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ABSTRACT
Objective: To measure test accuracy of non-invasive
prenatal testing (NIPT) for Down, Edwards and Patau
syndromes using cell-free fetal DNA and identify
factors affecting accuracy.
Design: Systematic review and meta-analysis of
published studies.
Data sources: PubMed, Ovid Medline, Ovid Embase
and the Cochrane Library published from 1997 to 9
February 2015, followed by weekly autoalerts until 1
April 2015.
Eligibility criteria for selecting studies: English
language journal articles describing case–control
studies with ≥15 trisomy cases or cohort studies with
≥50 pregnant women who had been given NIPT and a
reference standard.
Results: 41, 37 and 30 studies of 2012 publications
retrieved were included in the review for Down, Edwards
and Patau syndromes. Quality appraisal identified high
risk of bias in included studies, funnel plots showed
evidence of publication bias. Pooled sensitivity was
99.3% (95% CI 98.9% to 99.6%) for Down, 97.4%
(95.8% to 98.4%) for Edwards, and 97.4% (86.1% to
99.6%) for Patau syndrome. The pooled specificity was
99.9% (99.9% to 100%) for all three trisomies. In
100 000 pregnancies in the general obstetric population
we would expect 417, 89 and 40 cases of Downs,
Edwards and Patau syndromes to be detected by NIPT,
with 94, 154 and 42 false positive results. Sensitivity
was lower in twin than singleton pregnancies, reduced
by 9% for Down, 28% for Edwards and 22% for Patau
syndrome. Pooled sensitivity was also lower in the first
trimester of pregnancy, in studies in the general
obstetric population, and in cohort studies with
consecutive enrolment.
Conclusions: NIPT using cell-free fetal DNA has very
high sensitivity and specificity for Down syndrome, with
slightly lower sensitivity for Edwards and Patau
syndrome. However, it is not 100% accurate and should
not be used as a final diagnosis for positive cases.
Trial registration number: CRD42014014947.

INTRODUCTION
Non-invasive prenatal testing (NIPT) using
cell-free fetal DNA (cffDNA) is a method for
testing for trisomies in the fetus, using a per-
ipheral sample of the pregnant mother’s
blood. It is currently marketed across 61
countries in Europe, Asia, Africa and North
and South America.1 Rapid adoption in the
USA has seen increases in first trimester
screening using NIPT, and concurrent
decreases in the first trimester combined test
and invasive testing.2 3 People tend to over-
estimate the usefulness of genetic tests, and
misinterpret their meaning.3 It is possible
that pregnant women will interpret a positive
NIPT test as positive diagnosis, and wish to
abort a pregnancy on this basis. A clear
summary of test accuracy for NIPT is neces-
sary for use by doctors and patients for use
in shared and informed decision-making.

Strengths and limitations of this study

▪ This is a full systematic review with searches
across multiple databases dating back to 1997,
and two authors sifting all titles and abstracts.

▪ Two authors extracted data on prepiloted forms
and appraised quality using an adapted QUADAS
2 form.

▪ The meta-analysis included rigorous methods of
data analysis, including bivariate random-effects
regression models, but required a zero-cell cor-
rection to enable model convergence which may
underestimate rather than overestimate accuracy.

▪ The meta-analysis included a series of subgroup
and sensitivity analyses to test for robustness of
our pooled diagnostic accuracy estimates.

▪ The methods are transparent with full protocol
published in PROSPERO in advance of the
review.
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Although a previous review of NIPT test accuracy
exists,4 it does not include two of the largest studies.5 6

In addition the authors use a univariate approach which
is not appropriate for meta-analysis of tests since it over-
looks the fact that sensitivity and specificity are usually
negatively correlated across studies due to different
thresholds used to define positive and negative test
results. It has been shown that ignoring this correlation
would be inappropriate.7 The weighted sums of the
reported specificity are normally used to assess the value
of a test, the properties of the resulting statistics
depends most importantly on this correlation between
the estimates, and it is exactly that is ignored in separate
univariate analyses.8 9 Most importantly, the previous
review does not provide a summary of findings which
can be applied to a relevant population and used in clin-
ician–patient shared decision-making.
The UK National Screening Committee commissioned

this new review to provide a summary of the accuracy of
NIPT for detection of Down, Edwards and Patau syn-
dromes in first trimester pregnancies, to inform their
decision on introduction of this test into current fetal
abnormality screening in the UK.

METHODS
Identification and selection of studies
Ethical approval was granted from the University of
Warwick Biomedical and Scientific Research Ethics
Committee reference REGO-2015-1446. Searches were
conducted in PubMed, Ovid Medline, Ovid Embase and
the Cochrane Library. The search strategy used a com-
bination of search terms for the NIPT test and trisomies,
and was limited to the English language, (see online
supplementary file 1). Date limits were 01.01.1997–
09.02.2015. Updating autoalerts in Medline and Embase
were run until 01.04.2015. Individuals and organisations
were contacted for studies not freely available in the
public domain. ClinicalTrials.gov, WHO International
Clinical Trials Registry Platform (ICTRP) Search Portal
and meeting abstracts were also searched for ongoing or
recently completed trials.
Two reviewers independently screened titles and

abstracts of all records obtained. Discrepancies were
resolved by consensus or discussion with a third reviewer.
Inclusion criteria were English language journal articles
which investigated NIPT using cff DNA derived from
maternal blood (serum, plasma, whole blood) in preg-
nant women in any trimester for the detection of Down
(T21), Edwards (T18) or Patau (T13) syndromes in the
fetus. The reference standard was genetic verification
through amniocentesis, Chorionic Villus Sampling
(CVS), cordocentesis, fetal pathological examination
after abortion or postnatal phenotypic assessment. We
included studies with any outcomes reported on test
accuracy, or rates of test failure or indeterminate results.
We excluded studies reporting the quantification of fetal
cells or DNA or using elevated levels of the whole fetal

DNA or epigenetic markers. We also excluded case–
control studies with fewer than 15 cases and cohort
studies with fewer than 50 pregnant women as well as
studies with incomplete 2×2 data or studies which
reused samples from other included studies in order to
prevent double counting.
Data were extracted by one reviewer and checked by a

second reviewer. Disagreements were resolved by consen-
sus or discussion with a third reviewer. Full data extrac-
tion forms are available from the authors on request.

Quality assessment
The quality of diagnostic accuracy studies was assessed
using a modified QUADAS-2.10 Quality assessment was
undertaken by one reviewer and checked by a second
reviewer, with disagreements resolved by a third reviewer.
Three modifications were made. First, an additional sig-
nalling question was added on whether the study
avoided taking the sample for the index test in the
7 days after an invasive test, as fetal fraction may be ele-
vated at this time boosting the performance of NIPT.
Second, a signalling question was added to determine
whether the threshold value was determined using an
independent set of samples, and whether adjustment of
the predefined threshold was avoided, since the thresh-
old for testing positive is expressed as number of SDs
from the mean score for a set of normal samples, rather
than as an absolute threshold. Finally, the standard
QUADAS-2 signalling question determining whether
there was an appropriate interval between index test and
reference standard was removed, as timing of an invasive
test (apart from in relation to invasive testing) would
not affect accuracy. Timing of the NIPT test is important
as fetal fraction and therefore accuracy of NIPT
increases throughout pregnancy, this was included
under applicability of findings rather than as a source of
bias. We also assessed the role of the sponsor in addition
to QUADAS-2. This included studies that clearly
declared involvement of a sponsor in the design or
conduct of the study or publication, the majority of
authors were employees or shareholders of companies
offering NIPT or cytogenetic tests and/or other conflicts
of interest (ie, patents, stock or stock options). Please
see online supplementary file 2 for full information on
the definition for the signalling questions of the
QUADAS-2.

Statistical analysis of test accuracy studies
All eligible studies were included in a meta-analysis of
performance of the NIPT test. We extracted data from
the primary studies to obtain the four cell values of a
diagnostic 2×2 table in order to calculate test accuracy
measures. We pooled the sensitivity and specificity esti-
mates using bivariate random-effects regression models,
as recommended by the Cochrane Diagnostic Test
Accuracy Working Group,11 in order to take the poten-
tial trade-off between sensitivity and specificity explicitly
into consideration and incorporate this negative
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correlation into the analysis.7 We added a 0.5 cell correc-
tion to each cell where a zero was encountered. We
stratified test accuracy measures according to condition
(T21, T18 and T13).

Meta-analysis, subgroup and sensitivity analyses
We used sensitivity, subgroup and meta-regression ana-
lyses to explore potential sources of heterogeneity in test
accuracy estimates across studies. The following variables
were selected a priori as potential sources of heterogen-
eity: study design (cohort with consecutive sampling vs
others), population risk (general, high-risk, others),
population (twins vs others), first trimester (100% vs
other), test type (MPSS, DANSR, single nucleotide poly-
morphism (SNP) technology) and publication year
(2007–2013 vs 2014–2015). We conducted a series of
sensitivity analyses to check the robustness of the results.
We excluded all studies with zero cases of true positive
and false negative results. We used Cook’s distance to
identify particularly influential studies and created a
scatter plot of the standardised predicted random effects
(standardised level 2 residuals) to check for outliers.12

We refitted the model leaving out outliers and very influ-
ential studies.
We constructed 3×2 tables to examine the influence of

the number of test failures and indeterminate results on
the pooled test accuracy estimates.13 Test failures occur
where the NIPT test has failed to produce any result,
and indeterminate results where the test result is in a
mid-range which is neither positive nor negative. Test
failures can occur for a variety of reasons, and some-
times the cause is unknown. Test failures and indeter-
minate results are not included in the 2×2 tables
reported, and this can lead to overestimates of sensitivity
and specificity.14 We included all failures of the NIPT
test, regardless of whether repeating the test on the
same or a new blood sample would have given a result,
but we did not include failures which could be rectified
by good quality assurance procedures (such as insuffi-
cient blood or dropped samples). For the 3×2 tables we
considered the following three scenarios, all
non-evaluable results: (1) considered to be positive
results to reflect use of the NIPT as triage for invasive
testing,14 (2) considered to be negative results to reflect
use of NIPT as an add-on to the combined test14 and (3)
follow intention to diagnose principle to account for the
first two approaches overestimating specificity and sensi-
tivity, respectively.13 Intention to diagnose was defined as
“including non-evaluable results either in the ‘false
negative’ or the ‘false positive’ cell of a 2×2 table (worst
case scenario) according to the results of the reference
standard”. For the intention to diagnose principle, all
non-evaluable positive results were assumed to be false
negative and all non-evaluable negative results were
assumed to be false positive. Where the reference stand-
ard results were not reported for these cases, we
assumed that they had the same prevalence of trisomy as
those in the rest of the same study.

In the subgroup analyses, we computed pooled accur-
acy estimates in various strata to determine if accuracy is
higher or lower in specific subgroups. Summary sensitiv-
ity and specificity estimates for each subgroup were gen-
erated, along with their 95% CIs. In the linear
meta-regression model, studies are the units of analysis.
We used the meta-regression model to generate relative
diagnostic ORs.15 16 We used Deeks’ funnel plot asym-
metry test to test for publication bias, with p value<0.10
indicating significant publication bias.17 All analyses
were performed using Stata V.13 for Windows including
the user written commands metandi, midas, metareg
and mvmeta.12 18–20

RESULTS
Study selection
A total of 2012 records were identified after duplicates
were removed. One-hundred and eight records
remained after evaluation of title and abstract, of which
41 studies were included in the meta-analysis. Figure 1
summarises the study selection process (see online sup-
plementary file 3 for included studies and online supple-
mentary file 4 for reasons of exclusion for 67 full-text
articles).

Characteristics of included studies
Study design, populations, reference standards
Forty-one publications, dating from 2007 to 2015,
reported NIPT results for between 46 and 112 669 preg-
nant women for the main autosomal trisomies in relation
to fetal karyotype or newborn phenotype and fulfilled
our inclusion criteria (see online supplementary file 5).
The majority of studies were cohort studies (n=29),5 6

21–47 with prospective data collection. There were 11
case–control studies48–58 and one of unclear design.59

Thirty studies were undertaken in singleton pregnancies
only,6 21 22 29–33 35–37 40–51 53–59 four studies included
singleton and twin pregnancies,5 28 34 38 with the remain-
der undertaken in twin only (n=3).23 24 39 In four studies
the reporting was unclear.25 26 28 52 The majority of
studies (n=24) used samples from high-risk pregnant
women (positive standard screening, ultrasound abnor-
malities, advanced maternal age, personal or family
history of aneuploidies) undergoing invasive
testing.24 26 28 30 31 33 36–38 41 44 45 47–56 58 59 Six studies
were performed in the general obstetric popula-
tion.6 21 29 35 40 43 Nine studies included pregnant women
with mixed risk factors.5 22 27 32 34 39 42 46 57 In two the
underlying risk was unclear.23 25 Seven studies included
women in the first trimester only,6 23 29 30 43 47 48 while
all other studies (n=34) included pregnant women
with an unstated, later or broader gestational age
window.5 21 22 24–28 31–42 44–46 49–59

Testing strategies
Three main testing strategies were pursued by the major-
ity of studies (see online supplementary file 6). These
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were genome-wide massively parallel shotgun sequencing
(MPSS, n=24 studies),5 21 22 24–28 33–36 41 44–47 49–52

54 55 58 targeted massively parallel sequencing (DANSR,
n=9 studies),6 23 29 31 37 39 43 48 56 and SNP technology
(n=5).30 32 42 53 57 Two studies, performed in real clin-
ical settings, offered more than one NIPT approach.38 40

Dhallan et al59 used a DNA-SNP allelic ratio approach.
In 3 of the 41 studies,21 32 57 some of the maternal

blood samples for NIPT were obtained after invasive
testing and for 34 studies we concluded that tests were
collected before the invasive testing.5 6 22–24 26–31 33–52

54 55 58 In four studies, it was unclear if maternal blood
sampling for NIPT was performed before or after an
invasive procedure.25 53 56 59

Forty studies reported NIPT performance for
T21,5 6 21–49 51–59 36 for T18,5 6 21–36 38–50 53–57 and 30
studies investigated non-invasive detection of
T13.5 6 21 23 25–28 30 32–36 38–47 49 50 53–55 57 Twenty-nine
studies reported test accuracy for all three main auto-
somal trisomies.5 6 21 23 25–28 30 32–36 38–47 49 53–55 57

Methodological quality of included studies
The methodological quality of the 41 included studies,
assessed by QUADAS-210 is summarised in figures 2 and 3
and online supplementary file 7. Risk of bias was high
in most studies with 25 of 41 studies considered high
risk in two or more domains, and 14 studies in one
domain. Two were judged as low or unclear risk of bias
in all five domains. Figure 2 shows that study flow (con-
cerned with patient follow-up) and the role of the

sponsor were the areas with the greatest risk of bias.
Another issue was incomplete or unclear reporting,
particularly of the patient selection process and the
conduct of the index test, which is reflected in 21
(51.2%) and 14 (34.1%) of 41 publications scoring an
unclear risk of bias in these two domains, respectively.
The risk of bias regarding the reference standard was
considered low in almost all studies with only one
study classified as unclear.23 Finally, risk of bias regard-
ing the role of sponsor was deemed high in 23 studies.
There were significant concerns regarding applicability
of the included patient spectrum to cffDNA testing
introduction in the first trimester (see figure 3), as 29
of 41 studies had significant parts (>20%) of their
populations tested in the second or third trimester
when fetal fraction and therefore accuracy of NIPT is
higher.

Meta-analysis
There was a high likelihood of publication bias, with the
slope coefficients on Deeks’ funnel plot asymmetry test
significant for Down syndrome (p=0.0001), Edwards syn-
drome (p=0.0001), and Patau syndrome (p=0.045) (see
figure 4).
The pooled sensitivity for Down syndrome from bivari-

ate random-effects regression of 40 studies was 99.3%
(98.9% to 99.6%) and the pooled specificity was 99.9%
(99.9% to 100%). For Edwards syndrome the pooled
sensitivity over 33 studies was 97.4% (95.8% to 98.4%)
and specificity was 99.9% (99.9% to 100%). For Patau

Figure 1 Preferred Reporting

Items for Systematic Reviews and

Meta-Analyses (PRISMA) flow

chart of included articles.
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syndrome the pooled sensitivity over 24 studies was
97.4% (86.1% to 99.6%) and specificity was >99.9%
(99.9% to 100%). Table 1 shows these pooled sensitivities
and specificities applied to populations of pregnant
women taking the test. In the subgroup analysis (table 2)
sensitivity estimates were lower by 6.1% for Down, 10.6%
for Edwards, and 12.3% for Patau syndromes for cohort
studies with consecutive sampling in comparison to all
other studies which are more likely to be subject to spec-
trum bias. Test accuracy did not appear to systematically
differ between DANSR, MPSS or SNP-based test types or
by publication year. Estimates of test sensitivity were
higher in high-risk populations, in studies including
pregnancies in the second and third trimester, and in
singleton pregnancies. In high-risk populations, defined
in a variety of ways, pooled sensitivity estimates were
1.4%, 6.5% and 17.8% higher than in the general obstet-
ric population for Down, Edwards and Patau syndromes,
respectively. Sensitivity estimates were 1.3%, 1.4% and
11.6% lower in studies recruiting all women in their first
trimester of pregnancy in comparison to studies includ-
ing women later in pregnancy. The outcomes of test
accuracy of the included studies are summarised in
online supplementary file 8. A forest plot of the

sensitivity and specificity from the individual studies with
95% CIs is given in figure 5.

Test failures
The rate of analytic failure (failure of the cffDNA
testing) ranged from 0% to 12.7%57 and among 5789
pregnancies with resampling, 803 (13.9%) also failed
the repeat cffDNA testing. There were five papers in this
review that reported indeterminate results (results in a
range defined as neither positive nor negative) for triso-
mies 21, 18 and 13.21 38 49 55 60 ranging from 0% (0/
2042) to 11.1% (5/45). In the study with no indetermin-
ate results they used eight-plex testing, and where the
initial score was indeterminate they repeated using
one-plex which corrected any indeterminate results.
There is some evidence that the rate of test failure is
higher when gestational age is lower, and in trisomic
pregnancies. Pergament et al32 found that failure rate at
<9 weeks was 26/95 (27.4%), between 9.0 and 9.9 weeks
was 6/50 (12.0%), and more than 10 weeks was 53/900
(5.9%). The same study found aneuploidy incidence was
increased (20/86 (23.3%)) in samples that did not
return a result when compared with the aneuploidy inci-
dence in samples with a cffDNA testing result (105/966

Figure 2 Proportion of studies

with low, high or unclear risk of

bias using QUADAS 2.

Figure 3 Proportion of studies

with low, high and unclear

concerns regarding applicability

using QUADAS 2.
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(10.9%), p=0.004). Norton et al6 did not find an associ-
ation between test failure and gestational age in 18 510
women between 10 and 14 weeks gestation, but found
that the prevalence of aneuploidy in the group with test
failure (1 in 38 (2.7%)) was higher than the prevalence
of 1 in 236 (0.4%) in the overall cohort (p<0.001).
Including test failures in an intention to diagnose ana-

lysis in the meta-analysis decreased sensitivity estimates
by 1.7% for Down, 1.6% for Edwards and 7.1% for Patau
syndrome, and decreased specificity estimates by nearly
2% for all three trisomies. Excluding test failures from
the calculations of test accuracy may have caused over-
estimation of accuracy. Similarly in the subgroup analysis
sensitivity estimates were lower by 6.1% for Down, 10.6%
for Edwards, and 12.3% for Patau syndromes for cohort
studies with consecutive sampling in comparison to all
other studies. Test accuracy did not appear to differ sys-
tematically between DANSR, MPSS or SNP technology,
or by publication year. Estimates of test sensitivity were
higher in high-risk populations, in studies including
pregnancies in the second and third trimester, and in
singleton pregnancies. In high-risk populations, defined
in a variety of ways, pooled sensitivity estimates were
1.4%, 6.5% and 17.8% higher than in the general
obstetric population for Down, Edwards and Patau syn-
dromes, respectively. Sensitivity estimates were 1.3%,
1.4% and 11.6% lower in studies recruiting all women in
their first trimester of pregnancy in comparison to
studies including women later in pregnancy. Twin preg-
nancies had 8.3% lower sensitivity estimates than single-
tons for Down syndrome. This difference was 20.6% for
Edwards syndrome, but there was only one study for
Patau syndrome so we were unable to provide a pooled
estimate for twins. Sensitivity and subgroup analyses are
reported in table 2.

DISCUSSION
In a systematic review of 2012 articles, we identified 41
articles on the test accuracy of NIPT. Quality appraisal
using QUADAS-2 indicated high risk of bias, in particu-
lar due to unclear or unsystematic inclusions and exclu-
sions of participants at study entry level as well as at the
level of analysis. Applicability of findings was of concern
as there is still very limited data on the screening popula-
tion available. Pooled sensitivity from the meta-analysis

was 99.3% for T21, 97.4% for T18 and 97.4% for T13,
with pooled specificity 99.9% (99.9% to 100%) for all
three trisomies. We estimated test accuracy in a high-risk
population of 10 000 pregnancies where 3.3% of fetuses
have Down syndrome, 1.5% have Edwards syndrome and
0.5% have Patau syndrome. There would be 324 cases of
Down syndrome detected, with 9 missed and 31 false
positive results, 140 cases of Edwards syndrome detected
with 11 missed and 26 false positive results, and 47 cases
of Edwards syndrome detected, with 3 missed and 7
false positive results (table 1). In the general obstetric
population where prevalence of trisomy is lower, there
would be a lower positive predictive value. In 100 000
pregnancies in the general obstetric population we
would expect 417, 89 and 40 cases of Downs, Edwards
and Patau syndromes to be detected by NIPT, with 94,
154 and 42 false positive results. Therefore it is vital to
follow a positive NIPT test with an invasive diagnostic
test (amniocentesis or CVS) to confirm the presence of
trisomy, if the woman is considering termination of preg-
nancy on the basis of trisomy.
The strengths of this systematic review included a com-

prehensive search of the literature, with quality appraisal
of all included studies, with two authors sifting studies
for inclusion, extracting data and appraising quality. The
meta-analysis included rigorous methods of data analysis,
including bivariate random-effects regression models
and HSROC curve analysis. We also conducted a series
of subgroup analyses and sensitivity analyses to test for
robustness of our pooled diagnostic accuracy estimates.
Homogeneous subgroup and sensitivity analysis
summary accuracy estimates were generally similar to the
overall estimates. We added predefined covariates to the
model using meta-regression analyses to explain hetero-
geneity but considerable statistical heterogeneity
remained. For some of the subgroup analyses, the rela-
tively small number of studies available limited the gen-
eralisability of such pooled accuracy estimates. Finally we
applied zero cell continuity correction of 0.5 to each cell
of a study where a zero is encountered which tends to
underestimate rather than overestimate test accuracy.
The findings of our review are in line with the results

from previous reviews stating that NIPT has high per-
formance in terms of sensitivity and specificity,61 62 that
specificity is slightly higher than sensitivity,61 that the test
performance is greater for T21 than for T18 and T13,4

Figure 4 Deeks’ funnel plot for

Down (left) Edwards (centre) and

Patau (right) syndromes. A

vertical pattern would indicate no

bias, slope is associated with

publication bias.
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Table 1 Summary of findings applied to high risk and general obstetric population

Condition

Summary

accuracy

Median

prevalence Outcomes

Positive

predictive

value

Probability of

false negative Implications

General obstetric population (100 000 pregnancies)

Down syndrome Sensitivity=95.9%

Specificity=99.9%

(6 studies)

0.43% TP=417

FP=94

TN=99471

FN=18

82% 1 in 5570 With prevalence of 0.4%, 435 of 100 000 pregnancies will be affected

by Down syndrome. Of these 417 will be detected and 18 missed by

cffDNA. Of the 99 565 who do not have Down syndrome, 94 will

receive a false positive result. Therefore 82% of pregnancies which

test positive will have Down syndrome

Edwards

syndrome

Sensitivity=86.5%

Specificity=99.8%

(5 studies)

0.10% TP=89

FP=154

TN=99744

FN=14

37% 1 in 7194 With prevalence of 0.1%, 102 of 100 000 pregnancies will be affected

by Edwards syndrome. Of these 89 will be detected and 14 missed

by cffDNA. Of the 99 898 who do not have Edwards syndrome, 154

will receive a false positive result. Therefore 37% of pregnancies

which test positive will have Edwards syndrome

Patau syndrome Sensitivity=77.5%

Specificity=>99.9%

(5 studies)

0.05% TP=40

FP=42

TN=99906

FN=12

49% 1 in 8506 With prevalence of 0.05%, 52 of 100 000 pregnancies will be affected

by Patau syndrome. Of these 40 will be detected and 12 missed by

cffDNA. Of the 99 948 who do not have Patau syndrome, 42 will

receive a false positive result. Therefore 49% of pregnancies which

test positive will have Patau syndrome

High-risk population (10 000 pregnancies)

Down syndrome Sensitivity=97%

Specificity=99.7%

(22 studies)

3.33% TP=324

FP=31

TN=9636

FN=9

91% 1 in 1054 With prevalence of 3.3%, 333 of 10 000 pregnancies will be affected

by Down syndrome. Of these 324 will be detected and 9 missed by

cffDNA. Of the 9667 who do not have Down syndrome, 31 will

receive a false positive result. Therefore 91% of those who test

positive will have Down syndrome

Edwards

syndrome

Sensitivity=93%

Specificity=99.7%

(19 studies)

1.50% TP=140

FP=26

TN=9824

FN=11

84% 1 in 930 With prevalence of 1.5%, 151 of 10 000 pregnancies will be affected

by Edwards syndrome. Of these 140 will be detected and 11 missed

by cffDNA. Of the 9850 who do not have Edwards syndrome, 26 will

receive a false positive result. Therefore 84% of those who test

positive will have Edwards syndrome

Patau syndrome Sensitivity=95%

Specificity=99.9%

(11 studies)

0.50% TP=47

FP=7

TN=9943

FN=3

87% 1 in 4265 With prevalence of 0.5%, 50 of 10 000 pregnancies will be affected

by Patau syndrome. Of these 47 will be detected and 3 missed by

cffDNA. Of the 9950 who do not have Patau syndrome, 7 will receive

a false positive result. Therefore 87% of those who test positive will

have Patau syndrome

Median prevalence determined from cohort studies included in meta-analysis for relevant populations. Estimates of sensitivity and specificity are from meta-analysis sub-groups for studies in
high risk and general obstetric populations. The systematic review investigated test accuracy of non-invasive prenatal testing using cell-free DNA derived from maternal blood (serum, plasma,
whole blood) in pregnant women in any trimester for the detection of Down, Edwards or Patau syndromes in the fetus. The reference standard was genetic verification through amniocentesis,
CVS, cordocentesis, fetal pathological examination after abortion and postnatal phenotypic assessment. Findings should be interpreted with caution. Assessment using QUADAS-2 identified
high risk of bias in included studies, particularly for selection of women and flow. Deeks’ funnel plots indicated there was high risk of publication bias in included studies. Zero-cell corrections
may have reduced accuracy estimates.
cffDNA, cell-free fetal DNA; CVS, Chorionic Villus Sampling; FN, false negative; FP, false positive; TN, true negative; TP, true positive.
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Table 2 Accuracy estimates from sensitivity and subgroup analyses of the included studies by different study characteristics†

Down (trisomy 21) Edwards (trisomy 18) Patau (trisomy 13)

Variables N SN (95% CI) SP (95% CI) n SN (95% CI) SP (95% CI) n SN (95% CI) SP (95% CI)

All studies 40 0.993 (0.989 to 0.996) 0.999 (0.999 to 1.000) 33 0.974 (0.958 to 0.984) 0.999 (0.999 to 1.000) 24 0.974 (0.861 to 0.996) 1.000 (0.999 to 1.000)

Sensitivity analyses

Excluding outliers‡ 37 0.993 (0.989 to 0.996) 1.000 (0.999 to 1.000) 32 0.977 (0.961 to 0.986) 0.999 (0.999 to 1.000) 22 0.977 (0.818 to 0.998) 1.000 (0.999 to 1.000)

Test failures

Assuming all+ve 40 0.997 (0.990 to 0.999) 0.981 (0.972 to 0.988) 33 0.973 (0.956 to 0.983) 0.983 (0.974 to 0.990) 24 0.979 (0.873 to 0.997) 0.981 (0.966 to 0.989)

Assuming all−ve 40 0.962 (0.948 to 0.973) 1.000 (0.999 to 1.000) 33 0.942 (0.913 to 0.962) 0.999 (0.999 to 1.000) 24 0.885 (0.796 to 0.939) 1.000 (0.999 to 1.000)

Intention to diagnosis 40 0.976 (0.959 to 0.986) 0.981 (0.972 to 0.989) 33 0.958 (0.927 to 0.976) 0.983 (0.973 to 0.990) 24 0.903 (0.811 to 0.953) 0.981 (0.966 to 0.989)

Assuming all+ve 40 0.994 (0.989 to 0.997) 0.999 (0.999 to 1.000) 33 0.974 (0.958 to 0.985) 0.999 (0.999 to 1.000) 24 0.974 (0.863 to 0.996) 1.000 (0.999 to 1.000)

Assuming all−ve 40 0.993 (0.987 to 0.996) 0.999 (0.999 to 1.000) 33 0.970 (0.945 to 0.984) 0.999 (0.999 to 1.000) 24 0.976 (0.855 to 0.996) 1.000 (0.999 to 1.000)

Intention to diagnosis 40 0.993 (0.988 to 0.996) 0.999 (0.999 to 1.000) 33 0.972 (0.950 to 0.985) 0.999 (0.999 to 1.000) 24 0.976 (0.855 to 0.996) 1.000 (0.999 to 1.000)

Subgroup analyses

Study design

Cohort 5 0.932 (0.853 to 0.971) 0.999 (0.996 to 1.000) 4 0.868 (0.591 to 0.968) 0.998 (0.994 to 0.999) 3 0.851 (0.498 to 0.971) 0.999 (0.995 to 1.000)

Others 35 0.976 (0.963 to 0.985) 0.998 (0.997 to 0.999) 29 0.941 (0.914 to 0.960) 0.998 (0.997 to 0.999) 21 0.970 (0.852 to 0.994) 1.000 (0.999 to 1.000)

Population risk

General 6 0.959 (0.874 to 0.987) 0.999 (0.998 to 1.000) 4 0.865 (0.627 to 0.961) 0.998 (0.997 to 0.999) 4 0.775 (0.135 to 0.987)§ 1.000 (0.999 to 1.000)

High 22 0.973 (0.951 to 0.985) 0.997 (0.994 to 0.998) 19 0.930 (0.892 to 0.955) 0.997 (0.995 to 0.999) 11 0.953 (0.864 to 0.985) 0.999 (0.996 to 1.000)

Others 12 0.974 (0.940 to 0.989) 0.999 (0.998 to 0.999) 10 0.958 (0.907 to 0.982) 0.999 (0.999 to 1.000) 9 0.988 (0.547 to 1.000) 1.000 (0.999 to 1.000)

Population

Others 36 0.977 (0.965 to 0.985) 0.998 (0.997 to 0.999) 31 0.943 (0.917 to 0.960) 0.998 (0.997 to 0.999) 23 0.974 (0.861 to 0.996) 1.000 (0.999 to 1.000)

Twins 4 0.894 (0.750 to 0.960) 0.996 (0.996 to 0.996) 2 0.737 (0.202 to 0.969)§ 0.998 (0.986 to 1.000) 1*

First trimester

100% 7 0.960 (0.887 to 0.987) 0.999 (0.998 to 1.000) 5 0.925 (0.814 to 0.972) 0.998 (0.997 to 0.999) 5 0.850 (0.770 to 0.906)§ 0.999 (0.998 to 0.999)

Others 33 0.973 (0.958 to 0.983) 0.998 (0.997 to 0.999) 28 0.939 (0.910 to 0.960) 0.998 (0.997 to 0.999) 19 0.966 (0.872 to 0.992) 1.000 (0.999 to 1.000)

Test types

DANSR 9 0.958 (0.898 to 0.983) 0.999 (0.997 to 1.000) 6 0.948 (0.879 to 0.979) 0.998 (0.996 to 0.999) 3 0.606 (0.216 to 0.895) 1.000 (0.998 to 1.000)

MPSS 25 0.978 (0.963 to 0.987) 0.998 (0.997 to 0.999) 23 0.936 (0.899 to 0.960) 0.998 (0.997 to 0.999) 16 0.959 (0.989 to 0.991) 1.000 (0.999 to 1.000)

SNP technology 4 0.984 (0.937 to 0.996) 0.998 (0.993 to 1.000) 4 0.918 (0.751 to 0.976) 0.998 (0.994 to 1.000) 5 0.870 (0.647 to 0.960) 0.998 (0.992 to 0.999)

Publication year

2007–2013 18 0.977 (0.958 to 0.988) 0.998 (0.995 to 0.999) 15 0.954 (0.919 to 0.975) 0.998 (0.995 to 0.999) 9 0.933 (0.799 to 0.980) 0.999 (0.993 to 1.000)

2014–2015 22 0.966 (0.939 to 0.981) 0.999 (0.998 to 0.999) 18 0.915 (0.853 to 0.952) 0.996 (0.998 to 0.999) 15 0.984 (0.770 to 0.999) 1.000 (0.999 to 1.000)

*Bivariate model inestimable for only one study in the subgroup.23

†Excluded studies with inestimable sensitivity (T21—Hall 2014; T18—Comas 2014, Hall 2014, Zhang (twins) 2015; T13—Sehnert 2011, Beamon 2014, Comas 2014, Bevilacqua 2015, Wax
2015, Zhang (twins) 2015).
‡Excluded outliers (T21—Dhallan 2007, Chiu 2011, Sparks 2012; T18—Chen 2011; T13—Chen 2011, Palomaki 2012).
‡p Value for subgroup differences <0.05 (statistically significant).
SN, sensitivity; SNP, single nucleotide polymorphism; SP, specificity.
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Figure 5 Individual and pooled

sensitivity and specificity for

non-invasive prenatal testing

(NIPT) for the detection of

a. Down syndrome b. Edwards

syndrome and c. Patau

syndrome.
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and that NIPT is less successful in twin pregnancies than
in singleton pregnancies.4 However, we found evidence
of significant publication bias, converted results into a
format interpretable by clinicians, and concluded that
the test is not diagnostic. There are two key differences
between our review and the previous publications. First,
we included more studies, several of which have been
published since the most recent review4 (including two
of the largest studies with test accuracy for 128 510
women).5 6 Second, the two previous reviews conducted
separate pooling of the diagnostic test accuracy measures
using a univariate approach using standard methods for
proportion4 62 which is not recommended for reviews of
test accuracy. Berkey et al63 show that a bivariate
meta-regression is more efficient than separate univari-
ate meta-regressions for assessing study-level covariates,
due to the inclusion of correlation. We used Deeks’
funnel plots and found evidence of publication bias,
whereas the previous review used an Egger’s bias applied
to sensitivity and specificity separately and found no evi-
dence of bias, although their method may not be appro-
priate for studies of test accuracy.17 Studies with a larger
effective sample size tended to report higher diagnostic
ORs. This may be due to publication bias in large
laboratory cohort or case–control studies with a lack of
systematic or consecutive sampling, or the fact that
studies in the general obstetric population tend to have
lower test accuracy and fewer cases. It may be partly due
to our methods in that the zero-cell correction may dis-
advantage small studies, or simply that the test is per-
formed to a higher standard in larger studies, perhaps
due to more advanced protocols used in later large scale
studies.
The implications for policymakers and clinicians are

that NIPT using cffDNA has very high sensitivity and spe-
cificity, and can contribute to screening programmes for
Down, Edwards and Patau syndromes. It is clear that test
accuracy is very good but not perfect. This is particularly
true when considering populations in terms of risk and
gestational age. Our subgroup analyses showed that test
performance is better in high-risk populations as well as
in studies including pregnancies in the second and third
trimester. Consideration of NIPT as a screening test for
the general obstetric population primarily tested in the
first trimester of pregnancy has to take into account the
lower sensitivity of NIPT in this population. There is also
some indication that higher maternal weight, and con-
ception by in vitro fertilisation (IVF) are potential pre-
dictors of NIPT test failure39 suggesting that NIPT may
not work equally well in all subpopulations. We consider
that for this reason cffDNA should not be regarded as a
diagnostic test and that confirmation of a positive NIPT
result by amniocentesis or CVS is necessary to make a
diagnosis of trisomy. This is essential if parents are consid-
ering termination of pregnancy on the basis of trisomy,
because in the general obstetric population as many as
20% of positive NIPT results for Down syndrome may be
false positive. This proportion will be higher for Edwards

and Patau syndromes. Because the source of cffDNA is
the placenta, confined placental mosaicism may explain a
proportion of discordant NIPT results.64 Furthermore,
early fetal demise of an affected fetus53 64 and unknown
chromosomal abnormality in the mother5 64 can lead to
false positive results. Finally, in some cases discordance
between NIPT and fetal karyotype results might be due to
lab error.64 The role of low fetal fraction as contributor to
false positive or false negative results is unclear: Zhang
et al5 reported no major influence, whereas Quezada
et al43 found lower fetal fractions in discordant than in
those with concordant results.
Communicating to clinicians and patients that this

genetic test is not perfect will be key for safe implemen-
tation, and pretest and post-test information provision
and counselling for positive and negative NIPT results
should be given careful consideration. The NIPT test
may be particularly attractive to parents who are not con-
sidering termination of pregnancy, but who would like
to know in advance if their pregnancy is affected by a
trisomy, since NIPT gives broadly accurate results,
without the slightly increased risk of miscarriage asso-
ciated with invasive procedures such as amniocentesis
and CVS. The final consideration for implementation is
the range of test failure rates from <1% to >12%, with
some evidence that presence of trisomy may be a pre-
dictor of test failure. Quality assurance to minimise test
failures would minimise delays due to repeated testing,
which may be a priority for pregnant women. However,
if the test failure is due to insufficient fetal fraction a
retest is also likely to fail.
This test is used worldwide, mostly provided directly by

private providers rather than national health systems.
Further research into how the test is being interpreted
and understood by clinicians and pregnant women will
be key to understanding the balance of benefits and
harms from the provision of the test. In particular, how
this understanding leads to decisions about whether to
continue the pregnancy, and whether this may be influ-
enced by how the test is presented to parents both by
companies, and by clinicians. Finally if it is implemented
into national screening programmes, keeping accurate
records of outcomes and test failures would enable the
test performance to be evaluated in practice. This may
differ from the test accuracy in the included studies in
this paper, due to the high risk of bias in included
studies of cffDNA, and the unexplained heterogeneity
illustrating the uncertainties in transferring results from
research studies into everyday practice.
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Supplement 1 Search strategy 

 

Ovid Medline (1997 to 9th February 2015) 

1. ((noninvasive or non-invasive or non invasive) adj3 (prenatal or pre?natal* or pregnanc* or 

diagnos* or test* or detect* or screen* or assess*)).mp. 

2. (NIPD or NIPT).mp. 

3. (cf?DNA or cff?DNA or ccff?DNA or cell?free?DNA).mp. 

4. (DNA adj1 (cell or free or cell?free or f?etal)).mp. 

5. (maternal adj1 (blood or plasma or DNA)).mp. 

6. (MPS or DANSR or parental support or MaterniT21 or Verifi* or Harmony or Panorama*).mp. 

7. 1 or 2 or 3 or 4 or 5 or 6 

8. Trisomy/ 

9. trisom*.mp. 

10. Aneuploidy/  

11. aneuploid*.mp. 

12. Down Syndrome/ 

13. (down* adj1 syndrom*).mp. 

14. (edward* adj1 syndrom*).mp. 

15. (Patau adj1 syndrom*).mp. 

16. ("T21" or "T18" or "T13").mp. 

17. 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 

18. 7 and 17 

19. limit 18 to yr="1997 -Current" 

20. limit 19 to english language 

 

Ovid Embase (1997 to 9th February 2015) 

1. ((noninvasive or non-invasive or non invasive) adj3 (prenatal or pre?natal* or pregnanc* or 

diagnos* or test* or detect* or screen* or assess*)).mp. 

2. (NIPD or NIPT).mp. 

3. (cf?DNA or cff?DNA or ccff?DNA or cell?free?DNA).mp. 

4. (DNA adj1 (cell or free or cell?free or f?etal)).mp. 

5. (maternal adj1 (blood or plasma or DNA)).mp. 



6. (MPS or DANSR or parental support or MaterniT21 or Verifi* or Harmony or Panorama*).mp. 

7. 1 or 2 or 3 or 4 or 5 or 6 

8. Trisomy/ 

9. trisom*.mp. 

10. Aneuploidy/ 

11. aneuploid*.mp. 

12. Down Syndrome/ 

13. (down* adj1 syndrom*).mp. 

14. (edward* adj1 syndrom*).mp. 

15. (Patau adj1 syndrom*).mp. 

16. ("T21" or "T18" or "T13").mp. 

17. 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 

18. 7 and 17 

19. limit 18 to yr="1997 -Current" 

20. limit 19 to english language 

 

Cochrane Library – all sections – February 2015 

((noninvasive or non-invasive or non invasive) near/3 (prenatal or pre?natal* or pregnanc* or 

diagnos* or test* or detect* or screen* or assess*)) in Title, Abstract, Keywords or (NIPD or NIPT) in 

Title, Abstract, Keywords or (cfDNA or cffDNA or ccffDNA or "cell free DNA") in Title, Abstract, 

Keywords or (DNA near/3 (cell or free or cell?free or f?etal)) in Title, Abstract, Keywords or (maternal 

near/3 (blood or plasma or DNA)) in Title, Abstract, Keywords (Word variations have been searched) 



    

Supplement 2: Modified QUADAS-2 and guidance notes for NIPT test accuracy papers 

 

 

Domain 1: Patient selection 

As a proportion of studies used a case-control design, the selection of study participants is of 

concern. This includes exclusion of hard to diagnose cases including twin pregnancies, 

pregnancies featuring mosaicism or translocations and homozygous foetuses in the 

approaches based on SNP markers.  

 

A. Risk of bias 

Guidance: 

Was a consecutive or random sample of patients enrolled? 

This question should only be answered with ‘yes’ if the study clearly states that pregnancies 

(rather than samples) were recruited consecutively or randomly.  

Was a case-control design avoided? 

For the head to head comparison question we would ideally hope for randomization to NIPT 

and combined test or at least a screening observational study where all participants received 

both tests. 

For the NIPT performance question we would at least expect a prospective cohort design. 

Therefore, if the study is a case-control study this question should be answered with No.  

Did the study avoid inappropriate exclusions?  

If the study excludes >10% of participants with or without specifying reasons, the exclusions 

should be considered as inappropriate. This cut-off has been determined pragmatically. 

 

B. Concerns regarding applicability 

Guidance:  

As the research question aims to address NIPT test performance in the first trimester and in 

comparison with the first trimester combined test, applicability should be regarded low if 

<80% of women were recruited in the first trimester. 

 

A screening and diagnostic context should be considered separately. Low risk women 

without prior tests should be considered for the screening context, while high risk women 

should be considered for the diagnostic context (this includes add-on and triage). Both 

scenarios match the different research questions but the study results will be applicable only 

to one of the two different contexts. 



    

 

The setting where samples are taken is unlikely to have an effect on the spectrum of patients. 

However, the setting of the study might have an impact on the applicability of the study 

results to general practice in terms of feasibility, if the equipment or standards of the study 

setting are unlikely to be met by the routine laboratory carrying out the tests in clinical 

practice. Some of the technologies used in the studies might not be feasible to be carried out 

in routine laboratories. It needs to be decided how applicable the results of these studies are 

to routine practice but also whether the index test is likely to be carried out in routine 

laboratories or in a few specialised centers. In the UK foetal testing for sex-linked disorders 

and RHD genotyping is carried out in a small number of specialised centres. 

 

 

Domain 2: Index test 

The main sources of bias introduced by conducting and interpreting the index test are 

blinding and defining the threshold. Furthermore, concentrating on pregnancies with 

increased foetal material will bias the results, therefore, sampling should be carried out before 

or 7 days after invasive procedures, to avoid testing when foetal DNA levels are increased 

due to the invasive procedure.
1
 If the reference standard is carried out before the index test 

(e.g. in case control studies) it is important to blind personnel to the karyotype results of the 

foetuses.  

 

The QUADAS 2 tool requires a threshold to be pre-specified in the methods in order to avoid 

adjustment of the threshold according to the test outcome. However, the testing strategies 

considered in this review present a further level of concern. While an explicit threshold can 

be reported by studies (e.g. z- score>3 SD), the value of the threshold is determined by the 

study using either an independent set of samples or the study controls. The study threshold is 

therefore study specific and is dependent on the participants sampled and/or the study 

protocol used. This was demonstrated by one study that needed to adjust a pre-specified 

threshold value that a previous study had determined.
2
 Since the population mean and 

standard deviation are not known, studies will have to determine their own threshold values. 

This review will, therefore, consider independent samples of participants to determine the 

threshold value as aiming to reduce bias. 

 

 



    

A. Risk of bias 

Were the index test results interpreted without knowledge of the results of the reference 

standard? 

Due to the sequence of the tests, the studies need to report blinding clearly in order to answer 

this question with ‘yes’. Blinding can also take place by carrying out tests at different 

locations. 

Was the sample for the index test taken before the invasive test or 7 days after invasive 

testing? 

If the answer to this question is ‘no’, the risk of bias should be considered as ‘high’, since the 

accuracy of the index test will be affected by the increased amount of foetal material in the 

maternal circulation following invasive procedures. Lo et al. (1999) showed that testing 

before and 7 days after amniocentesis did not result in different DNA levels due to rapid 

clearance of fetal DNA from maternal blood.
1
 

 

Was a threshold explicitly pre-specified? 

For this question to be answered with ‘yes’ the study needs to mention what kind of threshold 

was to be used (e.g. z-score>3SD, mean±1.96SD) and clearly state that it was specified 

before the start of the study.  

Was the threshold value determined using an independent set of samples?          

If the study used a sample of euploid controls to define an interval/threshold, the question 

should be answered with ‘no’ and the risk of bias is ‘high’. A threshold determined in this 

way is unlikely to be robust and would lead to poorer results in an independent sample. 

 

Studies with blinding to reference standard, blood sampling prior invasive testing, but 

insufficient information on the threshold used, can be classified as low-risk of bias when a 

commercially available non-invasive prenatal test was used. 

 

B. Concerns about applicability 

Concerns about applicability should be classified as ‘high’ if the index test included paternal 

genetic samples for all NIPT analyses. 

If the study uses different screening tests to the first trimester combined test in >80%, the 

applicability of studies comparing NIPT to the first trimester combined test should be classed 

as ‘high’ concern about the applicability. 

 



    

 

Domain 3: Reference standard 

Due to the nature of the reference standards there is little concern about bias introduced by 

the choice of reference standard. We accepted prenatal or postnatal karyotyping or 

phenotypic newborn assessment as appropriate reference standard. They all display a 

detection rate of over 99% and are routine procedures in prenatal diagnosis 
3
. If the index test 

is carried out before the reference standard, blinding to the results of the index tests is 

important. 

 

A. Risk of bias 

Is the reference standard likely to correctly classify the target condition? 

Amniocentesis and CVS achieve a sensitivity and specificity of close to 100%
3
. Several 

attempts to retrieve the sample might be necessary but diagnosis is very accurate. For studies 

that used the stated reference standards this question should be answered with ‘yes’. 

Were the reference standard results interpreted without knowledge of the results of the index 

test? 

This question should be answered with ‘yes’ if the routine reference standards are carried out 

at a different location to the index test or if the samples for the index test were stored and the 

index test carried out after the reference standard. However, if the question is answered with 

‘unclear’, the risk of bias can still be regarded as low, since the laboratories carrying out the 

reference standards as routine tests, are unlikely to be influenced by the index test. 

 

B. Concerns about applicability 

The concern of applicability of the reference standard will be low if one of the pre-defined 

reference standards was used in the studies. 

 

Domain 4: Flow and Timing 

Since foetal trisomies are not progressive conditions, time intervals do not affect the 

performance of NIPT tests. Furthermore, all reference test have close to 100% accuracy, 

therefore verification bias is of little concern in studies where low risk women do not receive 

an invasive test but are followed up till birth. However, the exclusion of difficult to test 

patients and the exclusion of samples from the analysis are of great concern. These include 

exclusion from the study, inconclusive / intermediate results, homozygotes not testable in 

SNP studies, test failures and uninterpretable results.  



    

 

A. Risk of bias 

Did all patients receive a reference standard? 

This question can be answer with ‘yes’ if the participants are recruited on the basis of their 

karyotype results.  

Did all patients receive the same reference standard? 

Even if this question is answered with ‘no’, the risk of bias can be considered as being low as 

long as all participants received a reference standard because all included reference standards 

have equally high accuracy. 

Were all patients included in the analysis? 

If samples were excluded due to sample issues that can be resolved by re-sampling, the risk 

of bias can be considered as low even if it is answered with ‘no’. 

However, if samples were excluded because they did not pass quality controls (e.g. amount of 

DNA), the risk of bias is high because this might include early pregnancies or intermediate 

risk pregnancies where foetal DNA levels are low. 

If inconclusive or intermediate results are not included the question should be answered with 

‘no’ and the risk of bias considered high. 

 

Domain 5: Role of sponsor 

Studies sponsored by companies are likely to be biased if the company has influence on the 

study design, conduct, interpretation of results and decision to publish. 

A. Risk of bias 

Did the funding source/sponsor play no role in design of study, interpretation of results and 

publication? 

The risk of bias regarding the role of sponsor should be considered as’ high’ if studies were 

funded by profit-making companies and involvement of the sponsor in the design or conduct 

of the study or publication was stated and/or if the majority of authors or main authors were 

employees or shareholders of companies offering NIPT or cytogenetic tests and/or other 

conflicts of interest (i.e. patents, stock or stock options) were declared.  

To answer this question with ‘yes’, the study needs to clearly state that sponsors played no 

role. 
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Epigenetic approach 

 



Supplement 5 Table of study characteristics of included studies 

Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

Alberti 

2015[56] 

France 

 

Study start 

date: March 

2010 

Prospective 

case-control 

(cases with 

abnormal 

karyotype 

matched 

with a 

balanced 

number of 

randomly 

selected 

pregnancies 

with euploid 

karyotypes) 

 

Number of 

centres: 3 

N=976 enrolled in 

cohort. 

Women with 

singleton pregnancies, 

high-risk of foetal 

T21. 

N=225 in case-control 

for sequencing. 

 

Mean age (SD):  

35.2 (6.7) years. 

Mean gestational age 

(SD): 14 (2) weeks. 

 

1st and 2nd trimester. 

N=0 from cohort. 

 

N=751 (76.9%): 

Not included in 

case-control 

study. 

T21 All high risk for 

foetal T21 

(>1:250) based on 

the combination 

of maternal age 

with ultrasound 

and maternal 

serum markers 

during the first or 

second trimester. 

MPS (whole 

genome)  

performed in 

a 

cytogenetics 

laboratory in 

a university 

teaching 

hospital 

CVS or 

amniocent

esis and 

foetal 

karyotype 

None NIPT 

performance 

for T21 

detection. 

Accuracy 

of NIPT  

 

Ashoor 

2012[46] 

UK 

Nested case-

control of 

stored 

maternal 

N=400 

(50 T21, 50 T18, 300 

euploid) 

Pregnant by IVF 

or multiple 

pregnancy 

T21, T18  All high risk:  

Combined 1st 

trimester screen 

DANSR, 

FORTE 

 

Karyotypi

ng 

after CVS 

None 

 

 

FORTE risk 

score for 

aneuploidies, 

sensitivity and 

specificity for 

Accuracy 

of NIPT  

 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

 

Study start 

date: NR 

 

 

samples: 

Controls 

matched 

with 

T21/T18 

cases for 

sample 

storage time 

in 3:1 ratio. 

 

Number of 

centres: 1 

Singleton 

pregnancies,  

high-risk women. 

 

1st trimester 100%; 

All 11-13 weeks’ 

gestation. 

 

Ethnicity:  

White 89%, 

‘Afro Caribbean’ 5%, 

South/ East Asian 6%,  

Mixed 0.5%. 

N=NR  

 

 

risk >1:300  

 

  

Aria 

Diagnostics 

(USA) 

  detection of 

T21 and T18 

 

 

 

 

Beamon 

2014[36] 

USA 

 

Study start 

Prospective 

cohort 

 

Number of 

centres: 1 

N=208 

High-risk pregnancies 

who chose NIPT as 

triage test, singleton 

or dichorionic twin 

gestations, ≥10 

Multiple 

pregnancy  

N=NR  

 

T21, T18, 

T13 

All high-risk: 

AMA: 148 

(71.2%), 

AMA alone: 121 

(58.2%), 

MPS (whole 

genome)  

 

Sequenom 

Center for 

Karyotypi

ng after 

amniocent

esis, 

cordocent

esis or 

None Test 

performance 

for T13, T18 

and T21 

detection. 

Accuracy 

of NIPT 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

date: January 

2012 

weeks’ gestation. 

 

Mean age (SD), 

range: 36 (5.5),  

19-47 years. 

 

Mean gestational age 

(SD), range: 15.6 

(4.3), 10-34 weeks. 

 

Trimester:  

1st: 111 (53.4%), 

2nd: 95 (45.7%), 

3rd: 2 (1%). 

 

AMA + other: 27 

(13.0%), 

Ultrasound 

abnormality: 26 

(12.5%), 

Abnormal serum 

screen: 29 

(13.9%), 

Combined FTS: 

16 (7.7%), 

Quadruple: 12 

(5.8%), 

Integrated: 1 

(0.5%), 

Affected family 

member: 3 

(1.4%), 

Other: 2 (1.0%), 

Twins (growth 

discordance): 1 

(0.5%), 

Maternal anxiety: 

Molecular 

Medicine 

(USA) 

(n=163, 

78.4%) or 

  

Verinata 

Health 

(USA) 

(n=45, 

21.6%). 

CVS,  

phenotype 

of 

newborn 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

1 (0.5%). 

Bevilacqua 

2015[37] 

Belgium, UK, 

Spain 

 

Study start 

date: May 

2013 

Prospective 

multicentre 

cohort 

 

Number of 

centres: NR 

N=515 included. 

Twin pregnancies at 

mixed risk for 

aneuploidies. 

 

Median gestational 

age (range): 13.0 

(10.0-28.0) weeks. 

 

1st trimester: 68.5%. 

 

Criteria for 

exclusion from 

study NR  

 

 

T21, T18, 

T13 

Mixed risk: 

High risk for 

foetal trisomy by 

1st-trimester 

combined test or 

2nd-trimester 

triple/quadruple 

test or ultrasound  

or 

NIPT as primary 

method of 

screening. 

DANSR, 

FORTE 

 

Harmony 

Prenatal test 

 

Ariosa 

Diagnostics 

(USA) 

Karyotypi

ng after 

amniocent

esis, 

cordocent

esis or 

CVS, or 

newborn 

phenotypi

c 

examinati

on 

None 1) Factors 

influencing 

failure rate in 

twin and 

singleton 

pregnancies. 

 

2) NIPT 

performance 

for T13, T18 

and T21 

detection in 

twins. 

Accuracy 

of NIPT 

Bianchi 

2012[47] 

USA 

 

Study start 

date: NR 

Nested case- 

control  

 

Controls un 

matched in 

4:1 ratio 

(Part of 

MELISSA 

N=2,882 in cohort. 

N=534 in nested case-

control study. 

Singleton 

pregnancies, high 

risk.  

 

257/2,882 (8.9%) 

from MELISSA 

cohort:  

85 multiple 

pregnancies,  

45 no karyotype 

information,  

127 ineligible 

T21, T18, 

T13 

 

 

All high risk:  

AMA (>38 years) 

only 152 (28.5%); 

Positive screen 

risk 91 (17.0%); 

Ultrasound 

abnormality 

MPS (whole 

genome) 

 

Verinata- 

Illumina 

(USA) 

Karyotypi

ng after 

CVS 

None  

 

1) MPS 

performance 

(sensitivity 

and 

specificity) 

for T21, T18 

and T13 

detection. 

 

Accuracy 

of NIPT  

  



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

 

 

prospective 

cohort). 

 

Number of 

centres: 53 

(of 60) 

Mean age (SD), 

range: 35.2 (6.40),  

18 – 46 years. 

 

Mean gestational age 

(SD), range:  

15.1 (3.16),  

10 – 23 weeks. 

Trimester:  

1st: 165 (30.9%), 

2nd: 369 (69.1%). 

 

Ethnicity:  

White 72.7%, 

African American  

10.9%, 

Asian 9.9%, 

Native American or 

blood sample. 

 

 

  

122 (22.8%); 

Prior aneuploidy 

pregnancy 

15 (2.8%); 

More than 1 risk 

154 (28.9%). 

2) Sex 

chromosome 

classification 

and 

Monosomy X 

detection. 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

Alaska Native 0.9%, 

Multiracial 5.6%. 

Bianchi 

2014[19] 

USA 

 

Study start 

date: 

July 2012 

 

 

 

 

 

Prospective 

cohort  

 

Number of 

centres: 21 

N=2,052 enrolled. 

N=2,042 eligible. 

Singleton 

pregnancies, general 

obstetric population. 

 

Trimester:   

1st: 759 (39.7%), 

2nd: 610 (31.9%), 

3rd: 545 (28.5%). 

 

Mean gestational age 

(SD), range: 

20.3 (8.6),  

8.0 – 39.4 weeks. 

N=10 (0.5%): 

7 insufficient 

blood volume, 

1 late receipt of 

blood sample, 

1 maternal age 

<18 years, 

1 withdrawn 

consent. 

 

 

 

 

T21, T18, 

T13 

General obstetric 

population 

undergoing 

standard  

prenatal 

aneuploidy 

screening 

 

MPS (whole 

genome) 

 

Verifi  

 

Verinata- 

Illumina 

(USA) 

 

Newborn 

phenotype  

 (97.0%) 

or 

Karyotypi

ng (3.0%). 

 

Standard 

prenatal 

aneuploidy 

screening 

produced by 

accredited 

clinical 

laboratories. 

Cutoff values as 

used by 

individual 

laboratories 

 

1st-trimester: 

Combined test 

(PAPP-A, β-

hCG, NT) 

N=739 (38.6%). 

 

1) 

Comparison 

of false 

positive rates 

of NIPT with 

conventional 

screening for 

T21 and T18. 

 

2) 

Comparison 

of false 

positive rates 

for T13. 

Comparison 

of foetal 

fractions in 

low-risk with 

high-risk 

patients. 

 

Comparis

on of 

NIPT 

with CT  

 

 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

 

Mean age (SD), 

range: 

29.6 (5.54), 

18.0 – 48.6 years. 

 

Assisted conception 

66 (3.4%). 

 

2nd-trimester:  

Quadruple 

(MS-AFP, β-

hCG, estriol and 

inhibin A) 

N=439 (22.9%); 

Quadruple + 

combined test 

N= 53 (2.8%); 

Quadruple + 1st-

trimester serum 

markers only 

N=164 (8.6%); 

Sequential: 

1st-trimester 

screen results 

reported before 

final report in 

2nd trimester 

N=519 (27.1%). 

Chen 

2011[48] 

Hong Kong, 

Case-

control of 

stored 

samples and 

N=392 

(N=140 archived 

plasma samples with 

NR T18, T13 All high risk 

based on clinical 

indicators as per 

the existing 

MPS (whole 

genome) 

Karyotypi

ng after 

CVS or 

amniocent

None Diagnostic 

performance 

of MPS for 

T13 and T18 

Accuracy 

of NIPT  



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

UK, 

Netherlands, 

China 

 

Study start 

date: NR  

 

 

prospectivel

y recruited 

women 

 

Number of 

centres: 10 

and without 

aneuploidy matched 

for gestational age; 

N=252 prospectively 

recruited.) 

344/392 samples 

analysed in a previous 

study [49], 

48 cases newly 

recruited. 

 

Singleton pregnancy 

undergoing 

CVS/amniocentesis. 

obstetric practice 

of each 

recruitment unit. 

 

Sequenom 

(USA) 

 

 

esis  detection. 

Chiu 2011[49] 

Hong Kong, 

UK, 

Netherlands, 

China  

 

Study start 

date: October 

Case-

control of 

stored 

samples and 

prospectivel

y recruited 

women  

 

Number of 

N=824 screened 

(N=248 archived T21 

and non-T21 samples 

matched for 

gestational ages in 1:5 

ratio and  

N=576 prospectively 

collected high-risk 

N=60 (7.3%): 

14 failed 

recruitment 

criteria  

(2 twin 

pregnancies,  

12 without full 

T21 High risk by 

conventional 

screening 

(>1:300): 

582 (77%), 

Median risk for 

T21: 1 in 43. 

MPS (whole 

genome) 

 

Sequenom 

(USA) 

 

Full 

karyotypin

g after 

amniocent

esis (18%) 

or 

CVS 

(82%). 

None 

 

Diagnostic 

sensitivity, 

specificity, 

PPV & NPV 

for T21 

detection. 

Accuracy 

of NIPT  



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

2008 

 

centres: 10 

 

 

samples),  

N=764 included. 

Singleton 

pregnancies. 

 

Median age: 35.4 

years. 

 

Median gestational 

age: 13+1 weeks. 

 

1st trimester: 74%. 

karyotyping); 

46 compromised 

blood sample  

(3 samples 

collected after 

invasive obstetric 

procedure,  

2 delayed blood 

processing,  

3 with ambiguous 

information,  

12 haemolysed, 

26 inadequate 

volume). 

 

 

Intermediate risk 

by conventional 

screening (1:300-

1:1000) 39 (5%), 

Median risk for 

T21: 1 in 502. 

 

Other indications 

(previous T21 

pregnancy, 

ultrasound 

abnormalities, 

risk for 

monogenic 

diseases). 

Comas 

2014[38] 

Spain 

 

Study start 

date: January 

Prospective 

cohort 

 

Number of 

centres: 1 

N=333 

Singleton pregnancies 

who chose to have 

NIPT. 

 

Mean maternal age 

Multiple 

pregnancies, 

ultrasound 

anomalies or high 

risk of congenital 

malformation  

N=NR  

T21, T18, 

T13 

Routine general 

population in a 

real clinical 

setting. 

 

83.5% Low-risk 

by conventional 

DANSR 

FORTE 

(Harmony 

Prenatal 

Test), 

Ariosa 

Diagnostics 

Invasive 

testing and 

karyotypin

g or 

newborn 

phenotype

. 

None 1) NIPT test 

performance 

for T13, T18, 

and T21. 

 

2) 

Comparison 

Accuracy 

of NIPT  



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

2013 (range): 37 (21-46) 

years. 

 

Mean gestational age  

(range): 

14.6 (9.5-23.5) weeks. 

 

1st and 2nd trimester. 

 

  

screenings but 

unable to 

alleviate their 

anxiety. 

 

16.5% High-risk 

from CT or 

referred for AMA 

with no prior 

screening. 

(USA) 

(n=120, 

36.0%) or 

 

SNP- and 

NATUS 

(Panorama) 

Natera Inc. 

(USA) 

(n=213, 

64.0%) 

of Harmony 

and Panorama 

tests, factors 

influencing 

foetal fraction. 

Dan 2012[63] 

China 

 

Study start 

date: 1st 

quarter 2010 

Prospective 

multicentre 

cohort  

 

Number of 

centres: 49 

N=11,263 recruited. 

N=11,184 included. 

Singleton 

pregnancies, ≥ 18 

years, gestational age 

of 9 - 28 weeks. 

 

Median age (range): 

31 (18-49) years. 

N=79 (0.7%): 

55 unqualified 

gestational age, 

14 multiple 

pregnancies,  

10 foetal death. 

 

 

T21, T18  Mixed risk 

factors 

 

Conventional T21 

screening test:  

yes - positive: 

4,522 (40.7%) 

yes - negative: 

2,426 (21.8%) 

No – with 1 or 

MPS (whole 

genome) 

 

BGI-

Shenzen 

(China) 

Full 

karyotypin

g 3,000 

(26.6%) or 

birth 

questionna

ire 4,524 

(40.2%). 

None 

 

1) 

Sensitivity 

and specificity 

of MPS for 

T21 and T18 

screening. 

 

2) Workflow 

of MPS-based 

test. 

Accuracy 

of NIPT  



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

 

Median gestational 

age (range): 

20 (9-28) weeks. 

2nd trimester: >74%. 

 

42/49 centres offered 

test to high-risk 

pregnant women 

identified by a 

conventional T21 

screening test,   

7/49 centres enrolled 

participants regardless 

of prior risk 

assessment. 

more other risk 

factors (≥ 35 

years, family 

history of 

aneuploidies, 

ultrasound 

abnormalities): 

2,770 (24.9%) 

No – without any 

risk factors: 

1,387 (12.5%). 

 

Del Mar Gil 

2014[21] 

UK  

 

Study start 

Retrospectiv

e cohort of 

stored 

samples  

 

Number of 

N=207 

Twin pregnancies 
undergoing first-

trimester screening 

for trisomies by 

combined test. 

Singleton 

pregnancies  

N=NR 

T21, T18, 

T13  

NR DANSR 

FORTE 

 

Harmony  

Known 

birth 

outcome 

   

None Performance 

of Harmony 

Test in twin 

pregnancies 

only 

Accuracy 

of NIPT 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

date: NR centres: 1  

Age range: 26 – 41 

years. 

Gestational age, 

range: 11 - 13 weeks. 

 

1st trimester: 100%. 

 

Ethnicity: 

Caucasian 70.0%, 

Afro-Caribbean 

23.7%, 

South/East Asian 

1.0%, 

Mixed 5.3%. 

 

Ariosa 

Diagnostics 

(USA) 

Dhallan 

2007[57] 

USA 

Prospective 

observation

al study  

N=60  

Women ≥ 18 years, 

singleton pregnancy. 

N=NR T21 Mostly high risk. 

Definition 

unspecified.  

SNP allelic 

ratio 

 

Amniocen

tesis or 

newborn 

reports 

None Performance 

of SNP 

method in 

detecting T21 

Accuracy 

of NIPT 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

 

Study start 

date: January 

2004 

 

Number of 

centres: 10 

 

Mean age (range): 

32.8 (18-43* years, 

Mean gestational age 

(range):  19+6  

(8+1 - 38+6) weeks, 

1st trimester: 8 (13%). 

Ravgen Inc. 

(USA) 

Ehrich 

2011[50] 

USA 

 

Study start 

date: May 

2009 

Prospective 

case-control  

(T21 

matched 

1:11 with 

euploid 

samples) 

 

Number of 

centres: NR 

N=480 requested 

from independent 3rd-

party database. 

Pregnancies at 

increased risk for 

foetal aneuploidies 

with scheduled 

invasive diagnostic 

procedure (unclear if 

singleton or also 

multiple pregnancies). 

 

Median age (range):  

37 (18 -47) years. 

N=13 (2.7%): 

9 sample volume 

<3.5 ml,   

1 dropped,  

2 mixed together,  

1 tube broke 

during 

centrifugation. 

 

 

T21  High risk: 

Positive serum 

screening 30.2%,  

AMA ≥ 35 years 

68.3%, 

Ultrasound 

abnormality 

12.9%, 

Positive family 

history 5.2%, 

Not specified 

10.2%. 

MPS (whole 

genome) 

 

Sequenom 

(USA) 

Amniocen

tesis 

(81%) or 

CVS 

(19%) and 

karyotype 

(60%), 

FISH 

(3%), both 

(36%) or 

QF-PCR 

(1.6%) 

None Test 

performance 

for T21  

Accuracy 

of NIPT 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

 

Median gestational 

age (range): 16 (8-36) 

weeks. 

Hall 2014[51] 

USA 

 

Study start 

date: March 

2012 

Nested case-

control  

(selected 

from a 

cohort of 

>1000 

women, all 

T13 cases 

matched 1:3 

on 

gestational 

age)  

 

Number of 

centres: NR 

N=68 

(17 T13, 51 euploid) 

High-risk pregnancy 

couples, women ≥ 18 

years, singleton 

pregnancy.  

 

Median gestational 

age (range): 16.0 

(12.1-22.7) weeks, 

1st trimester: 23 

(35.9%). 

 

N=1/>1,000 

(<0.1%) from 

cohort: 

1 known foetal 

mosaicism.  

T13 High-risk for 

foetal aneuploidy 

(positive serum 

screen, ultrasound 

abnormality or 

maternal age of 

greater than 35 

years) 

SNP- and 

NATUS 

 

Natera Inc. 

(USA)  

CVS, 

amniocent

esis or 

genetic 

testing of 

cord 

blood, 

buccal, 

saliva, or 

products 

of 

conceptio

n 

None 1) Test 

performance 

for T13 

detection.  

 

2) Specificity  

of T18, T21 

and 

Monosomy X 

detection. 

Accuracy 

of NIPT 

Huang 

2014[22] 

China 

(Denmark, 

Prospective, 

multicentre 

cohort 

N=189 

Twin pregnancies 

requiring invasive 

procedure (CVS/ 

N=NR  

Intrauterine 

death, without 

T21, T18  All high risk 

 

Threshold and 

MPS (whole 

genome) 

 

Full 

karyotypin

g from  

CVS 

None Test 

performance 

for T18 and 

T21 detection 

in twin 

Accuracy 

of NIPT  



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

Hong Kong) 

 

Study start 

date: NR 

 

Number of 

centres: 7 

amniocentesis) 

 

Median age (range): 

31 (22-44) years. 

 

Median gestational 

age (range): 19  

(11-36) weeks. 

1st trimester: ≥ 2.1%, 

2nd trimester: ≥ 74% 

foetal karyotype  risk establishment 

NR 

NIFTY test 

 

BGI-

Shenzen 

(China) 

(2.1%), 

amniocent

esis 

(94.2%), 

or 

cordocent

esis 

(3.7%) 

pregnancies  

Jeon 2014[39] 

South Korea, 

China 

 

Study start 

date: March 

2012 

Prospective 

cohort 

 

Number of 

centres: 1 

N=155 

High-risk women 

scheduled for 

amniocentesis, ≥ 19 

years old, singleton 

pregnancy with a 

gestational age of ≥ 

12 weeks. 

 

Mean age (SD), 

NR T21, T18 High risk of 

foetal defects by 

standard 

aneuploidy 

screening with 

individual risk 

scores and 

interpretations 

produced by 

accredited clinical 

laboratories. 

MPS (whole 

genome) 

 

Semiconduc

tor 

sequencing 

 

Amniocen

tesis and 

foetal 

karyotypin

g 

None T18 and T21 

detection by 

semiconductor 

sequencer Ion 

Proton (PPV, 

NPV). 

Accuracy 

of NIPT 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

range: 30.73 (4.99), 

19-43 years. 

 

Trimester:  

1st: <18.1%, 

2nd:  >55.5%. 

Jiang 

2012[23] 

China 

 

Study start 

date: June 

2009 

Prospective 

cohort 

 

Number of 

centres: 3 

N=903  

Inclusion criteria NR 

  

Age range: 

 20-45 years. 

 

Gestational age: 

10-34 weeks  

(all trimesters). 

 

Criteria NR  

No exclusions 

recorded  

T21, T18 

T13 

Prevalence of 

aneuploidy 

suggests a general 

obstetric 

population but all 

women had 

invasive testing. 

MPS (whole 

genome) 

 

BGI-

Shenzhen 

(China) 

Full 

karyotypin

g from 

amniocent

esis 

None 1) Aneuploidy 

detection.  

 

2) GC content 

and 

sequencing 

bias. 

Relation 

between foetal 

fraction and 

gestational 

age. 

Accuracy 

of NIPT 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

Korostolev 

2014[40] 

Russia 

 

Study start 

date: 2012 

 

Prospective 

cohort 

 

Number of 

centres: NR 

(Moscow 

private 

clinics) 

N=1,968 included, 

N=1,728 for NIPT. 

 

Women with 

singleton pregnancies, 

high risk for 

aneuploidies, >9 

weeks’ gestation. 

 

Mean age (range): 

34.4 (26-45) years. 

 

Mean gestational age 

(range): 14 (9-33) 

weeks. 

1st trimester: “about 

50%”. 

N=240 (12.2%): 

Ultrasound 

abnormality 

(increased NT, 

heart defects, 

malformations, 

foetal growth 

retardation) or 

presence of 

balanced 

chromosomal 

rearrangements in 

the parents. 

 

T21, T18, 

T13 

Mixed risk: 

High risk result of 

combined FTS 

87%, 

AMA ≥ 35 years 

only or women’s 

will without any 

risk of 

chromosomal 

pathology 13%. 

SNP and 

NATUS 

 

Panorama 

 

Natera Inc. 

(USA) 

Invasive 

prenatal 

diagnosis 

with 

karyotypin

g or CMA 

(n=57), 

phenotypi

c newborn 

assessmen

t (n=624), 

TOP and 

molecular 

study 

(n=1). 

None NIPT and/or 

invasive test 

based on 

CMA for 

chromosomal 

abnormalities 

diagnostics 

Accuracy 

of NIPT 

Lau 2012[24] 

Hong Kong, 

China, Japan 

Prospective 

cohort  

 

N=108  

Pregnant women 

undergoing CVS or 

amniocentesis 

NR T21, T18, 

T13 

Mostly high risk: 

Positive 1st 

trimester 

screening  47.2%,  

MPS (whole 

genome) 

 

Conventio

nal 

karyotypin

g  from  

None Diagnostic 

accuracy of 

novel z-score 

method with 

internal 

Accuracy 

of NIPT  



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

 

Study start 

date: NR 

Number of 

centres: 1 

(possibly singleton 

pregnancies but NR). 

 

Mean age (SD):  

37 (4.3) years, 

Median gestational 

age (range): 12+5 

(11+4 – 28+0) weeks. 

 

1st trimester: 97 

(89.8%) 

positive 1st 

trimester 

sonographic 

markers 22.2%,  

other structural 

anomalies 1.5%, 

previous T21 

0.9%,  

maternal anxiety 

11.1%. 

BGI-

Shenzhen 

(China) 

CVS 

(94.4%) or 

amniocent

esis 

(5.6%) 

reference 

chromosome. 

Lau 2014[25] 

Hong Kong, 

USA, China 

 

Study start 

date: August 

2011 

Prospective 

cohort  

 

Number of 

centres: 1 

N=1,982 

(1,929 singleton, 30 

twin pregnancies, 23 

internal control 

samples) 

Any pregnant women 

≥12 weeks of 

gestation accepted for 

NIPT, regardless of 

whether they had 

undergone any 

NR  T21, T18 

T13 

Prenatal diagnosis 

centre accepted 

referral of any 

pregnant woman 

for NIPT: 

Previous trisomy 

/ Family history  

53 (2.7%). 

 

MPS (whole 

genome) 

 

NIFTY test  

 

BGI-Health 

(China) 

Conventio

nal 

karyotypin

g  from  

CVS or 

amniocent

esis, 

postnatal 

karyotypin

g or birth 

phenotype  

None Test accuracy 

for common 

autosomal 

trisomies, sex 

chromosomal 

abnormalities 

and other 

chromosome 

abnormalities. 

Accuracy 

of NIPT  



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

previous T21 

screening. 

 

Mean age (SD), 

range: 36 (4.35),  

20-46 years. 

Median gestational 

age: 14.5 weeks. 

1st trimester: 56.25%. 

 

Ethnicity:  

Chinese 90.91%, 

Caucasian 5.21%, 

Other 3.88%. 

No prior 

screening test: 

669 (34.2%). 

 

Prior screening 

test 1,290 

(65.8%): 

High risk 

593/1,290 

(46.0%), 

Low risk 

368/1,290 

(28.5%), 

Result not 

available yet 

329/1,290 

(25.5%). 

 

 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

Liang 

2013[26] 

China 

 

Study start 

date: March 

2009 

Prospective 

cohort   

 

Number of 

centres: 3 

N=435  

High-risk pregnant 

women scheduled for 

invasive prenatal 

diagnostics. 

 

Mean age (SD):  

31 (5.9) years. 

 

Median gestational 

age (range):  21+3  

(11+3 – 39+3) weeks. 

1st trimester: 1 

(0.23%). 

NR  T21, T18 

T13 

All high risk:  

AMA (≥35 years)  

84 (19.3%), 

Positive serum 

screening  

217 (49.9%), 

Ultrasound 

abnormality  

67 (15.4%), 

Prior aneuploidy 

pregnancy  

4 (0.9%), 

Multiple 

indications  

63 (14.5%). 

MPS (whole 

genome) 

 

Berry 

Genomics 

(China)  

CVS 

(0.92%), 

cordocent

esis 

(22.30%) 

or 

amniocent

esis 

(76.78%) 

and full 

foetal 

karyotypin

g  

None Test accuracy 

for detection 

of foetal 

aneuploidies 

for all 24 

chromosomes 

in one single 

sequencing 

event 

Accuracy 

of NIPT  

Nicolaides 

2012[27] 

UK 

Retrospectiv

e cohort of 

stored 

samples 

N=2,230 original 

cohort, 

N=2,049 eligible 

N=181 (8.1%): 

74 no foetal 

karyotype, 

T21, T18  General obstetric 

population 

undergoing first-

trimester 

screening for 

DANSR 

FORTE 

 

86 (4.2%) 

CVS or 

amniocent

esis and 

foetal 

First-trimester 

CT (free β-hCG, 

PAPP-A, NT) 

with or without 

additional 

1) 

Performance 

of screening 

by NIPT for 

Comparis

on of 

NIPT 

with CT 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

 

Study start 

date: October 

2010 

 

Number of 

centres: 1 

cases. 

Women with 

singleton pregnancies 

attending for first-

trimester combined 

screening for 

aneuploidies and 

ultrasound (general 

obstetric population). 

 

Median age (IQR): 

31.8 (27.7 – 35.4) 

years, 

Gestational age, 

range: 11+0 – 13+6 

weeks, 

1st trimester: 100%. 

 

Ethnicity:  

Caucasian 69.8%, 

African 20.6%, 

7 abnormal 

karyotype other 

than T21 or T18,  

29 inadequate 

sample volume, 

1 wrongly 

labelled 

70 lab mixed 

samples together. 

 

 

aneuploidies as 

part of their 

routine antenatal 

care.  

 

All had 1st-

trimester 

combined test: 

Median estimated 

T21 risk (range) 

1:8,469  

(1:2–1:23,527), 

Median estimated 

T18 risk (range) 

1:14,894  

(1:2-1:47,472). 

Harmony 

Prenatal 

Test 

 

Ariosa 

Diagnostics 

(USA) 

karyotypin

g. 

1963 

(95.8%) 

phenotypi

c newborn 

examinati

on. 

ultrasound 

markers (nasal 

bone, tricuspid 

regurgitation, 

reversed a-wave 

in ductus 

venosus). 

 

Risk threshold 

≥1:150 (0.67%) 

for T21 and 

T18. 

trisomies 21 

and 18. 

 

2) 

Comparison 

of NIPT with 

detection rate 

and false 

positive rate 

of 1st-

trimester CT 

with or 

without 

additional 

ultrasound 

markers. 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

South Asian 4.0%, 

East Asian 2.8%, 

Mixed 2.8%. 

Nicolaides 

2013[28] 

UK 

 

Study start 

date: NR 

 

 

Prospective 

cohort  

 

Number of 

centres: 1 

N=242 

Women with 

singleton pregnancies 

undergoing CVS at 

11-13 weeks’ 

gestation, ≥ 18 years, 

≥ 10 weeks gestation. 

 

Mean age (range): 

35.7 (18.5- 46.5) 

years. 

 

Median gestational 

age (range): 

13.1 (11.3 – 13.9) 

weeks. 

1st trimester: 100%. 

NR 

 

  

T21, T18, 

T13 

High risk for 

aneuploidies or 

sickle cell 

disease: 

1st-trimester CT 

>1:300  

227 (93.8%), 

AMA 5 (2.1%), 

Previous 

aneuploidy 

pregnancy 

 6 (2.5%), 

Sickle cell testing 

4 (1.7%). 

 

Median estimated 

risk for T21, T18 

SNP- and 

NATUS 

 

Natera Inc. 

(USA)  

CVS and 

karyotypin

g  

None Performance 

of NIPT to 

detect T21, 

T18, T13, 

SCA and 

triploidy.  

Accuracy 

of NIPT  



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

 or T13 by CT 

(range): 

1:75  

(1:2–1:12,433). 

Norton 

2012[29] 

USA, 

Netherlands, 

Sweden 

 

Study start 

date: August 

2010 

Prospective, 

multicentre 

cohort study  

(NICE 

study) 

 

Number of 

centres: 48 

N=4,002 enrolled, 

N=3,228 eligible: 

Women ≥ 18 years, 

gestational age ≥ 10 

weeks, with singleton 

pregnancy, scheduled 

for invasive testing 

for any indication.  

 

Mean age (SD), 

range: 34.3 (6.4),  

18-50 years. 

Mean gestational age 

(SD), range: 16.9 

(4.1), 10-38.7 weeks. 

 

Exclusion 

criteria: 

Multiple 

pregnancies, 

known maternal 

aneuploidy, 

active 

malignancy or 

history of 

metastatic cancer, 

already 

undergone CVS 

or amniocentesis. 

 

N=774 (19.3%): 

433 samples used 

for assay 

development. 

237 failed I/E 

T21, T18 Undergoing 

invasive testing 

for any indication 

(primarily high 

risk women) 

 

DANSR, 

FORTE 

 

Harmony 

Prenatal 

Test 

 

Ariosa 

Diagnostics 

(USA) 

Karyotypi

ng, FISH 

or QF-

PCR from 

amniocent

esis 

(74.7%) or 

CVS 

(25.3%) 

None 1) Harmony 

Test 

performance 

for T21 and 

T18 at 1% 

risk cutoff. 

 

2) Foetal 

fraction. 

Test 

performance 

at different 

risk cutoff 

values. 

Accuracy 

of NIPT  



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

Ethnicity: 

Caucasian 49.6%, 

African American  

6.4%, 

Asian 13.4% , 

Hispanic 22.7%, 

Other 7.9%. 

criteria,  

84 insufficient 

sample volume, 

20 incorrect 

sample labelling. 

Norton 

2015[6] USA, 

Sweden 

 

Study start 

date: March 

2012 

Prospective 

multicentre 

cohort 

(NEXT 

study) 

 

Number of 

centres: 35 

N=18,955 enrolled. 

N=18,510 met I/E 

criteria. 

Women with 

singleton pregnancies, 

≥ 18 years of age, 

presenting for 

aneuploidy screening 

at 10-14 weeks of 

gestation (NIPT and 

1st-trimester CT). 

 

Mean age (range): 31 

N=450 (2.4%): 

229 did not meet 

inclusion criteria 

or met exclusion 

criteria, 

31 had twins 

discovered on NT 

testing, 

121 had unknown 

ovum-donor 

status, 

64 withdrew or 

were withdrawn 

T21, T18, 

T13 

General obstetric 

population 

(unselected) 

DANSR, 

FORTE 

 

Harmony 

Prenatal 

Test 

 

Ariosa 

Diagnostics 

(USA) 

Invasive 

prenatal 

testing 

(135 CVS, 

422 

amniocent

esis), 52 

postnatal 

genetic 

testing,  

16 testing 

on 

products 

of 

conceptio

n, all other 

examinati

First-trimester 

CT (cut-off 

≥1:270 for T21, 

≥1:150 for T18 

and T13) 

1) Area under 

ROC curve 

for T21 

screening with 

NIPT versus 

standard 

screening. 

 

2) Evaluation 

of NIPT and 

standard 

screening to 

assess the risk 

for T18 and 

T13. 

Comparis

on of 

NIPT 

with CT 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

(18-48) years. 

 

Mean gestational age 

(range): 12.5  

(10.0-14.3) weeks. 

100% 1st trimester. 

by investigator. on of the 

newborn. 

Performance 

of NIPT in 

low-risk 

patients. 

Palomaki 

2012[52] 

USA  

 

Study start 

date: Trial 

submission 

6th April 

2009  

Nested case- 

control in 

a cohort 

(Part of an 

international 

clinical 

validation 

study, 

NCT008772

92). 

 

Each 

pregnancy 

with T18 

and T13 

matched 

N=4,664 in cohort, 

N=293 case-control 

study (62 T18, 12 

T13, 219 euploid)  

plus 212 T21 and 

1,483 matched 

controls reported 

earlier [62]. 

N=1,988 for NIPT. 

 

Singleton pregnancies 

at high risk for T21. 

 

N=279/4,664 

(6.0%) from 

cohort: 

116 sample not 

adequate, 

112 multiple 

gestation / foetal 

death, 

51 no karyotype 

/outcome 

available. 

 

N=2,397/4,385 

(54.7%): 

T21, T18,  

T13   

High risk for T21: 

1st-trimester 

screening 

positive: 7.2%, 

2nd-trimester 

screening 

positive: 4.4%, 

Integrated test 

positive: 10.2%, 

Ultrasound 

anomaly: 19.5%, 

AMA ≥ 38 years: 

41.6%, 

2 or more 

MPS (whole 

genome) 

 

Sequenom 

Inc. (USA)  

Amniocen

tesis 

(48.5%) or 

CVS 

(51.5%) 

and 

karyotypin

g  

None  Correct 

identification 

of T21, T18 & 

T13 

Accuracy 

of NIPT  



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

with 3 

controls 

based on the 

gestational 

age, 

enrolment 

site, race, 

and time in 

freezer 

(within 1 

month). 

 

Number of 

centres: 27 

Mean age (SD): 

37.2 (5.0)* years. 

Median gestational 

age (range): 14.6  

(9-22) weeks*. 

1st trimester: 52%, 

2nd trimester: 48%. 

 

Ethnicity:  

Caucasian 84.7%, 

Black 4%, 

Asian 5.4%, 

Unknown 5.4%. 

 

Not selected for 

case-control 

study. 

 

indications: 

12.6%, 

Family history of 

aneuploidy: 3.4%, 

Other /unknown: 

1.0%.  

Pergament 

2014[30] 

Prospective 

international 

multicentre 

cohort 

N=1,064 enrolled, 

N=1,051 for testing 

(926 euploid, 67 T21, 

N=13 (1.2%): 

6 triploidy, 

T21, T18, 

T13   

543 (51.0%)  

High risk: 

abnormal serum 

screen, ultrasound 

SNP- and 

NATUS 

 

Amniocen

tesis/CVS 

(44.1%) 

and 

None Performance 

of single-

nucleotide 

polymorphism

Accuracy 

of NIPT 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

USA 

 

Study start 

date: NR 

 

Number of 

centres: 36 

32 T18, 14 T13, 12 

Monosomy X). 

 

Singleton pregnancies 

of at least 7 weeks of 

gestation. 

 

Mean age (SD), 

range: 30.3 (7.4),  

18-47 years. 

 

Mean gestational age 

(SD), range: 17.0 

(4.1), 7.6-40.6 weeks. 

3 foetal mosaic, 

2 47,XXY, 

1 47,XXX, 

1 47,XYY. 

  

abnormality, 

maternal age ≥ 35 

years. 

 

521 (49.0%)  

Low risk: 

maternal age < 35 

years and lacking 

any reported 

high-risk 

indications. 

 Natera Inc. 

(USA)  

karyotypin

g/FISH;  

genetic 

testing of 

cord 

blood, 

buccal 

sample or 

saliva 

(13.2%) or 

products 

of 

conceptio

n (42.8%).  

-based test on 

both high- and 

low-risk 

pregnant 

women.  

Porreco 

2014[31] 

USA  

 

Study start 

date: 

Prospective 

multicentre 

cohort 

(NCT00847

990) 

 

Number of 

N=4,170 enrolled, 

N=3,430 for testing. 

 

Singleton 

pregnancies, high risk 

for foetal aneuploidy 

N=740 (17.7%): 

320 insufficient 

sample volume,  

120 outside 6h 

lab processing 

window,  

T21, T18, 

T13 

High risk for 

foetal aneuploidy: 

Abnormal NT       

104 (3%), 

Abnormal Triple/ 

quad screen 289 

MPS (whole 

genome) 

 

MaterniT21

® PLUS 

Amniocen

tesis 

(75.5%) or 

CVS 

(24.5%) 

and 

karyotype  

None Clinical 

performance 

of MPS to test 

for T21, T18, 

T13, foetal 

sex and SCA. 

  

Accuracy 

of NIPT  



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

September 

2009 

centres: 31 undergoing invasive 

procedure. 

 

Mean age (SD), 

range: 35.1 (5.6),  

18-50 years. 

Mean gestational age 

(SD), range: 16.3 

(3.5), 9.0-37.0 weeks. 

 

Ethnicity: 

White 60.1%, 

Asian 18.7%, 

Hispanic or Latino 

9.9%, 

Black 4.5%, 

Multiple 5.5%. 

270 used as lab 

quality control 

set, 

24 incomplete 

case report forms, 

6 no 

amniocentesis / 

CVS. 

 

(8.4%), 

Abnormal 

ultrasound 492 

(14.3%),  

AMA ≥ 35 years 

1,417 (41.3%), 

Multiple 

indications 929 

(27.1%), 

Previous or 

family history of 

aneuploidies 98 

(2.9%). 

  

 

 

Sequenom, 

Inc. (USA) 

Quezada Prospective N=2,905 N=NR T21, T18, No prior 

screening, general 

DANSR, CVS or 

amniocent

First-trimester 

CT for T21 

1) Numbers 

and 

Comparis

on of 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

2015[41] 

UK  

 

Study start 

date: October 

2012 

cohort 

 

Number of 

centres: 1 

Women with 

singleton pregnancies 

undergoing routine 

first-trimester 

screening for the 

major trisomies by 

NIPT and by the 

combined test. 

 

Mean age (range): 

36.9 (20.4–51.9) 

years. 

 

Median gestational 

age (range): 10+4 

(10+0 -11+6) weeks. 

1st trimester: 100%. 

  

Ethnicity: 

Caucasian 2,570 

(88.5%), 

South Asian 173 

 

 

T13 obstetric 

population,  

AMA ≥ 35 years 

1,958 (67.4%).  

 

FORTE 

 

Harmony 

 

Ariosa 

Diagnostics 

(USA) 

esis and 

foetal 

karyotypin

g, 

post-

mortem 

examinati

on and 

karyotypin

g,  

newborn 

phenotype 

(PAPP-A, free 

β-hCG, nuchal 

translucency) 

 

Risk threshold  

≥ 1/100 for T21. 

concordance 

of results of 

NIPT and 1st-

trimester 

combined 

screen. 

 

2) Discordant 

results 

between NIPT 

and foetal 

karyotype. 

NIPT 

with CT  



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

(6.0%), 

East Asian 96 (3.3%), 

Afro-Caribbean 21 

(0.7%), 

Mixed 45 (1.5%). 

Sago 

2014[42] 

Japan 

 

Study start 

date: April 

2013 

Prospective 

multicentre 

cohort 

 

Number of 

centres: 15 

in April 

2013,  

37 by 

March 2014 

N=7,740 

Women with 

singleton pregnancies, 

10 to 18 weeks’ 

gestation, high-risk 

for aneuploidy, 

requesting NIPT. 

 

Mean age (range): 

38.3 (21-48) years. 

 

Mean gestational age 

(range): 

13.3 (10.0-19.9) 

weeks. 

Multiple 

Pregnancy 

N=NR 

 

 

T21, T18, 

T13 

All high-risk: 

Maternal age ≥ 35 

years 7387 

(95.4%),  

Prior history 226 

(2.9%), 

Ultrasound 

abnormality 108 

(1.4%), 

Serum marker 16 

(0.2%), 

Balanced 

Robertsonian 

translocation 3 

(0.04%). 

MPS (whole 

genome) 

 

MaterniT21 

PLUS  

 

Sequenom 

Inc. (USA) 

CVS or 

amniocent

esis and 

foetal 

karyotypin

g, foetal 

death and 

karyotypin

g or birth 

phenotype 

None PPV for T21, 

T18 and T13. 

Accuracy 

of NIPT 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

1st and 2nd trimester. 

Sehnert 

2011[53] 

USA 

 

Study start 

date: April 

2009 

 

Training set: 

Prospective 

case-control 

(all foetuses 

with 

abnormal 

karyotype as 

well as a 

random 

selection of 

non-affected 

individuals) 

 

Validation 

set: 

Prospective 

case-control 

or case 

series 

 

Number of 

centres: 13 

N=1,014 in cohort, 

946 singleton 

pregnancies with 

foetal karyotype. 

 

Mean age (SD), 

range: 35.6 (5.66), 17-

47 years. 

Mean gestational age 

(range): 15+4  

(6+1 - 38+1) weeks. 

Trimester NR. 

 

Ethnicity:  

62.7% Caucasian  

16.5% Hispanic 

6.2% Asian,  

N=68/1,014 

(6.7%) from 

cohort: 

Unspecified  

 

From training set 

N=6 (8.5%): 

4 twin gestations, 

1 contaminated 

during 

preparation, 

1 69,XXX. 

 

From validation 

set N=1 (2.1%): 

1 twin gestation. 

 

T21, T18, 

T13 

906/946 (96%) 

showed at least 1 

clinically 

recognized risk 

factor for 

aneuploidy: 

 

AMA ≥35 years 

52.1%, 

Screen positive  

18.6%, 

Increased NT 

4.5%, 

Other congenital 

abnormality 

9.0%, 

Other maternal 

risk 7.4%. 

MPS (whole 

genome) 

 

Verinata 

Health 

(USA) 

CVS or 

amniocent

esis and 

foetal 

karyotype 

None Test 

performance 

for T21, T18, 

T13, gender 

and 

Monosomy X 

classification 

 

 

Accuracy 

of NIPT 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

5.2% multi-ethnic 

 

Selected for training 

set: 71/435, 

Selected for 

validation set: 48/575. 

 

Shaw 

2014[32] 

Taiwan, 

China 

 

Study start 

date: June 

2012 

Prospective 

cohort  

 

Number of 

centres: 11 

N=201  

Pregnant women > 12 

weeks’ gestation. 

 

High risk (n=100): 

Mean age (SD): 

35.1 (3.2) years. 

Mean gestational age 

(SD) 17.3 (2.1) 

weeks. 

98 singleton, 2 twin 

pregnancies. 

N=1 (0.5%): 

1 due to early 

gestational age 

(<12 weeks)  

 

T21, T18, 

T13 

Very high risk 

(T21 risk >1:30 

or NT >3.0mm): 

N=100 

Average 

screening risk: 

1:22.8. 

 

Low risk  

(T21 risk 

<1:1,500): 

N=100 

Average 

screening risk: 

MPS (whole 

genome) 

 

Berry 

Genomics 

(China) 

Amniocen

tesis and 

karyotypin

g or birth 

outcome 

None Test 

performance 

for detection 

of all foetal 

autosomal and 

sex 

chromosome 

aneuploidies 

 

 

Accuracy 

of NIPT 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

 

Low risk (n=100): 

Mean age (SD):  

34.6 (2.6) years. 

Mean gestational age 

(SD) 16.1 (3.0) 

weeks. 

98 singleton, 2 twin 

pregnancies. 

1:3,179. 

Song 

2013[33] 

China 

 

Study start 

date: April 

2011 

Prospective 

cohort  

 

Number of 

centres: 2 

N=1,916 

Singleton 

pregnancies, women 

<35 years undergoing 

routine antenatal 

screening. 

 

Mean age (SD), 

range: 29.03 (2.7),  

20 - 34 years. 

N=NR 

 

T21, T18  

T13 

General obstetric 

population < 35 

years. 

 

High risk 

275/1,741 

(15.8%): 

Positive serum 

screening >1:270: 

249 (14.3%), 

MPS (whole 

genome) 

 

Berry 

Genomics 

(China) 

CVS, 

amniocent

esis or 

cordocent

esis and 

karyotypin

g or birth 

phenotype 

2nd trimester 

triple serum 

screening  

(α-fetoprotein, 

free β-hcg, 

unconjugated 

estriol) 

 

Cutoff ≥ 1:270 

for T21 and 

T18. 

NIPT test 

performance 

for detection 

of T21, T18, 

T13 and SCA. 

 

Comparison 

of NIPT and 

serum 

screening 

performance. 

Comparis

on of 

NIPT 

with CT 

 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

 

Mean gestational age 

(SD), range:  

16.57 (1.56), 

11 - 21+6 weeks. 

1st trimester: 3.4%,  

2nd trimester: 96.6%. 

 

Assisted conception 

14 (0.8%). 

Increased NT:  

10 (0.6%), 

Other indications 

16 (0.9%). 

 

Low risk 

1,466/1,741 

(84.2%). 

 

Song 

2015[45]  

China 

 

Study start 

date: May 

2012 

Prospective 

cohort 

 

Number of 

centres: 1 

N=213 

Women with 

singleton pregnancies, 

≥ 35 years, 8+0 – 

12+6 weeks’ 

gestation, high-risk of 

foetal aneuploidies, 

presenting for NIPT. 

 

Mean age (range): 

N=1 (0.5%): 

1 with quality 

control failure 

(haemolysis) 

T21, T18, 

T13 

All high-risk for 

foetal 

aneuploidies due 

to advanced 

maternal age ≥ 35 

years. 

MPS (whole 

genome) 

 

Berry 

Genomics 

(China) 

CVS or 

amniocent

esis and 

karyotypin

g (n=178) 

or 

newborn 

phenotypi

c 

examinati

on (n=34). 

None 1) Clinical 

performance 

of NIPT in the 

first trimester. 

 

2) 

Relationship 

between foetal 

DNA fraction 

and early 

gestational 

Accuracy 

of NIPT 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

37.25 (35-45) years. 

 

Mean gestational age 

(range): 9+6  

(8+0 – 12+6) weeks. 

100% 1st trimester. 

 age. 

Sparks 

2012[54] 

USA 

 

Study start 

date: NR 

Prospective 

case-control 

 

Number of 

centres: NR 

 

Number enrolled 

unclear.  

Singleton 

pregnancies, women ≥ 

18 years, ≥10 weeks’ 

gestation, high risk 

for foetal trisomies 

undergoing invasive 

testing. 

Subset of N=338  

(250 euploid, 72 T21, 

16 T18) randomised 

into 

 

Validation set 

NR T21, T18 High risk for 

foetal trisomy 

 

DANSR and 

z statistic or 

FORTE 

 

Aria 

Diagnostics 

(USA) 

Invasive 

testing 

with FISH 

and/or 

karyotype 

analysis 

None Detecting 

foetal 

aneuploidy 

using DANSR 

and z statistic 

or FORTE 

Accuracy 

of NIPT  



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

(n=167) 

(36 T21, 8 T18, 123 

euploid): 

Mean age (SD), 

range: 33.5 (7.1),  

18-51 years. 

Mean gestational age 

(SD), range: 18.6 

(4.0), 11.0-36.1 

weeks. 

 

Training set (n=171) 

(36 T21, 8 T18, 127 

euploid): 

Mean age (SD), 

range: 34.5 (6.3),  

18-44 years. 

Mean gestational age 

(SD), range: 17.6 

(4.4), 10.3-33.0 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

weeks. 

Stumm 

2014[34] 

Germany , 

Switzerland 

 

Study start 

date: NR 

Prospective 

cohort 

 

Number of 

centres: 5 

N=522 recruited, 

N=504 for testing. 

 

Women with 

singleton pregnancy, 

≥18 years, high risk 

for aneuploidies, with 

foetal karyotype. 

 

Mean age (range):  

36.0 (19-47) years. 

 

Mean gestational age 

(range): 15.6  

(11+0 – 32+1) weeks. 

N=18 (3.4%):  

9 no consent,  

8 no karyotype, 

1 sample 

previously tested. 

 

T21, T18 

T13  

All high risk for 

chromosomal 

aberrations: 

AMA >35 years 

69.5%, 

Positive serum 

markers 11.1%, 

Ultrasound 

abnormality 

39.3%, 

Family history 

2.1%, 

Parental 

chromosome 

abnormality 

0.4%, 

Other 14.9% 

(more than 1 risk 

factor in 179/522) 

MPS (whole 

genome) 

 

LifeCodexx 

(Germany) 

Amniocen

tesis, 

CVS, 

cordocent

esis and 

foetal 

karyotypin

g 

None 1) Diagnostic 

accuracy for 

foetal T21 

detection 

(using 

DAP.21). 

 

2) Diagnostic 

accuracy for 

foetal T13 and 

T18 detection 

(using 

DAP.plus) 

and 

comparison of 

algorithms for 

T21. 

Accuracy 

of NIPT  

Verweij Multicentre N=595 enrolled, N=75 (12.6%): T21 91.2% increased 

risk for T21 based 

DANSR CVS 

(54%) or 

None Test 

performance 

Accuracy 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

2013[35] 

Netherlands, 

Norway, 

Sweden, USA  

 

Study start 

date: May 

2011 

international 

prospective 

cohort (EU-

NITE study) 

 

Number of 

centres: 6 

(4 Dutch, 2 

Swedish) 

N=520 eligible. 

 

Women undergoing 

invasive testing,  

singleton pregnancy, 

≥10 weeks’ gestation. 

 

Mean age (SD), 

range: 36.4 (4.6),  

20-47 years.  

Mean gestational age 

(SD), range: 14.0 

(2.1), 10-28 weeks. 

 

Ethnicity:  

Caucasian 84.8%,  

Mediterranean 6.0%, 

Asian 3.3%, 

21 failed I/E 

criteria (non-

invasive 

procedure 

performed, twin 

pregnancy, no 

blood sample); 

19 insufficient 

plasma volume; 

11 logistical 

problems - 

shipping 

difficulties; 

24 chromosome 

abnormalities 

other than T21. 

  

on 1st trimester 

screening (serum 

screening, NT 

and/or maternal 

age), detection of 

foetal anomalies 

on ultrasound, 

previous affected 

pregnancy or 

family history. 

 

8.8% other 

indications 

(psychosocial or 

anxiety reasons). 

 

 

 

FORTE 

 

Harmony 

 

Ariosa 

Diagnostics 

(USA)   

  

amniocent

esis (46%) 

and 

karyotypin

g or 

quantitativ

e 

fluorescen

t PCR 

for T21 

detection by 

shipping 

whole blood 

samples from 

Europe to a 

laboratory in 

the USA. 

of NIPT  



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

Black 1.3%,  

Other 4.6%. 

Wax 2015[43] 

USA  

 

Study start 

date: June 

2012 

Retrospectiv

e review of 

prospective 

cohort 

 

Number of 

centres: 1 

N=1,046 eligible for 

NIPT, 

N=166 high-risk 

pregnant women with 

singleton pregnancies 

opted for NIPT. 

 

Mean age (SD): 34.6 

(5.5) years. 

 

Gestational age: range 

10+0 – 21+6 weeks. 

 

1st and 2nd trimester. 

 

 

Multiple 

pregnancy 

N=NR; 

N=880 (84.1%) 

chose not to have 

NIPT. 

T21, T18, 

T13 

All high-risk: 

AMA ≥ 35 years 

742 (70.9%), 

Ultrasound 

abnormality 280 

(26.8%), 

Positive screen 

115 (11.0%), 

Prior trisomy 15 

(1.4%), 

Parental 

translocation 1 

(0.1%).  

 

 MPS 

(whole 

genome) 

 

Manufacture

r: NR 

Amniocen

tesis 

(n=56) or 

CVS 

(n=50)  

and  

karyotypin

g, 

postnatal 

karyotypin

g of 

neonatal 

blood, 

birth 

phenotype 

from 

records   

None Difference in 

genetic 

counselling 

utilisation, 

invasive 

procedures 

and T21 

detection 

before and 

after NIPT 

implementatio

n. 

Accuracy 

of NIPT  

 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

Zhang 

2015[5] 

China, Hong 

Kong 

(Denmark) 

 

Study start 

date: January 

2012 

Prospective 

multicentre 

cohort 

 

Number of 

centres: 508 

N=147,314 samples 

received for NIPT. 

N=147,103 

appropriate samples. 

Women with 

singleton or twin 

pregnancy, ≥ 9 weeks 

of gestation, ≥ 18 

years old. 

 

Mean age (range): 

30.9 (18-56) years. 

Mean gestational age 

(range): 18.7  

(9-37) weeks. 

 

Trimester: 

1st (9-13 wks): 4.21%, 

2nd (14-27 wks): 

94.13%, 

N=211 (0.14%): 

211 samples 

rejected due to 

inadequate 

volume, 

contamination,  

<9 gestational 

weeks, or 

improper 

labelling. 

 

T21, T18, 

T13 

Mixed (high-risk, 

low-risk or no 

prior screening): 

Positive T21 

screening 

37.83%, 

Negative T21 

screening 

21.43%, 

No prior 

screening 

40.73%. 

 

AMA 23.04%, 

Family history of 

aneuploidies 

0.01%, 

Sonographic 

markers of 

chromosomal 

abnormality 

1.61%. 

MPS (whole 

genome) 

 

NIFTY test 

 

BGI-Health 

(China) 

Karyotypi

ng or 

clinical 

follow-up 

results. 

None 1) Clinical 

performance 

of NIPT in 

detecting T21, 

T18, and T13. 

 

2) NIPT 

performance 

in twin 

pregnancies. 

NIPT 

performance 

for T21 

detection in 

high-risk and 

low-risk 

subjects. 

Factors 

contributing 

to NIPT false-

positive and 

false-negative 

results. 

Accuracy 

of NIPT 



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

3rd (≥ 28 wks): 1.47%, 

Unknown: 0.18%. 

 

99.45% singletons,  

0.55% twins. 

Zhou 

2014[44] 

China  

 

Study start 

date: 

November 

2011 

Prospective 

cohort 

 

Number of 

centres: 1 

N=7,705 

Women with 

singleton pregnancies, 

12-24 weeks’ 

gestation, high-risk or 

no prior T21 

screening. 

 

Gestational age: 12-

24 weeks. 

 

1st and 2nd trimester. 

Multiple 

pregnancy 

N=NR 

T21, T18, 

T13 

Mixed risk: 

AMA ≥ 35 years: 

40.4%, 

 

High risk T21 

screening: 32.1%, 

Low risk T21 

screening: 11.3%, 

No prior T21 

screening: 56.6%. 

 

MPS (whole 

genome) 

 

NIFTY test 

 

BGI- 

Shenzen, 

China 

Amniocen

tesis and 

karyotypin

g (n=54), 

postnatal 

karyotype 

(n=2) or 

birth 

outcome 

(n=3,894).  

None 1) NIPT 

performance 

for detection 

of trisomies 

13, 18, and 

21. 

 

2) Confirming 

care flow path 

Accuracy 

of NIPT  

 

Zimmermann 

2012[55] 

Prospective 

case-control 

N=166 

(11 T21, 3 T18, 2 

NR T21, T18  

T13  

Mixed: 

Aneuploidy 

SNP-based, 

Parental 

Support (PS) 

Invasive 

testing and 

FISH 

None Detection of 

foetal 

aneuploidies 

Accuracy 

of NIPT  



Reference  Study 

design 

Participants Exclusions from 

study 

Trisomies 

investigat

ed (T21, 

T18, T13) 

Prior risk Type of test  Reference 

method 

Comparator if 

applicable 

Primary / 

secondary 

outcome 

Accuracy 

of NIPT 

or 

comparis

on of 

NIPT 

with CT 

USA 

 

Study start 

date: NR 

 

Unblinded 

proof-of-

principle 

study 

 

Number of 

centres: NR 

T13, 2 45X, 2 

47XXY, 146 

putatively euploid) 

 

Singleton 

pregnancies, women ≥ 

18 years, ≥ 9 weeks’ 

gestation.  

 

Median gestational 

age: 17.0 and 17.5 

weeks for euploid and 

aneuploid samples, 

respectively. 

 samples from 

pregnant women 

with invasive 

prenatal testing.  

 

Putative euploid 

samples from 

average-risk 

women without 

known risk 

indicators. 

algorithm 

 

Natera Inc. 

(USA)  

 

 

and/or 

karyotype 

in 

aneuploid 

samples, 

62/146 

putative 

euploid 

samples 

comfirme

d by 

karyotypin

g of post-

birth child 

tissue. 

at 

chromosomes 

13, 18, 21, X, 

and Y. 

AMA, advanced maternal age; β-hCG, β-fragment of human chorionic gonadotropin; CMA, chromosomal microarray; CT, first-trimester combined test; 

CVS, chorionic villus sampling; DANSR, digital analysis of selected regions; DNA, deoxyribonucleic acid; FISH, fluorescence in situ hybridisation; FORTE, 

Foetal fraction Optimized Risk of Trisomy Evaluation; FTS, first-trimester combined test; ICD, international classification of diseases; I/E criteria, inclusion 

or exclusion criteria; IQR, interquartile range; IVF, in vitro fertilisation; MPS, massively parallel sequencing; MS-AFP, maternal serum alpha-fetoprotein; 

NATUS, Next Generation Aneuploidy Test Using SNPs; NIFTY, Non-invasive Fetal Trisomy Test; NIPT, non-invasive prenatal testing; NPV, negative 

predictive value; NR, not reported; NT, nuchal translucency; PAPP-A, pregnancy-associated plasma protein; PCR, polymerase chain reaction; PPV, positive 

predictive value; QF-PCR, quantitative fluorescent polymerase chain reaction; ROC, receiver-operating-characteristic curve; SCA, sex chromosome 

anomalies; SD, standard deviation; SNP, single-nucleotide polymorphism; TOP, termination of pregnancy. * Reviewer calculation from published data.    

 



Supplement 6 Test characteristics by type of test 

Test characteristics – MPSS (whole genome) 

Reference 

 

Blood 

sampling 

(volume, 

time of 

sampling)  

Type and 

number of 

markers used 

Sequencing 

platform 

Multiplexing Threshold Denominator GC correction / 

repeat masked 

Human 

reference 

genome 

Alignment 

algorithm / 

mismatches 

allowed 

Alberti 

2015[56] 

France 

10 ml / 

Before 

invasive 

testing 

All fragments 

mapping to 

Chr21 (no 

markers) 

Illumina 

HiSeq2000 

NR (10 

libraries 

prepared at 

the same time) 

z-score > 3 for T21, 

used 23 euploid 

pregnancies as 

reference set. 

Total count of 

unique 

sequences 

mapped in the 

control-

sequencing run. 

No / no NR SOAP2 / 0 

mismatch 

Bianchi 

2012[47]  

USA 

17 ml / 

Before 

invasive test 

All fragments 

mapping to 

Chr13, Chr18 

or Chr21 (no 

markers) 

Illumina 

HiSeq 2000 

6-plex NCV > 4.0 aneuploid, 

NCV < 2.5 euploid, 

2.5 ≤ NCV ≤ 4.0 

unclassified; 

Used 110 independent 

unaffected samples 

Normalizing 

chromosome 

denominators 

not specified 

Normalising chr 

denominators / NR 

hg18 

(UCSC) 

Bowtie short 

read aligner 

(version 0.12.5) / 

≤ 2 mismatches 

Bianchi 

2014[19] 

USA 

10 ml / 

Before or > 

2 weeks after 

invasive test 

All fragments 

mapping to 

Chr13, Chr18 

or Chr21 (no 

markers) 

Illumina 

HiSeq 2000 

8-plex NCV ≥ 4.0 affected,  

NCV ≤ 3.0 

unaffected, 

3.0 < NCV < 4.0: 

resequenced in 1-plex 

Normalising 

chromosome 

denominators 

not specified 

Normalising chr 

denominators / NR 

hg18 

(UCSC) 

Bowtie short 

read aligner 

(version 0.12.5) / 

≤ 2 mismatches 

Chen 2011[48] 

Hong Kong, 

5-10 ml / 

Before 

All fragments 

mapping to 

Chr13 or 

Genome 

Analyzer IIx 

2-plex z-score > 3 for T13 

and T18; 

Total GC-

corrected read 

counts from a 

GC correction 

(LOESS regression) 

Hg18 

NCBI.36 

Short 

Oligonucleotide 

Alignment 



Reference 

 

Blood 

sampling 

(volume, 

time of 

sampling)  

Type and 

number of 

markers used 

Sequencing 

platform 

Multiplexing Threshold Denominator GC correction / 

repeat masked 

Human 

reference 

genome 

Alignment 

algorithm / 

mismatches 

allowed 

Netherlands, 

UK, China 

invasive test Chr18 (no 

markers) 

 

(Illumina) 103 independent male 

euploid samples as 

controls 

sample / non-repeat masked Programme 2 

(SOAP2); no 

mismatch 

Chiu 2011[49] 

Hong Kong, 

Netherlands, 

UK, China 

5-10 ml / 

Before 

invasive test 

All fragments 

mapping to 

Chr21 (no 

markers) 

 

Genome 

Analyzer IIx 

(Illumina) for 

2-plex; 

Genome 

Analyzer II 

(Illumina) for 

8-plex  

2-plex or 8-

plex 

z-score > 3 for T21; 

used 82 and 96 

independent male 

euploid samples as 

controls for 2-plex 

and 8-plex, 

respectively 

Total reads 

sequenced from 

a sample 

no / repeat-masked NCBI Build 

36, version 

48 

ELAND, version 

1.0 for Genome 

Analyzer II and 

version 1.4 for 

Genome 

Analyzer IIx  / 

NR 

Dan 2012[20] 

China, Hong 

Kong 

5 ml / 

Before 

invasive test 

All fragments 

mapping to 

chr18 and 

chr21 (no 

markers) 

Illumina 

GAIIx or 

Illumina 

HiSeq 2000 

4-plex or 12-

plex 

Binary hypothesis t-

test and logarithmic 

LR between the two t-

tests (NIFTY): 

t >2.5 and L >1: test 

positive, 

t >2.5 or L >1: 

test positive, 

t <2.5 and L <1:  

test negative. 

Total number of 

unique reads. 

Then 

normalisation 

by average k-

mer coverage of 

the 22 

autosomes 

GC correction 

(Losses regression) 

/ NR 

hg18, NCBI 

build 36 

NR / 0 mismatch 

Ehrich 10 ml /  All fragments 

aligned to 

Genome 

Analyzer IIx 

4-plex z-score > 2.5 for T21;  All sequence 

reads excluding 

no / non-repeat UCSC hg19 

human 

CASAVA 

version 1.6 / up 



Reference 

 

Blood 

sampling 

(volume, 

time of 

sampling)  

Type and 

number of 

markers used 

Sequencing 

platform 

Multiplexing Threshold Denominator GC correction / 

repeat masked 

Human 

reference 

genome 

Alignment 

algorithm / 

mismatches 

allowed 

2011[50] 

USA 

Before 

invasive test 

Chr21 (no 

markers) 

(Illumina) (1-plex for 

resequencing 

when foetal 

fraction ≤ 

3.9%) 

used 24 independent 

euploid reference 

samples; iterative 

censoring to adjust for 

biased control group 

chr X and Y masked reference 

genome 

to 1 mismatch 

Huang 

2014[22] 

China, 

Denmark, 

Hong Kong 

5 ml / 

Before 

invasive test 

All fragments 

mapping to 

chr18 and 

chr21 (no 

markers) 

Illumina 

GAIIx or 

Illumina 

HiSeq 2000 

(from [20]) 

4-plex or 12-

plex (from 

[20]) 

Binary hypothesis t-

test and logarithmic 

LR between the two t-

tests (NIFTY): 

t >2.5 and L >1: test 

positive, 

t >2.5 or L >1: test 

positive (or test 

repeated), 

t <2.5 and L <1:  

test negative. 

For k-mer 

coverage: Total 

number of 

unique reads. 

Then 

normalisation 

by average k-

mer coverage of 

the 22 

autosomes 

GC correction 

(Losses regression) 

/ NR 

hg18, NCBI 

build 36 

NR / 0 mismatch 

Jeon 2014[39]  

South Korea, 

China 

10 ml / 

Before 

invasive 

testing 

All fragments 

mapping to 

Chr18 or 

Chr21 (no 

markers) 

Ion ProtonTM 

System (Life 

Technologies, 

Grand Island, 

NY, USA) 

10-plex z-score, all 139 

euploid samples from 

this study used as 

reference group. 

Interactive threshold. 

Mapped reads 

without 

denominator 

used for z-score 

calculation 

Filtered by GC 

contents (35%-

45%) / non-repeat 

masked 

  

Unmasked 

Human 

reference 

genome 

sequence 

(hg19) 

BWA / NR 

Jiang 2012[23] 5 ml / All fragments 

mapping to 

chr13, chr18 

Illumina 

GAIIx and 

Illumina 

multiplex Binary hypothesis t-

test and logarithmic 

LR between the two t-

For k-mer 

coverage: total 

number of 

GC correction 

(Losses regression) 

hg18, NCBI 

build 36 

NR / 0 mismatch 



Reference 

 

Blood 

sampling 

(volume, 

time of 

sampling)  

Type and 

number of 

markers used 

Sequencing 

platform 

Multiplexing Threshold Denominator GC correction / 

repeat masked 

Human 

reference 

genome 

Alignment 

algorithm / 

mismatches 

allowed 

China NR and chr21 (no 

markers) 

HiSeq 2000 tests (NIFTY): 

│ti;j;first│> 3 and  

│ti;j;second│< 3 as 

warning criteria. 

Autosomal aneuploidy 

if Li;j > 1. 

unique reads. 

Then 

normalisation 

by average k-

mer coverage 

for the 22 

autosomes 

/ NR 

Lau 2012[24] 

Hong Kong, 

China, Japan 

5 ml / 

Before 

invasive test 

All fragments 

mapping to 

chr13, chr18 

and chr21 (no 

markers) 

Illumina 

HiSeq 2000 

12-plex z-score (with internal 

reference chr) ≥ 3 for 

trisomy; 

used 400 independent 

euploid samples as 

reference set. 

Total number of 

unique reads 

GC correction 

(internal reference 

chromosome: Chr4 

for T13, 

Chr8 for T18, 

Chr14 for T21) / 

repeat-masked 

NCBI build 

36.1 

ELAND /  

0 mismatch 

Lau 2014[25] 

Hong Kong, 

USA, China 

5 ml / 

Before 

invasive test 

All fragments 

mapping to 

chr13, chr18 

and chr21 (no 

markers) 

Illumina 

GAIIx and 

Illumina 

HiSeq 2000 

(from [23]) 

Multiplex 

(from [23]) 

Binary hypothesis t-

test and logarithmic 

LR between the two t-

tests (NIFTY): 

 t >2.5 and L >1: test 

positive, 

t >2.5 or L >1: test 

positive (or test 

repeated), 

t <2.5 and L <1: test 

For k-mer 

coverage: total 

number of 

unique reads. 

Then 

normalisation 

by average k-

mer coverage 

for the 22 

autosomes 

(from [23]) 

GC correction 

(Losses regression) 

/ NR 

Hg18, 

NCBI build 

36 

NR / 0 mismatch 



Reference 

 

Blood 

sampling 

(volume, 

time of 

sampling)  

Type and 

number of 

markers used 

Sequencing 

platform 

Multiplexing Threshold Denominator GC correction / 

repeat masked 

Human 

reference 

genome 

Alignment 

algorithm / 

mismatches 

allowed 

negative. 

Threshold t-value NR 

Liang 

2013[26] 

China 

5 ml / 

Before 

invasive test 

All fragments 

mapping to 

chr13, chr18 

and chr21 (no 

markers) 

Illumina 

HiSeq 2000 

8-plex or 12-

plex 

z-score > 3 for T21,  

z-score > 5.91 for 

T18,  

z-score > 5.72 for 

T13; 

reference set of 50 

independent female 

euploid samples 

Total count of 

sequences 

uniquely 

mapped to all 

autosomal 

chromosomes 

GC correction 

(slope of simple 

linear regression) / 

non-repeat masked  

Unmasked 

human 

reference 

genome 

(hg19) 

SOAP2 / NR 

Palomaki 

2012[52] 

USA 

20-50 ml / 

Before 

invasive test 

All fragments 

mapping to 

Chr13, Chr18 

or Chr21 (no 

markers) 

Illumina 

HiSeq 2000 

4-plex FC-robust z-scores ≥ 

3 for T21, T18 and 

T13. 

Euploid pregnancies 

considered to be 

controls for each 

chromosome. 

Counts for all 

22  autosomes 

(from [62]) 

GC correction / 

non-repeat masked  

for T13 and T18, 

repeat-masked for 

T21 test and post 

hoc for T13 and 

T18 analysis 

UCSC hg19 

human 

reference 

genome 

(from [62]) 

CASAVA 

version 1.6 /  

0 mismatches 

(from [62]) 

Porreco 

2014[31] 

USA 

20-30 ml / 

Before 

invasive test 

All fragments 

mapping to 

chr13, chr18, 

chr21, X and Y 

(no markers) 

Illumina 

HiSeq 2000 

12-plex FC-robust z-score ≥ 3 

for T21, 

Flow cell-robust z-

score ≥ 3.95 for T18 

and T13. 

Counts for all 

22  autosomes 

(from [64]) 

GC correction / 

repeat-masked 

(from [64]) 

UCSC hg19 Bowtie version 2 

/ 0 mismatch 

(from [64]) 



Reference 

 

Blood 

sampling 

(volume, 

time of 

sampling)  

Type and 

number of 

markers used 

Sequencing 

platform 

Multiplexing Threshold Denominator GC correction / 

repeat masked 

Human 

reference 

genome 

Alignment 

algorithm / 

mismatches 

allowed 

 

Sago 2014 

[42] 

Japan 

20 ml / 

Before 

invasive 

testing 

NR 

(MaterniT21 

Plus, 

Sequenom: 

All fragments 

mapping to 

chr13, chr18 

and chr21 (no 

markers)) 

NR 

(Illumina 

HiSeq 

2000[64]) 

NR 

(12-plex[64]) 

NR 

(Robust z-scores z > 3 

for chromosome 21 

and z > 3.95 for 

chromosomes 18 and 

13[64]). 

NR 

(Counts for all 

22  autosomes 

(from [64])) 

GC correction / 

repeat-masked 

(from [64]) 

NR 

(UCSC 

hg19 (from 

[64])) 

NR / NR 

(Bowtie2 / 

Perfect matches 

within the seed 

sequence (from 

[64])) 

Sehnert 

2011[53] 

USA 

20 ml / 

Before 

invasive test 

All fragments 

mapping to 

chr13, chr18 

and chr21 (no 

markers) 

Genome 

Analyzer IIx 

(Illumina) 

Monoplex NCV > 4.0 aneuploid, 

NCV < 2.5 euploid, 

2.5 ≤ NCV ≤ 4.0 

unclassified;  

Used independent 

euploid samples from 

training set. 

Chr9 for Chr21, 

Chr8 for Chr18, 

Sum of Chr(2-

6) for Chr13. 

Normalising chr 

denominators / NR 

hg18 

(UCSC) 

Bowtie short 

read aligner 

(version 0.12.5) / 

≤ 2 mismatches 

Shaw 

2014[32] 

Taiwan, China 

5 ml / 

Before 

invasive test 

All fragments 

mapping to 

chr13, chr18 

and chr21 (no 

markers) 

Illumina 

HiSeq 2000 

12-plex z-score > 3 for 

trisomy; 

Used 50 independent 

female euploid 

samples as reference 

set 

Total count of 

sequences 

uniquely 

mapped to all 

autosomes 

(from [26]) 

GC correction  

(slope of simple 

linear 

regression[26]) / 

non-repeat masked 

hg19 SOAP2 / NR 



Reference 

 

Blood 

sampling 

(volume, 

time of 

sampling)  

Type and 

number of 

markers used 

Sequencing 

platform 

Multiplexing Threshold Denominator GC correction / 

repeat masked 

Human 

reference 

genome 

Alignment 

algorithm / 

mismatches 

allowed 

Song 2013[33] 

China 

5 ml / 

Before 

invasive test 

All fragments 

mapping to 

chr13, chr18 

and chr21 (no 

markers) 

Illumina 

HiSeq 2000 

12-plex z-score ≥ 3 for 

trisomy; 

Used 50 independent 

female euploid 

samples as reference 

set 

Total count of 

sequences 

uniquely 

mapped to all 

autosomes 

(from [26]) 

GC correction 

(slope of simple 

linear 

regression[26])  / 

non-repeat masked 

hg19 BWA / NR 

Song 2015[45] 

China 

NR / Before 

invasive 

testing 

All fragments 

mapping to 

Chr13, Chr18 

or Chr21 (no 

markers) 

Illumina 

HiSeq 2000 

12-plex (from 

[33]) 

z-score ≥ 3 for 

trisomy; 

Used 50 independent 

female euploid 

samples as reference 

set (from [33]) 

Total count of 

sequences 

uniquely 

mapped to all 

the autosomal 

chromosomes 

(from [26]) 

GC correction 

(slope of simple 

linear 

regression[26])  / 

non-repeat 

masked(from [33])  

hg19 BWA / NR (from 

[33]) 

Stumm 

2014[34] 

Germany, 

Switzerland 

7-10 ml / 

Before 

invasive 

procedure 

All fragments 

mapping to 

chr13, chr18 

and chr21 (no 

markers) 

Illumina 

HiSeq 2000 

12-plex MAD-based z-score ≥ 

3 for T21, ≥ 3.9 for 

T13 and ≥ 3.2 for 

T18. 

1%, 2%, 4%, 10%, 

20% or 40% T21 

DNA control samples 

in each FC. 

Total counts of 

all autosomes, 

X and Y 

DAP.21 for T21: no 

/ repeat-masked 

(after unblinding 

DAP.plus for T13, 

T18 and T21 

 with GC correction 

(LOWESS)) 

DAP.21: 

hg18, 

DAP.plus: 

hg19 

 

ELAND /  

0 mismatch 

Wax 2015[43] 

USA 

NR / Before 

invasive 

testing 

NR (Single 

commercial 

laboratory 

using MPSS) 

NR NR NR NR NR / NR NR NR / NR 



Reference 

 

Blood 

sampling 

(volume, 

time of 

sampling)  

Type and 

number of 

markers used 

Sequencing 

platform 

Multiplexing Threshold Denominator GC correction / 

repeat masked 

Human 

reference 

genome 

Alignment 

algorithm / 

mismatches 

allowed 

Zhang 2015[5] 

China, Hong 

Kong, 

(Denmark)  

5 ml / Before 

invasive 

testing 

All fragments 

mapping to 

chr13, chr18 

and chr21 (no 

markers) 

Illumina 

HiSeq2000 

24-plex A binary hypothesis t-

test and logarithmic 

likelihood ratio L-

score between the two 

t-tests (NIFTY) (from 

[20 23]). 

Threshold NR 

Total number of 

unique reads. 

Then 

normalisation 

by average k-

mer coverage of 

the 22 

autosomes 

(from [20 23]) 

GC correction 

(Losses regression) 

/ NR (from [20 23]) 

hg18, NCBI 

build 36 

NR / 0 mismatch 

(from [20 23]) 

Zhou 2014[44] 

China 

NR / Before 

invasive 

testing 

All fragments 

mapping to 

chr13, chr18 

and chr21 (no 

markers) (from 

[20]) 

Illumina 

GAIIx or 

Illumina 

HiSeq 2000 

(from [20]) 

NR Binary hypothesis t-

test and logarithmic 

LR between the two t-

tests (NIFTY): 

t >2.5 and L >1: test 

positive, 

t >2.5 or L >1: 

test positive, 

t <2.5 and L <1:  

test negative (from 

[20]) 

Total number of 

unique reads. 

Then 

normalisation 

by average k-

mer coverage of 

the 22 

autosomes 

(from [20]) 

GC correction 

(Losses regression) 

/ NR (from [20]) 

hg18, NCBI 

build 36 

(from [20]) 

NR / 0 mismatch 

(from [20]) 

BWA, Burrows–Wheeler Aligner; Chr, chromosome; DNA, deoxyribonucleic acid; FC, flow cell; GC, guanine cytosine; LOESS / LOWESS, locally 

weighted scatterplot smoothing regression; LR, likelihood ratio; MAD, median absolute deviation; MPSS, massively parallel signature sequencing; NCBI, 



National Centre for Biotechnology Information; NCV, normalised chromosome value; NIFTY, Non-Invasive Fetal TrisomY test; NR, not reported; SOAP, 

Short Oligonucleotide Alignment Program; UCSC, University of California, Santa Cruz. 

 

Test characteristics - DANSR (targeted sequencing) 

Reference 

 

Blood 

sampling 

(volume / 

time of 

sampling) 

Type and 

number of 

markers used 

Sequencing 

platform 

Multiplexing Threshold Denominator GpC 

correction / 

repeat masked 

Human reference 

genome 

Alignment 

algorithm / 

mismatches 

allowed 

Ashoor 

2012[46]  

UK 

10 ml / 

Before 

invasive test 

 

576 

nonpolymorphic 

loci on each 

chr18 and chr21 

Illumina 

HiSeq 2000 

96-plex FORTE risk 

score, threshold 

NR 

Sum of mean 

cfDNA counts of 

the loci for chr18 

and chr21 

Median polish 

on log-

transformed 

counts / 

NA 

Expected locus 

sequences 

NR / 

<3 mismatches  

Bevilacqua 

2015[37] 

Belgium, UK, 

Spain 

20 ml / 

Before 

invasive 

testing 

576 

nonpolymorphic 

loci on each 

chr13, chr18 

and chr21 (from 

[21 54])  

Illumina 

HiSeq 2000 

(from [21 

54]) 

96-plex 

(from [21 

54]) 

FORTE risk 

score 

(threshold NR, 

HarmonyTM 

Prenatal Test 

usually uses 

FORTE risk 

score of 1% as 

cutoff)  

Sum of mean 

cfDNA counts of 

the loci for chr13, 

chr18 and chr21 

(from [21 54]) 

Median polish 

on log-

transformed 

counts / 

NA (from [21 

54]) 

Expected locus 

sequences (from [21 

54]) 

NR / 

<3 mismatches 

(from [21 54]) 

Del Mar Gil 

2014[21]  

UK 

2 ml stored 

plasma / 

NR 

576 

nonpolymorphic 

loci on each 

chr13, chr18 

and chr21  

Illumina 

HiSeq 2000 

96-plex FORTE risk 

score, threshold 

NR 

Sum of mean 

cfDNA counts of 

the loci for chr13, 

chr18 and chr21 

Median polish 

on log-

transformed 

counts / 

Expected locus 

sequences 

NR / 

<3 mismatches 



Reference 

 

Blood 

sampling 

(volume / 

time of 

sampling) 

Type and 

number of 

markers used 

Sequencing 

platform 

Multiplexing Threshold Denominator GpC 

correction / 

repeat masked 

Human reference 

genome 

Alignment 

algorithm / 

mismatches 

allowed 

NA 

Nicolaides 

2012[27]  

UK 

2 ml stored 

plasma / 

Before 

invasive test 

576 

nonpolymorphic 

loci on each 

chr18 and chr21 

HiSeq 2000 96-plex FORTE risk 

score > 1%: 

High risk for 

T18 or T21 

Sum of mean 

cfDNA counts of 

the loci for chr18 

and chr21 

Median polish 

on log-

transformed 

counts / 

NA 

Expected locus 

sequences 

NR / 

<3 mismatches 

Norton 

2012[29]  

USA, Sweden, 

Netherlands 

20 ml / 

Before 

invasive test 

576 

nonpolymorphic 

loci on each 

chr18 and chr21  

Illumina 

HiSeq 2000 

96-plex FORTE risk 

score > 1%: 

High risk for 

T18 or T21 

Sum of mean 

cfDNA counts of 

the loci for chr18 

and chr21 

Median polish 

on log-

transformed 

counts / 

NA 

Expected locus 

sequences 

NR / 

<3 mismatches 

Norton 2015[6] 

USA, Sweden 

NR / Before 

invasive 

testing 

HarmonyTM 

Prenatal test: 

576 

nonpolymorphic 

loci on each 

chr13, chr18 

and chr21 for 

chromosome 

proportion. 

Illumina 

HiSeq 2000 

(from [54]) 

96-plex 

(from [54]) 

FORTE risk 

score > 1%: 

High risk for 

T13, T18 or 

T21, 

respectively. 

Sum of mean 

cfDNA counts of 

the loci for chr13, 

chr18 and chr21 

(from [54]) 

Median polish 

on log-

transformed 

counts / 

NA (from [54]) 

Genome Reference 

Consortium human 

build 37 

NR / 

<3 mismatches 

(from [54]) 

Quezada 

2015[41] 

UK 

20 ml / 

Before 

invasive 

testing 

HarmonyTM 

Prenatal test: 

576 

nonpolymorphic 

loci on each 

Illumina 

HiSeq 2000 

(from [46 

54]) 

96-plex 

(from [46 

54]) 

FORTE risk 

score (threshold 

NR, usually 1% 

cutoff). 

Sum of mean 

cfDNA counts of 

the loci for chr13, 

chr18 and chr21 

(from [46 54]) 

Median polish 

on log-

transformed 

counts / 

NA (from [46 

Expected locus 

sequences (from [46 

54]) 

NR / 

<3 mismatches 

(from [46 54]) 



Reference 

 

Blood 

sampling 

(volume / 

time of 

sampling) 

Type and 

number of 

markers used 

Sequencing 

platform 

Multiplexing Threshold Denominator GpC 

correction / 

repeat masked 

Human reference 

genome 

Alignment 

algorithm / 

mismatches 

allowed 

chr13, chr18 

and chr21 for 

chromosome 

proportion. 

54]) 

Sparks 

2012[54] 

USA 

8 ml / 

NR 

576 

nonpolymorphic 

loci on each 

chr18 and chr21 

Illumina 

HiSeq 2000 

96-plex Training set: 

Standard Z-test 

of proportions; 

iterative 

censoring on 

each lane of 96 

samples; 

z-score > 3. 

Validation set: 

FORTE risk 

score, threshold 

1:100-1:300 

Sum of mean 

cfDNA counts of 

the loci for chr18 

and chr21 

Median polish 

on log-

transformed 

counts / 

NA 

Expected locus 

sequences 

NR / 

<3 mismatches 

Verweij 

2013[35] 

Netherlands, 

Sweden, USA 

20 ml / 

Before 

invasive test 

576 

nonpolymorphic 

loci on each 

chr18 and chr21 

Illumina 

HiSeq 2000 

96-plex FORTE risk 

score > 1%: 

High risk 

Sum of mean 

cfDNA counts of 

the loci for chr18 

and chr21 

Median polish 

on log-

transformed 

counts / 

NA 

Expected locus 

sequence 

NR / 

<3 mismatches 

cfDNA, cell-free deoxyribonucleic acid; Chr, chromosome; DANSR, digital analysis of selected regions; FORTE, Fetal-fraction Optimized Risk of Trisomy 

Evaluation; NA, not applicable; NR, not reported. 

 



Test characteristics – Single-nucleotide polymorphism-based NIPT (with PS or NATUS algorithm) 

Reference 

 

Blood 

sampling 

(volume / time 

of sampling) 

Type and 

number of 

markers used 

Sequencing 

platform 

Multiplexing Threshold Paternal 

genetic 

sample 

GpC 

correction / 

repeat masked 

Human 

reference 

genome 

Alignment 

algorithm / 

mismatches 

allowed 

Hall 2014[51]  

USA 

 NR / NR 11,000 or 

19,488 SNPs on 

chromosomes 

21, 18, 13, X, 

and Y 

Illumina 

GAIIx or 

HiSeq 

sequencer 

11,000-plex or 

19,488-plex 

targeted PCR 

NATUS: calls foetal 

genotype and foetal 

fraction with 

maximum likelihood, 

calculates copy 

number call accuracy, 

threshold NR 

yes NA / NR NR Proprietary 

algorithm adapted 

from Novoalign 

(Novocraft, 

Selangor, 

Malaysia) / NR 

(from [55]) 

Korostelev 

2014[40] 

Russia 

NR / Before 

invasive testing 

>19,000 

polymorphic 

loci covering 

chromosomes 

21, 13, 18, X, 

and Y. 

NR 

(Illumina 

GAIIx or 

HiSeq 

sequencer 

(from [55])) 

NR 

(19,488-plex 

targeted PCR 

(from [30]) 

Maximum likelihood 

estimate generated by 

the NATUS algorithm 

combined with 

maternal and 

gestational age prior 

risks. Threshold NR. 

 

NR NA / NR NR NR / NR 

(Proprietary 

algorithm adapted 

from Novoalign 

(Novocraft, 

Selangor, 

Malaysia) / NR 

(from [55])) 

Nicolaides, 

2013[28] 

UK 

20 ml / 

Before invasive 

test 

19,488 SNPs on 

chromosomes 

21, 13, 18, X, 

and Y 

Illumina 

GAIIx or 

HiSeq 

sequencer 

(from [55]) 

19,488-plex 

targeted PCR 

NATUS: calls foetal 

genotype and foetal 

fraction with 

maximum likelihood, 

calculates copy 

number call accuracy, 

threshold NR 

no NA / NR NR Proprietary 

algorithm adapted 

from Novoalign 

(Novocraft, 

Selangor, 

Malaysia) / NR 

(from [55]) 

Pergament 

2014[30] 

NR / 

93% before 

invasive test, 

19,488 SNPs on 

chromosomes 

21, 13, 18, X, 

Illumina 

GAIIx or 

HiSeq 

sequencer 

19,488-plex 

targeted PCR 

NATUS: calls foetal 

genotype and foetal 

fraction with 

maximum likelihood, 

yes for 

48.1% of 

samples 

NA / NR NR Proprietary 

algorithm adapted 

from Novoalign 

(Novocraft, 



USA 7% at least 4 

days after 

and Y (from [55]) calculates copy 

number call accuracy, 

threshold NR 

Selangor, 

Malaysia) / NR 

(from [55]) 

Zimmermann 

2012[55] 

USA 

20-40 ml / 

Putative euploid 

samples before, 

most 

aneuploidy 

samples after 

invasive test 

11,000 SNPs on 

chromosomes 

21, 18, 13, X, 

and Y 

Illumina 

GAIIx or 

HiSeq 

sequencer 

11,000-plex 

targeted PCR  

PS: calls foetal 

genotype and foetal 

fraction with 

maximum likelihood, 

calculates copy 

number call accuracy, 

threshold NR 

yes NA / NR NR Proprietary 

algorithm adapted 

from Novoalign 

(Novocraft, 

Selangor, 

Malaysia) / NR  

NA, not applicable; NATUS, Next-generation Aneuploidy Test Using SNPs; NIPT, non-invasive prenatal testing; NR, not reported; PCR, polymerase chain 

reaction; PS, Parental Support
TM

 algorithm; SNP, single-nucleotide polymorphism. 

 

 

Test characteristics – other approaches 
Reference 

 

 

Blood 

sampling 

(volume / time 

of sampling) 

Type and 

number of 

markers 

used 

Sequencing 

platform 

Multiplexing Threshold Paternal 

genetic 

sample 

Denominator (reference 

chromosome) 

Human 

reference 

genome 

Alignment 

algorithm / 

mismatches 

allowed 

Dhallan 

2007[57] 

USA 

25-50 ml / NR 549 SNPs on 

chr 13; 

570 SNPs on 

chr 21 

NA (Allelic 

SNP ratio: 

PCR followed 

by 

quantification 

of bands on 

sequencing 

gels) 

NA Mean log ratio of foetal 

DNA between chr 13 and chr 

21 significantly different 

(two-tailed Student’s t-test 

allowing for unequal 

variances, significance level 

<0.05) 

yes Chr 13 NA NA / NA 

Chr, chromosome; DNA, deoxyribonucleic acid; NA, not applicable; NR, not reported; PCR, polymerase chain reaction; SNP, single-nucleotide 

polymorphism. 



Test characteristics – more than one approach 

Reference 

 

Blood 

sampling 

(volume, 

time of 

sampling)  

Type and 

number of 

markers used 

Sequencing 

platform 

Multiplexing Threshold Denominator  GC correction / 

repeat masked 

Human 

reference 

genome 

Alignment 

algorithm / 

mismatches 

allowed 

Beamon 

2014[36] 

USA 

NR / 

Before 

invasive 

testing 

NR  

(Verinata and 

Sequenom 

commercial 

tests: All 

fragments 

mapping to 

Chr13, Chr18 or 

Chr21 (no 

markers)) 

NR NR Verinata: Normalised 

chromosome value  

(NCV) >4.0 for 

autosomal aneuploidy 

and <2.5 for 

unaffected foetuses. 

NCV between 2.5 and 

4.0 as “unclassified”. 

Sequenom: NR 

(Robust z-scores, 

cutoff NR) 

NR NR / NR NR NR / NR 

Comas 

2014[38] 

Spain 

≤ 20 ml /  

Before 

invasive 

testing 

 

 

 

Panorama: 

Paternal 

genetic 

NR 

(Harmony test: 

576 

nonpolymorphic 

loci on each 

chr13, chr18 

and chr21. 

Panorama test: 

19,488 

polymorphic 

loci covering 

chromosomes 

21, 13, 18, X, 

NR NR NR 

(Harmony: FORTE 

risk score (usually 1% 

cutoff). 

Panorama: Maximum 

likelihood estimate 

generated by the 

NATUS algorithm 

combined with 

maternal and 

gestational age prior 

risks. 

NR 

(Harmony: 

Sum of mean 

cfDNA counts 

of the loci for 

chr13, chr18 

and chr21 (from 

[46 54])   

Panorama: 

NA) 

 

NR / NR NR  NR / NR 



Reference 

 

Blood 

sampling 

(volume, 

time of 

sampling)  

Type and 

number of 

markers used 

Sequencing 

platform 

Multiplexing Threshold Denominator  GC correction / 

repeat masked 

Human 

reference 

genome 

Alignment 

algorithm / 

mismatches 

allowed 

sample in 

51% of 

samples. 

and Y.) Threshold NR.)  

cfDNA, cell-free deoxyribonucleic acid; Chr, chromosome; NA, not applicable; NCV, normalised chromosome value; NR, not reported. 



1 
 

Supplement 7 Study quality according to QUADAS-2[7] 
Study 

 
Risk of bias Applicability concerns 

Patient 

selection 

Index test Reference 

standard 

Flow and 

timing 

Role and impact 

of sponsor 

Patient selection 

 

Index test Reference 

standard 

Alberti 2015[56] High High Low High Low Unclear Low Low 

Ashoor 2012[46] High Unclear Low High Unclear Low Low Low 

Beamon 2014[36] High Low Low High Low High Low Low 

Bevilacqua 

2015[37] 
Unclear Low Low High High High Low Low 

Bianchi  2012[47] High Low Low High  High High Low Low 

*Bianchi 2014[19] Unclear Unclear Low High High High  High  Low 

Chen 2011[48] High Unclear Low Low High Unclear Low Low 

Chiu 2011[49] High Low Low High High High Low Low 

Comas 2014[38] High Low Low High High High Low Low 

Dan 2012[63] Unclear Unclear Low High High High Low Low 

Del Mar Gil 2013 

[21] 
Unclear Unclear Unclear High Unclear Low Low Low 

Dhallan 2007[57] High Unclear Low Low High High High Low 

Ehrich 2011[50] High High Low High High High  Low Low 

Hall 2014[51] High Unclear Low High High High High Low 

Huang 2014[22] Unclear Unclear Low Low High High Low Low 

Jeon 2014[39] Unclear High Low Low Low High Low Low 

Jiang 2012[23] Unclear Unclear Low Low High High Low Low 



2 
 

Study 

 
Risk of bias Applicability concerns 

Patient 

selection 

Index test Reference 

standard 

Flow and 

timing 

Role and impact 

of sponsor 

Patient selection 

 

Index test Reference 

standard 

Korostolev 

2014[40] 
Unclear Low Low High Low High Low Low 

Lau 2012[24] Unclear Low Low Low Unclear Low  Low Low 

Lau 2014[25] Low Unclear Low High Unclear High Low Low 

Liang 2013[26] Unclear Low Low High Low High Low Low 

*Nicolaides 

2012[27] 
Unclear Low Low High   Unclear High Low Low 

Nicolaides 

2013[28] 
Unclear Unclear Low High  Unclear Low Low Low 

Norton 2012[29] Unclear Low Low High High High Low Low 

*Norton 2015[6] Unclear Low Low High High High Low Low 

Palomaki 2012[52] High High Low High High High Low Low 

Pergament 

2014[30] 
Unclear High Low High High High Low Low 

Porreco 2014[31] High Low Low High High High Low Low 

*Quezada 

2015[41] 
Unclear Low / High$ Low High Unclear High Low Low 

Sago 2014[42] High Low Low High Unclear Unclear Low Low 

Sehnert 2011[53] High Low Low High High High Low Low 

Shaw 2014[32] Unclear Low Low Low Unclear High Low Low 

*Song 2013[33] Unclear Low Low High Low High High Low 



3 
 

Study 

 
Risk of bias Applicability concerns 

Patient 

selection 

Index test Reference 

standard 

Flow and 

timing 

Role and impact 

of sponsor 

Patient selection 

 

Index test Reference 

standard 

Song 2015[45] Unclear Low Low High Unclear Low Low Low 

Sparks 2012[54] High High Low High High High Low Low 

Stumm 2014[34] Low 

Low for 

DAP.21 

High for 

DAP.plus** 

Low High High High Low Low 

Verweij 2013[35] Low Low Low High High High Low Low 

Wax 2015[43] Low Unclear Low High Low Unclear Low Low 

Zhang 2015[5] Unclear Unclear Low High High High Low Low 

Zhou 2014[44] Unclear Unclear Low High Unclear High Low Low 

Zimmermann 

2012[55] 
High High Low High High High High Low 

* Studies comparing NIPT with conventional screening tests for T21, T18 and T13 (addressing Research question 2) 

** A second algorithm was used for T18 and T13 during the study which was unblinded.  
$
 In this study the combined test (as comparator) was also assessed. 



Supplement 8 Outcomes of test accuracy 

Reference 

 

Foetal 

Fraction, 

Median 

(IQR) 

2x2 table 

 

Sensitivity, 

% 

(95% CI) 

Specificity, 

% 

(95% CI) 

PPV, 

% 

(95% CI) 

NPV, 

% 

(95% CI) 

Other Test failures / inconclusive 

results / exclusions from 

analysis 

 TP TN FP FN 

Alberti 2015[56] 

France 

20.11 

(mean 

among 43 

male 

euploid 

foetuses) 

16.86 

(mean 

among 23 

T21 

foeuses) 

T21 47 136 0 0 100  

(90.6-100) 

100  

(96.6-100) 

100  

(90.6-100) 

100  

(96.6-100) 

NR 11 test failures /  

0 inconclusive results / 

8 used for pretesting phase, 

23 used as reference set. 

→ 42 (18.7%) excluded. 

 

Ashoor 

2012[46] 

UK  

NR T21 50 297 0 0 100 

(91.1-100) 

100 

(98.4-100) 

100 

(91.1-100) 

100 

(98.4-100) 

NR 3 test failures / 

0 inconclusive results /  

50 T18 cases excluded from 

T21 performance analysis 

and vice versa. 

→ 53 (13.3%) excluded. 

T18 49 297 0 1 98 

(88.0-99.9) 

100 

(98.4-100) 

100 

(90.9-100) 

99.7 

(97.8-99.98) 

NR 

Beamon 

2014[36] 

USA 

NR T21 5 157 0 0 100  

(46.3-100) 

100  

(97.0-100) 

100  

(46.3-100) 

100  

(97.0-100) 

NR 3 test failures / 

2 unclassified for T21,  

1 unclassified for T13 / T18 2 160 1 1 66.7  99.4  66.7  99.4  NR 



Reference 

 

Foetal 

Fraction, 

Median 

(IQR) 

2x2 table 

 

Sensitivity, 

% 

(95% CI) 

Specificity, 

% 

(95% CI) 

PPV, 

% 

(95% CI) 

NPV, 

% 

(95% CI) 

Other Test failures / inconclusive 

results / exclusions from 

analysis 

 TP TN FP FN 

(12.5-98.2) (96.1-99.97) (12.5-98.2) (96.1-99.97) 38 without birth outcome,  

1 foetal demise without 

karyotype, 

2 foetal demises without 

karyotype. 

→ 46 (22.1%), 44 (21.2%), 

and 45 (21.6%) excluded 

from T21, T18, and T13 

analysis, respectively. 

T13 0 162 1 0 NA 99.4  

(96.1-99.97) 

NA 100  

(97.1-100) 

NR 

All 7 155 1 1 87.5  

(46.7-99.3) 

99.4  

(95.9-99.97) 

87.5  

(46.7-99.3) 

99.4  

(95.9-99.97) 

NR 

Bevilacqua 

2015[37] 

Belgium, UK, 

Spain 

8.7 

(Range 

4.1-30.0) 

T21 11 328 0 1 91.7  

(59.8-99.6) 

100  

(98.6-100) 

100  

(67.9-100) 

99.7  

(98.0-99.98) 

NR 16 test failures / 

0 inconclusive results / 

7 miscarriage or stillbirth 

without karyotype, 

19 pregnancies still 

continuing, 

138 lost to follow-up. 

(Overlap of 5 samples with 

test failure and no reference 

standard). 

→ 175 (34%) excluded. 

T18 5 335 0 0 100  

(46.3-100) 

100  

(98.6-100) 

100  

(46.3-100) 

100  

(98.6-100) 

NR 

T13 0 340 0 0 NA 100  

(98.6-100) 

NA 100  

(98.6-100) 

NR 

Bianchi NR T21 89 404 0 0 100 100  100 100 NR 2 pre-analytic failures, 



Reference 

 

Foetal 

Fraction, 

Median 

(IQR) 

2x2 table 

 

Sensitivity, 

% 

(95% CI) 

Specificity, 

% 

(95% CI) 

PPV, 

% 

(95% CI) 

NPV, 

% 

(95% CI) 

Other Test failures / inconclusive 

results / exclusions from 

analysis 

 TP TN FP FN 

2012[47] 

USA  

(95.9-100) (99.1-100) (94.8-100) (98.8-100) 16 test failures / 

7 inconclusive for T21,  

5 inconclusive for T18,  

2 inconclusive for T13 / 

Censored complex 

karyotype:  

19 for T21,  

18 for T18,  

18 for T13. 

(Overlap of 3 censored and 

test failures.) 

→ 41 (7.7%) for T21, 38 

(7.1%) for T18 and 35 

(6.6%) for T13 excluded. 

T18 35 460 0 1 97.2 

 (85.5-99.9) 

100 

 (99.2-100) 

100 

(87.7-100) 

99.8 

(98.6-99.99) 

NR 

T13 11 485 0 3 78.6  

 (49.2-95.3) 

100  

(99.2-100) 

 

100 

(67.9-100) 

99.4 

(98..1-99.8) 

NR 

Bianchi 2014 

[19] 

USA.  

NIPT 

NR T21 5 1941 6 0 100  

(47.8-100) 

99.7  

(99.3-99.9) 

45.5  

(16.7-76.6) 

100  

(99.8-100) 

FP rate, %: 

0.3 

18 test failures / 

0 inconclusive results / 

48 lost to follow-up, 

24 no live birth and no 

T18 2 1947 3 0 100 

 (15.8-100) 

99.8 

 (99.6-100) 

40.0 

 (5.3-85.3) 

100 

 (99.8-100) 

0.2 



Reference 

 

Foetal 

Fraction, 

Median 

(IQR) 

2x2 table 

 

Sensitivity, 

% 

(95% CI) 

Specificity, 

% 

(95% CI) 

PPV, 

% 

(95% CI) 

NPV, 

% 

(95% CI) 

Other Test failures / inconclusive 

results / exclusions from 

analysis 

 TP TN FP FN 

 T13 1 1910 3 0 100 

(5.5-100) 

99.8 

(99.5-99.96) 

25.0 

(13.2-78.1) 

100 

(99.7-100) 

0.1 karyotype.  

→ 90 (4.4%) for T21 and 

T18 NIPT performance 

excluded. 

For T13 NIPT performance: 

Another 38 without results 

on standard screening 

excluded. 

For standard screening 

performance and T21 FP rate 

in either test: 

Another 2 uninterpretable 

results on standard screening 

excluded. 

For standard screening 

performance and T18 FP rate 

in either test: 

Another 2 uninterpretable 

and 6 without results on 

standard screening excluded. 

For T13 FP rate: 

Another 1,015 without 

standard screening results 

Standard 

screening 

 

NR T21 3 1840 69 0 100 

 (29.2-100) 

96.4  

(95.4-97.2) 

4.2  

(0.9-11.7) 

100  

(99.8-100) 

FP rate, %: 

3.6 

T18 1 1894 11 0 100 

 (2.5-100) 

99.4 

(99.0-99.7) 

8.3  

(0.2-38.5) 

100  

(99.8-100) 

0.6 

T13 NR NR 6 0 NR 99.3 NR NR 0.7 



Reference 

 

Foetal 

Fraction, 

Median 

(IQR) 

2x2 table 

 

Sensitivity, 

% 

(95% CI) 

Specificity, 

% 

(95% CI) 

PPV, 

% 

(95% CI) 

NPV, 

% 

(95% CI) 

Other Test failures / inconclusive 

results / exclusions from 

analysis 

 TP TN FP FN 

excluded from either test. 

Chen 2011[48]  

Hong Kong, 

UK, 

Netherlands, 

China 

NR T18 34 247 5 3 91.9 

(77.0-97.9) 

98.0 

(95.2-99.3) 

87.2 

(71.8-95.2) 

98.8 

(96.2-99.7) 

NR 0 test failures /  

0 inconclusive results /  

0 other exclusions. 

→ 0 (0%) excluded. 

T13 25 261 3 0 100.0 

(83.4-100) 

98.9 

(96.4-99.7) 

89.3 

(70.6-97.2) 

100.0 

(98.2-100) 

NR 

Chiu 2011[49]  

Hong Kong, 

UK, 

Netherlands, 

China 

NR T21(8) 68 565 6 18 79.1 

(68.7-86.8) 

98.9 

(97.6-99.6) 

91.9 

(82.6-96.7) 

96.9 

(95.1-98.1) 

NR 11 test failures / 

0 inconclusive results /  

96 euploid male foetuses 

used as reference controls 

for 8-plex, 

82 euploid male foetuses 

used as reference controls 

for 2-plex, 

439 not analysed in 2-plex. 

→ 107 (14.0%) for 8-plex 

and 532 (69.6%) for 2-plex 

excluded. 

T21(2) 86 143 3 0 100 

(94.7-100) 

97.9 

(93.6-99.5) 

96.6 

(89.8-99.1) 

100 

(96.7-100) 

NR 

Comas 2014[38] 

Spain 

Mean 

12.7 

T21 4 308 0 0 100  

(39.6-100) 

100  

(98.5-100) 

100  

(39.6-100) 

100  

(98.5-100) 

NR 4 test failures / 

0 inconclusive results / 



Reference 

 

Foetal 

Fraction, 

Median 

(IQR) 

2x2 table 

 

Sensitivity, 

% 

(95% CI) 

Specificity, 

% 

(95% CI) 

PPV, 

% 

(95% CI) 

NPV, 

% 

(95% CI) 

Other Test failures / inconclusive 

results / exclusions from 

analysis 

 TP TN FP FN 

(Range 

4.2-27.9) 

T18 0 312 0 0 NA 100  

(98.5-100) 

NA 100  

(98.5-100) 

NR 18 pregnancies in progress 

(1 overlap). 

→ 21 (6.3%) excluded. 

T13 0 312 0 0 NA 100  

(98.5-100) 

NA 100  

(98.5-100) 

NR 

Dan 2012[20]  

China, Hong 

Kong  

NR T21 139 7384 1 0 100 

(96.6-100) 

99.99 

(99.9-100) 

99.3 

(95.5-99.96) 

100 

(99.9-100) 

NR 79 test failures / 

0 inconclusive results / 

3,581 no reference standard.  

→ 3,660 (32.7%) excluded. 

T18 41 7482 1 0 100 

(89.3-100) 

99.99 

(99.9-100) 

97.6 

(85.9-99.9) 

100 

(99.9-100) 

NR 

Del Mar Gil 

2014[21] 

UK  

9.8  

(7.4-12.1) 

in 193 

euploid 

pregnanci

es 

T21 9 182 0 1 90.0 

(54.1-99.5) 

100 

(97.4-100) 

100 

(62.9-100) 

99.5 

(96.5-99.97) 

NR 15 test failures / 

0 inconclusive results / 

0 other exclusions. 

→ 15 (7.2%) excluded. 

T18 0 192 0 0 NA 100 

(97.6-100) 

NA 100 

(97.6-100) 

NR 

T13 1 191 0 0 100 

(5.5-100) 

100 

(97.5-100) 

100 

(5.5-100) 

100 

(97.5-100) 

NR 

Dhallan 

2007[57] 

USA  

32.5 

(range 

17.0-93.8) 

T21 2 56 1 1 66.7 

(12.5–98.2) 

98.2 

(89.4–99.9) 

66.7 

(12.5–98.2) 

98.2 

(89.4–99.9) 

NR 0 test failures /  

0 inconclusive results /  



Reference 

 

Foetal 

Fraction, 

Median 

(IQR) 

2x2 table 

 

Sensitivity, 

% 

(95% CI) 

Specificity, 

% 

(95% CI) 

PPV, 

% 

(95% CI) 

NPV, 

% 

(95% CI) 

Other Test failures / inconclusive 

results / exclusions from 

analysis 

 TP TN FP FN 

0 other exclusions. 

→ 0 (0%) excluded. 

Ehrich 2011[50] 

USA  

NR T21 39 409 1 0 100 

 (89-100) 

99.7 

 (98.5-99.9) 

97.5 

(85.3-99.9) 

100 

(98.8-100) 

NR 13 pre-analytic failures,  

18 test failures / 

0 inconclusive results / 

0 other exclusions. 

→ 31 (6.5%) excluded. 

Hall 2014[51] 

USA  

11.1 

(range 

2.2-30.4) 

T21 0 64 0 0 NA 100 

(94.4-100) 

NA 100 

(92.9-100) 

NR 4 test failures / 

0 inconclusive results / 

0 other exclusions. 

→ 4 (5.9%) excluded. 

T18 0 64 0 0 NA 100 

(94.4-100) 

NA 100 

(92.9-100) 

NR 

T13 15 49 0 0 100 

(78.2-100) 

100 

(98.2-100) 

100 

(74.7-100) 

100 

(90.9-100) 

NR 

Huang 2014[22]  

China, 

Denmark, Hong 

Kong 

NR T21 9 180 0 0 100 

(62.9-100) 

100 

(97.4-100) 

100 

(62.9-100) 

100 

(97.4-100) 

NR 0 test failures /  

0 inconclusive results / 

0 exclusions. T18 1 187 0 1 50 100 100 99.5 NR 



Reference 

 

Foetal 

Fraction, 

Median 

(IQR) 

2x2 table 

 

Sensitivity, 

% 

(95% CI) 

Specificity, 

% 

(95% CI) 

PPV, 

% 

(95% CI) 

NPV, 

% 

(95% CI) 

Other Test failures / inconclusive 

results / exclusions from 

analysis 

 TP TN FP FN 

(2.7-97.3) (97.5-100) (5.5-100) (96.6-99.97) → 0 (0%) excluded. 

Jeon 2014[39] 

South Korea, 

China 

NR T21 11 144 0 0 100.0  

(67.9-100.0) 

100.0  

(96.8-100.0) 

100.0  

(71.5-100.0) 

100.0  

(97.5-100.0) 

NR 0 test failures /  

0 inconclusive results /  

0 other exclusions. 

→ 0 (0%) excluded. 

T18 5 150 0 0 100.0  

(46.3-100.0) 

100.0  

(96.9-100.0) 

100.0  

(47.8-100.0) 

100.0  

(97.6-100.0) 

NR 

T21+

T18 

16 139 0 0 100.0  

(75.9-100.0) 

100.0  

(96.6-100.0) 

100.0  

(79.4-100.0) 

100.0  

(97.4-100.0) 

NR 

Jiang 2012[23]   

China 

NR T21 16 887 0 0 100 

(75.9-100) 

100 

(99.5-100) 

100 

(75.9-100) 

100 

(99.5-100) 

NR 0 test failures /  

0 inconclusive results /  

0 other exclusions. 

→ 0 (0%) excluded. 

T18 12 890 1 0 100 

(69.9-100) 

99.9 

(99.3-100) 

92.3 

(62.1-99.6) 

100 

(99.5-100) 

NR 

T13 2 901 0 0 100 

(19.8-100) 

100 

(99.5-100) 

100 

(19.8-100) 

100 

(99.5-100) 

NR 

Korostelev 

2014[40] 

Russia 

NR T21 47 635 0 0 100  

(90.6-100) 

100  

(99.3-100) 

100  

(90.6-100) 

100  

(99.3-100) 

NR 0 test failures /  

1 inconclusive result for 

gender & SCA /  

T18 2 680 0 0 100  100  100  100  NR 



Reference 

 

Foetal 

Fraction, 

Median 

(IQR) 

2x2 table 

 

Sensitivity, 

% 

(95% CI) 

Specificity, 

% 

(95% CI) 

PPV, 

% 

(95% CI) 

NPV, 

% 

(95% CI) 

Other Test failures / inconclusive 

results / exclusions from 

analysis 

 TP TN FP FN 

(19.8-100) (99.3-100) (19.8-100) (99.3-100) 1,046 without reference 

standard. 

→ 1,046 (60.5%) excluded. 

T13 3 678 0 1 75.0  

(21.9-98.7) 

100  

(99.3-100) 

100  

(31.0-100) 

99.85  

(99.0-99.99) 

NR 

Lau 2012[24]  

Hong Kong, 

China, Japan 

NR T21 11 97 0 0 100 

(67.9-100) 

100 

(95.3-100) 

100 

(67.9-100) 

100 

(95.3-100) 

NR 0 test failures /  

0 inconclusive results /  

0 other exclusions. 

→ 0 (0%) excluded. 

T18 10 98 0 0 100 

(65.5-100) 

100 

(95.3-100) 

100 

(65.5-100) 

100 

(95.3-100) 

NR 

T13 2 106 0 0 100 

(19.8-100) 

100 

(95.6-100) 

100 

(19.8-100) 

100 

(95.6-100) 

NR 

Lau 2014[25]  

Hong Kong, 

USA, China 

NR T21 23 1659 0 0 100 

(82.2-100) 

100 

(99.7-100) 

100 

(82.2-100) 

100 

(99.7-100) 

NR 0 test failures / 

1 inconclusive result / 

299 without reference 

standard. 

→ 300 (15.1%) excluded. 

T18 4 1678 0 0 100 

(39.6-100) 

100 

(99.7-100) 

100 

(39.6-100) 

100 

(99.7-100) 

NR 

T13 2 1680 0 0 100 

(19.8-100) 

100 

(99.7-100) 

100 

(19.8-100) 

100 

(99.7-100) 

NR 

Liang 2013[26] NR T21 40 372 0 0 100 100 100 100 NR 12 test failures / 



Reference 

 

Foetal 

Fraction, 

Median 

(IQR) 

2x2 table 

 

Sensitivity, 

% 

(95% CI) 

Specificity, 

% 

(95% CI) 

PPV, 

% 

(95% CI) 

NPV, 

% 

(95% CI) 

Other Test failures / inconclusive 

results / exclusions from 

analysis 

 TP TN FP FN 

China  (89.1-100) (98.7-100) (89.1-100) (98.7-100) 0 inconclusive results / 

11 failed karyotyping. 

→ 33 (7.6%) excluded. 

T18 14 398 0 0 100 

(73.2-100) 

100 

(98.8-100) 

100 

(73.2-100) 

100 

(98.8-100) 

NR 

T13 5 407 1 0 100 

(46.3-100) 

99.75 

(98.4-99.99) 

83.3 

(36.5-99.1) 

100 

(98.8-100) 

NR 

Nicolaides 

2012[27] UK.  

NIPT 

10.0 

(7.8-13.0) 

T21 8 1941 0 0 100 

(59.8-100) 

100 

(99.8-100) 

100 

(59.8-100) 

100 

(99.8-100) 

NR 100 test failures (not 

included in either test) / 

0 inconclusive results / 

0 other exclusions. 

→ 100 (4.9%) excluded. 

T18 2 1945 2 0 100 

(19.8-100) 

99.9 

(99.6-99.98) 

50 

(9.2-90.8) 

100 

(99.8-100) 

NR 

All 10 1937 2 0 100 

(65.5-100) 

99.9 

(99.6-99.98) 

83.3 

(50.9-97.1) 

100 

(99.8-100) 

FP rate, %: 

0.1 

Combined FTS 

(≥1:150 for T18 

and T21) 

NA T21 8 NR NR NR NR NR NR NR NR  

 

 

 

T18 2 NR NR NR NR NR NR NR NR 

All 10 1852 87 0 100 

(65.5-100) 

95.5 

(94.5-96.4) 

10.3 

(5.3-18.6) 

100 

(99.7-100) 

FP rate, %: 

4.5 

Nicolaides ≥3.95 T21 25 204 0 0 100 100 100 100 NR 13 test failures / 



Reference 

 

Foetal 

Fraction, 

Median 

(IQR) 

2x2 table 

 

Sensitivity, 

% 

(95% CI) 

Specificity, 

% 

(95% CI) 

PPV, 

% 

(95% CI) 

NPV, 

% 

(95% CI) 

Other Test failures / inconclusive 

results / exclusions from 

analysis 

 TP TN FP FN 

2013[28] 

UK 

(86.3-100) (98.2- 100) (83.4-100) (97.7-100) 0 inconclusive results / 

0 other exclusions. 

→ 13 (5.4%) excluded. 

T18 3 226 0 0 100 

(31.0-100) 

100 

(97.9-100) 

100 

(31.0-100) 

100 

(97.9-100) 

NR 

T13 1 228 0 0 100 

(5.5-100) 

100 

(97.9-100) 

100 

(5.5-100) 

100 

(97.9-100) 

NR 

Norton 2012[29] 

USA, Sweden, 

Netherlands  

Mean 11 

SD 4.5 

(range 

4.2-51.3) 

T21 81 2887 1 0 100 

(95.5-100) 

99.97 

(99.8-99.99) 

98.8 

(92.5-99.9) 

100 

(99.8-100) 

NR 148 test failures / 

0 inconclusive results / 

73 other chromosomal 

abnormalities excluded; 

38 T18 cases excluded for 

T21 test performance; 

81 T21 cases excluded for 

T18 test performance. 

→ 259 (8.0%) for T21 and 

302 (9.4%) for T18 

excluded. 

T18 37 2886 2 1 97.4 

(86.5-99.9) 

99.93 

(99.75-

99.98) 

94.9 

(81.4-99.1) 

99.96 

(99.8-100) 

NR 

Norton 2015[6] 

USA, Sweden. 

NIPT 

NR T21 38 15794 9 0 100  

(90.7-100) 

99.9  

(99.9-100) 

80.9  

(66.7-90.9) 

100  

(99.9-100) 

 LR+: 1755.9 

LR-: 0 

FP rate, %: 

384 pre-analytic failures, 

488 NIPT failures, 

308 no standard-screening 



Reference 

 

Foetal 

Fraction, 

Median 

(IQR) 

2x2 table 

 

Sensitivity, 

% 

(95% CI) 

Specificity, 

% 

(95% CI) 

PPV, 

% 

(95% CI) 

NPV, 

% 

(95% CI) 

Other Test failures / inconclusive 

results / exclusions from 

analysis 

 TP TN FP FN 

0.06 (0.03-0.11) 

AUC: 0.999 

result / 

0 inconclusive results / 

1,489 lost to follow-up. 

→ 2,669 (14.4%) excluded 

for T21 and T18 from either 

test. 

For T13, another 4,656 

patients enrolled before 

September 2012 were 

excluded. 

→ 7,325 (39.5%) excluded 

for T13 from either test. 

T18 9 15830 1 1 90.0  

(55.5-99.7) 

100 

 (99.9-100) 

90.0  

(55.5-99.7) 

100  

(99.9-100) 

FP rate, %: 

0.01 (0-0.04) 

T13 2 11181 2 0 100  

(15.8-100) 

100  

(99.9-100) 

50.0  

(6.8-93.2) 

100  

(99.9-100) 

FP rate, %: 

0.02 (0-0.06) 

Combined FTS 

(≥1:270 for T21,  

≥1:150 for T13 

and T18) 

NA T21 30 14949 854 8 78.9  

(62.7-90.4) 

94.6  

(94.2-94.9) 

3.4  

(2.3-4.8) 

99.9 

(99.9-100) 

LR+: 14.6 

LR-: 0.22 

FP rate, %: 

5.4 (5.1-5.8) 

AUC: 0.958 

T18 8 15782 49 2 80.0  

(44.4-97.5) 

99.7  

(99.6-99.8) 

14.0  

(6.2-25.8)   

100  

(99.9-100) 

FP rate, %: 

0.31 (0.23-0.41) 

T13 1 11155 28 1 50.0  

(1.2-98.7) 

99.7  

(99.6-99.8) 

3.4  

(0.1-17.8) 

100  

(99.9-100) 

FP rate, %: 

0.25 (0.17-0.36) 

Palomaki 4-50% T21 210 1758 1 2 99.1 99.9 99.5 99.9 FP rate, %: 17 test failures / 



Reference 

 

Foetal 

Fraction, 

Median 

(IQR) 

2x2 table 

 

Sensitivity, 

% 

(95% CI) 

Specificity, 

% 

(95% CI) 

PPV, 

% 

(95% CI) 

NPV, 

% 

(95% CI) 

Other Test failures / inconclusive 

results / exclusions from 

analysis 

 TP TN FP FN 

2012[52] 

USA  

accepted (96.3-99.8) (99.6-100) (97.0-99.98) (99.5-99.98) 0.1 (<0.1-0.3) 0 inconclusive results / 

0 other exclusions. 

→ 17 (0.9%) excluded. 

 

[FP rate = FP / 1688 euploid 

samples.] 

T18 59 1907 5 0 100 

(92.4-100) 

99.7 

(99.4-99.9) 

92.2 

(82.0-97.1) 

100 

(99.7-100) 

0.3 

(0.1-0.7) 

T13 11 1943 16 1 91.7 

(59.8-99.6) 

99.2 

(98.6-99.5) 

40.7 

(23.0-61.0) 

99.9 

(99.7-100) 

0.9 

(0.5-1.5) 

Pergament 

2014[30] 

USA  

NR T21 58 905 0 0 100 

(93.8-100) 

100 

(99.6-100) 

100 

(92.2-100) 

100 

(99.5-100) 

NR 85 test failures, 

8 test failures for 1/5 

chromosomes (includes 2 

no-calls for Monosomy X) / 

0 inconclusive results / 

0 other exclusions. 

→ 88 (8.4%) for T21, 87 

(8.3%) for T13, 86 (8.2%) 

for T13 excluded. 

T18 24 938 1 1 96.0 

(79.7-99.9) 

99.9 

(99.4-100) 

96.0 

(77.7-99.8) 

99.9 

(99.3-99.99) 

NR 

T13 12 953 0 0 100 

(73.5 -100) 

100 

(99.6-100) 

100 

(69.9-100) 

100 

(99.5-100) 

NR 

Porreco 

2014[31]   

USA  

4-50% 

accepted 

T21 137 3182 3 0 100 

(97.34 -100) 

99.92 

(99.7-99.98) 

97.9 

(93.9-99.56) 

100 

(99.88-100) 

FP rate, %: 

0.1 

54 test failures / 

0 inconclusive results / 

56 complex karyotypes. 

(Overlap of 2 with test 

T18 36 3283 0 3 92.3 

(79.1-98.38) 

100 

(99.89-100) 

100 

(90.26-100) 

99.9 

(99.7-99.98) 

0.0 



Reference 

 

Foetal 

Fraction, 

Median 

(IQR) 

2x2 table 

 

Sensitivity, 

% 

(95% CI) 

Specificity, 

% 

(95% CI) 

PPV, 

% 

(95% CI) 

NPV, 

% 

(95% CI) 

Other Test failures / inconclusive 

results / exclusions from 

analysis 

 TP TN FP FN 

T13 14 3306 0 2 87.5 

(61.65-

98.45) 

100 

(99.89-100) 

100 

(76.84-100) 

99.9 

(99.8-99.99) 

0.0 failure and complex 

karyotype). 

→ 108 (3.1%) excluded. 

 

 

Quezada 

2015[41] 

UK. 

NIPT 

11% 

(Range 4-

40%) 

T21 32 2752 1 0 100  

(86.7-100) 

99.96  

(99.8-100) 

97.0  

(82.5-99.8) 

100  

(99.8-100) 

FP rate, %: 

0.04 

54 test failures /  

0 inconclusive results / 

48 miscarriages or stillbirths 

with unknown karyotype;  

21 lost to follow up. 

(Overlap of 3 patients 

without NIPT and reference 

standard result.) 

→ 120 (4.1%) excluded. 

T18 9 2770 5 1 90.0  

(54.1-99.5) 

99.8  

(99.6-99.9) 

64.3  

(35.6-86.0) 

99.96  

(99.8-100) 

FP rate, %: 

0.19 

T13 2 2778 2 3 40.0  

(7.3-83.0) 

99.9  

(99.7-99.99) 

50.0  

(9.2-90.8) 

99.9  

(99.7-99.97) 

FP rate, %: 

0.07 

All 43 2730 8 4 91.5  

(78.7-97.2) 

99.7  

(99.4-99.9) 

84.3  

(70.9-92.5) 

99.9  

(99.6-99.95) 

FP rate, %: 

0.3 

Combined FTS 

(≥1:100 for T21) 

NA T21 34 2663 139 0 100  

(87.4-100) 

95.0  

(94.2-95.8) 

19.7  

(14.2-26.5) 

100  

(99.8-100) 

FP rate, %: 

5.0 

12 without FTS result / 

48 miscarriages or stillbirths 

with unknown karyotype;  

21 lost to follow up. 

(Overlap of 12 without 

All 49 2663 124 0 100  

(90.9-100) 

95.6  

(94.7-96.3) 

28.3  

(21.9-35.8) 

100  

(99.8-100) 

FP rate, %: 

4.4 



Reference 

 

Foetal 

Fraction, 

Median 

(IQR) 

2x2 table 

 

Sensitivity, 

% 

(95% CI) 

Specificity, 

% 

(95% CI) 

PPV, 

% 

(95% CI) 

NPV, 

% 

(95% CI) 

Other Test failures / inconclusive 

results / exclusions from 

analysis 

 TP TN FP FN 

combined FTS and reference 

standard result.) 

→ 69 (2.4%) excluded. 

Sago 2014[42] 

Japan 

NR T21 71 1694 3 0 100 

(93.6-100) 

99.8 

(99.4-99.95) 

95.9 

(87.8-98.9) 

100 

(99.7-100) 

NR 4 test failures / 

0 inconclusive results / 

3 TOP without karyotype; 

9 foetal deaths without 

karyotype; 

5,956 women without birth 

outcome. 

→ 5,972 (77%) excluded. 

T18 36 1723 8 1 97.3 

(84.2-99.9) 

99.5 

(99.1-99.8) 

81.8 

(66.8-91.3) 

99.9 

(99.6-100) 

NR 

T13 10 1756 2 0 100 

(65.5-100) 

99.9 

(99.5-99.98) 

83.3 

(50.9-97.1) 

100 

(99.7-100) 

NR 

All NR NR NR NR NR NR NR NR FN rate, %: 

<0.1 

Sehnert 

2011[53]  

USA.  

Test set 

NR T21 13 34 0 0 100 

(71.7-100) 

100 

(87.4-100) 

100 

(71.7-100) 

100 

(87.4-100) 

NR 0 test failures / 

1 inconclusive for T13 / 

1 twin sample removed. 

→ 1 (2.1%) for T21 and T18 

excluded, 2 (4.2%) for T13 

excluded. 

T18 8 39 0 0 100 

(59.8-100) 

100 

(88.8-100) 

100 

(59.8-100) 

100 

(88.8-100) 

NR 

T13 0 46 0 0 NA 100 

(90.4-100) 

NA 100 

(90.4-100) 

NR 



Reference 

 

Foetal 

Fraction, 

Median 

(IQR) 

2x2 table 

 

Sensitivity, 

% 

(95% CI) 

Specificity, 

% 

(95% CI) 

PPV, 

% 

(95% CI) 

NPV, 

% 

(95% CI) 

Other Test failures / inconclusive 

results / exclusions from 

analysis 

 TP TN FP FN 

Shaw 2014[32]  

Taiwan, China 

NR T21 11 189 0 0 100 

(67.9-100) 

100 

(97.5-100) 

100 

(67.9-100) 

100 

(97.5-100) 

FP rate 0% 

FN rate 0% 

0 test failures / 

0 inconclusive results / 

1 case excluded due to early 

gestational age (10 weeks). 

→ 1 (0.5%) excluded. 

 

T18 8 192 0 0 100 

(59.8-100) 

100 

(97.6-100) 

100 

(59.8-100) 

100 

(97.6-100) 

FP rate 0% 

FN rate 0% 

T13 3 197 0 0 100 

(31.0-100) 

100 

(97.6-100) 

100 

(31.0-100) 

100 

(97.6-100) 

FP rate 0% 

FN rate 0% 

Song 2013[33]  

China.  

NIPT 

NR T21 8 1733 0 0 100 

(59.77-100) 

100 

(99.72 -100) 

100 

(59.8-100) 

100 

(99.7-100) 

FP rate, %: 

0.00 

FN rate, %: 

0.00 

73 test failures / 

0 inconclusive results / 

111 no birth outcome. 

(Overlap of 9 without NIPT 

and reference standard 

result) 

→ 175 (9.1%) excluded for 

either test. 

 

 

T18 2 1738 1 0 100 

(19.79-100) 

99.94 

(99.6-99.99) 

66.67 

(12.5-98.2) 

100 

(99.7-100) 

FP rate 0.06% 

FN rate 0.00% 

T13 1 1740 0 0 100 

(5.46-100) 

100 

(99.73- 100) 

100 

(5.5-100) 

100 

(99.7-100) 

FP rate 0.00% 

FN rate 0.00% 

All 11 1729 1 0 100 

(67.86-100) 

99.94 

(99.6-99.99) 

91.67 

(59.8-99.6) 

100 

(99.7-100) 

FP rate 0.06% 

FN rate 0.00% 



Reference 

 

Foetal 

Fraction, 

Median 

(IQR) 

2x2 table 

 

Sensitivity, 

% 

(95% CI) 

Specificity, 

% 

(95% CI) 

PPV, 

% 

(95% CI) 

NPV, 

% 

(95% CI) 

Other Test failures / inconclusive 

results / exclusions from 

analysis 

 TP TN FP FN 

Serum screening 

(≥1:270 for T18 

and T21) 

NA All 6 1487 243 5 54.55 

(24.6-81.7) 

85.95 

(84.2-87.5) 

2.41 

(0.98-5.4) 

99.7 

(99.2-99.9) 

FP rate 14.05% 

FN rate 45.45% 

Song 2015[45] 

China 

8.54 

(range 

2.69-

18.75) 

(n=100 

male 

foetuses) 

T21 2 202 0 0 100 

 (19.8-100) 

100  

(97.7-100) 

100 

 (19.8-100) 

100  

(97.7-100) 

NR 1 pre-analytic failure / 

0 inconclusive results / 

2 IUFD without karyotype,  

1 TOP without karyotype,  

5 spontaneous miscarriages 

without karyotype. 

→ 9 (4.2%) excluded. 

T18 1 201 0 0 100  

(5.5-100) 

100  

(97.7-100) 

100  

(5.5-100) 

100  

(97.7-100) 

 

T13 1 201 0 0 100  

(5.5-100) 

100  

(97.7-100) 

100  

(5.5-100) 

100  

(97.7-100) 

 

Sparks 2012[54] 

USA.  

Training set 

NR T21 35 120 1 0 100 

(87.7-100) 

99.2 

(94.8-99.96) 

97.2 

(83.8-99.9) 

100 

(96.1-100) 

NR 8 test failures in training set, 

0 test failures in validation 

set / 

0 inconclusive results / 

For both sets: 

T18 cases excluded from 

T21 test performance and 

vice versa. 

→ 15 (8.8%) for T21 and 43 

(25.1%) for T18 excluded 

T18 7 121 0 0 100 

(56.1-100) 

100 

(96.2-100) 

100 

(56.1-100) 

100 

(96.2-100) 

NR 

Validation set NR T21 36 122 1 0 100 

(88.0-100) 

99.2 

(94.9-99.96) 

97.3 

(84.2-99.9) 

100 

(96.2-100) 

NR 

T18 8 122 1 0 100 99.2 88.9 100 NR 



Reference 

 

Foetal 

Fraction, 

Median 

(IQR) 

2x2 table 

 

Sensitivity, 

% 

(95% CI) 

Specificity, 

% 

(95% CI) 

PPV, 

% 

(95% CI) 

NPV, 

% 

(95% CI) 

Other Test failures / inconclusive 

results / exclusions from 

analysis 

 TP TN FP FN 

(59.8-100) (94.9-99.96) (50.7-99.4) (96.2-100) from training set. 

8 (4.8%) for T21 and 36 

(21.6%) for T18 excluded 

from validation set. 

Stumm 

2014[34] 

Germany, 

Switzerland  

NR T21 40 430 0 2 95.2  

(82.6-99.2) 

100 

(98.9-100) 

100 

(89.1-100) 

99.5 

(98.2-99.9) 

NR 32 test failures / 

0 inconclusive results / 

0 other exclusions. 

→ 32 (6.3%) excluded. 

T18 8 463 1 0 100 

(59.8-100) 

99.8 

(98.6-99.99) 

88.9 

(50.7-99.4) 

100 

(99.0-100) 

NR 

T13 5 467 0 0 100 

(46.3-100) 

100 

(99.0-100) 

100 

(46.3-100) 

100 

(99.0-100) 

NR 

Verweij 

2013[35] 

Netherlands, 

Sweden, USA  

Mean 

11.1,  

SD 4.1 

(range 4-

30) 

T21 17 486 0 1 94.4 

(72.7 -99.9) 

100 

(99.4-100) 

 

100 

(77.1-100) 

99.8 

(98.7-99.99) 

NR 30 pre-analytic failures, 

16 test failures / 

0 inconclusive results / 

24 other chromosomal 

abnormalities besides T21. 

→ 70 (12.2%) excluded. 

Wax 2015[43] 

USA 

NR T21 3 161 0 0 100  

(31.0-100) 

100  

(97.1-100) 

100  

(31.0-100) 

100  

(97.1-100) 

NR 0 test failures /  

0 inconclusive results /  



Reference 

 

Foetal 

Fraction, 

Median 

(IQR) 

2x2 table 

 

Sensitivity, 

% 

(95% CI) 

Specificity, 

% 

(95% CI) 

PPV, 

% 

(95% CI) 

NPV, 

% 

(95% CI) 

Other Test failures / inconclusive 

results / exclusions from 

analysis 

 TP TN FP FN 

T18 1 163 0 0 100  

(5.5-100) 

100  

(97.1-100) 

100  

(5.5-100) 

100  

(97.1-100) 

NR 1 miscarriage without 

karyotype,  

1 IUFD without karyotype. 

→ 2 (1.2%) excluded 

T13 0 164 0 0 NA 100  

(97.1-100) 

NA 100  

(97.1-100) 

NR 

Zhang 2015[5] 

China, Hong 

Kong 

(Denmark). 

Overall 

performance 

(n=112,669) 

NR T21 720 111882 61 6 99.17  

(98.52-99.83) 

99.95  

(99.93-99.96) 

92.19  

(90.31-94.07) 

99.99  

(99.99-100) 

FP rate, %: 

0.05 

211 pre-analytic failures, 

145 test failures / 

0 inconclusive results / 

34,289 without karyotyping 

or clinical follow-up. 

→ 34,645 (23.5%) excluded. 

T18 167 112448 51 3 98.24  

(94.93-99.63) 

99.95  

(99.94-99.97) 

76.61  

(70.99-82.23) 

100  

(99.99-100) 

FP rate, %: 

0.05 

T13 22 112602 45 0 100  

(84.56-100) 

99.96  

(99.95-99.97) 

32.84  

(21.59-44.08) 

100  

(99.99-100) 

FP rate, %: 

0.04 

All 909 111594 157 9 99.02  

(98.38-99.66) 

99.86  

(99.84-99.88) 

85.27  

(83.14-87.40) 

99.99  

(99.99-100) 

FP rate, %: 

0.14 

Twins only 

(n=404) 

NR T21 5 397 2 0 100  

(47.82-100) 

99.50  

(98.20-99.94) 

71.43  

(29.04-96.33) 

100  

(99.08-100) 

NR 

Zhou 2014[44] 

China. 

NIPT 

NR T21 38 3910 2 0 100  

(88.6-100) 

99.9  

(99.8-99.99) 

95.0  

(81.8-99.1) 

100  

(99.9-100) 

FP rate, %: 

0.05 (0.02-0.10) 

4 test failures /  

0 inconclusive results / 

5 TOP without karyotype, T18 10 3938 2 0 100  99.9  83.3  100  FP rate, %: 



Reference 

 

Foetal 

Fraction, 

Median 

(IQR) 

2x2 table 

 

Sensitivity, 

% 

(95% CI) 

Specificity, 

% 

(95% CI) 

PPV, 

% 

(95% CI) 

NPV, 

% 

(95% CI) 

Other Test failures / inconclusive 

results / exclusions from 

analysis 

 TP TN FP FN 

implementation 

study 

(65.5-100) (99.8-99.99) (50.9-97.1) (99.9-100) 0.05 (0.02-0.10) 5 IUFD without karyotype, 

3,741 lost to follow-up. 

→ 3,755 (48.7%) excluded. 

T13 2 3946 2 0 100  

(19.8-100) 

99.9  

(99.8-99.99) 

50.0  

(9.2-90.8) 

100  

(99.9-100) 

FP rate, %: 

0.05 (0.02-0.10) 

Zimmermann 

2012[55] 

USA  

Mean 

12.0 

Range 

2.0-30.8 

T21 11 66 0 0 100 

(67.9-100) 

100 

(93.1-100) 

100 

(67.9-100) 

100 

(93.1-100) 

NR 21 test failures / 

0 inconclusive results / 

68 putative euploid samples 

without reference standard. 

→ 89 (53.6%) excluded. 

 

 

T18 3 74 0 0 100 

(31.0-100) 

100 

(93.9-100) 

100 

(31.0-100) 

100 

(93.9-100) 

NR 

T13 2 75 0 0 100 

(19.8-100) 

100 

(93.9-100) 

100 

(19.8-100) 

100 

(93.9-100) 

NR 

AUC, area under the receiver-operating-characteristic curve; cfDNA, cell-free deoxyribonucleic acid; chr, chromosome; CI, confidence interval; DNA, deoxyribonucleic 

acid; FP, false positive; FP rate = FP / (FP+TN) = 1 – Specificity; FN, false negative; FN rate = FN / (FN+TP) = 1 – Sensitivity; FTS, first-trimester screening; IQR, 

interquartile range; IUFD, intrauterine foetal death; LR+, positive likelihood ratio; LR-, negative likelihood ratio; MX, Monosomy X; NA, not applicable; NR, not reported; 

NPV, negative predictive value; PPV, positive predictive value; SCA, sex chromosome abnormalities; SD, standard deviation; TOP, termination of pregnancy; TN, true 

negative; TP, true positive. Note: Numbers in italics were calculated based on information given in the paper. Confidence intervals in italics were calculated using the Wilson 

score interval with continuity correction. Numbers and confidence intervals not in italics were extracted directly from the papers 
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