
Response to Sistermans et al.

Sistermans et al. are critical of our study that showed that in
chorionic villi samples (CVS) from a largely unselected
population, only confined placental mosaicism (CPM) invol-
ving trisomy 16 was associated with adverse pregnancy
outcomes.1,2 They assert that our conclusions are not
applicable to genome-wide cell-free DNA (gw-cfDNA)
screening even though both testing methodologies are based
on the cytotrophoblast lineage and identify rare autosomal
trisomies (RATs). There are several misrepresentations in
Sistermans and colleagues’ critique of our study.
They incorrectly state that 72% (319/443) of our CPM

involving RATs were lost to follow-up. Over the 18-year study
period, the laboratory served numerous centers and, for
practical reasons, only 154 RAT cases from 7 representative
centers were included. The lost to follow-up rate was 51/154
(33%). Unavailable follow-up was due to document disposal
or patient transfer, which should not lead to bias. The lost to
follow-up rate in controls, 289/757 (38%), was not statistically
different from that in CPM cases (p > 0.05).
We concluded that an association of RATs with fetal growth

restriction (FGR) was spurious. This conclusion was not
because the prenatal growth records were incomplete, or
because some FGR cases had birthweight percentile >10th. It
was because the clinical criteria used by the various
participating centers were heterogeneous and they changed
over the study period. Moreover, the more clinically relevant
and related outcome, birthweight adjusted for gestational age
at term, showed no association both as a quantitative and
categorical binary variable. We also excluded FGR from the
neonatal intensive care unit (NICU) admissions analysis to
exclude those cases with medical induced prematurity arising
from the prenatal growth concern.
Sistermans et al.1 point out that gw-cfDNA and CVS differ

because CPMII cases are included the CVS data. We agree
this does constitute a difference. However, we observed no
associations for pregnancy complications after excluding
CPMII. We also acknowledge that the CVS cases in our
study excluded cases where amniocentesis confirmed the
presence of a RAT but gw-cfDNA analysis would include such
cases. Only 3% of RATs in cytotrophoblasts are confirmed at
amniocentesis and not all of these cases will be associated with
an abnormal fetus.3 Therefore, allowing for this small number
of True fetal mosaicism (TFM) cases that would be detected
by gw-cfDNA would not materially alter our conclusions
regarding the overall utility of the testing in low-risk
populations. Our study was not powered to detect weak
associations between CPM and adverse outcomes.

To further justify clinical application of gw-cfDNA, Sister-
mans et al. assert that the level of mosaicism can be assessed
through cfDNA measurement and high levels are more likely
to have pregnancy complications. Although mosaicism can be
detected through gw-cfDNA analysis,4 we are unaware of peer
reviewed studies showing that the level of mosaicism can be
accurately determined. Moreover, the association between
level of mosaicism with pregnancy complications has not been
established for any of the chromosomes when identified
through gw-cfDNA. For any particular trisomy, the observed
levels of cfDNA mosaicism in the population are likely to be a
continuum with no specific cut-off value defining the group of
cases meriting further testing and monitoring. For any
individual pregnancy, there is expected to be clinical
uncertainty due to possible differences in the proportion of
abnormal cells in mesenchyme, trophoblasts, and fetal organs,
regardless of the mosaicism level in the cfDNA.5 Trisomies of
meiotic origin are more likely to involve a high proportion of
abnormal cells compared with those of mitotic origin. High
levels of trisomy and nonmosaic trisomy are likely to be
associated with spontaneous miscarriage but prenatal screen-
ing for this purpose is not recommended.6

As Sistermans et al.1 note, gw-cfDNA can potentially
identify large segmental imbalances but these are rare in low-
risk livebirth populations.7,8 Even for large imbalances, there
can be false positives (for example, due to maternal
constitutional or somatic chromosome abnormality) and
interpretative complexities for some imbalances. Many
segmental imbalances in fetuses will be associated with
ultrasound abnormality and for these pregnancies appropriate
management includes offering invasive testing with chromo-
some microarray and possible reflex exome sequencing.
Noninvasive prenatal screening (NIPS) is not recommended
because it would only delay the definitive genetic diagnosis.
Sistermans et al.1 claim a high positive predictive value (PPV)
for the detection of large imbalances in high-risk populations
but they do not provide a PPV for the more clinically relevant
group of pregnancies with normal ultrasound findings.
Neither do they explain how the benefit of detecting these
rare additional imbalances can be realized without also
encountering the much higher number of cases with
uncertainties associated with a RAT-positive result.
Some, but not all, studies have reported higher levels of

adverse outcomes when RATs are identified through gw-
cfDNA compared with identification through CVS.3 These
studies also imply that the test would be an inefficient
approach to the identification of adverse outcomes and
pregnancy complications in a general referral population.
Observational studies on selected populations that have
heterogeneous referral reasons, differences in the gestational
age at testing, follow-up clinical management based on
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currently perceived opinions of the significance, and variable
or substantially incomplete follow-up are biased and cannot
be expected to provide an unambiguous indication of the
clinical significance of this heterogeneous set of chromosome
abnormalities. To properly demonstrate the value of gw-
cfDNA, a randomized clinical trial is needed and clear
evidence of improved pregnancy outcomes must be demon-
strated. Evidence for acceptability of the protocol by a high
proportion of participating women is also essential.
In the Netherlands, women have been enrolled in a study

(TRIDENT-2) to evaluate the significance of RATs. Women
have been informed through a patient information brochure
that they could elect to receive additional information beyond
screening for trisomies 21, 18, and 13 and that the clinical
significance is severe or serious.9 There was no mention that
the follow-up testing may be inconclusive, or of the possibility
of detecting maternal malignancy, miscarriage, a vanishing
twin, or that the finding can be entirely inconsequential.
We believe that the current push to include screening for

RATs raises serious ethical and legal challenges because the
clinical significance is not sufficiently defined, and women
may not be receiving this message prior to their acceptance of
gw-cfDNA screening.
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