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Introduction

Noninvasive prenatal testing (NIPT) represents a major
advance in prenatal screening, providing accurate
information about fetal aneuploidy status as early as 9-10
weeks gestation using a single maternal blood draw.! With
NIPT, pregnant women can now screen for fetal
chromosomal abnormalities, such as Down syndrome
(trisomy 21), Edwards syndrome (trisomy 18), Patau
syndrome (trisomy 13), and sex chromosome-related
syndromes such as Klinefelter and Turner syndromes. Next-
generation sequencing (NGS) is a trusted and proven
method for performing NIPT. In fact, 95% of NIPT samples in
published studies are run on lllumina systems with lllumina
NGS technology.? This white paper provides a comparison
of NGS vs. other NIPT methods currently available.

Background of cfDNA screening

Circulating cell-free DNA (cfDNA), from both the fetus*
and the mother, is found in maternal blood. Approximately
3-13% of the cfDNA circulating in maternal blood

is from the fetus. NGS, which uses millions of sequence
reads per sample, can detect and measure aneuploidy
within this mixed sample.®# Quantitative differences in cfDNA
in maternal blood can be used to distinguish fetuses
affected with trisomy 21 (and other fetal aneuploidies)
from those that are unaffected. In clinical trials in the
general obstetrical population, prenatal screening by
cfDNA has been demonstrated to have significantly

lower false positive rates and higher positive predictive
values for trisomies 21 and 18 than standard screening.

NIPT technologies

NIPT using NGS technology provides informative results
with a comprehensive view across the entire genome vs.
targeted sequencing or array-based platforms. Targeted
technologies include single nucleotide polymorphism (SNP)
analysis, microarray analysis, and rolling circle amplification.
With targeted approaches, only limited regions of select
chromosomes are analyzed. These approaches have
additional steps and employ more rounds of amplification
than whole-genome sequencing methods, introducing a
more complicated workflow.

*Fetal or fetus in this document refers to the fetal component of cfDNA derived
from placental trophoblasts that are released into maternal circulation.
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NIPT and Whole-Genome Sequencing
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1. cfDNA fragments are isolated and sequenced

ATCGGTCAATGCAATTGACTCTAGGCTAATGCTATCGGTCAATGCAATTGACTCTAGGCTAATGCTTAGGCTAATGCT

2. Sequenced reads are aligned to the genome, the length of the cfDNA fragments
inferred
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3. Reads are sorted by chromosomes, with shorter cfDNA fragments known to be enriched
with fetal cfDNA. Deviations from expected fragment counts indicates aneuploidy.”

*This image represents rendition and does not imply that each chromosome is evaluated by one read.

SNP and microarray analysis both employ polymerase chain
reaction (PCR). PCR can be used with NGS, however this will
extend turn-around time (TAT) and add more complexity. PCR
bias can lead to uneven coverage. A PCR-free workflow
eliminates the need for pre- and post-PCR lab space, allowing
steps to be performed in a single area. NGS without PCR
improves workflow and allows for better TAT. NGS technology
can also be scaled easily to accommodate the needs of a
growing lab, allowing the best test option to be selected that
meets local guidelines and coverage policies.

SNP Analysis
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2. Target areas are amplified by PCR
and sequencing is performed on
specific alleles
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Microarray Analysis Rolling Circle Amplification
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1. Target cfDNA fragments are 2. Complementary probes are 1. Target cfDNA 2. Fragments hybridize 3. Circular DNA templates
labeled with a fluorescent tag bound on the microarry fragments are to specific probes undergo rolling circle
isolated and create circular amplification

DNA templates

3. Target DNA is hybridized to 4. Fluorescence is compared to a 4. The rolling circle products collapse 5. Fluorescence is compared to a
complementary probes on reference target chromosomes. into submicron nanoballs, each reference target chromosome.
a microarray Deviations in fluorescence counts having a unique fluorescent tag Deviations in fluorescence counts
indicate aneuploidy. indicate aneuploidly.

NIPT market landscape for in-lab solutions

METHODOLOGY

NGS* Targeted/array® | Targeted/SNP? | Targeted/RCA® | NGS w/PCR?°
Fetal fraction detection Dynamic Fixed Fixed None Dynamic
End-to-end workflow v X X v v
PCR-free DNA preparation v X X v X
Detection of sex chromosome % % % X %
aneuploidies
Detection of all autosomes v X X X v
Detection of partial dups/dels
>7Mb for all autosomes v X X X v
D(_atect|on Qf select % % % X %
microdeletions

NGS: next-generation sequencing | SNP: single nucleotide polymorphism | RCA: rolling circle amplification | PCR: polymerase chain reaction

The methodologies shown above do not represent a comprehensive list. There may be other NIPT service providers depending on geography. This chart is
informational only. Failure rates are representative of each manufacturer’s clinical validation study design and are not meant to provide comparative insight.

M-GL-01358v2 | 3



NGS WHOLE-GENOME SEQUENCING PROVIDES INFORMATIVE NIPT RESULTS

NIPT performance |

Clinical experience studies

NGS using whole-genome sequencing is a trusted methodology with a broad publication history. The performance
characteristics are well-established. Over 2.1 million NIPT samples in published studies have been run on lllumina NGS
technology.? Below is a sample of recent published clinical studies.

PUBLICATION 1014 KEY OBSERVATIONS

Borth H, Teubert A, Glaubitz R, et al. Analysis of cell-free DNA in
a consecutive series of 13,607 routine cases for the detection of
fetal chromosomal aneuploidies in a single center in Germany.
Arch Gynecol Obstet.2021;303(6):1407-1414. doi:10.1007/
s00404-020-05856-0111

For trisomies 21, 18, 13, and monosomy X, sensitivities were
>98.89% and specificities were >99.73%. An overall positive
predictive value of 84.8% was observed.

Eiben, B., Borth, H., Kutur, N. et al. Clinical experience with
noninvasive prenatal testing in Germany: analysis of over 500
high-risk cases for trisomy 21, 18,13, and monosomy X. Current
Obstetrics and Gynecology Reports. 2021. 5, 1-7.

NGS-based NIPT method can reliably identify the most frequent
aneuploidies in an experience with over 40,000 clinical NIPT
cases.

Dynamic FF threshold allows trisomy cases to be detected,
which would otherwise be missed using a strict FF cut-off.

van Prooyen Schuurman L, Sistermans EA, Van Opstal D, et al.
Clinical impact of additional findings detected by genome-wide
non-invasive prenatal testing: Follow-up results of the TRIDENT-2
study. Am J Hum Genet. 2022;109(6):1140-1152. doi:10.1016/].
ajhg.2022.04.018

Most fetal chromosomal aberrations detected by NIPT are
pathogenic and associated with severe clinical phenotypes.

Confined placental mosaicism (CPM) is significantly associated
with adverse perinatal outcomes such as preeclampsia.

Soster E, Boomer T, Hicks S, et al. Three years of clinical
experience with a genome-wide cfDNA screening test for
aneuploidies and copy-number variants. Genet Med.
2021;23(7):1349-1355. doi: 10.1038/s41436-021-01135-8111

A positive predictive value (PPV) of 72.6% for genome-wide
partial deletions and duplications and 22.4% for rare autosomal
trisomies was observed.

Twenty-five percent of the positive results would have been
missed with traditional cfDNA screening.

Rafalko J, Soster E, Caldwell S, et al. Genome-wide cell-free
DNA screening: a focus on copy-number variants. Genet Med.
2021;23(10):1847-1853. doi: 10.1038/s41436-021-01227-5

Overall PPV for partial deletion and duplication cases with
diagnostic outcomes was >70%.
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Dynamic fetal fraction
measurement

Different NIPT approaches vary in the way they evaluate
fetal fraction (FF) and use FF information in sample
reporting. Some NIPT technologies, such as microarray

Genome-wide screening

NIPT using NGS allows testing for all autosomes and sex
chromosomes. Screening is not limited to the common
trisomies. Genome-wide screening has the ability to provide
information about common trisomies, rare autosomal
aneuploidies (RAAs), sex chromosome aneuploidies (SCA),

and SNP-based sequencing approaches, use a fixed FF
cut-off for sample reporting that can lead to higher test
failure rates. In contrast, some whole-genome sequencing-
based technologies use a dynamic threshold, providing

and partial deletions and duplications of all autosomes. RAAs
are not as rare as the name implies. In a retrospective study

of 2.4M live born infants, fetal deaths beyond 20 weeks, and
pregnancy terminations for congenital anomalies, chromosomal

an alternative to strict FF cut-offs.

Strict fetal fraction cut offs of 4% may exclude patients with
the highest risk of aneuploidy. Trisomy 21" is associated
with increased fetal fraction, whereas trisomies 13 and 18
are associated with a decrease in fetal fraction. Norton et
al.’® reported aneuploidy in 4.7% of pregnancies that did
not vield a cfDNA result due to FF < 4%, compared with 0.4%
of those that did, indicating a tenfold increase in aneuploidy
incidence. Similar data have also been reported by
Pergament et al.'. Samples with a FF of less than 3.4% are
nearly 9 times more likely to be aneuploid vs. those above
this FF threshold. These studies underscore the
importance of determining the actual limit of detection

for each specific NIPT methodology, rather than using a
theoretically determined fixed FF cut-off for all cfDNA
testing methodologies.

anomalies were reported in 0.44% of the cases.' Of the
0.44%,17% were chromosomal abnormalities other than the
three classic trisomies or SCAs and detectable by karyotyping.'®
This number is almost as frequent as the incidence of T18
and T13 combined.™®

In a retrospective study of 90K prenatal early pregnancy
amniotic fluid and chorionic villi (CV) samples, chromosomal
anomalies were present in 8.6% of the CV samples, with
28% of these being rare chromosome anomalies and 9% of
the rare anomalies being RAAs or deletions.™

RAAs are associated with several adverse pregnancy
outcomes, including miscarriage, fetal growth restriction,
stillbirth, clinically relevant uniparental disomy (UPD),
spontaneous preterm birth and abnormal fetal karyotype or
phenotype.2° While ultrasound is an important screening test
used in conjunction with NIPT, not all RAAs and partial
deletions and duplications of all autosomes are associated
with fetal structural anomalies visible on ultrasound. Many
ultrasound findings are only visible later in pregnancy.?!
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Relative frequency of chromosomal anomalies in CV samples—Data from a retrospective study of 90K samples with
~84K samples analyzed by standard karyotype: (73,268 amniotic fluid, 10,511 CV) taken in early pregnancy from patients

with an elevated risk for a chromosomal anomalies.™
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Key takeaways

Technology

NGS (without PCR) allows for optimal workflow and
rapid TAT.

NGS technology can be scaled easily to accommodate
the needs of a growing lab, allowing the best test
option to be selected that meets local guidelines and
coverage policies.

Whole-genome sequencing-based technologies use
a dynamic threshold, provide an alternative to strict
FF cut-offs

Key takeaways
Clinical considerations

NGS using whole-genome sequencing for NIPT is a
trusted methodology with a broad publication history.

Genome-wide screening can provide information
about common trisomies, rare autosomal aneuploidies
(RAASs), sex chromosome aneuploidies (SCA), and
copy number variations.

RAAs are associated with several adverse pregnancy
outcomes, including miscarriage, fetal growth
restriction, stillbirth, clinically relevant uniparental
disomy (UPD), spontaneous preterm birth and
abnormal fetal karyotype or phenotype.

LIMITATIONS OF THE TEST —Noninvasive prenatal testing (NIPT) based on cell-free DNA analysis from maternal blood is a screening
test; it is not diagnostic. False positive and false negative results do occur. Test results must not be used as the sole basis for diagnosis.
Further confirmatory testing is necessary prior to making any irreversible pregnancy decision. A negative result does not eliminate the
possibility that the pregnancy has a chromosomal or sub chromosomal abnormality. This test does not screen for polyploidy (eg, triploidy),
birth defects such as open neural tube defects, single gene disorders, or other conditions,such as autism. There is a small possibility

that the test results might not reflect the chromosomal status of the fetus, but may instead reflect chromosomal changes in the placenta
(confined placental mosaicism, CPM) or the mother that may or may not have clinical significance

6

| M-GL-01358 v2




NGS WHOLE-GENOME SEQUENCING PROVIDES INFORMATIVE NIPT RESULTS

References

10.

11.

12.

Rose NC, Kaimal AJ, Dugoff, L, et al. ACOG Practice Bulletin 226:
Screening for Fetal Chromosomal Abnormalities. Obstet Gynecol 2020
Oct; 136(4):48-e69

Data on file. lllumina, Inc. October 2022.

Ashoor G, Syngelaki A, Poon LC, Rezende JC, Nicolaides KH. Fetal
fraction in maternal plasma cell-free DNA at 11-13 weeks’ gestation:
relation to maternal and fetal characteristics. Ultrasound Obstet
Gynecol 2013;41:26-32. (Level lI-3)

Wang E, Batey A, Struble C, Musci T, Song K, Oliphant A. Gestational
age and maternal weight effects on fetal cell-free DNA in maternal
plasma. Prenat Diagn 2013;33: 662-6. (Level II-3)

Cubo A, Huélamo M, Martin-Seisdedos M, et al. Contingent cfDNA
Screening Implementation: Increasing Diagnostic Accuracy and
Reducing Invasive Testing — 6 Years’ Results in a Single Center. Fetal
Diagn Ther 2022;49:103-113. doi: 10.1159/000523848

Stokowski, R, Wang E. White, K. et al. Clinical performance of
non-invasive prenatal testing (NIPT) using targeted cell-free DNA
analysis in maternal plasma with microarrays or next generation
sequencing (NGS) is consistent across multiple controlled clinical
studies.

Ryan A, Hunkapiller N, Banjevic M, et al. Validation of an Enhanced
Version of a Single-Nucleotide Polymorphism-Based Noninvasive
Prenatal Test for Detection of Fetal Aneuploidies. Fetal Diagn Ther.
2016;doi:10.1159/000442931

Perkin Elmer Vanadis Brochure 2021. Website accessed 10/11/2022.
https://rh.perkinelmer.com/products/vanadis-nipt-system/

YourGene IONA Nx website accessed on 10/11/2022.
https://www.yourgene-health.com/nipt/iona-nx/for-clinical-laboratories/
clinical-performance

Borth H, Teubert A, Glaubitz R, et al. Analysis of cell-free DNA in a
consecutive series of 13,607 routine cases for the detection of fetal
chromosomal aneuploidies in a single center in Germany. Arch
Gynecol Obstet.2021;303(6):1407-1414. doi:10.1007/s00404-020-
05856-0111

Eiben, B., Borth, H., Kutur, N. et al. Clinical experience with
noninvasive prenatal testing in Germany: analysis of over 500
high-risk cases for trisomy 21, 18,13, and monosomy X. Current
Obstetrics and Gynecology Reports. 2021. 5, 1-7.

van Prooyen Schuurman L, Sistermans EA, Van Opstal D, et al.

Clinical impact of additional findings detected by genome-wide
non-invasive prenatal testing: Follow-up results of the TRIDENT-2
study. Am J Hum Genet. 2022;109(6):1140-1152. doi:10.1016/
j.ajhg.2022.04.018

© 2028 lllumina, Inc. All rights reserved.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Soster E, Boomer T, Hicks S, et al. Three years of clinical experience

with a genome-wide cfDNA screening test for aneuploidies and
copy-number variants. Genet Med. 2021;23(7):1349-1355.
doi:10.1038/s41436-021-01135-8111

Rafalko J, Soster E, Caldwell S, et al. Genome-wide cell-free DNA
screening: a focus on copy-number variants. Genet Med.
2021;23(10):1847-1853. doi:10.1038/s41436-021-01227-5

Hui, L et al. Fetal fraction and noninvasive prenatal testing: What
clinicians need to know. Prenatal Diagnosis 2020, 40, 155-163.

Norton ME, Jacobsson B, Swamy GK, et al. Cell-free DNA analysis for
non invasive examination of trisomy. N Engl J Med 2015;372:1589-97

Pergament E, Cuckle H, Zimmermann B, et al. Single-nucleotide
polymorphism-based noninvasive prenatal screening in a high-risk and
low-risk cohort. Obstet Gynecol 2014;124(2 Pt 1):210-8.

Wellesley D, Dolk H, Boyd PA, et al. Rare chromosome abnormalities,
prevalence and prenatal diagnosis rates from population-based
congenital anomaly registers in Europe. Eur J Hum Genet.
2012;20(5):521-526. doi:10.1038/ejhg.2011.246

Konialis C, Pangalos C. Dilemmas in Prenatal Chromosomal Diagnosis
Revealed Through a Single Center’s 30 Years’ Experience and 90,000
Cases. Fetal Diagn Ther. 2015;38(3):218-232 doi: 10.1159/000368604

Benn P, Malvestiti F, Grimi B, Maggi F, Simoni G, Grati FR. Rare
autosomal trisomies: comparison of detection through cell-free DNA
analysis and direct chromosome preparation of chorionic villus
samples. Ultrasound Obstet Gynecol. 2019;54(4):458-467
doi:10.1002/u0g.20383

Ficara, A., Syngelaki, A., Hammami, A., Akolekar, R. and Nicolaides,
K.H. (2020), Value of routine ultrasound examination at 35-37 weeks’
gestation in diagnosis of fetal abnormalities. Ultrasound Obstet
Gynecol, 55: 75-80. https://doi.org/10.1002/uog.20857

Scott F, Bonifacio M, Sandow R, Ellis K, Smet ME, McLennan A. Rare
autosomal trisomies: Important and not so rare. Prenat Diagn.
2018;38(10):765-771. doi:10.1002/pd.5325

Van Opstal D, van Maarle MC, Lichtenbelt K, et al. Origin and clinical
relevance of chromosomal aberrations other than the common
trisomies detected by genome-wide NIPS: results of the TRIDENT
study. Genet Med. 2018;20(5):480-485. doi:10.1038/gim.2017.132

Pertile MD. Genome-Wide Cell-Free DNA-Based Prenatal Testing for
Rare Autosomal Trisomies and Subchromosomal Abnormalities. In:
Page-Christiaens L, Klein H-G, eds. Noninvasive Prenatal Testing
(NIPT). Academic Press; 2018:97-123. https://www.sciencedirect.com/
science/article/pii/B9780128141892000074

Pertile MD, Halks-Miller M, Flowers N, et al. Rare autosomal trisomies,
revealed by maternal plasma DNA sequencing, suggest increased risk
of feto-placental disease. Sci Trans| Med. 2017;9(405):eaan1240.
doi:10.1126/scitranslmed.aan1240

M-GL-01358v2 | 7



