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PRENATAL DIAGNOSIS

Maternal Plasma DNA Sequencing Reveals the
Genome-Wide Genetic and Mutational Profile
of the Fetus

Y. M. Dennis Lo,"?* K. C. Allen Chan,'? Hao Sun,"? Eric Z. Chen,'? Peiyong Jiang,'?
Fiona M. F. Lun,"? Yama W. Zheng,"” Tak Y. Leung,” Tze K. Lau,’

Charles R. Cantor,* Rossa W. K. Chiu'?

{Published 8 December 2010; Volume 2 Issue 61 61R91)

ONLINE COVER Scanning Fetal DNA. During pregnancy, a fetus releases its DNA as short fragments into
the blood of its mother. In this issue, Lo et al. report that by sequencing billions of DNA molecules from
the plasma of a pregnant woman they were able to assemble the full genome of the fetus prenatally and
noninvasively and identify a mutation in the fetal DNA for the inherited blood disease B-thalassemia.
The outermost ring of this week’s cover image depicts human chromosomes arranged in a circle. The
green, red, and blue rings show the sequence composition (GC content) and the extent of sequencing
for total (mainly maternally-derived) DNA and fetal-specific DNA in maternal plasma, respectively.
[CREDIT: PHOTOGRAPH OF FETUS/SCIENCE PHOTO LIBRARY; SCHEMATIC ADAPTED FROM FIGURE 2B IN
LO ET AL. BY ALLEN CHAN AND LEONG WOO YAN]
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Prenatal
Whole Genome

Sequencing

JUST BECAUSE WE CAN,
SHOULD WE?

BY GREER DONLEY, SARA CHANDROS HULL, AND BENJAMIN E. BERKMAN

With whole genome sequencing set to become the preferred method of prenatal screening, we
need to pay more attention to the massive amount of information it will deliver to parents—and the fact that

we don't yet understand what most of it means.
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SHOULD WE?

BY GREER DONLEY, SARA CHANDROS HULL. AND BENJAMIN E. BERKMAN

With whole genome sequencing set to become the preferred method of prenatal screening, we

we don't yet understand what most of it means.
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need to pay more attenbon to the massive amount of information £ will deliver to parents—and the fact that

dependent market, professional practice, and legal
and consumer forces determine utifization. Con-
versely, in the evidentiary model, new technologies
are adopted after an examination of the underying
normative considerations that arise from their use.
An ext ado of new techno
Wit o M s o bt bl
sequences that could be circumvented if reasonable
deliberation occurs at the onset of the technology's
incorporation into clinical care?

Prenatal whole genome sequencing differs from
current prenatal genetic testing practice in a num-
ber of ethically relevane ways. Most notably, whole
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Knowing May Pose Risk

Figure 13.18 Fetal diagnosis
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Presence of fetal DNA in maternal plasma and serum

Y M Dennis Lo, Noemi Corbetta, Paul F Chamberlain, Vik Rai, lan L Sargent, Christopher W G Redman,
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Cell-free fetal DNA in maternal circulation

Lo YM et al. Presence of fetal DNA in maternal plasma and serum. Lancet. 1997
16;350(9076):485-7.



Cell-Free Fetal DNA Sequencing NIPT

Clinical validity to detect trisomy 21 over 99.1% sensitivity.
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validity study
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Clinical Advantages

10t week onwards

No Miscarriage Risk

False-positive rate: 0.1%

High prediction with definitive result (Positive or Negative)

No clinical skill required
Can be done remotely




Knowing Without Taking Risk?

* Yes, by procedure
* Maybe ...

* And, what else?
« No procedural risk
« But, conceptual risk?

y \GUARANTEE
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abnormalities. such as Down sy ., Edwards sy (trisomy 18) and Patau syndrome
M:a;munuuamwwmmwumcmmm
of Hong Kang Dunng pregnancy, the unbom chid reloases some of s DNA into the blcod
circulation of ks mother. safeT21 is 3 test that s he of DNA molecules from
chromosomes 21, 18, 13 and others in the blood samples of pregnant woman,

An abnormaty Increased amount of chromosoma 21 DNA molecules in 3 pregnant woman|s
blood sampla s suggestive of Down syndrome. Large-scale clinical studies have shown that the
safaT21 test can detect 99.1% of Down syndrome fetuses. The test has a false-positive rate of
0.1%

Trisomy 18 is associated with abnomaly Increased amounts of chromosome 18 DNA molecules
in the pregrant woman|js blood sample. The safeT21 lest can detect »89.9% of tdsomy 18
fetuses and has a faise-positive rate of D 4%

Trisomy 13 is associated with abnomaly increased amounts of ch 13 DNA molecules
in the pregnant woman;|s blood sample. The test can detect 51,7% of trisomy 13 fetuses and has
& false-positve rate of 0.3%.

Additional ch | ab alities, i g 45 XD, 47 XXV, 47 XXX, 47 XYY, trisomy
16, trisomy 22 and some microdeletions, wll*ohnmdwh-nm

Since there is @ chance of false-positive results (meaning that not al positive test results are
caused by chromasoma abnormalities of the fetus), positive test results should be confimed by
amniocentesis or choronic villus sampling. On the other hand, a normal result does not fully
exclude Down syndrome, trisomy 18 or trisomy 13 or other chromosomal abnormalities

The diagnostic accuracy of the safeT21 test as described above is based on the requiremant of
the tested baby contributing adequate amounts of ONA Into the matemal plasma sample. For twin
pregnancies, current lechnologies can only e the total t of DNA contrbuted by
BOTH babies in matema piasma. For Identical twins, the diagnosis should be as accurate as for
& singleton fetus.

For non-identical twins, adequate amounts of DNA in matemal plasma are required from each
twin baby. The diagnostic accuracy relies on the assumption that each non-identical twin
baby contributed at least the minimum required amount of DNA into maternal plasma. If
one of the babies contributed less than the minimum requirement, there is a risk of false.
negative results. For reduced or vanished twins. the non-viable fetus(es) may continue 1o
contribule DNA into the mother|s creulation. Hence, conventional prenalal confirmation needs to
be pecformed for the viable fetus{es) I the safeT21 test reparts chromosomal abnormaiies.

nnmumuwm-lﬁdumcsmm-mmmwxmu
reascnable efforts, results may not be reportabl could be causad by faciors
l@smwymdeWmhmm When a non-reportable
result is issued, the laboratory fees will be refunded or cne may choase to repeat the test at no
additonal cost

For enquiries:

- In per The Ch University of Hong Kong Fetal Medicine Unit Office, Room 20, 2F, LI
Ka Shing Specialist Out-patiant Cinic South Wing, Princa of Wales Hospital

- By phone: Call The Chinese University of Hong Kong Fetal Medicne Unit Office at 2632-4219
(Please lsave your name, telephone number and specify your request)

Our colleague wil call back and make appantment with you 8% 800N 88 possible.

- Online: Maka an appointment via internat

Charge
HKD $8.000

| Privacy ¢ | Copyright @2014. All Rights Reserved. 0&8G, CUMK.



NIPT in the US

13, 18, 21, sex 13, 18, 21, sex

Trisomies tested 13, 18, 21 ol mes chromosomes 13, 18, 21
Monosomy tested X X X
Coneticiesing mefhod Single nuclefmdc Masswﬂ cly garallel Massively gmllel Chmmosomc-. ' e-
polymorphism sequencing sequencing selective sequencing
Sensitivity 92-99% 87-99% 92%-99% 80-99%
Accuracy 100% 100% >99% >99%
Earliest gestational age 9 weeks 10 weeks 10 weeks 10 weeks
Price $1.495 $1,500 $2,762 $795
Source: Nature Medicine
MATERNIT21™ PLUS
Harmony- .
PRENATAL TEST verifi

’e;panorama
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NIFTY)"

Expecting Parents Healthcare Providers Order a Test Education Hub News & Events Contact Us

Safe

Non-invasive with no
risk of miscarriage

Accurate.

99.9% sensitivity for
detection of trisomy
conditions such as
Down syndrome.

The Advantages Of The NIFTY™ Test

Simple.

Test from a small 10 ml
maternal blcod sample
as early as week 10 of

pregnancy

Trusted.

* Over 350,000 tests

conducted worldwide
with a false positive
rate of just 01%.
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prenatal screen

Using a simple blood draw from the mather, Panorama™ provides sensitivity >889% and poative
predicted value (PPV) > 81% for Down syncrome. A microdalation panel (Inciuging 22g11.2
detation syndrome) i= also avallable 10 provide unparallsied scope and raliabllity among
non-avasive pranatal screens.

W 1TOI) : g Oral e
Panorama is the only non-nvasiye prenatal test that can detact vanishing twin and tripioid
pregnancies. Read Panprama’s recent study, pubished in the Amerncan Journal of Obstetricas

and Gynecology,
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". n a t( 3 ra The Next Generation of Prenatal Testing. Delivering on the promise. Search... m

Physician Access: Natera Connect O

Home OurTests  About Natera Careers Newsroom Natera Blog Payment

Natera is driven by a passion for elevating
the science and utility of prenatal testing.

From conception to delivery, Natera is pioneering
next-generation accuracy and reliability. #

)

Genetic Carrier PGD/PGS Testing Miscarriage Prenatal Paternity
Screening Testing Testing

Non-Invasive
Prenatal Testing

=

| i

Panorama™ is the most Horizon™ is a simple Spectrum™ Anora™ miscarriage Natera's non-invasive
accurate and blood test that pre-implantation testing (products of paternity test safely
comprehensive determines whether a genetic testing (PGD) conception testing) establishes paternity

non-invasive prenatal
screening test in the
industry — and now
detects triploidy.

person is a carrier for
genetic disorders.

doubles the rate of

successful implantation.

helps you and your
patients understand
why a miscarriage
occurred.

before a baby is born.



Non-Invasive Prenatal Testing (NIPT) Market Expected to Reach USD 3.62 Billion Globally in 2019:
Transparency Market Research

6 5 JERN v i I

NEW YORK, January 6, 2014 /PRNewswire/ -- More by this Source

According to a new market report published by Transparency Market Research, "Non-Invasive Prenatal Testing (NIPT) Market Global A2P SMS Market Expecte
(MaterniT21 PLUS, verifi, Harmony, Panorama, NIFTY, PrenaTest and BambniTest) - Global Industry Analysis, Size, Share, Reach USD 70.32 Billion in 2020:
Growth, Trends and Forecast, 2013 - 2019," the global NIPT market was valued at USD 0.22 billion in 2012 and Is expected to grow Transparency Market Research
at a CAGR of 37.6% from 2013 to 2019, to reach an estimated value of USD 3.62 billion in 2019, Oct 22. 2014, 12:30 ET

China $8 Billion Potential NIPT Market Stopped
By FDA &6 comments

Apr 6, 2014 12:56 PM | about stocks: ILMN

China Cracks Down on DNA Testing (Mar 4, 2014)

Prenatal testing is the most popular in the nascent business of
genetic testing in China. A Chinese securities analyst estimates
its market to be worth 50 billion yuan ($8 billion) a year, based
on the number of expected births and a testing fee of 3000 yuan
($480) each. A more realistic figure might be about 480 million yuan
(US$77 million), the amount spent by the 160,000 women who have
taken the tests since they were made available in China. In the United
States, the comparable market is estimated to be worth upward of $1.3
billion a year.



 NEWS * CHINA * HEALTH

China approves DNA-sequencing devices to
detect genetic defects in unborn babies

Controversial testing products for prenatal detection of birth defects get the green light

Angela Meng PUBLISHED : Thursday, 03 July, 2014, 4:56pm
angela.meng@scmp.com UPDATED : Friday, 04 July, 2014, 5:35pm
'- \ . @ SHARE
o
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Wilweet  addit
13 14

(] share 81
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Many pregnant women have called for diagnostic procedures that can detect genetic H
diseases in foetuses. Photo: AFP ; = m
The mainland has lifted the controversial ban on medical diagnostic products B3 Email = Print

that can help detect birth defects in unborn children.

The China Food and Drug Administration (CFDA) on Monday approved the
registration of genomics company BGI's sequencers - which help map out the
sequence of a person's genetic code, which in tum determine traits such as
eye colour and skin colour or even the propensity to certain diseases.

The medical devices, called second-generation gene sequencing diagnostic
products, are used for non-invasive tests on the foetus to detect genetic
diseases such as Down's syndrome.

The CFDA also approved diagnostic kits for "high-risk" pregnant women, such
as those older than 35.



e NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 FEBRUARY 27, 2014 VOL. 370 NO.9

DNA Sequencing versus Standard Prenatal
Aneuploidy Screening

Diana W. Bianchi, M.D,, R. Lamar Parker, M.D., Jeffrey Wentworth, M.D., Rajeevi Madankumar, M.D., Craig Saffer, M.D.,
Anita F. Das, Ph.D,, Joseph A. Craig, M.D., Darya |. Chudova, Ph.D., Patricia L. Devers, M.S., C.G.C., Keith W. Jones, Ph.D.,

Kelly Oliver, B.S., Richard P. Rava, Ph.D., and Amy J. Sehnert, M.D., for the CARE Study Group*
Royal College of

Obstetricians &
Gynaecologists

Non-invasive Prenatal Testing for

Chromosomal Abnormality using
Maternal Plasma DNA

Scientific Impact Paper No. |5
March 2014
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25/2014 @ 1:12°PM 18,875 viewn

The Market For DNA—Sequencmg—Based
Down Syndrome Tests Could Exceed
$6 Billion

Forbes Staff + Comment Now  + Follow Comments

I cover science and
medicine, and believe
this is biology's century,
il bio

0000

On Wednesday night the New England Journal of Medicine
published a study showing that a new, DNA-sequencing based blood
test provides a dramatic improvement in accuracy at screening for
Down syndrome and a second, deadly disorder. That could open up a
$6 billion market to the biotechnology companies that are already
marketing these tests.

* CONFERENCES AND MORE
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Figure 1 Patent landscape of cHDNA-based noninvasive prenatal testing in the United States.

Agarwal A et al. Commercial landscape of noninvasive prenatal testing in the United States. Prenat Diagn. 2013 Jun;33(6):521-31.



Intellectual Properties

Yverinata.
Health' Wsuits

Ariosa -« awsuits S Seguenom.

DIAGNOSTICS

\awsu.\ts

B Natera

“With a dominant and growing IP estate, we expect that Sequenom, to the exclusion of others,
may have the freedom to decide which of many technologies to employ in the commercialization
of noninvasive prenatal genetic testing.”

Sayres L at al. the public interest? Science Translaonal Medicin €2012;4(144):144fs23



Expanding Panels

Single gene disorders
Sickle Cell Disease
Cystic Fibrosis
Thalessemia
Achondroplasia




Expanding Panels

220 deletion syndrome (DiGeorge)
5p (Cri-du-chat)

15q (Prader-Willi/Angelman)

1p (1p36 deletion)

Trisomy 16

Trisomy 22

Photo: CMAJ

Photo: Wikipedia
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Emerging NIPT Technologies
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A breakthrough in noninvasive testing
Comprehensive chromosomal microarray
nnalysi.&(fram a maternal blood sample.
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Age-specified Fertility Rate in Hong Kong
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PRENATAL DIAGNOSIS
Prenat Diagn 2010; 30: 702-703.

Published online in Wiley InterScience
(www.interscience.wiley.com) DOI: 10.1002/pd.2516

30" Anniversary Issue of Prenatal Diagnosis

HORIZON SCANNING

Noninvasive prenatal diagnosis in 2020

Y. M. Dennis Lol%#

!Centre for Research into Circulating Fetal Nucleic Acids, Li Ka Shing Institute of Health Sciences, The Chinese University of
Hong Kong, Prince of Wales Hospital, Shatin, New Territories, Hong Kong SAR, China

*Department of Chemical Pathology, The Chinese University of Hong Kong, Prince of Wales Hospital, Shatin, New Territories,
Hong Kong SAR, China

KEY WORDS: chromosomal aneuploidy: monogenic disease; plasma DNA: next-generation sequencing; massively
parallel sequencing: genomics
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’ V\ Apply for EggBanxx or cal
Egg%qexx 8555522600 to Learn More Today

How EggBance Works | Egg Fraszing Casts FAQ Nows

WE MAKE
EGG FREEZING

FAFFORDABLE

HOW ITWORKS | \
Getting Started Finding a Trusted Doctor Consult & Finance
Provide us with some basic Eqg Freezing and the process of vitrification is Book your consultation today and
information by completing our (o relatively new & complex. EggBanxx is the industry’s pay up to 15% less by using a fertility
calling us at first national network of highly skilled & speciall AT Y
:sss&“:::xx (226%9) min: :: freezing p::ysi'gdm“ys. #*%Y " Here is an average breakdown of the costs:

e Medications: $2,500-$5,000

Aging
Aged...?

* Monitoring and Doctor’s Appointments: $3,000-$5,000

® Retrieval: $3,000-$7,000

® Egg Storage: $600-$1000 per year

Though there are no guarantees that you will have success once you are ready to become
pregnant, it is nice to know that you have your younger eggs waiting for you once the time
comes. Infertility in women over 35 is mostly due to the age of a woman's eggs, not the age of
the intended mother. Costs associated with egg freezing are an insurance policy into your
future. With EggBanxx, you can save off of the direct cost charged by a clinic and you can

finance the treatment. Consult us first to see what you can save.



& American College of Medical Genetics and Genomics

ACMG POLICY STATEMENT

Genetics
inMedicine

ACMG statement on noninvasive prenatal screening
for fetal aneuploidy

Noninvasive assessment of the fetal genome is now possible using
next-generation sequencing technologies. The isolation of fetal DNA
fragments from maternal circulation in sufficient quantity and sizes,
together with proprietary bioinformatics tools, now allows patients
the option of noninvasive fetal aneuploidy screening. However,
obstetric care providers must become familiar with the advantages
and disadvantages of the utilization of this approach as analysis of
cell-free fetal DNA moves into clinical practice. Once informed, cli-
nicians can provide efficient pretest and posttest counseling with the
goal of avoiding patient harm. It is in the public’s best interest that test

results contain key elements and that laboratories adhere to estab-
lished quality control and proficiency testing standards. The analy-
sis of cell-free fetal DNA in maternal circulation for fetal aneuploidy
screening is likely the first of major steps toward the eventual applica-
tion of whole fetal genome/whole fetal exome sequencing.

Genet Med 2013:15(5):395-398

Key Words: cell-free fetal DNA; noninvasive prenatal testing;
prenatal genetic screening
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Prenatal
DNA
Sequencing

Reading the DNA of
fetuses is the next
frontier of the genome
revolution. Do you
really want to know the
genetic destiny of your
unborn child?

The Executive:
IWumina CEO Jay
Flatley is looking to
pregnancy as a new
market for DNA

sequencing.

Introduction

The 10 Technologies Past Years
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Genes & My
Child

English | FoRE N in ™Y

Genes & My Child

You are correct — Most talents and strengths of a child are genetically determined.

LeGENE Personal Genetic Test Child Health Panel tells you exactly the talents and
strength, including IQ, memory, muscle type, sports abilities, language, as well as genetic
characteristics like diet, body weight and behavioral risks of your child. Understand the
true colors of your children in the most scientific way, lead them to the best possible
direction of development, and release their potentials to the fullest!

My Genes, My Child, My Way.
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harmong- ABOUTUS CLIENT SERVICES [ GET HARMONY ]

PRENATAL TEST -

HEALTHCARE PROFESSIONALS  EXPECTING PARENTS =~ ACCESS PROGRAMS

——

Harmony is committed to
access for all

For more information on providers of the Harmony Test in your
‘country please contact us at +1 925-854-6246 or
clientservices @ariosadx.com.

If you are a physician or laboratory interested in partnering witl
Ariosa, click below or email us at partnering @ariosadx.com.

Partner with Ariosa




Mums-to-be in rush for fetus sex tests

Pregnant mainland women flock to Hong Kong for a low-risk procedure that reveals whether
they are having a boy in time for termination

He Huifeng PUBLISHED : Tuesday, 02 October, 2012, 12:00am

huifeng.he@scmp.com UPDATED : Tuesday, 02 October, 2012, 4:49am

® SHARE

submit

reddit @
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HOME CHINA BIZ WORLD OPINION LIFE ARTS SCI-TECH oDD SPORT

Home == CHINA

Mothers-to-be go gender-shopping in Hong Kong

By Yan Shuang Source:Global Times Published: 2012-6-28 1:25:03 Gkl v | £Eo in JEGN + BRI

Simply typing "fetus sex identification” into Chinese search engines results in hundreds of results advertising these services,
with most of the agencies advertised operating out of Shenzhen, Guangdong Province, near the Hong Kong border.

Sex-selective abortions are illegal on the Chinese mainland, largely due to long-standing preferences for baby boys. To
prevent these abortions, it's also illegal to use technology to detect the sex of a fetus.

However, mothers-to-be can pay between 5,500 to 5,800 yuan (3865 to $912) then agencies will either take them to see
Hong Kong doctors or send their blood to Hong Kong testing centers, which then identify the sex of the fetus.



@ NEWS * CHINA * CRIME

Zhejiang man arrested for arranging sex tests in

Hong Kong for pregnant mainland women

Suspect allegedly sent blood from fetuses to clinics in city, where sex testing is legal

Zhuang Pinghul PUBLISHED : Friday, 18 Apri

pinghui.zhuang@scmp.com UPDATED : Friday, 18 Apri

® SHARE
-
; ole 21
14
W Tweet

ﬁﬂ Share

The mainland bans sex tests for fear it will lead parents to selectively abort their unbom b} i
child in favour of having a boy. Photo: Reuters }
Zhejiang authorities have arrested the owner of a clinic who allegedly helped Emal
pregnant women find out the sex of their fetuses by sending their blood
samples to Hong Kong for tests.

The arrest of Chen Jiguo, 35, came as part of the authorities' crackdown on
selective abortion after the relaxation of the one-child policy. Chen had
allegedly worked with a Hong Kong woman since March last year to take
blood from pregnant women's veins for tests on their fetuses' sex.

He had allegedly arranged such tests for nearly 300 women by the time he
was caught in February. Some of the women arranged adoptions after finding
out that they were carrying girls.

"We have attached great importance to cracking down on those who illegally
check fetuses' sex and undergo or perform selective abortions ever since the
central government allowed couples with at least one single-child parent to

2014, 12:06am

2014, 7:17am
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Ethical Concerns

Autonomy and Informed decision making

Normalizing attitude of termination of pregnancy (TOP)
Permissibly legalizing TOP due to disability or any
undesired conditions

Quality Assurance

Accessibility and affordability

Justice and Fairness

Social-cultural values and norms

Treatment vs. enhancement - eugenics

Disability and neuro-diversity

And more and more
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Prenatal
Whole Genome

Sequencing

JUST BECAUSE WE CAN,
SHOULD WE?

BY GREER DOMNLEY, SARA CHANDROS HULL, AND BENJAMIN E. BERKMAN

With whole penome sequencing set to become the preferred method of prenatal screening, we
need to pay more attention to the massive amount of mformation it will deliver to parents—and the fact that

we don't yet understand what most of it means.



Table I.
Potential Prenatal Testing Categories

Type of information Does it inform reproductive Might the future child Could it provide
decision-making for current have an interest in not immediate benefit
pregnancy? knowing the information?  to the future child?

Variants of unknown No Yes No
s:gr_nﬁg:ance (genetic o

variations whose association

with disease risk is unknown)

Nonmedical genetic markers No Yes No
(genetic variations that have
no health-related significance)

Carrier status (possession No Yes No
of genetic vanations that do

not cause illness in the carrier

but might contribute to

iliness in the carrier's

offspring)

Susceptibility genes (genes Sometimes Yes No
with vaniants that indicate

increased likelihood for

developing a condition)

Late onset genetic Sometimes Yes No
conditions (highly penetrant

genetic conditions that

display no symptoms until

late in life)

Medical conditions found Yes NA Sometimes
by current prenatal genetic

tests (conditions with

100 percent penetrance

that seriously affect health

and quality of life throughout

the life cycle)




Response Rate (n=327)

- Overall Response Rate: 53.6% (327/610)
- Mail-in Survey
- Response Rate: 27.2% (90/331)

- A previous study, conducted by Dept O&G, CUHK surveyed the same
population, yielded a similar response rate of 32% (YM Chan et al, 2010)

- In-person Survey

Hospitals (n= 15) Clinics (n= 132)
No (n=33.3, %) Yes (n=10, 66.7%) No (n=104, 78.8%) Yes (n=28, 21.2%)

Completed:

Completed:

84.8% (208/245) 85.3 % (29/34)




Participants Characteristics (n=327)

- Age: 39.1 (S.D=12.1; Range= 20-78)

- Gender - Place of Work
- Male 13.5% - Private 58.4%
- Female 86.5% - Public 41.6%

- Highest Education - Employment Status
- Secondary/ Associate Degree 21.4% - Full-time 91.7%
- University 67.0% - Part-time 8.3%
- Master or above 11.6%

- Religion

- Profession - Buddhist 6.1%
- Obstetricians 28% - Christian 27.2%
- Midwives 70% + Catholic 8.6%

- None 58.1%

- Years of Practice: 12.5 (S.D 11.1, Range 1-55)



Non-invasive Prenatal Whole Genome Seqguencing

- Carrier Status
- e.g, colour blindness, cystic fibrosis, haemophilia
- Condition of late onset

- A disease that might be developed in later life
- e.g Huntington disease, Alzheimer

- Susceptible genes
- Diseases involve complex interactions among many genes, in
addition to environmental influences.
- e.g, Cancers, Autism, Diabetes



Non-invasive Prenatal Whole Genome Seqguencing

If non-invasive prenatal whole genome sequencing is available
in antenatal services, how like would you offer the test to women?

60.0%

50.0%

40.0%

30.0%

20.0%

10.0%

0.0%

48.6%

Very
Unlikely

Unlikely

Neutral

m Very Unlikely
m Unlikely

= Neutral

= Likely

= Very Likely

Likely Very
Likely



Non-invasive Prenatal Whole Genome Seguencing

If the prediction rates of diseases/ traits of fetus are as follows,
would you consider informing pregnant women about the result?

L 0.8
90-100% | 7 3 |
70-90% 11.9 17.6
50-70% |Eiea o
30-500 |6 ALy
10-30% |15 ee e e
0-10%

| | | | I/

0% 20% 40% 60% 80% 100%

Yes = No = Not Sure



Non-invasive Prenatal Whole Genome Seqguencing

Carrier Status Late- onset Conditions Susceptibility

Do you think knowing the following diseases/ traits of fetus is
beneficial to the future child?

Haemophila

Cystic Fibrosis
Heart Conditions
Diabetes

Cancers

Autism

hungtington disease
Color Blindness
Mental Health Disorder
Schizophrenia
Alzheimer disease
Obesity

Alcoholic

0% 20% 40% 60% 80% 100%

Yes = No = Not Sure



Non-invasive Prenatal Whole Genome Seqguencing

Carrier Status Late- onset Conditions Susceptibility

Do you think it is permissible to terminate babies due to the following
diseases/ traits?

Haemophila

Cystic Fibrosis
hungtington disease
Cancers
Schizophrenia
Heart Conditions
Mental Health Disorder
Alzheimer disease
Autism

Diabetes

Color Blindness
Obesity

Alcoholic

20%

40% 60%

Yes = No = Not Sure

80%

100%



Non-invasive Prenatal Whole Genome Seguencing

Carrier Status Late- onset Conditions Susceptibility

Would you promote the test assessing the following disease/ traits in
prenatal care services at your clinic site?

Haemophila 14.6
Cystic Fibrosis 218
Cancers 211
Heart Conditions 16.8
hungtington disease 26.1
Autism 19.5
Schizophrenia 249
Diabetes 19.9
Mental Health Disorder 20.3
Color Blindness 149
Alzheimer disease 22.6
Obesity 20.7
Alcoholic 211
I
0% 20% 40% 60% 80% 100%

Yes = No = Not Sure



Relationship of prediction rate and
perceived beneficial of PWGS to unborn child

100
. . a0 &
P r ed | Ct on | 80 ~-Alzheimer disease

70 -=-Huntington disease

| $ 60 -+~Schizophrenia

| 2.6 %0 ::I‘:;r:hc

90-100% No significant contrqdictory result: * ¥ -
1 Prediction Rate; | 0 .
70-90% 1 beneficial mean to unborn baby ' B
0-10% |10-30% 30-50% 50-70% 70-90% 90-100%

(ThreShOId) L I I Prediction Rate
50-70% : :
30-50% I I

I I

: : e Heart Conditions (61%)
10-30% | | e Cancers (55%)

I I
0-10% | * Huntington (50%) |

>

Conditions perceived to be beneficial to unborn child
(Answered Yes)



Relationship of prediction rate and
perceived of permission to undergo pregnancy termination
Predictive VaIueT |
(Answered No) |
I

+Alzheimer disease
-=-Huntington disease
-+ Schizophrenia
~=Autism
——Accholic
~e-Cancers

90-100% No significant contredictory result: | Eeb?:f.l‘iﬁom
1 Prediction Rate; | ~~Ohesty
70-90% o inati
Permissible to uncergo termination

(Threshold) | f Ol J

50-70% : |

30-50% | * Alzheimer diseasg (54%)
I I
: e Huntington (70%):

10-30% | | ¢ Schizophrenia (70%)
I I

0-10% | |

>

Conditions perceived to be permissible to undergo
termination (Answered Yes)



Relationship of prediction rate and

Intended Interested in test promotion

1 |

Prediction

90-100%

70-90%
(Threshold)

50-70%

30-50%

10-30%
0-10%

~Alzheimer disease
-#-Huntington disease
-+ Schizophrenia
~Autism
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-e-Cancers
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No significant contrgdictory result:
1 Prediction Rate; | —— —Heart Conditions

o o o ~~Mental Health Disorde:
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Prediction Rate

|« Alzheimer disease (10.6%)

e Diabetes (80%)

i
|
|
|
|
|
|
| « Heart Conditions (80%)
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Intention to provide test services (Answered Yes)
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Too much information - *“

=ty

“Prenatal whole genome 1238 ,_
sequencing screen could S S
check all or selected T
Interested genes. Patient are
able to pick, like dim sum
sheet, checking all the -
conditions they wish to know. p
However, it will be a problem if
one checks all that apply, as it
IS uncertain how general
patients, layman, can handle
too much information”




DISEASE PANEL 1

Srcko
Hypanenaan

Raazonses 1 Candac Drugs

Gou

Eczerma

W Echntady
v Headacte

Faone

Gfslone

ey Shones

Calac Disoome

Tarth Dyienss

Paget’s Disagsa of Bone

Anicfoaing Spocd#ts
S)grars Syndone

Narosagey

Matarka

Prorazes

CARDIOVASCULAR SYSTEM

| Cotonary Heat Disesen Sekden Cardi: Dasth
Verous Thromboerbcisn Wracranial Axeurgsm
Pesphazl fetory Duease Sick Srus Synarome
METABOLISM
Ohaba s Mg Chofestendd 8 Ligsds
ATOPY
Asitire Al Mhivkes

| NEUROLOGY

| Mzheimer's Oisazse Aarineon's Disssse
Progessive Supransciesr Palsy Mgriro
HEARING & SIGHT
Ohsceimes Maods: Degareraton
LIVER
Noe-Aohadc Faty Lver Prmary 8dary Cintass
KIDNEY
Chekc Kiney Fadum Glanendensghis (3 hpes)
GASTROINTESTINAL TRACT
Cronn's Désasss Uaraiee Codde

; MUSCLE, JOINT & BONE
Lim3 Grde Musoser Dystozty Essontal Treeor
Toueds's Disense Calscartivils
LUNG
Earcokioeds Crronie Cbaructim Pulsserssry Disssse

| AUTOIMMUE DISEASES
Syavmic Lupus Enhermansas  Reeumabod Acfirts
Mypotyrodse Sdervoema
MENTAL HEALTH

| Shbmprens Blpckar Deonder
Arspoe s6s 80 Merris' Drugs
INFECTION
Hegadbs B Yius Tebemioss
HAEMATOLOGY
Seola Tralscasmia Hasrocheradrcis

' SKN

| e Vidgo

Asdomrd Aorc foeurysm
Arlal Fiel brdon

Resporess o Melstorc Druge

Amyotoshic Lateral Sclarssts

Polyzystc cnay Dissaaas

Fsstees Leg Sindroma
Lumsar Desc Degenaration

Akgecis Arasty
Deborls Disease

Qbseszra-Compatitn Dsonder

HIV & Duge




DISEASE PANEL 2

CARDIOVASCULAR SYSTEM
Corunsry Hesrl Disepse Sk Hyporiansion inbscrwt i Anzuryse

METABOLISM Disbabes Makiss

l ATOPY Asttre Exans ’
NEUROLOGY Alrheime’s Deease Parkieson's Choase

| KIDNEY Nephron: Syndreive Kidnoy Shones |
MENTAL HEALTH o oghvaeia B poky Disonsas

’ JOINT & BONE Octenartv il Lt Disc Dageneration |
AUTORMMUE DISEASES Rreeeatons Arteris

Sysdermis Lupas Enytherrerios

MY BODY PANEL

LIFESTYLE

Akzahod ARt & Eohal Dependenca Mooirg Dsarendenoe Cafise Maicdiong

Canirn of Epfing Thlary Fal & W™l Gein Faazoness 0 Madlemanesn O, Syzar Crarea
Muscie Typa Exdhirarcy Exscsa Ligisreni| Strenghh Eomcise & Weght Loss

Lesming Wy Hge-Yarkal 4 Perfommance Hi

RIZKS

Anarsttessa Reasiong =l ard Drugs Hawzin Darondense & Moo

Frukcimes [ nbnkitancs Lazincan Inlokerance

Bo0Y

Ealfinzes Wir-ABD Biod Gasig Sonzag - Qs Pain & Tesls Loy brlariiy Halr Trickress
Fmd-:_:-!.r.lm gk Woes I"::Il:: (B 'l"l'-ll-ll:l:-l.l'l'l'll'l:"l_:-\:.". Leorgasits




CANCER RANSL =ee 7

| Lasg {3 Typeny Sl Ced Nor-Sired Cet Prcuinoren Bastrn
Cobaractal 2 Typae) Caxsxxrs Azevortzes Pl e
|
' Eloenact
Gt [ Typas) S Haratara Srendo Polypons Gervontastred Shomad Torer
| Liwwt (4 Tyzee) Mepedocedin Cucrorn MEfeam Chckangccychoms Mopetiedorg
Peverean (2 Tppes| Dstal Somhome st Gl Corzmenm
Nasopharyes
Laryes
Acre Leckerela (11 Typos) AL ALECa iowr's Syrcrooss AL, AL PeBoa
MLTCoH ALL Padprebooc T-Cof AR CML Shaic Trasefarsaton
Fancoe’s Assariy AL AM. Megebayioto Dumtie Symaaars A, Negukanvete
Chrorve Levharnly (7 Types) UL CLLECS Curce CLL Proyrptond TCod
NL Cial LU
Lyrghema (13 Typa| ALCL Sukny o.Q, Falicayr
| Mocpkes Motk indsting T-Cal Pricry Meckastral T.Cef Nagisd Zoem
wois T Moo K T-Calt Fakhwew 70
Sor 0 Tyzes) Sipwrvoes Ol Bzt Cat Magroma Crtxorsa
ftekbosors Téchodszomy
Coneral Nervoss Syateny Ganglion semn ns e Shotbeiome o8y Germ
(% Typas) Madaktinmiare Nechgiood Plooyle Asdatom Pasany Acererm
Testes
Prostan
Owary 3 Types| Cariroma Clows Cad Granales Ol
Ueenss 13 Types) Enccostsy Cacroms Frdooweriel Soored Fecal |
Kiarey (5 Types) Fiaess Cal Carciona Cax Cu! Nulgrars Mwbdag Paplay Covsnare
Wins Tune [
Hindkdar P
Wead & Mok |3 Types] ez tukora Squarcss CMTacons Wtk Dushing lov Fsoem
Eye 2 Wpus} Rotiecthsbors Vo Vil ‘
o (2 Types) Asesrjemal Bose Cyshe Erzezea |
Tirgeaid (% Types) Folesar Nezdery Nk by ¢ TAdenrn
L) AdmaTe ‘
Parathyroid A
Mawslogical |4 Types) Ao eareeny Nesstiime Naxdtera Fatrghore '
Sarcoen (16 Tpzes| Absoar S0t Part Arglosarons Argloraioi R Mootane
Cleer Cod Eate) Ssvora Deondizfoomrren Proddwesre
Foeonpokl Cergerty Ftwwarzava Desregbets Svil fieerd Ced
Ussertoen Cecsaeny Extoetastd Myesd Cheatvriarars
Soond Ruddormomnan: Avecks Robmmiteattens ok Thase Samona
Irﬂuﬁliw Afwcarted Frecodonesyiarn MI';MHM% Sakwy Marine
Saleyry Mucoepierci
ther ooratoiogical (S Frpes) Wil Myolorma Medsrym Maschic Mook ephic Synaare
Visechsplastic Exndorme yekpredasaive St ‘
e Bl Trror (S Typks)  Corcirodd I N Carenorn of Dskves and e Yarg |

Lipcevs Hoorasgoma Hcraroon '
lsponsas to Carcer D Yoy 1o 5 Favaansed e e =




BEHAVIOR

ADHD

Nicotine Dependence
METABOLISK
Diabetes Mellitus, type 1
Gluten Hypersensitivity
AIOPY

Asthma
INTELLICENCE
Breast-Feeding & 1Q
SPORTS TALENTS
Endurance

HEeALTH

Weight
Near/Far-Sightednass

Dyslexia
Heroin Dependence B

GEPD Deficiency Fructose |ntolerance
Childhood Obesity
Allergic Rhinitis Eczema

Non-Verbai & Performance IQ Leamning Abilities
Muscle Power Ligament Strength

Senses - Odor, Pain & Taste  Freckle & Mole
Hypospadias

Eating Behavior

Lactose Intolerance

Memary Language

Responses to Training

diopathic Scoliosls of Adolsscent Girls




MY LADY DENES PANEL
ODBSTETRICS & LYNAECOLOODY

Endometriosis Polyeystic Ovary Syndrome  Utering Fibroid Pre-aclampsia (HELLP)
Placental Abruption Neural Tube Defect of Fefus  Inirahepatic Cholestasis of Pragnancy

Gestational Diabetes Birth Weight of Fetus Menopause Reactions to Oral Contraceptives
Sex Hormone and Reactions to Replacemant Therapy

SKIN HEALTH

Eczema Keloid. Vitiligo Psoriasis

Freckle & Mole Hair Thickness |

WEICHT |

Control of Eating Dietary Fat & Weight Gain Response to Mediterranean Diet

Sugar Crave ' Exercise & Weight Loss Body Mass Index (BMI) Waist Circumference

Obesity




Unnecessary termination of pregnancy to
prevent anxiety.

“It's would be a great pressure
If one plans to abort a baby
based on whatever genes
(conditions) screened. If
mothers choose not to abort
the baby after screening while
knowing the chance of
developing symptoms in later
life, mothers would be very
anxious. Therefore, it is better
not to know.”




Lack of Therapeutic Intervention

“The difference from knowing
and not knowing is giving one
ability to take preventive
measures. There is lack of
preventive measure to be taken
for some conditions, such as
Alzheimer disease. They need
to bear known conditions in
long-term. | do not see it
necessary”




Genetic Discrimination

“With prenatal testing, we not only discriminate people
with abnormalities after delivery, but also started
discriminate/exclude the baby at conception, preventing
them from arriving in the world. The issues will be
escalated further with whole genome sequencing.”

A
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New test for Down
syndrome

Symposium outlines promising,
less-invasive diagnosis method

October 9, 2013

Kris Snibbe/Harvard Staff Photographer

By Alvin Powell, Harvard Staff Writer

The new test, according to Diana Bianchi,
executive director of Tufts Medical Center's
Mother Infant Research Institute, misses only a
women with high-risk pregnancies to avoid amniocentesis and in the very small fraction of Down cases, meaning that

future may provide detection early enough for treatment to improve feer wormen Wadld need: Aiccaliesh,
some babies’ cognitive function, a Tufts University neonatal genetics
expert told a symposium at Harvard Medical School on Tuesday.

new, noninvasive screening test for Down syndrome would allow some
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Genetic expert Diana Bianchi misrepresents new eugenic test fot

Down syndrome

Saturday October 12, 2013 by Mike 24 Comments X
Diana Bianchi, discrimination, Down syndrome, Eugenics, Genetic Screening bavmg Downs on Facebook

Find us on Facebook

uwr::c'@ Saving Down syndrome

DOW
Rl (T

W Saving Down syndrome
shared Follow Your
Dreams Charity's photo

Many years ago we were given the
ultimate gift by so many brave men
and women Never waste it.

This week the Harvard Gazette published an article on the “new test for Down syndrome”. It

contained the usual offensive language about our community. It contains the usual misleading B3 reee S

information about screening. It introduces a new Trojan horse of a “future treatment” to defend

harmful current practice. All in a brief, typically medical focussed, article that uses smoke and

mirrors to defend Down syndrome birth prevention programs. Hot topics on the Saving Downs blog

The article reports on a presentation by Diana Bianchi, executive director of Tufts Medical Center’s
Mother Infant Research Institute at the Harvard Medical School. She has a long record of being

Adoption Alberto Giubilini ALRANZ

involved in developing and promoting birth prevention measures against the Down syndrome Autism  Bill Gavin
community. The Tufts Medical Center represent themselves as ‘an internationally-respected academic
medical center — a teaching hospital where we pride ourselves not only in the sophistication of the care Close Up Down syndrome CRPD

we provide but the compassionate way in which we provide it! The Harvard Medical School themselves
has, as a Core Commitment, the noble “Service to Humanity". Unfortunately we see little compassion Diana Biarichi | | discrimiination
or service to humanity in the article. One is left wondering how many people with Down syndrome

g ) Down syndrome Dr Deidre Little
Bianchi knows and loves.
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New genetic tests can point to risks—
but not always a cure
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Within a pregnant mother’s blood is her unborn child’s full genetic
sequence. Soon, say geneticists, the question will no longer be how to
get at it, but how to use it to understand the baby’s future behaviour
and health — and how to cope with the thorny ethical issues that will
inevitably ensue.

The key to this new form of prenatal diagnosis lies in the fragments of
DNA that float freely through every person’s bloodstream. In pregnant
women, around 15% of that DNA comes from the fetus, according to

Dennis Lo, a pathologist at the Chinese University of Hong Kong, who
15 working to develop fetal genetic screening with Sequenom, a biotech-
nology company based in San Diego, California.

BY GEOFF BRUMFIEL 422 | NATURE | VOL 484 | 26 APRIL 2012
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