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Non-invasive Prenatal….
Diagnosis (NIPD)

Testing (NIPT)
Screening (NIPS)
CffDNA Screening

What do we call it?



Cell-free Fetal (CFF) DNA

Presenter
Presentation Notes
-Studies from the 1990s looked at full fetal cells in maternal circulation which had 2 problems.  1) there is only 1 baby cell per million of moms and 2) cells continued to replicate and were present years after the pregnancy thus confusing whether cells are from current pregnancy or not.  -Now we look at cell free DNA which comes from cells that breakdown (apoptosis) and DNA escapes into circulation and fragments.  Mom’s is coming from the fat cells and WBCs  Fetal contribution from placenta – specifically trophoblast cells.- Fetal fraction is the % of total cell free DNA fragments in the circulation that are from the baby’s placenta. It is one of the most important components of NIPT



Comparison of Options
CVS Amnio Sequential 

MSS
NIPT

Timing 11-13 weeks ≥ 16 weeks 10-22 weeks ≥ 10 weeks

Risk of 
miscarriage

<1% ~ 0.2% None None

Sensitivity >99% all 
aneuploidies

>99% all 
aneuploidies

90% tri 21 >98% tri 21

False positive 
Rate

<2% all <1% all 5% tri 21 <0.5% tri 21

Failure Rates <1% <1% <1% 1-5%

Costs ~$2,000 ~$1500 ~$400 $800-$3,000



NIPT Challenges
 Fetal Fraction (FF)
 8% + needed for best performance
 Affected by gestational age, maternal BMI, type of aneuploidy

 Triploidy
 Lower fetal fraction 
 Missed by non-SNP methods

 Twins
 Each fetus will have a different FF
 Increased no call rate
 If discordant for sex or aneuploidy
 10-15% FF < 4%
 Increased false negative rate

Presenter
Presentation Notes
Lower FF associated with maternal triploid because of small placenta



NIPT False Positives

 Placental mosaicism

 Vanishing twin

 Maternal sex chromosome abnormality

 Neoplasia – apoptosis of cancer cells, aneuploidy 
common



Mosaicism

 Confined placental mosaicism
 Follow up diagnostic testing recommended
 Is Amniocentesis preferred over chorionic villus sampling?

 Fetal mosaicism
 Identification of mosaicism will be less effective because the 

contribution from abnormal is partial (Canick 2013)
 Maternal Mosaicism
 Sequencing of buffy coat may determine if maternal chromosome 

abnormality is confounding the results (1 in 3000)

Presenter
Presentation Notes
At higher fetal fractions SNPs alleles can better separate with clues to mosaicism but not validated nor good estimates given. (intermediate risk scores may be clue)CVS vs AMN



15% of discordant commercial results had VT
(Futch, 2013)

“It is theoretically possible that apoptosis of cells from the fetoplacental
remains of the non-viable fetus could interfere with the cfDNA result ” (Benn, 
2013)

5-36% of twin gestations result in VT

cffDNA seen at least 6-8 weeks post-demise

3% of pregnancies are twins

ACOG Practice Bulletin 144, May 2014

Vanishing 
Twins 
(VT)

Presenter
Presentation Notes
Vanishing twin pregnancies are multiple gestation pregnancies in which there is a spontaneous reduction of one or more fetuses.  Vanishing twins are more prevalent earlier in gestation.  A twin gestation in the first trimester has over a 1/3rd chance of resulting in a vanishing twin, but drops to less than 5% after the first trimester.2/13 of discordant had vanishing twin, addition ½ double aneuploidies without confirmation had vanishing twin notedLandy says 3% of all pregnancies start as twins and 20% are VT. SNP-based method can distinguish if a vanishing twin's DNA is still present in maternal circulation. The presence of DNA from a vanishing twin cannot be detected using other NIPT methods and can result in an increase in false positive or false negative test results.



Mom Matters Too

Wang, Clin Chem, 2014

8.56% of called sex chromosomal aneuploidies were FP 
due to maternal mosaicism

“The relatively high frequency of maternal mosaicism warrants mandatory WBC 
testing in both shotgun sequencing– and single nucleotide polymorphism–based 
clinical NIPT after the finding of a potential fetal SCA.”

Presenter
Presentation Notes
For example, as women age, some of their cells begin to lose the X chromosome, as shown on the chart to the left.SNP-based method can distinguish maternal sex chromosome mosaicism, allowing for better detection of sex chromosome abnormalities



Maternal Malignancy
 3757 NIPT positive for 

aneuploidy

 10 cases of maternal cancer 

 39 cases multiple 
aneuploidy
 7 known maternal cancers 

(18%)
 Monosomy/trisomy of 21, 

13, 18, X
 Clinical follow-up for 

maternal malignancy with 
double aneuploidies?

Bianchi, JAMA, 2015

Presenter
Presentation Notes
Increased rate of apoptosis with tumor cells, and tumor genotype more likely to demonstrate aneuploidy



NIPT in Low Risk 
Pregnancies

Positive Predictive Value (PPV)
% of abnormal (positive) test results where fetus actually has the 
aneuploidy predicted

Dependent upon PREVELANCE of condition

Benn, J Fetal Med, 2014





Norton ME,  et al. NEJM, epub 4/1/15



Norton ME,  et al. NEJM, epub 4/1/15



Dar P,  et al. Am J Obstet Gynecol 2014

 Confirmed Outcomes (62%)
 False positive = 17% (includes 3 cases of CPM)

 79.2% FP with intermediate risk score (1/100 < risk < 99/100)
 9.6% FP with maximum risk score (> 99/100)

 PPV
 Tri 21 – 90.9%, Tri 18 – 93.1%, Tri 13 – 38.1%, XO – 50%

16.4%

Presenter
Presentation Notes
Clinical experience and follow-up with large scale single-nucleotide polymorphism—based noninvasive prenatal  aneuploidy testing. 16.4% of positive results terminated without confirmation or ultrasound findings!!!!



Wang et al. Genet Med 2005;17:234



Wang et al. Genet Med 2005;17:234



http://www.mombaby.org/nips_calculator.html



Expanded NIPT
 Non-viable trisomies (WHY????)
 trisomy 16
 trisomy 22

 Microdeletion syndromes (not associated with maternal age)
 1p36 del - PPV ~ 17%
 22q11.2 del - PPV ~ 5.3%
 5p minus - PPV ~ 5.3%
 15q11 del
 Maternal,  Angleman’s – 3.8%
 Paternal, Prader Willi – PPV ~ 4.6%

Presenter
Presentation Notes
Non-mosaic Tri 16 and tri 22 – very common 1st tri losses.  Second Tri – typically mosaic with highly variable outcomes.  Detecting these reliably by counting methods appears to be limited by the need for deeper sequencing [7 ]. However, proof-of-principle studies have been carried out and clinically significant small imbalances have been detected [24 ]. Microdeletions can also be detected using SNP-based NIPT where absence of paternal or maternal alleles provides useful basis for detection.  



NIPT for Microdeletions: 
Issues

 Limited validation data

 SNPs used for ascertainment questioned

 Size of deletion matters

 Some conditions highly variable

 Parents may be affected (22qdel)

 Unanticipated results 

 Panorama - Opt out



Professional 
Recommendations

Feb 2012
2011, 2013, 2015

Dec 2012 Feb 2013

Presenter
Presentation Notes
All Support NIPT as an option for patients at an increased risk for certain chromosome abnormalities, and that it be offered in the context of informed consent, education, and counseling by a qualified provider, follow-up on abnormals.Microdeletions and other non-chromosomal abnormalities are not included in these statementsSimilarities between ACOG and ACMG statements: screening test, increased detection over current screening methods, pretest counseling and consent, further studies recommended.Differences between ACOG and ACMG statements: ACMG goes deeper into screening (NIPS) classification, also pointing out that cells are placental in origin.  ACMG does not make distinction for NIPT for high risk v. low risk.  Other professional statements:Society of Ob/Gyn of Canada (2012): specifically cited MPS for NIPT in high risk population (Natera was not on the market at the time statement was drafted, so this specific method endorsement is more a description of the technology than a statement against SNP technology.)----------Natera was the only company to include low risk samples in their clinical validation (44%) and they did not see a significant difference in performance but numbers are still small.



Am J Obset Gynecol, 
2015; 212:711-6 



It’s Not Just About Aneuploidy
 NIPT does not provide comprehensive prenatal screening
 Nuchal translucency 
 MSAFP
 Second trimester ultrasound

 Even those with normal NIPT may want to consider invasive 
testing with ultrasound findings or family/medical history

 Other screening or testing may be better first approach depending 
on the indication
 Karyotype
 Microarray   

 (ACOG/SMFM Committee Opinion December 2013)



Informed Consent

 “However, published data and anecdotal experience 
suggest that many women do not fully understand 
implications of screening results & some were not fully 
aware that they were undergoing screening at all” (Allyse, 
2013)

Presenter
Presentation Notes
In the past, the genetic counseling process preceding invasive prenatal diagnosis allowed women to consider an informed refusal of invasive testing. As cffDNA testing becomesmore available, however, women will receive test results with a significantly higher positive predictive value without a chance to deliberate on whether they truly desire the information. This suggests that the informed consent process for cffDNA testing should be held to a higher standard than that of the current noninvasive screening measures.



Pre-test Counseling

 Limitations
 Not diagnostic!!!
 Detects < 50% of genomic imbalances that could be 

serious
 Limited and expensive for single gene disorders
 Uninformative results
 Does not address neural tube defects
 More data needed on twins
 No role in forecasting late pregnancy complications
 ? Could reveal maternal malignancy ?



Pre-test Counseling – cont.
 Microdeletion syndromes
 Opt out
 Spectrum of conditions tested
 Variability of conditions
 Could reveal affected parent

 Benefits
 Performance appears better than any maternal serum 

screening test to date 
 Risk assessment less dependent on gestation age







Post-test Counseling
 If a positive NIPT result:
 Remember False Positives occur
 What is the PPV for this patient? 
 Refer for genetic counseling
 Always offer invasive testing for confirmation
 Patients should never be offered the option of termination 

without confirmation
 If parents decline invasive testing, postnatal confirmation 

should be completed

 If a Negative NIPT result:
 Remember False Negatives occur – especially in higher risk 

pregnancies
 Always offer invasive testing if parents want to “know for sure” 



Thank you

cbellcr@emory.edu
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