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Summary of the impact (indicative maximum 100 words)

A non-invasive prenatal testing method for detecting fetal chromosomal aneuploidies, e.g.
Down syndrome, has been developed. This technology has high sensitivity and specificity, and
has been validated in large scale clinical trials. The technology has been patented, licensed (to
Illumina, Sequenom and Xcelom) and sublicensed to over 40 companies. The American
College of Obstetricians and Gynecologists, International Society of Prenatal Diagnosis, and
others, have issued practice guidelines recommending the adoption of this technology. This
technology has created a global paradigm shift in prenatal screening, dramatically reducing the
use of amniocentesis.

Underpinning research (indicative maximum 500 words)

The group led by Prof. Yuk Ming Dennis Lo at the Department of Chemical Pathology
(employed since 1997) is a global leader and pioneer in non-invasive prenatal testing (NIPT).
This group has elucidated the fundamental biological characteristics of circulating cell-free
fetal DNA in maternal plasma, e.g. its concentrations, size characteristics, etc. This team has
also pioneered the diagnostic uses of cell-free DNA in maternal plasma for NIPT. Cell-free
fetal DNA is present in maternal circulation among a high background of maternal DNA. In
order to diagnose fetal conditions, researchers had mainly been focusing on the development
of methods to distinguish the fetal DNA from the maternal DNA in the maternal blood sample.

In 2007, this group was the first in the world to publish a method for NIPT for fetal Down
syndrome through the use of single DNA molecule counting in maternal plasma. The approach
improved the precision with which DNA molecules in maternal plasma could be quantified. A
2007 publication revealed that abnormal dosages of chromosomes in the fetal genome would
be detectable using analytical methods that offered high precision in quantifying DNA
molecules individually. In 2008, this group reported that the use of random massively* parallel
sequencing as a tool for single molecule counting was a robust method for detecting fetal Down
syndrome. Subsequently, the team carried out the first large scale clinical trial to validate this
technology. In a 2011 related publication they reported that the detection of fetal Down
syndrome was achieved with over 99% sensitivity and 98% specificity. These results have been
replicated in multiple independent clinical trials.
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Details of the impact (indicative maximum 750 words)

Until the advent of this technology, screening of fetal chromosomal aneuploidies had been
based on the use of fetal ultrasonography combined with the measurement of maternal serum
biochemical markers. These approaches were associated with a 5% false positive rate. Because
the average risk of fetal Down syndrome is 1 in 700, the conventional screening approaches at
the time led to many unnecessary invasive diagnostic procedures, e.g. amniocentesis, being
performed.

Commercial Impact

Prof. Lo’s and his research team’s patents on this technology have been granted in the USA,
Europe and other jurisdictions around the world. This technology has since been licensed to
Sequenom (since 2005), Illumina (since 2014) and Xcelom (since 2014). In particular,
Sequenom and Illumina have broadly sublicensed this technology to over 40 other companies
worldwide. The technology has been clinically used since late 2011. The first US product
incorporating this technology has the trade name, MaterniT21, and is marketed by Sequenom.

Clinical Impact

The high accuracy (over 99% sensitivity and 98% specificity for Down syndrome detection)
of the cell-free DNA based method developed by Prof Lo’s group was replicated by numerous
research groups. From 2012, many professional bodies have endorsed the use of the technology
for the screening of high-risk pregnancies, e.g. the American College of Obstetricians and
Gynecologists and the International Society for Prenatal Diagnosis. By 2015, the clinical
evidence supported using the technology in more than high-risk pregnancies. The positive
predictive value of the non-invasive test was found to be 45.5% among an average-risk
pregnant population. This compared favourably against the positive predictive value of 4.2%
of conventional screening. Accordingly, professional recommendations were amended to
extend screening for fetal chromosomal aneuploidies in pregnant women who were at average
risk.

Impact to Pregnant Women

This technology is now used annually by over 6 million pregnant women in over 90 countries
(e.g. USA, China, UK, Japan) and has become the new standard of care. A number of cost-
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effectiveness analyses performed in different countries and healthcare settings affirmed the
accuracy and safety of NIPT. NIPT is now reimbursed by major medical insurance companies
(e.g. Anthem) in the USA. On 1 April 2017, Belgium became the first country to offer full
medical coverage for cell-free DNA based prenatal screening of fetal chromosomal
aneuploidies to all of its citizens. This technology will be offered by the Hospital Authority to
high risk pregnancies in Hong Kong in early 2020.

The co-inventors of this technology, namely, D. Lo, R. Chiu and K. C. Chan, co-founded a
company, Xcelom Limited, at the Hong Kong Science Park. Xcelom Limited currently
employs over 40 staff and contributes to 50% of the NIPT market in Hong Kong.
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