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Abstract

v

Background & Patient: Data from 3008
patients, who underwent single-nucleotide-pol-
ymorphism (SNP)-based noninvasive prenatal
testing (NIPT) are presented.

Method: The PanoramaTM test (Natera, San
Carlos, CA) was used to analyze cell-free fetal DNA
from maternal blood for trisomies 21, 18, and 13,
triploidy and sex-chromosome aneuploidies.
Result: In 2942 (97.8%) cases, a result was
obtained. The average fetal fraction was 10.2%.
A high-risk result for fetal aneuploidy was made
for 65 (2.2%) cases. In 59 (90.8%) of these cases,

invasive testing confirmed the aneuploidy. There
were 6 false-positive cases. In the false-positive
group, the fetal fraction was significantly lower.
The overall positive predictive value was 90.8%.
No false-negative cases were reported but many
patients in this study have not delivered yet.
Therefore, exact data cannot be given for poten-
tial false-negative cases.

Conclusion: SNP-based NIPT is a reliable
screening method for evaluating the risk of ane-
uploidies of chromosomes 21, 18 and 13. By
using NIPT, the number of invasive procedures
may be reduced significantly compared to mater-
nal age and first-trimester screening.

Introduction

v

In the last 2 years, the introduction of commer-
cial noninvasive prenatal tests (NIPT) has led to a
dramatic change in prenatal testing strategies
worldwide. These tests are based on massively
parallel shotgun sequencing [1-6] or on analyses
of single-nucleotide polymorphisms (SNP) [7-9].
By using a proprietary algorithm, a biostatistical
estimation of risk [6], high sensitivity and speci-
ficity for the detection of aneuploidies of the
chromosomes 21, 18, 13, X and Y, and triploidies
can be achieved with NIPT technology [7-9].
Here we report on our experience with more
than 3000 commercial NIPTs in Germany and
Austria that were performed using the SNP
approach.

Materials & Methods

v

This retrospective study included NIPT data of
blood samples collected between June 2013 and
August 2014. Pretest genetic counseling was per-
formed according to the German and Austrian
legal regulations (Gene Diagnostic Act).

Only singleton pregnancies of gestational age>9
+0 weeks and maternal age>18 years were ac-
cepted. Exclusion criteria were egg donation and
multiple pregnancies. The total shipment dura-
tion was within 48 h.

A Panorama test kit consisting of 2 Streck™ tubes
for maternal blood collection and a swab for an
optional paternal buccal sample provided by Nat-
era (San Carlos, CA) was used for all tests. Blood
samples (20ml) and buccal samples were taken
from the patients by a local gynecologist or
human geneticist and sent overnight to the cen-
tral Amedes laboratory in Essen (Germany). All
samples were controlled and shipped via air
freight to the Natera laboratory in San Carlos, CA
(USA) and arrived within 48 h.

Samples were processed and analyzed at Natera’s
CLIA- and CAP-certified laboratory as previously
described using validated methodologies for
cfDNA isolation, PCR amplification targeting
19488 SNPs, high-throughput sequencing, and
analysis [7-11]. If the first sample did not meet
the required quality criteria, e.g., for low fetal
fraction of DNA, a second sample was requested.
Fetal sex was only reported on specific request of
the patient. Risk scores for aneuploidy were

Eiben B et al. Single Nucleotide Polymorphism-Based Analysis... Ultrasound International Open 2015; 1: E8-E11


http://dx.doi.org/  10.1055/s-0035-1555765  
http://dx.doi.org/  10.1055/s-0035-1555765  
mailto:eiben@eurogen.de

reported by Natera, with risk scores >1:100 considered as high
risk and those <1:100 as low risk. The referring gynecologist or
human geneticist received a medical report from the Amedes
laboratory with an individual recommendation for the patient.
According to German regulations, only this gynecologist or
human geneticist was permitted to advise the pregnant woman
on the result and on her options for further testing.

Follow-up information was acquired by phone. In cases of
increased risk for aneuploidies in NIPT, the exact genetic diagno-
sis of invasive karyotyping was ascertained. Descriptive data
analysis was performed. Where applicable, the t-test was used
for statistical analysis. p<0.05 was accepted as significant.

Results

v

For most of the 3008 pregnant women who elected for SNP-
based NIPT, tests were performed in the first trimester of preg-
nancy (© Table 1). Only 3.1% of tests were performed beyond
20 weeks of gestation.

The indications for NIPT, mean maternal age and the number of
high-risk NIPT findings are listed in © Table 2. The mean mater-
nal age was 37 years over all 3008 cases. In the screening group,
for nearly all cases complete first-trimester screening with
nuchal translucency, PAPP-A and free R-hCG was performed.
Final reporting was feasible for 2942 (97.8%) of all 3008 cases.
These 2942 cases included 56 cases, in which a final result could
be obtained after redraw of a blood sample, and 36 cases, in
which a drop out for the risk score of one chromosome occurred,
while the remaining cases were fully analyzed. Panorama test
was not informative in 66 cases (2.2%), because of a fetal frac-

Table 1  Number of NIPT samples and mean fetal fraction stratified by
gestational age.

Gestational week n (%) Fetal fraction (%)
9+0-10+6 505 (16.8%) 9.3
11+0-13+6 1471 (48.9%) 10.2
14+0-19+6 939 (31.2%) 10.4
>20+0 93 (3.1%) 12.8
Total 3008 10.2

Table 2 Indications for NIPT, mean maternal age in these groups and num-

ber of high-risk NIPT findings.

Indication n (%) Mat. age  High-risk aneuploidy

Screening 669 (22.3) 36 35 (5.2%)

Adv. maternal age 1815 (60.3) 39 25 (1.4%)

Other 524 (17.4) 31 5(1%)

Total 3008 37 65 (2.2)
Result n n FP PPV
Low risk 2841
Low risk but in 1 chromosome no risk score 36
High risk +21 39 1 97.4%
High risk+18 9 1 88.9%
High risk+13 8 3 62.5%
High risk monosomy X 5 1 80%
High risk triploidy 4 100%
Total 2942
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tion <4% or an uninformative DNA pattern or poor DNA quality
or vanishing twins. The mean turnaround time for blood sam-
pling, transportation, analysis and reporting was 11 days.

In 97.8% of these cases, the result was considered low-risk
(© Table 3). One case with triple X and 2 cases with a XYY karyo-
type were revealed by NIPT, but were classified also into the
low-risk group of this study. High-risk results were reported for
trisomy 21, 18, 13, sex chromosome aneuploidies, and triploi-
dies (© Table 3). The fetal fraction was slightly higher in trisomy
21 cases compared to the low-risk cases, but it was significantly
lower in trisomy 13 cases.

For all high-risk cases, complete follow-up data were collected,
except for one case each monosomy X. In most high-risk cases,
the risk score was >99% and this could be confirmed by invasive
cytogenetic analysis. We found one false-positive case for tri-
somy 18 with a reported risk score was 70.8 % and a fetal fraction
of 5.4% and one false-positive monosomy X case. Another false-
positive case was revealed in a case of suspected trisomy 21
with a reported fetal fraction of 4.0% and a risk score of 94%. In
the trisomy 13 high-risk group, there were 3 false-positive cases.
In 36 cases (© Table 4) a risk score for one of the analyzed chro-
mosomes could not be determined (not called). The most com-
mon not analyzable chromosome was the X chromosome. The
average fetal fraction in cases in which the X chromosome was
not called was slightly lower than in the full cohort. For cases in
which an autosome was not called, the average fetal fraction was
significantly lower than the full cohort. All 36 cases were consid-
ered to be in the low-risk group because no further aberrance
was observed within the pregnancy or after birth.

Details of the trisomy 13 high-risk cases are shown in © Table 5.
In 3 of 8 cases with a high-risk score for trisomy 13, the finding
could not be confirmed by amniocentesis. The mean fetal frac-
tion in the high-risk group for trisomy 13 was significantly lower
(t-test p=0.003) compared with the low-risk group.

Discussion

v

NIPT has rapidly changed the traditional approach to prenatal
screening and diagnosis and has led to changes in the guidelines
of medical societies. According to the ISUOG guidelines [14], all
women should be offered first-trimester ultrasound and pre-
test counseling about NIPT. The German Society of Human
Genetics published a comprehensive opinion in late 2013 rec-
ommending that NIPT should be available for all pregnant
women [12]. Other societies, like the Fetal Medicine Foundation
Germany supported the use of NIPT under certain indications
[13].

Because NIPT is not covered by German or Austrian public health
insurance, the use of NIPT must be paid for out-of-pocket by
patients. Consequently, a study of commercial NIPT data is an

Table 3 NIPT results, number of

Fetal fraction (%) Mat. age
103 37 cases, number of false-positives
4' 77 (0 Table 4 (FP), positive predictive value
:9-7.7 (O Table 4) (PPV), fetal fraction and mean
L =9 maternal age.
8 39
6.1 40
9.9 35
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expression of the economic situation of the participants, and
may explain, at least in part, the high proportion of advanced
maternal age indication in this study.

Nicolaides et al. [20] recently determined that NIPT is the best
screening strategy for detecting trisomies 21, 18 and 13 and is
far superior to the performance of all currently available meth-
ods that rely on maternal age, ultrasound examination of the
fetus, and maternal serum biochemistry.

However, hand first-trimester screening could be implemented
as a pre-screening tool in prenatal care to reduce the economic
cost of NIPT. In the indication group “abnormal first-trimester
screening” of this study, 5.2% of cases were aneuploid. This is
considerably higher than in other indication groups (1.4 and
1.0%) and demonstrates the benefit of pre-screening by a con-
tingency screening approach.

In this study 65 cases with high-risk scores for aneuploidies
were reported. In 59 cases (90.8%) amniocentesis or CVS
revealed a trisomy, a monosomy X or a triploidy. There were
6 false-positive cases.

One of the main causes of false-positive NIPT results is confined
placental mosaicism (CPM), with a different genetic status of the
fetus and the placenta. The cell-free fetal DNA source for NIPT
analysis is derived from placental cells [21]. Thus, analysis of
aneuploidies by NIPT faces similar problems as in chorionic villi
sampling (CVS), in which a discrepancy between embryoblast
and trophoblast is observed in 1-2% of cases [15-18]. CPM is
especially common in trisomy 18 and 13 placentas [19]. In CPM
cases, an NIPT result may be analytically accurate, while being
clinically considered as a false-positive result.

In this study there were 6 cases with discordant results between
an abnormal NIPT and normal cytogenetic testing of the preg-
nancy. In nearly all true-positive (TP) cases the risk score
was >99% (except 1 TP trisomy 21 case with 48.6% risk). In
nearly all false-positive results, a fetal fraction below 6% was
observed and the risk score was far below 99%. Fetal fractions
below 8% are problematic [22]. The constellation “very low fetal
fraction and risk score<99%” may be indicative of fetal-placen-
tal discrepancies, especially in pregnancies with normal ultra-

Table 4 36 cases with a partial risk score (no risk score for one chromo-
some) and fetal fraction.

Low risk for No risk score for n Fetal fraction
chromosomes chromosome (%)

21, 18, gonosomes 13 10 49

21, 13, gonosomes 18 7 5.5

13, 18, gonosomes 21 2 6.0
21,18,13 X 17 7.7

Table 5 High-risk cases for trisomy 13 and details for fetal fraction, risk
score and cytogenetic fetal outcome (FP=false positive; +13=trisomy 13
confirmed).

Case no. Fetal fraction (%) Risk score (%) Outcome

320 4.7 10 FP
1780 4.8 37.5 FP

934 4.1 90 FP
1384 7.6 99 +13
1999 8.7 99 +13
2136 7.7 99 +13
2572 7.0 99 +13
2876 4.3 99 +13

sound. Low fetal fractions may also be due to small or
dysfunctional placentas in which aneuploidies are observed
[23]. Data of this study found that trisomy 13 cases had signifi-
cantly lower average fetal fractions, which confirms findings of
Rava et al. [24]. Additionally, the positive predictive value (PPV)
in trisomy 13 high-risk cases in this study was much lower
(62.5%) compared to trisomy 21 and 18 PPVs (97.4 and 88.9%
respectively). This supports the findings of Dar et al. [25], who
observed similar PPV trends among autosomal trisomies (38.1%
for T13, 93.1% for T18, and 90.9% for T21). Their overall PPV for
all 4 aneuploidies was 83 % compared to 90.8 % in this study.
Bianchi et al. demonstrated a 10-fold PPV improvement for tri-
somy 21 using NIPT compared to other screening methods [26].
Because many patients in this study have not yet delivered, no
exact data can be given for potential false-negative cases and the
negative predictive value in the low-risk group. As of now, we
are not aware of any false-negative cases or other discrepancies.
Despite the obvious progress through these new techniques,
NIPT is not considered a diagnostic test and cannot be used as a
standalone test without ultrasound examination [27] or invasive
confirmation. Because nuchal translucency provides more infor-
mation than just aneuploidy status, detailed ultrasound is
strongly recommended for all patients.

Conclusion

v

SNP-based NIPT is a reliable screening method for trisomies
21, 18, 13 and triploidy. Use of NIPT reduces the numbers of
invasive procedures performed, as compared to the use of
maternal age alone as a risk factor. Although NIPT may be per-
formed from gestation week 9 onwards, recent publications dis-
cuss the combination with first-trimester screening to reduce
the amount of NIPT tests without decreasing the detection rate
for chromosomal aneuploidies [1]. Any high-risk score in NIPT
should be confirmed by invasive prenatal diagnosis before ter-
mination of pregnancy, and extensive pre- and post-test coun-
selling is mandatory. In the future NIPT will replace
first-trimester risk evaluation by nuchal translucency and bio-
chemical markers, but should not replace first trimester ultra-
sound.
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