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Amniocentesis

Prenatal Diagnosis





Male 





Lancet; Dec 9, 1989







Needle in a Haystack



















Y chr

Lo et al. Lancet 1997; 350: 485



Fetal DNA: 15%



Rapid Clearance After Delivery



Sex-linked disorders



Blood Group Testing



Down Syndrome





A challenging problem

Plasma

Maternal DNA

Fetal DNA



Conventional TestingSingle Molecule (Digital) Testing



PNAS 2007

Anal Chem 2007

Both submitted on May 9, 2007!







PNAS 2008

PNAS 2008













Accuracy: 99.7%

Chiu et al BMJ 2011







2019 Top 20 Translational Researchers

Nature Biotechnology



Nobel Prize Chemistry 2020

BioNTech

Moderna and other companies
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Nature (27 Oct 2011)



Millions of cases performed

in 90 countries







雅士能

Extracellular genome







BEYOND DOWN 

SYNDROME



CONFIDENTIAL

BEYOND DOWN 

SYNDROME

FETAL GENOME



Genome fragmented

Millions of pieces

Mixed with maternal DNA

TECHNICALLY CHALLENGING
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Couple: Carriers for beta-thalassaemia

12 weeks pregnant



• ~4 billion DNA molecules sequenced

• ~65-fold genome coverage





Fetus is a carrier of 

beta-thalassemia





Sci Transl Med 2012

Nature 2012



Liquid Biopsy for Cancer



Nasopharyngeal Cancer 

(NPC)



Geographical Prevalence



NPC Cell

EBV

Blood Stream



Lo et al Cancer Res 1999



Characteristics of 

Plasma EBV DNA



Short Half-Life



Case 0622
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Radiotherapy

Half-life = 4 d

Lo et al. Cancer Res 2000



Case 4356-0

Time (hours)
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Surgery

Half-life = 1.5 h

To et al. Clin Cancer Res 2003



Clinical Monitoring



Case 2808

Period of follow-up (days)
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Lo et al Cancer Res 1999



Period of follow-up (days)
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Li et al. PLoS One 2014

76% of NPC cases in Hong Kong

present in Stages III and IV



NPC Screening by Plasma EBV DNA

• 20,000 subjects over 3 years

• Males: 40-60 years

• Detecting NPC at earlier stages



Enrolment to 
the study

Positive plasma 
EBV DNA 

FU plasma 
EBV DNA test

4 weeks

Persistently positive
plasma EBV DNA 
on two occasions

Nasal endoscopy
and 

MRI assessment

Timeline

Yearly phone follow-up
- development of NPC
- development of other cancers

Plasma EBV DNA



Subject recruitment

Weekly community visits 

20,174 subjects recruited

34 cases of NPC detected



Incidence

• 35/100,000

• Therefore, in 20,000 persons, would expect 

7 cases of NPC

• Thus, 34 cases are equivalent to the number of 

cases identified in 4.8 years.



Stage
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CONFIDENTIAL



Nasopharyngeal

cancer





Other Cancers



Is the entire cancer genome present in plasma?



Is there a generic class 

of tumour markers that 

can be used across 

many types of cancer?





Chan et al. PNAS 2013



Where is the cancer?







Prenatal 

testing Cancer

detection

Transplantation

monitoring

Organ damage,

e.g. trauma, 

autoimmune



Sun et al. PNAS 2015























Summary

 Researching into the non-obvious: 
DNA outside cells

 Seeing similarities in apparently different 
phenomena

 Value of clinician-scientists: 
what is useful vs what is possible

 Synergy between academic research and 
commercialization 






