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Prospective validation of quantitative fluorescent
polymerase chain reaction for rapid detection of
common aneuploidies
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Purpose: To prospectively validate a quantitative fluorescent polymer-
ase chain reaction (PCR) assay as a method of rapid prenatal aneuploidy
detection for chromosomes 13, 18, 21, X, and Y. Methods: A com-
mercial quantitative fluorescent PCR kit was validated on 200 known,
blinded, prenatal DNA specimens. The kit was then validated prospec-
tively on 1069 amniotic fluid specimens, and the results were compared
with the karyotype results and the results of interphase fluorescence in
situ hybridization testing, when performed in the course of standard
care. Turnaround time was monitored in a subset of the prospective
specimens. Results: The analytical sensitivity and specificity of testing
in the validation specimens were 98.9% and 100%, respectively. There
were no false positives and a single false negative, a mosaic sex
chromosome aneuploidy interpreted as normal. In the prospective study,
the analytical sensitivity and specificity were 98% and 100%, respec-
tively. No false positives and a single false negative, again a sex
chromosome mosaic, were detected. Overall, 72.5% of all chromosomal
anomalies and 87.7% of clinically significant chromosome anomalies
were detected by quantitative fluorescent PCR. The average and median
turnaround times were 30.5 and 25.1 hours, respectively. Conclusions:
Quantitative fluorescent PCR is a robust and accurate method of rapid
prenatal aneuploidy detection. Genet Med 2011:13(2):140-147.
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In Canada, invasive prenatal diagnosis is recommended for a
number of indications, including abnormal maternal serum
screening results, advanced maternal age (=35 years at the time
of delivery), ultrasound anomalies, or a family history of a
genetic or chromosomal disorder.!-

Aneuploidies of chromosomes 13, 18, 21, X, and Y are the
most common chromosomal anomalies detected in prenatal
specimens, representing approximately 70% of all chromosomal
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anomalies detected.3# Currently, the gold standard for prenatal
diagnosis of chromosomal anomalies is karyotype analysis us-
ing specimens obtained during either amniocentesis or chori-
onic villus sample (CVS).> Because karyotype analysis of pre-
natal specimens requires a culturing period, karyotype results
are typically not available until 10—14 days after the procedure.
Furthermore, karyotyping is a labor-intensive and expensive
process that does not lend itself easily to automation. Shortage
of resources in the cytogenetics laboratory can often contribute
to delayed turnaround times for these prenatal specimens. This
delay can be very stressful for the patient, especially in high-risk
situations or when the pregnancy is already quite advanced.
Therefore, a rapid test to rule out the most common chromo-
somal anomalies in all women undergoing amniocentesis or
CVS is desirable.

Rapid prenatal aneuploidy detection by fluorescence in situ
hybridization (FISH) has been available in most cytogenetics
laboratories for at least 15 years.® FISH uses fluorescently
labeled DNA probes complementary to chromosomes 13, 18,
21, X, and Y, thereby allowing scoring of common aneuploidies
in interphase nuclei and serves as a powerful adjunct to classical
cytogenetics. This technique has the advantage of not requiring
cell culture and results can usually be generated within 24—48
hours of the procedure. Interphase FISH has a sensitivity and
specificity for detecting aneuploidies of chromosomes 13, 18,
21, X, and Y that approach 100%,7 and there is a commercially
available FISH probe set for in vitro diagnostic use (AneuVys-
ion™; Abbott Molecular, Abbott Park, IL). However, the cost
of FISH is often prohibitive. Furthermore, FISH is relatively
labor intensive, although less so than karyotyping. Conse-
quently, the high cost of reagents and labor intensity of inter-
phase FISH are prohibitive for widespread use, limiting this
option to women at the greatest risk. Most centers in Ontario set
minimum risk criteria for offering prenatal FISH, although the
exact risk figure used varies from center to center.

Other options for rapid prenatal detection of aneuploidy
include quantitative fluorescent polymerase chain reaction (QF-
PCR), multiplex ligation-dependent probe amplification, and
genomic microarray testing.®° Multiplex ligation-dependent
probe amplification and genomic microarray testing have been
reviewed elsewhere and will not be further discussed in this
study.®10 QF-PCR was developed in Europe, and its use has
increased in recent years in a number of different countries in
Europe and Asia, although its use in North America is still
relatively rare.!'34 QF-PCR involves the relative quantitation
of polymorphic markers on each of the chromosomes of interest
using fluorescently labeled primers to amplify the markers
followed by analysis using capillary electrophoresis. The num-
ber of alleles and their relative intensity at each marker can then
be used to predict chromosome copy number.® Several multi-
plexed assays for prenatal diagnosis have been devel-
oped,!3-1516 and commercial kits are also now available. Several

Genetics IN Medicine ® Volume 13, Number 2, February 2011



Genetics IN Medicine ¢ Volume 13, Number 2, February 2011

QF-PCR for rapid aneuploidy detection

large studies have now been published that indicate that QF-
PCR is a sensitive and specific method for detecting aneuploidy
in prenatal specimens.?!.24.30.34 These studies suggest that QF-
PCR shows a very high level of concordance with conventional
cytogenetic studies (99.6% in the largest study to date) with
no false positives and very few false negatives.!¢-28:30 Con-
sidering just abnormal results, QF-PCR detected 92.3% of all
anomalies and 95% of clinically significant anomalies.3 It is
also highly robust with an amplification failure rate of 0.05—
0.09% with markers being informative for 99.95% of spec-
imens.!6-30 Interpretation of QF-PCR results was impossible
due to extensive maternal cell contamination (MCC) in just
1-1.7% of specimens.?8-30

The cost of QF-PCR is a fraction of the cost of FISH or
conventional karyotyping. Several recent studies have sug-
gested that QF-PCR could replace karyotyping in low-risk
pregnancies?!-34-38 and has the potential to reduce the need for
karyotyping by as much as 90% when combined with other
routinely used tests such as ultrasound.3s

In this study, a commercially available QF-PCR kit (Aneu-
fast™; Molgentix SL, Spain) was used for the rapid prenatal
diagnosis of aneuploidies for chromosomes 13, 18, 21, X, and
Y. The assay was validated on retrospective and prospective
amniotic fluid specimens. The QF-PCR results were compared
with karyotyping and FISH results to evaluate whether QF-PCR
was a viable replacement for FISH as a rapid method of prenatal
aneuploidy detection. Three primary research questions were
asked in this study: (1) What is the analytical validity (sensi-
tivity, specificity, positive predictive value [PPV], and negative
predictive value [NPV]) of QF-PCR testing using the Aneu-
fast™ kit in a series of known, blinded specimens? (2) What is
the analytical validity of QF-PCR testing using the Aneufast™
kit in a prospective set of unknown specimens? and (3) Is the
turnaround time of QF-PCR testing using the Aneufast™ Kkit
acceptable for a rapid prenatal aneuploidy test?

MATERIALS AND METHODS
Study specimens

Retrospective validation specimens

DNA from 200 anonymous amniotic fluid specimens with
known karyotype (both normal and abnormal), previously tested
in the molecular genetics laboratory at General Lab in Barce-
lona, Spain, were analyzed by North York General Hospital
(NYGH) to validate the QF-PCR assay used in this study. All
NYGH staff, including technologists and laboratory directors,
were blinded to the results of the specimens until all the anal-
yses were complete.

Prospective patient specimens

Two hospitals with the largest prenatal programs in Ontario
participated in this study: NYGH and Mount Sinai Hospital
(MSH), both located in Toronto. Between November 2006 and
July 2007, all women undergoing amniocentesis at NYGH and
MSH were invited to participate in the QF-PCR study. The
study was approved by the research ethics boards of both
NYGH and MSH. Each patient was given written information
about the test and individually counseled by a geneticist/genetic
counselor or obstetrician about the risks and benefits of partic-
ipating in the study. Patients who agreed to participate in the
study were asked to sign a consent form. A total of 1069 women
were enrolled in the study.

Approximately 1 mL of amniotic fluid required for QF-PCR
testing was taken from the specimen obtained for routine cyto-
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genetic analysis. All specimens were coded before submission
to facilitate blind testing. All QF-PCR testing was performed in
the Molecular Genetics Laboratory at NYGH, which is accred-
ited by Ontario Laboratory Accreditation and has all the appro-
priate quality assurance measures in place for diagnostic PCR
testing. Patients enrolled in the study received their karyotype
and FISH (when applicable) results after routine protocols. The
karyotype and FISH analyses were performed in the Cytoge-
netics Laboratory at the hospital in which the specimen was
drawn (NYGH or MSH). QF-PCR results were not revealed to
the patient.

Specimen preparation

For the retrospective study, DNA from specimens with
known karyotypes was prepared at General Lab in Barcelona,
Spain, using the same procedure detailed later. The specimens
were stored at —20°C for up to 5 years before the study.

For prospective patient specimens, DNA was isolated using
Chelex (InstaGene Matrix™, Bio-Rad, Mississauga, Canada) in
a rapid isolation technique. The whole extraction procedure was
performed in the same tube to reduce the risk of mishandling.
Briefly, 1 mL of uncultured amniotic fluid was pelleted by
centrifugation for 5 minutes at 13,000 rpm; 50-300 uL of
Chelex was added to the pellet depending on the size of the
pellet and incubated for 8 minutes at 70°C. The specimen was
mixed by vortexing for 10 seconds and incubated for 4 minutes
at 95°C. The specimen was mixed by vortexing again for 10
seconds and sedimented by centrifugation for 2 minutes at
13,000 rpm. PCR-ready single-stranded DNA was contained in
the supernatant.

For heavily blood-stained amniotic fluid specimens, red cell
lysis and washing steps were performed before DNA extraction.
Briefly, 1 mL of sterile distilled, deionized water was added to
the cell pellet and mixed by vortexing. After incubation at room
temperature for 2 minutes, the specimen was pelleted by cen-
trifugation for 5 minutes at 13,000 rpm. Two subsequent wash
steps were performed by aspirating the supernatant and adding
1 mL of sterile distilled, deionized water. The pellet was resus-
pended by vortexing followed by sedimentation by centrifuga-
tion for 5 minutes at 13,000 rpm. DNA isolation from the cell
pellet was then carried out as outlined earlier.

Quantitative fluorescent polymerase chain reaction

Aneufast™

The Aneufast™ QF-PCR (Molgentix SL, Spain) kit was used
in this study. Aneufast™ is a commercially available multiplex
QF-PCR kit for rapid prenatal diagnosis of aneuploidies of
chromosomes 13, 18, 21, X, and Y. The kit comprises six
multiplex marker sets of short tandem repeats (STRs) that can
be used for amplification of selected microsatellites and the
amelogenin and SRY genes. These multiplex marker sets include
two sets (S1 and S2) that include markers from all five chro-
mosomes of interest plus reflex marker sets from each of chro-
mosomes 13 (M13), 18 (M18), and 21 (M21) and a combined X
and Y chromosome reflex marker set (MXY). The S1 and S2
marker sets are performed for all specimens, whereas the chro-
mosome-specific reflex marker sets are used to clarify ambig-
uous results or confirm a positive result. More information on
the specific marker composition of the S1 and S2 sets as well as
the reflex sets is available from the manufacturer.3®

PCR, specimen preparation, and capillary electrophoresis
were carried out according to manufacturer’s instructions.3®
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Fig. 1.

Representative trisomic STR patterns. Trisomic specimens have two possible patterns: trisomic triallelic, in which

three copies of a chromosome are indicated by the presence of three peaks for corresponding chromosome-specific STRs,
all of which have the same fluorescence intensity and a ratio between the areas of 1:1:1 (D2151412) and trisomic diallelic,
which produces two unbalanced fluorescent peaks with an area ratio of 2:1 or 1:2 (D21S1809).

Interpretation

Results were interpreted, according to manufacturer’s in-
structions,?® by comparing the relative amount of fluorescence
of multiple alleles of a marker. Normal individuals who are
heterozygous will have approximately equal representation of
each allele and will, therefore, have a ratio of peak areas of 1:1.
An individual who is homozygous at a given marker will be
uninformative for that marker. At least two informative markers
were required for each chromosome to confirm a result.

Trisomic specimens have two possible patterns: three differ-
ent alleles (trisomic triallelic), in which three copies of a chro-
mosome are indicated by the presence of three peaks for cor-
responding chromosome-specific STRs, all of which have the
same fluorescence intensity and a ratio between the areas of
1:1:1 and trisomic diallelic, which produces two unbalanced
fluorescent peaks with an area ratio of 2:1 or 1:2 (Fig. 1).
Occasionally, homozygosity will be observed rendering the
markers uninformative. The diagnosis of trisomy is made if at
least two markers on the same chromosome have trisomic
patterns.

Trisomic specimens produce trisomic triallelic and diallelic
patterns for all markers on the same chromosome. Triploid
specimens produce trisomic diallelic or triallelic patterns for
informative STRs on all chromosomes. Tetraploidy cannot be
detected by this assay.

X chromosome monosomy (Turner syndrome) is indicated in
the S1 and S2 analyses by single alleles at the two pseudoau-
tosomal markers and the X-linked HPRT and the absence of the
Y-specific products for amelogenin and SRY. The likelihood for
a normal female to be homozygous for three STRs (thus indis-
tinguishable from X chromosome monosomy) is approximately
1.5%. Once the additional markers in the MXY reflex marker
set are incorporated in the analysis, the likelihood for a normal
female to be homozygous for all the X-linked or pseudoauto-
somal STRs in the S1/S2 and MXY reactions is reduced to
approximately 1 in 20,000.3° Therefore, such a result can be
cautiously interpreted as suggestive of Turner syndrome with a
recommendation that the results be considered in the context of
other supportive findings such as cystic hygroma on ultrasound.

Data analysis

All data analyses were carried out by NYGH. Karyotype and
FISH results from MSH were forwarded to NYGH using the
assigned specimen codes to maintain anonymity. The PPV,
NPV, overall sensitivity, and failure rate of the QF-PCR test
were evaluated and compared with karyotype and FISH (where
applicable).
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Turnaround time

To accurately determine the turnaround time of the QF-
PCR test, the time from specimen arrival to report signature
was recorded for 212 specimens. The requisition accompa-
nying the specimen was time and date stamped on arrival,
and the final report was similarly time and date stamped after
signature by the laboratory director. The total time in hours
and minutes between specimen arrival and report signature
was then calculated.

RESULTS

Retrospective validation specimens

The results of the 200 retrospective specimens are presented
in Table 1. The results of these specimens were compared with
the QF-PCR results previously obtained by General Lab (Bar-
celona, Spain), which had been confirmed with cytogenetic
analysis. Comparing the results with the previous analyses,
there were no false positives and a single false negative. The
sensitivity (true positives/true positives + false negatives) of
this analysis, therefore, was 98.9% (90/90 + 1). The PPV (true
positives/true positives + false positives) was 100% (90/90 +
0) with all specimens classified as abnormal being true posi-
tives. The specificity (true negatives/true negatives + false
positives) was also 100% (105/105 + 0). The NPV (true neg-
atives/true negatives + false negatives) was 99.1% (105/105 +
1). The one specimen incorrectly classified as normal was a
45,X[7]/46,XX[23] mosaic. Four specimens failed for a failure
rate of 2%.

Prospective study specimens

Patient demographics

In total, 1069 specimens were analyzed prospectively. The
median maternal age was 37 years (range, 16—49 years). The
median gestational age was 16 weeks, 0 days (range: 14 weeks,
6 days to 34 weeks, 0 days). As shown in Figure 2, the most
common reason for referral was advanced maternal age (60.2%)
followed by abnormal maternal serum biochemical screening
results (34.6%) and abnormal ultrasound findings (10.3%). A
small proportion of patients (8.7%) were referred for other
reasons such as having a previous child affected with a chro-
mosome abnormality or another genetic disorder or being a
carrier of a balanced chromosomal translocation. It should be
noted that some patients were referred for more than one indi-
cation, and therefore, the percentages in Figure 2 do not add up
to 100%.

© 2011 Lippincott Williams & Wilkins
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Table 1 Validation of QF-PCR using previously analyzed, blinded specimens

Previous” Percentage

QF-PCR results QF-PCR results correct by
Results (no. specimens) (no. specimens) QF-PCR Comments
Normal 106 105 100 All 105 normal specimens interpreted as normal by QF-PCR

(46,XX or 46,XY) and one abnormal (mosaic) specimen® interpreted as
normal by QF-PCR

Trisomy 21 34 34 100
Trisomy 18 18 18 100
Trisomy 13 11 11 100
Triploidy 6 6 100
45X 7 7 100
47, XXY 5 5 100
47.XYY 3 3 100
47,XXX 2 2 100
Sex chromosome mosaic 3 4 75 45,X[7)/46,XX[23] interpreted as normal®
48, XXX, +18 1 1 100
Failed/inconclusive 4 0 2
Total 200 Sensitivity: 98.9%; specificity: 100%; positive predictive

value: 100%; and negative predictive value: 99.1%

“Same case.
"Original QF-PCR performed by General Lab (Barcelona, Spain).
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Fig. 2. Reasons for referral for prospective study specimens. The reasons for referral were collected by the genetic
counselor or geneticist at the time of study enrolment and reported on the specimen requisition. Totals do not add
up to 100% because some patients had multiple reasons for referral. Positive biochemical screen, a maternal serum
screening result (first trimester, second trimester, or integrated prenatal screen) with a risk > 1 in 200 for a
chromosome abnormality; AMA, advanced maternal age defined as 35 years or older at the time of delivery; U/S abn,
ultrasound abnormality; other: other reasons for referral, including family history of a chromosome or single gene
disorder, previous child affected with a chromosome or single gene disorder, and maternal anxiety.

QF-PCR results 984 of 1069 (92.1%; 483 females and 501 males) specimens had

The QF-PCR results for the prospective study specimens are normal karyotypes. Compared with karyotyping, there were no
presented in Table 2. The QF-PCR results were compared with false positives and a single false negative by QF-PCR. A total
the karyotype, which was considered the gold standard. Overall, of 51 specimens (4.8%) had anomalies detectable by QF-PCR
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Table 2 Prospective analysis of the accuracy of QF-PCR

QF-PCR Karyotype Percentage
results results correct

Result (# specimens)  (# specimens) by QF-PCR Comments

Normal (46,XX or 46,XY) 1002 996 100 All normal specimens interpreted as normal by QF-PCR;
one sex chromosome mosaic interpreted as normal®;
18 specimens with abnormalities not detectable by QF-PCR
interpreted as normal®

Trisomy 21 30 30 100

Trisomy 18 8 8 100

Trisomy 13 1 1 100

45X 3 3 100

47.XXY 1 1 100

47, XXX 2 2 100

Trisomy 21 mosaic 2 2 100

Sex chromosome mosaic 2 3 67 47,XXX[5]/46,XX[12] interpreted as normal”

49, XXXXY 1 1 100

Other chromosome anomalies 0 18 0 Anomalies involving chromosomes other than 13, 18, 21,
X and Y

Inconclusive 2 0 Multiple normal and abnormal markers on same
chromosome. QF-PCR inconclusive rate is 0.2%.

Maternal cell contamination 11 2 MCC rate for QF-PCR is 1.0% and for karyotype it is 0.2%.

Failed 4 2 Failure rate for QF-PCR is 0.4% and for karyotype it is 0.2%.

Total 1069 1069 Sensitivity: 98%; Specificity 100%; Positive predictive

value 100%; Negative predictive value 99.9%

“Same specimen.
»Same specimen.

(Table 2). Of the abnormal specimens, 50 of 51 (sensitivity =
98%) were correctly identified as abnormal by QF-PCR with one
mosaic sex chromosome anomaly (47,XXX[5]/46,XX[12]) classi-
fied as normal. All 50 specimens classified as abnormal were true
positives to give a PPV of 100%. There were an additional 18
specimens (1.7%) with anomalies that did not include the chromo-
somes assayed by the QF-PCR test (see Table, Supplemental
Digital Content 1, http://links.Iww.com/GIM/A128, for a summary
of these anomalies). Therefore, the sensitivity of the QF-PCR test
to detect any abnormality was 72.5% (50/69 anomalies detected).
Of the 1002 specimens categorized as negatives, 1001 were true
negatives for anomalies detectable by QF-PCR (specificity, 100%;
NPV, 99.9%). Four specimens (0.4%) failed, and 11 specimens
(1%) had MCC that was severe enough to prevent an accurate
interpretation of QF-PCR results. Finally, two specimens (0.2%)
had inconclusive results with multiple normal and multiple abnor-
mal markers for at least one chromosome. Therefore, a result was
possible for 98.4% of all specimens received.

QF-PCR results were also compared with FISH results, when
FISH was performed as part of regular prenatal care at the origi-
nating hospital (Table 3). FISH was performed for 251 of 1069
specimens (23.5%) that met the minimum risk criteria in place at
the time of the study to determine FISH eligibility. Of these, 37
(14.7%) were abnormal and concordant between QF-PCR and
FISH. Four specimens (1.6%) could not be interpreted by QF-PCR
due to MCC (three specimens) or inconclusive results (one spec-
imen). One specimen (0.4%) was a false-positive trisomy 21 by
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FISH but correctly interpreted as normal by QF-PCR. Therefore,
the PPV was 100% (37/37) for QF-PCR and 97.4% (37/38) for
FISH. The remaining 210 (83.3%) specimens were interpreted as
normal by both QF-PCR and FISH, although eight (3.2%) speci-
mens had other abnormalities detected at karyotype. The overall
concordance between QF-PCR and FISH, when both assays were
possible and interpretable, was 99.6% (246/247).

Turnaround time

Turnaround time was monitored for 212 specimens. The
distribution of turnaround time for these specimens is presented
in Figure 3. The mean turnaround time was 30.5 hours, whereas
the median turnaround time was 25.1 hours. More than 90% of
specimens were reported within 48 hours, and no specimen took
longer than 96 hours to complete. Note that turnaround time was
calculated on actual days/hours and not working days and, as
such, weekend and holidays served to lengthen the calculated
turnaround times.

DISCUSSION

A rapid prenatal test for aneuploidy should fulfill certain criteria:
(1) highly accurate with a minimum number of false-negative
results; (2) no false-positive results, as irreversible decisions such
as pregnancy termination may be taken as a result of an abnormal
result; (3) robust with few ambiguous results and failures; (4) rapid
and capable of high specimen throughput; (5) low cost, as the rapid

© 2011 Lippincott Williams & Wilkins
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Table 3 Comparison of QF-PCR and FISH results with karyotype“ results

QF-PCR results  FISH results

Karyotype results

Results (no. specimens) (no. specimens) (no. specimens) Comments

Normal (46,XX or 46,XY) 210 213 205

Aneuploidy for chromosomes 37 38 37 One specimen incorrectly identified as trisomy 21 by FISH
13,18, 21, X, or Y

Other chromosome anomalies 0 0 8 7 normal/1 inconclusive by QF-PCR; all normal by FISH

Maternal Cell Contamination 3 0 0 All normal by FISH and karyotype
(MCC)

Inconclusive 1 0 0 Abnormal by karyotype: 46,X,add(X)(q27)

Failed 0 0 1 Culture was contaminated; therefore, karyotyping was not

possible
Total 251 251 251

“Karyotype was considered the gold standard.

test is likely to be performed in addition to full karyotype analysis;
(6) capable of dealing with specimens of low quality and/or quan-
tity; and (7) detects MCC and mosaicism.” In this study, QF-PCR
met all these criteria. The analytical sensitivity and specificity were
98.9% and 100%, respectively, in a series of 200 known specimens
using the commercially available Aneufast™ kit. Similarly, in a
series of 1069 prospectively collected amniotic fluid specimens,
the analytical sensitivity for detectable chromosome anomalies was
98%, and the specificity was 100%. The PPV was 100% in both
the retrospective validation set and the prospective specimens, and
the NPV was 99.1% and 99.9%, respectively.

As expected, chromosome mosaicism challenged the sensitivity
of the molecular test in detecting the presence of different cell lines.
In both the validation and prospective specimens, the only discrep-
ancy was a single sex chromosome mosaic specimen classified as
normal by QF-PCR. Depending on the proportion of the different
cell lines, 45,X/46,XX mosaicism can be recognized by the unbal-
anced allelic ratios of the markers used on the X chromosome;
however, at least 15-20% of the abnormal cell line should be
present to sufficiently skew the ratios outside normal values.40:4!
Dilution studies in our laboratory using three sets of mother and

<20 hours, 6.1%
>48 hours, 8.9%

>30-48 hours,

12.2%
>20-24 hours,
28.2%
>24-30 hours,
44.6%

Fig. 3. Turnaround times from specimen receipt to re-
port signing for 212 prospective study specimens. Requi-
sitions were time and date stamped at the time of receipt,
and reports were time and date stamped at the time of
report signing. The turnaround time was calculated to the
nearest minute. The majority of specimens (78.9%) were
reported the day following specimen receipt. More than
90% of specimens (91.1%) were reported within 48 hours
of specimen receipt. No specimen took longer than 96
hours to report.
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child pairs showed that a minimum of 5-10% mosaicism could be
reliably detected for triallelic trisomies but that 10-20% mosaicism
could be reliably detected for diallelic markers (data not shown).
Similarly, mosaicism with an almost equal ratio (~50%) of 45,X
and 47,XXX cells cannot be detected by QF-PCR because they
produce the same allelic patterns of normal female fetuses. It
should be noted that QF-PCR and karyotype analysis are assaying
two different sample types (i.e., direct specimen versus dividing
culture, respectively), and, therefore, the level of mosaicism be-
tween the two tests may not always equate.

The failure rate was higher in the validation set at 2%
compared with 0.4% in the prospective specimens. This was
likely due to the fact that the DNA for the validation specimens
had been stored at —20°C for up to 5 years before being
transported from Barcelona to Toronto. Consequently, there
may have been degradation of some specimens, which pre-
vented their analysis. MCC was not an issue with the retrospec-
tive validation specimens, as these were previously tested spec-
imens, but approximately 1% of prospective specimens had a
level of MCC high enough to preclude accurate interpretation of
QF-PCR results. It is possible that this issue could be overcome,
or at least reduced, by proactively collecting a maternal speci-
men for comparison purposes when a prenatal specimen is
noted to be bloody, as has been suggested by others.3® However,
maternal specimens were not collected in this study. Finally, the
average and median turnaround times were 30.5 and 25.1 hours,
respectively, for a subset of specimens in the prospective study,
with more than 90% of specimens reported within 48 hours.

In North America, the primary method used for rapid prenatal
aneuploidy detection is interphase FISH. In this study, it has been
demonstrated that for nonmosaic specimens, QF-PCR is equivalent
to FISH in sensitivity, NPV, and timeliness of the results. The
specificity and PPV of QF-PCR were superior to FISH in this study
due to a false-positive trisomy 21 result by FISH. This false-
positive result was most likely due to a technical error causing
contamination of the DNA probe mixtures during application to the
slide.#243 Other studies have also concluded that QF-PCR is at
least equivalent to interphase FISH for the prenatal detection of
aneuploidy.!'527-30-34 In addition, there are several advantages of
QF-PCR over interphase FISH:

1. Less fetal material is required to perform QF-PCR: =1

mL of amniotic fluid versus the 5-10 mL required for
FISH.
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2. ldentification of a second cell line: mosaicism or MCC
contributing to at least 15-20% of the total cell population
can be confidently identified by QF-PCR. Although FISH
can detect MCC in the case of a male fetus, it will not
detect MCC in specimens from female fetuses.

3. Reduces the risk of misdiagnosis due to a small regional
imbalance: although failure to detect regional imbalance
can occur with QF-PCR, it is reduced with the use of
multiple markers along the length of each chromosome
compared with a single locus per chromosome for FISH.

4. Lower reagent and labor costs: QF-PCR reagents are 25%
of that of FISH, and the labor costs are <50% of that of
FISH. Combined, the total cost of QF-PCR is 1/3 the cost
of FISH.

5. Potential for automation: use of semiautomated equip-
ment (liquid handling equipment to set up PCR; auto-
mated DNA sequencer) allows for higher throughput and
thus faster turnaround times. Capillary genetic analyzers
are higher throughput and faster than automated FISH
spot counters.

6. Zygosity can be determined in multiple pregnancies inde-
pendently from fetal sex: the comparison of STR profiles
between fetuses in multiple pregnancies allows the deter-
mination of zygosity, which may be important in the case
of discordant ultrasound findings.

The availability of a rapid prenatal test for common chromo-
somal aberrations for all women undergoing an invasive prena-
tal procedure has the potential to alleviate parental anxiety and
give the couple more time for decision making, which could
include earlier termination of a pregnancy. Because of the high
cost and relatively high labor intensity of FISH analysis, how-
ever, most centers in Ontario offer it only to those women at
greatest risk. The exact criteria used to determine eligibility for
FISH vary between centers, thereby creating inequity across the
province. In addition, by limiting FISH testing to high-risk
pregnancies, many affected pregnancies are not identified until
the full karyotype analysis is available approximately 2 weeks
after the amniocentesis procedure. In 2005, 1654 amniotic fluid
specimens were received in the Cytogenetics Laboratory at
NYGH, and karyotypes were performed for all of them. Of
these, 309 specimens also had FISH analysis performed because
the pregnancies met the hospital’s criteria for offering FISH.
Of the 1345 specimens that did not have FISH, 58 (4.3%) had
a cytogenetic abnormality. That is, 4.3% of the women who
were not eligible for FISH were eventually found to have a
chromosomal aberration in the fetus. Of these, 34 (59% of the
anomalies) would have been detected had FISH been per-
formed.

Although both QF-PCR and FISH will detect the most com-
mon aneuploidies, these methods will not detect other clinically
significant chromosomal rearrangements, such as transloca-
tions, deletions, duplications, inversions or insertions, marker
chromosomes, and submicroscopic imbalances. It has been sug-
gested, however, that QF-PCR, either alone or together with
ultrasound examination, has the potential to detect at least 95%
of clinically relevant chromosome anomalies.?%-34 Some authors
have suggested, therefore, that QF-PCR or another rapid pre-
natal aneuploidy test could ultimately replace karyotyping, at
least in low-risk pregnancies.!>-20-30.35-38 One study suggested
that combining QF-PCR as a first-line test with full karyotyping
only in fetuses with nuchal translucency exceeding 4 mm at
11-13 weeks of gestation would reduce the number of full
chromosome analyses required by approximately 90% while
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detecting 99% of clinically relevant anomalies and costing 60%
less than full karyotyping for every pregnancy.35

In this study, 27.9% of chromosome anomalies were not
detected by QF-PCR. These included a mosaic case
(47,XXX[5]/46,XX[12] not detected by the molecular assay)
and 18 other anomalies that would not be detected by the
QF-PCR assay. These included translocations, inversions, dele-
tions, marker chromosomes, and mosaicism for aneuploidy for
a chromosome not included in the QF-PCR kit. Of these 18, 10
(55.6%) were balanced translocations or inversions inherited
from a phenotypically normal carrier parent. An additional two
(11.1%) were apparently balanced translocations or inversions
that were de novo in the fetus. If balanced rearrangements are
interpreted as having a low risk of adverse outcomes in the
fetus, the QF-PCR assay detected 50 of 57 (87.7%) of clinically
relevant chromosome anomalies (i.e., those likely to result in a
genomic imbalance and a high risk of adverse outcomes in the
fetus) in this series of patients. It is possible that incorporating
other risk factors such as abnormal ultrasound findings would
identify those pregnancies likely to be affected with a chromo-
some anomaly other than those detected by the QF-PCR assay;
however, this analysis was not done in this study.

The results of this study compare favorably with other large
studies of the use of QF-PCR for aneuploidy in fetal specimens,
which also demonstrated a high level of concordance with
karyotype results and detection of the majority of clinically
significant chromosome anomalies.!¢-21.28.30

This study has several strengths. First, it was prospective in
nature, with all women undergoing amniocentesis eligible for
the study and specimens analyzed in real time as they were
received in the laboratory. Second, the assay was validated on a
large number of previously characterized normal and abnormal
specimens before use in the prospective study. Third, both the
validation and prospective studies were conducted in a blind
fashion, so that interpretation was not influenced by knowledge
of the expected outcome. Finally, more than 1000 specimens
were analyzed prospectively, such that all commonly expected
abnormal results were observed among the study specimens and
some unusual results (e.g., 49,XXXXY), thereby providing
valuable experience in the interpretation of QF-PCR results.

This study also has some limitations. The study participants
were self-selected, and because no analysis of outcomes in
women who did not participate was performed, it is not clear
whether the study population is representative of all women
undergoing amniocentesis at NYGH or MSH. However, be-
cause approximately 60% of the women did elect to participate,
it is expected that the results are fairly representative of the
population. In addition, although the study was conducted in
real time with specimens being processed the same day they
arrived in the laboratory, turnaround time was only evaluated in
approximately 20% of specimens. These specimens were un-
selected and represented the final 20% of specimens analyzed in
the study. However, having offered QF-PCR as service for the
past 2.5 years at NYGH, where the majority of the samples
(>99%) are reported the next working day, the turnaround
times of the study seem to have been representative. This is
comparable with FISH turnaround times, which averaged 1.3
days during the 2 final years that FISH was offered at NYGH.
Finally, this study was limited to amniotic fluid specimens.
Other studies have reported the successful use of QF-PCR with
CVS specimens, however, and thus, it is expected that the
technology could easily be validated for CVS.21.30

This is the largest study to date in North America that
prospectively evaluated the performance of QF-PCR in the
prenatal diagnosis of aneuploidy for chromosomes 13, 18, 21,
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X, and Y. The results of this study show that QF-PCR is a viable
alternative to interphase FISH as a rapid prenatal diagnostic test
for common aneuploidies. Further research is needed to deter-
mine whether QF-PCR could replace full karyotyping in low-
risk pregnancies in the context of the Canadian health care
system. It should be noted, however, that a recent study in the
United Kingdom found that using QF-PCR as a standalone test
for pregnancies without ultrasound anomalies resulted in faster
turnaround time, lower costs, and avoidance of ambiguous
karyotype results.?!
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