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Edntorial Jump to. ..

r !ku';: Honinvasive prenatal testing: the paradigm is shifting rapidly (pages 511-513)
Lyn 5. Chitty and Diana W, Bianchi
Article first published online: 17 MAY 2013 | DOL101002pd. 41356

Abstract | Full Article (HTML) | PDF(69K) | References | Reguest Permissions

Jump to. ..

Fetal aneuploidy detection by maternal plasma DNA sequencing: a technology
assessment (pages 514-520)

Judith M. E. Walsh and James D. Goldherg

Article first published online: 17 MAY 2013 | DOE101002/pd. 4109

What's already Kknown about this topic?
« PMoninvasive prenatal testing by analysis of cell-free DA has the potential to

accurately diagnose commoaon fetal aneuploidies, although how bestto use this

test in the context of other available prenatal tests has notyet heen determined.
What does this study add?

# This study critically assesses the published literature on the use of maternal
plasma DA sequencing far fetal aneuploidy detection and compares itwith the
established alternatives. Finally, it provides guidelines for evidence-based use of
fmaternal plasma DA sequencing for the detection of fetal aneuploidy

Abstract | Full Article (HTML) | PDF(93K) | References | Request Permissions




Commercial landscape of nonimvasive prenatal testing in the United States (page
521-531)

Ashwin Agarwal, Lauren . Sayres, Mildred K. Cho, Robert Cook-Deedan ang
Subhashini Chandrasekharan

Article first published online: 17 MaAY 2013 | DO 101002 0d.4101

What's already known about this topic?

» [ata about technologies underlying cell-free fetal DRA-bz@#ed noninvasive prenatal
tests and their clinical validity are availahle in scientiigPhuhblications. Several
papers have detailed ethical and practical concegf= surrounding noninvasive
prenatal testing.

Information about the costs, reimbursegg®nt and intellectual property associated
with recently launched tests are avzg#hle but not readily accessible to
stakeholders.
There has been limited digg#M=sion of issues surrounding patenting and
commercialization and ir effects on clinical translation of noninvasive prenatal
testing.

What does this

5, news, legal husiness, and scientific publications.
g also discuss potential effects of patenting and commercialization on the
clinical implementation of noninvasive prenatal testing and patient access.

Abstract | Full Article (HTML) | PDF(378K) | References | Request Permissions




Factors affecting the clinical use of non-invasive prenatal testing: a mixed methods

systematic review (pages 532-541)

Heather Skirton and Christine Patch
Aricle first publishied online: 4 APR 2013 | DOE101002pd 4094

What's already known ahout this topic?
« Mon-invasive prenatal testing (MIPT) is availahle for foetal sex determination in

pregnancies at high risk of sex-linked disorders and for diagnosis of a limited

number of genetic conditions.

= Thereig limited use of MIPT for aneuploidy detection, albeit currently only in the
private sectar,

* Thizs method eliminates the risks to the foetus inherent in invasive procedures and
can he performed earlier in the pregnancy.

What does this study add?
s Llzsers and potential users of MIPT regard it positively, but there are wider ethical

and societal concerns aboutthe impact of easier access 1o prenatal testing.




Records identified through Additional records identified
database searching through other sources
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Number of duplicates removed

(n=74)
Records screened | Records excluded
(n=208) " (n =266)
. Full-text articles excluded
Full-text articles assessed (n = 20)
fo:::llgla,bglg:ty "\ 19 papers did not report

original research.
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¥ NIPT.
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qualitative synthesis
(n=12) \ Paper excluded on

grounds of quality
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= narrative synthesis
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Figure 1 Search flow diagram based on PRISMA'?

15. Liberati A, Altman DG, Tetzlaff ], et al. The PRISMA statement for
reporting systematic reviews and meta-analyses of studies that evaluate
healthcare interventions: explanation and elaboration. Bri Med |
2009;339:b2700.



Hill gt of, "Incrmenial

cost of norinvasive
prencal diagnosis
VEEUS Ivasive
prencal diagnosis
of fetl s

in England’, UK

el
'Defzmminatian
of fostal sauin
pregnanciss at risk
of haemagphilia: a
qualitative study
expioTing e
clininl praciices
and afitudss of
heakh pofessionals
in the Unied
¥Kingdom', LK

¥elly and Farimand

"MNoninvasive
prencal gensfic
tesfing: a study of
public ofitudes’, LK

¥ooijefal. "The atiuds

of women foward
cument and future
pssibiifies of
diagnostic sesfing in
matemnal Bood
using fetal DAY,
The Metherand:

To evauaie the ingemenial
cost of NIPD compared with
IPD for fetal sen
dessrmination in the English
MHS' fp. 268)

Ta determing the cument
prociices of healh
professionals in offering
prenaal cars for women
wha are camiars of
nasmonnilia and expos
the infrodudion and we of
MIPD for fossal sex
dessrmingtion’ o, 5574)

Ta idenfy the mnge of
wienwpaints an MIFD amangst
o sampe of the LK publicwih
o divesiy of experiences
and demagraphic
chamosdistics fp. 75]

To determine 'wiomen's artiuds:
toward currant and futurs
tesfing passiolifies’ (p. 165]
concamning MFD,

Table 1 Summary of papers included in the review

Cost anahsiz

Care pathwoys derived fam
emniic dai, Coss
esiablished from NHS
doa, Perspedive MHS coss

Cualratve comsectiond sudy
based an grounded teary

Crmethodoiogy. Glualiive
doa wisrs colecied
via posal sefcomplsfion

quesionnaines,

Cross-sadional suney.
Chuestion: wens derdved
from a quasionnaire used In
a previous study.
Participants uzed Liker
sedles fo indicote kel of
agresment with siolements
on ss of NIFD,

Camparison of MIPD and IPDin
fwio conditions: congenial
adrenal kyperpiasia and
Duchenne muscular dyssrophy

32 heakh prfesionals who wes
invobved in management of
waiman who wens cariers of
nasmapniia during pregnancy.
CFthesa 12 woked in
noemonniina centies, s in
genefics unis and six in foea
medicine unis.

Purposive sample of 71 LK
individuals oged besween
18 and &0 years [73% RR].
Sample recruited vio media
ST,

Womean meriad from two
groups: | 1] pregnant women
and [2] famals Masser's leve
ztudents, A power aalouloian
indicarsd 100 wiamen
needed in each group,
recruiiment continued unt
zampe aotained.

Mean costs of pregnancy
Univariate and probabilistic
sensfivity analysis o

deserming limits of
unceargingy

Manse Cara simulation
madel

Grounded theory metad

Themaric anakeis of
parficipants’ first
responsas io brisf facual
ifarmafion about NIPD,

Descriptive safisics
cakulated. Chizquans
distrinution o dessimine
diffarances in responses
DENWEEN TS W0 FOUDS.

Findings/result

o signficant difrence in st

letweaan PO and MNIPD, Costs
of Sl zesing wih NIPD wers
of women who required CVS.

Caring NPD for fostnl sesing was

fektio enhance renaal com of
comierwamen, Uss of MFDwas
not feltio increvase woddood for
safl. Akhough respandents
mnarad ha mos women wens
whaxed about uss of NIFD, the
main questions asked by canes
fomissed on the accunacy and
fming of the tees, Respandants ek
i wias impariant e fes was not
2 a5 mufing.

Abhough &3% of fist meponses

wes posihe, many of fos
respandents had concems,
Ambivdlence about fesing

and wilty by individual parents,
coninasfing with mare ethical
concems about increase ease
leading to mare cosual e,
ahanges in affudes fo disabled
childran and inceased
Enminagrian e

}'Eg"ﬂ"' WOIMEN Were Morne iKE'bl'

than students to ztase that NIFD
for Down syndrome should be
cfered 1o all prgnant women.
The majoriy in both groups
supporied wse of NIFD for
rrenaid diagnasis of gender
spectic candfion, but not for
fomily bdancing.

BBE; lmpations: are
patvways derived Fom
a sudy tha was
primariky concemed with
diagnosiic accumcy.
Costs were calouated
i end of pregnancy and
did not consider lifsfime
costs of a diognasis

QOE; Mo evidence given
of researcher reflesivity,
otherwize an exos e
naper

BORE; Good theostical
underpinning for sudy
bt locked sufficient
infonmafion on
sampding procedus
and data analysis.

7 5%; Sudy questionnaie
wel| descriped.
Rationalisation for wing
anby female Mazeds
sudants rather than
oadening recruitment
o afer young wamen
not given, Does not siate
# the stydanss had
chiden,




Given the societal concerns about possible impact of the use
of NIPT and the need for more evidence on the clinical use of
this type of prenatal testing, we suggest the following:

. Consideralion needs to be made with respect to the needs of specific
patient groups before the infroduction of NIPT into clinical practice.
For example, although it may be appropriate to offer NIFT in high-
risk pregnancies, infroduction for population screening may not be
warranted  without  further research, public consultation  and
discussion at policy level to address concems about the ethical and
social implications.

. Specific provision needs to be made o ensure parents have the time
and information needed to make an informed choice about the use of
NIPT. This may require building in fime for reflection between
information giving and seeking informed consent, as well as ensuring
health professionals are appropriately frained.

. Further empirical research is needed in a range of cullural settings to
ensure that clinical praclice is appropriate for the population served.




Benefits and limitations of whole genome versus targeted approaches for

noninvasive prenatal testing for fetal aneuploidies (pages 563-568)
Elles M. J. Boon and Brigitte H. W Faas
Article first published anline: 17 MAY 2013 | DOE10.100250d. 4111

What's already known about this topic?
s« Since the discovery of cell-free fetal DMNA in maternal plasma, large progress has
heen made in the development of noninvasive prenatal tests.
« The first applications in noninvasive prenatal diagnosis were single polymerase
chain reaction-based.

« Since 2008, a newy era in the development of noninvasive aneuploidy testing was
apened by the first successful application of massively parallel segquencing for this

purpose.
What does this study add?
« Forfetal aneuploidy testing, whole genome massively parallel sequencing is still

rather expensive and to reduce costs, targeted sequencing approaches are being
developed.

« This review highlights benefits and limitations of hoth whole genome and targeted
approaches for noninvasive prenatal testing for fetal aneuploidy detection for now
and the near future as a shift in the most cost effective approach is anticipated in
the near future.




Table | Overview of large-scale validation studies for NIPT for Down syndrome

Whole genome
(WG)/Targeted

Number of mapped

Ehrich 20112

Chiv 2011

Palomaki 20114
Sparks 201274
Sparks 20122

Ashaor 201227
Nerton 201278
Bianchi 2012°!

No. of samples  T21 samples
449 39
[4plex)
Zplex 86
n=314
Bplex
n=753
4664 212
(d-plex)
298 39
163 35
397 50
3228 B1
2882 g9
[&plex)

NGS platform
Mumina GAllx

Muming Galk

llumina High
Seq 2000

llumina High
Seq 2000

llumina High
Seq 2000

Mn.5.
n.s.

llumina High
Seq 2000

(T) approach

WG

WG

reads per sample
3-5 million

2.3 millicn
[Z-plex)
0.3 millian
[B-plex)

M.5.

204000/410000/
620000

1 million

Mn.5.
n.s.

Mn.5.

Sensitivity (%)

100

100 (2-plex)
791 (Bplex

98.6

Q7

97.9 [2-plex)
98.9 (8-plex)

100
Q7
100

MNIPT, neninvasive prenatal testing; NGS

, nextgensration sequencing; n.s., not specified.




A method for noninvasive detection of fetal large deletions/duplications by low
coverage massively parallel sequencing (pages 584-590)
Shengpei Chen, Tze Kin Lau, Chunlei Zhang, Chenming ¥, Zhengfeng U, Ping Hu,
Jdian ¥u, Hefend Huandg, Ling Fan, Fuman Jiand, Fand Chen, iaoyd Fan, Webawei Xie,
Fing Liu, ¥uchao Li, Lei Zhang, Songoang L Yingrai L Eun o, Wel Wanog, Jun Wang,
Hui Jiang and Xiuging £hang
Aricle first published online: 17 MAY 2013 | DOE10.1002/00d.4110
What's already Known ahout this topic?

« Sequencing-based noninvasive prenatal detection of fetal aneuploidy has been

proven to be highlv accurate. Howeeser, it is still a challenoge to detect fetal

deletionfduplication syndrome because of the interference from maternal DRA 0
maternal plasma.
What does this study add?
« Here, we developed a practical hioinformatic methodology to detect fetal
chromosomal deletionsfduplications of =10 Mb using low coverage whole genome
sequencing of maternal plasma.




Secondary findings from non-invasive prenatal testing for common fetal
aneuploidies by whole genome sequencing as a clinical senvice (pages 602—608)
Tze Kin Lau, Fu Man Jiang, Rohert . Stevenson, TsE Kin Lo, Lin Wai Chan, Mei ki
Chan, Pui Shan Salome Lo, Wei Wang, Hong-Yun Zhang, Fang Chen and Eyvong wWai
Zhio
ArticTe first published online: 2 APR 2013 | DOL 10 1002/pd. 4076
What's already known ahout this topic?
« Mon-invasive prenatal testing (MIPT) by maternal plasma DA sequencing is
highly sensitive and specific in detecting fetal aneuploidies.
What does this study add?
+ e report five cases of secondary findings of abnormal chromosome copy number
wehien performing MIPT by maternal plasma sequencing for fetal aneuploidies.

Abstract | Full Article (HTML) | PDF(1541K) | References | Request Permissions

Research Letters Jump to... |

Discordant noninvasive prenatal testing results in a patient subsequenthy
diagnosed with metastatic disease (pages 609-611)
Z.Wichael Oshorne, Emily Hardisty, Patricia Devers, Kathleen Kaiser-Rogers, Melissa
A Hayden, William Goodnight and Meeta L. YVora
Article first puhlished online: 4 APR 2013 | DO 101002 0d.4100
What's already known abhout this topic?
» Mloninvasive prenatal testing for detection oftrisomies 21,18, and 13 is clinically
available and is reported to have a false positive rate of 1% or less
# This technology utilizes massively parallel shotgun sequencing of cell-free DMA, of
maternal and placental arigin, present in maternal plasma
What does this study add?
# Lnexplained abnormal naninvasive prenatal testing results should prompgat
consideration of a maternal source ofthe abnormal cell-free OMA, such as
malignancy




Moninvasive prenatal testing creates an opportunity for antenatal treatment of

Down syndrome {(pages 614-618)

Faycal Guedj and Diana W, Bianchi

Article first published online: 17 M&AY 2013 | DL 10.10020d.4134

What"s already known ahout this topic?
D5 is the most commaon autosomal aneuploidy associated with intellectual
disahility.
Warldwide, maost screening programs focus on prenatal detection of DS.
Research to improve nedracaghition in people with DS is almost exclusively
focused on adults.
Fregnant women carrying affected fetuses with DS can choose to continue or
terminate their pregnancies, but there is no fetal treatment available.

What does this study add?

« YWe present data to show that many pregnant women continue their pregnancies
when their fetus iz affected with DS.

« We review the published literature on brain pathology in human fetuses with DS
and embryonic mice affected with a model form of the disease.

« We summatrize the limited availahle information on prenatal treatment approaches
for DS and make the case thatthere is an important window of opportunity to
positively impact neurogenesis and brain morphogenesis by providing treatment
during fetal life.




Position statement from the Aneuploidy Screening Committee on
behalf of the Board of the International Society for Prenatal

Diagnosis
Peter Benn'* | Antoni Borell?_, Rossa Chiu®, Howard Cuckle? Lormaine Dugmﬁs, Brigitte Faas® Susan Grosf_, Joann _Johnsone_, Ron Maymon
Mary Norton'?, Anthony Odibo!!, Peter Schielen'?, Kevin Spencer'3, Tianhua Huang'4, Dave Wright'® and Yuval Yaron'®

Q

L]

Prenatal Diagnosis 2013, 33, 622-629 © 2013 John Wiley & Sons, Lid.




Table 2 Lorge clinicol trials of FDMNA screening for fetal trisomies 21, 18 and 13

Undass®

DR (%)

Trisomy 18

FFR (%)

NR® (%)

1. Chivetd”
2. Eheich o ol ®

3, Polomaki
O

4. Bianchi etd.'!
5. Spadks etd
&, Aghoor s,

7. Nodon ef "

Tox

Targeted

Targeed

Targeted

B&/85(100]
39/39(100]
200/212

PB4
89/89(100)
36/36(100)
S0/50(100]
81/81(100]

500/ 593
99.5)

Trisomy 21
FPR (%) MNR® (%)
37144 12.1) 11/764 (1.4
1/410 10.2) 18/447 [3.9)
31471 10.2) 13/1486
(0.El
0/404 2] 14/332(3.0)
1/123 |0.8] B/338 (2.4
0/297 10 3/4000.8)
3/2888 10.1) 148/ 3228
(4.5
11/573% 2 7/7AS
10.2] 2.9

7 /503
11.4)

7/%03
.4

50/59100)

35/34
573
B/8 (100

49/50
[8.0)

37738
[97.4)

188/ 191
(98.4)

5/1488
10.3)

Q461 1)

1/123
10.8]

Q297 10)

3/2888
10.1)

9/5457
10.2)

1771988
0.9
16/ 532 5/502
3.0 (1.0
B/338
|2.4°
3/400
0.8
148,/3228
{a.4]

192/6486  5/502
13,00 1.4

11/12
#1.7]

11714
(78,41

22/2%
84,4

14/1488 17/1988

0.9 k|
Q/488 0] 147532 2/ 502
(304 4

16/2,176  33/2520  2/502
0.7 1.3 10.4)

[®, defecfion rate; PR, fasepasiive rake.

MR, no resu due 1o low feral DA action o other couses of test falure. Bcludes somples that weme considesd 1o be inadequate or neligible prior 1o testing, Addiondl cases neaded more $han one sample 1o ochieve o mak.

HUndass, imemadioe resubs that the laborarory inserpreted as unclassfied”. On the basis of proporion of afecked pregnancies in the wnclosfied groups [visomy 21 14%(1,/7); visomy 18 40% (2 /5); wisamy 13 100% (2 /2]), fese women shoud
be cansidered 1o be ot high fisk. Inchuding fhem as posifive changes the woial discriminamany power: wrisomy 21 DR 1006 20,/90), PR 152 (4/4 10k vsomy 1 BDRSY.3 (37 /38), PR 0.4% (3/464); risomy 13 DR 81.3% (13./14), PR 020/
488
Mo result rote bosed on vaining and validation samphes combined,




GENERAL CONSIDERATIONS FOR ALL ANEUPLOIDY
SCREENING

When there is a known history of a previous pregnancy with
trisomy 21, 13, or 18 or if a translocation involving these
chromosomes is known to be segregating in the family, risks
should be adjusted to allow for this additional information.
Genetic counseling and prenatal diagnosis may be indicated. For
those women who are at increased risk of a child with a prenatally
diagnosable disorder with Mendelian pattern of inheritance,
microdeletion syndrome, and some other conditions,
amniocentesis or CVS would still be indicated.

There may also be limitations in the availability of reproductive
genetic services, including but not limited to proficient
sonographers, certified genetic counselors and physicians, or
requisite computer programs used to calculate risks. Early
pregnancy referral patterns and economic considerations are also
likely to result in geographic differences in the protocols used. The
choice of protocol also must to take into consideration the need to
screen for open neural tube defects either through second
trimester AFP or second trimester ultrasound.

No single combination of markers or screening cut-offs will
therefore be appropriate for all situations.




Noninvasive Prenatal Testing for
Fetal Aneuploidy

Clinical Assessment and a Plea for Restraint

Mary E. Norton, Mp, Nancy C. Rose, Mp, and Peter Benn, PhD

VOL. 121, NO. 4, APRIL 2013 OBSTETRICS & GYNECOLOGY 847

Copyright© American College of Obstetricians and Gynecologists El ]
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The recent introduction of clinical tests to detect fetal
aneuploidy by analysis of cell-free DNA in maternal
plasma represents a tremendous advance in prenatal
diagnosis and the culmination of many years of effort by
researchers in the field. The development of noninvasive
prenatal testing for clinical application by commercial
industry has allowed much faster introduction into
clinical care, yet also presents some challenges regarding
education of patients and health care providers strug-
gling to keep up with developments in this rapidly
evolving area. It is important that health care providers
recognize that the test is not diagnostic; rather, it
represents a highly sensitive and specific screening test
that should be expected to result in some false-positive
and false-negative diagnoses. Although currently being
integrated in some settings as a primary screening test
for women at high risk of fetal aneuploidy, from
a population perspective, a better option for noninvasive
prenatal testing may be as a second-tier test for those
patients who screen positive by conventional aneuploidy
screening. How noninvasive prenatal testing will ulti-
mately fit with the current prenatal testing algorithms
remains to be determined. True cost-utility analyses will

be needed to determine the actual clinical efficacy of this 4
approach in the general prenatal population. /-







