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OBJECTIVE: To evaluate the incidence and clinical

outcomes of cell-free DNA results suspicious for mater-

nal malignancy on prenatal cell-free DNA screening

with single-nucleotide polymorphism (SNP)–based

technology.

METHODS: This retrospective cohort study included

data from SNP-based, noninvasive prenatal screening

samples from a commercial laboratory from January 2015

to October 2021. Maternal plasma was screened for

trisomy 21, 18, and 13; monosomy X; and triploidy. Cases

were considered suspicious for maternal malignancy if

retrospective bioinformatics and visual inspection of the

SNP plot were suggestive of multiple maternal copy

number variants across at least two of the tested

chromosomes. Clinical follow-up on patients was ob-

tained by contacting individual referring clinician offices

by telephone, facsimile, or email.

RESULTS: A total of 2,004,428 noninvasive prenatal

screening samples during the study period met criteria

for inclusion in the analysis. Of these, 38 samples (0.002%

or 1 in 52,748, 95% CI 1:74,539–1:38,430) had SNP-plot

results that were suspicious for maternal malignancy.

Maternal health outcomes were obtained in 30 of these

patients (78.9%); eight were lost to follow-up. Maternal

malignancy or suspected malignancy was identified in

66.7% (20/30) of the 30 patients with clinical follow-up

provided by the clinic. The most common maternal

malignancies were lymphoma (n510), breast cancer

(n55), and colon cancer (n53).

CONCLUSION: Results suspicious for maternal malig-

nancy are rare with SNP-based noninvasive prenatal

screening (1:53,000), but two thirds of patients who had

a noninvasive prenatal screening result concerning for

malignancy in this study had a cancer diagnosis. Inves-

tigation for malignancy should be recommended for all

pregnant patients with this type of result.
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Noninvasive prenatal screening, often called cell-
free DNA screening, is the most sensitive and

specific prenatal screening test for common fetal aneu-
ploidies (trisomy 21, 18, and 13).1 In the United States,
noninvasive prenatal screening is widely used as the
first-line prenatal screening test for pregnant people of
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all ages.1 During pregnancy, circulating cell-free DNA
is released from maternal tissues and the placenta into
the plasma. It is recognized that malignancies can be
another source of cell-free DNA in plasma.2–7 Rarely,
cell-free DNA released by maternal cancer is detected
on noninvasive prenatal screening and has led to
reports of unexpected cancer diagnoses in otherwise
asymptomatic pregnant people.8

Incidental discovery of maternal malignancy
through cell-free DNA screening found to be discor-
dant with the fetal karyotype has been reported after
identification of aneuploidies and copy number var-
iants involving multiple chromosomes.9–13 Identifica-
tion of malignancy can have implications for medical
care of the pregnant individual and for the manage-
ment of their pregnancy.9 Existing population studies
on this topic are limited and have been associated
mainly with noninvasive prenatal screening with mas-
sively parallel shotgun sequencing or counting meth-
ods.10–21

Here we evaluated the incidence of cell-free DNA
results suspicious for maternal malignancy on prenatal
cell-free DNA screening using single-nucleotide poly-
morphism (SNP)–based technology in a large series of
consecutive tests performed in a commercial labora-
tory. We provide follow-up on the clinical outcomes
in this group and compare our findings with existing
published studies.

METHODS

This retrospective cohort study included data from
SNP-based noninvasive prenatal screening samples
analyzed at a commercial laboratory in the United
States from January 2015 to October 2021. Maternal
plasma was screened for trisomy 21, 18, and 13;
monosomy X; and triploidy with an SNP-based non-
invasive prenatal screening method (Panorama, Na-
tera, Inc) as described previously.22,23 Testing was
subject to revisions in the protocols in April 2015
(version 2), January 2017 (version 3), and March
2021 (version 3.1).24–26

Samples were eligible for SNP-based noninvasive
prenatal screening if the following criteria were met:
the sample was of sufficient blood volume; the sample
was drawn at gestational age greater than 9 weeks; the
sample arrived in the laboratory within 8 days of
blood collection; and the sample was collected in
Streck tubes that were not damaged or hemolyzed on
receipt. Only samples with sufficient fetal fraction for
analysis (greater than or equal to 2.8% fetal fraction)
on SNP-based noninvasive prenatal screening were
included in the study cohort.24

Single-nucleotide polymorphism–based noninvasive
prenatal testing involved the selective amplification and
analysis of a panel of DNA sequences containing thou-
sands of SNPs, many of which differ between mother
and fetus. Chromosomal imbalances were detected by
comparing observed SNP data with a set of hypothetical
SNP distributions representing either euploid or aneu-
ploid states across different fetal fractions. A maximum
likelihood was then calculated that the fetus has the
typical chromosome complement or has a chromosome
abnormality for the conditions screened. This approach
differs from massively parallel shotgun sequencing
methods (DNA fragment counting) in that it can distin-
guish between maternal and fetal imbalances and detect
chromosomal segregation errors that do not have pro-
portional copy number differences between the chro-
mosomes (eg, triploidy, complete mole, and uniparental
disomy).27,28

Cases were considered suspicious for maternal
malignancy if retrospective bioinformatics and visual
inspection of the SNP plot were suggestive of multiple
maternal copy number variants across at least two of the
tested chromosomes (Fig. 1). These cases were reported
as a fetal uninterpretable result, and a redraw was not
recommended or performed. Clinical follow-up on
patients was obtained by contacting the referring clini-
cian offices by telephone, facsimile, or email starting in
April 2021. Information requested included the follow-
ing: presence or absence of ultrasonographic anomalies;
results of any prenatal diagnostic testing; any maternal
blood karyotype or microarray results; maternal health
conditions before pregnancy, during pregnancy, or re-
ported after the pregnancy; presence or absence of leio-
myomas; and presence or absence of maternal
malignancy. If maternal malignancy was reported, the
type of malignancy, timing of diagnosis, and staging
were requested. This study was considered to qualify
for exemption from IRB review under 45 CFR
46.104(d)(4) by the IRB at Salus Institutional Review
Board (formerly Ethical and Independent Review Ser-
vices). The study was conducted at Natera, Inc.

Other noninvasive prenatal testing laboratories
using a massively parallel shotgun sequencing meth-
odology have previously reported maternal neoplasms
in some patients with a high-risk cell-free DNA result
for multiple aneuploidies and for single mono-
somy.17,29 However, internal data collected on patients
using SNP-based methodology reported as high risk for
two aneuploidies were not associated with an increased
risk for maternal neoplasm (McKanna T, DiNonno W,
Hook N, Maisenbacher MK, et al. High risk for double
aneuploidy: outcome results from single nucleotide
polymorphism-based noninvasive prenatal testing and
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incidence in products of conception testing. Poster pre-
sented at the National Society of Genetic Counselors
38th Annual Conference; November 5–8, 2019; Salt
Lake City, Utah). Follow-up was collected for patients

in whom only multiple maternal copy number variants
were identified.

The outcome data obtained on study cohort
patients were compelling enough to guide the

Fig. 1. Single-nucleotide polymorphism (SNP) plots representative of a normal pregnancy (A) and a pregnancy suspected of
having atypical findings suggesting maternal copy number variants (B). The x axis of both plots shows the relative position of
SNPs along the analyzed chromosomes. The y axis shows the relative amounts of the alleles (100% of allele A at the top of
each plot and 100% of allele B at the bottom of each plot). In A, the relative vertical position of alleles shown is determined
by the fetal fraction. For example, the upper band represents maternal BB genotype and fetus BB genotype, the band below it
represents a maternal BB genotype and fetal AB genotype, and the spacing between the bands is determined by the relative
amount of the A allele present (ie, the fetal fraction). In B, segments of maternal chromosomes have extra copies, indicative
of the imbalances that would typically be seen when maternal cancer is present. The large spaces between the bands
indicate that a substantial proportion of maternal DNA is abnormal. Note that this graphical representation of data does not
in any way describe the functioning of Natera’s technology.
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laboratory to change verbiage on patient reports
starting on May 30, 2021, to unequivocally report
the concern of an incidental maternal finding that
was strongly suggestive of maternal malignancy. In
addition, any case that was suggestive of multiple
copy number variants was reviewed to determine
whether the patient had noninvasive prenatal screen-
ing in previous or subsequent pregnancies. For
patients with suspicious results and SNP-based non-
invasive prenatal screening in more than one preg-
nancy, results (when available) were compared with
detect changes in maternal SNP data from pregnancy
to pregnancy.

The prevalence of noninvasive prenatal screening
results suspicious for malignancy was calculated.
Patient characteristics, fetal anomalies, maternal malig-
nancy, and other health outcomes were evaluated for
noninvasive prenatal screening samples identified as
suspicious for maternal malignancy. Clopper-Pearson
two-sided 95% CIs were calculated for the percent of
all patients with follow-up with cancer.

RESULTS

A total of 2,004,428 noninvasive prenatal screening
samples during the study period met criteria for
inclusion in the analysis. Of these, 38 samples
(0.002% or 1 in 52,748, 95% CI 1:74,539-
1:38,430) had SNP-plot results that were suspicious

for maternal malignancy. Maternal and fetal health
outcomes were obtained in 30 of these patients
(78.9%); eight were lost to follow-up (Fig. 2). Mater-
nal malignancy was identified in 20 patients: 52.6%
(95% CI 35.8–69.0%) of all 38 noninvasive prenatal
screenings with suspicious results and 66.7% (95%
CI 47.2–82.7%) of the 30 patients with complete
clinical follow-up. In patients with a noninvasive
prenatal screening result suspicious for maternal
copy number variants who were not diagnosed with
a malignancy during the study period, the average
follow-up period after noninvasive prenatal screen-
ing was 12 months, the shortest follow-up period
was 1 month, and the longest follow-up period
was 31 months after noninvasive prenatal screening.
Details of the 20 patients who were found to have a
malignancy are presented in Table 1. Median ges-
tational age at noninvasive prenatal screening was
13 weeks. Median maternal age at the time of the
patient’s noninvasive prenatal screening was 33
years. Timing of cancer diagnosis with respect to
the noninvasive prenatal screening sample was
known in 17 of 20 patients: six patients had a pre-
existing cancer diagnosis at the time of undergoing
noninvasive prenatal screening, and of these, two
had a history of cancer and were thought to be in
remission at the time of noninvasive prenatal
screening (Table 1). The remaining 11 patients

Fig. 2. Flow diagram of patients
included in this cohort. CNV, copy
number variant.

Goldring. Maternal Malignancy and
Cell-Free DNA Screening. Obstet Gy-
necol 2023.
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had occult tumors at the time of noninvasive pre-
natal screening. The time between the noninvasive
prenatal screening sample result and reported diag-
nosis of malignancy ranged from 0 to 11 months.
The most common maternal malignancies were
lymphoma (n510), breast cancer (n55), and colon
cancer (n53) (Appendix 1, available online at
http://links.lww.com/AOG/D58).

Information on fetal outcomes was available for
19 of the 20 pregnancies associated with maternal
malignancy. No abnormalities were reported in 15.
One pregnancy was complicated by a fetal abnormal-
ity, one had multiple soft markers on prenatal ultra-
sonogram, and two had fetal growth restriction. Four
of the 19 cases associated with maternal malignancy
for which information on fetal findings was available
had prenatal invasive testing, the results of which were
reported as normal in all cases.

Of the 10 patients with clinical information and no
malignancy at the time of follow-up, two patients had
fetal triploidy, one patient had maternal glomerulone-
phritis, and one patient had uterine leiomyomas. In all, 6
of the 30 patients (20%) had no reported fetal or
maternal health issues at the time of follow-up (Fig. 2).
Of the six patients with no reported maternal malignan-
cies, we were able to obtain follow-up for them at 1, 4, 6,
14, 16, and 31 months after the noninvasive prenatal
screening was collected, respectively. Limited follow-
up was attributed to the patients no longer being seen
at the ordering clinic. For one of the patients (6 months),
the clinic reported that after her pregnancy the patient
participated in a research study that included genome-
wide analysis, which found multiple copy number var-
iants across the genome with a concern for malignancy;
however, to the best of our knowledge, follow-up testing
for malignancy was not completed.

Table 1. Details of Patients With Single-Nucleotide Polymorphism–Based Noninvasive Prenatal Screening
and Confirmed or Suspicious Maternal Neoplasms

Patient

Approximate Time
From NIPS to

Cancer Diagnosis Indication for NIPS

SNP-Based NIPS
Performed in

Additional Pregnancies

1 Before NIPS Not provided No
2 Before NIPS Screening Pregnancy 1 (before cancer diagnosis): low-risk NIPS

Pregnancy 2: maternal CNVs detected on NIPS
3 Before NIPS Not provided No
4 Before NIPS Screening No
5 1 mo* Screening No
6 1 mo* Screening Pregnancy 1 (before cancer diagnosis): low-risk NIPS

Pregnancy 2 (after diagnosis and after treatment):
low-risk NIPS
Pregnancy 3 (malignant disease recurrence):
maternal CNVs detected on NIPS

7 5 mo Screening Pregnancy 1 (before diagnosis): low-risk NIPS
Pregnancy 2: maternal CNVs detected on NIPS

8 6 mo Screening No
9 6 mo Screening No
10 6 mo Not provided No
11 7 mo Abnormal prenatal

ultrasound results
Pregnancy 1: maternal CNVs detected on NIPS
Pregnancy 2 (after diagnosis and after treatment):
low-risk NIPS

12 8 mo Screening No
13 8 mo Screening No
14 8 mo Screening Pregnancy 1 (before diagnosis): low-risk NIPS

Pregnancy 2: maternal CNV detected on NIPS
15 9 mo Screening No
16 9 mo Screening No
17 11 mo Screening No
18 Not known Not provided No
19 Not known Abnormal prenatal

ultrasound results
No

20 Not known Not provided No

NIPS, noninvasive prenatal screening; SNP, single-nucleotide polymorphism; CNV, copy number variant.
* Cancer believed to be in remission at NIPS.
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Seven patients in the cohort had SNP-based
noninvasive prenatal screening in more than one
pregnancy (Table 1). Four patients had low-risk results
during a previous pregnancy and a sample collected
during a subsequent pregnancy that was found to have
multiple copy number variants. Of these four patients,
three were diagnosed with a maternal malignancy
after the second noninvasive prenatal screening result
suspicious for maternal malignancy. The fourth
patient had not been diagnosed with a maternal malig-
nancy at the time the clinical follow-up was elicited.
The fifth patient had a multiple copy number variant
result and during a subsequent pregnancy had a non-
invasive prenatal screening with an abnormal fetal
result but was lost to follow-up. The sixth patient
had a low-risk result during a previous pregnancy
and afterward was diagnosed and treated for breast
cancer. That patient had a subsequent low-risk non-
invasive prenatal screening result after treatment.
However, during a third pregnancy, multiple mater-
nal copy number variants were identified, and after
this result, metastatic cancer was diagnosed. The sev-
enth patient was positive for multiple maternal copy
number variants and afterward was diagnosed with
cancer. After cancer treatment, this patient had a sub-

sequent pregnancy with a low-risk SNP-based nonin-
vasive prenatal screening result.

The cancers reported in our study are similar to
the more than 100 maternal malignancies identified
through noninvasive prenatal screening that have
already been reported in the medical literature
(Appendix 1, http://links.lww.com/AOG/D58).
Table 2 provides a report of maternal malignancy
after detection of multiple chromosomal aneuploidy
or copy number variants across seven population-
based studies with the prevalence of maternal malig-
nancy in those with follow-up ranging from 7.6%
(95% CI 5.5–10.1%) to 73.3% (95% CI 44.9–92.2%).
Compared with other studies, the prevalence of non-
invasive prenatal screening with findings suggestive of
maternal malignancy is lower in our study (prevalence
of approximately 1 in 53,000; Table 2). The percent-
age of patients found to have a malignancy after a
suspicious noninvasive prenatal screening result in
our study was one of the highest reported (66.7%;
Table 2).

DISCUSSION

This study evaluated the prevalence of maternal
malignancy after atypical findings on SNP-based

Table 2. Population-Based Reports of Maternal Malignancy After Detection of Multiple Chromosomal
Aneuploidy

Reference
Total NIPS
Samples Type of NIPS

Prevalence of NIPS
Suspicious for Maternal

Malignancy

Maternal Malignancy
in Those With
Follow-up

Time From NIPS
to Cancer
Diagnosis

Bianchi et al,
201517

125,426 Targeted MPSS 39 (1/3,216) 7/39 (18 [7.5–33.5]) 3–39 wk (11.5 wk)

Dharajiya
et al,
201810

450,000 Targeted MPSS 55 (1/8,182) 18/40 (45 [29.3–61.5]) Not provided

Suzumori
et al,
201911

34,626 Targeted MPSS 18 (1/1,924) 4/18 (22.2 [6.4–47.6]) Not provided

Ji et al,
201912

1,930,000 Genome-wide
MPSS

639 (1/3,020) 41/542 (7.6 [5.5–10.1]) 0–366 d (115 d)

Lenaerts
et al,
202131

88,294 Genome-wide
MPSS

15 (1/5,886) 11/15 (73.3 [44.9–92.2]) 6–57 d (25 da)

Heesterbeek
et al,
202213

63,444
targeted
NIPSs

168,452
genome-wide

NIPSs

Targeted NIPSs and
genome-wide

MPSS

Targeted 3 (1/21,148)
Genome-wide 48 (1/3,509)

2/3 (66.7 [9.4–99.2])
16/48 overall (33.3

[20.4–48.4])

81 wk or less
(5 wk)*

Current
study

2,004,428 SNP-based NIPS 38 (1/52,748) 20/30 (66.7 [47.2–82.7]) 1–11 mo (7 mo)

NIPS, noninvasive prenatal screening; MPSS, massively parallel shotgun sequencing; SNP, single-nucleotide polymorphism.
Data are n, n (prevalence), n/N (% [95% CI]), or range (median).
* Range not provided.
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noninvasive prenatal screening. Our study demon-
strates that although SNP-based noninvasive prenatal
screening results suspicious for malignancy are rare
(approximately 1 in 53,000), these results are associ-
ated with a high likelihood of maternal malignancy:
67% of patients with clinical follow-up and at least
53% of all patients in our cohort. The most common
type of cancer identified by SNP-based noninvasive
prenatal screening was lymphoma, followed by breast
and colorectal cancer, findings that are consistent with
existing noninvasive prenatal screening studies.30 Of
note, two of the patients in our cohort had an active
cancer diagnosis at the time of noninvasive prenatal
screening.

Previous studies of targeted or genome-wide
massively parallel shotgun sequencing noninvasive
prenatal screening have reported variable prevalence
of results suspicious for maternal cancer, ranging from
approximately 1 in 2,000 to 1 in 21,000 (Table 2).
Possible explanations for this variation include the
noninvasive prenatal screening methodology (tar-
geted vs genome-wide), the criteria used for reporting
a result as suspicious (multiple copy number variants
vs any apparent aneuploidy affecting multiple chro-
mosomes), the population being screened, and change
in laboratory experience over time. The likelihood of
identifying a malignancy also varies among published
studies, ranging from 8% to 73%. The high risk for
maternal malignancy associated with suspicious SNP-
based noninvasive prenatal screening results could
reflect the ability of SNP-based technology to distin-
guish between maternal and fetal copy number vari-
ants. The lower incidence of results suspicious for
maternal malignancy likely reflects the target-
focused approach of SNP-based noninvasive prenatal
screening (targeting only chromosomes 21, 18, 13, X,
and Y as opposed to genome-wide noninvasive pre-
natal screening) and the ability to focus on maternal
copy number variants rather than fetal aneuploidy. It
is important to note that all of the published studies
have relatively small numbers of patients with malig-
nancy and that the 95% CIs around point estimates
are wide. Therefore, it cannot be said with certainty
whether these differences in reported cancer rates in
the setting of suspicious prenatal cell-free DNA
screening are truly different.

The clinical information obtained from patients
with testing in more than one pregnancy in our study
suggests that SNP-based noninvasive prenatal screening
may be able to detect changes with malignancy
diagnosis, remission, or recurrence from pregnancy to
pregnancy. This has not been demonstrated in other
published data sets and is an area for additional research.

In the setting of SNP-based noninvasive prenatal
screening, a finding of maternal copy number variants
in patients with known risk factors for malignancy, such
as a previous diagnosis or a known hereditary cancer
condition, should be evaluated with particular care.

It is important to recognize that many pregnant
people reported in the literature as having a non-
invasive prenatal screening result suspicious for
maternal malignancy have not had an identifiable
cancer during the follow-up period. Some have been
attributed to another reason (eg, uterine leiomyomas),
and in some instances, no explanation has been
identified. It is notable that the study with the highest
maternal malignancy rate (73%) had a standardized,
multidisciplinary approach to cancer investigation,
including blood work and whole-body magnetic
resonance imaging.31 Lower rates of malignancy in
other studies may reflect a more ad hoc or less inten-
sive approach to investigation and relatively short
follow-up periods.

The strength of recommendations for malignancy
investigation varies after atypical noninvasive prenatal
screening results,9 but our study and other recent pub-
lications13,30–33 support investigation for malignancy
in all patients. Currently, there are no national society
guidelines in the United States for maternal malig-
nancy investigation in patients with suspicious prena-
tal cell-free DNA screening results, and optimal
management strategy remains unclear.9 The National
Institutes of Health–sponsored IDENTIFY (Inciden-
tal Detection of Maternal Neoplasia Through Non-
Invasive Cell Free DNA Analysis) study (Clinical-
Trials.gov identifier NCT04049604) aims to answer
this question, and patients can be referred to that
study.33 We recommend evaluation for underlying
maternal disease in all patients with multiple copy
number variants of likely maternal origin on SNP-
based noninvasive prenatal screening. Referral to a
maternal–fetal medicine specialist or medical oncol-
ogist is ideal when access is available.13 At least three
groups of authors have proposed specific algorithms
for investigation (Table 3),34–36 and the recommen-
dations of Carlson and colleagues36 are a reasonable
approach. After a negative initial malignancy investi-
gation, longitudinal screening of patients should be
considered because some patients in our cohort were
diagnosed up to 11 months after the noninvasive
prenatal screening. It is also important to note that
SNP-based identification of multiple maternal copy
number variants was not associated with an increased
risk in fetal aneuploidies in our study; however, in this
setting, noninvasive prenatal screening cannot screen
for these conditions, and patients should be offered
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the option of diagnostic testing in addition to detailed
ultrasound evaluation. Finally, during the informed
consent process, it is important that pregnant people
are counseled about the potential for incidental mater-
nal findings, including maternal chromosome abnor-
malities and health conditions, as well as the potential
for failure to provide a fetal risk assessment.1

This study reports outcomes after SNP-based
noninvasive prenatal screening with results suspicious
for maternal malignancy; however, it has several
limitations. First, no standard protocol for malignancy
evaluation was followed, and the follow-up time period
varied. In addition, there was a change in reporting of
cases with suspected maternal copy number variants in
the last year of the study period. Therefore, there may
have been differences in the follow-up offered to
patients with the original report type compared with
patients with the updated report type. These limitations
may have led to under-reporting of malignancy diag-
noses because patients may have been lost to follow-up
or received an incomplete workup. Last, no follow-up
data for patients with other SNP-based noninvasive
prenatal screening result types were collected, and the
cancer type, its stage, and the time of diagnosis were

collected as a report from the clinic but not verified
with medical records.

Our study and others highlight the importance of
reporting suspicious cell-free DNA results given the
high incidence of maternal malignancy when multiple
copy number variants are present on noninvasive
prenatal screening results. Reporting an incidental
finding will allow the possibility of informed maternal
clinical management and early cancer detection.
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