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Performance of the Newly Developed Noninvasive Prenatal 
Select Test 

INTRODUCTION 

Professional guidelines allow for noninvasive prenatal testing (NIPT) to be 
offered as a screening option for pregnant women with proper counseling.  The 
clinical utility of this type of testing has been demonstrated, both for “high risk” 
and “low risk” pregnancies.  Sema4’s Noninvasive Prenatal Select is a simple 
blood test that can detect chromosomal abnormalities as early as 9 weeks into 
pregnancy by analyzing fragments of fetal DNA (called circulating, cell-free DNA 
(ccfDNA)) found in the mother’s blood using advanced DNA sequencing technology. 
Sema4 Noninvasive Prenatal Select detects the most common chromosomal 
abnormalities with >99% accuracy. Additionally, rarer trisomies, sex chromosome 
abnormalities, and microdeletion syndromes can be detected.  These abnormalities 
typically occur spontaneously (de novo) in the fetus and often lead to pregnancy 
loss or conditions associated with physical or intellectual disabilities in liveborn.   
Sema4’s Noninvasive Prenatal Select can help pregnant women ascertain the 
unique risk associated with the current pregnancy that is also based on maternal 
age.  Recommendations for a positive result on this screening test include an 
appointment with a genetic counselor who can review the implications and suggest 
follow-up diagnostic testing for confirmation. 

Here we describe the analytical performance of Sema4’s Noninvasive Prenatal 
Select test from its validation phase that resulted in New York State Department of 
Health (NYS-DOH) approval for offering this as a clinical screening test starting in 
August 2018. 

CONDITIONS/DISORDERS 

Sema4’s Noninvasive Prenatal Select is now available in four different panel 
choices that can be ordered by a healthcare provider: Standard (3 autosomal 
trisomies – 13, 18 and 21), Standard with Sex Chromosome Aneuploidies (X, XXX, 
XXY and XYY), Standard Plus (6 autosomal trisomies – 13, 18, 21, 15, 16 and 22  and 4 
sex chromosome aneuploidies), and Expanded (6 autosomal trisomies, 4 sex 
chromosome aneuploidies, and 7 microdeletions (22q11.2, 1p36, 4p16, 5p15, 15q11.2-
q13, 8q24 and 11q23)).  These panels are outlined in the Table below.  Each of the 
panel tests also can provide information about the sex of the baby if the patients so 
desire.   
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TECHNICAL WORKFLOW AND VALIDATION 

OVERVIEW: 
ccfDNA, purified from the plasma component of anti-coagulated maternal whole 
blood, is converted into a genomic DNA library and sequenced by paired-end 
massively parallel sequencing (MPS) technology.  The sequencing data is quantified 
for relative amount of chromosomal material across the genome to determine 
“counts” for chromosomes and select sub-chromosomal regions (targeted genome 
counting).  A clinical pipeline classifies samples for the conditions on the panel and 
by fetal sex and predicts fetal fraction (percentage of placental DNA).  A laboratory-
specific statistical model is used to help reduce false positive and false negative 
rates. 

VALIDATION 

The Validation phase comprised (i) baseline model training and evaluation, followed 
by (ii) analytical performance assessment 
(sensitivity/specificity/accuracy/reproducibility/repeatability studies), and (iii) 
multiple gestation testing validation. 

(i) Baseline model training and evaluation

The quantitative copy number calling method for the Noninvasive Prenatal Select 
Assay was developed in two steps. 

First, a baseline threshold model was trained using genomic DNA libraries prepared 
from ccfDNA from 2,813 reference-laboratory confirmed NIPT negative (euploid) 
male and female singleton pregnancy samples.  These samples, known as the 
“Baseline Model Training Sample Set” were used to establish Normalized 
Chromosome Values (NCV), defined as a z-score, for the Regions of Interest (ROIs), 
and to develop the clinical pipeline.   

Next, a “Validation Set” comprising of 796 samples (singleton pregnancies)) was 
tested against this baseline model.  This set included 85 reference-laboratory 
confirmed positive clinical patient samples representing the various autosomal 
trisomies and sex chromosome aneuploidies.  It also included 35 synthetic positive 
control samples representing the rarer microdeletions.  These synthetic controls 
were a mixture of fragmented genomic DNA from patients with a given 
microdeletion syndrome and their biological mothers (if available) or normal 
females (if biological maternal samples were unavailable).  For these synthetic 
“spiked” controls, the mixture ratios for each patient are 2.5%, 5%, 10%, 15%, and 20% 
to mimic different fetal fractions expected from real maternal plasma samples.  To 
classify a sample as normal, aneuploid, deletion, or suspected 
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aneuploidy/microdeletion, NCV scores for the samples were compared against the 
baseline set thresholds using the clinical pipeline.   

Results from confirmed autosomal trisomy samples 
from the validation set are shown here. Region N (0,1) 
shows the normal distribution of NCV scores 
representing a chromosomal target with no 
abnormalities.  The other points on the x-axis show the 
NCVs for chromosomes 13, 15, 16, 18, 21, and 22, 
respectively. Red lines indicate the threshold critical 
values for aneuploidy and suspected aneuploid scores, 
where all aneuploid sample values are found to be 
plotted above the red lines.  Any sample whose values 
fall within or at the red lines (suspected aneuploid) is 
flagged for repeat sequencing as a secondary 
confirmation. 

Results from confirmed sex chromosome aneuploidy samples from the validation 
set in comparison to male and female samples with no abnormalities are shown 
here.  Threshold values for X and Y chromosome abnormalities are indicated by 
blue and black lines, respectively.  The threshold for the presence of Y is indicated 
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by the dotted red line.  The clinical pipeline uses a decision function based on 
critical values to determine the sex of the fetus. 

Results from two representative microdeletion syndrome (22q11, left and 15q11.2-
q13, right) samples (synthetic controls) from the validation set are shown here.  The 
X-axis is the fetal fraction and the Y-axis is the NCV score. These results
demonstrate that the NCV scores for each microdeletion linearize with dilution
factors (simulated fetal fractions) from 2.5% to 20%; thus, a real sample is expected
to fit the model and call the microdeletion if present.

The fetal fraction prediction model also was trained in this phase, using samples 
from pregnancies carrying male fetuses.  Estimates were compared to fetal fraction 
estimates reported for samples obtained by reference labs. 

(ii) Analytical Performance Assessment for Singleton Pregnancies

Following the baseline model training and evaluation phase, the analytical 
performance characteristics of the test were evaluated including its accuracy, 
precision (repeatability and reproducibility), and analytical sensitivity and specificity. 
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Accuracy Studies:  
Concordance was verified between Noninvasive Prenatal Select Assay results and 
reference laboratory-confirmed results (other NIPT and available invasive methods) 
to demonstrate analytical sensitivity, analytical specificity by an orthogonal 
technology.  

Results from these accuracy studies on samples with known autosomal trisomies 
are shown here:  

Condition 

Reported 
Positive by 
Reference 

Laboratories 
(confirmed**) 

Reported 
Positive by 

Sema4 
validation 

Analytical 
Sensitivity 

(95%CI) 

Reported 
Negative by 
Reference 

Laboratories 

Reported 
Negative by 

Lab 
Validation 

Analytical 
Specificity (95% CI) NPV 

Trisomy 21  26(23) 26 >99% (86.8- >99.9) 768 768 >99% (99.5->99.9) >99% (99.5->99.9) 
Trisomy 18  11(10) 11 >99% (71.6- >99.9) 783 782 >99% (99.6-99.9) >99% (99.3->99.9) 
Trisomy 13  9(3) 9 >99% (66.3- >99.9) 785 784 >99% (99.7-99.9) >99% (99.4->99.9) 
Trisomy 16 6(5) 6 >99% (54.1- >99.9) 530 530 >99% (99.3->99.9) >99% (99.3->99.9) 
Trisomy 22 6(3) 6 >99% (54.1- >99.9) 530 530 >99% (99.3->99.9) >99% (99.3->99.9) 
Trisomy 15 1(1) 1 NA 120 119 NA NA 

Accuracy studies also were performed for samples representing sex chromosome 
aneuploidies (24 of them being either 45,X; XXX; XXY; or XYY) and microdeletion 
syndromes (using 35 synthetic controls), along with known negative samples.  
Overall, analytical specificity and NPV each were >99.9 percent for all of the 
selected conditions, while analytical sensitivity/PPV were slightly more variable 
depending on the syndrome (see values in the clinical panels table on page 2).   

For fetal sex prediction by Y chromosome representation, 401/402 males were 
predicted correctly, for a sensitivity of 99.8% and specificity of 99.2%, and 387/390 
females were predicted correctly, for a sensitivity of 99.2% and a specificity of 99.8%. 

Finally, in the analytical performance phase studies, the average fetal fraction from 
9-35 weeks gestation was shown to range between 8.5% and 20%, consistent with
estimations by others in reference lab samples. The lower fetal fraction limit was set
at 2%.  There were no limitations identified for maternal age (range tested was 18-
>40 years old).

Reproducibility and Repeatability Studies (performed on 30 samples in a “3-1-1 
principle test”):  

Three runs were performed using the same sample set to demonstrate precision of 
results across multiple set-ups of the assay (inter-run precision). Three replicates of 
a single sample on a single run were performed to demonstrate precision of test 
results under the same operating conditions (intra-run precision). The observed 
chromosome aneuploidies and fetal sex in each of five runs performed were 100% 
concordant. 
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Limit of Detection 
In addition, we performed a Limit of Detection Analysis by a serial dilution mixture 
of aneuploidy and negative samples, which revealed a linear correlation between 
expected aneuploid fetal fraction and NCV for trisomy 21 and Y. These results 
confirmed that our statistical model-based counting algorithm can accurately 
assess the chromosome representation and suggests that our clinical NIPT pipeline 
can detect aneuploidies down to 2% low fetal fraction.  

(i) Multiple Gestation Testing Validation

We also assessed our test performance for detection of fetal trisomies 21, 18 and 13, 
and Y chromosome in multiple gestation pregnancies using samples tested in 
parallel with another NIPT testing laboratory, as well as synthetic plasma or whole-
genome amplified library mixtures imitating twin/triplet pregnancy specimens. 

First, we tested 51 reference laboratory-confirmed negative specimens and 
confirmed 100% concordance. Twin/triplet pregnancies with at least one positive 
fetus are extremely rare and plasma specimens from such pregnancies could not 
be obtained. Therefore, to validate positive calls, we created samples which mimic 
twin/triplet specimens by mixing plasma samples or whole-genome amplified 
(WGA) library samples from singleton pregnancies that were previously tested 
positive or negative for aneuploidies and determined as male or female by 
reference laboratories or by our own internally validated method. These synthetic 
twin/triplet samples were run in the NIPT assay and pipeline, and accuracy, 
repeatability, and reproducibility were analyzed and summarized below.  

Our clinical NIPT pipeline detected aneuploidies based on the NCV scores among 
the synthetic twin samples with high sensitivity: 95.5% (77.2–99.9) for trisomy 21, 
100% (39.8->99.9) for trisomy 18, 100% (39.8->99.9) for trisomy 13. It also detected 
aneuploidies in the synthetic triplet samples with high sensitivity: 63.6% (30.8-89.1) 
for trisomy 21, 100% (29.2->99.9) for trisomy 18, and 100% (15.8->99.9) for trisomy 13. 
We did not find any aneuploidies in the negative multiple gestation samples. The 
presence of chromosome Y was also detected with high sensitivity: 100% (59.0-
>99.9) in male-male synthetic twins, 94.4% (72.7-99.9) in male-female twins, and
overall accuracy of 97.2%.

Condition Synthetic twin 
sample numbers 

# Called 
positive 

Called  
negative 

Analytical Sensitivity 
(95%CI) 

Analytical Specificity (95% 
CI) 

Trisomy 21 22 21 1 >95.5% (77.2-99.9) >99% (69.2->99.9)
Trisomy 18 6 6 0 >99% (54.1->99.9) >99% (86.8->99.9)
Trisomy 13 4 4 0 >99% (39.8->99.9) 96.4% (81.7->99.9) 

A. For multiple gestation pregnancies, we require at least 4% fetal fraction for
twin pregnancies and 6% fetal fraction for triplet pregnancies (assuming equal
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distribution per fetus), and sequence deeper in order to maintain the test 
performance.  Our sensitivities and specificities are based on analytical 
calculations for singleton pregnancies within an acceptable fetal fraction 
range.  

B. Based on the studies described in this section, and an in-silico accuracy
modeling study, we estimate our analytical sensitivities and specificities for
multiple gestation pregnancies as >99% within an acceptable fetal fraction
range. Performance of multiple gestation testing may vary if fetal fraction is
not evenly distributed between fetuses.

LIMITATIONS/DISCLAIMERS 
1. The Noninvasive Prenatal Select test was designed and validated, and is

performed and reported, by Sema4, according to CLIA, CAP, and NYS-DOH
guidelines.  This test has not been cleared or approved by the US FDA.

2. Currently, Sema4 Noninvasive Prenatal Select is available for pregnancies at
gestational age of 9 weeks or greater for pregnancies of one, two or three
baby(ies). This test can be performed on IVF pregnancies, including donor
egg, donor sperm, and gestational carrier.

3. A negative test result (reported as at LOW RISK) does not ensure an
unaffected pregnancy, and not all women who screen positive (reported as at
HIGH RISK) will have an affected pregnancy Noninvasive Prenatal Select is a
screening test that comes with a risk of false negatives and false positives.  All
positive results should be confirmed by invasive diagnostic testing via
chorionic villus sampling (CVS) or amniocentesis followed by chromosomal
analysis/fluorescence in situ hybridization (FISH)/chromosomal microarrays.
Pregnancy management decisions should not be made solely based on the
screening result.

4. Not all genetic abnormalities are screened in this test. Other chromosomal
abnormalities and prenatal defects may be present that are not tested for,
including smaller microdeletions, triploidy, balanced rearrangements and
open neural tube defects, etc. The test has not been validated for and does
not report autosomal monosomies or reciprocal microduplications of
targeted microdeletion regions.

5. Inaccurate/inconclusive calls could result from suboptimal quality of the
specimen, low fetal fraction, unreported multiple gestation
pregnancy/resorbing twin, mosaicism (placental, maternal, or fetal), maternal
copy number variants (CNVs), organ/BM transplantation or recent blood
transfusion.  Other potential sources of false-positive and false-negative
results include technical issues, misidentification of samples, polymorphisms,
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or other rare genetic variants that interfere with analysis.  Unanticipated 
findings could include maternal aneuploidy or microdeletion or even 
neoplasia. 

CONCLUSION 
Sema4’s Noninvasive Prenatal Select screening test can be performed as early as 9 
weeks of gestation and has been shown to have high analytical sensitivity and 
specificity for the covered regions. The use of a maternal blood sample as the test 
specimen, coupled with the test’s low false positive rate, helps to eliminate 
unnecessary invasive procedures.  Results are reported as the fetus being at low or 
high risk to be affected with the conditions on the panel. Reports also include 
personalized positive predictive value (PPV) to help clarify patient’s unique risk for 
an affected pregnancy based on maternal age.    

SPECIMEN AND SHIPPING REQUIREMENTS 
Healthcare providers ordering Noninvasive Prenatal Select for their patients carrying 

o Singleton/twin/triplet pregnancies

o of gestational age 9 weeks or greater

must specify panel type (Standard, Standard Plus, or Expanded) and indicate if the 
patients wish to learn the fetal gender.  Turnaround times are approximately 1 week, 
whereupon the provider and the patient will obtain the results. A Sema4 genetic 
counselor will be in contact if test results are positive, both to explain these results 
and review options for confirmation by diagnostic testing. 

Sample requirements: Two 10 mL Streck BCT tubes of maternal blood.  Blood must 
be stored and shipped at room temperature and received within 5 days of the blood 
draw to ensure specimen stability.  

Send same day or overnight to: 
Sema4 
Atran laboratory building 
1428 Madison Avenue 
Room AB2-25 
New York, NY 10029 

Contact: 
gc@sema4.com 
Tel: 800-298-6470 
Fax: 646-859-6870 



62 Southfield Ave. Stamford, CT 06902           
Branford CT Lic#: CL-0830   |   Stamford CT Lic#: CL-1016           

 P: 800-298-6470  •  F: 646-859-6870     
sema4.com

REFERENCES 

Committee Opinion No. 640: Cell-Free DNA Screening For Fetal Aneuploidy. Obstet 
Gynecol, 2015. 126(3): p. e31-7.  

Committee on Practice Bulletins-Obstetrics, Committee on Genetics, and the Society for 
Maternal-Fetal Medicine, Practice Bulletin No. 163: Screening for Fetal Aneuploidy. 
Obstet Gynecol, 2016. 127(5): p. e123-37.  

Gregg, A.R., et al., Noninvasive prenatal screening for fetal aneuploidy, 2016 update: a 
position statement of the American College of Medical Genetics and Genomics. Genet 
Med, 2016. 18(10): p. 1056-65. 

Mito Y, McCafferty J, Calder, RB, Lu X, Gross, S, and Edelmann L. Validation of 
Noninvasive Prenatal Testing for Fetal Aneuploidies and Microdeletions Down to 2% 
Fetal Fraction. American College of Obstetricians and Gynecologists Annual Clinical 
and Scientific Meeting 2019.   

Lu X, Mccafferty J, Zhao E, Murphy M, Calder RB, Zimmerman R, Mito Y, and Edelmann 
L. Performance Assessment of Noninvasive Prenatal Testing for Fetal Aneuploidies in
Multiple Gestations: Limit of Detection Analysis using Synthetic Aneuploidy Samples.
American College of Medical Genetics and Genomics Annual Clinical Genetics Meeting
2019.




