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Background: Thereislimited data regarding non-invasive prenatal testing (NIPT) in low risk
populations and the ideal aneuploidy screening model for a pregnant population has yet to be
established.

Aims: To assess the implementation of NIPT into clinical practice utilising both first and second
line screening.models.

Materialsand Methods: Three private practices specializing in obstetric ultrasound and
prenatal ‘diagnosis in Australia offered NIPT as afirst line test, ideally followed by combined
first trimester'screening (CFTS), or as a second line test following cFTS, particularly in those
with a calculated risk between 1:50 and 1:1000.

Results: NIPTssereening was performed in 5267 women, and as a first-line screening method in
3359 (63.8%). Trisomies 21 and 13 detection was 100% and 88% for trisomy 18. Of cases with
known karyotypes, the positive predictive value (PPV) of the test was highest for trisomy 21
(97.7%) and |owest for monosomy X (25%). Ultrasound detection of fetal structural abnormality
resulted in the detection of 5 additional chromosome abnormalities, two of which had high risk
CFTS resultsaFor all chromosomal abnormalities, NIPT alone detected 93.4%, a contingent
model detected81.8% (p=0.097) and cFTS aone detected 65.9% (p<0.005).

Conclusions, NIPT achieved 100% T21 detection and had a higher DR of all aneuploidy when
used as afirst'line test. Given the false positive rate for all aneuploidies, NIPT is an advanced
screening test, rather than a diagnostic test. The benefit of additional cFTS was the detection of

fetal structural abnormalities and some unusual chromosomal abnormalities.

INTRODUCTION

Prenatal aneuploidy screening is an integral part of obstetric management and all women should
“receive the best possible estimate of her personal risk of fetal aneuploidy”.* Until recently this
was best achieved using combined nuchal translucency (NT) and biochemical first trimester
screening (CETS), with trisomy detection rates (DR) of 85% for a 4.8% false positive rate
(FPR).? Therecent introduction of non-invasive prenatal testing (N1PT) analysing DNA released
from cytotrophoblastic cellsinto maternal plasma (cell-free fetal DNA), hasimproved detection
of the main trisomies (13, 18 and 21) at avery low FPR .3 The disorders detected has increased

to include sex chromosomal abnormalities, while the cost has continued to fall.
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The ideal method for aneuploidy screening in the pregnant population is yet to be established,
and the mechanism for integration of NIPT into current screening is unclear. The International
Society for Prenatal Diagnosis and the International Society for Ultrasound in Obstetrics and
Gynaecology both recommended NIPT use only for high risk patients during the time of this
study.™ Their.concerns relate to limited data regarding NIPT in low risk populations (asthis
cohort is likely t6 have alower aneuploidy DR, the test will have alower positive predictive
value and higherFPR), the availability of appropriate pre and post-test counselling, the cost of
NIPT and the'eontinued importance of first trimester ultrasound to assess fetal morphology and
NT.** The performance of NIPT as a second-line screening test will be limited by the DR and
screen positiverrate of the original test and the result delayed by an additional 7 - 14 days.>®

The aim of,this:study isto assess the implementation of NIPT in singleton pregnancies, either as
first-line screening (Model 1) or as second-line screening (Model 2) following cFTS or the
detection of a structural abnormality, in conjunction with specialized ultrasound and counselling

services in amixed-risk Australian obstetric population.
MATERIALSAND METHODS

Three metropalitan private practices specializing in obstetric ultrasound and prenatal diagnosisin
Australiacombined data regarding NIPT. Each practice has a well-established cFTS program
incorporating detailed fetal structural assessment, NT measurement, nasal bone assessment and
placental serology (free beta human chorionic gonadotrophin and pregnancy-associated plasma

protein A, with placental growth factor additionally incorporated in one of the practices).

There wasno patient selection process specified by the tertiary referral practices. Patients were
referred for NIPT either as afirst-line screening test (Model 1) or, where the primary referral was
for cFTS, NIPT was discussed during post-test counselling, particularly when the ‘intermediate’
a posteriori risk was between 1 in 51 and 1 in 1000, or in those where afetal structural anomaly
or aneuploidysmarker was identified (Model 2). Approximately 350 of these patients have been
included ifaprior publication by Hui et al.®

For the Model 1 patients, preliminary dating ultrasound was performed and pre-test counselling
was provided by a prenatal diagnosis specialist or genetic counsellor. The benefits of additional
CFTS at approximately 13 weeks gestation were also discussed, including structural assessment
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along with screening for early-onset pre-eclampsia and other adverse pregnancy outcomes. A
high or low risk status from an NIPT result was not atered by a differing cFTS result.

Model 2 patients either had cFTS as adirect referral to the practice or were referred for NIPT
having had eFTSperformed el sewhere. Some patients with no prior screening or low risk cFTS
had sonographic aneuploidy markers or afeta structural abnormality identified at the routine
morphology ultrasound and were offered the option of NIPT. A geneticist was involved as
necessary. Blood was transported to the USA (Harmony™, Ariosa, California) and the cost fell
from $1500:to0 $495AUD during the study.

Invasive testing\was discussed with all patients who had: 1) ahigh risk result from primary cFTS
utilizing thesFetal M edicine Foundation algorithm’, 2) ahigh risk NIPT result, utilizing the
FORTE™ algorithm® or 3) in those where afetal structural anomaly was detected, despite alow
risk on prior screening. Invasive testing utilised quantitative fluorescent polymerase chain
reaction or fluorescence in-situ hybridization for rapid analysis, and karyotyping (in one

practice) orsmieroarray comparative genomic hybridization (aCGH) in the other 2 practices.

Pregnancy.outcome information was gathered from referring doctors and both antenatal and
postnatal |aboratery results. The outcome of the high risk cases were specifically requested,
however failureto karyotype miscarriages and some of those with high risk results for sex
chromosomal abnormalities affected the outcome ascertainment. Low risk results were not
individually followed up, expecting adverse outcomes to be notified to the practice by the

referring doctors.

Descriptive statistics were applied, using chi-sguare analysis when comparing discrete
categorical_variables and Students t-test when comparing means, with significance determined by

ap-vaue <0.05.

Ethical approval was provided by the Royal Women’s Hospital (Victoria) Research Committee
and Humah Research Ethics Committee (29.7.2015) who decreed that this study meets the
National Health"and Medical Research Council requirements for quality assurance / audit

projects.

RESULTS
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Between March 2013 and August 2014, 5267 women undertook NIPT, with the 3 practices
contributing 2490, 1460 and 1317 patients respectively. The median maternal age was 36.0 years
and the median body mass index (BM1) was 23.3 kg/m?, with no significant differences between

those undertaking NIPT as afirst or second-line test, or between the practices.

The mean gestation at time of blood collection for NIPT was 12.2 weeks (range 10.0 - 35.7) with
42.8% of tests performed under 11 weeks gestation (Figure 1).

NIPT was usedas afirst line method of screening in 3359 cases (63.8%) and second line in 1908
cases (36.2%), including 1872 cases following cFTS and 36 cases following the finding of a
structural abnarmality with no prior cFTS. The pathways and outcomes of screening and prenatal
diagnosis forfirst line NIPT and NIPT contingent on the cFTS result are depicted in Figure 2. Of
those with known karyotypes, there was no difference in numbers of trisomy 21 fetuses between
those undertaking Model 1 [n=28 (1 in 120)] and those undertaking Model 2 [n=15 (1 in 127)],
p=0.97.

The primary test failure rate was 2.4% (129) and 49 (38.0%) chose not to repeat the test as they
had a low.risk result from cFTS. Of those opting for repeat sampling, 47 (58.8%) successfully
obtained a results The most common association for repeated failure was BMI exceeding

30kg/m?. Nonewof the original test failure cases had an aneuploid pregnancy.

Of those participants with arecorded result following NIPT, the aneuploidy risks were less than
1/10000 in 5196,(98.7%) patients, 3 patients had an ‘intermediate’ risk result (between 1/100 and
1/1000) anchdd6recorded a ‘high’ risk result (1/99 to >99%). From the 119 participants with
high or intermediate NIPT risk results, there were 14 with unknown outcomes (due to
miscarriage without karyotyping [5, including 3 with > 99% risk for trisomy 21], continuing
pregnancies with no available antenatal or postnatal testing [7; the mgjority with high risk results
for sex chromosame abnormalities including 4 with normal newborn examinations, plus a 27
week stillbirth]or lost to follow-up [2]). Of those with known chromosome results, the positive
predictive value of the test was highest for trisomy 21 (43 true positive cases from 44 high risk
tests; 97.7%), followed by trisomy 18 (7/8; 87.5%) and XYY (3/4; 75%) and less than 55% for
all other trisomies, the poorest performance being for monosomy X (6/24; 25.0%) (Table 1).
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Comparison was made of aneuploidy detection rates between three possible screening models: 1)
NIPT aone, 2) acontingent model using cFTS as afirst line screening test (CVS offered if > 1in
50, NIPT offered if 1/50-1000 and no further testing if < 1/1000) or, 3) cFTS aone using arisk
cut-off of /300 (Table 2). NIPT aone identified 93.4% of all chromosome abnormalities
compared with.81.8% for the contingent model and 65.9% for cFTS alone (Model 1 vs 3,
p<0.005). Therewas no significant difference in the detection of trisomies 21, 18 or 13 between
the model s"NIPT performed superiorly to the other models in sex chromosome abnormality
detection (100%,"58.3% and 8.3% respectively: 1 vs 2 p=0.0135; 1 vs 3 p<0.0005; 2vs 3
p=0.0321)!

Invasive prenatal tests (CVS = 64, amniocentesis = 77) were performed in 139 participants
(2.6% of the.eohert), with two additionally undertaking amniocentesis following amosaic CVS
result. Thesmest<common indication was a high risk NIPT result (n=88) or afetal structural
abnormality (n=29). The indication for the remaining 24 cases comprised maternal concern [12],
failed NIPT [7], parental chromosomal rearrangement [3], early fetal growth restriction [1] and
fragile X testing [1]. If the current study cohort only underwent cFTS, the age-matched screen
positiveratewould have resulted in a significant increase in invasive tests (n=293, 5.5%;
p<0.0001). Invasive prenatal testing was more likely in the event of ahigh NIPT risk for
trisomies 21,718,713 and monosomy X (85.7%) compared to those with ahigh risk for XXX,
XXY or XYY (46.7%: p < 0.0005).

Five additi omal"ehromosome abnormalities were detected by invasive testing in fetuses with low
NIPT aneupleidy risks where structural abnormalities were identified in the second (n=143) or
third trimesters (n=3). These comprised a deletion of 5p [1], mosaic trisomy 22 [1] and
pathogenic.copy humber variants only detectable by microarray CGH [3]. No additional rare
chromosome abnormalities were found in the 26 fetuses with structural abnormalities identified
in the first trimester. Of the 29 invasive tests for structural issues, 23 had a micro-array and 6 had
karyotyping«Three of the karyotypes were aneuploid, leaving only 3 cases where micro-array

testing may“have been of benefit.

DISCUSSION
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Thisisthefirst Australian study reporting on the prospective use of NIPT within an existing first
trimester screening program in an unsel ected population. The principal finding was a 100%
detection of trisomies 21 and 13 and 88% for trisomy 18, a screen positive rate of 2.2% and a
FPR of only 0.7%, although the certainty of these rates may be influenced by incomplete
outcome ascextainment. The PPV of screening was high for trisomy 21, as noted in the NEXT
study, but reduced for the other trisomies, notably for monosomy X.° Although NIPT detects the
maj ority“of ‘major trisomies, there are fal se positive and fal se negative results which confirms
NIPT as an‘advanced screening test rather than a diagnostic prenatal test. Despite NIPT being
neither locally available nor publicly funded during the study period, there was increasing
demand forsNIPT testing which corresponded to greater public knowledge of NIPT and reducing
cost. Despite'a low risk cFTS (<1:1000) and counselling, 908 women still had NIPT. These facts
suggest that the patients in this cohort favoured a prenatal screening model with high detection
rate and safety, with cost being a secondary concern.

Nearly two-thirds of the patients had NIPT as afirst-line screen, usually performed under 11
weeks gestation. This model has the advantage of the highest aneuploidy detection of al current
screening.modalities with the lowest FPR and results are available before the detailed first
trimester ultrasound. Thus all relevant information is available in atimely fashion should
invasivetesting'by CV S be necessary. CV Stests placental mesenchymal DNA which is derived
from the inner cell mass like the fetus, so is more likely to be representative of the fetal DNA,
while NIPT testStrophoblastic DNA *°.

Comparing three possible screening models in the current cohort showed NIPT alone had the
highest DR for all chromosome abnormalities, followed by the contingent model, then cFTS
alone, although the numbers were insufficient to reach statistical significancein al but the
comparison between NIPT alone and cFTS alone. Thisinfersthat first line NIPT achieves a
higher DR asit is not restricted by the performance of the primary screening test. The difference
was most marked for sex chromosome aneuploidy and least for trisomies 21, 18 or 13. Combined
FTS assistedhin.the detection of other chromosomal abnormalities not detectable by NIPT, even
though it was not designed for that purpose. First trimester anatomical assessment detected two
cases with a severe structural anomaly but normal karyotype, which resulted in pregnancy

termination.
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NIPT was typically used in addition to cFTS or early anatomical assessment in this study cohort,
rather than as areplacement for it, which was similar to the findings of an early survey of NIPT
use by Australian sonologists.™ Three of the false positive cases and the one false negative
trisomy 18 case from NIPT had correct assignment of risk by cFTS, hence the two in tandem
may be of assistance in determining appropriate management.*? The single false positive trisomy
21 result on.NIPT was also high risk on cFTS.

Additional“benefits of cFTSinclude fetal structural assessment, NT measurement, and risk
assessmentfor agdverse pregnancy outcomes such as early onset pre-eclampsia®***® Fetal
structural anemalies and enlarged NT measurements are found in a number of chromosome
abnormalities’and genetic syndromes that are not detected on current NIPT. ®%*8 The current
cohort included.5 additional chromosome abnormalities found as aresult of invasive testing in
fetuses with.structural abnormalities and low NIPT aneuploidy risks Four of these 5 cases were
identified after the first trimester. Combined FTS was performed in 3 of these cases, two of
which were at high risk. In alarge Danish cohort undertaking cFTS, 23% of phenotypically
important atypical chromosome abnormalities found would not have been detected using current
NIPT. ' Similarly Susman et al. found that NIPT would not have detected 11% of the

chromosomal ‘abnormalities which were detected due to cFTSin Victoria.*®

Some patients used NIPT as added reassurance after low risk assessment with cFTS. The risk
used as the cut-off for each patient was self-determined, although guidance was given based on

published contingent models.**?°

Sex chromasome abnormalities are more common at birth than the major trisomies and are often
phenotypically normal 2% Conventional prenatal screening did not directly seek to identify sex
chromosemal-abnormalities and whether they should be detected antenatally has been
questioned ¢ “Earlier detection enables early intervention, particularly with hormonal therapy
for Turner’s and Kleinfelter’s syndromes, as these syndromes are often not diagnosed until
puberty 2Skilled post-diagnosis counselling has been shown to assist understanding of the
condition and reduce pregnancy termination rates.? NIPT has poorer detection and a higher
FPR for sex chromosome abnormalities than for the other trisomies, particularly for monosomy
X, which was confirmed in this study.?® Causes for thisinclude sequencing bias of guanine and

cytosine, maternal mosaicism, maternal XXX and placental mosaicism.?®2’ NIPT may lead to
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maternal testing and the discovery of a maternal sex chromosome aneuploidy or mosaicism,
complicating the counseling.®

NIPT caused a significant reduction in invasive testing compared with the previous cFTS
program.sSomewomen will undertake NIPT asit is perceived as being without risk, even though
they would not consider invasive testing or pregnancy termination. Others with alow risk on
both NIPT and cFTS are still not sufficiently reassured and will have definitive testing.
Structural @bnormalities found at a detailed first trimester scan or second trimester morphology
assessmentadded 29 invasive tests in this cohort but identified 5 atypical chromosomal
abnormalities(17.2%).

The strengths of‘this study include the large cohort, appropriate counselling and pre-test
ultrasound. Many: patients also had cFTS and the option of invasive testing with microarray
analysis. Potential weaknesses of the study include: incomplete pregnancy outcome
ascertainment, a private practice population that may not be representative of the Australian
obstetric community, being older, predominantly Caucasian, from a higher socioeconomic group
and some patients referred after a high risk screening result elsewhere. The trisomy 21
prevalencewas similar for both first and second line NIPT screening groups (1in120and 1in
127 respectively) but higher than expected from a cohort with a median age of 36 years (1 in 196
at 12 weeks gestation), suggesting the potential of referral and self-selection bias.?®

Conclusion

This large study‘confirms that NIPT has a very high aneuploidy detection rate with avery low
FPR. The DRislimited by the first screening test, so it would not have been the same had NIPT
only been used contingent on the cFTS result. Sex chromosome abnormalities accounted for half
of all high risk NIPT results, but have a high FPR and create challenging counselling. The study
also demonstrated the benefits of additional cFTS in detection of structural anomalies and
atypical chromosomal abnormalities. The use of NIPT will increase as the number of screened
conditions inereases and the cost reduces, but the introduction is best handled within the context
of an experienced first trimester screening program with access to appropriate counselling and
prenatal diagnosis.
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TABLES & FIGURES

Table 1. NIPT performance by aneuploidy type

Total high  True positive False positive Positive Unknown
risk-results results results predictive value
(%)’
T21 '4‘— 43 1 91.4 3 (miscarriage=3)
T18 12 7 4 5.3 1 (miscarriage=1)
Ti3 2‘ ’ 1 1 50.0 0
X0 27 (mosaic=2) 1 25.0 3 (miscarriage=1)
XXX 14 43 33.3 5
]
XXY 13 5 54.5 2
XYY 4 3 1 75.0 0
—
119 69 36 57.9 14

* Where outcomerisknown

Table 2. Detection of pregnancies with known abnormal chromosomes using 1)NIPT only; 2) A

contingent model, using cFTS as a first line test with invasive testing for those with risk above 1:50

and NIPT alseiforithose at intermediate risk (1:51 — 1:1000) and 3) cFTS only with a 1:300 cut-off.

Percentages show/detection rates.

All Patients Chromosome Contingent | cFTS
chromosome | undertakin abnormalities in only
abnermality | g NIPT only those undertaking
(n=5267) * cFTS (n=3311) **
T21 1 43 22 21 20
(100 ) (95.5 ) (90.9 )
T18 7 7 7
T13 2 2 0 0 0
45X 3 3 1
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Figure 1. Distribution of gestation at non-invasive prenatal testing
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Figure 2: Flow diagram of NIPT testing performed as a first line test
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Figure 3: Flow diagram of NIPT testing performed as a second line test. 36 cases having NIPT entirely due to a structural abnormality are not included below.
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Mos T22 = Mosaic trisomy 22

Unknown = Karyotyping was not performed, often due to miscarriage or unconfirmed sex chromosomal abnormality
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