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Overview

 NIPT                eNIPT (mainstreaming high-throughput NGS)

 Whether eNIPT should be permitted? If so, who should have 

access? Pros & Cons.

 Context of regulatory governance

 Hong Kong and Singapore

 Compare mainland China (with reference to the US, England, 

France and Germany)

 Implications on reproductive autonomy

 Regulatory changes



Non-Invasive Prenatal Testing (NIPT)

 Analysis of cell free DNA of foetus extracted from maternal plasma

 NIPT as a primary screening for all pregnant women for trisomies 13, 18 and 

21, regardless of age and risk status

 Accuracy of screening for Down Syndrome (DS) in antenatal care settings by 

sequencing cell-free foetal DNA in maternal plasma

 Validity among the general and high-risk population of an overall higher sensitivity 

of 99.7% and lower of 0.04% than the routine first trimester combined screening 

(90% for a 5% false-positive rate)

 Positive NIPT result confirmed with invasive prenatal diagnoses (IPD), such as 

amniocentesis or chorionic villus sampling (CVS) that carry a procedure-

related risk of up to 1%

 NIPT does not present any procedure-related risk, and is found to be more 

sensitive in detecting trisomies than CVS



Evolution of NIPT
(Christiaens, Chitty, Langlois 2021)



Expanded NIPT (eNIPT)

 Debate from 2015 onwards

 Offering additional information on, or testing for:

 Rare autosomal trisomies (RATs);

 structural anomalies; and/or 

 Selected microdeletion/duplication syndromes (from screening of sex 
chromosome anomalies)

 (as well as associated maternal malignancies)

 Testing for single gene disorders (SGD) in early phase. 

 Step-up from the objective of prenatal genetic testing, set out by the 
American College of Obstetricians & Gynecologists (2018) as:

 “…to detect health problems that could affect the woman, fetus or 
newborn, and provide the patient and her obstetrician-gynecologist or 
other obstetric care provider with enough information to allow a fully 
informed decision about pregnancy management.”



Weighing up the case for eNIPT

 Pros:

 Allows identification of rare anomalies and high-risk pregnancies

 Better able to explain miscarriage or loss

 More comprehensive knowledge of foetal chromosome abnormalities

 Longer term population health benefits

 Cons:

 Likely to apply to a very small high-risk population

 Relatively high likelihood of false positive, uninterpretable results and/or 
incidental maternal findings, which could in turn result in undue anxiety and 
surveillance

 Increased cost of testing and follow-up

 Inability to provide appropriate antenatal counselling 



DS Screening in Hong Kong
 In 2010, universal DS screening 

programme started in public sector

 Conventional DS (trisomy 21) 
screening in Hong Kong

 First trimester (11-13 weeks): Combined 
test of nuchal translucency + maternal 
serum markers (detection rate 90%, 
screening positive rate 5%)

 Second trimester (16-19 weeks): 
Biochemical test (detection rate 80%, 
screening positive rate 5%)

 Pregnant women with high risk of T21 will 
be offered IPT.

 Risks for T18 and T13 can also be 
estimated.



NIPT in Hong Kong

 NIPT introduced in Hong Kong in 2011 in the public health system to screen for 

DS and diagnosis

 Used in combination with conventional DS screening, or in combination with 

ultrasonography

 Could also be used in combination with different massive parallel sequencing 

approaches:

 Whole exome / Whole genome sequencing

 Targeted sequencing

 Single nucleotide polymorphism-based sequencing

 Obstetric providers in the public sector refer women identified at high risk of 

having a child with DS to obstetric providers in the private sector for NIPT.



Ethical Concerns (NIPT)

 Obstetric providers have reportedly 
perceived less need for consent 
procedures for NIPT compared to IPD

 Reliance on general information 
pamphlets

 Otherwise, discussion tended to focus 
on termination of pregnancy

 Lack of clarity on referral between 
public and private sectors, and the 
attending responsibilities of healthcare 
professionals

 Out-of-pocket payment (implications 
on unequal access)



DS Screening and NIPT in Singapore

 Singapore does not have a free healthcare system, hence all 

patients have to contribute to the costs of their care, either as 

private patients or subsidised patients (in ‘public’ hospitals).

 DS Screening (similar to Hong Kong) is offered to all women in 

Singapore as part of their routine care, at a cost of approximately 

SGD 130 for subsidised patients and SGD 270 for private patients.

 NIPT was introduced to Singapore in 2013. The costs for NIPT tests 

range from SGD 1,100 to SGD 2,500.

 eNIPT available through private sector.



Information on 

foetal sex will be 

reported if 

requested.



Differential Access

 Women showed a preference for test safety, 
whereas clinicians found to prioritise test accuracy 
above all other attributes.

 When offered a direct choice of NIPT, IPD or neither 
test, women aged 35 years and older, those with 
previous miscarriage or who knew a child with DS 
were more likely to choose NIPT. Chinese women 
preferred NIPT, whereas Indian women preferred 
IPD.

 General desire on the part of women and clinicians 
for comprehensive information. Many would 
choose IPD over NIPT to maximise the information 
available to them.

 In order to provide stakeholders with the 
comprehensive knowledge they desire, a greater 
range of disorders will have to be added to the NIPT 
panel.



Whether women adequately 

supported?

 Obstetricians responsible for informed consent. Challenges include 

time constraints (pre-test and post-test counselling and follow-up, 

and complexity of eNIPT (including incidental findings).

 Challenge of “non-directive” counselling.

 Limited number of genetic counsellors.

 A study (Kou et al, 2015) in Hong Kong showed that patients were 

able to understand the limitations of NIPT, with more than 90% of 

patients appreciating the potential for false-negative and false-

positive results, but being less knowledgeable on the more 

complicated aspects.

 No comparator in Singapore.



How much information should 

parents have access to?

 In a recent paper, Michelle Bayefsky & Benjamin Berkman (2021) 
argue that:

 Parents should have access to information that could be useful during 
pregnancy, but testing for non-medical information should be limited.

 The (US) government lacks a compelling state interest in regulating 
prenatal genetic testing, where as medical professional organisations
should assume this responsibility. 

 Arguments based on:

 Reproductive autonomy

 Parental rights

 Disability rights

 Rights and interests of the foetus as a potential future child



Framework on what tests 

physicians should recommend
 Classified genetic information into three categories:

 Information that physicians and counsellors should recommend to all women

 Information that physicians and counsellors should offer to all women in a neutral 

manner

 Information that physicians and counsellors should not offer or provide to women, 

but that patients will not be legally restricted from obtaining on their own



Regulatory Governance

 Perrot and Horn (2021) advance this observation on governance of NIPT:

 “Although reproductive autonomy is valued in each country, it is understood and 

implemented differently, with a strong focus on informed consent and choice in 

England, a focus on medical information and protection in France, and a focus 

on the balance between the ‘right to know’ and ‘not to know’ in Germany.”

 My sense is that this observation is likely to hold for eNIPT

 Bayefsky & Berkman did not focus on regulatory culture, but their proposed 

response to eNIPT appear to resemble that of England. Their analysis 

focused on the guidance documents of five professional organisations: 

 American Academy of Pediatrics

 American Society of Human Genetics

 American College of Medical Genetics and Genomics (ACMG)

 American Congress of Obstetricians and Gynecologists

 National Society of Genetic Counsellors



Similar concerns with secondary findings, 

which are genetic test results that provide 

information about changes (variants) in a 

gene unrelated to the primary purpose for 

the testing.



Regulatory Governance in Hong Kong 

resembles that of England and the US



Contrast: Mainland China

 Between 2011 to 2014, several Chinese cfDNA-based tests were 
available, although still too costly for patients with limited financial 
resources.

 In 2014, Chinese regulators suspended all prenatal genetic testing 
(including NIPT) until the implementation of new regulations.

 Concern with highly variable quality of the tests and 
unsubstantiated claims by commercial providers.

 Since then, conditional marketing permits have been granted to a 
small number of tests developed by well-known manufacturers, and 
mainly available in the private sector.

 Some Chinese provinces have also included NIPT for selected 
indications in their state-sponsored parental care, where partial 
reimbursement of the cost is provided.



Stronger state 

intervention in Singapore
 The ‘Standards for the Provision of Clinical 

Genetic/Genomic Testing (CGT) Services 
and Clinical Laboratory Genetic/Genomic 
Testing (LGT) Services’ (‘Standards’) were 
issued as a Code of Practice (COP) to 
Private Hospitals and Medical Clinics Act 
(PHMCA) licensees and registered medical 
practitioners on 1 July 2018. 

 The COP sets out minimum standards for the 
provision of CGT and LGT services and 
specific requirements on healthcare 
institutions and personnel providing these 
services. 

 The COP will be translated into the Clinical 
Genetics and Genomics Services (CGGS) 
Regulations under the new Healthcare 
Services Act (HCSA) for implementation. 
Further details on the implementation of 
these Regulations will be shared at a later 
date.



SG: Tiered Governance



SG: Tiered 

Governance 

Approach



Reproductive Autonomy

 Consider Sandel’s notion of appreciating the “giftedness of life”, or “children as 
gifts” (as opposed to hyperagency) to support the current regulatory policy on 
gender selection. Sandel (2004):

 the deepest moral objection to enhancement lies less in the perfection it seeks than 
the human disposition it expresses and promotes. The problem is not that parents usurp 
the autonomy of a child they design. The problem is in the hubris of the designing 
parents, in their drive to master the mystery of birth ... it would disfigure the relation 
between parent and child, and deprive the parent of the humility and enlarged 
human sympathies that an openness to the unbidden can cultivate.

 But distinguishes enhancement (impermissible mastery over nature) from treatment 
(permissible mastery)

 Contrast Robertson, who argued for gender selection in some instances. 
Robertson argues in favour of reproductive choice, and for individuals to have 
the right to choose the kind of relational and rearing experiences they want. In 
addition, it could be ethically acceptable for a particular gender to be selected 
in order to enable families or societies to deal with gender imbalance (and 
provided that gender discrimination is addressed). 



Reproductive Right (Cont’d)

 Kamm’s reading of Sandel’s position on enhancement:

 One may be blamed for not improving oneself

 More of our characteristics are owed to chance rather than choice

 We would have to decide whether particular enhancements are permissible 

independently of the desires, attitudes, and dispositions of agents who act. It 

is the evaluation of objective goods and bads, rather than the agent's actual 

aims, dispositions, or desires that play a role in accounting for the permissibility 

of producing the enhancement.

 Whether we are concerned with individuals and individual acts or with social 

practices, we shall have to focus on whether outcomes are valuable and 

can help justify acts or practices, whether means are permissible, and 

whether disposition to mastery as a means to goods is inconsistent with being 

good people.



Reproductive Right (Cont’d)

 eNIPT has the effect of redistributing responsibility

 Choosing not to use the technology for the betterment of one’s self or offspring 
should not necessarily imply the forfeiture of assistance. The overall technological 
effect may be to reduce the number of individuals who need assistance, thereby 
making more resources available and to be shared on a solidaristic basis.

 In the converse, limiting one’s means to enhance oneself does not secure one’s 
right to social assistance.

 Problems:

 Are these the technologies that one should be developing?

 How does one ensure fair distribution of the benefits of enhancement?

 What are the implications of making changes to a complex system?

 Lack of imagination / conforming to social norms

 What good ends should eNIPT be used to support?



Responsible “Mastery” & Limitations

 Mastery over one’s destiny (including reproductive choices)

 Ideally, every pregnant woman should know the best estimate of her personal risk 
for foetal chromosome abnormalities.

 Mediated through social-cultural context (including individual values and 
preferences) and regulatory governance

 Mastery over technological capability

 Capability of commercial developers? (Huge informational demand for rare 
diseases; e.g. Trident Study in the Netherlands)

 Technology is not value-neutral

 Mastery over professional capability

 Limited resources (e.g. time and knowledge)

 Recognising limitations to mastery

 Inequity, particularly in access

 Complex systems (e.g. implications on population health)





Concluding Thoughts

 Implications of  eNIPT (and mainstreaming NGS)

 No strong reason to prohibit eNIPT, but concerns with inequity 
will grow

 Regulatory governance:

 Broadly reflecting market-based (Hong Kong, US & England), or 
population health or hybrid orientations (France, Germany, 
Singapore, mainland China)

 Implications on reproductive autonomy in terms of distribution 
of responsibilities

 Regulatory landscape in East Asia likely to depend on 
informational resources, professional resources and population 
health concerns
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