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Non-Invasive Chromosomal Evaluation (NICE) Study: results
of a multicenter prospective cohort study for detection
of fetal trisomy 21 and trisomy 18
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OBJECTIVE: We sought to evaluate performance of a noninvasive pre-
natal test for fetal trisomy 21 (T21) and trisomy 18 (T18).

STUDY DESIGN: A multicenter cohort study was performed whereby
cell-free DNA from maternal plasma was analyzed. Chromosome-
selective sequencing on chromosomes 21 and 18 was performed
with reporting of an aneuploidy risk (High Risk or Low Risk) for each
subject.

RESULTS: Of the 81 T21 cases, all were classified as High Risk for T21
and there was 1 false-positive result among the 2888 normal cases, for
a sensitivity of 100% (95% confidence interval [Cl], 95.5-100%) and a

false-positive rate of 0.03% (95% Cl, 0.002—0.20%). Of the 38 T18
cases, 37 were classified as High Risk and there were 2 false-positive
results among the 2888 normal cases, for a sensitivity of 97.4% (95%
Cl, 86.5-99.9%) and a false-positive rate of 0.07% (95% Cl,
0.02—-0.25%).

CONCLUSION: Chromosome-selective sequencing of cell-free DNA
and application of an individualized risk algorithm is effective in the de-
tection of fetal T21 and T18.
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( :urrently, the most effective and
commonly used prenatal screening

* EDITORS’ CHOICE %

ing tests have false-positive rates of 2-3%
and false-negative rates of =5%."* Pos-
itive screening results require confirma-

tests for fetal aneuploidy use a combina-
tion of maternal age, sonographic mea-
surement of the fetal nuchal translucency,
and measurement of maternal serum

screening markers in the first and second
trimesters.'* Although prenatal screen-
ing tests have greatly improved in the
past decade, the best performing screen-

tion with diagnostic testing (eg, chorionic vil-
lus sampling [CVS] or amniocentesis); these
tests carry fetal loss rates of approximately 1
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in 300 procedures.”® Current screening par-
adigms are not uniform, with multiple algo-
rithms available for use at various stages of
pregnancy, and therefore can be confusing to
incorporate into clinical practice.”

The presence of fetal and maternal cell-
free DNA (cfDNA) circulating in maternal
plasma is now widely appreciated, and sev-
eral groups have demonstrated fetal tri-
somy 21 (T21) detection using massively
parallel DNA shotgun sequencing (MPSS)
in case-control studies.*'* This technique
sequences cfDNA fragments to determine
their specific chromosomal origin; a slightly
higher than expected percentage of chromo-
some 21 fragments indicates that the fetus
has a third chromosome 21.*” In addition to
detecting T21, several studies have reported
on the use of MPSS in assaying trisomy 18
(T18) and trisomy 13 (T13).""**

Despite these promising results, MPSS
randomly analyzes DNA from the entire
genome, resulting in higher cost and
complexity than is practical for wide-
spread clinical adoption. Recent studies
have reported on an alternative assay,
Digital ANalysis of Selected Regions
(DANSR), that selectively evaluates spe-
cific genomic fragments from cfDNA,
providing more efficient use of sequenc-
ing and potentially reduced costs when
compared to MPSS.">"” This process of
chromosome-selective sequencing has
been extended to enable simultaneous
determination of the fraction of fetal
cfDNA in the maternal plasma as well as
the chromosome proportion by assaying
polymorphic and nonpolymorphic loci.'
When combined with a novel analysis al-
gorithm, the Fetal-fraction Optimized
Risk of Trisomy Evaluation (FORTE), this
information can provide an individualized
assessment of trisomy risk.'® In a recently
published blinded independent study, the
use of DANSR and FORTE was found to
separate all cases of T21 and 98% of cases
of T18 from euploid pregnancies in 400
singleton pregnancies at 11-13 weeks’
gestation.'”

This report describes the results of a
multicenter study designed to evaluate
the performance of this noninvasive pre-
natal assay and algorithm in a large co-
hort of women prior to invasive prenatal
diagnostic testing.

MATERIALS AND METHODS

Study population

This was a prospective, cohort study
comprising pregnant women aged =18
years, at gestational age =10 weeks, with
a singleton pregnancy, who were plan-
ning to undergo invasive prenatal diag-
nosis for any indication. Subjects who
were pregnant with >1 fetus, or who
themselves had a known aneuploidy, had
active malignancy or a history of meta-
static cancer, or had already undergone
CVS or amniocentesis during the cur-
rent pregnancy were excluded.

Subjects were prospectively enrolled
after providing informed consent at se-
lected prenatal care centers in the United
States, The Netherlands, and Sweden.
Institutional review board approval was
obtained at all participating centers.

Sample collection and preparation
Approximately 20 mL of blood was col-
lected from each subject prior to any in-
vasive procedure into a Cell-free BCT
tube (Streck, Omaha, NE). Samples were
sent directly to the laboratory without
processing and needed to be received
within 7 days of collection with no tem-
perature excursions indicating freezing.
Plasma was isolated from blood via a
double centrifugation protocol. cfDNA
was isolated from plasma using the
Dynabeads Viral NA DNA purification
kit (Dynal, Grand Island, NY) protocol,
with minor modifications, and each
sample was arrayed into individual wells
of a 96-well microtiter plate.

Test methods

Each subject’s c¢fDNA sample was iso-
lated and quantified using the DANSR
assay, which has been described previ-
ously.'” Briefly, this method uses ligation
of locus-specific oligonucleotides to pro-
duce a sequencing template only from
selected genomic loci, thus reducing the
amount of DNA sequencing needed. The
FORTE algorithm, also previously de-
scribed in detail,'® was used to estimate
the risk of aneuploidy for chromosomes
21 and 18 in each sample. The FORTE
risk score is determined by calculating
the odds ratio for trisomy based on chro-
mosome 21 and 18 cfDNA counts, and
fraction of fetal cfDNA in the sample,
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then applying this as a likelihood ratio to
the a priori trisomy risk based on the ma-
ternal age and gestational age.'® A pre-
defined cutoff value of 1 in 100 (1%) was
designated as the threshold for classify-
ing a sample as High Risk vs Low Risk.
The cutoff value was determined based
on previous analyses that demonstrated
an optimal separation between trisomy
and euploid samples. Samples that did not
generate a result were classified as low
(<4%) fraction of fetal cfDNA, inability to
measure fraction of fetal cfDNA, unusually
high variation in ¢fDNA counts, and failed
sequencing.

The laboratory personnel who per-
formed the analyses were blinded to the
clinical information associated with each
sample. Finalized results were trans-
ferred to an independent data manage-
ment center (Advance Research Associ-
ates, Mountain View, CA) for merging of
assay and clinical data, and unblinding.

Data analysis

Sample size was calculated based on ob-
taining sufficient cases of T21 to achieve
lower bound 95% confidence intervals
(CI) for sensitivity and specificity that
were comparable or superior to current
prenatal screening tests. The target per-
formance for the DANSR and FORTE
method was anticipated to be =98% for
both sensitivity and specificity based on
previous data.'”'” Using this estimate, at
least 60 cases of T21 would be required to
provide a lower 95% CI of 90% for sen-
sitivity. Assuming a T21 prevalence of 1
in 50 in the study cohort, based on a typ-
ical population of women undergoing
invasive prenatal diagnosis, at least 3000
eligible subjects would be required. Cat-
egorical variables were summarized by
the number and percentage of subjects
in each category. Continuous variables
were summarized as total number, mean,
SD, minimum, median, and maximum
values. We used x* tests with Bonferroni
correction when comparing categorical
variables and proportions. Linear regres-
sion models were used to test the correla-
tion between continuous variables (eg,
percent fetal and gestational age) with the
null hypothesis that the slope between 2
continuous variables is 0. Multivariate lo-
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FIGURE 1
Flow diagram of subjects
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Flow diagram of subjects. Eligible subjects for analysis were classified into trisomy 21, trisomy 18, normal, and other based on invasive testing results.
For purpose of this analysis, “normal” includes common chromosomal variants and balanced Robertsonian translocations.
DANSR, Digital ANalysis of Selected Regions; FORTE, Fetal-fraction Optimized Risk of Trisomy Evaluation; /£, inclusion/exclusion.
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gistic regression was used when the re-
sponse variable was categorical. Standard
analysis of variance models were used
when the response variable was continu-
ous and the explanatory variables were dis-
crete. The 95% CI for sensitivity and spec-
ificity were computed using the method of
Wilson.'®

Analysis of samples using DANSR
and FORTE included all evaluable sub-
jects who had undergone invasive test-
ing with fetal genotype analysis by
karyotype, fluorescent in situ hybrid-
ization, or quantitative fluorescent
polymerase chain reaction.

Prior to study unblinding, chromo-
somal abnormalities were categorized as
T21, T18, T13, sex chromosome aneu-
ploidy, triploidy, balanced translocation,
unbalanced translocation, duplication, de-
letion, extra structurally abnormal chro-
mosome, confined placental mosaic, mo-
saic (likely true), mosaic (likely artifact),
and other. T21 cases resulting from unbal-
anced Robertsonian translocations were
classified as “T21” and those with mosa-
icism for T21 or T18 were classified as
“other.” Subjects with commonly identi-
fied chromosomal rearrangements pre-
dicted to have a normal outcome, such as

inversions of chromosomes 1, 9, or 16, in
addition to those with balanced Robertso-
nian translocations (inherited and de
novo) were considered normal for the pur-
pose of this analysis. Categorization was
performed by a clinical geneticist (M.E.N.)
based on review of each clinical karyotype
report for all abnormal results.

For efficacy analysis, results from the
DANSR assay and FORTE algorithm
were compared against the reference
standards of clinically adjudicated inva-
sive testing results. Results from the
DANSR assay and FORTE algorithm
were provided as a trisomy risk score,

AUGUST 2012 American Journal of Obstetrics & Gynecology 137.e3
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TABLE 1

Demographic

Normal® (n = 3021)

Demographic and baseline characteristics of subjects evaluated

Trisomy 21 (n = 84)

Trisomy 18 (n = 42)

Other (n = 81) Total (n = 3228)

Maternal age, y, mean = SD (range)

34.3 + 6.3(18-50) 35.4 = 7.3 (18-47)

34.5 = 6.1 (22-45)

32.0 = 6.9° (18-44) 34.3 + 6.4 (18-50)

Gestational age, wk, mean + SD
(range)

17 £ 4.1(10-38.7) 16.4 = 3.1 (11.6-25.7)

16.2 = 4.3 (10.9-29.4)

16.6 + 4.5(10.0-34.1)  16.9 + 4.1 (10-38.7)

Maternal ethnicity, n (%) 1504 (49.8) 36 (42.9) 20 (47.6) 40 (49.4) 1600 (49.6)
Caucasian 197 (6.5) 3(3.6) 2(4.8) 5(6.2) 207 (6.4)
African American 406 (13.4) 8(9.5) 5(11.9) 5(18.5) 434 (13.4)
Asian 677 (22.4) 27 (32.1) 10 (23.8) 8(22.2) 732 (22.7)
Hispanic 237 (7.8) 0(11.9 5(11.9) 3(3.7) 255 (7.9)
Other

Fetal DNA in sample
n® 2888 81 38 73 3080
Percent fetal DNA, mean = SD 11 = 45(4.2-51.3) 11.6 = 4.2 (5.1-23.3) 10 = 3.8 (4.9-20.8) 11.6 = 5.1 (4.5-32.0) 11 = 4.5 (4.2-51.3)
(range)

a For purpose of this analysis, “normal” includes common chromosomal variants and balanced Robertsonian translocations; ® P < .05; © Based on 3080 samples successfully tested.
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with the upper and lower risk value
capped at 99% (99 in 100) and 0.01% (1
in 10,000), respectively. Primary calcula-
tions for sensitivity and specificity were
based on a 1% (1 in 100) cutoff to desig-
nate results as High Risk or Low Risk for
a given trisomy. Additional analyses on
test performance were reported at differ-
ent risk cutoff values.

RESULTS

Study participants

A total of 4002 pregnant women were
enrolled in the study from Aug. 1, 2010,
through Nov. 1, 2011, across 3 countries.
Samples from all 3 countries were ana-
lyzed together as a single cohort given the
use of specialized blood collection tubes
that preserve cfDNA in blood for up to
14 days.'” Of the 4002 plasma samples
obtained, 433 samples were used for as-
say development with a subset of these
reported on previously.'® An additional
341 samples were ineligible prior to anal-
ysis for failing to meet inclusion/exclu-
sion criteria (n = 237), insufficient sam-
ple volume (n = 84), and incorrect
sample labeling (n = 20). Of the 3228
samples remaining, all underwent anal-
ysis. Of analyzed samples, 57/3228 cases
(1.8%) were excluded due to low (<4%)
fraction of fetal cfDNA and an additional
91/3228 (2.8%) samples were excluded
due to assay failure. Assay failure modes

included inability to measure fraction of
fetal cfDNA, unusually high variation in
cfDNA counts, and failed sequencing.
Figure 1 shows the flow of samples be-
tween enrollment and analysis.

The mean maternal age was 34.3
(range, 18-50) years for all subjects, and
the cohort was racially and ethnically
diverse, with 49.6% (1600/3228) of the
population identified as Caucasian, 6.4%
(207/3228) African American, 13.4%
(434/3228) Asian, 22.7% (732/3228)
Hispanic, and 7.9% (255/3228) other.
For invasive testing, 818/3228 (25.3%) of
subjects had karyotyping with CVS, and
2410/3228 (74.7%) by amniocentesis.
There were no statistical differences as
determined by x* tests with Bonferroni
correction between the normal and tri-
somy groups among these variables.

The mean gestational age of the cohort
was 16.9 (range, 10.0-38.7) weeks with
no statistical difference between normal
and trisomy groups based on linear re-
gression analysis (Table 1). In the entire
cohort for analysis, there were 84 cases of
T21, 42 cases of T18,and 81 other abnor-
mal karyotypes including 4 cases of T13
and T21 sex chromosomal aneuploidies
(Table 2).

Fetal fraction
Qverall, the fraction of fetal cfDNA ex-
pressed as a percentage was 11% in the
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samples tested (Table 1). The fetal frac-
tion did not vary with race/ethnicity,
maternal age, or trisomy type using stan-
dard 1-way analysis of variance and lin-
ear regression analysis. The fraction of
fetal cfDNA by gestational age week is
depicted in Figure 2. For gestational ages
between 10-22 weeks, there was no sta-
tistical difference in fraction of fetal
cfDNA.

Test performance

The classification of samples as High
Risk or Low Risk at various cutoffs using
the DANSR and FORTE method, and
the correlation with invasive testing is
shown in Table 3. Applying the pre-
defined 1% cutoff to the 81 T21 cases in
which a result was obtained, all yielded a
High Risk result for a sensitivity of 100%
(95% CI, 95.5-100%). Of the normal
cases, 2887/2888 were classified as Low
Risk for T21, yielding a specificity of
99.97% (95% CI, 99.8-99.99%) or false-
positive rate of 0.03% (95% CI, 0.002—
0.20%) (Figure 3 and Table 3). The 1
chromosomally normal case reported as
High Risk for T21 had a risk score of
1.1% (1 in 92).

Applying the predefined 1% cutoff to
the T18 cases in which a result was ob-
tained, 37 of 38 yielded a High Risk result
for a sensitivity of 97.4% (95% CI, 86.5—
99.9%). Of the normal cases, 2886/2888
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were classified as Low Risk for T18, yield-
ing a specificity of 99.93% (95% CI,
99.75-99.98%) or false-positive rate of
0.07% (95% CI, 0.02-0.25%) (Figure 3
and Table 3). One T18 case by invasive
testing was classified as Low Risk with a
score of <0.01% (1in 10,000). Two cases
with a normal karyotype by invasive test-
ing were classified as High Risk for T18
with risk scores of 73.8% and >99%.

Within this cohort, the positive pre-
dictive values for T21 and TI18 were
98.8% and 94.9%, respectively. The neg-
ative predictive values for T21 and T18
were 100% and 99.96%, respectively.

The presence of other chromosomal
abnormalities besides T21 or T18 did not
impact the fetal fraction or the analysis of
T21 or T18 risk. In other words, these
cases did not have more false-positive re-
sults, or more cases of assay failure.
Within this group, 1 case of confined
placental mosaicism for T21 by CVS
with a normal amniocentesis result was
classified as Low Risk, and 1 case of con-
fined placental mosaicism for T18 with a
normal amniocentesis result was also
classified as Low Risk. There was also 1
T21 mosaic on amniocentesis that was
classified as Low Risk.

COMMENT

This study demonstrates the efficacy of
a chromosome-selective approach to
cfDNA testing for fetal T21 and TI8.
Opverall, this approach had 100% sensi-
tivity and 99.97% specificity for T21 and
97.4% sensitivity and 99.93% specificity
for T18 in this large cohort of primarily
high-risk women. The improvement in
sequencing efficiency achieved by the
DANSR platform provides a more af-
fordable, scalable approach to cfDNA
analysis with high throughput and po-
tential for widespread clinical utility.

In this study, there was generally at
least a 100,000-fold magnitude separa-
tion between the risk score of trisomy vs
disomy, with reported risks of >99% or
=1/10,000 for trisomy. In a small num-
ber of cases (17, or 0.5% of the total co-
hort), the risk score fell between these di-
chotomous values. An advantage of the
FORTE algorithm is that it allows an as-
sessment of the magnitude of risk for

( N\
TABLE 2
Classification of chromosomal abnormalities

Percent of all

Chromosomal abnormality type n abnormalities
Trisomy 21 84 40.6
Trisomy 18 42 20.3
Trisomy 13 4 1.9
Sex chromosome aneuploidy?® 21 10.1
Triploidy 5 2.4
Balanced translocation 10 4.8
Unbalanced translocation 3 1.4
Duplication 3 1.4
Deletion 2 1.0
Extra structurally abnormal chromosome 5 2.4
Confined placental mosaic 8 3.9
Mosaic—likely true 11 5.3
Mosaic—likely artifact 3 1.4
Other 6 2.9
@ Includes mosaics.

L Norton. Noninvasive chromosomal evaluation for fetal trisomy 21 and 18 detection. Am J Obstet Gynecol 2012. )

such cases. In the 1 false-positive T21 re-
sult, the risk was calculated at 1.1% (1 in
92), so was reported as High Risk, al-
though clearly the most likely outcome
with such a risk is a non-T21 fetus.

The fraction of cfDNA that is fetal is a
key component of the FORTE algo-
rithm, with trisomy becoming easier to
detect at higher fetal fractions. Between
10-22 weeks of gestation, when the ma-
jority of patients would likely have this
test performed, we did not find a signif-
icant difference in the fetal fraction.
While earlier studies have shown a rela-
tionship between gestational age and fe-
tal DNA amounts, the increase in fetal
DNA was not seen until the third trimes-
ter.”” More recent studies corroborate
our findings that in the first and second
trimester there is no relationship be-
tween gestational age and fetal DNA
amounts.'*' Therefore, it appears that
there is no benefit to waiting until later in
the gestational age window to undergo
testing. For cases in which the fetal frac-
tion is too low to analyze, repeating the
test at a later gestational age may be use-
ful if fetal fraction varies within individ-
uals. Further research to study this is
warranted.

A limitation of this assay, as with
MPSS, is that a percentage of cases do not
provide a result. In this study, a total of
4.6% (148/3228) of cases had either low
fetal DNA fraction or assay failure. Reas-
suringly, we found that the assay failure
rate was comparable in normal vs tri-
somy cases. The reasons for assay failure,
including low fetal fraction, are not
known. In this study, we did not find as-
say failure to be associated with gesta-
tional age, maternal age, race/ethnicity,
or fetal karyotype. Larger studies, with
follow-up of cases in which results are
not obtained, will be required to deter-
mine whether there is any clinical signif-
icance to this outcome. As with other
published series'""'*'” we also found
that testing for T18 appears to be some-
what less robust than testing for T21.
However, the overall numbers of abnor-
mal cases were too small to identify sta-
tistically significant differences in fetal
fraction, or in false-positive or false-neg-
ative rates.

In this cohort of women, it is notable
that 39% of the abnormal karyotype re-
sults obtained from invasive testing and
predicted to have phenotypic conse-
quences were abnormalities other than

AUGUST 2012 American Journal of Obstetrics & Gynecology 137.e5
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FIGURE 2
Fraction of cfDNA by gestational age
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T21 and T18. As with current screening,
cfDNA at present is focused on the most
common and clinically significant aneu-
ploidies. Although the technology may
improve and allow detection of an in-
creasing number of chromosomal ab-
normalities, currently the avoidance of
the risks of invasive testing come at the
cost of more focused detection of only
specific aneuploidies. With improve-
ments in serum and ultrasound screen-
ing for T21 and T18, the rate of invasive
testing has decreased in recent years.”* **
In choosing screening over diagnostic

testing, women are making a choice to
forego the additional information pro-
vided by a full karyotype to avoid the risk
of loss associated with CVS or amnio-
centesis. They are also currently weigh-
ing the false-positive and false-negative
rates of current testing, which are
substantial.' ™

Prior studies of cfDNA have been case-
control studies, comparing detection in
subjects identified with fetal T21 or T18
to a selected group of those with normal
karyotypes.®'” This current study in-
cluded an entire large cohort of subjects

undergoing invasive prenatal diagnosis,
and we were thus able to assess abnor-
malities such as Robertsonian transloca-
tions and the potential impact of other
complex and unusual chromosomal ab-
normalities on cfDNA test results. Over-
all, the presence of chromosomal vari-
ants (eg, the common inversions of
chromosomes 1, 9, and 16), as well as
deletions, duplications, and other rare
anomalies, did not interfere with detec-
tion of T21 or T18. In addition, while
our study included primarily high-risk
women, all women undergoing invasive

' )
TABLE 3
Trisomy evaluation performance at various cutoff values

Trisomy 21 Trisomy 18

Cutoff Sensitivity Specificity Sensitivity Specificity
1in 1000 (0.1%) 100% (81/81) 99.90% (2885/2888) 97.4% (37/38) 99.79% (2882/2888)
1in 300 (0.33%) 100% (81/81) 99.90% (2885/2888) 97.4% (37/38) 99.86% (2884/2888)
1in 100 (1%) 100% (81/81) 99.97% (2887/2888) 97.4% (37/38) 99.93% (2886/2888)
1in 10 (10%) 100% (81/81) 100% (2888/2888) 94.7% (36/38) 99.93% (2886/2888)
Predetermined cutoff of 1 in 100 (1%) highlighted.

L Norton. Noninvasive chromosomal evaluation for fetal trisomy 21 and 18 detection. Am ] Obstet Gynecol 2012. )
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FIGURE 3

T21 and T18 detection with DANSR and FORTE
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prenatal diagnosis for any indication
were eligible, so our cohort represents a
broader population than reported in
previous studies.

There has been much discussion about
how noninvasive prenatal testing via
cfDNA might fit in with the current
menu of prenatal testing options, in-
cluding current screening and diagnostic
testing.'” The place of this technology re-
mains uncertain, and there is concern
that introduction of another test will po-
tentially add to the confusion of an al-
ready complicated prenatal testing envi-
ronment. Because of the high cost and
relative inefficiency of MPSS, such test-
ing has been suggested as a follow-up
screening test to be offered to patients
identified as high risk based on current
multiple marker screening. While the
use of cfDNA as an intermediate
screening tool would likely reduce in-
vasive testing rates, this approach
would add complexity to patient deci-
sion-making and delay diagnosis for
affected fetuses, without necessarily
offering additional information for
those women who do ultimately un-
dergo invasive testing.

Conversely, cfDNA has also been dis-
cussed as an alternative to invasive diag-
nostic testing, although with apprecia-

tion that even the excellent detection
rates achieved with ¢fDNA testing are
not comparable to those obtained with
invasive diagnosis. In addition, invasive
testing allows analysis of a complete
karyotype or application of microarray-
based comparative genomic hybridiza-
tion, providing substantial additional
information beyond common fetal tri-
somy detection.

With the methods reported here, the
higher throughput and lower cost'
make this technique potentially scalable
for population screening. cfDNA offers
high accuracy with a single blood test, as
opposed to the complex testing algo-
rithms and multiple blood and ultra-
sound examinations required with cur-
rent integrated screening. As such, this
technology is potentially suitable as a re-
placement for current, relatively ineffi-
cient aneuploidy screening. If cfDNA
were scalable as a population-based
screening test, the type of abnormalities
detected would not be different, but the
test performance on both sensitivity and
specificity would be far better. However,
further experience in larger populations
of average-risk women is needed to clar-
ify the role and utility of cfDNA in clin-
ical practice. u
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