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VERSION 1 - REVIEW 

REVIEWER Eugene Pergament, MD, Phd, FACMG 
Northwestern School of Medicine, United States 
 
Consultant to Natera and Genzyme Genetics 

REVIEW RETURNED 25-Sep-2015 

 

GENERAL COMMENTS There is virtually no new knowledge or insights provided, as this 
manuscript appears appropriate for a report to a govenmental 
agency involved in determining whether to introduce NIPT into the 
general population. The conclusion reaffirmed this assessment. A 
major criticism of this manuscript was the "lumping together" of 
different technologies and completely different study populations, 
when significant differences exist. The authors used the word "bias" 
inappropriately and fail to point out the real biases that characterize 
almost all publications on NIPT, e.g., the failure to have complete 
patient followup and outcomes. It would be important to point out 
that all of NIPT data has not been assessed by independent agents 
prior to and in the conduct of clinical trials. Therefore, while this 
manuscript is extremely well written and documented, its 
contribution to providing new and expanded insights for health 
professionals providing NIPT testing and counseling is minimal.  

 

REVIEWER Peter Benn 
University of Connecticut Health Center  
Farmington, CT 
 
Consultant to Natera, Inc 

REVIEW RETURNED 26-Sep-2015 

 

GENERAL COMMENTS 1. The criteria for papers selected for inclusion seems poorly defined 
and some of the inclusions seem to be inappropriate. For example, 
the study Dallan et al (reference 57) would best be characterized as 
an early proof-of-principle that bears little relationship to current 
clinical NIPT, even those based on SNPs. In many instances, testing 
has moved towards deeper sequencing (compare reference 49 with 
52), use of more SNPs (reference 51 versus 30) , or other process 
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improvements. However, early as well as late protocols are 
combined in the meta-analysis.  
2. It is unclear whether the overall assessments of performance 
(Table 1) included mosaics, other abnormal karyotypes, twin 
pregnancies (monozygotic and/or dizygotic), etc. Since each of 
these will potentially affect overall assessments and the studies 
handled these issues differently, this needs to be clarified.  
3. The conclusion that there is publication bias is based on Deeks 
funnel plots. By including early small demonstration studies together 
with the later large trials that were based on more advanced 
protocols, there is bound to be an appearance of better performance 
for the later, bigger, studies that were based on improved methods. 
This does not necessarily reflect a publication bias.  
4. The section on QUADAS-2 seems somewhat subjective in the 
assessment of bias because the specific factors that constitute bias 
are not defined. For example, if a study is commercially sponsored 
but the data was blinded and handled by an independent (paid) trial 
administrator, is that considered biased? And what exactly are the 
criteria for concluding that there is bias in other categories such as 
patients tested, flow, and patient applicability? The authors mention 
that inclusion of second trimester cases is a source of bias but fetal 
fraction changes only modestly from the late first trimester through 
the second trimester so this effect is small. A bigger issue is the 
spontaneous loss of aneuploid pregnancies that are often not 
confirmed (see point 5, below). NIPT is performed in both trimesters 
so this is an issue of study heterogeneity rather than “bias”.  
5. Papers such as Zhang et al (2015) and others that are based on 
substantial but incomplete follow-up women receiving testing are 
quite different to trials where plasma samples are collected prior to 
an invasive test. The rationale for combining these is unclear. How 
do the authors address possible differences in viability for cases 
where NIPT is performed weeks before prenatal cytogenetic testing 
or outcome based on birth phenotype? The authors state in the 
methods that timing of reference study is unimportant- but this is not 
true because of the lack of confirmation for many non-viable 
pregnancies. What level of follow-up in a prospective trial was 
needed for the data to be included in the meta-analysis?  
6. Should the reference test of CVS be considered equivalent to 
amnio given that both NIPT and CVS detect confined placental 
mosaicism?  
7. The authors do not compare their analysis with Gil et al (Fetal 
Diagn Ther 2014) or more importantly Gil et al (UOG 2015). What 
does the authors’ study add that is not in the Gil papers? The 
conclusion that NIPT positive results need to be confirmed using 
invasive testing is already well established. Some causes of 
discordancy between NIPT and the true fetal karyotype will be due 
to biological factors (e.g. confined placental mosaicism) but others 
will depend on the specific technology used. There should be some 
discussion about this.  
 
Minor points  
 
P5. Line 18. The sentence that states that univariate analysis is not 
appropriate because sensitivity and specificity are related needs a 
clearer explanation.  
P5-P6. Explanation of "intention to diagnose" is unclear.   

 

REVIEWER Dr. Philippos Patsalis 
Cyprus Institute of Neurology and Genetics 
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REVIEW RETURNED 05-Oct-2015 

 

GENERAL COMMENTS The manuscript gives a thorough meta analysis of previously 
published journal articles, which investigated NIPT using cffDNA. By 
utilizing a bivariate regression model they concluded/confirmed that 
NIPT is a screening test and cannot be used as a diagnostic tool for 
early pregnancies.  
The authors obtained results from studies on pregnant women in all 
trimesters. Since the review was requested by the UK National 
Screening Committee to provide summary of the accuracy of NIPT 
in the detection of Down, Edwards and Patau syndromes in the first 
trimester pregnancies, it is up to the discretion of the authors to 
discuss more extensively the results obtained by solely the 1st 
trimester samples.  

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: 1  

Eugene Pergament, MD, Phd, FACMG  

Northwestern School of Medicine, United States Authors’ reply  

“There is virtually no new knowledge or insights provided, as this manuscript appears appropriate for 

a report to a governmental agency involved in determining whether to introduce NIPT into the general 

population. The conclusion reaffirmed this assessment.”  

 

We strongly disagree. The previous review of NIPT test accuracy by Gil et al. [4] does not include two 

of the largest studies[5 6]. In addition the authors of the previous review use a univariate approach 

which overlooks the fact that sensitivity and specificity are related. Most importantly, the previous 

review does not provide a summary of findings which can be applied to a relevant population and 

used in clinician-patient shared decision making.  

 

“A major criticism of this manuscript was the "lumping together" of different technologies and 

completely different study populations, when significant differences exist.”  

 

Our main aim was to present an overall estimate of NIPT performance. We addressed the issue of 

different technologies, populations, study designs and developmental state of the tests by undertaking 

sensitivity, subgroup and meta-regression analyses. The following variables were selected a priori as 

potential sources of heterogeneity: Study design (cohort with consecutive sampling versus others), 

population risk (general, high-risk, others), population (twins versus others), first trimester (100% 

versus other), test type (MPSS, DANSR, single nucleotide polymorphism (SNP) technology) and 

publication year (2007-2013 versus 2014-2015) (see Table 2).  

In addition to table 2, we have added a paragraph on subgroup analyses in the results section.  

 

“The authors used the word "bias" inappropriately and fail to point out the real biases that characterize 

almost all publications on NIPT, e.g., the failure to have complete patient follow-up and outcomes. It 

would be important to point out that all of NIPT data has not been assessed by independent agents 

prior to and in the conduct of clinical trials.”  

 

We do not agree with this statement. The appropriate appraisal tool for test accuracy studies is the 

QUADAS 2 tool. This tool requires the assessment of bias as well as applicability of study design, 

conduct and analysis. Patient follow-up (as pointed out correctly by the reviewer to be a major source 

of bias) is the main focus of the domain ‘patient flow’ which our review has identified as one of the 

greatest sources of bias.  
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We have added some clarification in the text and included our detailed tailored QUADAS 2 document 

including all definitions of signalling questions to the supplementary information.  

 

As an independent assessment group we consider the role of sponsors to be a major source of bias 

in the conduct of trials and we therefore used an approach in the assessment of sponsor involvement 

that we would be able to apply consistently across all studies. We have included some clarification in 

the text of how we assessed sponsor involvement. In our detailed tailored QUADAS 2 document we 

included all definitions of signalling questions in the supplementary information.  

 

We show in Figure 2 and state in the text (Results, Methodological quality of included studies) that 

study flow (exclusions from analysis) and the role of the sponsor were the areas with the greatest risk 

of bias.  

Here are our judgement criteria and results in detail:  

In the fourth QUADAS-2 domain, relating to flow and timing, a study was considered to be at low-risk 

of bias if all patients in the study received a result from both NIPT and reference standard and all 

patients were included in the analysis. This was true for only seven of 41 studies. In all other studies 

(n=34), the risk of bias was judged as high because NIPT was not performed or failed to provide a 

result and/or exclusion of inconclusive results and/or no complete follow-up of birth outcomes.  

The risk of bias regarding the role of sponsor was 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.  

The risk of bias regarding the role of sponsor was judged as low in only seven of the 41 included 

studies. Risk of bias was classified as unclear in eleven studies and as high in all other studies 

(n=23).  

 

“Therefore, while this manuscript is extremely well written and documented, its contribution to 

providing new and expanded insights for health professionals providing NIPT testing and counseling 

is minimal.”  

 

Thank you, we have put a lot of thought into the presentation of results. We believe that this is the 

most up-to-date summary of the available evidence, including two of the largest studies not included 

in previous reviews, and that it is presented in a way that is more accessible and more meaningful to 

health professionals than previous reviews.  

Please also refer to the reply to comment 1.  

 

Reviewer: 2  

Peter Benn  

University of Connecticut Health Center  

“1. The criteria for papers selected for inclusion seems poorly defined and some of the inclusions 

seem to be inappropriate. For example, the study Dallan et al (reference 57) would best be 

characterized as an early proof-of-principle that bears little relationship to current clinical NIPT, even 

those based on SNPs. In many instances, testing has moved towards deeper sequencing (compare 

reference 49 with 52), use of more SNPs (reference 51 versus 30) , or other process improvements. 

However, early as well as late protocols are combined in the meta-analysis.”  

 

We recognised the issue in our review about early and late protocols of NIPT. However, ‘proof of 

principle’ is a difficult term to use consistently and reproducibly as an inclusion/ exclusion criteria. We 

made a conscious decision that ‘proof of principle’ would not be a reliable decision rule for inclusion / 

exclusion. We decided a-priori to investigate the issue of early and late protocols in a subgroup 

analysis using publication year (2007-2013 versus 2014-2015) to account for process improvements 
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(see Table 2).  

 

Inclusion criteria for the index test were:  

Non-invasive prenatal testing using cell-free (cf) DNA derived from maternal blood (serum, plasma, 

whole blood); excluded were studies reporting the quantification of fetal cells or DNA and using 

elevated levels of the whole fetal DNA or epigenetic markers (in development and not available as 

commercial test) as a screening/diagnostic tool.  

 

“2. It is unclear whether the overall assessments of performance (Table 1) included mosaics, other 

abnormal karyotypes, twin pregnancies (monozygotic and/or dizygotic), etc. Since each of these will 

potentially affect overall assessments and the studies handled these issues differently, this needs to 

be clarified.”  

 

Test accuracy in detection of trisomy 21, 18 and 13 were assessed. We did not assess test accuracy 

for other abnormalities. Twin pregnancies were included in the analysis, but in recognition of previous 

studies suggesting performance may be lower, these were also analysed as a separate sub-group.  

 

“3. The conclusion that there is publication bias is based on Deeks funnel plots. By including early 

small demonstration studies together with the later large trials that were based on more advanced 

protocols, there is bound to be an appearance of better performance for the later, bigger, studies that 

were based on improved methods. This does not necessarily reflect a publication bias.”  

 

On the contrary, varying sample sizes is necessary and important prerequisite for testing funnel plot 

asymmetry in meta-analysis of diagnostic test accuracy. According to the Cochrane handbook and 

Deeks’ recommendation for the use of the funnel “Tests for funnel plot asymmetry should not be used 

if all studies are of similar sizes (similar standard errors of intervention effect estimates). However, we 

are not aware of evidence from simulation studies that provides specific guidance on when study 

sizes should be considered ‘too similar’.” The included studies in our funnel plots are not similar and 

are of different sample sizes, indeed a strength and not a limitation for testing publication bias.  

 

In our discussion we talk about possible reasons for the patterns seen in the funnel plots. This 

includes the reason suggested by this reviewer. We have proposed that the pattern may be “simply 

that the test is performed to a higher standard in larger studies”. From the reviewers comments we 

have added “perhaps due to more advanced protocols used in later large scale studies”  

 

Publication bias is very difficult to measure and interpret in test accuracy studies, for the reasons 

outlined in our discussion, we have used the best practice method for characterising possible bias, 

and outlined possible reasons for the patterns observed. Our discussion includes the following 

paragraph: Studies with a larger effective sample size tended to report higher diagnostic odds ratios. 

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 disadvantage small studies, or simply that the test is performed to a higher standard in 

larger studies, perhaps due to more advanced protocols used in later large scale studies.  

 

Reference: Recommendations on testing for funnel plot asymmetry (Available at 

http://handbook.cochrane.org/  

chapter_10/10_4_3_1_recommendations_on  

_testing_for_funnel_plot_asymmetry.htm)  

 

“4. The section on QUADAS-2 seems somewhat subjective in the assessment of bias because the 

specific factors that constitute bias are not defined. For example, if a study is commercially sponsored 
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but the data was blinded and handled by an independent (paid) trial administrator, is that considered 

biased? And what exactly are the criteria for concluding that there is bias in other categories such as 

patients tested, flow, and patient applicability? The authors mention that inclusion of second trimester 

cases is a source of bias but fetal fraction changes only modestly from the late first trimester through 

the second trimester so this effect is small. A bigger issue is the spontaneous loss of aneuploid 

pregnancies that are often not confirmed (see point 5, below). NIPT is performed in both trimesters so 

this is an issue of study heterogeneity rather than “bias”. For quality appraisal we pre-defined the 

definitions of the signalling questions of the QUADAS 2 tool to ensure it is objective and consistent. 

We have included our detailed tailored QUADAS 2 document including all definitions of signalling 

questions to the supplementary information”  

 

As an independent assessment group we consider the role of sponsors in the design, conduct and/ or 

analysis of trials to be a major source of bias and used an approach in the assessment of sponsor 

involvement that we would be able to apply consistently across all studies. We have included some 

clarification in the text how we have assessed sponsor involvement and have included our detailed 

tailored QUADAS 2 document including all definitions of signalling questions to the supplementary 

information.  

 

We did NOT consider inclusion of 2nd trimester cases as a source of bias. In the methods section, 

quality assessment we state: Timing of the NIPT test is important as foetal fraction and therefore 

accuracy of NIPT increases throughout pregnancy, this was included under applicability of findings 

rather than as a source of bias.  

 

A study was considered to be at low-risk of bias regarding the index test if laboratory personnel was 

blinded to reference standard results, if the blood sample for the index test was taken before or at 

least seven days after invasive testing, and the threshold was explicitly pre-specified and (if 

appropriate) determined using an independent set of samples.  

 

The risk of bias regarding the reference standard was considered to be low if the reference standard 

was likely to correctly classify trisomies 21, 18 and 13. We accepted prenatal or postnatal karyotyping 

or phenotypic newborn assessment as appropriate reference standard.  

 

In the fourth domain, relating to flow and timing, a study was considered to be at low-risk of bias if all 

patients in the study received a result from both NIPT and reference standard and all patients were 

included in the analysis.  

 

The risk of bias regarding the role of sponsor was 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.  

 

“5. Papers such as Zhang et al (2015) and others that are based on substantial but incomplete follow-

up women receiving testing are quite different to trials where plasma samples are collected prior to an 

invasive test. The rationale for combining these is unclear.”  

 

Our main aim was to present an overall estimate of NIPT performance which is why we included all 

studies in the meta-analysis. We are fully aware of heterogeneity in populations and study design of 

studies which affect study quality in different ways. We have explored these issues in subgroup 

analyses:  

 

We used subgroup analyses to explore potential sources of heterogeneity, i.e. study design (cohort 
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with consecutive sampling versus others), population risk (general, high-risk, others) (see Table 2).  

 

We also addressed incomplete follow-up in the quality appraisal: a study was considered to be at low-

risk of bias if all patients in the study received a result from both NIPT and reference standard and all 

patients were included in the analysis (see study flow, figure 2).  

 

“How do the authors address possible differences in viability for cases where NIPT is performed 

weeks before prenatal cytogenetic testing or outcome based on birth phenotype? The authors state in 

the methods that timing of reference study is unimportant- but this is not true because of the lack of 

confirmation for many non-viable pregnancies.”  

 

This is an issue about partial verification and incomplete follow up which has been addressed in the 

quality appraisal and in subgroup analyses.  

 

The QUADAS 2 background document states: “If there is a delay or if treatment is started between 

index test and reference standard, misclassification may occur due to recovery or deterioration of the 

condition.” This is not applicable in trisomies as the condition itself does not change.  

 

If women receive the NIPT test, they are aware of their pregnancy. Fetal loss may be an indication of 

fetal abnormality. It does not change the diagnosis of the fetus. In some cases no further reference 

standards are undertaken once fetal loss occurred. Therefore these women are not misclassified by 

the reference standard, but lack of confirmation becomes an issue of partial verification or incomplete 

follow up rather than bias due to interval between index and reference standard.  

 

According to our protocol the reference standards considered in this review were 1) genetic 

verification through amniocentesis, CVS, cordocentesis and foetal pathologic examination after 

abortion and 2) postnatal phenotypic assessment. Verification is therefore not an issue about timing 

but an issue of choice of reference standard. Differential verification and incomplete follow up were 

addressed in the quality appraisal.  

 

“What level of follow-up in a prospective trial was needed for the data to be included in the meta-

analysis?”  

 

We did not exclude prospective trials by a certain follow-up level as long as a 2x2 table could be 

produced but judged risk of bias for study flow (exclusions from analysis) as high if not all patients in 

the study received a result from both NIPT and reference standard and if not all patients were 

included in the analysis of test performance.  

 

“6. Should the reference test of CVS be considered equivalent to amnio given that both NIPT and 

CVS detect confined placental mosaicism?”  

 

Amniocentesis and CVS are generally accepted as equivalent. The alternative to reduce reference 

standard to one technique would not be viable as studies generally use both methods for final 

diagnosis.  

 

“7. The authors do not compare their analysis with Gil et al (Fetal Diagn Ther 2014) or more 

importantly Gil et al (UOG 2015).”  

 

The updated meta-analysis by Gil et al. (2015) is clearly mentioned in the discussion where we 

compare our meta-analysis to previous reviews.  

 

“What does the authors’ study add that is not in the Gil papers? The conclusion that NIPT positive 
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results need to be confirmed using invasive testing is already well established.”  

 

We included more studies, several of which have been published since the most recent review (Gil et 

al. UOG 2015) (including two of the largest studies with test accuracy for 128,510 women).[5 6]  

Secondly, the two previous reviews conducted separate pooling of the diagnostic test accuracy 

measures using a univariate approach using standard methods for proportion[4 60] which is not 

recommended for reviews of test accuracy. Berkey and colleagues show that a bivariate meta-

regression is more efficient than separate univariate meta-regressions for assessing study-level 

covariates, due to the inclusion of correlation.[61]  

 

“Some causes of discordancy between NIPT and the true fetal karyotype will be due to biological 

factors (e.g. confined placental mosaicism) but others will depend on the specific technology used. 

There should be some discussion about this.”  

 

We have added this issue to the discussion as follows: Because the source of foetal cell free DNA is 

the placenta, confined placental mosaicism may explain a proportion of discordant NIPT results.[62] 

Furthermore, early foetal demise of an affected foetus[51 62] and unknown chromosomal abnormality 

in the mother [5 62] can lead to false positive results. Finally, in some cases discordance between 

NIPT and foetal karyotype results might be due to lab error.[62] The role of low foetal fraction as 

contributor to false positive or false negative results is unclear: Zhang et al[5] reported no major 

influence, whereas Quezada et al found lower foetal fractions in discordant than in those with 

concordant results.[41]  

 

“Minor points  

P5. Line 18. The sentence that states that univariate analysis is not appropriate because sensitivity 

and specificity are related needs a clearer explanation.”  

 

We have now clarified this sentence as follows: In addition the authors use a univariate approach 

which is not appropriate for meta-analysis of tests since it overlooks 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. 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 .  

 

“P5-P6. Explanation of "intention to diagnose" is unclear.”  

 

We have now included explanation of intention to diagnose as follows: 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.  

 

Reviewer: 3  

Dr. Philippos Patsalis  

Cyprus Institute of Neurology and Genetics  

 

“The manuscript gives a thorough meta analysis of previously published journal articles, which 

investigated NIPT using cffDNA. By utilizing a bivariate regression model they concluded/confirmed 

that NIPT is a screening test and cannot be used as a diagnostic tool for early pregnancies.  

The authors obtained results from studies on pregnant women in all trimesters. Since the review was 

requested by the UK National Screening Committee to provide summary of the accuracy of NIPT in 

the detection of Down, Edwards and Patau syndromes in the first trimester pregnancies, it is up to the 

discretion of the authors to discuss more extensively the results obtained by solely the 1st trimester 
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samples.”  

 

Thank you very much for this comment. This information is available in table 2, but we have included 

more detail in the text of the results section of the meta-analysis and have added a paragraph in the 

discussion on the analysis of studies with 1st trimester samples only (general population): 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 spectrum 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 

obstetric 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 including women later in pregnancy. 
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