ANTENATAL SCREENI NG FOR CHROMOSOVAL ABNCRMALI Tl ES Thi's invention

_relatES to'a nethod for antenatal screeni ng for chronosonal
j&bnornalltles and to an 5 apparatus fof_performng the nethod.
The ri sk of Down Syndrome and sone ot her chronosomal abnormalities in a
foetus is known to increase with the age of the nother and it is this

know edge which forns the basis for selection of 10 pregnant wonen for

further investiQMEeRTAEUSCREENING FORCCHRGAGSOMAL NABNORRAGETDES Down

Syndr one invol ves sanpling of the amiotic fluid by amiocentesis, a
procedure which itself carries a risk for the nother of the foetus,

I nduction of a m Shasriagenhébngralibesr eoognmetdolafardaatenhitalpr ocedure.
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unconj ugat ed estri ol ég ) osures relating to the use of these
mar kers, whi ERCRRPSEBaks 8RNOENEIABLRSt itOn awfPREUS lgak8OWR tage, in

antenat al  scyaepBge i tROWRSHAW! OFe t25 mbﬁﬁb&dﬁnasleatl%nttrﬁ;5874 693, WD

89/ 00696 and. WO 90/ Q832 US Pate 0 806 .di s¢gl oses_the use of the
beta subuni t XBPYHEEIEs R %@FWS gﬁtgﬁéﬁél Ok SENERELOM °% or Edwar ds

Syndrome0  pregnantOwemeet Ifod dhrmmemauawescﬁgamu@@ f@mﬁﬁﬁ&ﬂ Down 30
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mat er nal age“an
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slightly rlo@uefu A h iich rlctré@.'f RIBINA 1L 55 MG o hﬁ} e”t rations
are expresseg relative to the nedi an concentratio oun 1n unaffected
pregnanci es gt the foetus, 1nduct10n of a mlscarrlage being a

15 recognised hazard of this procedure.

Maternal serum markers for Down Syndrome are
widely used for antenatal screening fér this
chromosomal abnormality, the most common of these
markers being alpha-fetoprotein (AFP), human chorionic

20 gdnadotropin (hCG) - either the intact molecule
thereof or its beta subunit - and unconjugated estriol
(UE) . Disclosures relating to the use of'these
markers, which may be used in combination with
maternal age, in antenatal screening for Down Syndrome

25 -include US Patent 4,874,693, WO 89/00696 and WO
90/08325. US Patent 5,100,806 discloses the use of the
beta subunit of hCG as a marker in antenatal screening
for Edwards Syndrome. '

One method of prenatal screening for fetal Down

30 Syndrome in the second trimester of pregnancy uses a

' combination of maternal age and maternal serum (AFP),
(hCG) and (UE). In fetal Down Syndrome the maternal
serum concentrations of (AFP) and (UE) are slightly
lower than in normal pregnancies, when the

35 concentrations are expressed relative to the median
concentration found in unaffected prégnancies at the



- 2- sanme age of gestation (ternmed the nmultiple of the medi an in

unaffécted pregnancies or MM . In contrast the concentration of

mat ernal serum hCG MoM i s hi gher gztbmm Syndrone af fected pregnanci es.
The 5 concentrations of all three marKers (as 1og MM are

approxi mat el y Gaussi an distributed and the di stributions for unaffected
and affected pregnancies overlap. The overlap in values is such that it
S i npossi ble to choose a cut-off point which will 10 clearly

di scri m nat esdmse v @ hegesiatpbpul fteoned the multiphewpEdgheof the
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15 particular population. The principles involved can be
demonstrated by a graph of. frequency against MoM (log
scale) such as Figure 1 which relates to (AFP). This
demonstrates the principles involved in calculating
the likelihood that a sample has come from a Down

20 Syndrome affected pregnancy, in this case for maternal
serum (AFPX, although the same principle applies to
(hCG), (UE) or any mafker, biochemical or otherwise in
which the distributions in affected and unaffected
pregnanéies differ. )

25 More information can be gained by combining
markers than by using them individually. There is no
theoretical limit to the number of markers which can
be combined and the principle and practice of
combining them is well known statistically. For Down

30 Syndrome screening the likelihood ratio is derived
from the two trivariate normal distributions for
unaffected and affected pregnancies using maternal
serum AFP, UE and hCG. Maternal age is another marker
for Down Syndrome, the risk being much higher in older

35 women. As none of the serum markers has been shown to



be related to any of the maternal serum analytes, then by Baye's

t heorrem t he final conbined risk of having a child with Down Syndrone
for an individual woman is obtained by nultiplying the l|ikelihood that
the 5 maternal serum markers' val ues bérong to an affected popul ati on
by the a priori age risk. The final conbined risk may then be used
to counsel wonen about their risk. If their judgenent is that the
risk is high then they may wi sh to proceed to 10 amiocentesis so that

fetal cells pay B8 @RIRAItREEABNGE thed rdtdPridilagRasirs drdetelie then
ammi ocentesi s procedure carries. Wwth it ar{#k Of mﬁégarr.l aﬁge of the

order of by Beyeo S1 tHROTATLE et H Ao R8TRATSE & Whi Tk df
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that the $ishaternal Heguemakers' ayuss Redodntdre exh saffected |t has

been esti mat ﬁgﬂlaét SRl 85 Eiguepﬁ’/p{ »oden screened and found to
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have the hig enabl e detection of approximately 60% of

Down Syndr one B9 cknal payniees eglisk may then hejuse®ek@fore desirabl e

to devel op | FUAMED wond®ldWsise ofhait eppéR| BEr€RS1 PO hQgerbhOMDSOMRI . 25
abnormalities. Accprdlgg?to t he present ipvention we provide a
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that the 30 gestational age.is_determ ne a fer he | ast
menst r ual pe%?&%Ja%t %a%%%s%%)m @ea g%%ne?éf%chtégﬁgaéggg &ﬁ gof t he
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relating FO %hé&fﬁgsacgﬁgigdw?Xh Down Syndrome. Conversely a woman
with a combined risk of 1:10, may feel that the risk
is high enough to warrant amniocentesis.
It has been estimated that selecting the 5% of
20 women screened and found to have the highest risk
would enable detection of approximately 60% of Down
Syndrome affected pregnancies.
It is therefore desirable to develop improved
methods of antenatal screening for chromosomal ,
25 abnormalities.
According to the present invention we provide a
method for antenatal screening for abnormalities in a
foetus in which the gestational age of a pregnant
woman is determined characterised in that the
30 gestational age is determined (a) by reference to the
last menstrual period dates and (b) by a biometric
measurement of the foetus, the difference between the
ages as determined in (a) and (b) is calculated and
the calculated difference is examined using reference
35 data to determine fetal chromosomal abnormalities.



a pregnant woman and conputer means for conparing the 5 measurenents to

reference data to determ ne fetal abnormalities characterised in that
t he measurements relate to the difference between the gestational age
of the. woman as deternined (a) by refer¥nce to the | ast menstrua
period dates and (b) by a bionetric 10 neasurenent of the foetus.

Some chronopsonmal and ot her abnormalities show gromh retardation in a
foetus, i.e. the foetus is not as |large as woul d be expected fromthe
gest ati onal ergﬁrtr@ﬁtaaéé@min@g@o iﬁh@sphaééyntesiwaﬁeﬂoﬁra@ the 15 date

of the last nenstrual period. It can alsp be deéer ' eg by a bionetric
measur ement RHOVIRE (b(ARPAT ALUT CATP 1 BIOFERF72S nRORRF &fehPE are made

usi ng ultecsionoyy apdysienad her rabainsngreo ppssoetes Earried byanpl e
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ext ent dependj u o] o] ¢

det ect ed. égﬂ?ngggg&gg?égéigg |§§hgg %ﬁggaggé Elgﬁaﬁggaé from 35 the
| ast nenstrugropehi vgtardatiahciyhati fnetusnadee. the foetus is not

- 5- U§gn9a£$@ sga@é@ﬁddsgse§beeeehh%rehréhe se%tga ahast

nmenstrual peri od gestational age a sesse bi ometric
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such a d|scrgﬁgﬁﬁyln?ﬁcgﬁn§tbﬁSFﬁﬁFéchFﬁéuFﬁanth the foetus.

Usually biometric measurements are made using
ultrasonography but other means are possible, for
example nuclear magnetic resonance (NMR). The most
20 common estimate of gestational age by biometric
measurement using e.g. ultrasonography is derived from
measurement of the distance between the parietal
lobes, the biparietal diameter (BPD). Other
measurements that can be made include crown to rump,
25 humerus, orbit to orbit, abdominal circumference, ear
size and femur-length. Of these measurements the crown
to rump measurement is usually made during the first-
trimester of pregnancy whilst the other measurements
are best made later during the second trimester. The
30 preferred measurement to be made using ultrasonography
in the method of the invention varies to some extent
depending upon the chromosomal defect which is to be
detected.
In the determination of the gestational age from
35 the last menstrual period, the calculation is made



date of the last nenstrual period has not been 10 recalled accurately.

The et hod of the invention can be used for antenatal screening for a
wi de range of chronosonal abnormaldstdi es. It is particularly useful for
det ecti on of Edwards Syndronme (Trisony 18), Open Spina Bifida 15 and
Pat au Syndrone (Trisony 13). Qther abnormalities whi ch may be detected
I ncl ude Down Syndrone (Trisony 21), Turner Syndrone (Mnosony X) and

Kl ei nefelter's Syndr.onge..; The nmet.hod qf, the inventio sed to
screen for PRd™i &(I}zﬁy eﬁﬁ?&ﬁ‘?&@aﬁsess%}c‘? %%%ré’e%sq? oc?aléogf g%%gga%?

abnor el i t i eensageieperfiad.exanple it coul d be used to screen for both

Trisony 18 and %g?%{é%stati%r{élﬂaar%e assesse&_r)kfy B fpdk P{t he invention

can be used in atton Wt asur enent one or nore other 25
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n ... f
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of the seruRdBukeI®. Meerdeire Kdwever adthdr egpestyl8ssaesasedrpl asm

protein A (PAPPA)_ as, described in our_ copending, UK Patent. Application
oo " G20 RS 12 B SRERATEr SR R heGO DR NBaSTrBY FREFfR®

al pha- f et oprdated f{ AR ,lgstogestsrtonel (Peryiodchasphat Béen
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- 6- 1 ﬁdro%%%n 'ehyd_roepi andr ost erone sul phate ( DHEAS) ,
i ntact inhibin (ITe arthed efipupet inventigphgangeesuaadt fProtein 1 (SP1),

free al pha gfietdr of screé&%@nﬁoﬁrsoﬁiéérﬁaﬁgé get ahebnbeemall these
mar kers. 5 Thus one or, nore_of these other markers na asured

t oget her wi t3PRHERBYieHal Irel RPATHIEHIRRLY. us?ﬁElnéPEgﬁe’éﬁcgﬁen
invention. Rf Rieaide $ShwdiehdodTeisony LB, i Opent Bpingmpilfeddsed with the
The metRBd 9 (RAGHY RYRORORS CLFLaBRY ta7ri O5RSE SBRP=RRLERA%Reriod i rom
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preferred. 21y, purd0f SPNEPLLEN (MSnbhbiF! kit GHaPK1LAR 6 2ERAQYI NY
Syndrome. The method of the invention may be used to
screen for individual abnormalities or to screen for
20 groups of abnormalities together, for example it could
be used to screen for both Trisomy 18 and Open Spina
Bifida. '
The method of the invention can be used in
combination with measurement of one or more other
25 markers such as maternal age.and/or one or more’
components of a maternal fluid including urine,
saliva, cerebrospiral fluid and in particular serum
‘markers from maternal blood samples ( from plasma or
whole blood ). In particular it can be used together
30 with measurement of the serum markers free beta hCG
and pregnancy associated plasma protein A (PAPPRA) as
described in our copending UK Patent Application No.
9224965.5. Other markers which may be measured include
alpha-fetoprotein (AFP), progesterone (Pr), lé6-alpha-
35 hydroxy-dehydroepiandrosterone sulphate (l6-alpha-



drawi ngs wherein 15 Figure 1 is a graph of Frequency agai nst AFP MM
(on a*1og scal e) which shows the distribution of mat ernal serum AFP in
a Down Syndrone pregnancy (Curve 1)~gnd in a normal pregnancy (Curve
2). . Figure 2 is a graph of percentage frequency 20 against the
géstati onal discrepancy, i.e. the difference in days between the
gestational ages determ ned by reference to the [ ast nenstrual period

and by bionetr as hi,s case rasqQnogr aphy. 25
Figure 3 is r¥ é¥? ?%EggpEaaﬂpaﬁhxdaﬂapﬁ§n§¥°StegP&ﬁ %glgtlve
frequency and(DEBA3) } obhatact idhsbippdliny @as idnsFisgbueiz)s,show ng the

uma foct sd prSSRERLT L ECRYECaf ohpin s %E?gw SRR RSP Ay B ol o

3 and is a hCgrapd predursersoandamethbellitesomf LBesgaimagtkelrs . se-
positive mat éThus one orFmE¥ECo? tﬁe%@f%Eh%@ hﬁrk%rEXﬁﬁﬁgg ¢t and is a
graph of relative freq uencg agai nst AFP nultiple _of 35 Ian (1 og scale).
- 7- meagpgafletage h?Ef@FFEdtPG PripciPaile Merkers ased ingraph of

det ecti on rat ghéoneThb80B¥ &ﬁeaﬂaveatlbﬁl S@or exaﬁ@ﬁ'et itHe hlthod of
etection rate

Figure 7 is regferced t ph .of
for Trisony 1§£3géPK§Pg§8Pe8ﬁynBe uﬁ&?l??&% ?&de%Statlona i3f%s 8 and 9
are referred hoGj nPERRApEad7ARRdas thaer magkamss tef beehmidsia-dd.equency

agai nst ngI tiple ohy 8 {uggﬁghagf( lt?xg gﬁ%Jeg)c:Lo?{ 1@C(§‘u%.ri':%h}t‘|ll.E reseziei;%tc* vely. 10

Figure 1 s referre grap
f requency agaPH§tlQNPhQSBeFdéﬁsfrom to 22Fwgeks nflpregﬁancyHWIthln

Exanpl e 8 andthg qvE2Bh 9l 8l b VR dideHaanGy A FP nmul tiple of
medi an (|l og scal e erlg Figure 12 |§ refer?%% toIn qgnple 10 and is

a graph of det &BE 6HVF&Fé%ﬂsq&éﬂu§&r@§eﬂ i & heyAgpampanying

screen-posi ti deawdhgs wherein :

15 Figure 1 is a graph of Frequency against AFP MoM
(on a log scale) which shows the dlstrlbutlon of
maternal serum AFP in a Down Syndrome pregnancy (Curve
1) and in a normal pregnancy (Curve 2).

Figure 2 is a graph of.percentage frequency

20 against the gestational discrepancy, i.e. the
difference in days between the gestational ages
determined by reference to the last menstrual period
and by biometric measurement - in this case by
ultrasonography.

25 Figure 3 is referred to in Example 1 and is a
graph of relative frequency and gestational
discrepancy (as in Figure 2) showing the difference
between a Trisomy 18 affected pregnancy (Curve 3) and
an unaffected pregnancy (Curve 4). '

30 Figure 4 is referred to in'Example 3 and is a
graph of detection rate for Trisomy 18 against false-
positive rate.

Figure 5 is referred to in Example 4 and is a
graph of relative frequency against AFP multiple of

35 median (log scale).



Figure 2 is the result of a clinical trial conducted at 6 centres
t hr oughout Europe fromwhich 20 1761 pregnanci es of known normal outcone
wer e i dentified which had gestationgl age determ ned by ul trasound

bi ometory and by rieference to the | ast menstrual period. It shows that
t'he difference in gestational ages (in days) between the ages as 25
determ ned by reference to the [ast nenstrual period and by bionetric
measur enent (ul trasonography) - termed the gestational discrepancy -
has an appr oxFhenepy 6Ghasspiargrdt EPbdni Brappleakduésd fisea mean

val ue of appgpxpbABbel Yetdctayn tatkeebe Thesbag! 180 agaahskDra1W@IEN Wil |
m st akenly oVerestimte their gestational ages than wll m stakenly

under est i matBOS1t1iVReRAt&nd that the dates determ ned using

ul trasonography arggaeastr dgt edrbreed eonihagxdap1eed and fifsom worren with
wel | charsact eri Sﬁd gat e? fﬁgr. t hei r 3% | ast .rrenstrtéal eri ?__ds.
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with growt h pesatdeei @atehen the Gaussi an di stribution of values w ||l

be shifted to the.ki . Eor, | e foetuses .wi Tri-so 18, are known
on 5 average to gl% \%I}Tgsdissngpegn%é%ln%eggg%%ﬁ %ﬁ’all\ﬁa}g{sam le ”}Vand
appr oxi mat el arg geepdhs Tife redetdwer Ifxesiuepcy agdistati mnlitdpsleofoftlat i ng

discrepanci epedls 8nag13540WRANE)  for MY Gnd UEN GRS SN APPI NG
distributions are_ ompl etel y anal ogous to those wth ternal serum 10
mar kers,1% or exanpr&uwket A OaAmS 5@%@%@&@ Hingf¥@mple 8 and igtajs possible

therefore toggaphvefa delleelivRoFtequercit iadyalifdic aME-MEE didyHpancy in
dates is due to , Iris .18, q{ t o anot her _abnormal jt ssociated with
intra-uterine gr o9& gl%dﬁ FEtenteth tadt Brample, d) Us® rfanner to
that illustratrephf @f relatiate fremmnon AAinstFiARY endltiple of
Furthernore |t 4.S.p0ssibl e t,0,.conbine the di screpanci es in gestational
ages with ot’h{grdl%n (g_log}ghsg:na]lce | or other markers for the abnornmality, in a
20 nmul tivari ate Fdlouleatlidrnisofrafesigeditwan tEdangdvikd and fios &xanpl e

. that mat er naly seih dac dde 1M Afte ¥ & open Spina Bifida against

screen-positive rate.
Figure 2 is the result of a clinical trial

conducted at 6 centres throughout Europe from which

20 1761 pregnancies of known normal outcome were
identified which had gestatiohal age determined by
ultrasouﬁd biometry and by reference to the last
menstrual period. It shows that the difference in
gestational ages (in days) between the ages as

25 determined by reference to the last menstrual period
and by biometric measurement (ultrasonography) -
termed the gestational discrepancy - has an
approximately Gaussian distribution of wvalues. The
mean value of approximately +3 days reflects the fact

30 that more women will mistakenly overestimate their
gestational ages than will mistakenly underestimate
them, and that the dates determined using
ultrasonography are constructed from formulae derived
from women with well characterised dates for their

35 last menstrual periods.



all lower in unconplicated Trisony 18 pregnancies. The principl e of
conbi*ni ng several markers for foetal abnormality iin nultivariate nodel s
has been described 25 by Reynol ds and Penney (Ann. din. Biochem, 27, 452-
458, 1990, ) The invention hasg-been di scussed generally in
relation to Trisony 18, but other chronosonal abnornmalities are al so
associated with intra-uterine 30 gromh retardation, for exanple Open Spina
Bi fida, Triploidy and Turner Syndrome. All of these abnormalities

have associ at ed ernal _serum [ I r g

- 9- gﬁ%é? %%f%%?goﬁgﬁdogeégﬁgglgggogggigﬁgtég to mat er nal

serum but messetbateéd wbtBugedwth mehapdation thepi the GaussianThe

Lnvention hag; {ie; odvaghage vhtheb! wel2beSshirkBa de! el angrate for
ma to be d o] Ich i

foetal abnor Itres I ncreased using_ I nformation S
routinely Foroexampte feehvaafywhbhehrisomy 1BxappLknpwpgon As

part of kar ggyabhgé cest éﬁowhahisbaebaﬁcyn'&hegestatlﬁbmqor@g@sdoqei sewhere in
Europe 7 cases of TJriso d.maternal serum control

Ey é8 and 521 unaf %éte
sanpl es wer EPPTOXYBALRLY od. ALK SsahPPeE¥Re PECKEAPRADS for naternal 15
serum AFP, hdlsepibWEiohs efcHatdng tliecgephatciesalare asagdmowerim known

both by reference tg t | as menstrual period.and by faoetal bionetry

of the E#b%?F%tgr Eﬁﬁﬁ%t%?? XVFrE%Pgé%gn ngng§§§ﬁ%E§Ie change with
gestational egeplétehythsatogpusl tdathoze mighegeitennalersemuan f ormed of the
unaffecggp ”ﬁgkﬁérs, fgglEgaﬁgé?aﬁgt%e%bgt5gn§hﬁ%§f@g#g@mﬁ}gétﬂua ul trasound

measured gestation in weeks, g te y the nunb ) cpnt?ibutory
sanpl es at each weEkisrFppsatblgngheredfitire to degdgre e Jidahidioqd | i near

regressi on ofathg eakYr al g2eh0digrdpRnyMivaldst dd e cyersus
gestational #9¢.omy 157 9380 Aothe? 'AbrotRSrity ¥B S el SpATENt o
intra-uterine growth retardation, in an exactly
15 analogous manner to that illustrated for maternal
serum AFP in Figure 1.

Furthermore it is possible to combine the
discrepancies in gestational ages with other
biochemical or other markers for the abnormality, in a

20 multivariate calculation of risk, since it is known
for example that maternal serum hCG, UE and AFP are
all lower in uncomplicated Trisomy 18 pregnancies. The
principle of combining several markers for foetal
abnormality in multivariate models has been described

25 Dby Reynolds and Penney (Ann. Clin. Biochem., 27, 452-
458, 1990, )

The invention has been discussed generally in
relation to Trisomy 18, but other chromosomal
abnormalities are also associated with intra-uterine

30 growth retardation, for example Open Spina Bifida,
Triploidy and Turner Syndrome. All of these
abnormalities have associated maternal serum
biochemical markers.



decay. Usi ng these regression equations each anal yte val ue
from both Trisony 18 and unaffected sanpl es was 30 divided by the
upaffected nmedi an val ue for that stational day, the latter being
derived fromthe regressi on equati-ons. Table 1 gives the
details of the Trisonmy 18 cases. Table 2 gives a sunmary of the
statistical 35 analysis of the Trisony 18 cases together wth the 521
-10- control sanples. There was no statistically significant
di fference in st abideexd d@nkersouseben&eénnot béheesonticbkd and Trisony 18
cases: the SIANAILY ser(ifY!Bht ORIy "HLEo! BE RLOLE B0k RIanRlBgESI al i onal
age 5 di screpancy mas calclla ast renstroal peri od ved
gestation i nffbaid. (LMP) - uItrasound derived gestation in days (USS).

TABLE 1 10 Vorga Th%@ngibﬁoﬁxslgh@fE@GEﬁgaeéegﬂﬁﬂch%Senablespat'ent
USS LM LMP- USS

lum 5 thme|%ezﬁﬁn&°§5rate fOBcéﬁftaioﬁbHOITQlltles to Pg 22 93
0.830. -0. 1§@creased5685ﬁg 186orhabion which i$§9roGtiBélyl. 192 0.176

BO289 115 1 g 34.85 0.980 -0.020 B340 115 120
5 33.08 (°93becteq. Sﬁﬁmzﬁany BeB%8- 113 141 28 18. 42
0.537 -0.622 G846 108 117 9 13.54 0.432 -0.839
GB47 136 9 28.56 0.550 -0.597

TABLE 2 25 aFlstlcaI par anmet ers

10
As part of large multicentre trials in the United
Kingdom and elsewhere in Europe 7 cases of Trisomy 18
and 521 unaffected maternal serum control samples were
identified. All samples were measured for maternal
15 serum AFP, hCG and UE. In each case the gestational
ages were known both by reference to the last -
menstrual period and by foetal biometry of the
biparietal diameter. All three analytes measured
change with gestational age. From the control data
20 regressions were performed of the unaffected median
value at each gestational week, versus the ultrasound
measured gestation in weeks, weighted by the number of
contributory samples at each week. For AFP and UE this
took the form of a linear regression of the natural
25 log of the MoM value {ln(MoM)}, versus gestational age
in days. For hCG it took the form of an exponential
decay.
Using these regression equations each analyte
value from both Trisomy 18 and unaffected samples was
30 divided by the unaffected median value for that
gestational day, the latter being derived from the
regression equations.
Table 1 gives the details of the Trisomy 18
cases. Table 2 gives a summary of the statistical
35 analysis of the Trisomy 18 cases together with the 521



Trisony 18 Unéf fected

Contrdl 30 n 7 521 mean
1Q. 14 2.197 pool ed standard devi ation "4.65 35 4.65

It can be seen that there is a marked-#Pfference in the distribution of
t'he gestational age discrepancy 5 between the Trisony 18 cases and the
controls. The Trisony 18 cases show on average 16.1 days earlier
gestation when assessed by ultrasound bionetry than by LMP dati ng.

The di screpaipite®l BB idy. WHerd okl e dtht Bfiexiypte to a Gaussian
di stribution . for, both ’nfT#—‘I’r son% 18 cagesdang#ﬁonl roJs. These Gaussi an
di stributi offd Gidtn HAE ke genes ain standard grel AoRs (95t YeRRre is a
| i kel i hood tthat controls vand gesisdmpnbd cgeesli sthiepstwyddod ns- part of

ei ther 15

the .Gaussi.an_distri bution f TrkS 18 or_unaffected
val ues can B¢ calcul'st efF i %lﬁeﬁégﬁ?%%oéjéso%% hiqfc?%e a%e?%atlonﬁgn%ﬂgtrat ed for
the use 9f whitssrrepancy wad\FRalculaked as abasts smemst viia Doper Syddr one ri sk
in Figure 1. : Qﬁéﬂ? : s c i o) Ladi vi dua
wonman' s risf%ﬁfgéd aylﬁgiipcﬁﬁlgﬁﬁftﬁf%ﬁfsoﬁgfq%géﬁgﬁﬁg&?ﬁgvéécond

trimester of9tefnkofyinsdayst MdSHbasured di screpancy 25 in gestational
ages i s shown bel ow.

TABLE 1
10
o .
. Patient USS LMP LMP-USS AFP AFP AFP
, ID 10/ml MoM  1n (MoM)
15 ' :
BO211 101 119 18 22.93 0.830. -0.186
BO250 136 155 19 61.87 1.192 0.176
B0O289 115 140 25 34.85 0.980 -0.020
BO340 115 120 5 33.08 0.930 -0.072.
20 B0O379 113 141 28 18.42 0.537 -0.622
GO346 108 117 9 13.54 0.432 -0.839
G0347 136 145 9 28.56 0.550 ~-0.597
TABLE 2
25
Statistical parameters
Trisomy 18 Unaffected
Control
30
n 7 521
mean 16.14
2.197
pooled standard deviation 4,65

35 4.65



For a 37 year old wonman, her age related risk can be derived from

epi deffi ol ogi cal studies such as those reported by Crossley (Crossley
et.al. Prenatal 30 Diagnosis, 11,83-102, 1991). Age risk =

1: 245 . This risk is nodified-Brceording to the |ikelihood 35
ratio derived fromanalysis of the gestational age

-12- di screpancy between USS and LMP derived gestations as shown
in Table 3. The final conbined risk is ~ calculated by dividing the right
hand side of the risk odds ratio (245) by the likelihood ratio. 5
TABLE 3 I ndi vi dual risks using gestational age discrepancy and

prior age-related risk for Trisony 18 at second 10 trinester for a 37 year
ol d woman A0at it Bel'sthh that there is GPAUSRAi #BOrentd kel | hood
conbi ned 15 di screpancy

in days in the dlstrlbuth? of the gestQKRﬂal age dlsq;gp@mﬂx

0 5 Hét@fé%@x the TrischiP2/B7cades and the controlsZ The

0.0098 T (yﬁ show on ave j%ﬁ 1 days e 03 64

1: 6739 risory 18 cases, P9I vs earhid

8 dedii3 on when aslseded by ultrasound biomefify than by

1. 8558 : 5 12 6. 8841

1: 36 e Yating® | 25. 5368 1:10

16 94. 73y discrepaniciers in dating were found to

10 approximate to a Gaussian distribution for both
Trisomy 18 cases and controls. These Gaussian
distributions are shown in Figure 3.

This shows that there is a likelihood that a
given gestational age dlscrepqncy forms part of either -

15 the Gaussian distribution for Trisomy 18 or unaffected
values can be calculated in an analogous fashion as is
demonstrated for the use of maternal serum AFP in the
assessment of Down Syndrome risk in Figure 1.

20 EXAMPLE 2

The calculation of an individual woman's risk of
having a child with Trisomy 18 during the second
trimester of prégnancy using the measured discrepancy

25 in gestational ages is shown below.

For a 37 year old woman, her age related risk can
be derived from epidemiological studies such as those
reported by Crossley (Crossley et.al. Prenatal

30 Diagnosis, 11,83-102, 1991). '

Age risk = 1:245

This risk is modified according to the likelihood

35

ratio derived from analysis of the gestational age



EXAMPLE 3 30 The utility of any screening test is best

descri bed by the Receiver Qperating Characteristics (ROC). This shows
the rel ationship between the sensitivity (the proportion of Trisony 18
cases.that 35 would be detected at a-§Pven risk cut-off level) and 1

- the specificity (the proportion of unaffected wonen who woul d be
categorised incorrectly as being at high risk of Trisony 18, i.e. the
fal se-positive rate). The ROC curve for screening using the

di screpancy {in AQp RS} BdtAddn agss da?fsd NGvp Sdébpwsu i oSt GLI6nd. as
Tabl e 4 shomé'the I nt er Iated valg ron1 ROC curve show ng the

sensitivity SSOWhe Y a?o’i}%’r?%%sr*%lfsbs positive rates.
- 13- calculated by dividing théﬁfi@hﬂ hand Sedecdfovheatiskfor given

fal se positi rate: 18: | di screpancy al one 5
fal se- p05|tlQé? eﬁ%?lo kfggyé?%c??%nlgggéﬁﬁégg raffs. 1. 0%
76. 2% 2. 0% 83.9% 10

3. 0% 87.8% TABLE 3 4. 0%

90. 2% 5. 0% . | 92.0% 15 EXAVPLE 4
Several mat ekmdlvidua iskhcustay geskakional age dasSgrewpa eni ng for
Trisony 18. »',_ axagetrela knfori LEican hunan
chori onil@ 20LriBaaks Ri-A-fAcopar: géds Wag

of

gestational age likelihood combined
15 discrepancy ratio . risk
in days
-2 0.0007 1:344014
: o - 0.0026 1:92737
20 2 0.0098 1:25000
) 4 - 0.0364 1:6739
6 0.1349 1:1817
8 0.5003 1:490
10 1.8558 1:132
25 ' 12 6.8841 1:36
14 25.5368 1:10
16 94.7303 1:3
EXAMPLE 3

30

The utility of .any screening test is best
described by the Receiver Operating Characteris£ics
(ROC) . This shows the relationship between the
sensitivity (the proportion of Trisomy 18 cases that

35 would be detected at a given risk cut-off level) and 1
- the specificity (the proportion of unaffected women
who would be categorised incorrectly as being at high
risk of Trisomy 18, i.e. the false-positive rate).

The ROC curve for screening using the discrepancy in

40 gestational age dating is shown in Figure 4.

Table 4 shows the interpolated values from this
ROC curve showing the sensitivity of the screening
test at various false positive rates.



associ ated pl acental protein A (PAPPA) are all known to be decreased in

pregnanci es where the foetus has Trisony 18. AFP levels are raised in
Trisony 18 25 affected pregnancies where the foetus also has an

associ ated neural tube defect. ~13-None of the Trisomy 18 cases
described in Table 1 were al so affected by neural tube defects.

The AFP concentrations, nultiple of the nedian 30 |evels (MM and the
natural |og of the AFP MoM | evels [In(AFP MoM ], are shown in Table 1.
The statistical summary of the T&FLElagda for both the Trisony 18 cases

and the unaffected controls are shomn in TabIe S. There mas no

statisticallQe andILGOoFAEyi at i on
or the correldtias Y3 l:V={-Talo v 21sls Trlsony 18 cases ; the
correl atiSons and standard deV|at|ons were therefore pool ed. 40

-14- false-positiveappkes S?&Fﬁ§$ﬂ@§lrﬁéﬁaneters 5
unaf f ect ed Trisony 18 control_s -n

7 521 10 nmean EnPAFP MOM 0.309 16.2% 0. 040
standard devi ati on | n( AFP 0. 361 83 9%  0.361 15
correl ati®n coefficient be n | n(AFP MobM and g &3 onal age

0. 135 0. 135 ditsQ&epancy 20 The Ga i

di stributions of |n(AFP MM iR Trisomy 18 and control”™“pregnancies is

shown in Figure

15 EXAMPLE 4 ' .

Several maternal serum biochemical markers
may be used in screening for Trisomy 18. For example
AFP, unconjugated oestriol (UE)., human chorionic
20 gonadotrophin (hCG), the free beta and alpha subunits
of human chorionic gonadotrophin ((hCG), pregnancy
associated placental protein A (PAPPA) are all known
to be decreased in pregnancies where the foetus has
Trisomy 18. AFP levels are raised in Trisomy 18
25 affected pregnancies where the foetus also has an
associated neural tube defect.
None of the Trisomy 18 cases described in Table 1
were also affected by neural tube defects.
The AFP concentrations, multiple of the median
30 levels (MoM) and the natural log of the AFP MoM levels.
[In(AFP MoM)], are shown in Table 1. The statistical
summary of the AFP data for both the Trisomy 18 cases
and the unaffected controls are shown in Table 5.
There was no statistically significant difference in
35 either the standard deviation or the correlations
between the controls and Trisomy 18 cases ; the
correlations and standard deviations were therefore
pooled.

40



5. It can be seen that likelihood ratios can be cal cul ated using these
Gaussain distributions in the same manner as was descri bed when
screening for Down 25 Syndrone using_{gternal AFP, exenplified in Figure
1.. The cal cul ation of an individual woman's risk of having
a child with Trisony 18 at the tinme of screening i s shown bel ow 30
Age related risk for 37 year old wonan = 1:245 The risk is
nodi fied according to the likelihoodaprLE gatio derived from anal ysis of

t he maternal serum AFP | evel , expressed as the MoM val ue, as shown in
Tabl e 35 6stabtiesdidcdal wordmeesk¢i sk i s cal cul ated by dividing t he
right hand side of the risk odds ratio (in this case 245) by the

l'i keli hogd rati o. 40 unaffected -15-

TABLE 6 | ndi vi dual risksTussngynmdBer nal secamntsPRsand prior age
related risk of 1:245 for Trisony 18, at second 5 trinester for a 37 year

old woman n 7 likelihood 521 conbined
AFP MoM rati o risk 10

0.5
4. 4857 10 mean }n (&FP MoM) 0.3091 ¢ 0.0848982
1: 351 . 2.0 0. 1087 1: 2255
3.0 | stanpdapdgedeviation 1:6694 %f The gurve for screening
for Trisony h‘B(%E?n'&’M) maternal s@rdftAFP i s shown Pn gilgure 6. Table 7
shows th i nter oigted valugﬁifrogkthis RCC curve

correlation coe cie
between 1ln (AFP MoM) and .
gestational age 0.135 0.135
discrepancy

20 The Gaussian distributions of 1ln(AFP MoM) in

Trisomy 18 and control pregnancies is shown in Figure
5. It can be seen that likelihood ratios can be
calculated using these Gaussain distributions in the
same manner as was described when screening for Down

25 Syndrome using maternal AFP, exemplified in Figure-1l.

The calculation of an individual woman's risk

of having a child with Trisomy 18 at ﬁhe time of
screening is shown below.

30 Age related risk for 37 year old woman = 1:245

The risk is meodified according to the likelihood
ratio derived from analysis of the maternal serum AFP
level, expressed as the MoM value, as shown in Table

35 6. The final combined risk is calculated by dividing
the right hand side of the risk odds ratio (in this
case 245) by the likelihood ratio.

40



show ng t he sensitivify of the screening test at various fal se positive

rates. 20 TABLE 7 Detection rates for

gi ven fal se positive rate, Trisony 25 18, maternal serum AFP al one
1-specifficity sensitivity =-15- (fal se-positive
rate) (detection rate) 30
1. 0% 8. 8% 2. 0%

13. 9% 3.0% 18. 1%

4. 0% 21. 7% 35 TABLE 6 5. 0%

25. 0% EXAMPLE 5 40 The optinal nethod of combining screening
tests is to use thenlsinultaneousl .b calcul ting the o i kel i hood

ratio from
distri butsl ond9§rEehakeg,
cal cul ati

-16- Syndrorrp has been descri bedig% E&g}ggghds (Reyn%l@ %d’ ed Annal s

of Cinical BIOChGWlStE%P fibym 452- 458

required of the correlation g%tmeen the screening markers to allom1for
their dg_ Rendence. 5 The statisstical paranmgt@ggin Tables 3 .ax 5 show the
mean and standard devi ati ogs gand corr el at ipoggghor | n(ARRs¥bM and for
the gestational age di screpancies. 0.1Bg7way of ill ustyagg on the
‘risks assigned to a 37 Jy.ear old monan(wym3m6various | evielgsf nat er nal

serum 10 AFP and different gestational age dating discrepancies

15 The ROC curve for screening for Trisomy 18'using
maternal serum AFP is shown in Figure 6. Table 7
shows the interpolated values from this ROC curve
showing the sensitivity of the screening test at
various false positive rates.

20

TABLE 7

D ! Il N ! E -v E] n! 1] ! I []
25 18, maternal serum AFP alone

l-specificity ‘ sensitivity
(false-positive rate) (detection
rate)
30
1.0% 8.8%
2.0% 13.9%
3.0% *18.1%
4.0% 21.7%
35 5.0% 25.0%
EXAMPLE 5
40 The optimal method of combining screening tests

is to use them simultaneously by calculating the

likelihood ratio from a multivariate, rather than

univariate, Gaussian distribution. The use of

multivariate Gaussian distributions in calculating
45 risk assessments for Down



is _shown in Table 8.~ 15 20 25 30 35

-17- TABLE 8 | ndi vi dual risks for
a,37 year old wonman for Trisony

_16_

Syndrome has been described by Reynolds (Reynolds,

Annals of Clinical Biochemistry, 27, 452-458, 1990).
Knowledge is required of the correlation between

the screening markers to allow for théir dependence.

5 The statistical parameters in Tables 2 and 5 show the
mean and standard deviations and correlations for
1n(AFP MoM) and for the gestational age discrepancies.

By way of illustration the risks assigned to a 37
year old woman with various levels of maternal serum
10 AFP and different gestational age déting discrepancies
is shown in Table 8. )

15

20

25

30

35



18, using AFP and gesfational age discrepancy conbined 5 wth nmaternal

age risk of 1:245 at second trinester Age related risk for 37 year
ol.d woman = 1: 245 gest ati onal age conbi ned

conbi ned 10 AFP MM di scr epancly?- | i kel'i hood risk

ratio 0.5 0 0. 0161 1: 15199

0.5 2 . 0. 0649 1: 3776 0.5 6
1. 0510 1:233 15 0.5 10 17. 0267 1:14

0.5 16 1110. 19261 82:1 1.0 0
0. 0572 1: 226025 1.0 2 0. 0829

1: 56156 20 1.0 6 0. 2237 : 3466

1.0 0idu i 3 ) 1141 4 16
- 11. 4713 1.

1: 16303001 2%

3.0 5 wi ernal a idk @03 : 225 G i :

10 0. 0375 1: 15434 3.0 16

0. 5691 1: 234 rel%Q:eWs'kE f%r 7 yea%croﬂ%{'“ aqp_r__f O fiRfyce 1 n the

ordi nary popufation e“estimates or risks in Exanple 5 do not

allow 35 for the performncR QfasSilihe 4Rt Wb idedPP! | & d a
routine SereamipNgchest in t%&eir&fa@ﬂcypopul atlii%ljijﬁiod éi’égﬁ‘le
ci rcunst ances the incidence of the disorder msiio

0.5 0 0.0161  1:15199
0.5 2 0.0649  1:3776
0.5 6 1.0510  1:233
15 0.5 10 17.0267  1:14
0.5 - 16 1110.1926  2:1
0 0.0572  1:226025
1.0 2 0.0829  1:56156
20 1.0 6 0.2237  1:3466
1.0 10 0.8419  1:214
1.0 16 11.4713  1:3
3.0 ' 0 0.0021 1:16303001
- 25 3.0 2 0.0032° 1:4050525
3.0 6 . 0.0093  1:250034
3.0 10 0.0375  1:15434
3.0 16 0.5691  1:237

30 EXAMPLE 6

Screening performance in the ordinary population

The estimates of risks in Example 5 do not allow

35 for the performance of such a test were it applied as
a routine screening test in the general population. In
such circumstances the incidence of the disorder must



be taken I nto account in the general population. Such estimates can be
derived by integrating the bivariate Gaussi an distribution of the
di,screpancy of gestational age dathgg and maternal serum AFP over the 5
age distribution of pregnancies. The age related risk of Trisony 18
varies wth the age of the nother and age related risk factors have
been published based on epi dem ol ogi cal surveys see e, g, Crossley et
al Prenatal Diagnosis, 11, 83-102, 1990 %? age _distribution
of pregnanciR® HaKENgHRFR acCORRkl YAl BRe (geperak B?pP%BEFSProﬁu nsus and
Surveys, eﬁtixﬁi\té‘é aéaﬁtlbésdéQBVed989 idsgrating the peansiifg6- -

1988 were aver aged and, use .a refe gﬁgulatlon for thi-.s study.
Repeat ed set Sﬁ%%o L35hD % 180 g vgg &e BENSY 8fstributions

accordi ng tOgéﬂeatlonalaagetdaaingaaademeterdescsebem AﬁPTabbestneand 5,

for unafgect g?a@gs§}i§8ﬁ¥038ogf5@8&§$nggggla&bgngge 8gerjl_ggcated usi ng

the statisti pac ratios were
cal cul ated fof 2oisong LU8evarigaswathohhe age Gﬁséh@paﬁ@@eénﬁvd for

mat er nal Ser&g%fﬁéi&géd ﬁﬂgkuiheeobgthabesbéeﬁo bﬂ@@hed b%%%@r@hng to the

principle des Reynol ds and Penney ( Annals of Clinica
B|ochen1stry62¥dem521QSBCal Surysysy 8RE Eng:sCELSSLP¥artpadanet ers

descri bed |nPQénaEé@'§§a§n6€ﬂs5llTb@ aoqvlaeed screenlng perfornance
was esti ted forgg ran w_whi ch a wonan

woul d b& consi der ett®t 89 gedéﬁtrlgugﬁpplEﬁeﬁfﬁ9nﬁpﬁﬁeﬁl§P ﬁSQ&?Wﬁfered t he
di agnosti ¢ andtwatesof( aﬁﬁuceenﬁesb@uaadlbetebnbamy@mmpSmgveﬁmr each 30

maternal - agegt eyl Gkl L109d I 3is0 DEQN WkE )2 A0Me yeo Al {dKH. aGE

woul d be screen-posi The propo kel i hood
ratios for uhaﬁﬁeweee grveragedaphngc us¢dpasgrareifeseqigsy eorhilatiion t were

then cakpy! ahed sme@eul 5% aR2d WA YE R PYAIA0e Of. 35 women

at that specific age who Wo res
-19- 15 phyariptecGauseian gdsde H-bp%s‘ioﬁsvé“—)cuf‘@rn%ﬁé? thaed  or
Trisony 18 aktaetiediRaa0panenetdr@SRREIPE in TdMIdd @ ihad ipn of these
proportions %%rt%%a %%%%ed and1Trf25%;ﬁ1§“g¥€g¥§égjéngIA€§E 518 affected
were generated using the statistical package Minitab
(Trade Mark). Likelihood ratios were calculated for
20 the use of gestational age discrepancy only, for
maternal serum AFP only and using both tests combined
according to the principle described by Reynolds aﬁd
Penney ( Annals of Clinical Biochemistry,27, 452-458,
1990 ) and the statistical parameters'described in .
25 Tables 2 and 5. The simulated screening performence
was estimated for a range of risk cut-off levels,
below which a woman would be considered to be at
sufficiently high risk to be offered the diagnostic
tests of amniocentesis and fetal karyotyping. For each
30 maternal age the likelihood ratio below which a woman
at that age would be screen-positive was calculated.
The proportion of likelihood ratios for unaffected or
affected pregnancies above this limit were then
calculated. These figures represent the percentage of
35 women at that specific age who would be at higher risk



5 pregnancies at that maternal age gave the actual nunbers of wonen.
The pYocedure was repeated for all mat ernal ages and t he nunbers of
affected and unaf f ected wonen who woul d be screen-positive obtained
by supmmation of the nunbers at each mat®rnal age. The 10 procedure was
repeated for a range of risk-cut off val ues. These data

provi ded estimates of the detection rate ( proportion of wonen with
Trisomy 18 affected pregnanci es who have risks higher than the cut-off

15 val ue ) 2Ryl RALOUAENANY NG A SHRANIA/G 1 Aok (unaf edieaRor tion of

unaf f ect ed pre&nan0|es have ri sks I gh er than the cut-off val ue ).
Such data e®%b éd%%$ﬂ%§§(ﬁﬁﬁR9Q%9tR¥§ﬂﬂﬁﬁ9¥RﬁeﬁFsPecgﬂﬂﬁ&%m)the

rel ati onshi pphetivaardtien e ahdsigdoo A0 odalyy afik dajtacdli on rate should
2 S5 e BBl o ARl R PLEGPR SR 4 Endl and and, vales.
addi tiongl ipregrascies dal ettdtomdtozrnal adee geane dled sectposi tive rate when
e oA Jldht M AR e b e d el on rates for
-20- maternal ages and the numbapyg|¢f rffectedearidtion rates for
Trisony 18 gfnsPebidd@dvdfdP&ho would be screen-positive obtained
by summation of the numbers at each maternal age. The
10 procedure was repeated for a range of risk-cut off
values. )
These data provided estimates of the detection
rate ( proportion of women with Trisomy 18 affected
pregnancies who have risks higher.than the cut-off
15 wvalue ) and the corresponding false-positive rate (
proportion of unaffected pregnancies who have risks .
higher than the cut-off value ).
Such data enabled an ROC curve to be constructed
showing the relationship between the screen-positive
20 rate and detection rate should a test be applied
routinely to all pregnant women in England and Wales.
This ROC curve is shown in Figure 7. The ROC curve
illustrates the additional increase in detection for
the same false-positive rate when markers are combined
25 in this fashion. Extrapolated detection rates for
given false-positive rates are shown below in Table 9.

30

35



positive rates 5 ' Sensitivity Sensitivity

Sensitivity 1-Specificity Maternal Mat er nal age Mat er nal age,
(fal se- age & AFP & gestational gestational positive rate)
age di.screp- age discrep- 10 -20- ancy

dancy & AFP 0. 5% 16. 2% 74. 4% 83. 3%

1. 0% 21. 4% 81.8% 88.096 1.5%

25. 3% - 85.3% 90. 3% 15 . 0% 28. 4%

87. 4% 92. 2% Thus f hnggmple if the test is applied
routinely to the general populatio B 92.2% of Trisony 18 cases

can be identified, whilst performng 20 amiocentesis and fetal

kar yot ypi ng on. EXAMPLE
7 25 Ext erro] ’ ' ’ ernal serum hCG
and naternamgﬁﬂnmnﬂﬁiauﬁﬁ knomn to be lowered in Trisony 18 affected
pregnancges. Table 10, which presents information 30 additional to Table

1, shows the individual maternal . , serumhCG and UE levels in the
Trisony 18 cases in t PeNSYANALTabl SAASTRHEVALY he sPRRFIELIEAFY

di stributions-dgdc{Pec e Urﬁétéﬂgﬂl thm ofmaé £hianl age  REEEFMEOGEEN(NCG

MM} and maternal serum UE { é
-21- hﬁﬁbﬁeln bot h u%%?f AR pregn%n%?%%a%hﬂn?}l38ﬁ§t§§10n31
af fected pragpeiies fa©oe this study. age discrep- age discrep-
10 ancy ancy & AFP
0.5% 16.2% 74.4% 83.3%
1.0% 21.4% 81.8% 88.0%
1.5% 25.3% : 85.3% 90.3%

15 2.0% 28.4% - 87.4% - 92.2%

Thus for example if the test is applied routinely
to the general population then 92.2% of Trisomy 18
cases can be identified, whilst performing
20 amniocentesis.and fetal karyotyping on only 2% of the
porulation at highest risk.

EXAMPLE 7
25 Extension using other serum analytes

Maternal serum hCG and maternal serum UE are
known to be lowered in Trisomy 18 affected
pregnancies. Table 10, which presents information

30 additional to Table 1, shows the individual maternal
serum hCG and UE levels in the Trisomy 18 cases in
this study. Table 11 shows the statistical
distributions for the natural logarithm of maternal
serum hCG {ln(hCG MoM)} and maternal serum UE {1ln(UE



TABLE 10 5 Wnmen with Trisonmy 18 affected pregnancies Pat i ent

hCcG * UE MM Val ues In (MM | D U nm nmole/l hCG

UE hCG UE 10 B0211  8.89 3.31 0.199 1.020 -1.613 +0.019
B0250. 3.62 3.97 0.190 0.514 “#l661 -0.665 B0289  8.80

1.98 0.320 0.431 -1.140 -0.841 B0340 5.11 1.81 0.186
0.394 -1.684 -0.931 15 B0379 3.65 4.61 0.125 1.055 -2.076

+0. 054 (0346 13.58 1.15 0.398 0.298 -0.922 -1.211 Q0347

8.43 3.88MOM)D #43ooth. BOSL£6cBE8. pregnéBfies and Trisomy 18
TABLE 11 20 é%&t#§ébﬁgﬁfpggag§5 Hggev?ggyand UE, Trisony 18

cases and con S us

ng” pool e stan ons
| n(hCG MoM In(UE MM 25 Mean normal controls -0. 0099
-0. 0212 Mean Trisony 18 - 322818910 - 0. 6089 Pool ed
standard .0. 4969 0.3349 30 deviation Fi gures
8 and 9 Show the Gﬁu55|an dlstrlbutlons for In(hCG MoM and | n(UE MoM

respectivel . 3 £irh bReanBetarisi al for the inclusion
of 35 such naternal serunlnarkers together with the

-22- di screpancy in gestational age dating in nultivariate

Patient hCG UE MoM Values In (MoM)
iD IU/ml nmole/l1 hCG UE hCG UE

10
B0211  8.89  3.31  0.199 1.020 -1.613 +0.019.
B0250 3.62 3.97 0.190 0.514 -1.661 -0.665
B0289 8.80 1.98 0.320 0.431 -1.140 -0.841
B0340 5.11 - 1.81 0.186 0.394 -1.684 -0.931

15 B0379 3.65 4.61  0.125 1.055 -2.076 +0.054
G0346 13.58 1.15 0.398 0.298 -0.922 -1.211
G0347 8.43 3.88 0.443 -0.503 -0.815 -0.688

TABLE 11
20
L .
5L3Ll5LlQ@l—9aI3mﬁL31§4ﬂﬂllmﬁLﬁnd—uE&4tﬂufﬁm¥%ﬁ
1n(hCG MoM) 1n (UE MoM)

25
Mean normal controls -0.0099 -0.0212
Mean Trisomy 18 -1.4159 -0.6089
Pooled standard 0.4969 0.3349

30 deviation

Figures 8 and 9 show the Gaussian distributions
for 1n(hCG MoM) and ln(UE MoM) respectively. Both
demonstrate the further potential for the inclusion of

35 such maternal serum markers together with the



Gaussi an nodels to calculate likelihood ratios. The mat hemat i cal

conmbihati on of nultiple screening markers has been descri bed in detai
(,Reynol ds and Penney, 5 Annals of Cinical Biochem stry, 27, 452-458,
1990) , Cther maternal serumof2foetal binetric measur enent s
could al so be included with the gestational age discrpancy in a

mul tivariate nodel to | nprove the screening performance further. 10
EXAMPLE 8 Screeni ng for open spina bifida 15 25 cases of open

spi na bifi daiwenrepeady nad gsstparforedl age tdet iabwpvin chikti cedriatal s.

Mat er nal serum ARP wa asured ted for both
cases a &ufﬁﬁ%lnﬁo%%lsdg%rq%g%lﬂr}g%xhg ﬂ}goeédl'v%(&ig C'J#é t he

i ndi vi dual dethendtatcaly ¢®lﬂoirta§:i1p’emépﬂmlatinl¢ dscr@enipgaranik@re 13 shows
the statistig ]ﬁgﬂpgi i bug §E§h tp QgL ,age dating

di scr epanci esaé an %(%%ln%{tﬁral? ‘I’%ﬁiﬂt hm o ?Ie(%%g?ﬁgeﬂr)um AFP MM

{1 n( AFP &bh@@nnamﬂHva@&#¢kp%léﬁi%@h%%}$9r%4g%ﬂfl%%%1458 HPPPLrence in

ei ther the standaghgdevhatdPRs]l Oferdr 6P' £64441 OPSndELYEEN Open spina

bi fi da cases and controls and the correlaélons and st andard devi ati ons
ver e t her ef tRPHRBROLS capld alsogge included with t
-23- gestational age discrpancy in a multivariate model to

improve the screening performance further.
10
EXAMPLE 8

Screening for open spina bifida

15 25 cases of open spina bifida were examined as part of
the above clinical trials. Maternal serum AFP was
measured and MoM values were calculated for both cases
and controls as described in Example 1. Table 12 shows
the individual data relating to the open spina bifida

.20 . caseé.Table 13 shows the statistical summary of the
distributions of gestational age dating discrepancies
.and the natural'logarithm of maternal serum AFP MoM
{ln(AFP MoM)}. There was no statistically significant
difference in either the standard deviations or,

25 correlations between open spina bifida cases and
controls and the correlations and standard deviations
were therefore pooled.

30

35



TABLE 12 Wnmen with Open Spina Bifida affected pregnancies 5

Pat i ent GA(days) AFP MoM in MM | D USS
LMP  LMP-USS | U nl AFP AFP G0405 122 129 9

190.6 ~ 4.727 1.553 NTDO21 ~ 12223- 136 15 109.4 2,713
0.998 10 NTDOR2 129 136 4 T 216.4 4.729 1.554 NTDO23
129 129 1 178.2 3.896 1.360 NTDOR4 122 129 9
342.4 8.489 2.139 NTDO25 115 115 -1 103.7  2.916
1.070 NTDOR27 122 136 19me %65.1 6.573 1.883 15 NTDC2S
115 115 -2 124.9  3.514 BFExg NTDOBO 122 122

5 144.3 3.577 1.275 NTDOB2 122 129 8 260.0

6.446 1. 863ome : . £53 59 4,205 1.436

NTDO34 122 136 10 5857

) P ToE 1 S o ] 115
136 20 228.6 6.431 1.861 NTDCB6 101 12 23
105.9 3583fatilemas NID(8ys) 115  ard22  moM ingg9g 2.561
0.940 - NH¥B8 1 214.4 6. 030 7 NTDCB9
115 115 6 1b§§1 i&@%s Lﬁ§1¥§§ 25lULbAEP  13BP 101 -30
123.2 2.375 0.865 NTDO41 115 122 6 122.9  3.457

1. 241 NgRHE 1 1 ; 4. 2.083 0.734

NTDO45 122 136 35215 23%97-45 4.85§°°81.§8§27- 1nFB857 122

136 18  NTRfR} 22301 13634 36 NTDB9.4 12213 01868 12

141.5 BOSONTDO2R55 129 RAO4f3 122 6, 1 7 4.343
6 153 2f%£%'4 533&39 1}65§z

}22?9 RAQfrbo23 12920 1904 19, 178.2 3.896 1.360 >
NTD024 122 129 9 342.4  8.489 2.139
NTD025 115 115 -1 103.7 2.916 1.070
NTD027 122 136 19 265.1 6.573 1.883

15 NTD028 - 115 115 -2 124.9 3.514 1.257
' NTDO30 122 122 5 144.3  3.577 1.275
NTDO32 122 129 . 8 260.0 6.446 1.863
NTD033 122 157 37 169.6 4.205 1.436

. NTD034 122 136 19 286.7 7.108 1.961
20 NTDO35 115 136 20 228.6 6.431 1.861
NTD036 101 122 23 105.9 3.834 1.344
NTD037 115 122 11 91.0 2.561 0.940
NTD038 115 122 9 214.4  6.030 1.797
NTDO39 115 115 6 173.1 4.868 1.583

25 NTD040 . 136 101 =30 123.2  2.375 0.865
NTDO41 115 122 6 122.9  3.457 1.241
NTD043 122 122 -5 84.0 2.083 0.734
NTD045 122 136 15 197.4 4.894 1.588
NTDO57 122 136 18 92.8 2.301 0.834

30 NTD059 122 136 12 141.5 3.507 1.255
RA044 122 136 17 175.2  4.343 1.469
RA045 122 136 19 217.1 5.384 1.683

35



TABLE 13 Statistical paraneters 5 — Gest at i onal

Age ° Natural |og Di screpancy AFP MoM
CcSB Control (OSB Cont rol n 25 521

25 - 521 10 nean -249. 30 1.97 1.422 0. 041
pool ed SD 4. 44 4.44 0. 362 0. 362 pool ed

correl ation 0. 1490 0.1490 15 (gestational age di screpancy &

nat ur al | og AFP MOM OSB = Open Spina Bifida 20 SD = Standard
Devi ati on Figure 10 showagptheidi stribution of gestational

age dating discrepancies for open spina bifida and for unaf f ect ed

control pregnancies. It is apparent that 25 open spina bifida foetuses
have a signigdaindd dcal pasamétersbi parietal dianeter and hence | ower

ul trasound estimated gestational age than in control pregnancies.

The di screpancy in gestational age can be used as a marker for open
spi na bifida in an anal ogous fasGéshaBionad Age use MNALURGISAOZ 18 in
Exanpl e 1. Mat er nal seﬁy§5§g$33 been usegdOMRNY years

as a maternal serum marker for open splna bifida. The di stri_bution of

| n(AFP MoM found in this study P8B SHAReh AFfure 11CoP&FRYis in
accord with previously 35 published data.

ad n 25 521 25 521
10 mean 10.30 1.97 1.422
0.041 ' X
pooled SD 4.44 4.44 0.362
0.362

pooled correlation 0.1490 0.1490
15 (gestational age )

discrepancy & natural

log AFP MoM)

OSB = Open Spina-Bifida
20 SD = Standard Deviation

Figure 10 shows the distribution of gestational
age dating discrepancies for open spina bifida and for
unaffected control pregnancies. It is apparent that

25 open spina bifida foetuses have a significantly
smaller biparietal diameter and hence lower ultrasound
estimated gestational age than in control pregnancies.

The discrepancy in gestational age can be used as
a marker for open spina bifida in an analogous fashion

30 to its use for Trisémy 18 in Example 1.

Maternal serum AFP has been used for many years
as a maternal serum marker for open spina bifida. The
distribution of 1ln(AFP MoM) found in this study is

shown in Figure 11. Data is in accord with previously
35 published data.
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Estimating individual spina bifida risk 5 The

EXAMPLE 9
background risk of open spina bifida varies tenporal |l y, geographically
and racially. In addition t here ars known to be various genetic, social
and nutritional determnants of risSk. In practice |oca
epi dem ol ogi cal surveillance is used to determne the 10 background
(pre-test) risk. In this exanple the background risk is assuned to be
1: 500. The background risk is nodified according to the
| i kel i hood rEfANMPIRrPved from anal ysis of the gest ati onal age
di screpancy between USS and LMP, from 15 analysis of the maternal serum
AFP or by using, both ., harkers_ in a bivarjate conbination. The final risk
is cal c FSEHR BN 1P RECeRt FPLPR ’th—.bg%iﬁé%f the risk odds
ratio (in this case 500) by the likelihood rati o. The nodified risks
for variqus conbipations, of 20 .gestational age dati di,screpanci es and
naternalg seruﬁ&% ﬁﬁﬂfaVBﬁerb?%i%?cgﬁ%Png?iﬁé §?£1§ﬁoxﬁgﬁﬁs Tabl e
14. 25 temp8fally, g8bgraphically and racially. In addition - 26-
there are known to be various genetic, social and
nutritional determinants of risk. In practice local
epidemiological surveillance is used to determine the
10 background (pre-test) risk. In this example the
background risk is assumed to be 1:500. )
The background risk is modified according to the
likelihood ratio derived from analysis of the
gestational age discrepancy between USS and LMP, from
15 analysis of the maternal serum AFP or by using both
‘markers in a bivariate combination. The final risk is
calculated by dividing the right hand side of the risk
odds ratio (in this case 500) by the likelihood ratio.
The modified risks for various combinations of
20 gestational age dating discrepancies and maternal
serum AFP MoM alone or in combination are shown in
Table 14.
25
30



TABLE 14

1: 500

Age .
used
0.1745

not used
16

0. 00044

1: 748

not used
0. 00010
1:26120535
1.0

16

0. 1080

30 2.0
8

1: 38

2

1: 149 10

15

20

25

30

35

_ I ndi vi dual risks for Qpen Spina Bifida using AFP and
gest ati onal age discrepancy and a priori pre-test risk 5

(i ncidence) of

AFP MoM GEStationaI_zeLikeIihood Fi na
Rati o Ri sk Di screpancy 10 not
0 0. 0751 1: 6662 not used 2
1: 2865 not used 4 0. 4058 1: 1232
8 2.1943 1: 228 15 not used
64. 1535 1: 8 1TRPLE 14 not used
1: 1126254 2.0 not used 0. 66867
i Sc of: pPiori g S0 53
. . 4 0. 00035 1: 1431792 25
i;néiéépsgl_gf_l*ﬁﬂg'00116 1: 430206 1.0
0. 01287 1: 38839 2.0 0
1A #6 oM 2.@estational Likéihood 0.£45963 1:2540
° g ToORAERONAS ) ghey %1302 o 2.0
0. 1953 1: 418 Age 2.0 Ratio 16 Risk 13. 2401
2.5 Dis®repanc 1. 0064 1: 497 2.5
1.8361 1: 272 3§p %.5 4 3. 3496
not used 0 0.0751 1:6662
not used 2 0.1745 1:2865
not used 4 0.4058 1:1232
not used 8 2.1943 1:228
not used 16 64.1535 1:8
1.0 not used 0.00044 1:1126254
2:0 not used 0.66867 1:748
2.5 not used 7.05111 1:71
3.0 not used 48.32238 1:10
0 0.00010 1:4765230
. .2 0.00019 1:2612053
. 4 0.00035 1:1431792
8 0.00116 1:430206
R 16 0.01287 1:38839
.0 0 0.1080 1:4633
.0 2 0.1969 1:2540
.0 4 0.3592 1:1392
.0 8 0.1953 1:418
2.0 16 13.2401 1:38
2.5 0 1.0064 1:497
2.5 2 1.8361 1:272
2.5 4 3.3496 1:149



TABLE 14 (conti nued) 2.5 8 11. 1478 1: 45

2.5 ° 16 123. 4804 1:4 5 3.0 0
6..2387 1:80 3.0 P 11. 3813 1: 44 3.0
-4 . 20. 7633 1:24 3.0 8 69. 1034

.7 10 3.0 16 765. 4331 1:1 EXAMPLE 10
Rout i ne popul ati on screening performance estinmate 15 The predicted
performance of a spina bifida test when applied to the entire )
popul ati on can be estimated TABLR 34nd@pRbianafbgous to that denonstrated
for screening for Trisony 18 in Exanple 6, except that the 20

i ncidence is _hat related to maternal age, .an nce _L.ptegration over

t he naternal%%iadistributioni%;not }gqgﬁggd_ REp%aﬁgd sets of 10000
sanpl e bivarizatse Gaussi an 1d stri buti a28.480d4 gener atédd according to the
statistigal parameters described in Table 13, for 25 wunaffected and Open
Spina Bifida affected popul ati ons. Li kel i hood rati os were cal cul ated

for the use df.0 gest ati onal Gage di screp&n@g8dnly, far8faternal serum
AFP only and 45§ ng both tests cpnbined. Theg sigqw ated 1.44Screening
performance was estimated for a range of 30 risk cut-off |evels, below
that at which3 €l wonan is consi dered €0 -0633% suffiléi?éntly high risk to

be of fergdyt he di agnostic g est of amgonaer¥sesi s andhor detail ed
uItrasontragyic exam nation of the foet spine. .-The likelihood ratio

above whfch & woman is 35 scr%@n-positi?@ﬁmﬂ?%%ﬂculagé . The proportion
of _ - 28- )

EXAMPLE 10

Routine population screening performance estimate
15 Z '
. The predicted performance of a spina bifida test

when applied to the entire population can be estimated
in a manner analogous to that demonstrated for
screening for Trisomy 18 in Example 6, except that the

20 incidence is not related to maternal age, and hence
integration over the maternal age distribution is not
required. Repeated sets of 10000 sample bivariate
Gaussian distributions were generated according to the
statistical parameters described in Table 13, for

25 unaffected and Open Spina Bifida affected populétions.
Likelihood ratios were calculated for the use of
gestational age discrepancy only, for maternal serum
AFP only and using both tests combined. The simulated
screening performance was estimated for a range of

30 risk cut-off levels, below that at which a woman is
considered to be at sufficiently high risk to be
offered the diagnostic test of amniocentesis and/or
detailed ultrasonographic examination of the foetal
spine. The likelihood ratio above which a woman is

35 screen-positive was calculated. The proportion of



i kel i hood ratios for unaffected or affected pregnanci es above this
critical likelihood ratio was then calculated fromthe data for

unaf fected and af fected pregnanci es 8Jhese proportions represent the 5
per cent age of wonen who are at higher risk than the ri sk cut-off
(screen-positive), for unaffected or Open Spi na Bifida pregnancies
respectively. Miltiplication of these proportions by the total nunber
of unaffected or OQpen Spina Bifida pregnancies at that maternal age 10
gave the act&ékeﬁ@hﬁéﬂsn@timﬂnﬁﬂr'ﬂﬂ?ﬁé%%@%hﬁé‘WéfeCte¢epeated for a
range of riskredhadibhe@laRe this crithitele 1dalad Hdvd ded fsthq@t es of the
det ection rate (prqportion of wonmen with Open %g*na Bi fida af fected

pregnanci es WR§Mh SR SUlakehifgom theatatfe IoF wWati@etediand and the
corr espondi ng fifaktedo@ddnehcies J Al dePppddtdiony rmfd aeied s egnanci es

who have. ri sks _higher than the cut-off wvalue). Such val ues enabl e
A ROC cift ve PGB tA G NP R TS F DLEHSH A 4Thariah HRGeen ¢ he
screen- posi t miekr gt -afif t s rdadaeitt iore )r,at fomhera Sfsdted t@stopen appl i ed
routinely .0 _all. far t | Eggl « s ROC

curve is shoaﬁtl?\r? Iélgﬂér%ggk%% cqcur e %%s?h&félpl?%getﬁ%?ect I on
rates predi codd teiseg RpenQttiong kigehe tatal murberrebama BEe¢i@addi f f)

al one, mater 3l GNP ﬁ%ﬂ&%é&ﬁf&fﬁé %&%ﬁ%ﬁ%&@&ﬁ&?tggéom ned).

Extrapol ated detéction rates for given_ fal se-positive rates are shown
in Tabl el95. gaveg®he actugl numbers of women. The procedure wasog.
TABLE 15 repeated for.a range of risk cut-off wvalues.

These data provided estimates of the detection
rate (proportion of women with Open Spina Bifida
affected pregnancies who have risks higher than the-

15 cut off value) and the corresponding false-positive:
rate (proportion of unaffected pregnancies who have.
risks higher than the cut-off value). Such values
enable an ROC curve to be constructed showing the
relationship between the screen-positive rate and the

20 detection rate when such a test is applied routinely
to all pregnant women in England and Wales. This ROC
curve is shown in Figure 12. The ROC curve illustrates
the detection rates predicted using gestational age
dating discrepancies (GA diff) alone, maternal serum

25 AFP alone or both in combination (both-combined).
Extrapolated detection rates for given false-positive
rates are shown in Table 15.

30
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Detectlon rate for Cpen Spina Bifida at specified fal se positive rates

5 Sensitivity Fal se positive GA
D,screpancy AFP Bot h rate _,qg- Al one Al one
Conbi ned 0. 5% 21. 5% 84. 86% 89. 3% 10

1. 0% 32. 1% 91. 2% 94. 4% 1.5%

38. 7% 94. 06% 96. 1% 2. 0% 43. 1% 95. 2%
97. 4% Tabl e 15 shows that the _caonbination of both 15

gestational age discrepancy and maternaf*B5Er &t AFP as a marker for Open
Spina Bifida is better than ei t her “test used alone. For exanple 91% of
cases of Opep A an . fd, of . the

- Whi |l st the
dlscrepancy has the potential to

raise thu§ to‘9496‘ | mh[lst nalntalnlng t he §§H§1éf%§8gee” positive rate.

A further” cormon di agnostic test performed on

wonen at hi ghest

risk i s ami Bedseeposidive he 25 CHPASPEERANCYof AEFhi ot i ¢ Batth d AFP.

Al t hough amiQti.C fluid AFPygagurenent is gl y sedtididace test, a
very small but significant nunber of wonmen will have a fal se-positive
result. This is particularly distressing as this may lead to the

effective 30 term ation of a healtgy unaffectegh dgdd bygg. 3y nistake. The

use of gestati onal e dating screpancies.in a biv risk
cal cul at®n with %%5 miotic fl34 Cdil ®FP woul d a?llsgnge of a%%en'%?l in
reduci ng the inci dersse of such er3grss 35 94.06% 96.1%

30 2.0% REPLACEMENT, SHEET GHIMP  97.4%

15

20

25

30

35

Table 15 shows that the combination of both
gestational age discrepancy and maternal serum AFP as
a marker for Open Spina Bifida is better than either
test used alone. For example 91% of cases of Open
Spina Bifida can be identified in the 1% of the
population at highest risk with maternal serum AFP
alone, whilst the addition of gestational age dating
discrepancy has the potential to raise this to 94%
whilst maintaining the same l%.scréen—positive rate.

A further common diagnostic test performed on
those women at hlghest risk is amnjiocentesis and the
measurement of amniotic fluid AFP. Although amnlotlc
fluid AFP measurement is a highly sensitive test, a
very small but significant number of women will have a
false-positive result. This is particulariy
distressing as this may lead to the effective
termination of a healthy unaffected child by
mistake.The use of gestational age dating
discrepancies in a bivariate risk calculation with
amniotic fluid AFP would also be of benefit in
reducing the incidence of such errors.



This Sheet Has Been Replaced

1. A_nethod for antenatal screening for chronDsowm

a fpetus in which the 5 gestational age of a pregnant vvomamlmrmm mmm
det er m ned characterised in that bhe gestational age is

deternmined (a) by reference to the | a58°renst r ual peri od dates and

(b) by a bionetric neasurenent of the foetus, the difference between
the ages as determ ned 10 in (a) and (b) is calculated and the

cal cul at ed di fference is exam ned using reference data to

determne fetal ChIMsnmalities, and the chronpbsona

abnormalities screened for include Edwards Syndrone (Trisony 18)
and/or Open Spina Bifida. 15 2. A method according to claim1l

characterised in }hatAchebhedofer apherahfltseseening &ereened for include

at | east one:RfokO¥Bma1 SYPHLPRBLIties 1Ra£e€8ét§¥”§ﬁoﬁﬁléﬁrtﬁ@”y 13),
Turner Syndrone, 20 Monosony X and Kl einefelter's Syndrone.

3. A nmePhoddesEaFuPRglt 898ngLoAePEEIDARE W°maon§c@8Fﬁ§méP§Fns

characterlse@haﬁaéheflhéa bhotiBhti €he gestaeaaua@nagé ig made by
ul t rasonogr

precedi ng clg?%ﬁr%ﬁﬁ?gcﬁg? E@drﬁﬁeFﬁQFeng Fﬁéfg tngmenS%ﬁﬁﬁﬁne of the

measur enent périaododpoasnanfir db) abgatebhahetric méhsudemeatcombmmﬂﬂ W th

the gestatiopalpge fle a1 FRASULENCALEWLOA AN LYKAr b3 BeRUAENY

5. A net hod accor fi ng

arac

31 10 |nlnhéa)nea§udbhems chlgotatedt had the caflsviameldecul e

thereof, its keeéegeeuagt eﬁﬁﬁl/;.ﬁéd' h§19§t§e§€!?%ﬂbte bita to “included. 5
6. A netho accor to claim4 clhaim characterised in that

nmeasur enent @etarmipgsfesad abnormalities.

2. A method according to claim I characterised
15 in that chromosomal abnormalities screened for include
Edwards Syndrome (Trisomy 18) and/or Open Spina
Bifida.

3. ‘A method according to claim 1 or claim 2-

20 characteriéed in that chromosomal abnormalities
screened for include at least one of Down's Syndrome,
Pateaus Syndrome (Trisomy 13), Turner Syndrome,
Monosomy X and Kleinefelter's Syndrome.

25 4. A method according to any one of the
preceding claims characterised in that the biometric
measurement is made by ultrasonography.

5. A method according to any one of the
30 preceding claims characterised in that maternal age
and/or measurement of a component from a maternal
fluid are combined with the gestational age
measurements in a multivariate analysis.
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mar ker sel ected fromthe group AFP, PAPPA, UE, In, Pr,
16- al pha- hydr oxy- DHEAS and DHEAS is i ncl uded. 10

'I'lus Sheet Has Been Replaced -

according to any one of the precsgl ng cl ai ms char acteri MHIW"“M“”"I

measur.enent s are nmade in the per

d fromweek 8 to week 22 of

pr egnancy. 15 8. An apparatus conprising neans adapted for

recei ving neasurenents relating to a foetus carried by

a pregnant

wonan and comnputer neans for conparing the measurenents to reference
data to determ ne6fetmlmethod aboordihgttescthamaét ehksedtemiskdt t he

TeasUr oot S % oy [FLELELRCKDE Sl ALET CBeEnRE! PRENsHPS OCRRALLARYl age

of the woman as fence

f menstrua

period dat estlzeke¢d) biysaabbbaespbuynit andfezsdkenbataosubbaitodsus. 25
9. An appargiys,gcgording to claims8 characterised in that materna

age and/ or measur enent of a conmponent from a naternal

fluid are

conbi nedSwi th the gestational age neasurenents in a nultivariate
anal ysi s. 7. A method according to claim 6 or claim 7

characterised in that measurement of at least one

marker selected from the group AFP, PAPPA,

16-alpha-hydroxy-~DHEAS and DHEAS is included.
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8. A method according to any one of the
preceding claims -characterised in that measurements
are made in the period from week 8 to week 22 of
pregnancy.
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9. An apparatus comprising means adapted fof

receiving measurements relating to a foetus carried by

a pregnant woman and computer means for comparing the
measurements to reference data to determine fetal

20 abnormalities characterised in that the measurements

relate to the difference between the gestational age

of the woman as determined (a) by reference to the
last menstrual period dates and (b) by a biometric

measurement of the foetus.
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10. An apparatus according to claim 9
characterised in that maternal age and/or measurement
of a component from a maternal fluid are combined with
the gestational age measurements in a multivariate
30 analysis.
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