verification Results

A total of 442 samples of amniotic fluid and 109 samples
of fetal cord blood were collected from the 551 fetuses
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Table 2 The Details of 256 Abnormal Results Confirmed by Karyotype Analysis and/or CMA
TP Outcome
NIPT Lost to

Type positive, . n (%) Type n TOP, n (%)*  Live birth, n (%)*  follow-up, n (%)

T21 150 122 (81.9)  Standard T21 108 107 (99.1) 1(0.9) 0
Translocation T21 3 3 (100) 0 0
Mosaic T21 11 9 (90.0) 1 (10.0) 1(9.1)

T18 52 18 (34.6)  Standard T18 17 17 (100) 0 0
Rearrangement T18 1 1 (100) 0 0

T13 36 9 (25.0) Standard T13 7 7 (100) 0 0
Translocation T13 2 2 (100) 0 0

SCAs 258 97 (37.6) 45X 2 2 (100) 0 0
47, XXX 16 5(33.3) 10 (66.7) 1 (0.6)
47, XXY 31 26 (92.9) 2 (7.1) 3(9.7)
47 XYY 22 19 (90.5) 2 (9.5) 1 (4.5)
48, XXYY 1 1 (100) 0 0
Mosaicism 23 13 (56.5) 10 (43.5) 0
46,del(X) 2 2 (100) 0 0

Multiple aneuploidy 10 1(10.0)  48,XXY,inv(9) 1 1 (100) 0 0

(p12q13),+18

RAA 19 1 (5.3) Mosaic trisomy 9 1 1 (100) 0 0

Structural abnormality 26 8 (30.7) CNVs > 10 Mb 6 4 (80.0) 1 (20.0) 1 (16.7)
CNVs < 10 Mb 2 0 2 (100) 0

*Cases lost to follow-up were not included.

CMA, chromosomal microarray analysis; CNV, copy number variation; NIPT, noninvasive prenatal testing; RAA, rare autosomal aneuploidy; SCA, sex chro-
mosomal aneuploidy; T13, trisomy 13; T18, trisomy 18; T21, trisomy 21; TP, true positive; TOP, termination of pregnancy.

enrolled. Of these, traditional karyotyping alone was
performed on 200 samples, whereas on the remaining 351
samples, chromosomal microarray analysis was performed
concurrently. A total of 256 fetuses were confirmed to
possess chromosomal abnormalities concordant or
partially concordant with NIPT results (common inversion
anomalies and polymorphism changes were not consid-
ered), composed of 122 (47.8%) cases of T21, 18 (7.1%)
cases of T18, 9 (3.5%) cases of T13, 97 (37.6%) cases of
sex chromosomal abnormalities, 8 (2.7%) cases of struc-
tural abnormalities, and 1 (0.4%) cases of rare autosomal
aneuploidy. The details are summarized in Table 2. The
PPVs for T21, T18, T13, and sex chromosomal aneu-
ploidies (SCAs) were 81.3% (122/150), 34.6% (18/52),
25.0% (9/36), and 37.6% (97/258), respectively. Among
the 26 cases with chromosomal structural abnormalities, 6
fetuses with CNVs >10 Mb and 2 cases with CNVs <10
Mb were confirmed.

To explore the etiology of false-positive results, maternal
blood tests were performed for 10 cases with positive results
of SCAs, and maternal mosaicism was confirmed in 4 cases.
In addition, placental biopsies were obtained after delivery
or pregnancy termination for 10 of 295 fetuses with normal
karyotype, and confined placental mosaicism (CPM) was
confirmed in 6 cases. Among them, four CPMs involving
chromosomes 9, 13, 21, and 22 manifested as fetal growth
restriction with or without other ultrasound findings; the
remaining two cases had normal development during the 15
months of follow-up.

The Journal of Molecular Diagnostics m jmdjournal.org

PPVs for T21, T18, T13, and SCAs, according to
Maternal Age at Delivery

The verification results of T21, T18, T13, and SCA positive
cases for pregnant women aged <25, 25 to 29, 30 to 34, 35
to 39, and >40 years are shown in Table 3; those aged >40
years had the highest PPV for T21, T18, and SCAs, but
there was no significant positive association between PPV
and specific age categories, especially for T21 and SCAs
(Figure 1). However, the PPVs for T21 and T18 in YMA
pregnancies was significantly lower than those in AMA
pregnancies [T21: 73.5% versus 87.8% (P < 0.05); T18:
8.0% versus 59.3% (P < 0.05)]; the PPVs for T13 and
SCAs in these two groups showed no statistical differences
[T13: 15.0% versus 37.5% (P > 0.05); SCAs: 39.2% versus
34.1% (P > 0.05)].

PPVs for T21, T18, T13, and SCAs, according to
Indication

The enrolled cases included pregnancies with no indications
and pregnancies with AMA, abnormal serologic screening
(including high and critical risk of serologic screening),
ultrasound structural abnormalities, and soft ultrasound
markers. Numbers of NIPT-positive case in these groups
and PPVs for T21, T18, T13, and SCAs are shown in
Table 4. The PPV in the ultrasound structural abnormality
group was the highest in predicting T21 fetuses, which was
100%, followed by 87.8% in AMA group. The AMA group
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Table 3  Performance of NIPT for T21, T18, T13, and SCAs in Pregnancies with Different Age Groups
T21 T18 T13 SCAs
Age category, NIPT TP, n NIPT TP, NIPT TP, NIPT TP,
years positive, n (PPV, %) positive, n n (PPV, %) positive, n n (PPV, %) positive, n n (PPV, %)
YMA
<25 16 14 (87.5) 9 1(11.1) 2 0 (0) 21 9 (42.9)
25—29 30 24 (80.0) 11 1 (9.1) 9 1 (11.1) 76 23 (30.3)
30—34 22 12 (54.5) 5 0 (0) 9 2 (22.2) 73 35 (47.9)
Total 68 50 (73.5) 25 2 (8.0) 20 3 (15.0) 170 67 (39.4)
AMA
35—39 63 53 (84.1) 22 12 (54.5) 15 6 (40.0) 78 24 (30.8)
>40 19 19 (100) 5 4 (80.0) 1 0 (0) 10 6 (60.0)
Total 82 72 (87.8)* 27 16 (59.3)* 16 6 (37.5) 88 30 (34.1)*

*P < 0.05 compared with same group YMA via % test.

AMA, advanced maternal age; NIPT, noninvasive prenatal testing; PPV, positive predictive value; SCA, sex chromosomal aneuploidy; T13, trisomy 13; T18,

trisomy 18; T21, trisomy 21; TP, true positive; YMA, young maternal age.

had the highest PPV for T18 (57.7%) and T13 (37.5%).
Even though cases with various high-risk indications were
excluded, no statistical difference in PPVs for T13 and
SCAs between YMA and AMA pregnancies were observed;
the PPVs for T21 and T18 in YMA pregnancies remained
significantly lower than those in AMA group.

Pregnancy Outcomes

Follow-up was obtained in 95.5% (527/551) of the patients.
The outcomes of fetuses with confirmed abnormalities are
presented in Table 2. Of the 149 pregnancies with confirmed
T13, T18, and T21, one case of T21 was lost to follow-up;
the remaining cases ended in termination except for one
case of standard T21 and one case of low-level mosaic T21.
Of the patients with a positive prenatal diagnosis for SCAs
(mosaicism included), 55.4% (51/92) elected to terminate.
The termination rates for pregnancies with confirmed 45,X,
47,XXY, 47,XXX, and 47,XYY were 100% (2/2), 92.9%
(26/28), 33.3% (5/15), and 9.5% (2/21), respectively. No
significantly abnormal phenotype was observed for the
surviving infants during the short time follow-up, except for
the cases of standard T21 who showed typical features of
Down syndrome.

Discussion

Almost all the publications regarding the performance of
NIPT involved only one or two NIPT platforms. Although
the accuracy of NIPT varies somewhat with the platform
used,'” in actual clinical practice, as long as the results come
from qualified and approved institutions, counseling should
be conducted on the basis of their combined risk, and further
diagnostic testing should be offered according to the
gestational age, irrespective of the platform used. The study
center is a tertiary referral prenatal diagnostic center; thus,
many pregnant women with NIPT-positive results seek
appropriate genetic counseling for pregnancy management.
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The information provided in present study may be more
helpful for clinical consultants.

Overall, the PPVs for T21, T13, and SCAs in the present
study were close to those reported in recent studies with
large sample sizes.”'*'> But for T18, the PPV of 34.6% was
considerably lower than those documented in recent studies,
which ranged from 54.5% to 77.8%. This may be due to the
age composition of the enrolled cases. In the current study,
women of YMA with no clinical indication accounted for
39.6%, which is almost equal to that in women with AMA.
This situation reflected the increase in uptake of NIPT in the
low-risk population to some extent, as suggested by Chen
et al.'® On comparing the detection rates between women of
YMA and AMA, the total PPV for T21 and T18 for women
with AMA was found to be significantly higher than that in
women with YMA, regardless of whether other indications
were considered or not; however, for T13 and SCAs, there
was no significant difference, which emphasized the age-
specific risk for T18 and T21.'” However, no significant
upward trend of PPVs was observed when pregnant women
were subgrouped with an age interval of 5 years. This
further suggests that NIPT-positive results should receive
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Figure 1  Comparison of the positive predictive values (PPVs) for tri-

somy 21 (T21), trisomy 18 (T18), trisomy 13 (T13), and sex chromosomal
aneuploidies (SCAs) among different age categories.
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Table 4 Performance of NIPT for T21, T18, T13, and SCAs in Pregnancies with Different Clinical Indications
T21 T18 T13 SCAs
NIPT TP, NIPT TP, NIPT TP, NIPT TP,
Indications positive, n n (PPV, %) positive, n n (PPV, %) positive, . n (PPV, %) positive, n n (PPV, %)
None (YMA) 32 23 (711.9) 17 0 (0) 12 2 (16.7) 122 49 (40.2)
AMA 82 72 (87.8)* 27 16 (59.3)* 16 6 (37.5) 88 30 (34.1)
Abnormal serologic 16 12 (75.0) 4 1 (25.0) 5 1 (20) 30 11 (36.7)
screening
Ultrasound structural 5 5 (100) 0 1 0 (0) 7 3 (42.9)
abnormalities
Soft ultrasound 13 10 (76.9) 4 1 (25.0) 2 0 (0) 9 3 (33.3)
markers
Reproductive history of 2 1 (50.0) 0 0 2 1 (50.0)
children with
chromosomal
aneuploidy
Total 150 122 (81.3) 52 18 (34.6) 36 9 (25) 258 97 (37.6)

*P < 0.05 versus same group YMA via %7 test.

AMA, advanced maternal age; NIPT, noninvasive prenatal testing; PPV, positive predictive value; SCA, sex chromosomal aneuploidy; T13, trisomy 13; T18,

trisomy 18; T21, trisomy 21; TP, true positive; YMA, young maternal age.

the same attention regardless of maternal age. Although
NIPT was not frequently recommended for fetuses with
abnormal ultrasound findings, some pregnant women
considered NIPT to be an acceptable alternative to invasive
diagnostic testing. In the present study, the ultrasound
structural abnormality group and soft ultrasound markers
group demonstrated the highest PPVs of 100% and 76.9%,
respectively, in predicting T21 fetuses, which indicated that
a positive NIPT result for T21 combined with abnormal
ultrasound findings increases the possibility of an affected
fetus.

Rare autosomal aneuploidies were the most common
findings using genome-wide NIPT analysis in addition to
targeted chromosomal aneuploidies,'®'” and they were al-
ways confirmed to be false positives. He et al* suggested
that the PPV and pregnancy outcomes might be influenced
by the duration of gestation at NIPT as well as the in-
dications; the later the gestation stage during NIPT testing,
the less likely the fetus was affected. In the study province,
NIPT is usually performed at a relatively late gestation stage
at around 14 weeks, compared with 10 weeks'’ or 12
weeks’ in other reports. Among 19 cases with rare auto-
somal aneuploidy—positive results, only one case of true
fetal mosaicism was identified; one fetus developing fetal
growth restriction was finally confirmed to be CPM. In
addition, the efficiency for CNV detection, which has
recently gained much attention, was also analyzed. The PPV
for CNVs (30.8%) was similar to those reported in previous
publications.'**' "> The PPVs for CNVs <10 Mb and
CNVs >10 Mb were 28.6% and 31.6%, respectively; these
values were close to those of T13, T18, and SCAs, which
potentially demonstrated the accuracy of the test for fetal
CNVs. Xu and Li*’ suggested that for most women with no
indications for an invasive procedure, no routine methods

The Journal of Molecular Diagnostics m jmdjournal.org

are available for pathogenic CNV screening, but NIPT can
be considered in these cases. However, the utilization of
NIPT for CNVs remains controversial, and its routine
implementation is not recommended to date.”**’

False-positive NIPT results can be explained by
CPM,'?*° death of a twin in utero,”’ or maternal incidental
findings.” In the present study, 295 of 442 cases were
confirmed to be false positive; however, only 10 cases of
placental biopsies were available, and 6 of them were
confirmed to have CPM. Notably, four cases of CPM
involved trisomy 9, 13, 21, and 22, manifested as fetal
growth restriction, which supports the view that CPM
involving some specific chromosomes may be related to
poor perinatal outcomes.”” *°

It is recommended that patients with a positive NIPT for
autosomal aneuploidies elect prenatal diagnosis, and almost
all of the confirmed positive cases choose to terminate the
pregnancy.’’ As for the SCAs, there may be some differ-
ences. Ramdaney et al’® reported that nearly 65.7% of pa-
tients with a positive NIPT for SCAs declined prenatal
diagnosis. In the present study, all the NIPT-positive cases
that received post-test counseling by a genetic counselor
were willing to perform invasive prenatal testing, consistent
with some other studies.””*" It is known that individuals
with SCAs are phenotypically normal in the neonatal stage
without physical or intellectual disability; as a result, preg-
nancies with confirmed SCAs were less likely to be termi-
nated. The termination rate of 55.4% for cases with
confirmed SCAs in this study was relatively lower than the
61.1% to 81% reported in previous studies.”**'** The
leading factors for the variation can be attributed to the type
of SCAs, maternal age, and opinion of the genetic consul-
tant. Thus, confirmatory invasive prenatal testing is of great
importance to determine the type of SCAs. On one hand,
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pregnancy decisions should be made on the basis of a def-
inite result for the fetus. On the other hand, prenatal diag-
nosis of SCAs may provide an opportunity for early
intervention and comprehensive postnatal management,
improving the quality of life of the affected child.

There are a few limitations to the present study. Studies
on placentas and maternal karyotypes were not routinely
conducted to access the etiology of discordance between
positive cell-free fetal DNA results and normal karyotype.
In addition, postnatal blood testing was not routinely per-
formed for infants who were prenatally identified as mosa-
icism to further assess their prognosis.

Conclusion

The present study demonstrated that NIPT performed better
in predicting T21 and T18 for pregnancies with AMA than
for pregnancies with YMA; however, PPVs of T21, T18,
T13, and SCAs showed no significant upward trends when
compared on the basis of more specific age grouping. The
decision-making regarding pregnancies varied greatly ac-
cording to the types of SCAs, which reinforces the impor-
tance of confirmatory test after an NIPT-positive result for
SCAs.
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