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Abstract

Cell-free DNA has emerged as the most reliable, non-invasive prenatal screening tool for fetal
aneuploidies. It has come to replace the previously widely used quadruple screen offered in
the second trimester of pregnancy. This change comes with improved detection for
aneuploidy but also presents potential gaps in prenatal diagnosis including detection of open
fetal defects and emerging data on prediction of adverse pregnancy outcomes. This review
article provides a historical summary of the quadruple marker screen and evaluates the
intersection of this screen with cell-free DNA. Furthermore, it discusses points to consider as
providers trend toward cell-free DNA testing alone and reviews potential options to remedy
any disparities.
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1. Introduction

The American College of Obstetrics and Gynecology (ACOG) recommends that all pregnancies be
screened for fetal aneuploidy, particularly those of higher risk, including advanced maternal age and
prior family history [1]. The quadruple (“quad”) screen is one non-invasive tool available for
pregnancy screening [1]. The test is conducted in the second trimester of pregnancy and uses four
markers: alpha-fetoprotein (AFP), human chorionic gonadotropin (hCG), unconjugated estriol, and
dimeric inhibin-A [1]. The screen is used to help determine the risk of fetal aneuploidy and
subsequently guide pregnancy management. The quadruple screen has become ubiquitous in its
use across obstetrics providers, with continued discovery of additional applications.

Recently, technology that utilizes circulating fetal DNA in maternal serum, termed cell-free DNA
testing, has increasingly become the gold standard in prenatal aneuploidy screening, due to its
improved sensitivity and specificity for these conditions [1]. By its nature as a genetic test, cell-free
DNA is only able to evaluate genetic risks, thereby leaving potential gaps in prenatal testing that the
guad screen had previously been able to address.

2. A History of the Quadruple Screen for Aneuploidy Screening

The development of the quadruple screen for aneuploidy risk, particularly Trisomy 21, spanned
decades, as understanding of maternal serum markers improved over time [Figure 1]. Trisomy 21
(“Down syndrome”) is a common fetal aneuploidy syndrome, characterized by such physical
abnormalities as hypotonia, a flat nasal bridge and upward slanting palpebral fissures [2]. Children
with Trisomy 21 also have an increased risk of cognitive impairment, hearing loss, congenital heart
defects, and other lifelong medical conditions [2]. As early as the 1930s, the risk of fetal aneuploidies
was known to increase with maternal age, which we now understand to be secondary to increased
meiotic nondisjunction events resulting in additional chromosome 21 material [3]. Prior to the
1980s, advanced maternal age was the only screening modality used to recommend further
diagnostic testing (amniocentesis at the time) for trisomy 21 [4].

However, in 1984, a relationship between AFP and trisomy 21 was presented by Cuckle et al [5].
Pregnancies affected by this aneuploidy were shown to produce less AFP, a protein produced by the
fetal liver, leading to reduced maternal serum levels [5]. Refinement of the AFP screening strategy
accounting for maternal age and ultrasound-confirmed dating was proposed in 1987, with
sensitivity for trisomy 21 reaching 40% [4].
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Figure 1 A timeline of the development of the quadruple screen.

Within the same year, the addition of hCG to the fetal chromosomal abnormality algorithm was
proposed [6]. By this time, it had been known for decades that abnormal levels of hCG were
associated with adverse pregnancy outcomes, namely spontaneous abortions [7]. It was also
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understood at the time that a majority of spontaneous abortions are due to chromosomal
abnormalities [6]. In the case of Trisomy 21, hCG levels were demonstrated to be elevated compared
to unaffected pregnancies [6]. By combining AFP and hCG, the detection rate for any chromosomal
abnormalities (including trisomy 21, 18, 13, and monosomy X) was improved to up to 75% of cases
from 20% with AFP alone in their cohort [6].

The earliest proposal of what is now referred to as the triple screen included AFP, hCG and
unconjugated estriol (the primary estrogen produced by the placenta) and was introduced in 1988.
Wald et al. identified that the combination of the three markers, in addition to maternal age was
able to improve detection rate and reduce false positives in the screening of trisomy 21 [8]. Further
studies confirmed that low estriol, in combination with low AFP, high hCG and advanced maternal
age, provided a positive predictive value 50-300% higher than simply AFP alone in the detection of
trisomy 21 [9].

By 1994, the standard of care was still offering amniocenteses to all pregnant women over the
age of 35 [10], as 1 in 294 pregnancies are affected by Trisomy 21 at this age [1]. Although invasive
diagnostic testing, including amniocentesis and chorionic villus sampling (CVS), is generally regarded
as safe, it carries risks, the most significant being the risk of pregnancy loss [11]. The use of maternal
aneuploidy screening is an attractive alternative to avoid unnecessary invasive diagnostic testing. In
a large study of over 5000 women, Haddow et al. demonstrated that the rates of invasive diagnostic
procedures could be reduced through use of the triple screen. In this study, researchers found that
if amniocentesis were only offered in pregnancies with a greater than 1 in 200 chance of being
affected by trisomy 21 per the triple screen, the number of unnecessary procedures would
dramatically decrease, while maintaining a detection rate of 89% of the cases of trisomy 21 [10].

In 1996, Wald et al. introduced the concept of the quadruple screen, adding inhibin-A to the
established triple screen protocol. Given that hCG levels are increased in the setting of trisomy 21,
it was hypothesized that elevations of another placentally-produced hormone, inhibin-A, may
further improve the sensitivity and specificity of the screening test for Trisomy 21 [12]. With further
optimization by adjusting for ultrasound-confirmed gestational age and maternal weight, the quad
screen improved detection rates to 79% * [12].

Until the early 2000s, most of the research focused on the ability to detect trisomy 21, with little
data regarding other fetal aneuploidies. The First and Second Trimester Evaluation of Risk (FASTER)
trial was a multicentered study aimed at comparing the available screening methods for Trisomy 21,
which included the second trimester quadruple screen serum markers, as well as first trimester
markers (PAPP-A, free beta-hCG and nuchal translucency) [13]. It also evaluated the success of these
screening modalities for chromosomal abnormalities other than trisomy 21 [14]. In a cohort of
around 35,000 women who received quad screening during the second trimester of their pregnancy,
the detection rate of pregnancies complicated by trisomy 18, trisomy 13 or monosomy X was 69%,
with a false positive rate of 8.9% [14].

As the data behind the quad screen increased, so too did adoption rates by obstetricians. By 2004,
second trimester quadruple screening was adopted by around half of American obstetricians [15].
By 2008, 86% of American general obstetricians offered this screen [16]. Another study found a 10-
fold increase in the use of the quad screen by maternal-fetal medicine specialists, increasing from

1 Of note, some researchers have proposed a “penta” screen, which aims to improve the quad screen by
incorporating hyperglycosylated hCG [1]. Clinical studies using this screen are still limited [1].
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8.5% in 2001 to 85.6% in 2007 [17]. The same study also identified a predicted 20% decrease in the
number of invasive procedures during this time [17].

3. Enter Cell-Free DNA

Non-invasive prenatal testing (NIPT) in modern times has largely come to mean the use of
circulating cell-free DNA for prenatal screening of chromosomal abnormalities. Early on, researchers
were primarily interested in the presence of whole fetal cells in maternal DNA, spurring the National
Institutes of Health Fetal Cell Study (NIFTY) [18]. Initial data was promising, with false positive rates
in aneuploidy screening lower than the 5% rate observed in serum analyte screening at the time
[19]. However, isolation of sufficient free cells for testing proved to be challenging, particularly in
pregnancies with cytogenetically normal fetuses [20]. While optimization efforts were underway,
Lo et al. identified that cell-free DNA was also present in the maternal serum, opening a new line of
research [21].

This field of study rapidly progressed, as it was determined that fetal DNA was present in high
concentrations, with detectable levels as early as the 7" week of pregnancy [22]. Early on, the
benefit was believed to be limited to determination of sex, sex-linked disorders, and Rh status, given
the need for a fetal specific marker (ex. Y chromosome) to distinguish from background maternal
DNA [23, 24]. However, advancements in alternative fetal markersincluding epigenetic markers [25,
26] and use of highly polymorphic single nucleotide variants within regions of interest [27, 28] has
allowed for the technology to detect common aneuploidies.

A 2017 meta-analysis by Gil et al. estimates that cell-free DNA has a detection rate for trisomy
21 of 99.7% and a false positive rate of 0.04% [29], far superior to second trimester quad screening,
which estimates a detection rate of 81% of pregnancies affected by trisomy 21 and a false positive
rate of 5% [14]. The meta-analysis also found weighted detection rates for trisomy 18, trisomy 13,
and monosomy X to be 98%, 99%, and 96%, respectively [29]. Aneuploidy screening through cell-
free DNA is now endorsed as the most sensitive and specific screening test for this purpose by ACOG
and the Society for Maternal-Fetal Medicine (SMFM) [1]. These societies recommend all patients be
offered aneuploidy screening, regardless of maternal age [1]. Cell-free DNA may also have future
benefits in prenatal diagnosis of single gene disorders, as the technology develops, further setting
its capabilities apart from the serum analyte screens [30].

4. What Cell-Free DNA misses

There is no debate that cell-free DNA is superior to the quadruple screen in its ability to screen
for fetal aneuploidy [29]. However, cell-free DNA has distinct disadvantages to the quad screen. The
first is in the detection of open fetal defects, including neural tube defects (NTDs) and abdominal
wall defects. The second stems from the relative newness of this technology. Components of the
guadruple screen have been studied for decades, with continued discoveries of novel and
alternative applications.

4.1 AFP and Open Fetal Defects
Well before the discovery of AFP as a screening tool for trisomy 21, it was widely used to identify

pregnancies affected by neural tube defects (NTDs) or abdominal wall defects. AFP, first identified
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inthe 1950s [31], is elevated in maternal serum in pregnancies affected by these open fetal defects.
In such pregnancies, it is believed that these lesions result in the lack of a complete barrier between
fetal serum or cerebrospinal fluid and amniotic fluid [32]. This allows the protein to leak into the
amniotic fluid, subsequently crossing over into maternal serum at elevated concentrations [32]. This
relationship was first discovered by Brock et al. in 1972 [33], and its use as a screening tool was
further characterized in 1977 by a U.K. collaborative study of over 18,000 pregnancies [34]. One
meta-analysis finds that the use of noninvasive maternal serum AFP screening is 75.1% sensitive and
97.7% specific for the detection of neural tube defects [35]. Similarly, detection rate of abdominal
wall defects resulting in herniation of abdominal contents both with an overlying membrane
(omphalocele) and without (gastroschisis) using AFP screening has been demonstrated to be 78%
and >99% respectively, when using a cut off of 22.0 multiples of the median (MoM) [36].

Early in the implementation of cell-free DNA, the 2015 committee opinion published by ACOG
recommended providers also offer AFP testing to identify pregnancies at risk for open neural tube
defects [37]. Further studies have since demonstrated that routine second trimester
ultrasonography of fetal anatomy has a 100% sensitivity and specificity in the diagnosis of both
neural tube and ventral wall defects using an anatomy ultrasound scan [38]. This practice is now
recommended by ACOG [39] and has been demonstrated to be more effective than AFP screening
alone in detecting neural tube defects [40].

It is worth noting, however, that this combination of cell-free DNA with US testing is not without
its own limitations. ACOG currently endorses the optimum gestational age of obtaining the anatomy
scan to be 18-22 weeks in the absence of earlier indications [39], in part due to data that suggests
earlier scans may be less effective in detecting neural tube defects [41]. Historically, abnormalities
in maternal AFP levels early in pregnancy indicated the need for an earlier anatomic scan, given the
associated increased risk for anatomical defects. Therefore, moving away from quad screening or
AFP testing entirely may result in later diagnosis of these complications.

4.2 Other Quadruple Screen Applications

In addition to chromosomal abnormalities and open fetal defects, there is a growing body of
evidence that abnormal results from multiple quadruple screen serum markers may indicate a
greater risk for adverse pregnancy outcomes, including placental abruption, intrauterine growth
restriction (IUGR), fetal death and preterm birth [42, 43]. The link between these pregnancy
outcomes and abnormalities in these markers likely stems from placental malfunction [42]. Data
from the FASTER trial demonstrate a significant association between elevations in three serum
markers (specifically hCG, AFP, and inhibin A) with preterm birth (OR 5.51 [95% Cl: 2.23-13.62]),
preeclampsia (OR 7.04 [95% Cl 3.90-12.73]) and fetal loss < 24 weeks (OR 16.34 [95% Cl: 7.56-35.33]),
among others [43]. However, the sensitivity of this screen for these conditions is low (15.95%,
11.74%, and 24.74%, respectively) which limits the predictive value in the general population [43].
A Cochrane review of the use of serum markers as a screen for small for gestational age neonates
also found that quad screening alone may not be a sufficient screen [44].

Despite this, information from the quad screen could be valuable in directing further testing or
antenatal surveillance. Abnormal levels of both AFP and Inhibin-A have been associated with an
increased risk of stillbirth [45]. One study found that AFP levels greater than 2.5 MoM demonstrated
a relative risk of spontaneous abortion of 12.5 [95% Cl: 9.7-16.1] compared to AFP levels of 0.75-
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1.24 MoM, but this association did not persist when adjusted for low birth weight [46]. However,
rates of stillbirth with Inhibin-A values greater than 2.0 MoM on second trimester serum analyte
screening are as high as 9.4 per 1,000, despite adjusting for low birth weight. This has prompted a
recent update to the committee opinion published by ACOG and SMFM on the topic recommends
that providers consider weekly fetal surveillance starting at 36 weeks gestation for these
pregnancies [45].

Additionally, the 2008 recommendations from the Society of Obstetricians and Gynaecologists
of Canada (SOCG) recommend that an unexplained increased AFP in the setting of placenta previa
warrants additional imaging and altered delivery planning due to the high association with an
invasive placental pathology (ex. placenta accreta) [47]. Yet another practical example involves a
case study, wherein a team identified a pregnancy with IUGR and used the quad screening to
determine the likely etiology to be related to placental pathology [48]. The clinicians used this
information to initiate prophylactic enoxaparin and aspirin in an attempt to normalize umbilical
artery blood flow prior to delivery [48].

While studies of the predictive value of quadruple screen markers are ongoing, it is worth noting
that there are additional investigational studies assessing the correlation between an abnormal
level of cell free DNA in maternal serum and adverse pregnancy outcomes. A recent systematic
review of retrospective cohort studies by Scheffer et al. finds that low levels of circulating fetal DNA
in maternal serum is associated with pregnancy complications, including hypertensive diseases of
pregnancy, preterm birth, and small for gestational age neonates [49]. The utility of any of these
markers as predictors of adverse pregnancy outcomes will require further investigation.

5. Conclusions

The development of the quad screen helped to identify pregnancies at the highest risk of body
wall defects and fetal aneuploidy, allowing for a reduction in the amount of invasive diagnostic
testing. NIPT has since emerged as a more sensitive and specific means of identifying possible fetal
aneuploidy. As we move more towards this means of screening, it is important to recognize the
potential gaps that this testing alone leaves. The largest of these gaps is the detection of NTDs and
abdominal wall defects, making routine second trimester US a critical component of the prenatal
testing algorithm. Additionally, there is ongoing investigational research that might suggest a
further benefit of serum screens in obtaining additional information about placental function and
adverse pregnancy outcomes.

Prenatal screening modalities are rapidly evolving, highlighting the importance of counseling by
obstetrics providers. Per ACOG recommendations, all patients should be counseled on the available
prenatal aneuploidy screening options, regardless of baseline risk [1]. Cell-free DNA is the superior
aneuploidy test with regards to sensitivity and specificity and should be offered to patients starting
at 9-10 weeks of pregnancy [1]. Additionally, routine second-trimester ultrasound screening for fetal
anomalies should be offered to all pregnant patients, with the optimal screening timing of 18-22
weeks [39].
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