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Introduction

Since the clinical availability of noninvasive prenatal testing
(NIPT) over a decade ago, there has been a vast amount of
published data demonstrating the strong performance of

NIPT in the detection of a wide range of fetal anomalies
including common trisomies,1–5 sex chromosomal aneuploi-
dies,6,7 and rarer genome-wide fetal anomalies such as rare
autosomal aneuploidies and copy number variants.8–10 In
addition, a large number of professionalmedical societies are
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Abstract In this study we wanted to determine the performance of a paired-end sequencing-
based noninvasive prenatal testing (NIPT) assay in the detection of common fetal
trisomies in twin pregnancy samples. Samples from patients with a twin pregnancy
were collected from at least 10 weeks of gestation and analyzed at a single prenatal
center in Germany. Results of Anomaly Detected (i.e., high risk) or No Anomaly
Detected (i.e., low risk) for trisomy 21, trisomy 18, or trisomy 13were reported. Follow-
up confirmatory outcomes were requested for all cases. A total of 1,658 patients with
twin pregnancies submitted samples during the study period; only two of these
samples failed resulting in a low failure rate of 0.12%. Of the remaining 1,656 cases,
there were 1,625 (98.1%) low-risk and 31 (1.9%) high-risk NIPTsamples in our cohort. Of
these, follow-up information was available for 301 (18.5%) of the low-risk samples and
19 (61.3%) of the high-risk samples. All of the low-risk cases with follow-up were
determined to be true negatives giving an estimated negative predictive value of 100%.
Seventeen of the 19 high-risk samples with follow-upwere true positives, resulting in an
overall positive predictive value of 89.5%. Sensitivities of>99.9% were noted for both
trisomy 21 and trisomy 18, with high specificities of � 99.7% observed for all three
trisomies. In conclusion, our study showed strong performance of the NIPT assay in the
detection of common fetal trisomies in twin pregnancy samples, with high sensitivities,
specificities, and positive predictive values observed based on known clinical outcomes
along with a low failure rate.
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supportive of the use of NIPT for prenatal screening.11–16 In
Germany, NIPT has been available since 2012 and is currently
used in 50 to 75% of pregnancies.17 The use of NIPT in
Germany is regulated by several professional societies in-
cluding the German Society of Human Genetics, the German
Society for Ultrasound in Medicine (DEGUM), and Fetal
Medicine Foundation (FMF) Germany.18,19 Since 2022,
NIPT has been covered by insurance companies in Germany
under certain conditions.17

While it is well accepted that NIPT has improved perfor-
mance over traditional prenatal screening in singleton preg-
nancies, fewer publications have focused on the performance
of NIPT in twin pregnancies. A systematic review of tradi-
tional prenatal screening for trisomy 21 in twin pregnancies
using combined nuchal translucency and first trimester
serum screening found a pooled sensitivity of 89.3% and
pooled specificity of 94.6%.20 Prenatal screening by NIPT
offers the possibility of a more accurate screening option for
these patients. A recent meta-analysis by Judah et al21 noted
a pooled weighted detection rate of 99.0% and false-positive
rate of 0.02% for trisomy 21 in twin pregnancies. The use of
NIPT in twin pregnancies is supported by multiple profes-
sional societies with some restrictions.13–16,22

Wepreviously reportedon theperformanceofa paired-end
sequencing-based NIPT assay (VeriSeq NIPT Solution v2) for
common fetal trisomies in a cohort of cases that included both
singleton and twin pregnancy samples23,24; results for mono-
somy X were also provided in these previous studies but for
singleton samples only. Here, we focus on the performance of
this NIPT assay in a larger cohort of twinpregnancy samples at
our laboratory, oneof thelargestNIPT laboratories inGermany.
Results were provided for trisomy 21, trisomy 18, and trisomy
13,with outcome informationobtained for a subset of both the
high-risk and low-risk NIPT cases.

Materials and Methods

Study Cohort
The study cohort consisted of samples from twin pregnancies
that underwent NIPT between December 2017 and Novem-
ber 2022. All samples were from a general German and
Austrian pregnancy population; subsets of these cases have
been published previously.23,24 Samples had to be at least
10weeks of gestation for inclusion in the study. Samples were
excluded if there was a known vanishing twin or a high-order
multiple pregnancy. All study participants provided informed
consent for theirdata tobeused for appropriate qualitycontrol
and improvement of the NIPT assays; all data were deidenti-
fied prior to study enrollment. The amedes lab observes the
provisions of the German Federal Data Protection Act.

As noted in our previous studies,23,24 indications for NIPT
included advancedmaternal age (� 35 years), a positive screen-
ing test result (serum marker screening or ultrasound), other
medical reasons, and patient anxiety. Other medical reasons
includedpreviouspregnancycomplications such asmiscarriage
or an affected pregnancy; a genetic aberration in the family;
known diseases including diabetes, epilepsy, and carcinoma;
medications such as chemotherapy; or consanguinity.

Sample Processing and Analysis
NIPT analysis was carried out using the VeriSeq NIPT Solu-
tion v2 assay (Illumina Inc.) as previously outlined.23,24 This
NIPT test is offered under the name “fetalis” by the amedes
lab group in Germany and Austria. This assay consists of an
integrated platform that uses polymerase chain reaction-
free paired-end whole-genome sequencing for the detection
of fetal anomalies.8 The assay uses synthesis by synthesis
chemistry, with the use of paired-end sequencing allowing
twice as much data to be produced in the same time and
effort as single-read sequencing, thereby resulting in im-
proved efficiency.25 The use of whole-genome sequencing
allows for comprehensive screening across the entire fetal
genome unlike other targeted NIPT methods, such as a
single-nucleotide polymorphism analysis, microarray anal-
ysis, or rolling circle amplification, where only certain
regions of select chromosomes are analyzed.

There are three main steps to the VeriSeq NIPT v2 assay,
namely, sample preparation (plasma isolation, deoxyribo-
nucleic acid extraction, and library preparation), sequencing,
and data analysis and report generation. Results are reported
for common trisomies (trisomy 21, 18, and 13), as well as
fetal sex and sexchromosome aneuploidies in thebasicmode
(in multifetal pregnancies, only the presence or absence of
the Y chromosome is reported); for this study, results were
reported for the common trisomies only. Analysis was car-
ried out using VeriSeq NIPT Assay Software v2, where each
samplewas called as either Anomaly Detected (i.e., high risk)
or No Anomaly Detected (i.e., low risk). A fetal fraction
estimate was also provided for each analyzed sample. As
noted previously,23,24 the assay software uses a dynamic
threshold metric (individualized Fetal Fraction Aneuploidy
Confidence Test; iFACT) which takes into account both the
fetal fraction estimate and the sequencing coverage for each
sample; samples that do notmeet this threshold are reported
as ouality control failures. A t-statistics value is also provided
by the assay which can help differentiate between low-risk
and high-risk samples.

Collection of Clinical Outcomes
Follow-up is attempted for every case with an NIPT result
using a follow-up sheet that is sent to the patient’s gynecol-
ogist. This form is used to provide information on whether
the child was born healthy or whether abnormalities were
found in the child. Based on our experience, these feedback
forms are often not completed and returned to us in cases of
inconspicuous pregnancies. If, after a certain period of time,
we have not received any feedback then we try to ask for the
clinical follow-up results by phone. However, given the
increasing number of NIPT cases that our laboratory now
processes, there is not always the capacity available to carry
out these additional inquiries. In our experience, discrep-
ancies between a prenatal result and the birth report are
typically reported back immediately. We therefore assume
that in the frequent cases of nonreporting, the NIPT result
corresponds to an inconspicuous birth.

Clinical outcomeswere determined by invasive diagnostic
techniques (chorionic villus sampling or amniocentesis with
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cytogenetic analysis), cytogenetic analysis of products of
conception or placenta, postmortem examinations including
autopsy or macroscopic assessment of the abortion, postna-
tal cytogenetic analysis, ultrasound, and newborn physical
examination. Cases that had a high-risk result by NIPT
(Anomaly Detected) were considered confirmed if they
were validated by either invasive prenatal diagnostics or if
an abnormality was observed on ultrasound that was con-
sistent with the high-risk NIPT result. Cases that received a
low-risk result by NIPT (No Anomaly Detected) were consid-
ered confirmed if a healthy newborn lacking the physical
features or phenotypes associated with any of the common
trisomies was reported by the attending physician.

Statistics
Statistical data analysiswas carried out usingMicrosoft Excel
2016. Binomial 95% confidence intervals were calculated for
sensitivity and specificity estimates. Where applicable, a
Student’s t-test was used to determine statistical signifi-
cance, with a p-value<0.05 considered significant.

Results

A total of 102,101 pregnancy samples were analyzed using
VeriSeq NIPT Solution v2 assay over the study period, of
which 1,658 (1.6%) were from twin pregnancies. Two of the
twin pregnancy samples failed to give a result upon NIPT
analysis, giving a low failure rate of 0.12% (2/1,658). Of the

remaining 1,656 cases, 1,625 (98.1%) were found to be low
risk and 31 (1.9%) were high risk for presence of a common
fetal trisomy following NIPT (►Fig. 1). Demographics for the
low-risk, high-risk, and no-results cohorts are provided
in ►Table 1. When we compared the low-risk and high-
risk cohorts, we found that there was a significant difference
for both maternal age (p<0.001) and bodymass index (BMI)
(p<0.0001).

Overall, there were 20 (1.2%) trisomy 21, 8 (0.5%) trisomy
18, and 3 (0.2%) trisomy 13 high-risk calls in our study
cohort; demographics for each of these smaller high-risk
cohorts are shown in ►Table 2. When we compared each of
these three groups against the low-risk cohort, we found that
there was a significant difference between the trisomy 21
cohort and the low-risk cohort for both maternal age
(p<0.001) and BMI (p<0.05). BMI was also significantly
different between the trisomy 18 cohort and the low-risk
cohort (p<0.01). Follow-up information was available for
320 (19.3%) of the twin pregnancy cases in our cohort,
including 301 (18.5%) of the 1,625 low-risk cases and 19
(61.3%) of the 31 high-riskcases (►Table 3). All low-risk cases
with follow-up (301/301) were determined to be true neg-
atives, giving an estimated negative predictive value (NPV) of
100%. Seventeen (89.5%) of the 19 high-risk cases with
follow-up were true positives; there was one false-positive
for trisomy 18 and one false-positive for trisomy 13. Overall,
for presence of common trisomies in twin pregnancies, we
found a sensitivity of>99.9%, a specificity of 99.3%, and a

Fig. 1 Study flowchart. FP, false positive; F/u, follow-up; T, trisomy; TP true positive.
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positive predictive value (PPV) of 89.5% (potential PPV range
of 54.8–93.5%). Whenwe looked at performance of the assay
for each of the trisomies, we noted high specificities (�
99.7%) for all three trisomies, with a sensitivity of>99.9%
for both trisomy 21 and trisomy 18. In addition, our study
had a PPV of 100% for trisomy 21 (potential range of 60.0–
100%) and 83.3% for trisomy 18 (potential range of 62.5–
87.5%) as shown in ►Table 3.

Discussion

In our study, we found that the VeriSeq NIPT Solution v2
assay showed strong performance in the detection of com-
mon fetal trisomies in twin pregnancy samples, with high
sensitivities, specificities, and PPVs observed based on
known clinical outcomes. In addition, our study had a very
low failure rate of 0.12%. Some previous studies with NIPT in
twin pregnancies have shown higher failure rates, with the

most recent Position Statement from the International Soci-
ety for Prenatal Diagnosis22noting that initial failure rates for
NIPT in twin pregnancies across 10 different studies ranged
from 1.6 to 13.2%, with a median of 3.6%. A recent multicen-
ter study by van Riel et al26 found that initial failure rates
ranged from 0 to 11.7% among the different genetic centers,
which could be reduced to an overall rate of 1.2% after
resampling.

As noted earlier, first trimester combined screening in
twin pregnancies has been shown to have a relatively low
detection rate of 89.3% and a high false-positive rate of
5.4%.20 As patients with high-risk screening results are
typically counseled to undergo confirmatory diagnostic test-
ing, a high false-positive rate can lead to unnecessary inva-
sive diagnostic procedures which may have a higher risk of
loss in twin pregnancies.27 As our study has shown, NIPT
offers patients with twin pregnancies a more accurate ap-
proach to screen for fetal trisomies, in particular for trisomy

Table 3 Performance metrics for twin pregnancy cases with a high-risk NIPT result for a common trisomy

Performance metric All high-risk cases Trisomy 21 cases Trisomy 18 cases Trisomy 13 cases

Number of cases 31 20 8 3

Cases with follow-up, n (%) 19 (61.3) 12 (60.0) 6 (75.0) 1 (33.3)

True positives 17 12 5 0

False positives 2 0 1 1

Sensitivity, % > 99.9 > 99.9 > 99.9 N/a

Specificity, % 99.3 > 99.9 99.7 99.7

PPV, % 89.5 100 83.3 0.0

Theoretical PPV range, % 54.8–93.5 60.0–100 62.5–87.5 0.0–66.7

Abbreviations: N/a, not applicable; NIPT, noninvasive prenatal testing; PPV, positive predictive value.

Table 2 Demographics of patients with a high-risk NIPT call for trisomy 21, trisomy 18, or trisomy 13

Variable Trisomy 21
(n¼20)

Trisomy 18
(n¼8)

Trisomy 13
(n¼ 3)

Mean maternal age, y 36.40� 0.54 36.63�2.15 35.67� 1.20

Mean BMI 23.79� 0.56 22.56�0.68 22.03� 1.32

Mean gestational age, wk 13.54� 0.85 12.13�0.47 11.76� 0.67

Mean fetal fraction, % 13.15� 0.73 12.25�1.71 15.33� 1.76

Abbreviations: BMI, body mass index; NIPT, noninvasive prenatal testing.

Table 1 Demographics of the low-risk, high-risk, and no-results by NIPT cohorts

Variable Low-risk cohort
(n¼ 1,625)

High-risk cohort
(n¼31)

No-results cases
(n¼2)

p-Valuea

Mean maternal age, y 33.84� 0.11 36.39� 0.64 30.00�1.45 0.00038

Mean BMI 25.83� 0.16 23.30� 0.43 19.15�3.04 0.00008

Mean gestational age, wk 12.73� 0.05 13.00� 0.56 13.50�1.52 0.61817

Mean fetal fraction, % 12.56� 0.12 13.13� 0.71 —— 0.38964

Abbreviations: BMI, body mass index; NIPT, noninvasive prenatal testing.
aStatistical significance was calculated between the low-risk and high-risk cohorts.
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21. Based on known clinical outcomes, we observed both a
sensitivity and specificity of>99.9% for trisomy 21. A meta-
analysis by Liao et al28 also found that NIPT has both high
sensitivity and specificity for trisomy 21 screening in twin
pregnancies. In addition, our study had a high overall PPV of
89.5%, with a PPV of 100% for trisomy 21 and 83.3% for
trisomy 18. This is similar to that observed in a recent study
which found that a single-nucleotide polymorphism-based
NIPT approach in twin pregnancies gave a PPV of 88.7% for
trisomy 21 and 72.7% for trisomy 18.29 For patientswith twin
gestations, it is very important that they receive appropriate
counseling prior to prenatal screening and that they are
made aware of the limitations of each of the different types of
prenatal screening options and also the need for diagnostic
confirmation of any detected aneuploidy.

One of the strengths of our study was that it involved a
large number of twin samples from a general pregnancy
population, allowing us to provide evidence on the perfor-
mance of the NIPT assay in that patient population. Another
strength is that the study was carried out at a single prenatal
center, which is one of the largest labs in Germany, wherewe
have over 10 years of experience with NIPT. A limitation of
our studywas that follow-upwas not available for all samples
in our cohort, particularly for the low-risk cases. The limited
follow-up data on the low-risk cases prevented us from
providing a true calculation of the NPV. Based on the 18.5%
of these cases that did have clinical outcomes available, we
estimated the NPV to be 100%. It is possible that there were
some false-negative cases in our cohort that we were not
made aware of, although discrepancies between aNIPTresult
and the birth report are typically reported back to our
laboratory immediately. We were, however, able to obtain
follow-up on a majority (61.3%) of the high-risk samples.
Future steps will include obtaining diagnostic testing out-
comes or birth outcomes on all study samples.

Another limitation of our study was the lack of zygosity
data for our twin samples. Overall, about one-third of twin
pregnancies aremonozygotic and two-thirds are dizygotic.30

NIPT is more complex in dizygotic pregnancies as the two
fetuses have different genotypes but typically only one fetus
(if any) will have an aneuploidy.31 In addition, although the
overall fetal fraction is higher in twin pregnancies, the
individual contribution per fetus is lower and each fetus
can contribute different amounts of fetal fraction.31–35 This
can lead to a decreased performance of NIPT in dizygotic
pregnancies. A recent study by Kantor et al noted that the
PPVs of NIPT for common trisomies were lower in dizygotic
compared to monozygotic pregnancies.29 As monozygotic
twins have the same genotype except in rare cases, and with
the higher overall fetal fraction observed in twin pregnan-
cies, the performance of NIPT in monozygotic pregnancies
will be at least equivalent to that observed in singleton
pregnancies.31,34 Therefore, the higher the proportion of
monozygotic twins in a twin cohort, the closer the accuracy
of the assay will be to that of singletons.

In conclusion, based on the clinical outcomes available at
this time, we determined that the VeriSeq NIPT Solution v2
assay allows for screening of fetal chromosomal anomalies in

twin pregnancies with a high overall sensitivity, specificity,
and PPV, along with a very low failure rate.
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