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Abstract: Objective: Amniocentesis, chorionic villi sampling and first trimester combined testing are
able to screen for common trisomies 13, 18, and 21 and other atypical chromosomal anomalies (ACA).
The most frequent atypical aberrations reported are rare autosomal aneuploidies (RAA) and copy
number variations (CNV), which are deletions or duplications of various sizes. We evaluated the
clinical outcome of non-invasive prenatal testing (NIPT) results positive for RAA and large CNVs
to determine the clinical significance of these abnormal results. Methods: Genome-wide NIPT was
performed on 3664 eligible patient samples at a single genetics center. For patients with positive NIPT
reports, the prescribing physician was asked retrospectively to provide clinical follow-up information
using a standardized questionnaire. Results: RAAs and CNVs (>7 Mb) were detected in 0.5%, and
0.2% of tested cases, respectively. Follow up on pregnancies with an NIPT-positive result for RAA
revealed signs of placental insufficiency or intra-uterine death in 50% of the cases and normal outcome
at the time of birth in the other 50% of cases. We showed that CNV testing by NIPT allows for the
detection of unbalanced translocations and relevant maternal health conditions. Conclusion: NIPT
for aneuploidies of all autosomes and large CNVs of at least 7 Mb has a low “non-reportable”-rate
(<0.2%) and allows the detection of additional conditions of clinical significance.

Keywords: non-invasive prenatal testing; rare autosomal aneuploidies; copy number variations;
clinical significance

1. Introduction

Chorionic villi sampling (CVS) or amniocentesis (AC) allow a definitive diagnosis of
any aneuploidy or large CNVs by conventional karyotyping. Molecular karyotyping by
chromosomal microarray (CMA) allows the detection of any aneuploidy and CNVs of large
(e.g., >10 Mb) or small size (e.g., so-called micro-deletions or duplications) [1]. CfDNA-
based NIPT was introduced with an initial focus on common trisomies (13, 18, and 21)
exhibiting sensitivities between 95.8–99.7% and specificities in the range of 99.8–99.9% [2,3].
Nevertheless, it has been demonstrated that structural ultrasound abnormalities and serum
marker levels (below 0.2 multiples of the median (MoM)) detected during first trimester
combined testing (FCT) can point to other atypical chromosomal anomalies (ACA), namely
rare autosomal aneuploidies (RAA) and CNVs. These anomalies can be clinically significant
and would have been missed by NIPT focused on common trisomies exclusively [4,5].
The clinical significance and prevalence of ACA as diagnosed by classic karyotyping are
outlined by combined data from 16 population-based congenital anomaly registries [6].
Within 10,323 analyzed cases with chromosomal abnormality, 2% had RAA. Of these, all
non-mosaic RAAs (29%) did not proceed to term, as expected. In contrast, the mosaic RAAs
(70%) resulted in 58 liveborn babies, 10 stillbirths, and 69 terminations of pregnancies
(TOP) due to fetal anomaly. CNVs were found in 5.8% of pregnancies. Unbalanced
chromosomal translocations accounted for 2.1% of all CNV-positive cases. In sum, the
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prevalence of large ACAs detectable by classic karyotyping and, therefore, also by NIPT
in these 16 registries was conservatively estimated to be at least 7.5%, exceeding that of
trisomy 13 and underlining their clinical relevance.

With the advent of genome-wide NIPT, test options have expanded to include ACA.
As a result, new data about their clinical significance started to emerge. The majority of all
cases positive for RAA were associated with negative pregnancy outcome, namely intra-
uterine growth restriction (IUGR), miscarriage, stillbirth, true fetal mosaicism, congenital
abnormalities, and confirmed or suspected uniparental disomy [7–12]. The remaining
pregnancies resulted in a normal clinical outcome with a normal fetal karyotype. As most of
the RAAs were determined to be confined to the placenta, the degree of placental mosaicism,
the kind of nondisjunction (meiotic or mitotic error) and the aneuploid chromosome itself
were suspected to be the main variables for clinical outcome prediction. As a result, a NIPT
screening strategy with focus on the most clinically significant RAAs was proposed [13].
Similarly, around 50% of CNVs detected by NIPT were confirmed in the fetus and associated
with a negative clinical outcome; some (around 6%) were confirmed in the mother while
the rest remained unconfirmed [7,10,12,14–20]. Recent publications evaluated the positive
predictive values (PPVs) for ACA in high risk- and mixed-risk populations. In the former
population, the PPV was 15% compared to 6% in the mixed risk population [10,16].

The current study’s objective was to determine retrospectively the clinical outcome
of patients who received a positive NIPT result by a pre-validated genome-wide NIPT
method (VeriSeq NIPT solution v2, Illumina, Inc., San Diego, CA, USA). While the scope of
testing included RAAs and large CNVs in addition to common aneuploidies, we focused
on the clinical implications of ACAs.

2. Materials and Methods
2.1. Samples and Testing

This descriptive study was approved by the MGZ Institutional Review Board (ap-
proval #00108) in May 2019. Overall, 3664 unselected patients were referred to the Medical
Genetics Center for NIPT between October 2019 and September 2020. Inclusion criteria for
NIPT were a minimal gestational age of 9 + 0 weeks, singleton or (vanishing) twin pregnan-
cies and completed a priori genetic counseling. All patients gave written informed consent
for NIPT, complying with the German Genetic Diagnostic Act (GenDG), and usage of their
data and remaining sample material for quality management and scientific purposes.

The test request form includes fields to indicate whether the patient is currently
using low molecular weight heparin as well as the maternal height, weight, and test
indications. Pre-defined indications comprised advanced maternal age (≥35 years at the
estimated date of delivery), increased adjusted risk for aneuploidies determined by FCT,
structural abnormalities detected by ultrasound, increased genetic risk (e.g., chromosomal
translocations), or other medical reasons to be specified.

NIPT was offered initially with three test options: test option 1 (for trisomy 21 exclu-
sively), test option 2 (for common trisomies 13, 18, and 21), and test option 3 (for common
trisomies and sex chromosomal aneuploidies (SCAs)). For test options 2 and 3, an add-on
for RAA and CNVs (>7 Mb) was available (Table 1). Sex chromosomal aberrations are not
reported for twin pregnancy samples. For all test options, fetal sex reporting was optional.
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Table 1. Patient demographics of the study population.

Variable n = 3664 †

Maternal age (years)

n 3664

Mean ± Standard deviation (SD) 34.3 ± 4.7

Min-max 17.0–60.0

Gestational age (weeks)

n 3664

Mean ± SD 13 ± 2

Min-max 10–32

Gestational age group, n (%)

n 3664 (100)

1. trimester (10–13.9 weeks) ‡ 2223 (60.6)

2. trimester (14–27.9 weeks) 1438 (39.2)

3. trimester (28–40+ weeks) 3 (0.1)

Test indication, n (%)

n 3081 (100)

Advanced maternal age 1446 (46.9)

maternal indication § 1374 (44.6)

increased adjusted trisomy risk after FCT ¶ 148 (4.8)

Ultrasound abnormalities 98 (3.2)

increased genetic risk for aneuploidy 15 (0.5)

Body mass index (BMI); n (%)

n 3505 (100)

Underweight (BMI < 18.5) 161 (4.6)

Normal (BMI: 18.5–24.9) 2263 (64.6)

Pre-obesity (BMI: 25–29.9) 722 (20.6)

Obese class 1 (BMI: 30–34.9) 209 (6.0)

Obese class 2 (BMI: 35–39.9) 94 (2.7)

Obese class 3 (BMI > 40) 56 (1.6)

Mean ± SD 23.9 ± 5.0

Min-max 15.9–56.5

number of fetus, n (%)

n 3654 (100)

singleton 3537 (96.8)

twin 99 (2.7)

Status post vanishing twin event 18 (0.5)
† Demographic values were not available for all patients tested. For analyzed counts, refer to n in the subsections
of the table. ‡ Samples from a gestational age below 10th week were not accepted. § Maternal indication comprises
all non-medical, patient-specific reasons for NIPT, e.g., anxiety. ¶ First trimester combined test.
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2.2. Clinical Follow-Up

Clinical follow-up information was requested retrospectively by a standardized ques-
tionnaire sent to each individual physician who received a positive test report for either
common trisomies, SCAs, or ACAs. The results of CVS, AC, ultrasound examination, or
other diagnostic interventions were inquired. The outcome of pregnancy could be indicated
as follows: (1) proceeded to term, (2) intra-uterine fetal death, and (3) induced abortion.

2.3. Test Method

The CE-IVD certified NIPT, Veriseq NIPT Solution v2 (Illumina, Inc., San Diego, CA,
USA), was performed as instructed by the product insert and as previously described. Fetal
fraction was estimated from the normalized sequencing data by integration of fragment
length information and quantification of observed sequencing depth in fetal fraction pre-
dictive regions as described in [21]. A quality control step calculated the iFACT value
(individualized fetal aneuploidy confidence test); this value depicts a ratio of the fetal
fraction and the observed sequencing coverage and judges if either one or both parameters
are high enough for a confident call on aneuploidies and imbalances [21]. Therefore, a
dynamic instead of a fixed fetal fraction cutoff is applied. The term “mosaic” in this study
refers to placental mosaicism based on NGS-NIPT results. The bioinformatic pipeline
calculates a mosaic ratio for each chromosome tested by using the overall fetal fraction
(see above) and the so called affected fetal fraction (fetal fraction based on the number of
surplus reads of the chromosome tested). As both kinds of fetal fraction quantifications are
susceptible to measurement errors, the mosaic ratio allows only an approximate classifica-
tion as low-, middle-, high-grade mosaic, or non-mosaic status of the chromosome tested.
The test procedure was validated a priori with 234 verification samples. In rare cases with
borderline results or test failures, the sample was reanalyzed using residual plasma from
the original blood sample. If the reanalysis also failed, a new blood sample was requested
without specifying any waiting time for the second withdrawal. In case of low molecular
weight heparin medication of the patient, a temporal maximization between last heparin
injection and subsequent NIPT blood withdrawal was requested. If the second blood draw
also failed, no further testing was performed, and a report was generated stating that no
calls could be made due to repeated test failures for unknown reasons.

2.4. Data Analysis

The software package Excel 2013 (Microsoft, Redmond, WA, USA) was used for
the collection and analysis of anonymized follow-up data reported back to us. Patient
demographics were calculated, where available, based on the information on the test request
form. All information received was assumed to be correct. Test performance metrics were
extracted from the laboratory information management system. The turnaround time for
NIPT was calculated as the interval between the day the sample arrived in the lab and the
day of medical validation.

3. Results
3.1. Patient Demographics and Test Metrics

Patient demographics are presented in Table 1. The tested patients represent an
obstetric population with a mixed risk profile (mean maternal age 34.3 ± 4.7 years). Where
indicated on the test request form, patients requested NIPT mainly due to an advanced
maternal age (≥35 years; 46.9%) or maternal concern about fetal wellbeing (maternal
indication; 44.6%). Where patients selected testing for all autosomes and CNVs, neither a
history of recurrent pregnancy loss, growth retardation, placenta insufficiency, nor a family
history of CNVs was mentioned in terms of testing indications. Results were reported on
average in around 3–5 working days (Table 2). The test failure rate accounted for 1.1%
overall (42 out of 3664 tests), comprising mostly samples that failed after the initial analysis
but that could be analyzed successfully after repeated testing of the same blood tube (1.0%).
Only 5 (0.14%) samples remained unresolved after analysis of a newly withdrawn blood
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sample: the corresponding physicians were informed about the expected low success
rate of a test repetition for the specific patient and that diagnostic alternatives should be
considered. Reasons for failure were low fetal fraction or low sequencing coverage, or
both (iFACT failure). The mean coverage per sample was 9.0 million paired-end reads
(± 3.4 million reads).

Table 2. Test metrics.

Variable n = 3664 †

Turn around time (days)

n 1206

Mean ± SD 3 ± 1.4

Min-max 1–6

Failure rate

n, (%) 3664 (100)

Failure exclusively after first analysis 37(1.0)

Failure exclusively after repeat analysis 5 (0.14)

Test options

n, (%) 3662 (100)

Trisomy 21 123 (3.4)

Common trisomies 13, 18 and 21 1741 (47.5)

Common trisomies and sex chromosomal
aberrations (SCA) 1023 (27.9)

All autosomes and CNVs 166 (4.5)

All autosomes, SCA and CNVs 609 (16.6)

Reads per sample (million)

Mean ± SD 9.0 ± 3.4

Min-max 2.0–51.2
† Test metric values were not available for all patients tested. For analyzed counts, refer to n within each subsection
of the table.

3.2. Overall NIPT Results

Overall, 67 out of 3664 unique samples (1.8%) were classified as high risk for chro-
mosomal aberrations, with 32 common trisomies (0.9%), 11 SCAs (0.3%), 16 RAAs (0.5%)
and 8 CNV cases (0.2%) (Figure 1). Although outcome information was only solicited
systematically in high-risk result patients, one false-negative test result was reported in a
dichorionic twin pregnancy where one fetus was diagnosed with trisomy 21 after receiving
a negative NIPT result (estimated fetal fraction 4%, 11.2 million reads).
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Figure 1. Detected chromosomal aberrations in the study population. Trisomy 21 was the most
common trisomy detected, followed by trisomy 18. Concerning sex chromosomal aneuploidies
(SCAs) and rare autosomal aneuploidies (RAA), XXY and trisomy 7 had the highest frequency.

3.3. Common Autosomal and Sex Chromosomal Aneuploidies

Clinical follow-up information was available for 14 cases positive for trisomy 21,
8 cases positive for trisomy 18, 2 cases positive for trisomy 13, and 5 cases positive for SCA
(2x XYY, 2x monosomy X, 1x XXY; Tables 3 and 4).

Table 3. Clinical follow-up of positive NIPT results for common trisomies and sex chromosomal ane-
uploidies.

Trisomy 21 Trisomy 18 Trisomy 13 SCA

Reported as High risk by NIPT 18 11 3 11

Clinical follow-up information available 14 8 2 5

Invasive method

Amniocentesis 7 1 1 1

CVS 3 2 1 0

Unspecified invasive method 0 3 0 0

Not performed 4 2 0 4

Pregnancy outcome

Termination of pregnancy (TOP) 12 7 1 0

Intrauterine fetal demise (IUFD) 0 0 0 1

Pregnancy ongoing/ live birth 2 1 1 3

CVS, chorionic villus sampling; SCA, sex chromosome aneuploidies.

Table 4. Confirmation rate of NIPT results positive for common trisomies and sex chromosomal
aneuploidies.

Trisomy 21 Trisomy 18 Trisomy 13 SCA

True positives after amniocentesis
(AC)/chorionic villi

sampling (CVS)
10/10 6/6 1/2 0/5

Discordant positives † 0/10 0/6 1/2 1/5

Discordant negatives ‡ 1 ‡/3664 0/3664 0/3664 NA §

† High-risk NIPT result, which could not be confirmed cytogenetically or clinically. ‡ Low-risk NIPT result that
was not confirmed cytogenetically or clinically due to the detection of an aneuploidy prenatally or postnatally.
§ Not available.
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3.4. Atypical Chromosomal Aneuploidies (ACAs)

There were 16 cases with an NIPT result indicating a high risk for an RAA; clinical
follow-up information was available for 10 cases (Figure 2 and Table 5). Based on the
mosaic ratio on the NIPT sequencing data, four were classified as non-mosaic aneuploidies
and 12 cases were considered to be mosaic. The four NIPT cases classified as non-mosaic
RAA included a trisomy 9, a trisomy 10, a trisomy 15, and a trisomy 16. The trisomy 9
and 15 cases resulted in intra-uterine fetal death (IUFD). In the trisomy 10 case, signs of
placental insufficiency were reported. Neither prenatal nor postnatal diagnostic procedures
were performed; the child was born apparently healthy after clinical examination. NIPT
performed for a pregnancy with sonographic anomalies reported non-mosaic trisomy
16. At amniocentesis, trisomy 16 was detected in 10% of amniotic cells. In view of the
ultrasound findings, UPD16 and 22q11.2 deletion syndrome were also tested for, and the
results were normal. In summary, out of four non-mosaic RAA cases, one was confirmed in
fetal tissue; in the other three, no confirmatory testing was done. All four pregnancies had
adverse pregnancy outcomes.
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Figure 2. Flowchart of RAA positive cases and their clinical outcome. For 10 cases clinical outcome
information was available. All NIPT results indicating the presence of a non-mosaic RAA had
an adverse pregnancy outcome (T9, T10, T15, T16). The other RAAs presented in a mosaic form.
† intra-uterine fetal death, ‡ true fetal mosaicism.

Table 5. Clinical follow-up for RAA- and CNV-positive NIPT cases.

n Follow-Up
Information

Intrauterine
Fetal Demise

Termination
of Pregnancy

Rare autosomal
aneuploidies (RAA) 16 10/16 † 3 †/10 0/10

Copy number variation (CNV) 8 8/8 2/8 2/8
† One case positive due to one vanishing twin.

The 12 NIPT results classified as mosaic RAA included trisomy 3 (n = 1), trisomy 7
(n = 6), trisomy 8 (n = 2), and trisomy 16 (n = 1). The trisomy 3 case was lost to follow-up.
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Of the six mosaic trisomy 7 reports, four had follow-up information, of which three were
not confirmed by AC and the fourth resulted in a live-born child with normal features at
clinical examination. A low-grade mosaic trisomy 8 (~30%) did not reveal abnormalities
by follow-up ultrasound performed at the 17th week of gestation; patient was lost to
follow-up. The initial NIPT result of a mosaic trisomy 16 in a twin pregnancy was followed
by a vanishing twin event. A second NIPT, performed 6 weeks after the vanishing event,
was normal, indicating that the trisomy 16 was highly likely the cause of the vanishing
twin event. Thus, only one of the mosaic RAAs (mosaic trisomy 16 and vanishing twin)
was confirmed to have clinical significance.

3.5. Copy Number Variations (CNV)

CNVs with imbalances of 9–58 Mb in size were detected in eight cases, and follow-
up results were available for all of these patients (Figure 3). The first patient, Patient A
(Figure 3), a 35-year-old mother of a healthy 9-month-old son, had genome-wide NIPT at
a gestational age of 9 + 6 weeks. NIPT revealed a 17 Mb duplication on chromosome 6
and a 9.5 Mb deletion on chromosome 18 (dup(6)(q25.2q27);del(18)(q22.2q23)). The fetal
fraction was 8% and 9.7 million reads were analyzed. Both imbalances were localized close
to the telomeres, which prompted the supervising genetic counselor to suspect a parental
balanced reciprocal translocation. Shortly after post-test genetic counseling, ultrasound
examination revealed major fetal malformations. Subsequently, the patient was diagnosed
with a missed abortion, which unfortunately was not karyotyped. Parental karyotyping
confirmed a maternal, balanced reciprocal translocation (46,XX,t(6;18)(q25.2;q22.2)) con-
cordant with the chromosomal breakpoints reported by NIPT. Two additional pregnancies
of the couple resulted in an identical NIPT result (case 2 and 3) followed by confirmatory
karyotyping and subsequent induced abortion. The fourth case received a triple imbalance
NIPT result with two deletions and one duplication (patient C in Figure 3). Interestingly,
one deletion in chromosome 1p36.33 was reported in the context of NIPT confounding
uterine leiomyoma (UL) [22]. High-resolution ultrasound examination revealed a highly
vascularized uterine mass, most likely a UL. No further follow-up was available. In the
fifth case, a UL of significant size was detected after NIPT had reported a 49 Mb deletion
on chromosome 7 (del(7)(q21.11q31.33)) (patient D in Figure 3). A follow-up ultrasound
examination of the fetus did not show any abnormalities. In the sixth case, a low-grade
mosaic duplication on chromosome 15q15.3–15q26.3 (~30%) was detected by NIPT (patient
B in Figure 3). This pregnancy resulted in IUFD, and cells from the product of concep-
tion (POC) had a normal karyotype revealed by chromosomal microarray analysis. In
the seventh case, NIPT was used in a woman with a balanced reciprocal translocation
t(1;7)(p36.3;q34) (patient E in Figure 3). A duplication of 20 Mb was identified mapping
to chromosome 7q34–36.3, confirming an unbalanced karyotype, which was detected by
amniocentesis performed simultaneously. The eighth case, Patient F (Figure 3), was a
23-year-old patient with a monochorionic twin pregnancy. At 22 + 4 weeks of gestation,
ultrasonography revealed a ductus venosus agenesis in one fetus. NIPT was performed
and showed a non-mosaic 16 Mb duplication on chromosome 10 and six low-grade (<20%)
mosaic aneuploidies (report result: −4;−5;+6;dup(10)(p15.3p13);+14;+18;+21). The fetal
fraction was 18% and the sequencing depth 15.8 million reads. Medical follow-up revealed
an aggressive form of breast cancer.
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Figure 3. Flowchart of CNV-positive cases and their clinical outcome. CNVs detected by NIPT had
a size ranging from 9–58 megabases. The NIPT result from patient F presented a combination of a
non-mosaic duplication on chromosome 10 and six RAAs in a mosaic form. † intra-uterine fetal death;
‡ termination of pregnancy; § analysis of the product of conception by chromosome microarray.

4. Discussion

This NIPT study was primarily focused on the clinical outcome of positive results
and the clinical significance of RAA and CNVs. Based on additional available follow-up
information, clinical outcome data for the common trisomies and SCAs were consistent
with the published test performance of the manufacturer [23]. The clinical follow-up
for cases where NIPT indicated a RAA or CNV reported here added to the limited data
available in the published literature.

Analysis on a per chromosome basis revealed a distinct outcome pattern of RAAs. All
of the trisomy 7 cases of this study showed low rates of mosaicism, and those with available
clinical data all had a normal fetal outcome. This observation is in line with similar NIPT
data showing trisomy 7 as the most frequent RAA in the absence of fetal involvement [13].
The absence of fetal anomalies can be explained by the observed confinement of this partic-
ular mosaic trisomy to the cytotrophoblast representing confined placental mosaicism type
1 [24]. This type of CPM most likely is a result from a mitotic non-disjunction event, as these
errors usually involve only one embryonic cell lineage and are associated, as observed,
with low rates of mosaicism [25,26]. Nevertheless, mosaic trisomy 7 has been associated
with fetal growth restriction, and fetal growth monitoring, therefore, is recommended [9].
In contrast, we detected a trisomy 10 in a non-mosaic form that resulted in placental insuffi-
ciency with a clinically apparently healthy child born. This can be explained by an initial
trisomic conceptus that experienced a mitotic rescue event after compartmentalization of
the embryonic and extra-embryonic tissue [27]. Trisomy 16 is assumed to be responsible
for one vanishing twin event and was associated with structural aberrations and true fetal
mosaicism in another case. A PPV value for an adverse pregnancy outcome for this trisomy
based on meta-analytical literature accounts for 65% [28]: characteristic phenotypes for a
mosaic trisomy 16 seem to be low birth weights and preterm births [29]. Importantly, it
has been shown that when trisomy 16 is restricted exclusively to the cytotrophoblast and
amniotic cells have normal karyotypes, abnormal pregnancy outcomes can be observed [30].
Similarly, the PPV for adverse outcomes (fetal loss, true fetal mosaicism, and syndromes
caused by uniparental disomy 15) with trisomy 15 is reported to be >95%. This is consistent
with the non-mosaic trisomy 15 NIPT case in this study, which resulted in IUFD. Taken
together, the mosaic RAAs of this study population had a favorable outcome, while the
non-mosaic aneuploidies had adverse outcomes. Although, this pattern is also observed
with common trisomies [31], it has to be interpreted in the context of this study´s small
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size and its strong bias towards non-mosaic trisomies with a known association for adverse
pregnancy outcome [13].

Our results support previous work showing that NIPT detection of CNVs has clinical
value that may extend beyond the detection of fetal anomalies. Here, NIPT proved its capa-
bility to repeatedly detect unbalanced forms of reciprocal translocations from two maternal
balanced reciprocal translocation carriers. This is in line with a retrospective study showing
a sensitivity and specificity of nearly 100% for unbalanced translocation detection [32].
This high sensitivity was obtained for a specific minimal size of one translocated CNV of
15 megabases and an average sequencing depth of about 11 million single-end reads of the
corresponding NIPT, both critical parameters for CNV sensitivity. Additionally, three sus-
pected false-positive NIPT results were indicative of confounding maternal conditions such
as breast cancer and benign UL. UL is a common condition with a suspected occurrence
of up to 25% among women above 30 years of age [33]. Genomic profiling of UL-specific
DNA revealed several CNVs over a broad range of chromosomes [34,35]. Dharajiya et al.
reported on NIPT results from 20 patients with clinically confirmed leiomyoma: CNVs
detected in plasma cfDNA by NIPT were concordant to CNVs detected in leiomyoma
biopsies analyzed by SNP array in the same patient, providing proof for the leiomyomatous
origin of these imbalances [36]. Interestingly, some detected deletions in patients C and D
of this study (del(1)(p36.33p35.2) and del(7)(q21.11q31.33)) were described previously in
the context of circulating tumor DNA (ctDNA) based detection of UL and leiomyosarcoma,
pointing towards a common CNV-specific etiology of these entities [37].

The result of a clinically confirmed breast cancer, as detected in patient F, presented
with a CNV in concert with multiples aneuploidies. Multiple aneuploidies, defined as more
than one aneuploidy and unique and non-specific CNVs, have been described as incidental
NIPT results pointing towards occult maternal malignancies [38,39]. The isolated CNV of
patient F seems to be atypical for breast cancer, since the majority of patients show several
CNVs on multiple chromosomes [40,41]. Due to the size limitations for a positive CNV
call with the NIPT method used, it is possible that other CNVs remained undetected due
to a smaller size below 7 megabases. Cancer detection per se by NIPT lacks performance
metrics, and in case of breast cancer specifically, depends largely on the tumor stage and
immunophenotype [40]. Taken together, the details of this case provided proof-of-principle
for NIPT serving as a liquid biopsy screening method for neoplasia, although further
studies are necessary. Pre-test counseling should include the possibility of such incidental
findings and determine the patient´s choice regarding disclosure of such results.

The main limitation of this study is its limited and biased follow-up, since only positive
NIPT cases were investigated. A performance evaluation in terms of observed sensitivity is
not possible with the data set available, since true aberrations not detected by NIPT were
not reported. Additionally, the clinical implications of the detected imbalances are based
exclusively on feedback from different corresponding physicians. The described adverse
clinical outcome may not be a direct result of the aberrations detected by NIPT. On the
other hand, AC or CVS results might be false-negative due to a low amount of sample
material, a non-representative character of the sample, or due to limited resolution of the
karyotyping method performed. Authors should discuss the results and how they can
be interpreted from the perspective of previous studies and of the working hypotheses.
The findings and their implications should be discussed in the broadest context possible.
Future research directions may also be highlighted.
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