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%% ANTENATAL - SCREENI NG FOR CHROMOSOVAL ABNORMALI TIES This invention rel ates
to-a method for antenatal screening for chronpsomal -abnor nglfig{eggnd to an
5 assay-kit for perform ng.the nethod and in parti-cular to a nethod,and '
kit- for antenatal screening for Down's Syndronme. The risk of > S
Syndrlone and sone other 10 chronosomal abnormalities in a fé@?gg?géqkn%%n
to inorease with the age of the nother &nd it is this know edge which forns
the bdsis for selQetholrRf SERERARHGPBRNCHROMDSDMAL ABNGRSMAIHIEY-
Further investigation for instance Iin the case of Down[err]s 15 Syndrone

I nvol ves sanpling of the ammiotic fluid by ami ocentesis, a procedure which
itself carries a riskikointBatiBhheelaftdshe d eeiméthodl iy Ghtinatal

m scarri age being a recognise hazard qQf this Ggﬁfdure.tgo Mat er nal serum
markers for DoWntSeRYAdr 6RE SPETCTEMP tu S o &t & édhing for

t hi s chr omssonassapnki talfbty pelr€ ormdngc drireo medthddheswl niar Koeerast i Yegr

al pha-fetoprotein_(A h n ord _Qni n N ( )< L1 & her
the intact nnl%éu?engePgogggrkﬁ?sfgg?g&gégﬁﬁ%@'%Qg%%ﬁﬁh I#%%;R%y é%trio
(uE). Discl osuBesdreneting to the use of these nmarkers in antenatal
screening for Down's Syndrone include US

The risk of Down's Syndrome and some other

10 chromosomal abnormalities in a foetus is known to
increase with the age of the mother and it is this
knowledge which forms the basis for selection of
pregnant women for further investigation. Further
investigation for instance in the case of Down's

15 Syndrome involves sampling of the amniotic fluid by
amniocentesis, a procedure which itself carries a risk
for the mother of the foetus,induction of a
miscarriage being a recognised hazard of this
procedure. .

20 _

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

25 gonadotropin (hCG) - either the intact molecule
thereof or its beta subunit - and unconjugated estriol
(uE) . Disclosures relating to the use of these markers
in antenatal screening for Down's Syndrome include US
Patent 4,874,693, WO 89/00696 and WO 90/08325. US

30 Patent 5,100,806 discloses the use of the beta subunit

' of hCG as a marker in antenatal screening for Edwards
Syndrome.

Maternal serum screening is based on selecting a
35 subgroup of women who are at the greatest risk of '
giving birth to a child with an abnormality, in whom



Pat ent 4,874,693, WD 89/00696 and WD 90/08325. US 30 Patent 5,100, 806

di scl oses the use of the beta subunit of hCG as a marker in antenatal
screeni rg for Edwards Syndronme. Maternal serum screening is based on
selecting a 35 subgroup of wonen who are at the greatest risk .of giving
birth to a child with an abnormality, n whom 2 the risks of an invasive
di agnostic procedure are considered to be outwei ghed by the risk of the
abnormality. The risk is calculated by multiplying the a priori age rel ated
ri sk by the Itheeldimiotl ohtaw. iMvesbve| dbpgResE1FaPrecesucsl @nated fromthe

rel ative hei ghyrk iQfetdi® 18! hé Vaht b fglBUSBYaBhdi $ikikbeld @ unctions of
mar ker analytes 1 n affected and, unaffected Eéggnancies, correspondi ng to

t he val ue of aanOLRA} % YuaThe eF isk b kERLEB fr by s tipd.yigg, & he

concentrations g¥id e ¥9é i peisaredl ¥isk Baryheolikrelly hadd gasial imnal age,
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expect ed for Hdiaghtpeiré £ cttharmgesiabrvate, @gasshanostuwiidutimaf f ect ed

functions of marker analytes in affected and

unaffected pregnancies, corresponding to the wvalue of

_ the individual serum marker concentrations.

10

Since the concentrations of the various analytes

vary normally with gestational age, the analyte
concentrations. must be corrected. Correction is -
performed by dividing';he concentration of the analyte

15 Dby the median concentration expected for that
particular .gestational age in women with unaffected
pregnancies. This is termed the multiple - of the median
(MoM) .

20 The use of two or more markers together in
antenatal screening can be advantageous. For example.
the markers AFP, hCG and uE can be used together. The
combination of marker analytés gives significantly
more information- than is given by any single marker

25 alone, or by the group.of markers when used
sequentially. The use of likelihood ratios derived
from a multivariate combination is an efficient means
of deriving information relating to a woman's risk of
carrying an affected child.

30

Present methods of antenatal screening using
maternal serum markers which are in regular use, or
are likely to come into'regﬁlar use in the near
future, rely on screening during the second trimester



pregnancies. This is termed the nmultiple of the nmedian (MoM. 20 The
use of two or nore nmarkers together in antenatal screening can be

advant ageous. For exanple. the markers AFP, hCG and uE can be used

t oget her. The conbi nati on of marker anal ytes gives significantly nore
information than is given by any singlé marker 25 alone, or by the
group. of markers when used sequentially. The use of l|ikelihood ratios
derived froma nultivariate conbination is an fflClent ne s of s riving
i nformation ref aPFRGPEBCH  wERRY 45 RRPT*ing %ﬁw%ﬁ?e eﬂ"@h gd 30
Present mnet hogser§.ant enat al screenlng usi ng naternal serum mar kers whi ch
are in regular use are i to cone into requl ar n_tphe near
future, rely on 50?83ﬁ|ﬁ§ HﬁFeﬁﬁ%ghégﬁﬁﬂnﬁfﬁ?? et éh % rﬁ?egnancy,
that is appr oui:hnEstyrbeifmmghhrmw 2hateeks. up—ldxmvbt wmlesnabfferam
screeni ng

offers 5 ébns% P%§% grlggﬁ%SI §£ QQQ?Qﬁyfeégfﬁ 'fnuPhéO%éé Bgeks,

. vant ages screening 1 n he secon rnester.
In.the first trimester.tBa mmmgrsttettxmenester the bonding between

the mother and the foetus is less strong -than in the
- second trimester and hence there is less psychological
impact should the foetus be affected.In addition the
10 methods of pregnancy interuption are much less
traumatic and are safer to the mother in the first
;rimester than are those available in the second
" trimester, particularly the. late second trimester,
that is approximately 18 to 25 or 26 weeks. It is in
15 the .late second trimester that several.of the ‘present
'methods for antenatal screening need to be performed.

Thus it is desirable to'develop methods of
antenatal screening for chromosomal abnormalities
20 using. two or more maternal serum markers together
which can readily be performed in the first trlmester
of pregnancy.
_According to the present invention we provide a
25 method for antenatal screening for chromosomal .
abnormalities in which maternal blood from a pregnaht
woman is measured for levels of free beta hCG and at
least a second serum marker and/or precursors and
metabolites of. these markers and the measured levels
30 of these markers together-with the gestational age of
the pregnant woman are compared to reference values at
various gestational ages of the levels for free beta
hCG-and the second seruﬁ mafker in (a) pregnant women
carrying foetuses having the abnormality(ies) subject
35 to the screen and (b) pregnant women carrying normal



the nother and the foetus is less strong than in the second trinester and
hence there is | ess psychol ogical inpact should the foetus be affected.In
addition the 10 nethods of pregnancy interuption are much |ess traumatic
and are safer to the nother in the first trimester than are those avail able
in the second trinester, particularly the. late second trinester, that is
approximately 18 to 25 or 26 weeks. It is in 15 the |ate second trinester
that several of the present nethods for antenatal screening need,to be
perforned. Thfeetuses., d&bier goMPard sy dedmheiiibgzatorvene nbhgal rigkeeni ng

for chronosongk 8hEORFRGNAINES wiharlTatdliy A FBY LS SERaknSer um mar kers
toget her which can readi’ly be performedin the first tringst

y r ,of
pregnancy. Am%%?ﬁFHQIPSYtﬁ€b§F§§éﬁPiqaﬁﬂﬁqRﬁ?%w?&ﬁ%@?ﬂ%rhsﬁg 1fet hod for
?nt,enat al Screﬁatnehéoge@brnmw naatrlrmzmlailsi tp%lﬁfgﬂéh%\ﬂﬂiﬁbﬁ%gﬁ.atg& b: ood

roma pregnant wonan i S neasur r. | ev 0 ree beta .and at | east
a second Ser URATAEPRePTINEASY ipr@@\frpg’dr saréfﬁd&f?etsd%??? e%so?afﬁégg MHtker s
and the neasupgdthevehs 3F tofe tthessamtter 6 3tdyet demp hetadt heelestfat i onal
age of the pregnant wonman are conpared to reference val ues at various

gest ati onal aﬁ 98P Ke | evel s for free beta hCG and the second serum
marker in (a) pregnant wonen carrying foetuses having the abnormality(ies)

subject 35 to thepggieh aREL:idY WA te WIEISE {488 18Rk
10 provide an assay kit for performing a method for
antenatal screening for chromosomal abnormalities
comprising means for assaying a sample of maternal -
blood for levels of free beta hCG and at .least a
second serum marker and/or precursors and mé;abolites'
15 '.Qf-these markers characterised in that the second
~ serum marker is pregnancy associated plasma protein A -
(PAPPA) and the blood sample is taken by the end of
the thirteenth (13th) completed week of pregnancy.

20 . Further according to-the prseht invention we
provide an apparatus comprising means adapted for
'receiving measurements of a pregnant woman's maternél'
blood levels of free beta hCG aqd at least a second
serum marker and/or precursors and metabolites of
25 these markers and computer means for éomparing the
measurements of these levels to éets of reference data.
to determine fetal chromosomal abnormalities
characterised in that the second serum marker is
pregnancy associated plésma protein A (PAPPA) and. the
30 measurements are made on a blood sample taken by the
end of the thirteenth (13th) completed week of
pregnancy. . .
. The method of'the invention can be used for
antenatal screening for a wide range of chromosomal
35 abnormalities. The most significant and frequently



4 foetuses, the conparison being indicative of the risk of the pregnant
woman carrying a foetus with an abnormality subject to the screen
characterised in that the second serum marker is pregnancy associated 5
pl asma protein A (PAPPA) and the screen is carried out by the end of the
thirteenth (13th) conpleted week of pré&gnancy. Further according to the
present invention we 10 provide an assay kit for perform ng a nethod for

antenatal screening.for ch onal Qr 1] CcO | Sl ns for
assaying a séﬁp ero*gﬁa?grégg%%lg%do @&I%£§Iq§€§%%r{g¥%§§@§h G and at

| east a secorther uabnarkel ifne/sowhiadc magbe fmaremmedofox egsiBg of these
mar kers char ri ' h S%EREH7 I Mo Si ng,

associ at ed p?gi%aigfg?%?ﬁhAg%‘ﬁ%P X) an tﬁ %Ho%%; sanﬁrzl%ﬁ?akgﬁyby the
end of the tHRageanshSyndrapecdFFisomy ebk SFugiiesynifryrone,

Further agcongbh@sbRy! ReaRbs Kille inARNIHe T VS FHNME, arh@PREERSHSO £
conpri sing neans adapted for receiving neasurenents of, a_pregnant woman's

mat er nal bl odeR¢ eVRYSNBLOA, B@Yh ey USEE 1R SEreehston 1RABREINRE um nar ker
and/ or precurgensrinalitebabel tes stiretn fdesfropkess amoeNaDLE ESTEANS

For conpaﬂrm%gégkher’ for example it could be used to screen for
both Down's Syndrome and Edwards Syndrome.
10 | |
The method of the invention can be used to
measure other serum.markers -in blood- samples .in
addition to hCG and PAPPA. Such other markers include
alpha-fetoprotein (AFP), unconjugated estriol
15 (uE),inhibin (In), progesterone (Pr), l6-alpha-
hydroxy-dehydroepiandresterone sulphate (l6-alpha-
hydroxy-DHEAS) and dehydroepiandrosterone sulphate
(DHEAS) and precursors and metabolites of these
markers. Thﬁs one or more - of these other markers may
20 be measured together with the principal markers of the
assay kit of the invention. For example the method of .
the invention may be used with hCG, PAPPA and AFP as
the markers to be measured. B
25 Measurements are carried out using the method of
' the invention on blood samples taken during the first
trimester of pregnancy, i.e. up to the end of the
thirteenth completed week of gestation. Preferably the
measurements are made on blood samples taken in the
30 period between the beginning of the eighth week and
the end of the thirteenth week of gestation (8th to
13th weeks). The woman's measured serum value for the
individual serum marker is divided by the expected
' median value found in women with unaffected
35 pregnancies at the sam? gestational age, to derive the



measurenents of these levels to sets of reference data. to determ ne fetal
chronosomal abnornmalities characterised in that the second serum marker is
pregnancy associ ated plasnma protein A (PAPPA) and the 30 neasurenents are
made on a bl ood sanple taken by the end of the thirteenth (13th) conpl eted
week of pregnancy. The method of the i®vention can be used for antenatal
screening for a wide range of chronbosomal 35 abnormalities. The nost

T o 253, MHeMIS AR oegnams BRGHTERDG Olo ! H3A) | 9aT0UE FoPYRHEOTE

(Trisony 21) abno 1'es eene using the
i nvention |ncb@mbnaﬁkmqn;QﬁnﬁﬁtﬂﬁeWark%bmyt§89edF%?bangssyﬁdﬁbﬁe (Trisony

13), Turner S}ﬁ%%&%n%tév%%@f%a%%w &ewfusést%uﬁdsyndrone The met hod

of the invention may be used to screen for_individual abnormalities or to
screen for gr@@ﬁ§§ﬂC§ﬁﬁuﬁﬁﬂﬂq%ﬁ%ﬁﬁﬁob%t%%4?“*%Fe€xaﬁﬁﬁesﬁﬁecould be used

to screen §or RaldnIRRWbS &Y sk PrErmed byWaes der&iodr e8ethé0 The met hod of
I TN G BCRG S  AE  F e R P
forms part of the multivariate distribution found in
abnormal pregnancies. The ratio of the two
probabilities is termed the likelihood ratio (LR)
10 which indicates the likelihood that an individual
woman has an affected pregnancy or not.The degree-df
separation between the multivariate distributions for
affected and unaffected pregnancies changes with
gestational age, i. e. there is a continuous change in
15 the manner of calculating probability depending upon
the gestational age. This continuous change can be
built into the algorithﬁ used in the calculation.

.An individual woman has an a priori age related -
20 - risk-which is independent of the maternal serum marker
concentrations. The woman's age related risk, by
Baye's theorum, is modified by multiplying by the
likelihood ratio (LR) obtained previously to derive a
combined risk. This combined risk may then be used to
25 counsel the woman regarding the relative risk éf the
"abnormality as opposed to the risk of miscarriage
associated with'a subsequent diagnostic invasive
. procedure.

30 In the first trimester of pregnancy the
concentration of the free beta subunit of hCG is
higher in women with a Down's Syndrome foetus and
lower in women carrying'a foetus wifh Edwards Syndrome
(Trisomy 18). Conversely the levels of PAPPA are lower

35 than normal in women carrying children with either



al pha-fetoprotein (AFP), unconjugated estriol 15 (uE),inhibin (In),
progesterone (Pr), 16-al pha- hydroxy-dehydroepi androsterone sul phate
(16- al pha- hydroxy- DHEAS) and dehydr oepi andr ost er one sul phate (DHEAS) and
precursors and netabolites of these markers. Thus one or nore of these

ot her markers may 20 be neasured togeffher with the principal markers of
the assay kit of the invention. For exanple the nethod of the invention may

be used with hCG PAPPA and AFP as the markers t.o be neasured. 25
Measur enent s é?-%w%!;? r$%ﬂ§lﬁﬁ‘f‘eu§Fnérﬁﬁ@%ﬁﬁo&“&ﬂ“@hgrﬁ%%ﬁﬁ%n on bl ood

sanpl es taken thtinegtéheofi pseghanpgst dhialf makegndncwery esuifgaidle tdwe end
of the thirtee C f _ IO 8 r y, t ement s
are made on blg%#érg%kjf'géggﬁ%@%hf:% f%gi’%\%bAp%ﬁdsé%[)ege't \;\q/)tegetnat e %gi%r#’li ng of
the ei ghth week liidarhatendistributiir feenbiothed fefctgabtand on (8th to
13th weeksy. TieappUBAcd BEEIHRALISE UR WAE Ty ddiedidllyidial - pegum
mar ker is divided.by the expécted nmedi an value found In wonmen W th
unaf f ect ed 35 obragranenesagrying amdifesatad shdildhdd the dekrste t he 6

(MM . The propaphbst¥rthat the (MM values for the conbination of serum

mar kers tested belongs to the
Tge &nvention is illustrated by the accompanying

drawings wherein:
10
Figure 1 is a graph of Frequency against PAPPA
MoM on a log scale which shows the frequency
distribution of maternal serum PAPPA expressed as. MoM
in first trimester pregnancies with.Down's Syndrome - -
15 (curve 2) and without Dgwnfs Syndrome {curve 1).

"Figure 2 is a-graph of Frequency agaiﬁst free.
beta hCG MoM on a log scale which shows the frequency
distribution of maternal serum free beta hCG expressed

20 as MoM in first trimester pregnancies both with Down's .
Syndrome (curve 3). and without Down's Syndrome {curve .
4) .

Figure 3 contains a series of receiver opefating
25 characteristic curve showing the relationship Setween
detection rate (the proportion of women whose combined
risk of abnormality is greater than a given cut-off
risk) and the screen positive rate (which is the
proportion of all women, both affected and unaffected
30 who have a combined risk-greatei-than a given cut-off
~ risk). Details of individual curves in Figure 3 are
given later in Example 2.

The invention is illustrated by the following
35 Examples:



mul tivariate distribution of values found in unaffected pregnancies is

cal cul ated. The sane 5 calculation is perforned by reference to the
probabitl ity that the individual conbination of values forns part of the

mul tivariate distribution found in abnormal pregnancies. The ratio of the
two probabilities is termed the Likelifiood ratio (LR) 10 which indicates
the likelihood that an individual woman has an affected pregnancy or
not . The degree of separation between the multivariate distributions for

af fected and unafﬂ@@ﬁ@ﬁL%rbgnancies changes with gestational age, i. e.
there is a continuous change in 15 the manner of cal culating probability
dependi ng upon the gestational _age. This continuqus change can be built
into the aIgoHtkwﬁﬁs%ﬂamﬂl?h@fchﬂuFQ?iSHmbAﬁaFﬁﬁqMQﬁJ Bfdhetndhas an a
priori age rarmiebefa KCskmabhi b8 usetndepaetderiniole tHie idieFidhaBer um
marker co, centratipns..The.moan's sgﬁ related risk, by Baye' s theorum is
modi fi ed Dy MA%EHISi FhSHyEhEPPYRPPASEa HELPS ASRADHRRA i eviously to
derive a conbiometh ro8k35 Thearsooii agd.ri sk nay then be used to 25 counsel
the wonman regarding the relative risk of the abnormality as opposed to the
risk of mscarriage associated with a subsequent diagnostic invasive

procedure. 30 In thetéwahplst at numberepfobeguegtdady the concentration
of the free R FHPbAsChr8Fekformed as follows:
10 ' ' g .

a) The ‘a priori age risk
This is determined from epidemiological survey
data relating to a woman's risk of giving birth to a
15 Down's Syndrome child and her age at the date of
delivery (Cuckle, H.S., Wald, N.J. and Thompson, S.G.,
. British Journal of Obstetrics and Gynaecology (1987),
94, 387-402). B .
The risk of giving birth is calculated using the -
20 following equation: - '

Age-related risk = 1-0.000627 + e(~16.2395 + 0.286 age*)

0.000627 + e(-16.2395 + 0.286 age*)
25 -
* = maternal age at date of delivery

b) Calculation of the multiple of the median
value
30
During the first trimester of pregnancy, PAPPA and
free beta hCG levels change significantly. To allow for
this, all assay results from the mother's serum are
first transformed to multiples of the medians to relate
35 the actual result for that analyte to what would be



hi gher in wonen with a Down's Syndrone foetus and | ower in wonmen carrying a
foetus wth Edwards Syndrone (Trisony 18). Conversely the |levels of PAPPA
are lower 35 than normal in wonen carrying children with either 7
Down's Syndrone or Trisomy 18 during the first trinmester of pregnancy. This
makes it very suitable to conbi ne neas@irenents of PAPPA and free beta hCG
in to a bivariate distribution for both affected and 5 wunaffected
pregnancies in order to calculate the risk of a wonman carrying an affected
child in theerPested fassitdat WReknoéngeshakrion £Qst 95 qhe
acconpanyi ngpgeardsiaderein: 10 Figure 1 is a graph of Frequency agai nst
PAPPA MoM on a | og scal e which shows the frequency distribution of maternal
serum PAPPA expressed as MoMin first trinmester pregnancies w th Down's
Syndrone 15 (cumie Iateis O t HQuin@bvidaady renane s( aesey MesHiguEe 2 i s

a graph Frequenc ai nst. free be hCG .Qn |Log scal e which.shows
the freq nc§%%i§ﬁﬁgﬁﬁééwy Fu ?%Fnéﬁesgﬁﬁgggaggagefgghd%e RS 20 as
MOM in first tor ithestday pr epsaneresdbbhé muthipdenof the median (MoM)

and it is this wvalue which is required for calculation

of her risk.

10 Calculation of the likelihood ratio - the
statistical method used to. calculate this is trivariate
Gaussian frequency distribution analysis. A series of
constants are required to calculate. the likelihood
ratio. These are:

15 _

- the means and standard deviations of the
frequency distributions of PAPPA and .free beta hCG ( log
transformed to ensure Gaussian distribution ) for both
Down's syndrome and unaffected pregnancies.

20 S

- the correlation coefficients between each pair
combination of PAPPA and free -beta hCG for Down's
Syndrome and unaffected pregnancies. .

25 The description of the method used to determine the
probability of an unaffected and a Down's Syndrome
related pregnancy is described below.

:Probability Determinations
30

For a single assay, the mathematical calculation of
the -probability is very.simble. The probability that a
single result is either in the normal range or the
35 Down's Syndrome range is given by:



Syndrome (curve 3).and without Down's Syndrone (curve 4). Figure 3 contains
a series of receiver operating 25 characteristic curve show ng the

rel ationship between detection rate (the proportion of wonen whose conbi ned
risk of abnormality is greater than a given cut-off risk) and the screen
positive rate (which is the proportioﬂ of all women, both affected and
unaffected 30 who have a conbined risk greater than a given cut-off risk).
Details of individual curves in Figure 3 are given later in Exanple 2. The
invention is illustrated by the foll owi ng 35 Exanpl es: 8 EXAMPLE 1 An
exanpl e of how the conbination of PAPPA and free beta hCG may be used to
determ ne an individual 5 woman' sir §k ix2 shown bel ow, using as an exanpl e
a woman of 35 years of age. 4ln thyg ;ge a nunber of sequenti al

cal cul ations are perﬂer&ed—as_fello The a priori age risk This

i s deternined from epi denvoVdgi cal survey

5
where i = transformed population mean for unaffected
or affected pregnancies
¢ = standard deviation of the transformed
populations for unaffected or affected
10 ' pregnancies :
X = transformed sample value
When a pair of assays is used, the bivariate
" distribution function set out below is used:
15
£(x,y) =
- » '-2 _ . .
1 [(x-p‘)z,r(y-ux)_ (z p (-1 by ) )]
Ty 1 Pe s o o, g :
20 1 eZ {(1-p?) x Y , Y

2
2wo, o vVi-p

-

.where {, = transformed population mean for unaffected or
25 affected pregnancies for analyte x '
B, = transformed population mean for unaffected or
affected pregnancies for anal?te Yy
g, = standard~deviation of the transformed population
for unaffected or affected pregnancies for
30 analyﬁe X '
o, = standard deviatioﬁ;of the transformed population
for unaffected.or affected pregnancies for
analyte y
X = transformed sample value, analyté X
35 Y = transformed sample value, analyte y



data relating to a wonman's risk of giving birth to a 15 Down's Syndrone
child and her age at the date of delivery (Cuckle, H 'S, Wald, N J. and
Thonmpson, S.G, British Journal of Cbstetrics and Gynaecol ogy (1987), 94,
387-402). The risk of giving birth is calculated using the 20 follow ng
equation: Age-related risk = 1-0.00062%1+ e(-16.2395 + 0.286 age*) 0.000627
+ e(-16[err] 2395 + 0.286 age*) 25 = maternal age at date of delivery b)

Cal cul ation of the nmultiple of the nmedian value 30 During the first
trimester of pregnancy,= RﬂﬂPmeh@dlbneeObéfaChentlbﬁéM@e@h&m@@Sformed X
significant | To all ow f a serum
arg first trgnsforned to %% t? 8§ gba?§§@¥e gﬁg%?§@F zyﬁégﬁgﬁé}%%tua
resul.t for that analyte to mhat woul d be 9 expected for t hat week of

gestation forlﬂﬁﬁéf é@ﬂapiggng@cbgﬁblggg Kakhko of an individual woman's
assay resglt to 5 the expected value for the gestational age ( estinmated

The final step is the calculation of the combined
risk. This is given by the following equation:

10 Combined Risk = Age related risk x Likelihood ratio

- The statistical distributions used for. the
univariate or bivariate Gaussian distributions for
unaffected or Down's Syndrome pregnancies are shown in

15 Table 1. These were .derived from .a study of. 16 first
trimester Down's Syndrome samples and 350 unaffected
control samples. Log Gaussian univariate and bivariate
distributions fitted the data .well and the statistical
distributions in Table 1 therefore refer to MoM values

20 after natural log transformation. .

25

30

35



to the day ) is ternmed the nultiple of the nedian (MOM and it is this

val ue which is required for calculation of her risk. 10 Cal cul ation
of the*likelihood ratio - the statistical nmethod used to calculate this is
trivariate Gaussian frequency distribution analysis. A series of constants
are required to calculate the likelihodd ratio. These are: 15 - the neans
and standard devi ations of the frequency distributions of PAPPA and.free
beta hCG ( log transforned to ensure Gaussian distribution ) for both
Down' s syndrone and unaffected pregnancies. 20 -- the correlation
coefficients between each pair conbinating f RAPPA and free beta hCG for
Down' s Syndrone and unaffected pregnanci €s. The description of
the nmethod used to deternine the probability of an unaffected and a Down's
Syndrone rel ated pregnancy is described below. Probability Determ nations
30 For a single assay, the mathematical cal cul ation of the probability IS
very sinpPe. The probability that a singl eUpa§fipctrd eiRoin’$nSyndrasemal

range or the 35 Down's Syndrome range is gr¥gHal¥ies affected

pregnancies

Mean free beta hCG 0.0000 0.8190

10 Standard deviation (sd) 0.6325 0.6325
of free beta hCG
Mean PAPPA - 0.0000 -0.8723
'sd of PAPPA . 0.7222 ©0.7222

15 ' .
Correlation PAPPA vs . 0.3622 . 0.3622

free beta hCG

All data are expressed as natural logarithms of the
20 multiple of the median (MoM).

The covariances were not statistically significantly
different in unaffected and Down's Syndrome affeqted
pregnancies and were therefore pooled as shown above.
25
The a priori age risk for a 35 year old woman
( following Table 1 ) = 1:384.

The risk factors for a 35 year old woman with
30 various levels of free beta hCG and PAPPA are shown in
‘Table 2. This is divided into two sections (
respectively 2a and 2b ) showing likelihood ratios and
final risks. R

35



10 [err] (x) =[err] 5 where [err] = }ransforned popul ati on nmean for
unaf fected or affected pregnancies [err]i= standard deviation of the
transf or med popul ati ons for unaffected or affected 10

pr.egnanci es X = transforned sanpl e val ue Wien a pair of assays is used, the
bivariate distribution function set ouf3below is used: 15 f(x,y) = [err]
where [err] = transfornmed popul ati on nean for unaffected or 25

affected pregnancies for analyte x [err] = transformed popul ati on nean for
unaffected or affected pregnancies for analyte y [err] = standard devi ation
of the transformed popul ation for unaffected or affected pregnancies for 30
analyte x [err] = standard devi ati on of Takler &nsf or med popul ation for
uhaffected or affected pregnancies for analyte y X = transfornmed sanple

val ue, anal yte x )
ySection 2a - Likelihood ratios

5
PAPPA MoM
Free beta hCG MoM Not - 0.5 1.0 2.0
Assayed
10
Not Assayed . - 0.651 2.074 6.611
0.5 . 9.558 16.268 103.712 661.170.
1.0 . 2.313 1.830 11.664 74.359
15 2.0 0.560 0.206 1.312 8.363
Section 2b - Final risk ( Likelihood ratio x age risk )
PAPPA MoM
20 |
Free beta HCG MoM Not 0.5 1.0 2.0
Assayed.
Not Assayed .- 1:250 1:796 ° 1:2536
25 ‘ .
0.5 1:3670 1:6247 1:39825 1:253889
1.0 1:888 1:703 1:4479 1:28554
2.0 1:215 1:79 "1:504 1:3211
30

The results in Table 2 show that if the result of
the first test is known the other result is still
informative. For examplé if a 35 year old woman had a
PAPPA level of 1.0 MoM, the a priori age-related risk of

35 1:384 would be modified to 1:3670 at a free beta hCG



35 Y = transforned sanple value, analyte y 11 p correlation
coefficient between transfornmed x and y for unaffected or affected
pregnanci es Cal cul ation of conbined risk 5 The final step is the

cal cul ation of the combined risk. This is given by the foll ow ng equati on:
10 Conbined Risk.= Age related risk x1ki kelihood ratio - The statistical

di stributions used for the univariate or bivariate Gaussian distributions
for unaffected or Down's Syndrome pregnancies are shown in 15 Table 1.
These wer e. dérevedd df dn 2 MeMdyndf1iB15i att at freesbetaDh@e s esyaidraie
sanpl es and 35 fected control sanples. Log Gaussian univariate and
bivariate distributions fitted the data well and the statistical
distributions in Table 1 therefore refer to MoM val ues 20 after natural |og

transformation. 25y830udbs 2
5 .

To assess the screening performance realistically
in its intended clinical setting it is necessary to
simulate the performance when applied to the general
screened population.

10
5000 sets of values were constructed from the
univariate and bivariate log Gaussian distributions for
unaffected pregnancies described in Table 1 using
" MINITAB'™ ( a statistical package ).
15 ' ' S : _ ,
~ 5000 sets of data corrésponding to the distribution
for Down's Syndrome affected pregnancies were similarly
constructed. '

20 - For each sample likelihood ratios were calculated
as described in Example '1 univariately for PAPPA and
free beta hCG and bivariately using both in combination.

The age distribution of pregnanéies in Eng}and and

25 Wales for the vyears 1986—1988 were used as the .reference.

maternal age distribution.

The simulation was performed as follows:

30 Various risk cut-offs ( from 1;100 to 1:500 ) were
examined. For each risk cut-off and for each maternal
age ( from 11 to 55 ) the likelihood ratio required to
alter the rage risk to below that cut-off was
calculated.The proportion of likelihood ratios in the

35 '5000 simulated unaffected samples determines the



12 Table 1 5 Unaf fected Down's Syndrone

pregnanci es affected pregnancies Mean free beta hCG 0. 0000
0.8190 10 Standard devi ation (sd) 0. 6325 0.6325 of free beta
h€G Mean PAPPA 0. 0000 -0.8723 sd of PAPPA

0.7222 0.7222 15 Correl ati on PAPPA vs 0. 3622 0. 3622

free beta hCG All data are expressed as natural |ogarithns of the 20
mul tiple of the nmedian (MoM. The covariances were not statistically
signi ficantlgrdpbieient om unwfeaiat ok Do’ tshdy nagenehaf weolddbe

P ob for o 8CheER B khamer (TR HARRTeE ol of 11§ V€11R8qd 8aB1RE Oy BO°
factors for ®h855988r sdkhlsoreadh o' SBSyvdiromelsa f Eeetedosampéesbet a hCG
d PAPPA A I Thi ' Vi | nt |
ospect i vely saogiinsd G Brboditiod f WHHES 40 Cnl¥PagEPkhB Bokig,
S5 screen positive.

Multiplying the proportions by the actual numbers
of women at that age gives the false-positive rate (
percentage of unaffected women who screen positive ) and

10 the detection rate ( percentage of Down's Syndrome
affected women who screen positive ) at that maternal
age-

Summation of the respective numbers over women of
15 all ages ‘gives the overall false positive and detection
rates in the entire general population.

Examination of different risk cut-off values
enables the construction of a receiver operating
20 .characteristic curve ( ROC curve ) which relates the
false positive rate to the -detection rate.

The ROC curve is shown in Figure 3 which shows

the relationship between screen positive rate amd

25 detection rate .using as mafkers free beta. hCG alone +
age (curve 5), PAPPA alone + age.(curve 6) and. a
combination of these two markers + age (curve 7). From
Figure 3 it can be seen that when the combination of
markers is used the detection rate is increased

30 considerably over that using either marker
individually.

. Table - 3 shows the actual detection rates at
various screen positive rates for different
35 combinations of serum markers.



13 Table 2 Section 2a - Likelihood rati os 5 PAPPA MoM Free beta hCG MoM

Not 0.5 1.0 2.0 Assayed 10 Not Assayed -
0.651 + 2.074 6.611 0.5 9. 558 16. 268 103. 712
661.170 1.0 2.313 1.830 11.664 74. 359 15 2.0
0. 560 0. 206 1.312 8.363 $bction 2b - Final risk ( Likelihood
ratio x age risk ) PAPPA MoM 20 Free beta HCG MoM Not 0.5 1.0
2.0 Assayed, Not Assayed - 1: 250 1:796 1: 2536
25 0.5 1: 3670 1: 6247 1:39825 1:253889 1.0
1:888 1: 703 1:4479 1: 28554 2. @ABLE 3 1:215 1:79
1: 504 1: 3211 30 The results in Table 2 show that if the result of
MARKERS USED SCREEN DETECTION
5 POSITIVE RATE
RATE
Maternal Age 5.0% 29.8%
10 _
Free B hCG + 5.0% 49.6%
Maternal Age
15 PAPPA + Maternal  5.0% 45.8%"
Age
Free B hCG + PAPPA 5.0% 77.3%.
- 20 C
+ Maternal Age
The results in Table 3 show that where free B hCG
25 and PAPPA are combined as serum markers there -are
significant improvements in detection rates.
30

35



the first test is knowmn the other result is still informative. For exanple
if a 35 year old woman had a PAPPA | evel of 1.0 MoM the a priori

age-rel ated risk of 35 1:384 would be nodified to 1: 3670 at a free beta
hCG ' 14 level of 0.5 MoMand 1:215 at a free -0 MoM
EXAMPLE 2 5 To assess the screening peidformance realistical

I ntended clinical setting it is necessary to SI mll“lmlum M‘Lﬂ[‘m&nce when
applied to the general screened popul ation. es were
constructed fromthe univariate and blvarlate liog Gau33|an di stributions
for unaffected pregpangies described in Table 1 using MNITAB[err] ( a
statistical package ). 15 5000 sets of data corresponding to the

distribution for Down's Syndrome affected pregnancies were sinmilarly
constructed. 20 For each sanple Iikelihood rati os were cal cul ated as

descri bed g " Exarrple. 1Aur1]rltet% c{itteory Jr?trenpgpf‘ screenlng for

chromosomal abnormalities in which maternal blood from

a pregnant woman is measured for levels of free beta
hCG and at least a second serum marker and/or
precursors and metabolites of these markers and the

10 measured ‘levels of these markers together with the
gestational age'of_the pregnant ‘woman are compared to
reference values at various -gestational ages of the
levels for free beta- hCG and the second serum marker
in (a) pregnant women - carrying foetuses having the

15 abnormalitie(s) subject to the screen and (b) pregnant
women carrying normal foetuses, the comparison-being
indicative of the risk of the pregnant woman carrying
a foetus with an-abnormality subject to the screen

_ characterised. in- that the .second serum marker is

20 pregnancy associated plasma protein -A (PAPPA) and the
screen is carried out by the end of the thirteenth
(13th) completed week of pregnancy.

2. A method according to claim 1 characterised
25 in that a chromosomal .abnormality which is screened :
for is Down's Syndrome.

3. A method according to claim 1 or claim 2
characterised in that chromosomal abnormalities
30 screened for include at least one of Edwards Syndrome
(Trisomy 18), Pateaus Syndrome (Trisomy 13), Turner
Syndrome, Monosomy X and Kleinefelyer's Syndrome.



free beta hCG and bivariately using both in combination. The age

di stribution of pregnancies in England and 25 Wales for the years

1986- 1988 were used as the reference maternal age“lllﬂlumtum u)u"e
sinul ati on was perforned as follows: 30 " Var U HINERAL s ( from
1;100 to 1:500 ) were exami ned. For eadd risk cut-off and for "each naternal
age ( froml1ll to 55 ) the likelihood ratio required to alter the age

risk to below that cut-off was cal cul ated. The proportion of |ikelihood
ratios in the 35 5000 Rifekhbed adediriddtiged osamy emaatferahees t he 15

proportion of_unaffected,wonen at that age Q. wQul.d be osktive.
The proportid%r%?e?%ﬂglF%S&ggrgﬁﬁgfc%ﬁq%%§4?1 \ﬁﬁé%uéﬁﬁa {éﬁﬁng §§ndrone
af fected sanpties additmbdned wmaskemropdphiacifesfopmrteimtis himchgdedho woul d 5
screen positive. Miltiplying the proportions by the actual nunbers of wonen
at that age gives the fal se-positive rate ( percentage of unaffected wonen
who screeh positivd.) a&n@etpod: fecording &9 rafte o QL t@ge of Down' s
Syndrone af f 6t 8de WRHBN MG mSC BT aRYT ISR )i Rl R tmdBd #F SRbnBIS £

Summation of the respéctive nunbers over- wonen of . )
the additional marker unconjugated estriol is

S

included.

10 6. A method according to any one of the
preceding claims characterised in that measurement of
an additional marker which is at least one of inhibin
(In), progesterone (Pr), 16-alpha-hydroxy—
dehydroepiandrosterone sulphate (l6-alpha-hydroxy-

15 DHEAS) and dehydroepiandrosterone Sulphate (DHEAS) and
precursors and metabolites of these markers is~
included. '

.7. A method apcording to any one of the

- 20 preceding claims characterised in that measurements .
are made on a blood sample taken in'the period between
the beginning. of the eighth week and the end of tlie
thirteenth week of gestation. .

25 8. An assay kit for performing a method for
antenatal screening for chromosomal abnormalities
comprising means for assaying a sample of maternal
blood for levels of free beta hCG and at least a
second serum marker and/or precursors and metabolites

30 of these markers characterised in that the second
serum marker is pregnancy associated plasma protein A
(PAPPA) and the blood sample is taken by the end of
the. thirteenth (13th) cbmpieted week of pregnancy.



15 all ages gives the overall false positive and

enabl s the construction of a receiver operating 2

entire general popul ation. Exami nation of different, iﬂﬂg“% B[Iglmﬁj
ROC cturve ) which relates the fal se positive rate tJ, H J *
The ROC curve is shown in Figure 3 whi 8 shows theirel ationship between

screen positive rate and 25 detection rate using as markers free beta. hCG
al one + age (curve, 5),, PAPPA al one + age.(curve 6) _and.,a conbi nation
LA fFat ke

these two markers =

P (R KT RFORTEHHEr O3S ETa] be seen t hat

e
ues
curve (
ate.

of
when

the conbi nat ioharsctrearksed is tisad ahehdemesbinah abherimm liingy dxs doe 30
conS|derany§@ggéﬁ tedising ﬁ&&ﬁeg $2£595mégd|V|dually. Tabl e 3 shows the

actual detecfion rates at various Screen poSitive rates for differen
conbi nati ons of serum markers. 16 TABLE 3 MARKERS USED
SCREEN

RATE RATE Mat er na

10

15

20

25

29. 8%
characterised in that it comprises means for measuring

at least one additional marker from the group alpha-
fetoprotein (AFP), unconjugated estriol (uE), inhibin
{(In), progesterone (Pr), lé6-alpha-hydroxy-
dehydroepiandrosterone sulphate (l16-alpha-hydroxy-
DHEAS) and dehydroepiandrosterone sulphate (DHEAS) and
precursors and -metabolites of these markers.

11. An apparatus comprising means adaptéd for
receiving measurements of a pregnant woman's maternal
blood levels of free beta hCG and at least a second .
serum marker and/or precursors ‘and meﬁabolites of -
these markers and computer means for comparing the
measurements. of these levels to sets of reference data
to determine fetal chromosomal abnormalities
characterised in that the second serum marker is
pregnancy associated plasma protein A -(PAPPA) and the
measurements are made on a.blood sample taken by the
end of the thirteenth (13th) completed week of

pregnancy.

t 35

Uiﬁiﬂiéfﬁééay kit agcording to claim 8 or cYAHRhToVE
Age . 0%



10 Free B hCG + 5.0% 49. 6% Mat ernal Age 15

PAPPA + Mat er nal 5.0% -~ 45. 8% Age Free B hCG + PAPPA
5.0% = 77.3% 20 + Mat er nal Age The results in Table 3 show t hat
where free B hCG 25 and PAPPA are conbined as serum markers there are
significant inprovenents in detection P8tes. 30 35 17 CLAIMS 5 1.
A nmethod for antenatal screening for chronnsonal abnornalities I n which

mat ernal bl ood from a pregnan | s of free beta
hoG and at Loast o REEWIFAG: SeRRERRNG BRE, CHRAMSOMaD: SENPRMALITIES t eo of

these markers and the 10 neasured | evelgsdrddese markers together with

the gestational age of the pregnant wonan are conpared to reference val ues

at various .gestational ages of the levels for free beta hCG and the second
serum nar ker A method for antenatal screening for chromosomal

5 -~ abnormalities in which maternal blood from a pregnant
woman is measured for levels of free beta hCG and at
least a second serum marker'and/or precursors and
metabolites of these markers and the measured levels
of these markers together with the gestational age of

10 the pregnant woman are compared to reference values at
various gestational ages of the levels for free beta
hCG and the second serum marker in {a) pregnant women
carrying foetuses having the abnormalitie(s) subiject
to the screen and (b) pregnant women carrying normal

15 foetuses, the comparison being indicative of the risk
of the pregnant woman carrying a foetus with an
abnormality subject to the screen characterised in
that the second serum marker is pregnancy associated
plasma protein A (PAPPA) and the screen is carried out

20 Dby the end of the thirteenth (13th) completed week of
pregnancy. '



in (a) pregnant wonen carrying foetuses having the 15 abnornalitie(s)
subject to the screen and (b) pregnant-ioren carrying normal foetuses, the
conpartson being indicative of the risk of the pregnant woman carrying a
foetus with an abnormality subject to the screen characterised in that the
second serum marker is 20 pregnancy associ ated plasma protein A (PAPPA)
and the screen is carried out by the end of the thirteenth (13th) conpleted
week of pregnancy. .2. A nethod accordlng to claim1 characterised 25 in
that a chronosonal abnornallty whi ch 1/83 screened: for is Down's Syndrone.
3. A nethod according to claim1l or claim2 characterised in that
chronosonmal abnorrmalities 30 screened for include at |east one of Edwards
Syndrome (Trisomy 18), Pateaus Syndrome (Trisomy 13), Turner Syndrone,

Monosony X and Kl einefelter's Syndrone. 18 4. A method according to any
one of the preceding clains characterised in that neasurenent of the
addi tional nmarker al pha-fetoprotein is included. 5 5. A net hod

according to any—ane of the preceding clains characterised in that
measur enent of tlhe additional marker unconjugated estriol is

2

- ¥,

Fig.1.

PAPPA MoM,log scale
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i ncl uded. 10 6. A nethod according to any one of the preceding
clainms characterised in that nmeasurenent of an additional marker which is
at | east one of inhibin (In), progesterone (Pr), 16-al pha-hydroxy-

dehydr oepi andr ost erone sul phate (16-al pha- hydroxy- 15 DHEAS) and
dehydr oepi andr ost er one sul phate (DHEAS) and precursors and netabolites of
these markers is included. 7. A nethod according to any one of the 20
preceding clains characterised in th / asurenents are made on a bl ood
sanpl e taken in the period between th egi nning of the eighth week and the
end. of the thirteenth week of gestation. 25 8. An assay kit for
performng a nethod for antenatal screening for chronosomal abnormalities

. conprising neans for assaying a sanple of maternal blood for |evels of free
beta hCG and at | east a second serum mar ker and/or precursors and

met abolites 30 of these markers characterised in that the second serum

mar ker 1s pregnancy associ ated plasma protein A (PAPPA) and the bl ood
sanple is taken by the end of the thirteenth (13th) conpl eted week of
pregnancy. 19 '

2512

10.00

398

1.58
free beta hCG MoM,log scale
q.

2.

0-63
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9. An assay kit according to claim8 characterised in that a chronosonal
abnornality to be screened for is Down's Syndronme. 5 10. An assay
kitgadtording to claim8 or claim9 characterised in that it conprises
meéants for nmeasuring at | east one additional marker fromthe group al pha-
fetoprotein (AFP), unconjugated estriol (uE),inhibin (In), progesterone
(Pr), 16-al pha-hydroxy- 10 dehy3if®epi androsterone sul phate

(16- al pha- hydr oxy- DHEAS) and dehydr oepi androst erone sul phate (DHEAS) and
precursors and-netabolites of these markers. 11. An apparatus conpri sing
means adapted for 15 receiving neasurenents of a pregnant wonman's materna
bl ood | evels of free beta hCG and at | east a second serum nar ker and/or
precursors and netabolites of these markers and conputer means for .
conpari-ng the neasurenents of these |levels to sets of reference data 20 to
determ ne fetal chronosomal abnornalities characterised in that the second
serum marker i s pregnancy associ ated plasm protein A (PAPPA) and the
nmeasurenents are J4ade on a bl oodusaopl e taken by-the end of the thirteenth

(13t h) conpl eted hweek of 25 pregra cy. o
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