| Detecting and Predicting Pre-eclanpsia The technol ogy described herein

relates to nethods of detecting or predicting pre-eclanpsia (PE). The

t echnol ogy described herein also relates to comrerci al packages, 5 such as

di agnostic kits, for perform ng a nethod of detecting or predicting PE PE

affects approximately 4% of all pregnanties and is a | eadi ng cause of

maternal - death in the UK, _the United Stgtes and other nations. This

di sease, or the threat of BHEHinend Knedictipglperedimpsiase of el ective

premature delivery, accounting for to approximtely 15%of all premature

births. It is recommended by the 13K National Institute for Cinical
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of some priEHiEPYe ol éengal cahi s abnormality has been found to be relatively
25 non-specific and for this reason has not been adopted in routine
clinical practice. Al though sone plasma/urine biochem cal nmarkers have been
shown to be abnormal in the disease process, no single marker has proven to
be of adequate sensitivity for use as a predictive indicator. For exanple
the use of placenta growh factor (PLGF) alone as a 30 predictive indicator
of PE has been proposed, but the predictive power of this marker could not
be determined with any certainty. For exanple, International patent
appl i cation WD 98/ 28006 suggests detecting PLGF al one or in conbination
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In International patent application WO 02/37120 and Chappel|l et al,
(Armerican Journal of 10 Obstetrics and Gynecol ogy 2002; 187(1): 127-36) a
predictive test for PE of good sensitivity and specificity is disclosed.
The test is based on specific blood markers alone. namely PLGF in

conbi nation with at |east aone of -PAI-2, the ratio-of PAT-1 to PAl-2 and

| eptin. For exanple, results giving 80% sensi.tivity for 88% specificity at
24 weeks gestation using the algorithmlog e(PEGF) - 3 * (PAI-1/PAI-2) were
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pressure, that it is possible to determne with high specificity and
sensitivity whether an individual is likely to develop PE. It has been
found that in subjects who subsequently devel oped PE the |evel of 15
STNFaR1 was raised. The level of MW-9 was found to be reduced in such
wonen. Placenta growh factor (PLGF) failed to show the pronounced rise
normal |y observed in healthy pregnancies. PAI-2 was al so found to be
reduced in such wonen. The |evels of leptin, PAT-1 and | CAM were found to
be raised in such wonen. 20 Conbi nations of the markers proved to be highly
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30 receptor 1 (sTNFaRl), Matrix Metalloproteinase-9 (MW-9) and PLOCP,
wherein a positive prediction is given by high sTNFaRl, [ ow MW-9 and | ow
PLG-. 7 Also provided is a nmethod for predicting PE that includes
determining in a maternal sanple obtained froma subject the |evel of

sol ubl e tissue necrosis factor al pha receptor 1 (sTNFaRl), Matrix

Met al | opr ot ei nase-9 (M VIP-9) and pl asm nogen activation inhibitor-2
(PAI-2), wherein a positive prediction is given by high sTNFaR, low 5
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fluid or a tissue sanple such a cytrophobl ast and syncyti otrophobl ast
cells. 5 Maternal sanples can be taken at any tinme from about 10 weeks
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10Sol ubl e tjssue rosis factor al pha receptor 1 (sTNFaRl) is a standard
t er m weMErIRBHH I IoF BB NS4 PEEFRCIEhe art. In particul ar, the sequence of
the human formof sTNFaRl is given in the NCBI Protein database under

accessi Qp. , LOA0 nom cs,
13, 2193%12,91‘ q’%gﬁ%ﬁg%rjg@azbﬁgﬁer oué%fédgée %gf‘ié%oﬁﬁé‘&@éﬂiﬁ@g%? ,QO(%;CI udi ng
t he comi@d(@).al43r14atdumbl thaElplSAcaaIddyo flewsis R&D: Jigliceni. PRl pasatslfnat e t hat
the terns "tissue necrosis fagtor” and. "tunmour necrqsis factor" .can be used
i nt & chANGURFLFYOVKPIEY iwatﬁnrg 59@@%%%%@9@1@@@] gs’mi?gdeé Jgeta HeAm wel |
known t gr rR@Se nidlide! @endl ol ﬁ%dﬁﬁh PEMnRAY Eérg}%@ﬁ’trihﬁgte?%‘t'?ﬂcﬁ @L fehe human
formof MW-9 is given in the NCB% Protei n dat abase under accession no. G:
74272287nd seepsd tmddR1004985. 2. There are nunerous 20 ways of detecting
MWP-9 including the conmercially avail abl e Oncogene Research ProductsTM
MWP-9 ELI SA Pl acenta growh factor (PLGF) is a standard termused in the
art and refers to the free formfound in the individual unless indicated

ot herwi se. The am no acid sequence of human PLGF is known (see NCBI Protein
dat abase, accession no. XP 040405, +. 0L20149543, 25 version NPJ302623. 2).
There are nunerous nethods of detecting PLGF including the comrercially
avai |l abl e Quanti ki ne Human PLGF i munoassay from R&D Systens Inc. 9

Pl asm nogen activator inhibitor-2 (PAI-2) is a standard tenn used in the
art and is clear to those skilled in the art. In particular, the sequence
of the human formof PAI-2 is given in the NC 31 Protein database under
accession no. 0l:1567409, version CAA02099.1. There are nunerous nethods of
detecting PAI-2 including the 5 commercially available Tint Elize PAI-2 kit
from Bi opo-ol International. Plasm nogen activator inhibitor-I (PM1) is a
standard termused in the art and is clear to those skilled in the art. In
particul ar, the sequence of the human formof PM1 is given in the NCBI
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10 Diastolic notch is a standard termwell known to those skilled in the
art. In particular, the termrefers to the dip in the early diastolic phase
of the uterine artery wave form whi ch has been associated with |ater
abnormal out cone of pregnancy including pre-eclanpsia ((lien et al., BIOG,
2000, 107(2), 196-208). D astolic notgh can be 5 persistent in the uterine
artery Doppl er wavef orm of pregnant wonen at risk of several different
abnormal pregnancy outcones. The presence of the diastolic notch alone is
not i ndicatéwewof BEby Shegnanradio ateenterhparery Chiricalt@ynegelogy tand yOhateladsor m can
be neas LN ler 10 ul trasound. .Theg.use_ of | er -ul.trasound to
nmeasur eg{)@g E@bﬁ:‘r ?#gggjﬁt 8?%?”3&8?1 ﬁﬂ? :{%S%Mg?rl %Eng\%e W%ﬁ%s‘g s I“?é%"‘#n t he
art ( ChieasieingabloBl GeresstBE)ODopflér (a89essrddd-ad08k. uterdplfettardiRaladbh et
waveform can be neasured at any tinme from about 10 weeks %estation. For
exandl e ADEIECIHORS & eTPBALIVEXN tq@g MEREHINE giicl 2cite R8st Rtlosir orolimge.bet ween
20 and - f0 1 I y to
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AUTODELFI A(r). and LFI A(r) sxﬁéens 20 (Pe ginEIner) are automated systens
speci i 8% FPSHaYy GhEWsa st Pals tule Gl‘%??“‘ﬁ@%’ or m ng i munoassays. As will be
appreci ated, the markers can be detected using any suitable nethod. The
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di ast ol Pﬁﬁﬁ%{g%{a& 1?]515 %rg%ts% &12&%058‘%)&&5?%@5%8;?{&@??%% ag’r@sﬁea?%{l ?R}kﬁﬁ %Cef med
as DBP ©bkSBRsDBR) (Bhecaagy RO02el 8T(1):nELV-86) agpredietidd assnl fof PIBRI3BHD A
oscillometrjc blood pressur nitoring d%yice, which js available from
M or ol | PSRy apdisee et scdisalancra Rbe it 5rbasdedn pes Krblpehstalerhrleghancy,
non- pr o, g A6 BRPCAAGinRfiSh R M PoRCGOB 4 gt Qarfty GPEAL &5 pRY Dtd-gh
Hypertensi on Soci ety protocol (Cuckson et at, Blood Pressure 30Monitoring,
2002, 7{®)ip. Feo-<324ple, résulwogeimgi 80% ypnsitvity fdetd8Pwispediicifhet 2¢| woekst

popul ati on can be defjned base f I et hni.¢c .background or any
D hor “chavutae PE it B iy PotAFTPARR) BB imr kers. The

rel evant popul ation for establishing the normal |evel of the markers is,

f or s exampl noSeh&G BAn® thak REAAThHRfatibAO I bidkhdnAbal FRarkbrsGitDr AWM T SK
marker for 5 PE, such as previous PE, diabetes, prior hypertension etc.).
Once t hbasmowdymhmievedrkerar mrokidoswan trygromehseaties fev dics poaictbe obparled and
the significance of the difference determned usi .Standard statistical
ot hods PP EhepBtiet s TsbidGie T onfpRan it S bR R etk s level
and t hep@s Y oh€¥Enotd bi®chdniehlahdikbd £@ldrYond bfotd KRModdhihRMNEARE) aret heN
there is a clinically inportant risk that the individual fromwhomthe 10

| evel s hHewivio@e nanhedeeriets oniprddidiesssf 8- PE. This risk can be quantified and
expressed as a percentage by the use of likelihood ratios. For exanple, a
ri sk determ nation can include determ ning the standard devi ation score for
each® marker and measur enent (except the presence or absence of a diastolic
notch), is based on the distribution of the values observed in healthy
pregnant wonen of the same gestation who do not go on to devel op PE. The
determ nation can additionally include conbining the standard devi ation
scores into a single conbined predictor, based either on logistic
regression or on nultivariate nodelling of the normal distribution, or on
sonme ot her appropriate statistical method. 20 In particular, normal ranges
are established for each marker throughout gestation, using the Standard

Ri sk subset (Appendix 1). For this purpose each value is treated as an

i ndependent observation. Results are then expressed as Standard Devi ati ons
Scores (Z-scores), showi ng how nmany standard devi ations each result is from
t he expected 25 value at that gestation. Adjustments are nmade for
non-normality, and changes in both nean and standard devi ation through
gestati on. In one aspect of the predictive nethods described herein, the
Z-scores, derived fromthe narkers as described in appendi x 2, can be

conbi ned using the algorithns described in 30appendix 3 (all derived from
| ogi stic regression). 12 nunbers of wonen at lowrisk of PE, it is

i nportant to have high specificity. In other situations, it can be

i nportant to have a bal ance between high sensitivity and specificity, e.g.,
when consi dering individual wonen at high risk of PE a bal ance between high
5 sensitivity and specificity is needed. Table 2 shows the perfornmance of
numer ous conbi nati ons of markers based on fixing the specificity at 95%
(Fal se positive rate = 5%, 90% (Fal se positive rate = 10% and 85% ( Fal se
positive rate = 15% . The technol ogy described herein offers many benefits,
hi addition to facilitating accurate targeting of interventions e.gqg.
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The net hods and commerci al packages descri bed herein can be useful for
detecting or predicting pregnancy-associ ated di sorders or syndronmes wth
simlar aetiology and/or 10 synptons as pre-eclanpsia. Such pre-eclanpsia
rel ated disorders or syndrones include, for exanple, pregnancy induced
hypertensi on, HELLP syndrome, intrauterine growh retardation and

superi nposed gestosis. Particular aspects of this technol ogy are descri bed
by way of exanple, below. 15 EXAMPLES Bl ood sanpl es were obtained from and
art eri allhpagshhelogiidescribed b@lﬁ@dﬂl@str_%eﬁbpésgﬁ%mpdmmﬁem@m@@b}r ecruited
wWth ri P 3 0 2 revious PE,
chronlcﬁggﬁﬁﬁ$%g§%%§%B(gﬁélﬁﬁgg%ﬁnpﬁg?%ﬁg %%%sea QE%JQB' a*ﬁdg§) €30 in
first prelgnasiai(BE) ingbves takmuihdiziing r@e[thﬁélysaiﬁp&p(btﬁﬁm&@ﬁ'@frm §Gbjeclihé were

avai | abl e for(inal /si s; the remai nder were not_ included due to mscarriage

(n=5%, d¢v%el Py %ﬁusylecrpeﬁ Rl reseri dga BNEGRDARdMERY | ost to fol | ow
6 @g\@l ,_[TI\;I PE. Th
Egng?niﬁgﬂ%%) %p%%ne or 'Jhgﬁ% ﬁ£¥?éga%%%??é?pgggﬁgg?ﬁéﬁF&Pﬁgadd|t|oﬁ

95 nuIIHpﬁnnﬁ&gﬂmmnanﬁﬁhmumManymnkdﬁhmaps@yu@d&lemﬂbfﬁﬁNFdRSmmbre

recruite sta r 5_ controls (SR). 70 of these wonmen had nor nal

pr egnané CB@?@@ C?ﬁﬁ%ﬁ F}om which the standard risk controls were
selected 30 Bl ood sanples were taken at 11-14 weeks gestation and then at
15-17, - Af e..19 e ecl anpsi a
wer e natc b%gbfto hl?%@? %ﬂn d%?oeg$£h1§6% ggm?%hdgﬁgn ard (gégﬁ @bntrols
for 10i odh@n‘nmalmﬂahigemmmﬁbmpdndrmds&nstyamldaﬂhdnemneéwidml of likdppd ésvelop

ul t rasound . (di. stdlic,no resi st ance i ndex. ul sa 14 i ndex
(b1} oSS GASH R RaRet filhe BivPaBie T e PaER B GhomB WhE WidgoLdtrsBR noeks.
The bi oy K&éxﬁﬁ@@%‘dé w\e@ﬁ@thefrﬁ@tﬁoﬁ%smbﬁy@a&h@ﬁ,asttﬂé ﬁ%oplak% ofSRleubl e
Flt-1, Leptln VLP-9, | CAM and sol ubl e THE- al pha

(sTNFaRPP&UﬂwK“@mHmhéSEWdtﬁeﬁkmﬁﬁﬁléﬁﬁﬁbdﬁiPmﬂheﬁnedyum@aOds|ng Auto Del fia
assays developed for this 5 purpose. sTNFaRl was neasured using a

conner0| avai |l ahl e ELI SA assay (R&D Systens Resi st ance. i ndex. and
e enod b PP o STt hetchdh Bt T S Ehim s Brciane b PG Fishor or
V2G5 OF 11, GeSt 3l kONAluna e R plobHAIRIIIAN LAY TP 3 dIOKE el DY

establishing reference ranges in both cases and controls for the 13
[ nd| cat oressurn (Nbfiﬂ‘ﬂ @aﬁw indgatonof slbsequieneBEPLBE, aboethdd BuGediconaPEPLGF,

N st o BB o diege PicftmRial biafkesd oo a0 fonafi e afebpuitel ot b

not hi ng hh@nbdi@adiie N iables. pnwema@ﬁloﬁmenandarmleal calLGE am¢ masmeepoyed from
further consideration. Soluble FIt was al so excluded, as there 15 were

t echni cabngmebheasodiptcl ik Pis,_sl%w emawpl%dh@étﬁ@g@ﬁwamﬁe veortE ivar i bsnanyof
”ﬁr kgr s &%&%ite‘i‘%r Snd iy SfQ '@Q%ﬁetﬁ%tfoﬁp thif@ {yn%ﬁ} ﬁ&@g‘& en 36§ are also
own. rmal ranges were est I she or eac out gestatlon

usi ng tlﬂﬁisﬁﬂlarﬂldﬁdhd)l Rh sbnsuibs %sm@a@qaeﬁf&k)(foi:):xmﬁﬁle drhitmophslped easadhdexal ue
was treated as. an. 20 |ndgpendent observati on. results were then

expr ess & £ Patsgiityiadeielfilit T%%Eaee%%laeen{cz’ﬂeedﬁéé& be AR PGS HEwS P
st andar d, devi plb@7Re8ae SB?’? Ui stb Olf;fo% &@uﬁ&?lﬁ?)e aiﬁghllr'%rt@flal Sé}éstsu‘eot h

gestation. Adjustnents - nor ma change
nmean andN&ﬂhmHﬁndidﬁDBﬁt&dﬁﬂiﬁKﬁU@h]ﬁﬂsmmmpbnﬂwagmmhdmh@dnumsm@(BBPmods

ook o gthsfaie Mblieier (AL ot Rishl Retgi hucsourt SyElr SR ko bEEt T o'
conpar i $H1S/3)\NRafke @b %cﬁ@aﬂ‘ﬂfeed&&ﬁmﬁﬁi etheb¥od@RirkssHRIGL TR AbjedM b be

censoring at -2 and +2 (robust to outliers), follow ng the nethod descri bed
i n Anenidgigritingd 9F@) Rygkresei ben-airgiops teshlvmm aHMelnaeq@em@ndeterannfatm@h s

t runcat Econo f qr_panel
data | n EHUDST R PPy e e pl eI e Mol (Re 6 e P

Col | ege 11 fetifibity dRX ambitivily @iitd ©.aMoe id RSther iaipeowal The Bloddprd2eird obihea
random effects Tobit regression (censored at -2 and +2) and by GEnerallsed
Est Bfat isvRjetqanbr sasrnbier dignn gevitvenger rerly des blor eespie deirpiansd Bipg 15
Zei ger §k3£%§§p) Longi tudi nal anal ysis using generalised |inear nodels.

Bi onetri 13-22, with robust Standard Errors, as described in Binder
DA (1983). "On the variances of asynptotically normal estimators from
conpl ex surveys," International Statistical Review 51. 279-292, and

i npl enented for panel data in the statistical 5 conputing package Stata,
rel ease 9 (StataCorp, College Station, Texas). The tests differ in the way
they allow for extrenme values and for repeated neasures. Results by the two
met hods are simlar, but not identical. 10 The performance of the

i ndi vi dual |nd|cators |s glven belom1|n Table 1 Recelver Cperatlng

o~ a . m_ g m o o L L L e a4 1o -~ .. = 4 =
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10  measuring markers mentioned above. and optionally determining the measurements

from the uterine artery waveform and/or blood pressure, that it is possible to determine

with high specificity and sensitivity whether an individual is Iikely to develop PE.

It has been found that in subjects who subsequently developed PE the level of
15 sTNFoR1! was raised. The level of MMP-9 was found to be reduced in such women.
Placenta growth factor (PLGF) failed to show the pronounced rise normally observed in
healthy pregnancies. PAI-2 was also found to be reduced in such women. The levels of

leptin, PAT-1 and ICAM were found to be raised in such women.
/

26 Combinations of the markers proved fo be highly sensitive and specific for prediction
of PE. In particular, combinatioﬁs including MMP-9 and sTNFaR 1, either on their own
‘or with other biomarkers, or with haemodynamic measurements (for example, diastolic
notch or blood pressure), have been found fo be highly sensitive and specific brcdictors
of subsequent PE. In such combinations, a positive prediction is given by high

25  sTNFaR1 and low MMP-9, optionally with one or more of low PLGF, low PAI-2,
raised SBP, raised DBP, raised MAP and presence of diastolic notch.

In testing the combinations described above it has been found that for subjects who will
develop PE (i.e. the prediction is positive) there is no increase in the level of PLGF
30  with gestation, whereas PLGF normally increases with gestation; and the level of

MMP-9 1s reduced.
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Thus, the methods for predicting PE described herein can additionally include
determining in a matemal sample obtained from. a subject tﬁe level of one or more
additional markers, for example, one or more-of total PLGF, leptin, plasminogen
activator inhibitor-1 (PAI-1) , sTNFoR1, MMP-9 and intercellular adhesion molecule-1
5 (ICAM). Ii has been found that one or more of these additional markers are useful for
improving the specificity and sensitivity of the method, As an example, 2 method in
which levels of sTNI*‘aRl‘ and MMP-9 are detenniﬁed c'an. additionally include
determining the level of plasmivogen activator inhibitor-2 (PAI-2) in the maternal
sample. By additionally determining the presence of PAI-2, the 'sﬁeciﬁcity and
10 sensitivity of the method can be fnther improved. Additional specific examples of

marker combinations are described herein below,

The techﬁology descﬁbcd heréin provides a _niéthod for predicting PE that includes
determining in a maternal ‘sample obtained from a subject the level of soluble tissue
15  mnecrosis factor alpha receptor 1 (sTNFaR1) .and Matrix Metalloproteinase-9 (MMP-9),
and determining the presence of a diastolic notch in a uterine artery waveform obtained
from the subject, wherein a positive prediction is‘ given by high sTNFaR1, low MMP-9

and the presence of a diasfolic notch.

20 Another method provided by the technology includes detenﬁnﬁg in a maternal sample
obtained from a subject the level of soluble tissue necrosis factor alpha receptor 1
(sTNFaR1), and plﬁccnta growth factor (PLGF), wherein a positive prediction is given
by high sTNFaR1, and low PLGF. If desired, the method can further include
determining the presence of a diastolic nofch in a uterine artery waveform obtained

25  from the subject, wherein a positive prediction is given by high sTNFoR1, and low
PLGF and the presence of a diastolic notch.

The technology provides a method for predicting PE that includes determining in a
maternal sample obtained from a subject the level of soluble tissue necrosis factor alpha

30 receptor 1 (sTNFaR1), Mafrix Metalloproteinase-9 (MMP-9) and PLGF, wherein a
positive prediction is given by high sTNFaR1, low MMP-9 and low PLGF.
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Also provided is a method for predicting PE that includes determining in a maternal

sample obtained from a subject the level of soluble tissue necrosis factor alpha receptor

1 (sTNFoR1), Matrix Metalloproteinase-9 MMMP-9) and plasminogen activation

inhibitor-2 (PAIL-2), wherein 2 positive prediction is given by high sTNFoR1, low

5  MMP-9 and low PAT-2.

Further provided is a method for predicting PE that includes determining in a maternal
sample obtained from a subj ect the level of soluble tissue necros1s factor alpha receptor-
1 (sTNF chl) and Matrix Metalloprotemase-9 (MMP-93, and determining the sub;ect’
10 systolic blood pressure (SBP), wherein a positive prediction is given by high sTNFaR1,
low MMP-9 and high SBP. Aitemaﬁvely to determining SBP, or in addition, the
method ean involve determining the subject’s mean arterial pressure (MAP), wherein a

positive prediction is given by high sSTNFoR1, low MMP-9 and high MAP.

15  The technology described hereiﬁ provides a method for predicting PE that includes
determining in a maternal sample obtained from a subject the level of soluble tissue
necrosis factor alpha receptor 1 (STNFaR1), Matrix Metalloproteinase-9 (IVIMP-Q) and
another marker. For example, the other marker can bc leptin, wherein a positive
prediction is given by high sTNFaR1, low MMP-9 and high leptin. As another

20 example, the marker can be fotal PLGF, wherein a positive prediction is given by high
sTNFoR1, low MMP-9 and low total PLGF. As a further example, the marker can be
plasminogen activation inhibitor-1 (PAI-1), wherein a pos_itive prediction is given by
high sTNFaR1, low MMP-9 arid high PAI-1. As another example, the marker can be
ICAM, wherein a positive prediction is given by hlgh sTNFaR1, low MMP-9 and high

25 ICAM.

As used herein, the term “predicting” when used in reference to pre-eclampsia means
determining a likelihood, tisk or assessment of a possibility for development of pre-
eclampsia in an individual during pregnancy. The term includes detecting early PE.

30 '
A maternal sample taken from a pregnant woman can be any sample from which it is

possible to measure the markers mentioned above. For example, the sample can be
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blood. Other exemplary types of samples include serum, other blood fractions and urine.
Levels of biomarkers also can be determined in maternal cells, for example, cells collected
from a bodily fluid or a tissue sample such a cytrophoblast and syncytiotrophoblast cells.
5  Maternal samples can be taken at any time from about 10 weeks gestation. For example,
the sample can be taken at between 12 and 38 weeks gestation or between 20 and 36
weeks. Furthermore, the maternal sample may be taken during one or more of the
tollowing times: 11-14 weeks gestation; 15-17 weeks gestation; 19-21 weeks gestation;

and 23-35 weeks gestation.

10 Soluble tissue necrosis factor alpha receptor 1 (sTNFaR1) is a standard term well known to
those skilled in the art. In particular, the sequence of the human form of sTNFaRI is given
in the NCBI Protein database under accession no. GL339750, version AAA61201.1. See
also Fuchs et ah, Genomics, 13, 219-224, 1992. There are numerous ways of detecting
sTNFoRl, including the commercially available ELISA assay from R&D Systems. Please

15 note that the terms “tissue necrosis factor” and “tumour necrosis factor” can be used

interchangebly.

Matrix Metalloproteinase-9 (MMP-9) is a standard term well known to those skilled in the
art. In particular, the sequence of the human form of MMP-9 is given in the NCBI Protein
database under accession no. GI: 74272287, version NP _004985.2. There are numerous
20  ways of detecting MMP-9 including the commercially available Oncogene Research

Products™ MMP-9 ELISA.

Placenta growth factor (PLGF) is a standard term used in the art and refers to the free form
found in the individual unless indicated otherwise. The amino acid sequence of human
PLGF is known (see NCBI Protein database, accession no. XP 0404035, +. GL20149543,
25  version NPJ302623.2). There are numerous methods of detecting PLGF including the

commercially available Quantikine Human PLGF immunoassay from R&D Systems Inc.

Free PLGF refers to PLGF that 1s not in a complex with any other protein. The bound

form of PLGF refers to PLGF that is a complex with one or more proteins, e.g., Fitl.
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Plasminogen activator inhibitor-2 (PAI-2) is a standard term used in the art and is clear

to those skilled in the art. In particular, the sequence of the human form of PAIL-2 is

given in the NCBI Protein database under accession no. GI:1567409, version

CAA02099.1. There are numerous methods of detecting PAI-2 including the
5  commercially available Tint Blize PAI-2 kit from Biopool International. '

Plasmmogen activator inhibitor-1 (PAI-1) is a standard term used in the art and is clear
to those skilled in the art. In particular, the sequence of the human form of PAL-1 is
given in the NCBI Protein ~database under accessmn no. GL:189542, version
10 AAA60003.1. See also Ginsburg et al., J. Clin. Invest., 78, 1673-1680, 1986. There are
numerous methods of detecting PAT-1 mcludmg the commercially available Tint Flize |

PAL-1 kit from Biopool International.

Leptin is a standard term used in the art and is clear to those skilled in the art. In

15  particular, the sequence of the human form of leptin is given in the NCBI Protein
database under accession no: G1:66474463, version AAY46797.1. There are numerous
methods of detecting leptin including Auto Delfia assayé.

Intercellular adhesion molecule 1 (ICAM) is a standard term used in the art and is clear

20 to those skilled in the art. In particular, the sequence of the human form of ICAM in
two isoforms is given in the NCBI Protein database under accession no. GI:33340673,
version AAQ14901.1 and accession no. GI:33340675, version AAQ14902.1. There are
numerous methods of detecting ICAM including Auto Delfia assays.

25  For the avoidance of doubt the specific sequences of the markers mentioned above are

defined with respect to the version present in the database at the priority date of the

present application.

The specific sequences of the markers are exemplary. Those skilled in the art will
30 appreciate that polymorphic variants exist in the human population. Such polymorphic

variants generally only differ by a few amino acids (e.g., 1 to 5 or 1 to 3 amino acids).
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: which has been associated with later abnormal outcome of pregnancy including pre-
eclampsia (Chien ef ol, BJOG., 2000, 107(2), 196-208). Diastolic notch can be
5 persistent in the uterine artery Doppler waveform of pregnant women at risk of several

different abnormal pregnancy outcomes. The presence of the diastolic notch alone is

not indicative of PE.

‘As indicated above, the uterine artery waveform can be measured using Doppler
10 ultrasound. The use of Doppler ultrasound to measure the uterine artery waveform is

well known to those skilled in the art (Chien et al. BJOG. 2000; 107 (2): 196-208).

The uterine artery waveform can be measured at any time from about 10 weeks

gestation. For example, the measurement can be taken from 12 weeks gestation or

15 between 20 and 25 weeks.

Methods for performing inununoassays are well known to those skilled in the arf, and
many comunercial systems are available for performing and detecting results of
immunoassays. As an example, the AUTODELFIA® and DELFIA® systems
20 (PerkinElmler) are automated systems specifically designed and optimised for
performing immunoassays. As will be appreciated, the markers can be detected using

any suitable method.

The blood pressure of the subject, such as systolic blood pressure (SBP), diastolic blood

25  pressure (DBP), or mean arterial pressure (MAP, defined as DBP + (SBP-DBP)/3), can

be determined using the Microlife BP 3BTO-A oscillometric blood pressure monitoring

device, which is available from Microlife, UK. ~ This has been validated for use in

normotensive pfegnancy, non-proteinuric HBP and pre-eclampsia according to a

' modified British Hypertension Society protocol (Cuckson ef al,, Blood Pressure
30 Monitoring, 2002, 7(6), 319-324).

In order to determine whether the level of the markers referred to above is greater than

(high) or less than (Jow) normal, the normal level of the relevant population of pregnant
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15 - based on the distribution of the values observed in healthy pregnant women of the same

gestation Who do not go on to develop PE. The determination can additionally include
combining the standard deviation scores into a single combined predictor, based either
~on logistic regression or on multivariate modelling of the normal distribution, or on

some other appropriate statistical method.

In-p articular, normal ranges are established for each marker throughout gestation, using
the.Standard Rigk subset (Appendix 1). For this purpose each value is treated as an
; indepeﬁdent observation, Results are then expressed as Standard Deviations Scores
(Z-scores), showing how many staﬁdard deviations each result is from the expected
25  value at that gestation. Adjustments are made for non-normality, and changes in both

mean and standard deviation throngh gestation.

In one aspecf of the predictive methods described herein, the Z-scores, derived from the
markers as described in appendix 2, can be combined using the algorithms described in

30 appendix 3 (all derived from logistic regression).

The level of sensitivity and specificity can be altered by altering the level at which a

subject is considered to be at risk of PE. In some situations, e.g., when screening large
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greatly facilitate future clinical trials. At present due to inadequate methods of prediction,

large numbers of pregnant women unnecessarily receive interventions in clinical trials.

The method described above can be performed in conjunction with other tests for diagnostic

15 indicators, such as levels of uric acid, etc.

The method can also be used m order to monitor the efficiency of a prophylactic treatment for
preventing the development of PE, wherein a reduction in the risk of developing PE will be

indicative of the prophylactic treatment working.

More than twenty biochemical markers have been shown previously to be associated with
20  established PE and there would be no logical prior reason for choosing the specific
combination of markers and measurements disclosed herein in any prospective longitudinal

study for assessment of use as predictive indicators.

Although not in accordance with the present invention, a commercial package. such as a
research or diagnostic kit for performing a method described herein can include reagents
25 useful for determining the level of the markers selecting for detecting or predicting PE.
Suitable agents for assaying for the markers include antibodies and other target binding

molecules, enzyme linked immunoassay reagents, RIA reagents
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~ Particular aspects of this technology are described by way of example, beléw.

15
EXAMPLES

Blood samples were obtained from and arterial Doppler was performed on 198
pregnant women who were recruited with risk factors for PE (bhronic hypertension,
20  diabetes, previous PE, chronic renal disease, antiphospholi?id syndrome, Body Mass
Index >30 in first pregnancies, abnormal uterine artery Doppler waveform). 172 were
available for analysis; the remainder were no-t included due to miscarriage (n=>5),
stillbirth (n=3), termination of pregnancy (n=2) and lost to follow up (n=6), or
withdrawal from the study (n=10). 19 women developed PE. The remaining 133
25  women form the high risk control group (HR). In addition, 95 nulliparous women
without any of the previous risk factors were recruited as ‘standard risk’ controls (SR).

70 of these women had normal pregnancy outcome at term, from which the standard

risk conirols were selected.

30 Blood samples were taken at 11-14 weeks gestation, and then at 15-17, 19-21 and 23-
35 weeks. After delivery the 19 cases of pre-eclampsia were matched 1:2 to high risk
controls, and 1:2 with standard risk controls for biochemical markers. Blood markers

and the results of Doppler ulirasound (diastolic notch; resistance index (RI); pulsatility
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5. purpose. sSTNFaR1 was measured using a commercially available ELISA assay (R&D
Systems). Resistance index and presence of diastolic notch were derived from the

‘uterine artery Doppler waveform.

" Gestational-adjusted likelihood-ratio scores were created by establishing reference

16 ranges in both cases and controls for the 13 indicators in both cases and controls (free
PLGF, bound PLGF, total PLGF, MMP-9, Leptin, PALl, PALZ, sFltl,
sTNFoR1, ICAM, pulsatility index (PI), diastolic ndtch and resistance index (RD).
Bound PLGF was found to add nothing to the predictive power of free and total PLGF

and was removed from further consideration. Soluble Flt was also excluded, as there

15 were tcchniéal problems with the assay. For comparison, the combinations of markers

considered in International Patent Applicétion WO 02/37120 are also shown.

Normal réngés were established for each marker throughout gestation, using the
~ Standard Risk subset (Appendix 1). For this purpose each'value was freaied as an
20  independent observation. All results were then 'expressed as Standard Deviations
' Scores (Z-scores), showing how many standard deviations each result is from the
expected value at that gestation. Adjustnents were made for non-normality, and
- changes in both mean and standard deviation through gestation, according to the
methods described below and in detail in appendix 2.
25 _
These gestation-adjusted Z-scores are summarised in Appendix 2 below, together with
ﬁsit—by—visit c-omparisons. Means and SD were estimated by Tobit regression, with
censoring at —2 and +2 (robust to outliers), following the method described in Amemiya
T (1973) Regression analysis when the dependent variable is fruncated Normal.
30 Econometrica 41: 997-1016, as implemented for panel data in the statistical computing
package Stata, release 9 (StataCorp, College Station, Texas). Significance tests are
carried out both by a random effects Tobit regression (censored at —2 and +2) and by

Generalised Estimating Equations following the method described in Liang K-Y and
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Zeiger SL (1986). Longitudinal analysis using generalised linear models. Biometrika
' 73: 1322, with robust Standard Firors, as described in Binder DA (1983). “On the
variances of asymptotically normal estimators from complex surveys,” International
Statistical Review 51: 279-292, and implemented for panel data in the statistical

5 computing package Stata, release 9 (StataCorp, College Station, Texas).

The tests differ in the way they allow for extreme values and for repeated measures.

Results by the two methods are similar, but not identical. -

10 The performance of the individual indicators is given below in Table 1. Receiver
" Operating Characteristic (ROC) areas are shown together with Sensitivity, and positive
predictive values (PPV) for critical values chbsen to give 5%, 10%, 15% false positive

rates (FPR), equivalent to 95%, 90% and 85 % specificity. All these terms are familiar

to those well versed in medicai statistics, and are ekﬁlained in standard textbooks on the

15. subject,. for example Douglas Altman “Practical Statistics in Medical Research”
‘Chapman & Hall, London (1991) pp 409-419. PPV is the -probabi]ity of a woman
becpmixig 4 case, given a positive -test result. It can be calculated as
(Prevalence*Sensitivity)/(Prevalence¥sensitivity + (1-prevalence)*(1-Specificity)). For

the purposes of these calculations, 5% Prevalence is assumed in low risk women, 15%

t
20 in high risk women.

Based on these resunlts, MMZP-9, PLGF and soluble sTNFoR1 are selected for further
work, optionally with one or more of diastolic notch, blood pressure (SBP or MAP),
PAJ-1, PAL-2, leptin and ICAM. The predicted performance of these indicators is
25  given in Table 2, using simple logistic regression, without .quadratic terms. Again,
logistic regression is a standard method well known to those experienced in medical
statistics, explained in Altman (1991), pages 351-364, and iznplemented in statistical

* packages such as Stata Version 9 (StataCorp, College Station, Texas)

30 For a 5% false positive rate (95% specificity), the detection rate (DR) in high risk
women using the biochemical markers alone is 56%, giving a positive predictive value
of 66%. Including the systolic blood pressure raises the DR to 84% and the PPV to
75%, In standard risk women, the same combination gives 80% DR and 46% PPV.
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In conclusion, the methods described herein are capable of identifying at least 4 in 5 women
likely to go on to develop pre-eclampsia if correctly used at a cost of only 1 false alarm in 20
women tested. By itself this could reduce the number of antenatal visits needed by most

5 women, and focus attention on those women most at risk.
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Table 1: Performance of individual indicators & established combinations

Individual markers are standardised as described elsewhere. Standard combinations are as in

International Patent Application WO 02/37120. .
Low values of free PLGF, total PLGF, PAT2, MMP-9, log, (Free PLGF) - 3%(PAIL: PAI2), PAI2*Pree

PLGF are regarded as predictive of pre-eclampsia.

The previously published combinations: Leptin/Free PLGF, log, (Free PLGF) - 3*(PAIL:PATZ)},
PAJI 1: PAI 2 ratio, PAI2*Free PLGF (International Patent Application WO 02/37120) 210 included for
. comparisox, as are the markers soluble FLT, MMP-2, Inhibin, VEGF and Adiponectin. Low values of
soluble FLT, MMP-2, VEGF and Adiponectin are analysed as though predictive of PE.  ~

{1) PE vs Standard Risk
Visit 1; 11-14 weeks pestation ) :
Standardised Vahie 5% FPR 10% FPR 15% FFR.
ROC DR PPV DR PPV DR PPV
Predictor Area [95% CI] i
Free PLGF 0.50 (0.28t00.73)0.09 0.24 0.16 0.22 0.22 020
sTNFoR1 0.80 {0.641t0097)035 055 048 046 0.58 040
PAT2 0.49 (0.241t00.74)0.15 0.34 021 027 0.26 0.23
MMP-9 0.65 (0.441t00.86)0.13 0.12 022 0.10 0.30 .10
Total PLGF 051 (0.20 10 0.73)0.04 0.04 0.09 0.04 0.14 0.05
ICAM 061 (03710085)0.13 012 021 010 0.28 0.09
PI 0.76 (0.491t01.00)0.37 0.57 046 045 0.53 0.38
Resistance index
0.64 (0.20t01.00)0.22 044 030 035 037 - 030
SBP 0.84 (0.67 to 1.00) 0.61 0.68 0.68 Q.55 0.73 0.46 -
Notch 0.76 (0.67 to 0.85}. S . .
Leptin/Free PLGF
0.59 (0.361t00.83)0.16 0.14 024 Q.11 0.31 0.10
log. (Free PLGF) - 3%(PAI1:PAT2) _ : ‘ '
0.56 (0.32100.80)0.07 0.06 0.13 0.06 0.19 0.06
PAI 1: PAI Z ratio
0.45 (0.22100.68)0.22 0.19 029 0.13 033  0.10
PAI2*Free PLGF
0.56 (0.321%0.79)0.04 004 Q.10 005 . 0.16, . 0.05
Soluble FLT 047 (0.241t00.70)0.04 0.04 0.08 0.04 0.12  0.04
MMP-2 0.62 (04010085020 017 028 013 034 011
Inhibin 046 (0.22t00.71)0.13 0.12 0.18 0.09 0.23 0.07
VEGF 0.50 (0.26100.74)0.10 0.09 0.16 0.08 0.21 0.07
Adiponectin __ 0.56  (0.3110 0.82)0.25 0.21 031 0.14 035 011
Visit 2: 15-17 weeks gestation
Standardised Value 5% FPR 10% FPR 15% FPR
ROC DR PPV DR PPV DR PPV
Predictor  Area [95% CI]
Free PLGF 0.66 (0.47t00.85)0.30 052 039 0.41 0.45 0.34
§TNFaR1 071 (0.51t00.91)0.23 045 0.34 0.38 0.43 0.34
PAIZ 0.63 (0.39100.87)037 0.57 044 043 048 0.36
MMP-9 0.48 (0.28100.69)0.03 0.03 0.07 0.04 0.11 0.04
Total PLGF 070 (04910 051)0.30 0.24 040 0.17 0.47 0.14
ICAM 0.64 (043100.85)0.13 012 022 0.10 030 0.09
PI 053 (0.24100.82)0.17 037 024 030 0.30 0.26

Resistance index

20
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predi ctors (performance estimated by sinple logistic regression). Details
of cal cul ation -of prediction scores and cri.tical values are given in
Appendi x 3. Subjects with prediction s¢dres above 5the critical values are
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070 (0471t0092)048 034 054 0.22 0.58 017
PAI 1: PAI 2 ratio ' ,
0.56 (0.33100.79)0.25 0.21 032 0.14 0.37 011
10 PAI2*Free PLGF ' :
0.73 (04910098)045 032 051 021 056 0.16
Soluble FLT : .
0.60 (0.36100.85)0.23 .19 030 0.14 035 011
MMP-2 048 (0.24t00.72)0.13 0.12 0.12 0.09 0.24 0.08
15 Inhibin 0.46 (0.23100.68)0.14 0.13 0.20 0.10 025 0,08
VEGF 0.66 (0.45t00.87)0.18 0.16 0.28 0.13 035 0.11
Adiponectin __ 0.58  (0.32 10 0.85)0.26 _0.21 032 0.14 0,37 0.11
Visit 3: 19-21 weeks gestation
20 Standardised Value 3% FPR 10% FFR 15%FPR |
ROC DR PPV DR PPV DR PPV
Predicior Area [95% CI
Free PLGF 075 (0.591051)043 0.60 0.51 047 0.56 0.40
25 sTNFoR1 071 (0.5210050)024 046 0.33 0.37 - 0.40 0.32
PAIZ 0.63 (042100833031 052 033 040 0.43 0.34
MMP-9 0.60 (041t0079)023 0.19 0.31 0.14 038 0.12
Total PLGE 0,71 (0.56t00.87)0.20 0.18 032 0.15 042 013
caM . 0.70 (0.541t0087)0.21 0.18 032 0.14 040 012
30 PI 0.65 {(043100.86)0.04 013 010 0.15 017 0.17
Resistance index
0.72 (0.57t00.87)0.13 032 0.24 030 0.34 0.29
SBP 0.79 (0.6610092)0.36 056 049 046 0.58; 0.40
Noich 0.72 (0.5810 0.86). . . . "
35 Leptin/Free PLGF ’
0.75 {0.591t0091)639 029 048 0.20 0.55 Q.16
log, (Free PLGE) - 3%(PAIL:PATY) . :
0.85 (0.73t00.96}0.55 037 064 025 070 020
PAT 1: PAI 2 ratio
40 0.71 (0.55t00.87)054 036 (.56 0.23 0.58 0.17
PATI2*Free PLGE
0.79 (0.6510093)046 032 035 023 062 018
Soluble FLT 0.54 (0.33t00.75)0.16 015 022 0.10 026 0.08
MMP-2 0.58 (0.381t00.77)021 0.18 028 0.13 034 0.11
45  Inhibin 0.53 (033t00.74)0.17 0.15 023 0.11 028 0.09
VEGF 0.68 (0.50100.86)0.18 0.16 028 0.13 036 011
Adiponectin _ 0.62 (0.42 t0 0.83)0.23 _0.20 0.30 0.14 0.36 0.11
Visit 4: 23-25 weeks gestation
50 Standardised Value 5% FPR 10% FPR 15% FPR
ROC DR PPV DR PPV DR PPV
Predictor Area [95% CJ]
Free PLGF 0.77 (0.611t0092)061 0.68 065 0.53 0.67 044
55 sTNFaRl 073 (0.57t00.89)0.16 036 029 034 039 032
PAILZ 0.69 (0.49 to 0.88) 0.45 0.62 0.51 047 0.55 0.39
MIVIP-9 0.61 (0.43100.79)020 0.18 029 013 036 011
Total PLGF 073 (0.5610090)0.37 0.28 046 0.19 0.52 015

ICAM 0.80 (0.651t00.96)036 0.28 049 0.21 058 017
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conbi nat4 o 735&)1,6 Z)(lhnhnbfl nd.31 Z( VBGF), 0Afot al PLOP),
Z( adi ponectnhm 0 665@0((5ﬁt¢m75m278)02@ 4839, BY0. 50 0@821@1%50 16 24 PE vs
HI GH ri sk MEGE vi Si 1086 (r48 el I 0!23 588andiby di sé’d5 Vaflyé 5% FPR10% FPR15%
FPR '3 /(082 I3 T pr LE Ob—Ar S415¢ 989 CH  Z( sl NFaRl ),
Z(MWP-9) 1 74 to 0.90) 0.330. 540. 48 0. 460. 630, 43 Z(sTNFaR1) ,

by 9058240

Z(free PLOP) 0.79 (0.71 to 0.87) 0.33 0.260.49 0.200.53 .
Z(free PLOP) diastolic notch 0.84 (0.76 to 0.93) 0.35
Z(MWP-9), Z(free PLOP) 0.83 (035 to 0.91)
Z( MVP-9) , Z(PAI-2) 250.83 (0.75 to

Z( MENP- I Gl vate 5% FPR 10% FPR 15% FPR
ROC DR PPV DR PPV DR PPV
Predictor Area [95% CI
25 Free PLGF 0.70 (0.61100.79) 048 0.63 0.53 0.63 0.56 0.40
sTNFaR1 0.74 (0.65 10 0.83) 0.25 0.47 0.37 047 0.45 0.35
PAIZ 0.62 (0.51 %0 0.73)0.35 .0.55 0.41 0.55 0.46 0.35
MMP-9 0.59 (0.49 10 0.68)0.16 0.14 0.24 014 0.31 0.10
ICAM © 0.69 (0.60100.79)0.21 0.18 032 0138 0.40 0.12
30 Total PLGF  0.68 (0.59t00.77)0.24 0. 20 034 020 0.42 0.13
. PI 0.69 (0.5810038 1)0.40 0.59 047 0.59 0.52 0.38
Resistance Index
0.68 (0.57to 0,78)0.23 045 0.33 045 0.40 0.32
SBP 0.81 (0.7410 0.88)049 0.63 0.59 0.63 0.66 0.44
35 Notch 0.70 (0.61 t0 0.78). . .. . -
Leptin/Free PLGF
0.74 (0 65 to 0. 83} 047 033 0.53 - 0.33 0.58 0.17
log, (Free PLGF) I*(PAIL:PALZ) ) :
0.78 (0.691t0 0.86)0.51- 035 0.57 0.35 0.61 0.183
40 PAI1:PAI2ratio ‘
: 0.66 (0.561t00.75)0.33 0.26 040 0.26 0.44 0.13
PAI2*Free PLGF
0.74 - (0.65 10 0.83) 048 0.24 054 034 0.58 0.17
Soluble FLT 052 (0.41100.63)0.15 0. 14 021 0.14 0.25 0.08
45 MMPB-2 0.57 (04610 0.67)0.17 0. 16 0.25 0.16 0.31 0.10
Tnhibin 0.51 (0.40 10 0.62) 0.19 0.16 0.25 016 0.30 0.10
VEGF 0.64 (0.54t0 0.73)0.18 0.16 0.26 016 0.33 0.10
Adiponectin __ 0.60  (0.49 to 0.72}0.27 0.22 034 022 0.39 0.12
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0.89 (0.82 to 0.97) 0.610.680.64 0.530.710.46 Z(sTNFaRl), Z(free PLOP) 0.83
(0.75 to 0.91) 0.33 0.530.51 0.470.530.39 15Z(s| NFaRl), Z(free PLOP)
diastolic notch 0.89 (0.82 to 0.97) 0.62 0.680.62 0.520.690.45 Z(sTNFaR1),
AMVP-9), Z(free PLOP) 0.85 (0.77 to 0.92) 0.40 0.590.55 0.490. 690. 45
Z(sTNFaR1), Z(MWP-9), Z(PAI-2) 200.84 (£.76 to 0.92) 0.320.530.51

0. 470. 660. 44 Z(sTNFaR1), Z(M&IP-9), z(SEP) 0.85 (0.78 to.0.92) 0.480.630.61
0.520. 610. 42\ 7E Fy High BIGF) | Z(NNP 9), Z(sTNFaRl), Z(PAI-2), Z(SBP) diastolic
notch 0.95 (0.88 to 1. %gg 860. 750 91 0. 620 910. 52 Z(sTNFaRl), Z(1VI MP-9),

Z(MAP) 0. 85l 1rd* ¥ 500 70. 44 RI), Z(MWP-9),
o, y i) i’éﬂg‘j E‘i’g 49]3 4%0 %f%ﬁgﬁﬁ)mm(m )
Z(MWP-9) | ZLE ] 0. u 0380. 640. 43

oLa ) X8
Z(STNFaRL) - “2(MVP-9) - 2(PAI - 1) "0 79 (o 70 to 0. 88) 0. 320. 530. 44
0. 440. 490. Bfse RGFTNFERL )9.50Z MWP- 9) , 0.B( s 0GANVP-2850. 8231( 0.074 t 0088 90)
0. 300. 520. SINFGR80. 658, 4B65m €M ous Q@corﬁ’ﬁén&é?tl onsogzi nt%‘ﬁnatp%al Pat ent

Z(leptin} 0.81 (0.

appl i cat!f oNMRE 02/307 2(§ 51 2/P 2 (0. 4%3% o %‘5065) 90 100. 260. 12
0. 170. 200. Y§3807( Le LoP)g o- KX 2278)23% 87430 31

0. 350. 400. (PAI% 10(oﬂé 450,31

0. 360. 330. 3GaZ(| 09 s Q@@t -3 (PAIl/PAIZ) ) 450.70 (0.61 to 0.78)

0. 190. 4G9. 2A0F20.6850. 29 25 Appendlx 1: Normal ranges for selected

predi ctors of PE - &5t §bi0itch®9 | n SBand4df d0-34 sk vibtien 04t h #dr mal out cones.
5The t r ansfes(Frea HLEHE 3HEHEPAR) ee conponents: I n npst cases IOZ?mand power
transfornat‘!r%lns %ré)qgsé‘lf‘*tt‘bosibhl eV apBrbxPiat e Glssi%h (NG

distrib at h t on igs:est te byaquadratic
curve (not P&Q@\m}wﬁ he coeml ent%azgf gg?lg%!l on (Ozsr?d t?lézge ?%e standard
devi ation) by a |inear (f4mncddspn 1Q.ckor oo | o.ubj ectsm, a@.1Z- scare (standard
devi ati ons score) is estimated, shovm ng the nunber of standard devi ations
the val ue PavbElFdVe 0t Kel’evi-Sbhe expéct 886 value at0-%hat0.0 est%&& on. Plots are

est abl i %%e ot sH) ¥°2t9l‘90g78%h0w0t1@e %t: d r| W(g h ref erence
"l'ines at 3 ‘§]Q(J/ o § ntlr% 00 ,0 agtg jw the nean.
15The tran §1 [eXp2S §..6 he et of Og@st@’tggon 44y standard risk
wonen on bo e mean an sprea o) ; ese are used to

st andar gii Seisit hes-viaded@gesiatbnhi gh ri sk controls and PE cases. The ratios

PAl 2/ PAIl and Lept |Snnc(a1dg¢drﬁayle/ Fr é%&PPR_GF (%)QQ}IPWE) P%\rfe %%@BPRIEP% keep ratios >

1. 3 subjeets-
Predictor Area [95% CI)

35 FreePLGF  0.63 (0.43100.83) 014 034 024 034 032 0.27
sTNFaR1 0.73 . (0.52 t0 0.94) 022 (044 034 | 044 043 0.34
MMP-9 0.67 (0.46to 0.88) 011 028 020 0.28 029 0.25
Total PLGF  0.59 (0.37100.81) . 0.08 021 0.15 021  0.23 0.21
ICAM 047 (0.231t00.72} . 011 028 017 028 022 0.20

40 G&BP - 0,65 (0.50100.81) 004 013 011 - 0.13  0.19 0.18
Notch 0.62 {0.391t00.34). . . . .-

Leptin/Free PLGE
0.64 (0.43100.86) 019 041 0.28° 0.41 0.35 0.29
log. (Free PLGF) - 3¥(PAI1:PAT2)

45 0.69 {0.47t0 0.91) 043  0.60 049 0.60 054 0.39
PAL 1: PAI 2 ratio ' )

047 (0.24% 0.70) 036 056 041 - 056 044 0.34
PAI2*Free PLGF
0.67 (0.44t00.90) 021 043 031 0.43  0.38 0.31.

50 Soluble FLT (.53 (0.29100.78) 0.11 029 018 029 0.23 0.21
MMP-2 - 047 (0.24100.70) 004 012 008 012 0.12 0.13
Inhibin 028 (0.06t00.51) 006 0.17 0.09 017 012 012
VEGF 0.59 (03810 0.81) 016 037 0.24 037 031 0.27
Adiponectin  0.64 (041 to 0.87) 021 043 030 043 036 6.30
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wi th PAl 2C*PAIl excluded fromestimates of PAIL PAI2, and all conbinations
i nvol ving these. 20 To understand how the formul ae are to be used, consider
a woman with a Free PLOP of 194.11 and DBP of 66 at 19 weeks and 6 days
gestation. Considering DBP first; there are no transformations to worry
about, so the process is rel atlvely strg ghtforward. 25The expected DBP =
75.1 -1.09 * gestational age(weeks) + 2695 * -gestational age(weeks) 2
75.1 -1.09 visit & 9ot/ wepks Bestafld695 * (19+6/7)2 =64.1 The SD of DBP = (0.113 +
0. 00076 * gestatl @mhdaaigsai‘(aheekfé@l)m expé‘l%m val ue15‘3(51’& 0.113 +-0.00076 *
(19 + 6/ 7)) RO Dfe EP¥cobE iFte- expected val ue)/

St andard deVF%‘quorﬁf%“SPS?’é@- 64.1)/8.21 =0. 23 In considering Free PLOP,

there are t or, Si he e ct value is first-
wor ked out fr%) ﬁf@%ﬁ%( %ﬁﬁ %égh gg u@i—% and)gggpegg@d val ues are then

raised to tmpgowr@ ( adal Obkyi@dsl ons papd gsscores are worked
out for thessimewosal cnemooﬁs)e et vas valueo.of | ogiie( Foee PLOP) is.
Iogl 0(19a. ]IC)AM— 2528837t 0.76)THd0expect et vied7ue oft.2Bogib@2 (Free PLOP)
. 9681 + . * @éﬁatfi‘léltvalﬂhg’@s(\ﬂébkswﬁ @445 02459g@8% ational age
(weeks)2 = %?‘f%% 10-69 Pt 08N 946/ 7) -. 00445 * (19+6/7)2 =2.46 Raising these
to power O. 1. 5 st an d iation of | ogi o
(Free PLSCP)IC,&]O(F@QQLGF)(?@AQ)%@%S ALH g%lalrtﬁg e &E%ks??zi 0.184) * .669*
(expected va EBS@toQ)S 0.65‘L9+¢6,d57)005 0.1843 *01H69* (2.46 669) =
0. 103 55 ThwiZ-PaCbiato i S again (actual value - expected value)/ Standard
deviation = (1. 74059 I (082(0r0)7ﬁ)@31030550 B8 6 Fre@4PLA35 Model : | ogi o( Free
PLGF) = - est at i onal Weeks) -. 00445 * gestati onal
age(vr e%,pk9 @DE 8? oﬁoé?@é’s%oég %@ ( 0(?‘500500';37 geos? ational age (weeks)
+0.184) * < bexPaGh Bd s 1269005 Tokal PhGF Npgiel - | ogi o(Tot a
PLGF) =. 446xp.21638 * (0geklbal)i obal o.age(omeksy -. 00gAl §ogest ati onal
age(weeks)znlﬁﬁ(l ogun(@ataleﬁmﬁm @4P) 0=11(4JQ900280*16 gesigat i onal age (weeks)
+ 0. 12005 2ESE* (eﬁqae(@ﬂ@doml n@s 1523) ch I>330|\/bd@BO I@’giJv(PAI-l) = -.519 +

SD(I ogi o( PAI 1) '202) = (0278 0 008 * gestatl onal age (weeks))* expected
value * .5 2PGLogl( PAl-1) ' 502) = (-0.0077_* gestational age (weeks) +
0.278) % . 305 Cenmis alf Wia) Uew £22) Rbk2pSMDAel s, 3020( PAI-2) = .19 +

. 1177 * gestati onnd)cage(weeksbR 1@1161’1621312k gEEtatlmaal rye(weel cs) 2

SD(I ogl O PARIedZ e + 0. 156) * 935*

(expect ed val ue 932 Lepti n - l\/bdel Iogl o( Lept = 1.44 -.0061 *
gest atl onaIFfefa 5’+‘°° B2 0. estoé?l Bﬁ%ll agk
20SDY( | o ﬁ gjmoggog he @(-g'%t onal0 0(3\'§/waeks) + 0.194)*
1.93* (exp 88 ‘% 9) 0.14 034 023 034 031 0.27
ICAM 071 (0.54t00.89) 0.18 038 029 038 038 031
SBP 0.68 (0.52t00.84) 023 045 033 045 041 032
40 Notch 0.75 (0.61t0 0.88) . . . -
Leptin/Free PLGF ‘ ,
0.77 (0.61100.93)0.55 0.66 0.60 0.66 0.63 043
log. (Free PLGF) - 3¥%(PAI1:PAIZ) '
0.74 (0.59t0090)0.52 0.65 0.58 0.65 0.62 042
45 PAF 1: PAL 2 1atio
0.68 (0.50t00.86)0.34 0.54 042 0.54 047 036
PAILZ*Free PLGF
070 (0.53t00.88)047 0.62 0.54 0.62 058 041
Soluble FLT
50 0.39 (0.19t00.59) 0.07 0©.19 010 0.19 0.13 013
MMP2  0.56 (0.37t00.75) 003 000 0.07 0.09 013 013
Inhibin 048 (0.26t00.69) 021 042 027 042 031 027
VEGF 057 (0.391t00.75) 0.1 029 0.18 0.29 024 022

Adipogectin0.62 (0.42100.82) 0.08 022 015 022 022 0.2
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sTNFaR1 Model : | ogi o(sTNFaRl) 2.87 -.0026 * gestational age(weelcs) +

. 00022 * gestational age(weeks)2 SD(10810(sTNFccR1)-13) = (0.0007 *
gestational age (weeks) + 0.012) *-1a3* (expected value 403) 25 MWP-9
Model : | ogi O(MML-9) = 3.11 -.0612 * gestati onal age(weeks) + .0018 *
gestati onal age(weeks) 2 SIX 10910(M\/|T2%)1 62) = .(-0.0024 * gestational age
(weeks) + 0.157) * 1.62* (expected val'ue 1'62) PuI satility 1ndex 30Mbodel :

Pl = 2.04 %p3.0901 * gestational age(vveek[sP% 00475 * gestati onal
age(weeks) 2 SD( Pl tafg@diS2 ¥al9Q . @E@PR 0% %nal agsg’ \RFPQ}(s))* expect ed val ue
Resi st ance | ndex ROC Model : DRI estati onal age(weeks)

- 8. 6e- 05 *%ML&%@(—V\B&KS‘)%QH 1Ty—="(0"302 -0.006 * gestational

age (vveéks)F) hyg . 55 ModelgssSBB7= 11@so- . @431 * gestati onal
age(weeks) q E% opat age(weeksrs2 SDG.8BP)e2y 0. 040 + 0.002 *
gest at i onaIM]@g tooe peql eclsevalome 4@6DBP fMbdel 832DEP = 75.1 + -1 09 *

gest at i onalroﬁm(“:l‘\@ed@ 4%00@@6957*0@%&\9]@ &3al aglfiweekd) 2 SD(DEP) = (0.113
+ 0. 00036 ﬁcgestaosbmanea éﬂ(\ﬂéék@%% %@pé'éf’ed vﬂ; &5 MAP (= DEP +
( SEP- DEP) / 3BP MbdeP65 MAPB 2089 810 §4%61 MgdsPati ondl age(weeks) + . 01542 *
gest at i onaINﬂﬁbe(V\&é‘ks(Pﬁ%mgf’f)NAP) = (0.062 +:0.002 * gestational age
(weeks))* L84, B 0%43 PLgﬁ SMadelsy | ogbef PAb32/ PLGF) = -.555 +
. 3565 * i\aé;egp]gf . 00552 * gestational age(weeks) 2
SD(I ogllff i 1(3 )to%7é)1)(3000&§2 * (gaastoéfll onaD4®ge0%ﬁNeeks) + 0.130) *
1. 54* (expeat edavahsiel54) PAI 2/ PAI 1 del : Iogv\$ fd 2/ PAI'l) = .625

. 0143 * gestzith%%%if Age NSNS} +05500(P74? *Osaestafwbna age(weeks) 2
558D( loglo(PRR*Brg ) 49 0 stati onal 4a9€q eks) + 0.267)

. 049*29 expect dl_\%ll @é)’w(?ﬂé)ocgll_epﬁl n/ Free g% %éll\/bdfeé;lve | ogi o( Lepi dn/
Fr ee PLGF) 2M e%‘ 543 1h82 1, 039S bdy | epal (:age(o\meks)o’fs O@fsl1 * gestati onal
age(weeks) 3% | 0gkH( S]qu;omé) lee o HLGH).072@Ap = (01D0361¥* gestational age
(weeks) + Qmfi®l) H.42. 09 o(0ep@ad ed2vval LS 2:269) |@g9 (iti?ee PLGF) -
3* (FAl | 25PAINEGE I\/bdﬁ’r (014@@@(699r @éZPQEQZ 0l9PA2+301/ PAYZ2) %232 2 + (5004 *
gest at i onalAdpgetingsk s§0.50 @V .13 g4 A kS5 2 SD(| oge( Free PLOP
- *PAl 1/ PAl1-2D = (0 267 -0.008 * gestatl onal age (weeks))* expected val ue
28 Appendi x 2 Estimated Means and SD of the Z-scores by visit and outcone
group Means and SD are estimated by Ceneralised Estimating Equati ons (CEE)
Wi th robust Standard Errors 5(SE). Graphs are shown with error bars based
on SE. Significance tests are carried out based on both the GEE nodel and a
random effects Tobit regression (censored at -2 and +2). The GEE approach
gi ves ‘equal weight to each woman (rather than each bl ood sanple), and
al lows for repeated neasurenents, and corrects the Standard Errors. 10 Z
score for Free PLGF (pg/nml) SR nmean 1511-14 wks -0.1011 15-17 wksO0. 036




19-21 wks -0.0110 23-25 wks0.0271 Al (censored
: at 20Al |
mean .0880. 748 .7960.062 .923-0.171 .110-0.331 +/-2 SD)

-(by GEE with SD HR
robust SE) SD WE

mean 1.499-0.225 1.183-0.540 1.288-1.074 1.576-1.213 i gni fi
. . . . - 1. Signific
WE vs SR VEE vs HR 1.0270. 7700. 060 1.1000.1050.112 1. 272090030. ggﬁe tests SO

1. 7010. 0080. 060- 0. 0180. 021 0. 0040. 005

Al Al

Z score for Total -PLGF (Pg/ nl

%3

SD 1. 309

11-14 15-17 19-21 23-25
1.181 1.269 1.521 WE

mean O 127abie@ 894 - 0. 949 _.1' 029 Significance tests SDVWE vs SRPE vs HR

Combinations of predictors (performance cstimated by simple logistic regression). Details of calculation
of prediction scores and critical values are given in Appendix 3. Subjects with prediction scores above
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the critical values are treated as test positive.

PE vs Standard risk .
All visits, prevalence .05 o :
Standardised Value - 5% FPR 10% FPR 15% FPR
. ROC DR - PPY DR PPV .DR PEV
Predictor __ Area [95% CI] '
Z(sTNFaR1), Z(MMP-9) -~ . :
078 (0.70100.87) 043 031- 052 0.22 0.54 ° 0.16
Z(sTNFaR1), Z(MMP-9) diastolic notch :
0.89 (0.81t0096) 046- 033  0.64 025 075 021
Z(sTNFaR1), Z(free PLGF) : :
0.79 (0.71t00.87) 033 026 043 0.20 053 . 016
Z(sTNFoR1), Z({free PLGF) diastolic notch :
- 0.84 (0.76t00.93) 035 027 0.62 0.24 0.69 0.20
Z(sTNFaR 1), Z(MMP-9), Z{free PLGF) : :
: 0.83 (0.75t0091) 043 031 057 023 0.57 0.17
Z(sTNFoR 1), ZMMP-9), Z(PAI-2) ‘
: 0.83 (0.75t00.91) 039 029 056 0.23 059  0.17
2(sTNFoR1), Z(MMP-9), Z(SBP)
091 (0.85t00.96) 0.65 041  0.80 0.30 083 022
Z(Free PIGF), Z(MMP-9), Z(sTNFoR1), Z(PAI-2), Z(SBP) diastolic notch
- 098 (096t01.00) 077 045 100 0.34 .00 026
. Z{sTNFaR1), Z(MMP-9), Z(MAP) -
' \ 0.92 (0.87t00.97) 076 044  0.80 0.30 0.80 0.22
Z(sTNFoR1), Z(MMP-9), Z(leptin)
. 078 (0.70t00.87) 0.40 030 051 021 056 0.16
7(sTNFaR1), Z(MMP-9), Z(total PLGF) <
0.83 (0.76100.90) 036 028 045 0.19 057 017
Z(sTNFoR1), Z(MMP-9), Z{PAL-1) -
0.77 (0.68t00.87) 046 033 049 0.20 054 0.16
Z(sTNFoR 1), Z(MMP-9), Z(sICAM) '
' 0.83 (0.75t0090) 039 029 - 052 022 072 020
_ Previous combinations (International Patent application WO 02/37120).
Z(PAT2/PAIL) .
0.66 (0.56t00.75) 030 024 036 0. 16 036 011
Z(Leptin/free PLGF) . ' . _
074 (0.65t00.83) 038 029 042 018 0.56 0.16
Z(PAIZ*free PLGE) -
0.74 (0.651t00.83) 033 0.26 0.40 0.17 - 046 0.14
Z(log_e(Free PIGF) -3 *PAII/PAIZ))
0.78 (0.69 to 0.86) 035 027 042 0.18 0.54 0.16
Comparison combination
Z(sFit-1), Z(MMP-2), Z(Inhibin), Z(VEGF), Z(total PLGF), Z{adiponectin)
0.66 (0.55t00.78) 045 032  0.50 0.21 055 0.16



0. 9730. 9040. 464 1.2310.0170.164 1.0750.009.0.186 1.5270.0070.183 0.0050. 028
0. 0030. 057 SR neanSDRR nmean wks-0.0771. 0760. 209 wks-0.0170. 786-0. 342
wks-0.0381. 075-0.485 wks0.0931. 017-0.459 (censored at +/-2 SD) (by GEE

Wi th robust SE) Z score for PAl 1 (ng/m) Significance tests
SR meanSD HR nean SD WE nean SDWE vs %IE VE vs HR 11-14 wks 0.2061.156 0.554

1.220 0.104 0.7730.813

PE vs HIGH risk
All visits, prevalence .15 ‘
5 Standardised Valne 5% FPR 10% FPR. - - 15% FPR
ROC DR PPV DR PPV DR PPV
Predictor Area_ [95% CI] :
Z(sTNFaR1); Z(MMP-9)
10 082 (0.74100.90)0.33 054 048 0.46 0.63 043
Z(sTNFoR1), Z(MMP-9} diastolic notch
0.89 (0.82t0097)0.61 068 064 053 . 071 046
Z(sTNFaR1), Z(free PLGF) . ' :
0.83 (0.751091) 0.33 053 051 047 053 039
15  Z{sTNFuR1), Z(free PLGF) diastolic notch
0.8 (0.82t0097) 0.62 0.68 0.62 052 0.69 - 045
Z(sTNFoR1), Z(MMP-9), Z(free PLGF) )
: 085 (0.77t092) 040 059 0.55 049 069 045
Z(sTNFaR1), Z(MMP-9), Z(PAT-2) ) -
20 0.84 (0.76100.92)0.32 053  0.51 047 066 0.44
Z(sTNFaR1), Z(MMP-9), Z(SBF) -
085 (0.78%092)0.48 063 061 052 061 0.42.
Z{Free PIGF), Z(IMMP-9), Z(sTNFaR1), Z(PAI-2), Z(SBP) diastolic notch
: 095 (0.88t01.00)0.86 075 091 062" 691  0.52
25 :
Z(sTNFaRl), Z(MMP-9), Z(MAP) '
0.85 (0.78t%00.92)0.50 0.64 057 050 0.67 044
Z(sTNFaRl1), Z(MMP-9), Z(leptin) - S
_ 081 (0.73100.89)0.33 - 0534 049 046 051 038
30 Z(sTNFoRI), Z(MMP-9), Z{iotal PLGF) : '
: ' 083 (0.75t0081)0.30 051  0.34 .0.38 0.64  0.43
Z{sTNFaR 1), Z(MMP-9), Z(PAL-1) ‘
0.79 (0.70100.88)0.32 0.53 044 044 049 036
Z{sTNFuR1), Z(MMP-9), Z(sICAM)

"35 0.82 (0.74t0090)0.30  0.52 0.52 048 0.65 0.43
Previous recommendations (Intemaﬁonal Patent application WO 02/37120)
Z(PAI2/PAIL)

0355 (045t 065010 026 012 017 020 0.9
40 Z(Leptin/fr’ee PLGF} . ‘
0.69 (0.60t00.78)0.21 043 031 035 040 032
Z(PAIZ *free PLGF)
0.67 (0.57%076)0.23 045 031 036 033 0.28

Z{log_e(Free PIGF) -3*(PAII/PAT2))
45 0.70 (061w 0.78)0.19 040 027 032 035 029



0.330 15-17 wks 0.0541.105 -0.069 0.674 0.110 1.1910.859 0.617 19-21 wks
-0.098-0.977 0.203 0.950 '0.354 0.9060.127 0.614 23-25 Al wks

0. 1310.9310.412 (censored at +1-2 SD) 1.100 1.051 1.0110.003 0.123 0.041
0.324 Al (by CEE with robust SE) 0.145 0.489 Z score for PAl 2

ug/ nif _ L
(ug/nit) _ 25
Appendix 1:
Normal ranges for selected predictors of PE - established in standard rlsk women with normal
outcemes.

5 The transformations have three coraponents:
+ In most cases log and power transformations are used to achieve approximate Geussian

(Normal) distributions
s  Theean values at each gestation is estimated bya quadratlc curve (not shown); the coefficient
of variation (and hence the standard deviation) by a linear function
10 »  For all subjects, & Z-score (standard deviations score) is estimated; showing the number of
standard deviations the value is above or below the expected value at that gestation,
Plots are established (not shown) that show the standard risk women with referenca lines at 3%, 50%,
97%, representing —2, 0, 2 SD above or below the mean.

15  The transformations given remove the effect of gestation in standard risk women on both the mean and
spread of the values, These are nsed fo standardise the values in high risk conirols and PE cases.

The ratios PAI2/PAI1 and Leptin (pg/mL) / Free PLGF (pg/mL) are used, to keep ratios > 1. 3 subjects
with PAT2<2*PAT] excluded from estimates of PAT1, PAI2, and all combinations involving these.

20
To understand how the formulae are to be used, consider a woman with a Free PLGF of 194.11 and DBP

of 66 at 19 weeks and 6 days gestation. Considering DBP first; there are no tansformatmns to worry
about, so the process is relatively straightforward,

25  Theexpected DBP = 75.1-1.09 * gestational age(weeks) + 02695 * gestational age(weeks)
=75.1-1.09 * (19+6/7) + 02695 * (15+6/7)*

=64.1
The SD of DBP = (0.113 + 0.00076 * gestational age (weeks))* expected value
30 §
; ={0.113 +0.00076 * (19 + 6/7)y* 64.1
=821
The Z-score is (a;':m.':zl value— expected value)/ Standard deviation -
35 = (66-64.1)/8.21

=0.23

In coﬁsidering Free PLGF, there are two transformafions to consider. The expected value is first worked
out for logo(Free PLGF). Both actual and expected values are then raised fo the power 0.669. Standard
40 Deviations and Z-scores are worked out for these new values,

The actual value of logo(Free PLGF) is logp{194.11)=2.288

The expected value of Iogw (Free PLGF)=-9681 + 261 # gestational age (weeks) -.00445 *

45 gestational age (weeks)®
=_9681+ .261 * (19+6/7) -.00445 * (19+6/7)

=246

Raising these to power 0.669 gives 1.740 and 1.826
50

The standard deviation of log,, (Free PLGF) %%
=(-0.0050 * gestational age (weeks) + 0.184) * .669* (expected valne %)

= (-0.0050 * (19+6/7) + 0.184) * .669* (2.46")
= (0.103
55
The Z-score is again (actual value — expected value)/ Standard deviation
=(1.74 - 1.826)/ 0.103
=0.84



Significance tests SR neanSD HR nmean SD WE nean SDVE vs SR PE vs HR 11-14
wks -0.2121. 267 -0.209 1.722 -0.083 1.6500.793 0.865 15-17 wks 0.1200. 934
-0.457 1.320 -0.564 2.4860.202 0.989 19-21 wks -0.0960. 829 -0.613 1.479
-0.658 1.6650.190 0.944 23-25 wks -0.0011. 032 -0.618 1.161 -1.239

2. 6300. 024 0.477 A
26

Free PLGF

Model: logs(Free PLGF) =-.968 + .261 * gestational age(weeks) -.00445 * gestational age(weeks)
SD(log,o(Free PLGE} ®) = (-0.0050 * gestational age (weeks) + 0.184) * ,669* (expected vakie “*)

5  Total PLGF

Model: log;o(Total PLGF) =446 + .1638 * gestational age(weeks) -.00241 * gestational age(weeks)®
SD(logio(Total PLGF) >*%) =(-0.0028 * gestational age (weeks) + 0.120) * 2.52* (expected value *7)

PAT-1

10 Modek log(PAI-1) =-.519 + .1388 * gestational age(wecks) -.00257 * gestational age(weeks)
SD(logo(PAIL-1) *%) = (0.278 -0.008 * gestational age (weeks))* expected value * .502 .
SD(logio(PAL-1)*%) =(-0.0077 * gestational age (weeks) + 0.278) * .502* (expected value )

PAL2 .
15 Model: logm(PAl-22 = .19+ .1177 * gestational age(weeks) -.00162 * gestational age(wecks)
SD(loglO(PAL-2) **) =(-0.0045 * gestational age (weeks) + 0.156) * ,935* (expected value **%)

Leptin ’ .. -
Model: logiy(Leptin) = 1.44 -.0061 * gestational age(weeks) + 00045 * gestational age(weeks)®

20 SD(logo(leptin) "**) = (-0.0015 * gestational age (weeks) + 0.194) * 1.93* (expected value ")

sTNFaR1 - : )
Model: log (s TNFoR1) = 2.87 -.0026 * gestational age(weeks) + .00022 * gestational age(weeks)®

SD(log:o(sTNFaR1)'*%) = (0.0007 * gestational age (weeks) + 0.012) *-10.3* (expected value "%

25 MMP-9
Modek: log;o(MMP-9) = 3,11 -0612 * gestational age(weeks) + .0018 * gestational age(weeks) ”
SD(log:o(MMP-9) ") = (.0.0024 * gestational age (weeks) + 0.157) * 1.62% {expected value %)

Pulsatility Index - .
30 Model: PI= 2.04 + .0901 * gestational age(weeks) -.00475 * gestational age(weeks) ®

SD(PI) =(0.524 £0.009 * gestational age (weeks))* expected value

* Resistance Index
Model: RI= 797 -.0108 * gestational age(weeks) -8.6e-05 * gestational age(weeks) >
35  SD(RI) =(0.302 -0.006 * gestational age (weeks))* expected value

SBP -
Model: SBP = 112+ .0131 * gestational age(weeks) -.00724 * gestational age(weeks)

SD(SBP) = (0.040 + 0.002 * gestational age (weeks))* expected value
40

DBP ’
Model: DBP = 75.1 + -1.09 * gestational age(weeks) + 02695 * gestational age(weeks)

SD(DBP) =(0.113 +0.00076 * gestational age (weeks))* expected value

45  MAP (= DBP +(SBP-DBPY/3

Model: MAP = 87.3 -.7161 * gestational age(weeks) + .01542 * gestational age(weeks)
SD(MAP)} = (0.062 +0.002 * gestational age (weeks))* expected value

PAL2/PLGE
50 Model: logio(PAI-2Z/PLGF) =-.555 + .3565 * gestational age(weeks) -.00552 * gestational age(weeks) >

SD(logo(PAI-2/PLGE)"™) = (-0.0037 * gestational age (weeks) + 0.130) * 1.54* (expected value"**)

PAIZPATL
Model: logo(PAL2/PAIL) = .625 -.0143 * gestaiional age(weeks) + .00077 * gestational age(weeks)®

55 SD(logi(PAI2Z/PAILY™) = (-0.0025 * gestational age (weeks) + 0.267) *-.049* (expected value ~%%)

Leptin/Free PLGE




(censored at /-2 SD) 0.001 0.614 All (by GEE with robust SE) 0. 020
0.237 Z score for Leptin (ng/nml) Significance tests SR meanSD HR
mean SD WE nmean SDPE vs SR WE vs HR 11-14 wks 0.0951. 042 0.623 1.079 0.439

1.1780.388 0.653 15-17 wks -0.0370. 964 .0.376
- 27

Model: logofLeptin/ Free PLGF) = 5.8 -3118 * gestztional age(weeks) + 00611 * ggstational

age(weeks)
SD(logso(Leptin/ Free PLGF) 2%) =(0.0036 * gestational age {weeks) + 0.081) * 2.09* (expected value
2.05:

) .

log, (Free PLGF) - 3%(PAI1:PAIZ)

Model: log.(Free PLGF - *PAI-1/PAI-2) = -2.2 + .5004 * gestational age(weeks) -.00706 * gestational

age(weeks)® . ]
SD(log.(Free PLGF - *PAI-1/PAI-2)) = (0.267 -0.008 * gestational age (weeks))* expected value

10



i. (244 0.553 1.1650.103 0.650 19-21 wks
.1330. 180 0.744 23-25 wks -0.0400. 984 -0.015 0.942 0.505 1.1820.077 0.0

: : : : : : : . 093
Al'l  (censored at +/-2 SD) 0.000 0.000 Al (by GEE with robust SE)
0.075 0.387 Z score for sTNFa-R1Significance tests SR neanSD HR neanSD PE
meanSD PE Vs SR.V\E vs HR 30. Al .I-(by2§;EE wi th robust SE)0.0000. 004 .

-0.0111. 102 0.311 0.955 0.424

Appendix 2
Estimated Means and SD of the Z-scores by visit and outcome group

Means and SD are estimated by Generalised Estimating Bquations (GEE) with robust Standard Brrors

5  (SE). Graphs are shown with error bars based on SE. Significance tests are carried out based on both the
- GEE model and a random effects Tobit regression (censored at
equal weight to each woman (rather than each blood sample), an

corrects the Standard Errors.

—2 and +2). The GEE approach gives
d allows for repeated measurements, and

10 ] .
7, score for Free PLGF (pg/m!)
o . Significance tests
SR _inean 5P HR mean SD PE mean SD PE ve SR _PE vs HR
15 11-14 wks -0.101 1.088 0.748 1.499 -0.225 1.027 0.770 0.060
15-17 wks  0.036 0.796 0.062 1.183 -0.540 1.100 0.105 0.112
19-21 wks -0.011 0.923 -0.171 1.288 ~1.,074 1.272 0.003 0.014
23-25 wks  0.027 1.110 -0.331 1,576 ~3..213 1.701 0.008 0.060
All {censored at +/-2 SD) - 0.018 0,021
20 All - {by GEE with rcbust SE) 0.004 0.005
7 score for Total PLGFE (pe/ml .
’ Significance tests
25 SR mean 5D HR mean SD  PE mean sp PE vs SR PE vs HR
11-14 wks -0.077 1.076 0.209 1.309 -0.127 0.973 0.904 0.464
15-317 wks -0.017 0.786 -0.342 1.181 -D.894 1.231 0.017 0.164
15-21 wks ~-0.038 1.075 ~0.485 1.269 -0.94% 1.075 0.009 . 0.186
23-25 wks  0.093 1.017 ~0.459 1.521 -1.02% 1.527 0.007 0.183
30 all (censored at +/-2 5b) 0.005 0.028
All {by GEE with robust SE) 0.003 0.057
Z score for PAT 1 (ng/mi)
35 . . ‘gignificance tests
SR mean sD HR mean B PE mean BED PE vg SR _PE vg HR
11-14 wks ©0.206 1.156 0.554 1.220 { 0.104 0.773 0.813 0.330
15-17 wks  ©.054 1.105 ~0.069 0.674 0.110 1.181 0.859. 0.617
18-21 wks -0.098 - 0.977 0.203 0.950 0.354 0.908 0.127 0.614
40 23-25 wks  0.131 0.931 0.412 1.100 1.051 1.011 0.003 0.041
All {censored at +/-2 5D) 0.123 0.324
21l {by GEE with robust SE} 0.145 0.488
45 Z score for PAT 2 (np/ml)
: Significance tests
SR mean SD HR mean SP PE mean SD PE wvs S8R PE vs HE
11-14 wks ~0.212 1.267 -0.209 1.722 -0.08B2 1.650 0.793 0.865
15-17 wks  0.120 0.9324 -0.457 1.320 -0.564 2,486 0.202 0.989
50 19-21 wks ~-0.086 0.829 -0.513 1.473 -0.658 1.665 ©.190 ¢.944
23-25 wke -0.001 . 1.032 -0.618 1.161 -1.,239 2.630 0.024 0.477
all {censored at +/-2 SD} 0.001 p.612
All (by GEE with robust SE) 0.020 0.237
55
Z score for Leptin (pg/ml}
signitivance tests
SR wmean SD HR mean s  PE mean sb PE vs SR _FH vs HR
11-14 wks 0.095 1.042 0.623 1.0%8 0.439 1.178 0.388 0.653
60 15-17 wke -0.037 0.964 -0.376 1,044 0.553 1.165 0.103 0.650
19-23 wks =0.01l 1.102 0.311 0.965 0.424 1.133 06.180 0.744
23-25 wks -0.040 0.984 -0.015 0.942 0.505 1.182 0.077 0.093
2ll {censored at +/-2 SD) : 0.000 0.000
65 All {by GEE with rcobust SE} 0.075 0.387
7. score for sTNFo-R1
Significance tests
SR _mean oia) IR mean sD PE mean S PE vs SR PE vs HR




VW nmean SD Significance tests PE vs SRPE vs ER 0.176 1.616 0.773 0.414

0.333 1.812 0.488 0.932 1.165 0.016 0.359 1.608 1.439 0.000 0.038
0. 295 0.069 0.209 PE nean SD Significance tests WE vs SRPE vs HR 0. 464

1.409 0.440 0.946 0.839 1.109 0.011 0.256 796 1.111
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29
11-14 wks G.023 1.147 -1.,131 2.884 1.547 1.293 ¢.013 0.001
15-17 wks -0.007 D.D33 -0.114 1.016 0.877 1.1586 p.022 a.012
39-21 wks -0.119 D.SES -0.17%9 1.27¢ 0.582 1.210 0.053 0.047
23-25 wks 0.118 1.058 -0.490 1.123 0.941 0.878 0.014 T R.000
A1l {censored at +/-2 SD) o 0.011 0.000
all {by GEE with rebust SE) 0.003 0.000
Z scare for MMP 9 .
- Significance tests
SR mean SD HR mean SD PE mean SD PE vs BR_PE ve HR
Visit 1 -0.007 1.060 0.305 0.802 -0.584 1.162 0.135 0.027
Visit 2 -0.077 0.939 0.540 . 6.955 0.028 0.855 0.748 0,135
Visit 3 0.073 1.000 0.138 0.B3¢6 ~-0.427 1.143 0.123 0.0%21
Vvisit 4 0.026 1.066 -0.055 0.845 -0,.511 1,158 0.102 0.167
All {Censcred at +/-2 8D} - 0.100 0.021
All {(by GEE with robust SE) 0.054 0.021
Z score for Pulsatility Tndex
Significance tests
SR _mean gD ER mezn 5D PE mean 5D PE vs SR PE vs HR
11-14 wks 0.141 1.013 0.466 1.102 1.389 1.500 0.026 0.100
15-17 wks =0.172 0.825 -0.,087 0.806 0.102 1.205 0.531 0.662
12-21 wks -0.026 0.983 ~0.070 0.931 0.410 0.875 ‘0.264 0.1%29
23-25 wks 0.006 0.808 0,449 1.¢00 1.421 1,130 0.001 Q.01
All {censored at +/-2 89D) 0.006 0.022
Al {by GBE with robust SE) 0.031 0.077 -
Z score for Resistance Index
Bignificance tests
SR _mean =] HR mean 5D PE mean SD PE va S8R FPE vs.HR
11-14 wks 0.044 1.002 0.228 0.855 0,744 1.418 . 0.169 ¢.321
15=17 wks &.030 0.501 0.025 0.816 0.045 0.248 0.969 0.958
19-21 wks -0.127 0.952 0.0%28 1.003 0.647 ¢.208 0.014 0.06%
23-25 wks 0.068 0.907" 0.532 1.313 1.08g8 1.005 0.008 0.101
All {censcred at +/-2 SD) 0.001 0.034
All {by GEE with robust SE) 0,006 0.063
/
Z. score for SBP )
! Significance tests
SR _mean 5D HE . mean SD PE mean SD PE va SR PE wva HR
11-14 wks 0.025 0.930 1.103 2.029 1.822 1.530 0.001 0.070
15-17 wks -0.045 0.5956 D.612 1.845 1.711 1.676 0.001 0.024
19-21 wks -0.053 1.236 0.776 1.531 1.609 1.488B . 0,000 0.047
23-25 wks 0.026 0.852 0.817 1.138 1.651 2.413 0,000 0.016
All {censored at +/-2 SD) 0.000 0.002
All {by GER with robust SE) 2.000 0,004
Z score for DBP
. Sicmificance tests
SR mean 5D HER mean 58 PE_mean Sh PE vs SR _FE vs HR
11-14 wks ~0.004 0,982 0,827 1.3859 0.851 1.485 0.052 0.9584
15-17 wks -0.100 0.3989 0.586 1.398 0.736 1.31¢8 0.033 0.8677
19-231 wks ¢.140 1.034 0.538 1.074 1.144 . 0.858 0.001 o.028
23-25 wks -0.048 0.986 0.453 1.180 1.6%6 1.265 0.000 0.000
Al {censored at +/-2 SD) n.oo0 0.067
all (by GEE with robust SE} Q.0G0 0.012
Z score for Mean Arterial Pressure
Significance tests
SR._mean 5D HR mean sD PE mean 5D PE vs SR PE vs HR
11-14 wks 0.010 0,959 1.017 1.646 1,313 X.168 0.003 0.336
15-17 wks -Q.0B6 G.S80 0.682 1.481 1.318 1.539 0.002 0.155
15-21 wks 0.098 1.154 0.722 1.282 1.400 1.01L 0.000 0.031
23-25 wks -0.017 0.952 0.633 1.093 1.771 1,251 g.o0o00 0.000
aAll (censored at +/~2 SD) 0.000 0.00B

0. 001



0.014 0.318 0.849 1.289 0.009 0.051 0. 000 0.001 0.006 0.104 50 55
31 Appendi x 3 Conbination of Z-scores into conposite prediction scores,
and assessnent against critical values. For each conposite score, the
chosen Z-scores (cal cul ated as described in appendix 1) are each
Snultiplied by a fixed paraneter, and sgnmed, with a further constant

added. The hrgher the predrctron score the greater t he rrsk of PE. Wonen
who .do not teve By SPararfetérs are
gi ven separately for predrctron of PE vs hi gh rrsk and of PE vs standard

ri sk controls. The.kesbAbimg piakues are conpared with the critical val ues
listed |ater. Paraneters are presented |n natrrx 10fOFHEth$Mﬁbb£snanES are

abbr evi at edzaghet oW : S 1 S 3
Z(sTNFaRl) %5z vpar 2: ooZ( PAb a@) z—o&b 3BP) ket chia, :add onloge i f ozt er i aI
notch i g prﬁsgﬁ orf: 1ppl EE7zul tr"ﬁj)undi £Can iffap Z(JAP) ZPEpti r°n} %( Leptin)
20z total plgt Zgﬁa&aauRLEEm pa|I: Z(PAl 1) z_sicameo. mca
denonstrat e : §-84 °-Gﬁmnth no
particular risk factors for 25PE) mho has sINFaRl and NNP 9 nmeasured at a
routrnelﬂrsrt QxcgafocriiabATONS, it is found that $' INFccRL is slightly high
(Z-score = 1.2) NNP 9, very slrgptLy Iom/gZ score = -0 Fynitige¢ hers val ue
al one woul dZCHAUSE GUHEET TR 5070 aG50 At Ve easer At gaHoes not
want to 0de%5 m”gh rgdfo“e thla?ﬁ%S% padse pegrtr ve533 01hars set-+sehe peeuired FPR
at 5% and Biktialy el ug g 0. 12 (paé%i’ﬁ iﬁdﬁe 12)ess 30UsTfig tfig>F i rst
matri x, heﬂﬂpredrc@eeneieceresms . 0432029*1. . 3469603 ®31 7 &22863186 =
.28. This {008 : as
negatrvE The test woul d al so be negative if the FPR was 10% but if the
clinic had set tZmeortRemit/PIGR6 maki ng the.critical value -.32, it would-have
been treated as pgsjllive. 3plf;a Doppleg, ulfrasound %é%@uihmﬂeeﬁpet# ormed and
f ound no NGEGh s N&. 0SB CONTLBAL 6. BoOWOUE TS DE USE ore woul d

be . 61090617%1 " - $g709§0?§‘0 743 19 1 289 9, *.a07 unanﬂbt gudusssnegatr ve
result. |f 2theme w?as.o:a nateh %4562§?§\Dulg£5e adé%éd t @ obhe sE@fe, giving

.87. This {8l ue negf‘dg;‘tgo:;bgbigtﬁs ared to the second line oftothe t.abl e of
criticals values >-%r an FPR

of ‘5% but posrtkve f or an FPR of 10% or 15%
score forlog,g’I‘otalPLGrF[ 3*PAI1I.PATY)

Significance tests

SR mean 8D ER mean sD PE mean S0 PE v SR PE vs HR

40 13-14 wks -0.298 1.263 ~0.258 2.140 -0.565 1.192 0.628 70.519
15-17 wks =-0.104 0.957 -0.3529 1.33% ~1.855 2.485 0.016 0.131

15-21 wks  0.001 1.094 ~0.739 1.512 - -1.481 1.223 6.000 70,057
23-25 wks  0.043 1.054 -0.679 1.498 ~1.844 1.656 0.000 0.017

~ ala (censored at +/~2 5D} 0.000 0.621
45 A1l {(by GEE with robust SE) 0.000 0.031

50

35



40 For prediction of PE vs standard risk b[1,3] z_stnfrl_sr z ninp9_srcons
yl 1.0432029 -.34696031 -1.2863186 45 b[1,4] z_sinfrl _sr z
ranp9_srnotch_cons yl .61090612 -.59709505 2. 7545618 -2. 1966031 50b[ 1, 3] z
stofrl_sr z freeplgf sr_cons yl.81384545 -.53030671 -1.5053348 32 5 10
z_stnal _sr z _freeplgf_srnotch_cons
yl . 26926822- . 550208661. 8888846- 2. 1814126 b[1,4] z_stnfrl _srz ronp9 sr z
freepl of émmm@mé yl 1. 0738543-.19184711-.57021054- 1. 5267719 b[ 1, 4]
z_stafrl _hebibdishypdsSled g@&bi%)_ﬁﬂé pediBn éj.daras £hB D43 Bk nt 2 BBIFLTGA] values.

. 52279565- 1. 5507775 b[1,4) z stoftl srz_mmp9 srz_sbp_sr _cons
yIl 0301201-.38423-4211. 4740355-2. 1781847 %ﬁ‘ﬁ£1j7k z Ereeplgf
Srz_mmp9_Sptesdcemmpsit gpis, tipchopendyscoresdgaiculapd ag dpcufied th appentlix 1) are eac '
yl - 2. 0250646iplic6 5RABOGREAA3AB A G BB oB0548BE The higher the prediction

. score the greater the risk of PE. Women who do not develop PE will generally have negative scores.

Parameters are given separately for prediction of PE vs high risk and of PE vs standard risk controls. The
resulting values are compared with the critical values listed later. Parameters are presented in matrix

10 form. Variable names are abbreviated as below:

z freeplgf: Z(Free PLGF)
z_mmp9; Z(MMP-9)
z_stufrl: Z(eTNFoR1I)
15 z_pai2: Z(PAI-2)
z_sbp: Z{SBP) -
notch: add only if arterial notch is present on Doppler ultrasound scan
z_map: Z(MAP) :
z_leptin: Z(Leptin)
20 z_totalplpf sr: Z(Total PLGF)
z_pail: Z(PAI-1}
Z_sicam: Z{icam)

To demonstrate the principle, consider a woman of standard risk (i.e. with no particular risk factors for

25 PE) who hag sTNFoR.1 and MMP-9 measured at a rontine visit. On calculations, it is found that
sTNFoR1 is slightly high (Z-score = 1.2) MMP-9 very slightly low (Z score = -0.7). Neither value aloue
would canse concern. For administrative reasons, the clinic does not want to deal with more than 5%
false positives, so has set the rcquircd FPR at 5%, and critical value at 0.12 (page 33, line 12),

30 Using the first matrix, her predictions score is 1.0432029%1.2 -.34696031%0.7 -1.2863186 = -.28.
This is Iess than the critical value, so the test is regarded as negative. The test would also be negative if
the FPR was 10%; but if the clinic had set the FPR at 15% making the critical value -.32, it would have

been treated as positive.

35  If a Doppler ultrasound scan were performed and found no notch, the second matrix would be used. The
prediction score would be .61090612*1.2 -.59709505%0.7 -2.1966031 = -1.9, an unambiguous negative
result. If there was a notch, 2.7545618 would be added to the score, giving .87. This value needs to be
compared to the second line of the table of critical values (page 33, line 14). Now, the result is negative
for an FPR of 5% but positive for an FPR of 10% or 15%.

40 .
For prediction of PB vs standard risk
b(1,3]
z_stnfrl sr z mmp® st _coms
yl 1.0432029 -.34696031 -1.2863186
45
b[1.4]
z stoffl_sr z mmp® st nofch  _coms
yl 61090612 -59709505 2.7545618 -2.1966031
50 b[1,3]

z_sinfrl_sr z freeplgf sr _coms
vyl .B1384545 53030671 -1.5053348

b[1.4]



1.9389349 _CODS y1-5. 7557371 20 b[1,4) z_stafrl _sr
z M9 _srz_map_sr_cons yl 1. 3379544-.107874121. 6728738-2. 3193343 25 b[ 1, 4]
z stnfrl _srz innp9 _sr z leptin sr_cons
yl . 98383643-.36584237. 39760579- 1. 2927683 30 b[1,4] z_stnfrl_srz nunp9_sr
z_total pl gf sr_cons yl1.1851669- 1844?;6-.65271362-1.5679957 b[ 1, 4] 35

z stral _srz_ zunp9 srz_pail _sr_cons yFP“©94282693-

. 30127994. 12896R95z1622%4146 hfck, 4] @pstnfrl_srz_ nmmp9_sr z_sicam srcons
40 yl . 99341187 86926836 0428066 9 OFFBE461 . BAYZTH1 b[ 1, 2] z_pai 2pai | _sr_cons

yl - . 15004084411, 0637463 45 b[ 1, 2]

z smfrl_sr  z_mmpS sr z freeplgf st _cons
5yl 1.0738543 -.19184711 -57021054 -15267719

bi1,4]
z stnffl stz mmp9 st z paiZ st _cons
y1 1.1534334 -3877764 -.52279565 -1.55G7775
10 .
b[1,4]
z smftl sr 2 n1mp9 stz sbp_sr - _coms
vl 1.0301201 -38423421 1.4740355 -2.1781847
15 b[L7]
z_freeplgf stz mmp® st z stofrl st z pai? stz sbp sr notch
yl  -2.0250666 -.65920058 .59080375 - .19069115 3.6054897  1.9389349
_cons
vyl -5.7557371
20
b[1,4]
Z stnfrl_sr gz _mmp® sr z map sr  _cons
yl 1.3379544 -10787412 1.6728738 -2.3193343
25 b[i4]
Z stofyl _sr z mmp9 st z Jeptin st _cons
yl 98383643 -36584237 .39760579 -1.29276%3
30 b[L4] |
z stufr]l_ stz mmp9 sr z_totalplgl sr _cons
¥yl 11851669  -1844576. -.65271362 -1.5679957
b[1,4]
35, z stnfr]l sr z mmp% sr z pail st _cons

yl 94282603 -301279%4 .12890895 -1.2214146

b[1,4]
z_stnfrl st z mmp?® sr z sicam sr  _cons
40yl 99344876 -33604467 6909771 -1.5493951

b[1,2]
z paiZpail_sr _cons
yl  -~15004057 -1.0637463
45
b[1,2]
z leptin plgf sr _cons
y1 J7674067  -1.3431946
30 B[1,2]
z_pai2_plgf sr _cons
vyl -75667183 -1.3920582
logit pe = plgf pai_e srif pejst, nolog
35 b[L2]

z plgf pai e st _cons
yl  -.70432698  -1.4878685

b{1,7]



z leptin_plgf sr_cons yl.77674067-1. 3431946 50 b[1,2] z_pai2_plgf sr_cons
yl - . 75667183- 1. 3920582 logit pe z_plgf _pai _e sr if pelsr, nolog 55 b[ 1, 2)
z_pI gf _pai _e _sr_cons yl -.70432698-1. 4878685 33 z fltl_srz mp2_sr
z_inhibin srz vegf sr z tot al pl gf sr _

yl . 35582686-. 16394511-. 0707i 584-: 27345864- . 34067951 z- adi ponectin srCODS
5yl -20935986-.9211228 Critical val ues 5%PR 10% FPR 15% FPR z_stafrl _sr z
mmp9_sr 0. 12- 0. A 8¢ O 32 zzmspzadrt | z_shibia_srmp3_wef mot ¢dweiflef(3P- 0. 03- 0. 68
15z_stnfrl _st z 35863 gf - 1639401132 -07008580. 352B4386Nf r 134867981 freepl gf sr notch
0. 66- 0. 22 0.92 p: stnfrl sr z rnnp9_sr z freeplgf sr 200.52--0.10-0.29
z_stifr | srzzali?y@% f@sg sr 0.67:0.16-0.28 z stnfrl_sr z nunp9 sr z
sbp_sr 0. 47 0. 587 25% eeI gf sr z mnp9 srz_sinfrl sr z_pai2 sr z
sbp_sr notch 0722-1. 2-8-2. 03 5% FPR 10% FPR 15% FPR z_stafrl _sr z.Mmp9_sr z
map_sr 300. 265dd.véies0. 85 ,

10 5% FPR 10%FPR _ 15% FFR
z_stofrl_srz mmp?® st
0.12 -0.19 032

z_stofrl_srz mmp9 srnotch _
1.02 -0.03  -0.68
15  z stnfil stz freeplgf sr
032 001 035
z_stofrl_srz_freeplgf st notch '
0.66 -022 092
z_stnfrl_srz_ramp% stz freeplgf st
20 052 010  -0.29
z stofrl stz mmpS srz pail sr
0.67 -0.16 -0.28
z stnffl_srz mmp9 srz sbp sr
: 047 0355 -096
25 z_freeplgf stz mmnp® srz stnfrl_srz pai?_srz sbp_sraootch
022  -128 -2.06

S%HFPR__10%FPR_ 15% FPR
z stnfrl srz mmpS srz map sr
30 0.25 046  -0.85
z stnfrl_srz mmp® srz Jeptin sr
0.48 -0.05 -0.34
z_stnfrl_sr z mmpS_srz iotalplgf sr
0.65 0.29 -0.06
35  z_stofrl stz mmp% srz pail sr
0.13 012 -0.22
z_stnfrl_srz mmp9 srz sicam sr
(.51 0.12 -0.38

40 5% FPR ___10%FPR _15%FPR
Previous combinations (International Patent application WO 02/37120)
% paiZpail_sr

-0.78  -0.84 -0.86
z_leptin_plgf sr
45 -0.18 028 059
z_pai2_plgf st
-0.18 046  -0.59
z plgf pai e st
004 042 077

30
5%FPR.___10% FPR 15%FPR

Comparison combination
z fitl srz mmp2 srz_inhibin srz vcgf srz_totalplgf srz adiponectin_sr
55 017 028 -0.36



z_stafitsr z_mp9 sr z leptin sr 0.48--0.09-0.34 z strifrl_sr z_rnrnp9_sr

z total plgf sr 0.6.5-0.29-0.06 35z stnfrl _sr z mmp9_sr z_pai 1 sr
0.13:0.12-0.22 z _stafrl_sr z nrop9_sr z sicamsr 0.510.12-0.38 405% FPR 10%

FPR 15% FPR Previ ous conbi nations (International Patent application V\D
02/ 37120) z_pai 2pail _sr 45 50 z | eptin_phof sr z_pai2_plgf sr ‘

z _plgf _pai _ esr-O 78084086 -0.18-0.28-0.59 -0.18-0.46-0.59
0. 04- 0. 42- 0. PresesiebRlEsopiahsek 1504 FPR Conpari son conbination z fltl _sr
Zz mp2_sr z_inhibin sr z vegf sr z total plgf sr z adi ponectin_sr
55-0.17-028-8136 34 For predl ction of PE vs high risk - Db[1, 3]
z_stnfrl_srz, TR %gg? 5 498059 -.72536714 -S-4524474 . Db[1, 4]

z stafrl 27 P %‘ﬂl [% '87523318- 1. 12709492. 8218524 - 2. 2408897

10 b[1,4]
z stofil sr 2 mmp9 st~ nofch  _consg
vl 87523318 -1.1270949 2.8218524 -2.2408897

10
b[1,3]
.z sinfrl_sr z_freeplgf st _cons
yl  .86134793 - -.57855919  -.87119207
15 Bb[1,4]
z stnfyl st z freeplgf sr notch _cons
yl 80930968 -.52511392 2.1766235 -1.8037314
- B[L4] |
20 z siftl_sr  z mmp? s z freeplgf sr _cons
yl 84869018 -47779192 -5639567 -.87878531
b{1,4] A
z stofrl stz mme stz _pai2 st _conms

25yl 85771221 6995626 -46065059 “-1.025472

b[1,4]
z stnfrl sr z mmp9 stz sbp st _cons
yl .85569662 -7670603 .51334748 -1.5029543
30 .
z freeplgf stz mmp9 sr z stnfrl stz pai2 sr Z _sbp sr noich
yl  -494004G -1.5801611 78963882 -41251359 8577906  3.950109
35 _cons |

¥l -3.8968735

b[1,4]
z stnfil sr 2z mmp9 St z map st _cons
40yl .88661071 -74080545 58578771 -1.5753431

-bl1,4]
z_siofrl st 2z mmp9 st z leptin st _cons
45 yl 79373952 -49158458 34714359 -.68989926
b{1.4] .
z stndfrl st z_mmp9 sr z fotalplgf sr _cons
¥l 8689593 -52976047 -47183616 -90188186
50 b1,4]
z stufrl st z mmp9 sr z pail st _cons
yl .75591297 -.48766196 -.00740248 -.66806738
bf1,4]
35 z stnfrl st z mmp9 sr z sicem st _coms

yl 8626898 -71502332 .21285119 -1.0772888

b{1,2] :
2 _paiZpzil_sr _cons



141,3] z stair! sr z freeplgf srCONyl.8613.14793-.57855919-. 87119207 15

b[1,4] z stnfrl sr z freeplgf srnotch_cons
yl . 8093-9. 968-.525113922. 1766235- 1. 8037314 b[ 1, 4] 20

z stnfrl_srzinnmp9_sr z freeple sr_cons
yl . 84869018-.47779192-.5639567-:.87878331 b[1,4] z stnfrl

Srz_mmp9_ srz_p 5 25 yl . 85771221-.6995626 -.46065059- 1. 025472
b[1,4] z s @ﬁg égi) %é %H%bp_sr_cons :
yl . 8556966 é-1.5029548 30 b[1,7] z freepl of
srz_mp9_segzptofrl _srz_pai 2_sr z sbp_sr notch
y/ -. 4940046 -z1eE8 L6 i1, 78963882- 41251359 78577906

yl 50677483 -1.084977

logit pe z pai2 plgf srif pelhr, nolog

b[1,2]
10 z pai2_plgf st _cons
yl  -43092466 -1.0958821
Y%
z plgf pai e st _cons
Is vl -34371951  -1.1250665
b{1,7] '
z fltl_sr z mmp2 stz inhibin_sr z vegf stz totalplgf st
y1 789795 23762254 7119987 -.33843105 -.23128792
20 -
z_adiponectin_sr _cons

vyl -54010533  -.06317101

25 Critical valies

5%FPR _10%FPR  15%FPR
Z_stnfrl_srz mmp9 sr
674 020 -0.15
30 =z sinfrl srz mmpS stnoich
0.21 -0.14  -0.50
z_stnfrl_srz freeplgf st
1.04 0.61 0.29
z_stnfrl_srz freeplgf srnotch
35 0.75 0351 0.07
z_stofrl_srz mmp? srz freeplpl sr
_ 1.13 0.33 -0.05
z_stoffl _srz mmp9 srz pai2 st
112 0.63 -0.03
40  z sinfrl stz mmpd srz sbp st
0.63 0.08 -0.20
z_freeplgf srz_mmp9 stz stnfrl srz pai2 stz sbp srnoich
0.58 -0.92  -1.31 .

45 S%EPR___10%FPR 15%FPR
z_stnfr]l_srz mmp9 srz_map sr .
0.80 0.08 -0.28

Z_stnffl_srz mmp? srz leptin s
0.91 0.60 049

50z sinfrl_srz mmp? stz totalplef sr
i26 099 0.09
z_stoff]_srz mmp9d srz pail sr
1.01 0.44 0.16-
z_stnfrl srz mmp9 srz sicam sr
55 0.74 0.22 -0.15

5%FPR _ 10% FPR 15% FPR




3.950109 35 _cons yl-3.8968735 6[1,4] z staid srz mMmp9 srz raap_sr _cons
40 yl .88661071-.74080-5.45.58578771-1.5753431 b[1,4] z_staftl_srz rnnp9_sr
zieptin sr_cons yl.79373952-.49158458. 34714359 -.68989926 45 13[ 1, 4]
z stnfrl_srz nmmp9_sr z total pl gf sr_cons

yl . 8689593-.52976047- 47183616 .901881866 50 b[1,4] z sInfrl _srz

nunp9_srz pall sr_cons 591297-.48766196- /00740248 -. 66806738 b[ 1; 4]

55 z_stnal s__p “ﬁﬁ%?@?w @F?ﬂﬁ?i?“%ﬁﬂ@mﬁmﬁng 25120) " hai 2pai 1_srcons 35

-0.1¢ -048 -0.62
z leptin plgf sc
5 0.07 016 035 .

z_paiZ_plgf sr

-0.13  -024 033

z plgf pai e_sr
0.03 -0.24  -0.41

10



yl -.11241369 -.87572122 logit pe z leptin_plgf sr if pelhr, nolog b[1,2]
5z leptin_plgf sr_CODS yl.50677483-1. 084977 logit pe z pai2 plgf sr if
pel hr, nolog b[1,2] 10zpai 2 plgf sr_cons yl-.43092466 -1.0958821 b[1, 2]

z plgf_pai e_sr_ CODS 15yl -.34371951-1.1250665 b[1,7] z_fltl _srz_mmp2_sr
z_inhibin_srz vegf sr z total pl gf sr

yl . 789795, 23762254- 3119987~ . 33843105- . 23128792 20 z_adi ponecti n_sr COM
yl -.54010533-. 06i 17101 25Critical values 5% FPR 10% FPR 15% FPR

z stafrCLAﬂwS s rnmp9sr 0. 740. 20-0. 15 30z_stnfrl _sr z_inmp9_sr notch
0.21-0.14-0.50 z_stafrl_sr z freeplgf sr 1 040.610.29 z_stnfrl sr z

freeplg Sr C 0,.510. 07 7S z.free

1. 13033 0. 05}3 %‘F%‘%BPPP? IChng PEA T ampst‘a E rpném%a‘]%m&%“bé Piivgs ‘% nf o
Z_nunp9sagiple o‘@tbﬂaecs frofh. £ Sutfecd 8t Bet%erz l(ﬂ ramiaﬁs gfecisy gestanompie: &velz:&bhﬂbtd Ssr
Z pai2 sr z sb notch 0. 58- % % FPR 15%

st Ir[:f r| _&gpuen fé?tor alP@ﬂeﬁpt%qéfyﬁE%Rg)@“é% R}é{“’?{ pfotdpasg- M@B é’r z
l'eptin &ﬁerg'n%l &3111699&341%&:59% gBleR by la_sSatisdcally BRRifEAnt K 16Q4rAUPIFTS VBl and a

1.2-0.990.09 z stnfrl _sr z 9 sr z pail sr
statistically significanfly higher sSINFOR1 lével than normal levels obtained from pregnant

WOmern.

2. The method according to claim 1 additionally comprising measuring one or more
ha:emod‘ynamic variables selected from a group consisting of diastolic notch, systolic blood
pressure (SBP), diastolic blood pressure (DBP) and mean arterial pressure (MAP), using non-
surgical means, wherein a positive prediction is additionally given by the presence of a
diastolic notch, or a statistically significantly higher level of SBP, DBP or MAP than a

normal level obtained from pregnant women.

3. The method according to claim | additionally comprising determimng the presence of
a diastolic notch in a uterine artery waveform obtained from the subject using non-surgical
means, wherein a positive prediction is additionally given by the presence of a diastolic

notch.

4. The method according to claim 3, wherein the uterine artery waveform is obtained by

Doppler Ultrasound.

5. ‘The method according to any one of the preceding claims, additionally comprising
determining the subject's blood pressure by standard non-surgical methods and a positive
prediction is given by a statistically significantly higher blood pressure than a normal level

obtained from pregnant women.

6. The method according to claim 5, wherein the subject's systolic blood pressure (SBP)
is determined using non-surgical means and a positive prediction is additionally given by

statistically significantly higher SBP than a normal level obtained from pregnant women.
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1.0111440.16 z_stnfa_sr z nmmp9_sr z sican1sr 550.7;0-.-22-0.15 5% FPR 10%
FPR 15% FPR 36 Previous conbinations (International Patent application WO
02/ 37120) z_pai 2pail _sr -0.19 -0.48 -0.62 2z _leptin_plgf sr 5 ‘

z pai2_plgf srr 0.07 -0.16 -0.35 z_plgf_pai_e sr -0.13 -0.24 -033
0.03 -0.24 -0.41 10 CLAI V5.
7. The method according to claim 5 or claim 6, wherein the subject’s mean arterial

pressure {MAP) is determined using non-surgical means and a positive prediction is

additionally given by statistically significantly higher MAP than a normal level obtained from

pregnant women.

8. The method according to any one of the preceding claims additionally comprising
determining the level of placenta growth factor (PLGF) m the maternal sample, wherein a
positive prediction is additionally given by a statistically significantly lower PLGF level than

a normal level obtained from pregnant women.

9. The method according to any one of the preceding claims additionally comprising
determining the level of plasminogen activator inhibitor-2 (PAI-2) in the maternal sample,
wherein a positive prediction is additionally given by a statistically significantly lower PAI-2

level than a normal level obtained from pregnant womern.

10.  The method according to any one of the preceding claims additionally comprising
determining the level of one or more of the following markers: leptin, plasminogen activator
inhibitor-1 (PAI-1), total placenta growth factor (PLGF) and intercellular adhesion molecule-
1 (ICAM), wherein a positive prediction is additionally given by a statistically significantly
higher leptin level and/or a statistically significantly higher PAI-1 level and/or a statistically
significantly lower total PLGF level and/or a statistically significantly higher ICAM level

than normal levels obtained from pregnant women.

11. The method according to any one of the preceding claims, wherein the maternal

sample is blood.

12. A method of predicting pre-cclampsia (PE) comprising determining in a matemnal
sample obtained from a subject the level of soluble tissue necrosis factor alpha receptor 1
(sTNFoR1) and placenta growth factor (PLGF), wherein a positive prediction is given by a
statistically significantly higher sSTNFaR1 level and a statistically significantly lower PLGF

level than normal levels obtained from pregnant women.
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1. A nethod of predicting pre-eclanpsia (PE) conprising determning in a
mat ernal sanpl e obtained froma subject at between 10 and 38 weeks
gestation the |l evel of soluble tissue necrosis factor al pha receptor 1
(sTNFccl121l) and Matrix Metall oproteinase-9 (MW-9), wherein a positive
prediction is given by a statistically significantly | ower MW-9 | evel and
a statistically significantly higher sTNFccRl | evel than normal |evels

obt ai ned -from pregnant wonen. = 2. The nethod according to claim1

addi ti oh&l The wH‘wgi@F@f@lﬂﬁe@sﬁ?lﬂhbzso?@%ﬁsmﬁdkéﬂﬁmwﬁamt@nviabibblgioeb

sel ecte : ONS: St [ [ tghe Systolic . bl

or easur epUp R s SRR WROIcols SEATNPRRE) B ET0E JE Beeeih Mg o
(MAP) , pebenge monbsongt ofila diesol®, natkte ek nutainp agiety wevgisredbbtained ficsn the

addi tionall iven by.the presence, of di.astolic notch, or a statistically
i gni 11 Sty et Ghe PG AR E R on b TR s Gt Pevel obt ai ned
from pregnant wonen. 3. The nethod according to claiml additionally
conprising determning the presence of a diastolic notch in a uterine
artery waveform obtai ned fromthe subject using non-surgical neans, wherein
a positive prediction is additionally given by the presence of a diastolic
notch. 4. The nmethod according to claim3, wherein the uterine artery
waveformis obtained by Doppler Utrasound. 5. The method according to any
one of the preceding clains, additionally conprising determ ning the

subj ect's bl ood pressure by standard non-surgi cal nethods and a positive
prediction is given by a statistically significantly higher bl ood pressure
than a nornmal |evel obtained from pregnant wonen. 6. The nethod according
to claim5, wherein the subject's systolic blood pressure (SBP) is

det ermi ned usi ng non-surgical means and a positive prediction is ,
additionally given by statistically significantly higher SBP than a nor mal

| evel obtained from pregnant wonen. 7. The nethod according to claim5 or
claim6, wherein the subject's nmean arterial pressure (MAP) is determ ned
usi ng non-surgical neans and a positive prediction is additionally given by
statistically significantly higher MAP than a normal |evel obtained from
pregnant wonen. 8. The nmethod according to any one of the preceding clains
additionally conprising determning the | evel of placenta growth factor
(PLGF) in the maternal sanple, wherein a positive prediction is
additionally given by a statistically significantly | ower PLGF |evel than a
normal | evel obtained from pregnant wonen. 9. The nethod according to any
one of the preceding clains additionally conprising determ ning the |evel

of plasm nogen activator inhibitor-2 (PAI-2) in the maternal sanple,
wherein a positive prediction is additionally given by a statistically
significantly |lower PAI-2 |evel than a normal |evel obtained from pregnant
wonen. 10. The nethod according to any one of the preceding clains
additionally conprising determning the | evel of one or nore of the
follow ng markers: leptin, plasm nogen activator inhibitor-1 (PM1), total
pl acenta growth factor (PLGF) and intercellular adhesion nol ecule-1 (I CAM,
wherein a positive prediction is additionally given by a statistically
significantly higher leptin level and/or a statistically significantly

hi gher PM1 | evel and/or a statistically significantly |lower total PLG-

| evel and/or a statistically significantly higher 1 CAMI evel than normal

| evel s obtained from pregnant wonen. 11. The nethod according to any one
of the preceding clains, wherein the maternal sanple is blood. 12. A

nmet hod of predicting pre-eclanpsia (PE) conprising determning in a
mat er nal sanpl e obtained froma subject the | evel of soluble tissue
necrosis factor al pha receptor 1 (sTNFoRl) and placenta grow h factor
(PLGF), wherein a positive prediction is given by a statistically
significantly higher sTNFaRl | evel and a statistically significantly | ower
PLG- | evel than normal |evels obtained from pregnant wonen. 13. The

nmet hod according to claim 12, conprising determning in a maternal

bi ol ogi cal sanpl e obtained froma subject the |l evels of sTNFaRl and PLGF,
and determ ning the presence or absence of a diastolic notch in a uterine
artery waveform obtained fromthe subject, wherein a positive prediction is
additionally given by presence of a330tch.



