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Themes covered:
The structure of the healthcare system
How NIPT is offered
Counseling needs and resources
Cultural and legal context regarding disability and pregnancy termination.

Emerging issues: 
Cost as a barrier to equitable access, the complexity of decision-making 
about public funding
A shortage of appropriate resources that promote informed choice. 
Sociocultural values that underlie the use of NIPT vary greatly among 
countries. The issues described will become even more challenging as NIPT 
evolves from a second-tier to a first-tier screening test with expanded use.
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Agenda
• Comparison of different technologies
• Genome-wide NIPT
• Analytical vs. clinical validity
• The real world data
• Experience of a single diagnostic center in Taiwan
• The ACMG Committee Statement
• Take-home message 
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非侵襲性胎兒遺傳篩檢﹙Non-invasive 
fetal testing，NIPT﹚

原理
•孕婦血清內的胎兒DNA含量大約是媽媽DNA的5%～20%。
•使用分析DNA技術分析孕婦血清內的胎兒DNA，再透過統計學
運算，估計胎兒有染色體異常的機率。
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Noninvasive Prenatal 
Diagnosis with the Use of 
Plasma Cell-free
Fetal RNA or DNA in 
Maternal Blood Derived 
from Dying Trophoblast 
Cells of the Placenta.

Joann Bodurtha and Jerome F. Strauss.  Genomics and Perinatal Care. 
NEJM 2012;366:64-73.
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Potential applications of NIPT

•Aneuploidies
•Segmental aneuploidies (copy number 
variants, CNVs)s)

• Monogenic variants
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Technologies
• Random sequencing (counting – based):

MPS evaluates the quantitative change in the proportion 
of each chromosome-derived component in cffDNA in 
maternal plasma, that is it counts cffDNA fragments in 
maternal plasma using NGS, and thereby detects fetal 
chromosome abnormalities.
(Ultra-low coverage whole genome sequencing < 1X)

• Targeted sequencing (SNP - based):
This technique determines the difference between parent 
and child DNA, and the relative dosage of genetic 
variation to infer copy number. cfDNA is amplified by PCR 
using specific SNP targets.
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The Two Main Methods of 
Maternal Plasma DNA 
Sequencing for Prenatal 
Screening of Fetal 
Chromosomal Aneuploidies

Sequencing of Circulating Cell-free 
DNA during Pregnancy, NEJM 2018
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Overrepresentation 
suggests
fetal aneuploidy 
(e.g.,trisomy21)

Placental (fetal) cfDNA
Maternal cfDNA

Placental (fetal) cfDNA

Placental 
(fetal) cfDNA
passes from 
the placenta 
into maternal 
blood

Maternal and placental 
cfDNA is sequenced, 
aligned to a reference set 
of chromosome 
sequences, and quantified

Routine turnover 
of cells releases 
cfDNA (fragments 
of genomic DNA) 
into circulation

Mary E. Norton. Circulating Cell-free DNA and Screening for Trisomies. NEJM 2022
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Sequencing depth
• Sequencing depth, also known as read depth or depth of 

coverage, refers to the number of times a specific base 
(nucleotide) in the DNA is read during the sequencing 
process. 

• In other words, it's the average number of times a given 
position in the genome is sequenced.
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Sequencing depth of different technologies

• Counting-based: 0.05 – 1 X depth
• SNP-based:  5 -25 X depth
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The three approaches to analyzing 2nd-gedneration, high-output DNA sequencing reads to detect 
structural genomic variation. Paired-end DNA sequencing output can be analyzed for paired-end 
mapping (PEM) and then reanalyzed using split read analysis (SRA) and read-depth analysis (RDA).

Ying Zhang et al. Child Development and Structural Variation in the Human Genome. 
Child Development 2013;84:34–48.
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Sequencing of Circulating Cell-free 
DNA during Pregnancy, NEJM 2018
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Major microdeletion/microduplication sites
1p36

TAR; 
1q21.1

1q41-q42
1q43-q44

2q37

3q29

Wolf-
Hirschhorn

6q13-14.1

PWS; 
AS 16p11.2

16q11.2-12.2

17p13.3; Miller-Dieker; 
lissencephaly

16p13.3, ATR 16; Severe 
Rubinstein-Taybi

16p13.11

WAGR
Langer-
GiedionWilliams & 

7q11.23 
duplication

Cri-du-chat

17p12; Charcot-Marie-Tooth 
1A/Hereditary Neuropathy with 
liability to Pressure Palsies

22q11.2; VCF; 
DiGeorge & 
microduplication

18p-

22q13.3; 
SHANK3

17p11.2; 
Smith-
Magenis; 
Potocki-
Lupski

18q-

Courtesy of Dr Jia-Chi (Jack) Wang
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ACCE Model for Evaluation of Genetic Tests

https://www.cdc.gov/genomics/gtesting/acce/index.htm
Oxford University Press, pp. 217-233, 2003.

Testing performance 
affects the patient’s risk 
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簡報者
簡報註解
2000～2004 年 間，美國 CDC 的 Office of Public Health Genomics (OPHG)即建立 ACCE model 5，目前已 為全球普遍使用於新興基因檢測方法的開發評估工具



ACCE model (by CDC)
• Analytic validity (分析效度)：確效
• Clinical validity (臨床效度)：

sensitivity, specificity, positive predictive value, negative 
predictive value, 

• Clinical utility (臨床效用)：
health risk, actionability, economic benefits, long-term 
monitoring, etc.

• Ethical, legal and social issues (相關的倫理、法律和社會影
響)。
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Clinical validity (e.g. cancer genetic testing)  

• The clinical validity of a genetic test is the likelihood 
that cancer will develop in someone with a positive test 
result.

• A term that refers to the predictive value of a test for a 
given clinical outcome (e.g., the likelihood that cancer 
will develop in someone with a positive test).

https://www.cancer.gov/publications/dictionaries/genetics-
dictionary/def/clinical-validity
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Clinical Validity of Non-Invasive Prenatal Screening (NIPS)113年
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https://www.johndcook.com/blog/2018/09/06/accuracy-precision-and-recall/
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Genome-wide NIPT
• Genome-wide NIPT (GW-NIPT) allows for the detection of 

chromosomal aberrations other than trisomies 13, 18, 21 (rare 
autosomal trisomies, RAT) and segmental aneuploidies (copy 
number variants).

• GW-NIPT can also detect maternal genetic aberrations 
including undiagnosed cancer.

• NIPT based on targeted seqeuencing: Not included
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How to launch a NIPT
• In silico simulation:

Preparation of artificial NIPT data sets followed by 
computation

• In vitro validation:
Preparation of control DNA sample mixes, followed by 
standard experimental procedures and bioinformatic 
analysis

• Clinical validation with reanalysis of abnormal cases 
(retrospective studies)

• Prospective studies (The real world data)
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The Trident Study
• In 2014, the Dutch NIPT Consortium, a national partnership of 

professionals and other stakeholders involved in public prenatal 
care, was granted a governmental license to introduce NIPT in 
the Dutch prenatal screening program. This implementation 
study was called the Trial by Dutch Laboratories for Evaluation 
of Non-invasive Prenatal Testing (TRIDENT). 

• The aim of the TRIDENT study is to determine whether and 
how NIPT should be offered within the national prenatal 
screening program in the Netherlands (an unbiased database)
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Trident 1
• The first phase (TRIDENT-1) offered NIPT as a second-tier 

screening test to women with an elevated risk for trisomy 21, 
18, or 13 based on the first trimester combined test (FCT) or 
medical history (e.g., a previous child with a trisomy).

• TRIDENT-1 resulted in high NIPT uptake and a vast reduction 
of invasive tests, supporting the offer of NIPT to women with 
an increased risk for fetal trisomy.
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Trident 2
• Phase 2 (TRIDENT-2) of the NIPT implementation study was
• initiated in 2017. NIPT as a first-tier screening test for trisomies

21, 18, and 13 and as an alternative to the FCT (first trimester 
combined test) became available to the general obstetric 
population. 

• A unique aspect of the TRIDENT-2 study is that women opting 
for NIPT can choose a test aimed at the analysis of the common 
trisomies only or a genome-wide test that also reports other 
autosomal chromosomal aberrations.
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• GW-NIPT was shown to be a reliable and highly accurate 
screening test for the detection of common trisomies 21, 18, and 
13 in the general obstetric population. 

• In addition, the study showed the ability of GW-NIPT to detect 
other and less common chromosomal aberrations, together with 
the origin of these additional findings.

• In some cases, false-positive results have been attributed to a 
chromosomal abnormality that is confined to the placenta, while 
the fetus has a normal chromosome complement. This known as 
confined placental mosaicism (CPM). 
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2019

American Journal of Human Genetics 2019
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Between April 2017 and April 2019, additional findings were detected in 
402/110,739 pregnancies (0.36%). For 358 cases, the origin was proven to be 
either fetal (n = 79; 22.1%), (assumed) confined placental mosaicism (CPM) (n 
= 189; 52.8%), or maternal (n = 90; 25.1%). For the remaining 44 (10.9%), the 
origin of the aberration could not be determined.

American Journal of Human Genetics 2022113年
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Origin of additional findings per chromosome Rare autosomal trisomies (upper panel) 
and structural chromosome aberrations (lower panel). CPM, confined placental 
mosaicism; SA, structural aberration; T, trisomy.
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Summary (1)
• Most fetal chromosomal aberrations were pathogenic and 

associated with severe clinical phenotypes (61/79; 77.2%).
• For CPM cases, occurrence of pre-eclampsia (8.5% 

[16/189] vs 0.5% [754/159,924]; RR 18.5), and birth 
weight <2.3 rd percentile (13.6% [24/177] vs 2.5% 
[3,892/155,491]; RR 5.5) were significantly increased 
compared to the general obstetric population. 

• Of the 90 maternal findings, 12 (13.3%) were 
malignancies and 32 (35.6%) (mosaic) pathogenic copy 
number variants, mostly associated with mild or no clinical 
phenotypes.
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CPM for individual chromosomes
• CPM trisomy 7 showed a significant increased risk for a 

birth weight
• CPM trisomy 16 showed a significant increased risk for 

pre-eclampsia
• CPM trisomy 20 was significantly associated with 

preeclampsia
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Summary (2)
• For rare autosomal trisomy detected by NIPT, most cases 

were due to confined placental mosaicism.
• For segmental aneuploidies or structural variants, most 

cases were due to maternal CNVs (mosaic or non-
mosaic). 
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A meta-analysis for RAT
• The positive predictive value of cell-free DNA in 

diagnosing RAT is approximately 11% according to a 
meta-analysis published in 2023. 

(Melissa L. Acreman et al, The predictive value of prenatal cell-free DNA 
testing for rare autosomal trisomies: a systematic review and meta-analysis. 
American Journal of Obstetircs & Gynecology 2023). 
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Experience of a single diagnostic center
• Ultra-low pass whole genome sequencing

NIFTY (6M = 0.2X sequencing depth)
NIPTY Pro (25M = 0.8X sequencing depth)

• Z score:
  > 3 for common and segmental aneuploidies
> 6 for rare autosomal trisomy (RAT)

Before launching the service, the protocols had passed 
the in vitro validation.

Reimbursement for fees of invasive testing
Insurance covered for false-negative cases
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Recommendation: 
AT THIS TIME, THERE IS INSUFFICIENT EVIDENCE TO RECOMMEND 
ROUTINE SCREENING FOR CNVs OTHER THAN 22q11.2
DELETIONS (NO RECOMMENDATION, OWING TO LACK OF CLINICALLY 
RELEVANT EVIDENCE AND VALIDATION)

AT THIS TIME, THERE IS INSUFFICIENT EVIDENCE TO RECOMMEND OR 
NOT RECOMMEND NIPS FOR THE IDENTIFICATION OF RATs (NO 
RECOMMENDATION, OWING TO LACK OF CLINICALLY RELEVANT 
EVIDENCE).
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AJOG 2022

Methods:
STUDY DESIGN: Patients who underwent single-nucleotide
Polymorphism based prenatal cell-free DNA screening for 22q11.2 deletion 
syndrome were prospectively enrolled at 21 centers in 6 countries. Prenatal 
or newborn DNA samples were requested in all cases for genetic 
confirmation using chromosomal microarrays.
Results:
Of the 20,887 women enrolled, a genetic outcome was available for 18,289 
(87.6%). A total of 12 22q11.2 deletion syndrome cases were confirmed in 
the cohort, yielding a prevalence of 1 in 1524. Overall, 9 of 12 cases of 
22q11.2 were detected, yielding a sensitivity of 75.0%; specificity of 99.84%; 
positive predictive value of 23.7%, and negative predictive value of 99.98%.

Non GW-NIPT

Noninvasive prenatal screening (NIPS) for fetal chromosome abnormalities in a general-risk 
population: An evidence-based clinical guideline of the American College of Medical Genetics 
and Genomics (ACMG). Genetics in Medicine 2023
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ACMG committee statement on CNV
• Most reports include information only about positivity rates, 

and therefore PPVs have been calculated from those 
cohorts. The cohorts in these studies are heterogeneous 
and many contain fetuses with ultrasound anomalies, 
suggesting that estimates are likely to be impacted by 
ascertainment bias. 

• The SER (systemic evidence review) reported PPVs 
ranging from 0% to 80.56%.
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Noninvasive prenatal screening (NIPS) for fetal chromosome abnormalities in a general-risk 
population: An evidence-based clinical guideline of the American College of Medical Genetics 
and Genomics (ACMG). Genetics in Medicine 2023
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Continued
• An accurate determination of birth prevalence, sensitivity, 

and negative predictive value (NPV) was extremely 
difficult and not performed. Clinical validation of NIPT for 
rare disorders is challenging. Small CNV-driven 
syndromes or low-grade mosaicism often escape 
detection even at birth, making an accurate determination 
of birth prevalence, PPV and negative predictive value 
(NPV) difficult. 

• Additional studies that include follow-up genomic testing 
of newborns are needed to correctly define the sensitivity, 
PPV and NPV.
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Noninvasive prenatal screening (NIPS) for fetal chromosome abnormalities in a general-risk 
population: An evidence-based clinical guideline of the American College of Medical Genetics 
and Genomics (ACMG). Genetics in Medicine 2023
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ACMG committee statement on RAT
• RATs identified during the prenatal period are generally present 

in a mosaic state. Nearly all RATs that occur in no-mosaic 
states result in an early miscarriage. 

• Mosaicism identified at the time of chorionic villi sampling (CVS) 
occurs in 1% to 2% of pregnancies. Of these, the large majority 
represent confined placental mosaicism (CPM). Follow-up 
amniocentesis is generally recommended to clarify the status 
of the fetus with respect to the mosaicism detected on CVS.

• The incidence of mosaic RATs identified at the time of CVS is 
0.6%. In this series of 52,673 CVS cases, only 8 of 316 (2.53%) 
mosaic RATs identified at CVS were confirmed through 
amniocentesis. The rare cases of mosaicism confirmed by 
amniocentesis, however, are associated with a wide range of 
phenotypic consequences.
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Noninvasive prenatal screening (NIPS) for fetal chromosome abnormalities in a general-risk 
population: An evidence-based clinical guideline of the American College of Medical Genetics 
and Genomics (ACMG). Genetics in Medicine 2023
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Continued
• CPM may be associated with growth restriction in the 

fetus, along with other adverse perinatal events, but there 
are currently no methods to predict which specific cases 
will result in adverse outcome. Identification of CPM for a 
RAT before potential manifestations, such as intrauterine 
growth restriction is also of questionable clinical utility.

• Surveillance interventions for pregnancies with CPM are 
likely to create anxiety and stress for the patient. Although 
NIPS may demonstrate analytical validity for RATs, there 
is low clinical utility.
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Noninvasive prenatal screening (NIPS) for fetal chromosome abnormalities in a general-risk 
population: An evidence-based clinical guideline of the American College of Medical Genetics 
and Genomics (ACMG). Genetics in Medicine 2023
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Take-home message
• NIPT has significantly reduced invasive procedures.
• It is important to understand the limitations of current 

genotyping technologies.
• The great mystery of placenta remains to be solved.
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Noninvasive prenatal screening (NIPS) for fetal chromosome abnormalities in a general-risk 
population: An evidence-based clinical guideline of the American College of Medical Genetics 
and Genomics (ACMG). Genetics in Medicine 2023
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The information revealed by cell free DNA

• Cell free DNA 反應胎盤的狀態   
• Cell free DNA 反應母親的狀態 (e.g. maternal 
constitutional mosaicism, maternal cancers, 
degenerating uterine myomas, various health 
conditions, etc.) 
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Extensive mutation of human placentas

• Clonal genetic mosaicism is a normal feature of the 
placenta

• Monoclonal outgrowths of trophoblasts were physically 
enormous, occupying a majority of each biopsy specimen 
and forming a patchwork of spatially confined outgrowths 
that must have arisen early in placental development

44

Tim H. H. Coorens et al. Inherent mosaicism and extensive mutation of human placentas. 
Nature 2022
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Accrual of Somatic Variants 
in Context.

Joseph F. Costello, and Susan J. Fisher. The Placenta — Fast, Loose, and in Control. NEJM 2022
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Implications of the study
• The genetic bottlenecks explain a high rate of confined 

placental mosaicism (aneuploidy detected only in portions 
of the placenta) that is estimated to affect approximately 
2% of placentas.

• In this regard, it will be important to understand the range 
of “normal” and “abnormal” genomic changes in terms of 
pregnancy outcomes, which won’t be an easy task.

• The same issues will probably affect prenatal diagnoses 
made with the application of advanced sequencing 
methods to the analysis of free fetal DNA in maternal 
blood and biopsy specimens of chorionic villi.
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Tim H. H. Coorens et al. Inherent mosaicism and extensive mutation of human placentas. 
Nature 2022
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必也名正乎 ?
• Non-invasive prenatal diagnosis (NIPD)
• Non-invasive prenatal testing (NIPT)
• Non-invasive prenatal screening (NIPS)
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MANY THANKS FOR 
YOUR ATTENTION
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