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Plasma-DNA based 

molecular diagnostics



Fetus Cancer



Lo et al. Lancet 1997



Male 

Lo et al. Lancet 1997





Fetal DNA: 15%



Down Syndrome





Accuracy: 99.7%

Chiu et al BMJ 2011





Millions of cases performed

in 90 countries
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Size distribution of fragments with
maternal- and fetal-preferred ends
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Pooled sequence reads from 

26 first trimester cases



Pooled sequence reads from 

26 first trimester cases





What’s the potential utility?
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What is the nature 

of the ‘scissors’?





Nuclease



Nuclease

Knockout

Mouse

Model



Mononucleosomal DNA

Illumina Sequencing Libraries 



Mononucleosomal DNA



Cheng et al. Clin Chem; 2018: 406 

Mononucleosomal DNA
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Mononucleosomal DNA

Another Nuclease?
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Serpas et al. PNAS 2019; 116: 641
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Plasma DNA End Motifs

Serpas et al. PNAS 2019; 116: 641



Plasma DNA End Motifs

Serpas et al. PNAS 2019; 116: 641



Plasma DNA End Motifs

Serpas et al. PNAS 2019; 116: 641
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Dnase1l3-/-

Male: Balb/C
Dnase1l3+/+

X

Fetuses: Dnase1l3+/-

DNASE1L3
enzyme

+
‘Locally cut’ 

fetal DNA



DNASE1L3

• First link of nuclease biology and circulating 

nucleic acids

• Alterations with physiologic and pathologic 

changes

• Role of other nucleases

• Diagnostic role of plasma DNA end motifs



Fragmentation Patterns

“Fragmentomics”



“Integrity”





Mitochondrial

genome

16 kb circles



Jiang et al. PNAS 2015.

Size profile of

circulating DNA
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Search for circular mtDNA in plasma



Search for circular mtDNA in plasma



Search for circular mtDNA in plasma



Search for circular mtDNA in plasma
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Plasma DNA Topologics



Summary

• Plasma nucleic acids represent a treasure trove 
for molecular diagnostics

• NIPT: global adoption and clinical paradigm shift

• Fragmentomics: fragment size, preferred ends, 
end motifs 

• Plasma DNA topologics: circular and linear 
mtDNA in plasma

• Link to nuclease biology







Secondary Genomic Findings Following Non-Invasive 

Prenatal Genetic Testing: Maternal Malignancy 

Diana W. Bianchi, M.D.

@DianaBianchiMD



#1 Implementation of Genomic Medicine That Has 
Transformed Medical Care

2011 2012
> 10 million clinical tests

to date   



2013



Maternal Secondary Genomic Findings

• Fetal sex discordance due to 
maternal transplant from XY 
donor or maternal DSD

• Vitamin B12 deficiency

• Autoimmune disease

• Copy number variants

• 22q11.2 deletion

• Mosaic autosomal aneuploidies

• Trisomy 8

• Sex chromosome aneuploidies

• 45,X/47,XXX

Genet Med 2017; 

doi.10.1038/gim.2017.219



When a Fetus’s Test Finds a Mother’s Cancer:

Mothers-to-be expecting to learn about chromosomal defects from a 

noninvasive prenatal test sometimes instead learn they may have cancer.   
Anna Nowogrodzki MIT Technology Review July 2015



Details of Case 1
• 37 yo G2P1 woman, prior history negative

• NIPT x 2 13 wks: T13, M18, repeated 17 wks

• Amniocentesis: 46, XY, normal CMA

• 19 wks: normal fetal U/S, Son healthy, Apgars 8/9

• 3rd Tri: abdominal pain, fatigue, vaginal bleeding

• NIPT sent to another lab: nonreportable

• Pelvic fractures post delivery, bx of cervical mass 
and bone: metastatic neuroendocrine carcinoma

• Patient recently passed away, 7 years post dx



Maternal Malignancies 

• Cancer during pregnancy is rare, occurs 1 in 1000 cases

• Most common malignancies in pregnant women are:
• Breast and cervical cancers

• Hodgkin and non-Hodgkin lymphomas, leukemia

• Malignant melanoma

• Ovarian and colorectal cancer

• In some cancers, tumor DNA is shed into the circulation

• This results in genomic imbalances that can be detected by 
NIPT

• Incidence of cancer as detected by NIPT is 1 in 10,000 
cases



Which Cell Types Are Analyzed With NIPT?

Figure from Rieder et al., Aust NZ J Obstet Gynaecol 2018,            

Modified from Bianchi et al. Am J Hum Genet 1993 

50-90% of plasma 

sample is maternal 

cfDNA



Unusual or Discordant Results/Test Failures/No Results

Snyder et al. Prenat Diagn 2016;

Bianchi et al. JAMA 2015

Many Presentations of Maternal Cancer



Maternal Cancer as a Mechanism for False Positive Results 

• Test the hypothesis that NIPT acts as a liquid 
biopsy

• Clinical laboratory database of 125,426 test results

• Physicians voluntarily informed laboratory of 
maternal cancer diagnosis as explanation for test 
failure or discordant results

• Patients re-contacted, gave consent, sequencing 
results re-analyzed 

Bianchi et al. JAMA 2015; 314:162-169



Retrospective Maternal Cancer Study 

Case Number 1 2 3 4 5 6 7 8

Maternal Age 37 36 33 36 23 37 39 39

GA (weeks) 13 12 13 20 20 12 11 10

Aneuploidy Detection 

by NIPT

M18, T13 M18 T13 M21, 

M18, M13

T21, M18, T13 T18 M18, 

XXY

T21, T18,

T13, MX

Fetal Karyotype / 

Birth Outcome

46,XY

Term

ND 

Term

46,XY 

Term

46,XY

Term

46,XY

PE 29 wks

46,XX

Term

46,XY

35 wks

46,XX

32 wks

Cancer Type Neuro-

endocrine

B cell lym-

phoma

Colo-rectal Hodgkin

lym-

phoma

ALL 

(T cell)

B cell lym-

phoma

B cell lym-

phoma

Anal 

Stage at Dx IV IVB IIIC IIA NA IV II IIIB

Time to Dx (weeks) 28 13 39 3 to MRI

29 to Bx

3 ~20 ~10 8 

Postnatal NIPT ND ND T13, M18 M13, 18, 

21, MX

ND ND ND ND

Bianchi et al., JAMA 2015; 314:162-169



WGS: Sequence, Align, Count

Cell-free DNA in 
Maternal Plasma

~150-200 bp
fragments from both
pregnant woman and 

her fetus

Alignment of 
reads

Measure counts 
relative to a reference 

Chromosome 21

Reference Chromosome(s)

Total DNA is 
sequenced

25-36 base pair reads

CCCTTAGCGCTTTAACGTACGTAAAA
CCCTTAGCGCTTTAACGTACGTAAAA

ACGGGGTCAAAGGTTCCCACACGTCC
GACTTAAAATCGGAATCGATGCCCAA
GACTTAAAATCGGAATCGATGCCCAA
ACGGGGTCAAAGGTTCCCACACGTCC
CCCTTAGCGCTTTAACGTACGTAAAA
CCCTTAGCGCTTTAACGTACGTAAAA

ACGGGGTCAAAGGTTCCCACACGTCC



“Masking” Sequencing Data



Partial Genome View Seen in CLIA Lab

Blue= Excess material c/t reference

Red= Deficient material c/t reference

Case 1: Trisomy 13, Monosomy 18

Case 3: Trisomy 13, Monosomy 18

Case 4: Monosomies 13, 18, 21

Chromosome number

Case Bianchi et al. JAMA 2015; 314:162-169



Whole Genome (Unmasked) View
Case #

Bianchi et al. JAMA 2015; 314:162-169



Close-Up View of JAMA Colon Cancer Case 

• Bioinformatics 

algorithm reported 

trisomy 13

• Postpartum sample 

reported as T13, 

monosomy 18

• Real issue is trisomy 

8. Chr 8 used as 

reference for chr 18.

• Post-treatment 

sample shows 

normalized profile 



Ji et al. Genet Med April 12 2019

• 1.93 million cfDNA prenatal samples

• 639 had multiple aneuploidies (0.03%)
• PPV of multiple aneuploidies alone=7.6%

• Retrospective study, 41 known to have cancer

• 34/41 (83%) correctly called with improved 
algorithm, 422/501 could be excluded

• Plasma tumor markers improved PPV to 75%
• CA15-3, CA19-9, CA12-5, CEA, AFP

Machine Learning to Determine Which Women Have Cancer



N=81 (in literature)

Types of Cancers

Lymphoma Leukemia Myeloma Colorectal Breast Leiomyosarcoma Misc Liver Gastric

25

16

10

Miscellaneous

1 each:

Neuroendocrine

Teratoma,

Nasopharyngeal carcinoma,

Cervical,

Lung,

Dysgerminoma

Etc.

9

7

5

4

3 3

Secondary Maternal Cancers Reported as of Nov 2019

Not all maternal 

cancers reported in 

literature. 

1 in 5 MFM 

providers estimated 

to have had at least 

one case of cancer 

in their practice.



Case 2

• 40 yo woman underwent cf DNA screening 14.5 wks

• Very negative chr 13 z-score, suggested monosomy 13

• Genome-wide analysis showed M13 and decreased 
sequence tags mapping to 1p, 14, Xq

• Amniocentesis: 46, XX  

Dharajiya et al. Prenat Diagn 2015



Uterine Fibroids

• In one study, half of the abnormal NIPT results 
suggestive of cancer were due to uterine fibroids 

• Fibroids are present in ~7% of African American 
women

• Why don’t we see more genome-wide 
dysregulation in women with fibroids?

• Are the cases shedding DNA undergoing malignant 
change?

Dharajiya et al., Clin Chem 2017



Follow-Up Management of NIPT Results Suggestive of Cancer? 

Amant et al. JAMA Oncology 2015; 1:814-819

Obstet Gynecol 2018



ISPD Debate: Should Results be Reported?



What Do Genetic Counselors Say?
(Giles et al. Prenat Diagn 2017; 37:126-32)

• Survey of >300 US genetic counselors

• 95% were aware NIPT results could suggest neoplasm

• Only 29% communicate this in the pre-test setting

• 77% reported that they would disclose results

• Post-test recommendations highly variable

• 91% said that institutional or national guidelines were 
needed for patient management

Stakeholder Perspectives



Introducing the IDENTIFY Study

Incidental DEtection of maternal 

Neoplasia Through non-Invasive cell-

Free dna analYsis



IDENTIFY: Follow-Up of cfDNA Patterns Suggestive of Malignancy 

Prenatal 

Genomics and 

Therapy Lab, 

NHGRI

Women’s 

Malignancy 

Branch, NCI

Complete work-up is free for women in the US

Can study women from outside of US, but have to get to US port of entry

NCT 04049604



IDENTIFY Study Protocol
Study Contact:

Amy.Turriff@ 

nih.gov



Summary

• Maternal cancer is a rare, but increasingly recognized 
explanation for false positive cf DNA results (<1% of 
positive reports)

• Most suspicious is pattern of multiple aneuploidies, 
with genome-wide imbalance

• Not all cases are cancer: consider leiomyomas

• Need more evidence to determine management 
recommendations and whether early treatment saves 
lives

• Please refer cases to our NIH Clinical Center study!



Thank you!



Q&A with Speakers

Diana Bianchi, MD Bruce Korf, MD, PhD
Moderator

Dennis Lo, MD



Please take the survey after the webinar ends.

Did you enjoy this webinar? Discover more in the 
ASHG webinar archive at www.pathlms.com/ashg

Thank You for Attending

Or join us next month, Wednesday, December 4, for 
our next webinar on therapeutic gene editing.

http://www.pathlms.com/ashg

