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Abstract

Objective: Low fetal fraction (LFF) in prenatal cell-free DNA (cfDNA) testing is an
important cause of test failure and no-call results. LFF might reflect early abnormal
placentation and therefore be associated with adverse pregnancy outcome. Here,
we review the available literature on the relationship between LFF in cfDNA testing
and adverse pregnancy outcome.

Method: A systematic literature search was conducted in MEDLINE and EMBASE
up to November 1, 2020.

Results: Five studies met the criteria for inclusion; all were retrospective observa-
tional cohort studies. The cohort sizes ranged from 370 to 6375 pregnancies, with all
tests performed in the first trimester or early second trimester. A 4% cutoff for LFF
was used in two studies, two studies used the 5th and 25th percentiles, respectively,
and one study used a variety of cutoff values for LFF. LFF in prenatal cfDNA testing
was observed to be associated with hypertensive disease of pregnancy, small for
gestational age neonates, and preterm birth. Conflicting results were found regarding
the association between LFF and gestational diabetes mellitus.

Conclusions: LFF in cfDNA testing is associated with adverse pregnancy outcome,
specifically pregnancy-related hypertensive disorders, preterm birth, and impaired
fetal growth related to placental dysfunction. Since the available evidence is limited,
a large prospective cohort study on the relationship between fetal fraction and

pregnancy outcomes is needed.

Key points

What's already known about this topic?
o Low fetal fraction (LFF) in prenatal cell-free DNA (cfDNA) testing is an important cause of

test failure and no-call results and has been associated with aneuploidy
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1 | INTRODUCTION

The presence of cell-free fetal DNA in maternal plasma allows for
prenatal screening for fetal aneuploidies.2® In cell-free DNA (cfDNA)
testing, the cfDNA in maternal blood is analyzed using high-throughput
molecular technologies. The reliability of cfDNA testing, among other
factors, depends on the amount of cfDNA derived from the trophoblast
of the placenta in relation to the cfDNA of maternal origin. This is
known as the fetal fraction and depending on the molecular platform
and bioinformatics algorithm, a minimum threshold up to 4% is
commonly required to provide a reliable test result.*~®

Low fetal fraction (LFF) is an important cause of test failure in
cfDNA testing. It has been reported to be responsible for test failure
rates up to 6.1%.7 Obese pregnant women are at higher risk of test
failure due to LFF, probably due to dilution because of an increased
circulating volume or by higher release of maternal cfDNA into the
systemic circulation through apoptosis of adipose cells.®*%11 Other
maternal factors such as ethnicity and smoking have too been found
to influence fetal fraction.®*?

Fetal aneuploidy has also been associated with LFF.1® The NEXT
study reported a 4.7% aneuploidy rate in women with a fetal fraction
of less than 4% compared to 0.4% in their overall cohort.** Several
other studies have shown a high rate of test failure due to LFF in
aneuploid pregnancies.’>® For this reason, genetic counseling, ul-
trasound evaluation, and invasive testing are offered to women with
a repeated test failure due to LFF.*

As the “fetal” cfDNA finds its origin in the placenta, it has been
hypothesized that the amount of “fetal” cfDNA released in the maternal
circulation reflects placental health and function and that an LFF might
reflect a smaller placental mass or even placental dysfunction.*”*8
Indeed, several mostly small-scaled and case-oriented studies have
shown associations between the level of fetal cfDNA and adverse
pregnancy outcomes, such as pregnancy-induced hypertension, pre-
eclampsia, HELLP syndrome (hemolysis, elevated liver enzymes, and
low platelets), intrauterine growth restriction, preterm birth (PTB),
gestational diabetes mellitus (GDM), and invasive placentation.t?~2?
Most of these studies were performed in the early days of cfDNA
exploration, using data from conventional DNA analysis techniques
and not high-throughput technologies. In this review, we aim to

o LFF might also reflect early abnormal placentation and therefore be associated with

adverse pregnancy outcome

What does this review add?

e This review summarizes the available data on LFF in prenatal cfDNA testing and its relation
to adverse pregnancy outcomes

e LFF was found to be associated with pregnancy-related hypertensive disorders, preterm
birth, and impaired fetal growth related to placental dysfunction

e Since the available evidence is limited, a large prospective cohort study on the relationship
between fetal fraction and pregnancy outcomes is needed

summarize the available data on LFF in prenatal cfDNA testing and its

relation to adverse pregnancy outcomes.

2 | MATERIAL AND METHODS

We followed the statement on the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses.*°

2.1 | Data sources and searches

A literature search was conducted in the MEDLINE and EMBASE
database up to November 1, 2020. Variations of entry terms for “fetal
fraction,” “cell-free (fetal) DNA,” and “NIPT” were combined with the
entry term “outcome” or the MeSH term “pregnancy outcome.” The full

detailed search entry is presented in Supporting Information S1.

2.2 | Study selection and eligibility criteria

Studies were eligible for inclusion if the fetal fraction was reported as
“low” or below the commonly used cutoff of 4% and the clinical
outcome of the pregnancy was reported for adverse events. Adverse
pregnancy outcome was defined as the presence of hypertensive dis-
ease of pregnancy (HDP; including pregnancy-induced hypertension,
preeclampsia, and HELLP syndrome), small for gestational age (SGA)
neonates, PTB, and GDM. We included studies with >100 subjects with
asingleton pregnancy at either low or high risk for aneuploidy and with
testing performed on high-throughput platforms. Publication language
was restricted to English and Dutch. Reviews, letters to the editor, case
reports, and case series were excluded as well as studies reporting on
cfDNA testing for other than the common aneuploidies or in multiple
pregnancies. Four authors (PS, SW, EB, and MB) screened titles and
abstracts and performed final selection of the eligible studies based on
full-text reviewing. Eligible studies were cross-referenced for publi-
cations not identified in the literature search. Disagreements were
resolved by discussion. Quality assessment of the included studies was
performed using the Newcastle-Ottawa Scale for cohort studies.>*
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FIGURE 1 Flowchart summarizing selection of studies for inclusion for review

2.3 | Data extraction

From the eligible studies, details on study design and number of cases
were extracted as well as the type of the molecular platform or method
used, the fetal fraction cutoff, body mass index (BMI), the gestational

age at sampling, and the reported pregnancy outcome.

2.4 | Ethical approval

No ethical approval was needed for this study.

3 | RESULTS

The search identified a total of 1571 publications (Figure 1), including
publications on other applications of cfDNA testing outside the field of
prenatal testing, predominantly related to malignancies outside preg-
nancy. After duplicate removal, 876 records were screened on title and
abstract, resulting in 29 potential eligible studies. A total of five studies

met the inclusion criteria and were included for review.>273¢ No

TABLE 1 Quality assessment of the five studies included for
review, according to the Newcastle-Ottawa Scale®!

Study Selection Comparability Outcome
Chan, 2018% n/a =
Clapp, 202033 sk koK *k koK
Gerson, 201934 ok * *x
Krishna, 2016% ** **

KAk *% *k

Yuan, 2020%¢

Note: The first author of each study is given. A maximum of one star can
be awarded for each numbered item within selection (four items),
comparability (two items), and outcome (three items) categories.
Abbreviation: n/a; not applicable.

additional articles were found after cross-referencing the included
studies. All five studies were retrospective observational cohort
studies and were published between 2016 and 2020. The cohort sizes
ranged from 370 to 6375 pregnancies. All tests were performed in the
first trimester or early second trimester. Quality assessment of the
included studies is shown in Table 1. The main study characteristics are

summarized in Table 2.
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All five studies reported on LFF and HPD and SGA. Four studies
reported on PTB and three studies reported on GDM. LFF was
associated with HDP in four studies and with SGA in two studies. An
association with PTB was reported in two studies. LFF was associated
with GDM in one of the three studies in which this was an outcome
measure. The outcomes of each study are presented in Table 3.

Chan et al. in 2018 described a group of 131 women with an
initial failed test result of which 59 were due to a fetal fraction below
4% and found significantly higher rates of preeclampsia and GDM as
compared to the general Australian obstetric population (9.8% vs.
1.5%; p < 0.0001 and 20% vs. 7.5%; p < 0.0001, respectively).*? No
significant association was found for SGA (birthweight <10th
percentile) and PTB (15% vs. 10%; p = 0.1 and 11% vs. 8.5%; p = 0.3,
respectively). Clapp et al. in 2020 described a group of 2035 women
who had normal cfDNA testing and delivered a singleton.®®> When
defining LFF as less than the 5th percentile (which amounted to a
fetal fraction of 5.34% in their population), a birthweight <5th
percentile was significantly higher in the LFF group compared to the
group with a fetal fraction above the 5th percentile (6.9% vs. 3.2%;
p = 0.04). For a birthweight <10th percentile, no significant differ-
ence was found (11.9% vs. 8.0%; p = 0.16). They did not find an as-
sociation with pregnancy-induced hypertension, which was a
secondary outcome in their study (2.0% vs. 0.7%; p = 0.16). In 2019,
Gerson et al. reported an association between LFF and placental
compromise, which was defined as HDP, fetal growth restriction,
placental abruption, or oligohydramnios (29% vs. 17% for normal
fetal fraction; p < 0.001).3* Specifically, there was an association with
HDP collectively (20% vs. 10%; p < 0.001) and preeclampsia specif-
ically (7% vs. 3%; p = 0.02). LLF was defined as a fetal fraction less
than the 25th percentile, which amounted to a fetal fraction cutoff of
8.4% in this cohort of 639 women. In another retrospective cohort
study from 2016, comprising 370 women, Krishna et al. used adverse
perinatal outcome (a composite of miscarriage, fetal demise, neonatal
death, preterm delivery [<37 weeks], pregnancy-associated hyper-
tensive disorder, placental abruption, and low birth weight) as their
primary outcome.®®> Using a cutoff of 4% fetal fraction, they found
59.1% of the composite outcome in women with LFF compared to
29% in the group with sufficient fetal fraction. This association
remained after adjusting for BMI and race with an adjusted OR of 2.5
(95% Cl 1.01-6.2; p = 0.049). HDP and PTB were significantly more
frequent (59.1% vs. 26.4%; p = 0.001 and 40.9% vs. 15.6%; p = 0.002,
respectively), but SGA, defined as a birth weight <2500 g, and GDM
were not (20% vs. 15.7%; p = 0.539 and 22.7% vs. 8.9%; p = 0.051,
respectively). In 2020, Yuan et al. conducted a historical cohort study
of 2191 women with a singleton pregnancy.®® Outcome measures
included PIH, PE, birthweight, GDM, and intrahepatic cholestasis of
pregnancy. They described their population based on quartiles of
fetal fraction (i.e., the 25th, 50th, and 75th percentiles, representing a
fetal fraction of 8.11%, 10%, 61%, and 13.47%, respectively). A higher
risk of PE was found for women in the first quartile as compared to
women in the second and third quartile (OR 2.16 [1.21-3.86];
p = 0.009). In comparing women with a fetal fraction less than the

10th percentile to women with a fetal fraction between the 10th and

90th percentiles, an increased risk of PE (OR 2.06 [1.07-3.98];
p = 0.031), and PTB <34 weeks of gestation was found (OR 3.09
[1.21-7.92]; p = 0.018). In addition, a fetal fraction less than the 5th
percentile was associated with an increased risk of a birthweight
<2500 g (OR 2.50 [1.01-6.17]; p = 0.047). The results were adjusted
for maternal age, gestational age, BMI, gravidity, and parity.

4 | DISCUSSION

We reviewed the available literature on the relationship between LFF
in prenatal cfDNA testing and adverse pregnancy outcome. LFF was
associated with HDP, SGA neonates, and PTB. Conflicting results
were found for an association with GDM.

An association between LFF and HDP was found in four of the

five included studies,3%34-%¢

with the exception of the study by Clapp
et al. in which it was a secondary outcome and a very low prevalence
was found in both low and normal fetal fraction.®®> How HDP was
defined in their study was not reported.

None of the studies found a significant difference in birthweight
<10th percentile between women with LFF and those with normal
fetal fraction. However, significant differences were found for the
clinically far more relevant birthweight <5th percentile in the study
by Clapp et al.2% and for a birthweight <2500 g in the study by Yuan
when using a cutoff for LFF <5th percentile.®®

Four of the five studies reported on PTB (defined as delivery
<37 weeks of gestation) and LFF.523473¢ A significant difference
between the occurrence of PTB in women with LFF and women with
normal fetal fraction was found in the study by Krishna et al., in
which 40.9% of women with LFF gave birth prematurely.®® This
number seems rather high. Whether these PTBs included only those
that occurred spontaneously or also those that were iatrogenic, was
not reported. Yuan et al. reported an increased risk of PTB
<34 weeks of gestation when using a cutoff for LFF <10th percentile
in their adjusted analysis.3® No significant difference in the preva-
lence of PTB between women with LFF and women with normal fetal
fraction was found in the two other studies reporting on PTB.3%%4

GDM was an outcome measure in three studies.*?2>3¢ More
GDM was seen in women with LFF in all studies, but only significantly
so in the study by Chan et al.>?

From the results of these studies, it can be concluded that LFF in
cfDNA testing is associated with adverse pregnancy outcome, spe-
cifically with HDP, impaired fetal growth, and PTB. An association
with GDM is less evident, as three studies reported on this as a
primary outcome but with conflicting results.

The relationship between low levels of fetal cfDNA in early
pregnancy and adverse pregnancy outcome might be explained by
abnormal placentation and subsequent placental dysfunction. Sup-
port for this hypothesis comes from a retrospective cohort study on
the risk of developing preeclampsia and fetal growth restriction
based on first-trimester markers and fetal fraction in which a nega-
tive correlation was found.*® Interestingly, in third-trimester samples

of pregnant women diagnosed with preeclampsia, several studies
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have shown significantly higher levels of fetal cfDNA compared to
healthy controls and higher levels were found in more severe dis-
ease.>”%8 Equally, high levels of fetal cfDNA have also been found to
be associated with fetal growth restriction and PTB.2%%7-3? One
mechanism that might explain the lower fetal fraction in the first
trimester and a higher fetal fraction in the second or third trimester
in pregnancies with adverse outcome could be the initial insufficient
placentation with a relatively poor placenta-maternal interface in
early pregnancy and the subsequent oxidative stress leading to
increased trophoblast apoptosis and shedding of syncytiotrophoblast
microparticles later in pregnancy.’” Another mechanism that has
been suggested is the reduced clearance of cfDNA from the maternal
circulation due to impaired organ function in compromised preg-
nancies.*® A longitudinal study measuring fetal fraction throughout
gestation in both normal as well as compromised pregnancies and in
combination with other, organ-specific biomarkers could help solve
these questions.

Altered placenta physiology might also be the reason that LFF is
more often encountered in aneuploid pregnancies. Various publica-
tions on the performance of prenatal cfDNA testing report high rates

F, 144142 some even up to 30%.4344

of aneuploidy in women with LF

A limitation of our review is that only five publications studied the
relationship between LFF in prenatal cfDNA testing and adverse
pregnancy outcome. The relatively small sample sizes of these studies
restricts generalization to the pregnant population as a whole. Among
the included studies, there was considerable heterogeneity in study
design, population, molecular platform used, and definition of preg-
nancy outcomes. Women were of advanced maternal age

(mean > 35 years) in four of the five studies,®2-3°

potentially increasing
the occurrence of adverse pregnancy outcomes in the study cohorts.
Women with pre-gestational conditions, such as chronic hypertension
and diabetes, were excluded in only two studies.®*3¢ As demographic
characteristics were collected variably between studies, important
confounders for adverse pregnancy outcome (e.g., smoking, ethnicity,
parity, or adverse outcomes in a previous pregnancy) might not have
been identified. With regard to the fetal fraction cutoff, Chan et al. and

F,32%5 whereas

Krishna et al. used a fetal fraction of 4% as a cutoff for LF
Clapp et al. and Gerson et al. used the 5th and 25th percentiles,
respectively.®3* Yuan et al. reported on various cutoff values.>¢ The
25th percentile of fetal fraction in their cohort corresponded to a fetal
fraction of 8.11%, not so different from that of Gerson et al., in which
the 25th percentile corresponded to 8.4% fetal fraction. Using these
higher cutoff values for LFF could possibly have led to higher rates of
adverse events than would have been found if cutoffs had been 4% or
one below which a reliable aneuploidy screening result would have
been obtained. A further matter of concern in interpreting the asso-
ciation between LFF and adverse pregnancy outcome from all five
studies was the increased maternal weight in all their cohorts. It has
been well established that the no-call rate in cfDNA testing is increased
in obese women® and that high BMl in itself is a risk factor for adverse
pregnancy outcome. Nevertheless, in four of the five studies, BMI was
adjusted for and the increased risk for adverse pregnancy outcomes
remained.333¢ So, high BMI and LFF could mean double trouble.

DIAGNOSIS-WILEY— 2

Although for all the included studies in our review, the molecular
platform or method by which the cfDNA testing was performed was
reported (see Table 2), the bioinformatics tools by which the fetal
fraction was measured, was generally not. There are many bioinfor-
matics algorithms for measuring fetal fraction and these are not
necessarily directly comparable. For instance, in a publication by
Hestand et al., an on-average difference of 2.34% fetal fraction was
found in favor of a Y chromosome-based method compared to a
sequence read count method to measure fetal fraction.” Since Y
chromosome-based methods can only be used in male-bearing preg-
nancies, this is problematic. As fetal fraction measurement is platform
dependent, as is the use of a cutoff value for reporting a reliable result,
there is a need for a golden standard to determine the fetal fraction.
Moreover, as fetal fraction tends to increase with gestational age, using
multiple of the median (MoM) values relative to gestational age rather
than a fixed cutoff could be preferred to further understand the as-
sociation between fetal fraction and adverse pregnancy outcome.

Additionally, cfDNA testing techniques should be further devel-
oped to accurately detect aneuploidy, despite fetal fraction. For now,
if gestational age allows, women confronted with cfDNA test failure
due to LFF should be advised to opt for repeat testing from a second
blood draw. Factors related to a successful redraw in women with
LFF were investigated by White et al. who found a higher probability
for test success with a longer interval between blood sampling (+4%
per day) and a lower probability for test success with a higher
maternal weight (—1.2% per kilogram).45 Overall, a success rate of
53% on the second draw and a comparable rate on a third draw were
found, similar to previous publications on redraw success rates.**4”
After repeated failure, women should be counseled by their obstetric
caregiver and offered invasive testing.

This is the first literature review on the association between LFF
in prenatal cfDNA testing and a variety of adverse pregnancy out-
comes. It is of importance given the fact that the uptake of cfDNA
testing is increasing worldwide and many pregnant women and
healthcare professionals will be confronted with a no-call result due
to LFF. From the results of our review, we believe that further pro-
spective research is required, ideally with continuous values of fetal
fraction. If true continuous values of fetal fraction are to be obtained,
it would allow for determining cutoff values for increased risk of
adverse pregnancy outcomes. As a single marker for adverse preg-
nancy outcomes in its own right, however, LFF could have unsatis-
factory predictive value, as the majority of such outcomes seem to
occur in women with normal fetal fraction. This is not unlike the
properties of other first-trimester markers, such as PAPP-A.*® More
likely, adding fetal fraction to existing multivariate risk-stratification
models, could help to better identify pregnancies at risk for adverse
outcomes at an early gestational age. This would allow for timely
interventions and tailored pregnancy care to prevent adverse out-
comes, be it by the administration of aspirin or calcium and meticu-
lous monitoring of maternal blood pressure and timely
commencement of antihypertensive drugs, strict ultrasound evalua-
tion of fetal growth and cervical length, or dietary and lifestyle

modifications and glucose monitoring.
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In conclusion, next to being associated with aneuploidy, LFF in
cfDNA testing is associated with adverse pregnancy outcome, spe-
PTB, and
impaired fetal growth related to placental dysfunction. Since the

cifically pregnancy-related hypertensive disorders,

available evidence is limited, a large prospective cohort study on
the relationship between fetal fraction and pregnancy outcomes is
needed.
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