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BACKGROUND:

In high-risk pregnant women, noninvasive prenatal testing with the use of massively parallel sequencing of maternal
plasma cell-free DNA (cfDNA testing) accurately detects fetal autosomal aneuploidy. Its performance in low-risk
women is unclear.

METHODS:

At 21 centers in the United States, we collected blood samples from women with singleton pregnancies who were
undergoing standard aneuploidy screening (serum biochemical assays with or without nuchal translucency
measurement). We performed massively parallel sequencing in a blinded fashion to determine the chromosome
dosage for each sample. The primary end point was a comparison of the false positive rates of detection of fetal



trisomies 21 and 18 with the use of standard screening and cfDNA testing. Birth outcomes or karyotypes were the
reference standard.

RESULTS:

The primary series included 1914 women (mean age, 29.6 years) with an eligible sample, a singleton fetus without
aneuploidy, results from cfDNA testing, and a risk classification based on standard screening. For trisomies 21 and
18, the false positive rates with cfDNA testing were significantly lower than those with standard screening (0.3%
vs. 3.6% for trisomy 21, P<0.001; and 0.2% vs. 0.6% for trisomy 18, P=0.03). The use of cfDNA testing detected
all cases of aneuploidy (5 for trisomy 21, 2 for trisomy 18, and 1 for trisomy 13; negative predictive value, 100%
[95% confidence interval, 99.8 to 100]). The positive predictive values for cfDNA testing versus standard screening
were 45.5% versus 4.2% for trisomy 21 and 40.0% versus 8.3% for trisomy 18.

CONCLUSIONS:

In a general obstetrical population, prenatal testing with the use of cfDNA had significantly lower false positive
rates and higher positive predictive values for detection of trisomies 21 and 18 than standard screening. (Funded by
Illumina; ClinicalTrials.gov number, NCT01663350.).
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2042 women over 18 with a singleton pregnancy were recruited, trisomy 21 1909, trisomy 18
1905. Investigators required accessibility to pregnancy and delivery records, such as reports
from lab screening, fetal US, cytogenetic testing, and newborn physical exams.

trisomy 21 5/1909 (0.3%); trisomy 18 2/1905 (0.1%)--in general in the population, according to
Pepid

o] Trisomy 18 (Edward’s syndrome)- 1/8000 live births

o] Trisomy 21 (Down’s syndrome)- 1/800 live births

Pregnant women from 21 clinical centers in 14 states in the United States

cell-free DNA testing consisting of massively parallel sequencing of maternal plasma
cell-free DNA from 10 mL sample of peripheral venous blood in first, second, or third
trimester

Standard aneuploidy screening included assays for first or second trimester serum
markers with or without ultrasound fetal nuchal translucency measurement (reference
standard for screening). Reference standard for diagnosis with newborn physical
exams for live births, and karyotype analysis for nonlive births.

trisomy 21 100 (47.8-100)
trisomy 18 100 (15.8-100)

trisomy 21 99.7 (99.3-99.9)
trisomy 18 99.8 (99.6-100)
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trisomy 21 45.5 (16.7-76.6)
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trisomy 18 100 (99.8-100)

Illumina, with study authors employees and patent holders for the company
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as editor & current year as publication year.

EXAMPLE: Auth I. Title of article. {insert author name if given, & search terms or title.} In: Basow DS, ed.
UpToDate [database online]. Waltham, Mass: UpToDate; 2009. Available at:
http://www.uptodate.com. {Insert dated modified if given.} Accessed February 12, 2009. {whatever date

PPRF reviewer did their search.}

For DynaMed, use the following style:
Depression: treatment {insert search terms or title}. In: DynaMed [database online]. Available at:
http://www.DynamicMedical.com. Last updated February 4, 2009. {Insert dated modified if

given.} Accessed June 5, 2009.{search date}

1. DynaMed These following statements are bolded, with information on specific trials underneath

excerpts maternal plasma cell-free fetal DNA screening appears to have high sensitivity and specificity for fetal
trisomies 21 and 18 in high-risk women
maternal plasma DNA screening for fetal trisomies 21 and 18 may reduce the need for invasive follow-up
testing compared to standard aneuploidy screening (level 2 [mid-level] evidence)
chromosome-selective sequencing of maternal plasma cell-free DNA may detect trisomy 21 and trisomy 18
first-trimester combination of maternal age, free beta-hCG, pregnancy-associated plasma protein A, and fetal
nuchal translucency has 91% sensitivity for trisomy 18 and 85.2% sensitivity for Down syndrome
first- and second-trimester screening protocols can detect Down syndrome and non-Down aneuploidies
massively parallel sequencing of maternal plasma DNA associated with accurate identification of Turner
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syndrome

massively parallel sequencing of maternal plasma DNA associated with accurate identification of Turner
syndrome in cases of fetal nuchal cystic hygroma

massively parallel sequencing of maternal plasma DNA associated with accurate identification of trisomy 18
in cases of fetal nuchal cystic hygroma

massively parallel sequencing of maternal plasma DNA associated with accurate identification of trisomy 18
screening using first and second trimester markers may be useful for detecting trisomy 18

first trimester risk algorithm may identify 95% of cases of trisomy 13 and trisomy 18 combined

Title. Screening and Monitoring During Pregnancy--Chromosomal Abnormalities Author. In: DynaMed
[database online]. Available at: www.DynamicMedical.com Last updated: june 24, 2014. Accessed June 26,
2014

Implicit by structure of article: maternal plasma cfDNA screening standard of care

PRENATAL GENETIC TESTING — Genetic testing is performed for definitive diagnosis when the offspring is
at increased risk of a known heritable disease. It can be performed before birth using cells derived from the
placenta (from 10 to 14 weeks of gestation), amniotic fluid (from 15 weeks of gestation to term), fetal blood
(from about 18 weeks of gestation to term), or fetal tissue (from about 20 weeks of gestation to term), and
sometimes from cell-free fetal nucleic acids in maternal blood (from about 9 weeks of gestation) [18]. It can
even be performed before implantation, using cells derived from preimplantation blastocysts conceived in
vitro.

§ (See "Preimplantation genetic diagnosis".)

§ (See "Chorionic villus sampling".)

§ (See "Diagnostic amniocentesis".)

§ (See "Fetal blood sampling".)

§ (See "Prenatal diagnosis using cell-free nucleic acids in maternal blood".)

The prenatal diagnosis of specific genetic disorders is discussed in individual topic reviews or within the
topic review for the specific disease.

Conventional karyotyping is the principal cytogenetic tool used for prenatal diagnosis. DNA microarrays to
detect submicroscopic chromosomal abnormalities can be offered as an adjunct in prenatal cases with
abnormal anatomical findings and a normal conventional karyotype [19,20]. There are many additional
techniques for genetic testing: testing may be DNA-based, cytogenetic, or metabolic, depending upon its
purpose (table 4). The best approach depends on the disorder that is being evaluated and should be
determined in consultation with a genetic counselor. (See "Genetic counseling and testing".) ...

Genetic testing can be performed before birth using cells derived from the placenta, amniotic fluid, fetal
blood, or fetal tissue, and sometimes from cell-free fetal nucleic acids in maternal blood. It can also be
performed before implantation, using cells derived from preimplanted blastocysts conceived in vitro. (See
'Prenatal genetic testing' above.)///

From the linked article: Down Syndrome, PreNatal Screening Overview

(written by authors who are all linked to a cfDNA company, last updated March 13 2014)

Disclosures: Geralyn M Messerlian, PhD Grant/Research Support: Natera, Inc; Sequenom; Beckman
(prenatal screening [ccfDNA, hCG]). Consultant/Advisory Boards: Sequenom (prenatal screening). Glenn
E Palomaki, PhD Grant/Research/Clinical Trial Support: Natera Inc [ccf DNA (panorama test)].
Consultant/Advisory Boards: Cellula, Inc; Beckman Coulter; Perkin Elmer [Down Syndrome screening
(screening assays)]. Employment: WIH. Louise Wilkins-Haug, MD, PhD Grant/Research/Clinical Trial
Support: Arisoa [Noninvasive prenatal diagnostic testing free fetal DNA (Noninvasive prenatal testing
product)]. Vanessa A Barss, MD Employee of UpToDate, Inc. Equity Ownership/Stock Options: Merck;
Pfizer; Abbvie. )

Cell-free DNA in maternal blood — Maternal plasma-based tests for cell-free DNA use next generation
genomic sequencing to detect trisomy 21, 18, 13, and possibly sex aneuploidy after 10 weeks of
gestation. Several commercial laboratories offer DNA test options. Each company has developed its own
proprietary technology for assessment of cell-free DNA in maternal blood and calculation of aneuploidy
risk, thus sensitivity and specificity vary slightly. All of these are considered laboratory-developed tests
(LDTs) and have not been subject to US Food and Drug Administration (FDA) approval. (See "Prenatal
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diagnosis using cell-free nucleic acids in maternal blood".)

And finally, from the last linked article: updated May 2014

(written by authors who are all linked to Ariosa, another company that does cfDNA testing--Disclosures:
Adam Wolfberg, MD Patent Holder: Mindchild Medical, Inc [fetal monitoring]. Employment: Ariosa
Diagnostics, Inc [non-invasive prenatal testing (harmony prenatal test)]. Equity Ownership/Stock Options:
Mindchild Medical, Inc; Ariosa Diagnostics, Inc [non-invasive prenatal testing (harmony prenatal test)].
Aaron B Caughey, MD, PhD Equity Ownership/Stock Options: Ariosa [prenatal diagnosis]; Cellscape
[prenatal diagnosis]; Mindchild [fetal monitoring]. Louise Wilkins-Haug, MD, PhD Grant/Research/Clinical
Trial Support: Arisoa [Noninvasive prenatal diagnostic testing free fetal DNA (Noninvasive prenatal
testing product)]. Vanessa A Barss, MD Employee of UpToDate, Inc. Equity Ownership/Stock Options:
Merck; Pfizer; Abbvie. )

INTRODUCTION — Current methods of fetal genetic testing typically involve obtaining samples of
amniotic fluid, placenta, fetal blood or, rarely, other fetal tissues or fluids. The invasive techniques
required for obtaining fetal samples (eg, amniocentesis, chorionic villus biopsy, fetal umbilical vessel
venipuncture, fetoscopy-guided biopsy) place the fetus at risk of injury or death. Therefore, development
of accurate, safe, rapid, noninvasive tests for prenatal diagnosis is an area of active investigation.
...Noninvasive testing for trisomy 21, trisomy 18 and trisomy 13, as well as sex-chromosome
aneuploidies is commercially available. Some clinicians are using noninvasive testing as a screening test
in high-risk and low-risk patients, particularly those who would otherwise select invasive diagnostic
testing.

Always use Basow DS as editor & current year as publication year.

Title. Basic principles of genetic screening for obstetrics Author. Disclosures: Harry Ostrer, MD Nothing to
disclose. Louise Wilkins-Haug, MD, PhD (editor) Grant/Research/Clinical Trial Support: Arisoa [Noninvasive
prenatal diagnostic testing free fetal DNA (Noninvasive prenatal testing product)]. Vanessa A Barss, MD
Employee of UpToDate, Inc. Equity Ownership/Stock Options: Merck; Pfizer; Abbvie. In: UpToDate
[database online]. Available at: http://www.uptodate.com. Last updated: lit review May 2014, updated
August 2013. Accessed]une 26 2014

Maternal plasma cfDNA is the "next generation" test that provides "accurate, safe, rapid, noninvasive tests
for prenatal diagnosis." Reads like an advertisement, written by authors who are each linked to a cfDNA
testing company. Ariosa does direct-to-consumer advertising on the web.

Pregnant women should be offered screening and invasive diagnostic testing regardless of age (SOR B)1
No mention made of cfDNA

Author. Ashley Bainbridge, Sherif Labatia Title. Prenatal Genetic Screening In: PEPID [database online].
Available at: http://www.pepidonline.com. Last updated: Nov 2012. AccessedJune 26 2014

1. Do you recommend that PEPID get updated on this topic?

X Yes, there is important evidence or recommendations that are missing
] No, this topic is current, accurate and up to date.

If yes, which PEPID Topic, Title(s):

Prenatal screening should mention cfDNA

2. Is there an EBM Inquiry (HelpDesk Answers and Clinical Inquiries) as indicated by the EB icon (Ed)
that should be updated on the basis of the review?

[ Yes, there is important evidence or recommendations that are missing

] No, this topic is current, accurate and up to date.

If yes, which Evidence Based Inquiry(HelpDesk Answer or Clinical Inquiry), Title(s):

No EBM

ACOG prenatal genetic screening guidelines:

o} ACOG recommendations

. screening and invasive diagnostic testing should be available to all women presenting for
prenatal care before 20 weeks gestation, regardless of maternal age; counsel women on difference
between screening and invasive diagnostic testing (ACOG Level B)



11. Citations for

. screening with nuchal translucency alone is less effective than combined test of nuchal
translucency and biochemical markers (ACOG Level A)

. offer genetic counseling and option of chorionic villus sampling or second trimester
amniocentesis to women with increased risk of fetus with aneuploidy on first trimester screening (ACOG
Level A)

. offer targeted ultrasound exam, fetal echocardiogram, or both if fetal nuchal translucency = 3.5
mm in first trimester despite negative aneuploidy screen or normal fetal chromosomes (ACOG Level B)
. subsequent second trimester screening after first trimester screening not indicated unless
performed as component of integrated, stepwise sequential, or contingent sequential test (ACOG Level
C)

. integrated first- and second-trimester screening is more sensitive with lower false-positive rates
than first-trimester screening alone (ACOG Level C)

o] options for screening all women to identify fetus with Down syndrome include

. fetal ultrasound(also called genetic ultrasound)

. combination of serum and ultrasound testing

. noninvasive maternal plasma fetal DNA analysis

o] maternal plasma cell-free fetal DNA screening

. appears to have high sensitivity and specificity for fetal trisomies 21 and 18 in high-risk women
(level 2 [mid-level] evidence)

. may reduce the need for invasive follow-up testing compared to standard aneuploidy screening
(level 2 [mid-level] evidence)
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Current testing is pretty good using standard screening. This is slightly more
specific. As the authors note at the end "a consideration of cost-effective ways to
incorporate cfDNA testing into general obstetrical practice is beyond the scope of
this study. Our findings, however, suggest that cfDNA testing merits serious
consideration as a primary screening method for fetal autosomal aneuploidy.
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It is gold rush time for companies rushing to capitalize on maternal plasma cell free DNA massively
parallel sequencing. These laboratory derived tests are not subject to FDA approval. Each has different
specificity and sensitivity for different aneuploidies. This study from biotech company Illumina examined the
false positive rates for trisomy 18 and 21 in low risk women, seeking to extend the recommendations for
cfDNA use to all populations. While cfDNA has a higher positive predictive value than standard prenatal
screening, both have 100% sensitivity. There was no overlap in the false positive results between standard and
cfDNA screening.
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