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Abstract

Aims: This study compares different screening strategies for the detection of Down
syndrome and considers practical implications of using multiple screening protocols.
Methods: The performance characteristics of each screening strategy were assessed
based on datasets of Down syndrome (n=11) and unaffected pregnancies (n=1,006) tested
in both first and second trimester, as well as data from first trimester (n=18,901) and second
trimester (n=40,748) pregnancies.

Results: For a detection rate of 91%, the false positive rates for integrated and serum
integrated screening were 2.5% and 6.3% respectively, compared with combined first
trimester (4.6%) and second trimester (12.6%) screening. Contingent and sequential
screening protocols achieved detection rates of 82 to 91% with false positive rates between
2.6 and 2.9%. Contingent protocols require re-testing of 15 to 20% of cases in the second
trimester. Sequential and integrated protocols require re-testing of 98 to 100% of cases in
the second trimester. The various screening strategies did not always detect the same
Down syndrome pregnancies.

Conclusions: Combining first and second trimester markers for Down syndrome screening
better defines the at risk population. However integrated protocols complicate management
of screening programs and may not be suitable as primary screening strategies. It may be a
better use of resources to refine current first and second trimester programs through
improved access and new markers. We therefore suggest thinking twice before embracing

integrated population screening programs.



Introduction

There have been population-based second trimester antenatal screening programs for
Down syndrome and other fetal anomalies in Australia since 1991*. First trimester
combined screening was introduced in 2000 in Australian and several studies®® have
demonstrated first trimester program performances (Detection Rate [DR] 83-87% for a 5%
False Positive Rate [FPR]) comparable with international groups’®. The majority (78%) of
women who undertook screening tests in Australia in 2004 opted for first trimester

screening?.

Multiple factors determine which programs women access. Availability of appropriate
ultrasound facilities, gestational age at presentation, awareness that there is a choice of
screening tests, doctor preference and hospital guidelines all play a part. Currently
Australian policy guidelines recommend that women should be made aware of the
availability of first and second trimester screening tests for Down syndrome and other
chromosomal abnormalities’®. However, professional organisations in Canada®', the United
States? and the United Kingdom™®, have proposed that women be given a choice of

1518 or sequential'’ screening.

alternative strategies that include integrated™*, contingent
The Down syndrome screening protocols reviewed are outlined in Table 1.

Integrated, contingent and sequential protocols are based on fetal nuchal translucency
thickness (NT) and maternal serum PAPP-A measurements in first trimester and either

triple or quadruple maternal serum markers in the second trimester.



Integrated screening involves withholding risk odds until second trimester testing is
complete®. This approach is controversial since women do not have the option of early
diagnosis following increased risk first trimester results, leading some to question whether

this can be considered ethical practice®®.

Contingent screening involves issuing two risks™ *° *°. Women are first stratified according
to both a high risk (= 1/50) and low risk cut off (< 1/1500) following a first trimester screen.

High risk women are offered CVS or amniocentesis, low risk women are not offered further
testing. Those of intermediate risk (1/51 — 1/1500) are offered second trimester testing after

which an integrated risk is issued.

Sequential screening a variation of contingent screening involves offering invasive
diagnostic testing to women screened in first trimester to be at increased risk (>1/30 or >
1/63) ; the remaining women are offered second trimester screening for an integrated risk

assessment!’ %,

Contingent and sequential screening by definition will have slightly higher FPR than
integrated screening but all three will have lower FPR than both first and second trimester
screening. All three integrated protocols require re-testing in the second trimester and will

therefore incur increased running costs?.



Cautionary policy advice from the United Kingdom NHS? and USA™® 2% has highlighted
that integrated protocols pose too many practical problems to be introduced at present.

The question is whether Australia can support a range of screening options and what might
be the policy implications for societal uptake, altered clinical and program management and
cost effectiveness. In this paper we compare different screening strategies for the detection

of Down syndrome and consider practical implications of using multiple screening protocols.



Methods

A prospective and retrospective review of pregnancies screened by the South Australian
Maternal Serum Antenatal Screening (SAMSAS) Program was performed to compare
various Down syndrome screening strategies. These data include 11 pregnancies with fetal
Trisomy 21, identified from screened pregnancies with matched first and second trimester
serum samples and marker results. For these pregnancies, only first trimester combined
Down syndrome risk odds expressed at term had been issued. These cases were
compared with 1,006 unaffected pregnancies with matched first and second trimester
serum samples and marker results that were used to establish integrated distributions and
assess FPR. These 1,006 unaffected cases had been issued a first trimester combined
Down syndrome risk and a second trimester risk for neural tube defects but not a second
trimester Down syndrome risk. Maternal serum samples from 64 unaffected pregnancies
screened at increased risk by the first trimester combined screen, which had a matched
second trimester serum sample and marker results, were used as controls to assess the
impact of integrated distributions on the FPR. A further 18,901 first trimester combined
screened pregnancies and 40,748 second trimester triple test-screened pregnancies were
also used for comparative data. Ascertainment of cases and program performance have

been reported previously® %°.

Data were compiled as part of comprehensive annual audits maintained with approval from
the Women'’s and Children’s Hospital Research Ethics Committee. Separate ethics
approval was obtained to allow the collection and analysis of matched first and second

trimester samples.



Stepwise discriminant analyses were performed using the statistical software package
SPSS v 15.0 (2006 SPSS Inc.). Individual likelihood ratios were generated from overlapping
Gaussian distributions and risk odds were calculated using the conventional algorithm® 26 2’
incorporating the maternal age risk at term adjusted for gestation in days®® *°. Risk odds
generated have been empirically validated® **. A Down syndrome risk odd of >1/300 at

term was used for both the first trimester combined and the second trimester triple test as

the cut off risk for diagnostic testing.

First trimester free B-hCG measurements were not used in integrated distributions as
stepwise discriminatory analysis showed that their contribution was not significant. By
omitting the first trimester free B-hCG, Wald et al (2006) estimated less than 0.1% decrease

in FPR at detection rates up to 90%?2".

The contribution to the rate of invasive prenatal diagnostic testing made by screening
programs was estimated as a screening-diagnostic index (SDI). The SDI is derived from the
percentage of women screened at increased risk (4.9% first trimester, 7.2% second
trimester) multiplied by the uptake of diagnostic tests following an at increased risk report
(~80% for both) multiplied by the screening uptake for each screen expressed as a percent

of total confinements (49% first trimester, 25% second trimester in 2005)2°.

Performance characteristics for the various screening strategies were calculated for

different risk odds.



Results

Coefficients and distributions for integrated and serum integrated screens have been newly
derived from the cohorts described in this paper. Performance of the different screening
tests, by applying these distributions to the 11 affected and 1,006 unaffected cases, with
matched first and second trimester serum samples and markers is summarised in Tables 1,

3,4 and 5.

From 64 unaffected cases screened at increased risk by the first trimester combined
screen, we were able to demonstrate that integrated and serum integrated tests reduced
the FPR by 44% (36 remained at increased risk) and 39% (39 remained at increased risk),
000respectively. The same magnitude of reduction was observed in the cohort of 1,006

cases (Tables 4 and 5).

Table 3 shows that different screening strategies did not always detect the same Down
syndrome affected pregnancies. Cases 8, 10 and 11, would be given discrepant risk odds
depending on the gestation at which they presented for screening and the screening test
used. Case 11 would not be offered further testing according to contingent screening
protocols since the first trimester risk odds are less than 1/2000 and therefore this case is

counted as a false negative.

Tables 2 and 4 show screening performance and cohort data from 18,901 first trimester and
40,748 second trimester screened pregnancies on which a single Down syndrome risk was
issued using a risk cut off of = 1/300 at term for both protocols. These data are used to

compare cohorts and performance of screening strategies.



Direct comparisons between screening strategies, based on the cohort of 1,006 unaffected
pregnancies, show a lower FPR for integrated (2.5%) versus first trimester combined (4.6%)
screening and serum integrated (6.3%) versus the second trimester triple test (12.6%)
(Tables 4 and 5). The higher FPR seen with the second trimester triple test for the cohort of
1,006 unaffected pregnancies is not unexpected as it is an older group (median age 31.2
years) than the prospective second trimester cohort of 40,748 pregnancies (median age
29.5 years). This observation highlights the important role of NT measurements in the risk
calculation in keeping the FPR low and DR high®2. Further comparison of serum integrated
with prospective second trimester triple screening, demonstrates higher DR (90.9% versus

74.6%) for a similar FPR (6.3% versus 7.0%, Table 4).

For contingent protocols, 15.8% of cases had first trimester combined risk odds between
1/51 and 1/1500 and in 20.4% of cases had risk odds between 1/31 and 1/2000, using the
prospective first trimester cohort of 18,901 pregnancies. Sequential protocols identified
between 1.0% and 1.6% of cases with risk odds = 1/30 and risk odds = 1/63 respectively.
Contingent and sequential protocols would require re-testing of around 15% and 98% of

cases for second trimester markers, respectively.

Using contingent and sequential screening protocols we observed FPRs between 2.6% and

2.9% for DR 81.8 to 90.9% respectively, (Tables 1 and 3).



Discussion

We have demonstrated by retrospective analysis that combining first and second trimester
markers can result in a 91% DR for Down syndrome affected pregnancies for a
substantially lower FPR (2.5%) than either first trimester combined (4.6% FPR and 90.9%
DR) or second trimester triple tests (7.0% FPR and 74.6% DR ), consistent with other

published data®*©° 3

Contingent screening protocols did not improve detection over first trimester combined
(81.8% at risk cut off 21/300) and as shown in Table 3, different affected cases were
detected. Cases 8, 10 and 11 generate discrepant risk odds and may or may not have been
detected depending on the gestation at which they presented and the screening test used.
These data demonstrate that if more than one screening strategy is in place and two risk
odds are generated, then an “at increased risk” result cannot be ignored and a diagnostic
test should be offered to these patients. Serial screening or the re-issuing of an
independent second trimester risk odd following a first trimester combined screen should
not be encouraged. The number of discrepant risk odds and the FPR would increase (the
FPR being additive would approach or exceed 10%) and as it is difficult to ignore risk
estimates once divulged, the percentage of diagnostic tests offered would be unacceptably
high'®. Contingent protocols result in 15-20% of cases being issued with two risk odds,

increasing the chance of generating discrepant risk odds.

The dilemma with using integrated protocols is that they rely on variable risk cut offs (Table

1). Table 5 shows that a DR of 90.9% for a FPR of 2.5% can be achieved using integrated

1C



distributions; however by simply adjusting the cut off risk one could lower the FPR to <0.8%
and still achieve a DR of 72.7%. In practice, different risk cut-offs could be confusing,
would require re-education of patients and health professionals and would complicate

patient and program management.

The disadvantage of contingent and sequential protocols is that a first trimester risk needs
to be calculated, but not necessarily reported in respect of nearly all patients. Whether
these protocols are practical or even desirable is an open question21. Certainly it would be
difficult to withhold a patient’s first trimester risk odd if requested. Amongst pregnancies with
odds between 1/301 and 1/2000 in contingent screening protocols, 0.8% of cases went
from low risk to high risk (cut-off risk 21/300) when analysed using the integrated test,
further adding to the pool of high risk results which patients and health professionals need

to reconcile.

The effect of issuing two risks needs proper evaluation. In a program that focuses on
minimising FPR, DR would decrease (72.7% Table 3), while one that focuses on
maximising DR could potentially result in detections approaching 100% but with

unacceptably high FPRs (Tables 3, 4 and 5).

SAMSAS offers both first and second trimester screening and issues one Down syndrome
risk per pregnancy. Diagnostic testing is advised based on a risk cut off of 21/300 at term.
With this strategy in place there has been a significant decrease in the proportion of
confinements undergoing invasive diagnostic testing, from 9.3% to 7.6% between 1995 and

2005, with an accelerated decrease coinciding with the introduction of first trimester
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combined screening in November 2000°. In 2005 the contribution of both first and second
trimester screening to the invasive diagnostic rate was 3.3% as estimated by the SDI. The
difference (4.3%) between the SDI and the rate of invasive diagnostic testing reflects
additional factors such as women’s attitudes, counselling, maternal age, previous history
and ultrasound anomalies. It is also an indirect indication that women want reassurance if
there is any suggestion that there may be any problem with their baby. The trend or choice
appears to favour diagnostic testing* 3. Variable risk cut offs and intermediate risk groups
as described in contingent or sequential protocols could inadvertently channel more women
towards invasive testing, undoing the gains already achieved with current first and second

trimester strategies that use single risk cut offs.

Integrated screening protocols still require obstetric scans and may reveal anomalies.
Management of these pregnancies is best done in conjunction with a first trimester
combined Down syndrome risk assessment® 3°%°. Papers describing better performance
characteristics of integrated screening overlook the importance of the first trimester Down
syndrome risk and have not assessed the impact of non-disclosure. With-holding such
information avoids problems with issuing two risk odds but the delay creates practical
issues with compliance and delayed diagnosis. It also leads to risk assessments being
made through sub-optimal combinations of markers that result in lower performance than
predicted from statistical modelling. An interventional study on integrated screening
published by Weisz*® supports these statements. Weisz reports a DR of 100% (11/11) for a
FPR of 4.6%. Only 59.3% (2027/3417) of the cohort actually had a full integrated screen
and only after reminder letters were sent to 25% of the 3417 cohort that failed to present for

the second sample. The other patients (40.7%) were issued risks based on six different

12



screening tests (NT = 3.5mm, serum integrated, quadruple + NT, combined first trimester,

NT + PAPP-A and quadruple).

Running costs of contingent strategies would be higher than first trimester combined
screening by at least 15.8 — 20.4%, as this percentage of patients would be retested in
second trimester. Sequential and integrated screening running costs increase by
significantly more, as 98 — 100% of patients presenting in the first trimester would be

retested in the second trimester.

Our findings are consistent with the view that integrated algorithms better define the at risk
pregnant population. However, screening performance determined from modelling (which
assumes 100% compliance) or from controlled clinical trials (with strict adherence to
protocols) is unlikely to be matched by comparable performance in community-based

programs, which are subject to many variables™.

We have raised issues against integrated protocols such as increased operational costs,
poor compliance, variable risk cut offs, discrepant risk odds, increased maternal anxiety,
increased counselling, late intervention and optimistically low FPR in a clinical setting.
These considerations suggest that it may not yet be suitable as the primary population

screening strategy.
We therefore suggest thinking twice before embracing integrated screening as an

alternative population screening program. A better use of resources might be to refine

current first and second trimester programs through improved access and information, new

13



markers (ADAM12, PP-13, absence of nasal bone, tricuspid regurgitation and abnormal
ductus venous flow) and expanding these screening programs to include other significant

pregnancy pathologies such as pre-eclampsia and fetal growth restriction® 3 40 4453,

A limitation of this study is that the 11 cases of Down syndrome do not represent a uniform
cohort. They are identified affected cases where both first and second trimester markers
were available. Intervention normally occurs in pregnancies screened at increased risk, so
the 11 cases may be biased towards first trimester false negatives. The strength of this
study is that we have been able to assess the same pregnancy with known outcome using

different screening protocols.

Acknowledgments

We would like to thank SAMSAS staff, Renata Bird, Eva Martin, Diane Penhall, Lyn Raniolo and Gerry Slack
for their contributions to annual audits and the management and testing of the cohorts described in this paper.

14



References

1. Ryall RG, Staples AJ, Robertson EF, Pollardifproved performance in a prenatal screening
program for Down's syndrome incorporating serure fi€G subunit analyteBrenatal
Diagnosis 1992;12:251-61.

2. O'Leary P, Breheny N, Reid G, Charles T, EmeRebional Variations in Prenatal Screening
across Australia: Stepping towards a National di@ameworkAustralian & New Zealand
Journal of Obstetrics & Gynaecology 2006;46(5):427-432.

3. Jagques AM, Collins VR, Haynes K, Sheffield Ldarkcis |, Forbes R, Halliday J. Using record
linkage and manual follow-up to evaluate the Vigomaternal serum screening quadruple
test for Down's syndrome, trisomy 18 and neurag tdéfectsJournal of Medical Screening
2006;13:8-13.

4. O'Leary P, Breheny N, Dickinson JE, Bower C,dbtdtt J, Hewitt B, Murch A, Stock R. First
trimester combined screening for Down syndromeathdr fetal anomalies in Western
Australia.Obstetrics and Gynecology 2006;107(4):869-876.

5. Muller P, Cocciolone R, Haan E, Wilkinson C, 8¢#, Sage L, Bird R, Hutchinson R, Chan A.
Trends in state/population-based Down syndromeesang and invasive prenatal testing
with the introduction of first trimester combine@®n syndrome screening, South Australia,
1995-2005American Journal of Obstetrics & Gynecology 2007;196:315.e1-315.e7.

6. Jaques A, Halliday J, Francis |, Bonacquist&drbes R, Cronin A, Sheffield L. Follow up and
evaluation of the Victorian first-trimester combihgcreening programme for Down
syndrome and trisomy 18ritish Journal of Obstetrics & Gynaecology. 2007;114:812-818.

7. Wapner R, Thom E, Simpson JL, Pergament E, ISRyé-ilkins K, Platt L, Mahoney M, Johnson
A, Hogge WA, Wilson RD, Mohide P, Hershey D, KrabtzZachary J, Snijders R, Greene
N, Sabbagha R, MacGregor S, Hill L, Gagnon A, Hala T, Jackson L. First Trimester
Maternal Serum Biochemistry and Fetal Nuchal Tnaceshcy Screening (BUN) Study
Group. First-trimester screening for trisomies 8@ 48.New England Journal of Medicine.
2003;349:1405-1413.

8. Wald NJ, Rodeck C, Hackshaw AK, Walters J, @HittMackinson AM. First and second
trimester antenatal screening for Down's syndraheeresults of the Serum, Urine and
Ultrasound Screening Study (SURUSBgalth Technology Assessment 2003;7(11).

9. Malone FD, Wald NJ, Canick JA, Ball RB, Nyberg,BComstock CH, Bukowski R, Berkowitz
RL, Gross SJ, Dugoff L, Craigo SD, Timor IE, CaR,SWolfe HM, Dukes KA, Bianchi
DW, Rudnicka A, Hackshaw A, Lambert-Messerlian GAlidbn ME. First- and second-
trimester evaluation of risk (FASTER) trial: pripai results of the NICHD multicenter down
syndrome screening studfmmerican Journal of Obstetrics & Gynecology 2003;189
(Supplement 1):S56.

10. HGSA-RANZCOG. Joint recommended 'Best Prac@Gegtelines on antenatal screening for
Down syndrome and other fetal aneuploibitd://ranzcog.edu.au/publications/statements/C-
obs4.pdf) 2004. Accessed July 2007.

11. Summers AM, Langlois S, Wyatt P, Wilson RD.rfatal screening for fetal aneuploidipurnal
of Obstetrics & Gynaecology Canada 2007;29(146-161).

12. ACOG Practice Bulletin Clinical practice guitels for Obstetrician-Gynecologists: Number 77.
Obstetrics & Gynecology 2007;109:217-227.

15



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

NHS. UK National Screening Committee: Antenatakening - working standards incorporating
those for the National Down screening program foglgnd. 2003.
(http://www.screening.nhs.uk/downs/policy.htmAccessed July 2007.

Wald NJ, Watt HC, Hackshaw AK. Integrated soneg for Down's syndrome based on tests
performed during the first and second trimestidesv England Journal of Medicine
1999;341:461-467.

Wright D, Bradbury I, Benn P, Cuckle H, RitclkieContingent screening for Down syndrome is
an efficient alternative to non-disclosure sequesttreeningPrenatal Diagnosis
2004;24:762-766.

Maymon R, Betser M, Dreazen E, Padoa A, Herfak model for disclosing the first trimester
part of an integrated Down's syndrome screenirtg@isical Genetics 2004;65:113-119.

Cuckle H, Benn P, Wright D. Down syndrome soheg in the first and/or second trimester:
model predicted performance using meta-analysanpaters Seminars in Perinatology
2005;29:252-257.

Copel JA, Bahado-Singh RO. Prenatal screemn®dwn syndrome - a search for the family's
values.New England Journal of Medicine 1999;341:521-522.

Palomaki GE, Steinort K, Knight GJ, Haddow @Bmparing three screening strategies for
combining first- and second-trimester Down syndranakersObstetrics & Gynecology
2006;107(2):367-375.

Platt LD, Greene N, Johnson A, Zachary J, TE9idrantz D, Simpson JL, Silver RK, Snijders
RJIM, Goetzl L, Pergament E, Filkins K, Mahoney Mdgge WA, Wilson RD, Mohide P,
Hershey D, MacGregor S, Bahado-Singh R, JacksorMl&hner R, for the First Trimester
Maternal Serum Biochemistry and Fetal Nuchal Trnaceshcy Screening (BUN) Study
Group. Sequential pathways of testing after fristéster screening for trisomy 21.
Obstetrics & Gynecology 2004;104:661-666.

Wald NJ, Rudnicka AR, Bestwick JP. Sequentid eontingent prenatal screening for Down
syndrome Prenatal Diagnosis 2006;26:769-777.

NHS. UK National Screening Committee: Antenatakening for Down's syndrome - policy and
quality issues. 2003hf{tp://www.screening.nhs.uk/downs/dssp_policy.pdigcessed July
2007. 2003.

Simpson JL. Choosing the Best Prenatal Scrgdtiotocol.The New England Journal of
Medicine 2005;353(19):2068-2070.

Reddy U. The evolving prenatal screening so@hstetrics & Gynecology 2007;110:2-4.

Ryall RG, Callen, D., Cocciolone, R., Duvnjék, Esca, R., Frantzis, N., Gjerde, E.M., Haan,
E.A., Hocking, T., Sutherland, G., Thomas, D.W.,BlveF. Karyotypes found in the
population declared at increased risk of Down synur following maternal serum screening.
Prenatal Diagnosis. 2001;21(7):553-557.

Royston P, Thompson SG. Model-Based screenimgk with application to Down's syndrome.
Satisticsin Medicine 1992;11:257-268.

Wald NJ, Cuckle HS, Densen JW, Nanchahal K sRoyP, Chard T, Haddow JE, Knight GJ,
Palomaki GE, Canick JA. Maternal serum screenimndfmvn's syndrome in early
pregnancyBritish Medical Journal 1988;297:883-887.

Bray IC, Wrignt DE. Estimating the spontanelmss of down syndrome feteuses between the
time of chorionic villus sampling, amniocentesisl dinebirth. Prenatal Diagnosis
1998;18:1045-1054-.

Morris JK, Mutton, D.E., Alberman, E. Revisadimates of the maternal age specific live birth
prevalence of Down's syndromiaurnal of Medical Screening 2002;9:2-6.

16



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Wald NJ, Hackshaw AK, Huttly w, Kennard A. Emgal validation of risk screening for Down's
syndrome Journal of Medical Screening 1996;3:185-187.

Spencer K. Accuracy of Down syndrome risks poed in a first-trimester screening programme
incorporating fetal nuchal translucency thickness maternal serum biochemistBr.enatal
Diagnosis 2002;22:244-246.

Snijders RJ, Noble P, Sebire N, Souka A, Nidels KH. UK multicentre project on assessment
of risk of trisomy 21 by maternal age and fetallmleranslucency thickness at 10-14 weeks
of gestation. Fetal Medicine Foundation First Tritee Screening Groupancet.
1998;352:343-346.

Benn P, Wright D, Cuckle H. Practical strategrecontingent sequential screening for Down
syndromePrenatal Diagnosis 2005;25:645-652.

Maymon R, Cuckle H, Jones R, Reish O, Shargriyggman A. Predicting the result of
additional second-trimester markers from a womisstrimester marker profile: a new
concept in Down syndrome screenifgenatal Diagnosis 2005;25:1102-1106.

Wright D, Bradbury I, Cuckle H, Gardosi J, Tenk, Standing S, Benn P. Three-stage
contingent screening for Down syndrorfeenatal Diagnosis 2006;26:528-534.

Ball RH, Caughey AB, Malone FD, Nyberg DA, Caotk CH, Saade GR, Berkowitz RL, Gross
SJ, Dugoff L, Craigo SD, Timor-Tritsch IE, Carr SRplfe HM, Emig D, D'Alton ME, for
the First and SecondTrimester Evaluation of RiskSFER) Research Consortium. First-
and second-trimester evaluation of risk for Downdspme .Obstetrics & Gynecology
2007;110:10-17.

Biggio JR, Morris TC, Owen J, String JSA. Artaames analysis of five prenatal screening
strategies for trisomy 21 in women younger thary&ars American Journal of Obstetrics &
Gynecology 2004;190:721-9.

Weisz B, Pandya P, Chitty L, Jones P, HuttlyRdeck C. Practical issues drawn from the
implementation of the integrated test for Down sgnae screening into routine clinical
practice British Journal of Obstetrics & Gynaecology. 2007;114(493-497).

Nicolaides KH, Spencer K, Avgidou K, FalconMulticenter study of first-trimester screening
for trisomy 21 in 75 821 pregnancies: results astaretion of the potential impact of
individual risk-orientated two-stage first-trimessereeningUItrasound in Obstetrics &
Gynecology 2005;25:221-226.

Bethune M. Management options for echogenrad@airdiac focus and choroid plexus cysts: A
review including Australian Association of Obste&liand Gynaecological Ultrasonologists
consensus statemeALstralasian Radiology 2007;51(324-329).

Deverill M, Robson S. Women's preferences ieesting for Down syndrom@renatal
Diagnosis 2006;26:837-841.

Chan YM, Leung TN, Leung TY, Fung TY, Chan LWu TK. The utility assessment of
Chinese pregnant women towards the birth of a mathyDown syndrome compared to a
procedure-related miscarriagerenatal Diagnosis 2006;26:819-824.

Skotko BD. Prenatally diagnosed Down syndronmtidrs who continued their pregnancies
evaluate their health care providefsnerican Journal of Obstetrics and Gynecology
2005;192:670-677.

Coory MD, Roselli T, Carroll H. Antenatal caneplications of population-based trends in Down
syndrome birth rates by rurality and antenatal paoeider, Queensland, 1990-2004edical
Journal of Australia 2007;186:230-234.

Rowe HJ, Fisher JRW, Quinlivan JA. Are pregnaomen well informed about prenatal genetic
screening? A systematic investigation using thetidimhensional Measure of Informed

17



46.

47.

48.

49.

50.

51.

52.

53.

Choice.Australian and New Zealand Journal of Obstetrics and Gynaecology 2006;46:433-
4309.

Laigaard J, Sgrensen T, Placing S, Holck Rlietd C, Wgjdemann KR, Sundberg K, Shalmi
AC, Tabor A, Ngrgaard-Pedersen B, Ottesen B, Gansén M, Wewer UM. Reduction of
the disintegrin and metalloprotease ADAM12 in ptaepsia.Obstetrics & Gynecology
2005;106:144-149.

Laigaard J, Spencer K, Christiansen M, Cowahd Blrsen SO, Pedersen BN, Wewer UM.
ADAM 12 as a first-trimester maternal serum maiikescreening for Down syndrome.
Prenatal Diagnosis 2006;26(973-979).

Christiansen M, Spencer K, Laigaard J, Cowahd .drsen SO, Wewer UM. ADAM 12 as a
second-trimester maternal serum marker in scredomgown syndromePrenatal
Diagnosis 2007;27:611-615.

Campbell S. First-trimester screening for prles@psiaUltrasound in Obstetrics & Gynecology
2005;26:487-489.

Nicolaides KH, Bindra R, Turan OM, Chefetz &nSmar M, Meiri H, Tal J, Cuckle HS. A novel
approach to first-trimester screening for early-@cé&ampsia combining serum PP-13 and
Doppler ultrasoundJltrasound Obstet Gynecol 2006;27(13-17).

Chafetz |, Kuhnreich |, Sammar M, Tal Y, GibarMeiri H, Cuckle H, Wolf M. First-trimester
placental protein 13 screening for preeclampsiaiainduterine growth restrictiomerican
Journal of Obstetrics and Gynecology 2007;197:35e1-35e7.

Goetzl LK, D. Simpson, JL. Silver, RK. Zachaid¥. Pergament, E. Platt, LD. Mahoney, MJ.
Wapner, RJ. Pregnancy-associated plasma protdneépeta-hCG, nuchal translucency, and
risk of pregnancy los©bstetrics & Gynecology 2004;104:30-36.

Dugoff L, Hobbins, J.C., Malone, F.D., Portef;., Luthy, D., Comstock, C.H., Hankins, G.,
Berkowitz, R.L., Merkatz, I., Craigo, S.D., TimoriBch, IE.. Carr, S.R., Wolfe, H.M.,
Vidaver, J., D'Alton, M.E. First-trimester matersarum PAPP-A and free-beta subunit
human chorionic gonadotropin concentrations andhalitanslucency are associated with
obstetric complications: a population-based screesiudy (the FASTER Trialpmerican
Journal of Obstetrics & Gynecology. 2004;191:1445-1451.

18



Table 1. Down syndrome screening protocols defined including performance.

Screen” 1st Trimester Diagnostic Test Offered In 2™ Trimester Risk Odds SAMSAS
Markers 1° Trimester Markers Reported Performance®
%DR (%FPR)
Cut off Risk 1/300
at Term
First n/a”
Trimester NT, PAPP-A, Yes 1% Trimester 90.9 (4.6)
Combined B-hCG
Second n/a” n/a” AFP, total or free B-hCG, uE3 2" Trimester 74.6 (7.0)
Trimester (Triple) + Inhibin-A (Quadruple)
Integrated NT, PAPP-A No Triple or Quadruple Markers* 2" Trimester 90.9 (2.5)
Serum PAPP-A No Triple or Quadruple Markers* 2" Trimester 90.9 (6.3)
Integrated
Contingent  NT, PAPP-A, Yes, if DS risk odds = cut off risk n/a” 1% Trimester 63.6 (0.7,1.2)
B-hCG (1/30 or 1/50)°
No, if intermediate DS risk odds, Triple or Quadruple Markers* 1% and 2™ Trimester 18.2 (2.0,1.4)
(1/31 - 1/2000 or 1/51 -1/1500)°
No, if low risk, DS risk odds < cut off n/a” 1% Trimester n/a”
risk (1/2000 or 1/1500)*
Sequential  NT, PAPP-A, Yes, if DS risk odds > cut off risk n/a” 1* Trimester 63.6 (0.7,1.3)
B-hCG (1/30 or 1/63)°
No, if DS risk odds < cut off risk Triple or Quadruple Markers* 2" Trimester 27.3(2.0,1.6)

(1/30 or 1/63)°

Abbreviations: NT, nuchal translucency; PAPP-A, pregnancy-associated plasma protein A; B-hCG, free beta subunit human chorionic gonadotropin;
AFP, alpha-fetoprotein; UE3, unconjugated estriol; DS, Down syndrome; DR, detection rate; FPR, false positive rate
*Triple serum screen incorporating AFP, total or free 3-hCG and unconjugated estriol; quadruple serum screen also incorporates inhibin —A

*All screens include maternal age at term in the risk odds calculations.

“n/a, not applicable.

*Various cut off risks have been described.

@Where second trimester markers are used, performance is based on the Triple serum screen with free B-hCG and does not include Inhibin-A.

19



Table 2. Down syndrome Detection Rates and False Positive Rates seen per Risk Odds category.

First Trimester Second Trimester
Combined Screen Triple Screen
Risk Odd Detection Rate False Positive Rate Detection Rate False Positive Rate
(1:n) % (no.) % (no.) % (no.) % (no.)
>50 74.2 (49/66) 1.1 (211/18835) 38.8 (26/67) 1.5 (611/40681)
>100 83.3 (55/66) 1.8 (344/18835) 52.2 (35/67) 2.7 (1090/40681)
> 200 87.9 (58/66) 3.2 (609/18835) 65.7 (44/67) 4.9 (1974/40681)
> 300 90.9 (60/66) 4.6 (868/18835) 74.6 (50/67) 7.0 (2864/40681)
> 1500 97.0 (64/66) 17 (3205/18835) 94.0 (63/67) 25.0 (10156/40681)
> 3500 100% (66/66) 33.1 (6255/18835) 94.0 (63/67) 43.1 (17531/40681)
Median Maternal Age (years) 36.9 31.3 35.7 29.5
Median Gestation (weeks+days) 12w0d 12w2d 16wo0d 16wld
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Table 3. Risk odds at term on 11 confirmed cases with Down syndrome (DS)
where both first and second trimester markers were available.

T21 Age First Second Serum
Case at Trimester Trimester Integrated Integrated
Delivery  *DSodds  “DS odds DS odds DS odds
years
1 42.4 2 2 2 2
2 445 2 2 2 2
3 32.6 2 51 98 2
4 36.5 2 9 3 2
5 36.3 2 10 22 2
6 38.0 2 23 2 2
7 40.6 11 2 2 2
8 36.6 131 943 6136 974
9 25.3 193 140 26 160
10 325 396 44 36 9
*11 375 *2076 *21 *104 *278
Case(s) 10,11 8 8 8
DS odds < 1/300
DR resulting if 72.7% 72.7% 72.7%
‘minimising FPR
) DR resulting if 100% 100% 100%
“maximising detection
with an with an with an
1FPR (>10%) 1FPR (>10%) 1FPR (>7%)
1Costs 1Costs 1Costs

Abbreviations: T21, Trisomy 21; DR, detection rate; DS, Down syndrome; FPR, false positive rate

#DS, Down syndrome odds at term

* Case 11, first trimester DS risk is < 1/1500, under some protocols this patient would not be offered

integrated screening and is counted as a miss for contingent screening.

" If discrepant risk odds are reported management focus is to accept a low risk result over a high risk result.
"I discrepant risk odds are reported management focus is to accept a high risk result over a low risk result.

21



Table 4. Cohort comparative data and screening performance for Down syndrome detection’.

Prospective Prospective Prospective Retrospective Retrospective Retrospective
First Trimester Second First Trimester Second Serum Integrated
combined Trimester combined Trimester Triple Integrated
Triple
Cohort 18,901 40,748 1,006 1,006 1,006 1,006
sequential sequential First with a Second with a First and First and
Second trimester First trimester Second Second samples
sample sample samples
% Recall Rate 4.9 7.2 Unaffected Unaffected Unaffected Unaffected
% FPR 4.6 7.0 4.6 12.6 6.3 25
% DR (no.) 90.9 (60/66) 74.6 (50/67) 81.8 (9/11) 90.9 (10/11) 90.9 (10/11) 90.9 (10/11)
% of Cohort with NT 2 2.5mm 3.0 - 24 - - -
% of Cohort with NT = 3.0mm 1.3 - 0.9 - - -
% of Cohort with NT 2 3.5mm 0.7 - 0.6 - - -
% Cohort with DS odds 20.4 20.6 18.9 438 15.9 10.8
between 1/31 and 1/2000
% Cohort with DS odds 15.8 235 14.6 35.3 133 8.9
between 1/51 and 1/1500
Median Gestation 12w2d 16wid 12w2d 17wod
(weeks+days)
Median Maternal Age (years) 31.3 29.5 31.2 31.2

Abbreviations: FPR, false positive rate; DR, detection rate; NT, nuchal translucency; DS,
* Screening performance is based on a risk cut off of 1/300 at term

- Not applicable

Down syndrome
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Table 5. Screening performance of screening strategies on cases with matched first and second trimester samples per Risk
Odds category.

First Trimester Second Trimester Serum Integrated
Combined Triple Integrated

Risk Odd DR FPR DR FPR DR FPR DR FPR
(a:n) % % % % % % % %

> 50 63.6 1.2 72.7 1.9 72.7 1.9 72.7 0.8

> 100 63.6 1.8 81.8 4.6 81.8 2.8 72.7 1.1
> 200 81.8 2.9 90.9 8.8 90.9 4.4 81.8 2.0
> 300 81.8 4.6 90.9 12.6 90.9 6.3 90.9 25
> 1500 90.9 15.8 100 37.2 90.9 15.2 90.9 9.7
= 3500 90.9 29.2 100 60.4 90.9 24.1 90.9 16.3

Affected cases = 11, Unaffected cases = 1006.



