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‘of spectra Technical Field of the Invention The

present invention relates to a nethod of automated

di scarding of outliers in 5 a set of spectra,
according to the preanble of claim1. Background of
the I nvention The anal ysis and conparison of m xtures
i's an |rrporft a?t task of anal yt| cal chem stry,

|ndustry and 1o process chem stry For exan‘pl e in the
field of netabonom cs, biofluids of animls and

huwaam|ea|q=|§|haffaném\;ezmdnby the spectra obtained with
est abl 1 shed spectral nethods such as Lig

ChT BerRfesant iventionselatespiea metheshof @tgtgm@eg discargdipg ©f putliers in
Megngt bfsﬁ&enaee@diry@tgagﬁ EhRBREGRYfaind 4. S Of ten

necessar onpare a oI e set of
spectr a, a plurality of individual spectra 15

obt ai ned fro a set of sanples. To separate effects
m&wveral | concentrations of
ﬁﬂéﬁﬁa&gig%éorﬁ S?é&n em.h e%.g%nsmmhaﬁt tekbf dh)élytlcal

tion from ects I nf'uencing t
c omhmmstry,oememiallyanﬁnwo(\mhml |smences,rMQlogyafoodnedustry and

 PREPretemBtaF of eXatRlhibe deldal MetatRRpTES; RIS of
aI éﬂm&%egﬁﬂj hhf‘natngearé haratteNzdd Wﬁw@@p&@@b@t&m@f \ﬁlth established

taken under different experinental conditions. e§F
ncspectnal methedscsunhoas biquick GhramatognaphyboMens Spestroaceny (LC-MS)

Rt B e BURAGE H SPREFBA S S b fossar

OVAtizNZe amd éﬁlfn?bré’fa wlé sép@pépsema &Y. prapdidy bflﬁlfdlwdual spectra
every NWR s rum?25 in a set of spectra is scaled t

t mbtamd fmne acgat of samples. Jiedkeparate effacierelated to changes of overall

o feerlfa 3t SObES ;i of dfenglpd dt safinige Fo. by ditution of

C HpIES Proareffedts inﬂUéﬁﬁﬁ? qhe bbmpb@nmsbf ghimpled({relative
i ndi vidual anal ytes due to metabonon ¢ responses are

asoneeatratipnscofearaperenty i tha mixturesy.dhismesessary to te use so-called

el Ry PEropeBe, HUER R AREF ST 40G0 (6 ool bVarius
prszfgiies adrataienainddraliffgrent expermentat bowmtuans.Hovvever
animal s in netabononi c studies can excrete extremne

anounts of substances
Up to now, it was a common procedure in metabonomics studies - e.g. with urine

samples - to normalize the signal in a given NMR spectrum so as to obtain a
constant overall integral of said spectrum. This means that every NMR spectrum
in a set of spectra is scaled to the same predefined area under the curve. The
underlying assumption is that the integral of each spectrum is mainly a function
of overall urine concentration. Variations of the concentration of individual
analytes due to metabonomic responses are assumed to be relatively small in
contrast to variations of overall urine concentrations, the latter of which affect the
entire spectrum and said predefined area of the spectrum respectively. However,
animals in metabonomic studies can excrete extreme amounts of substances
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-2- like sugars, which may dom nate the spectrum and
consequently wll substantially influence the
normal i zation. In addition, drug related conpounds
that are excreted with urine may also influence the
normal i zati on through the integral of their
correspondi ng peaks and may thus contri bute
significantly to the 5 total integral of a spectrum
Thm@sugarsy\pbucbfmay dbimimate the spectrurntemner cansaiquenthawill

of Suts B IR oAl 4. 5 SaHBah- g O] Grmpounds

o{ﬁ%? ka é‘f«?r@fédﬂvﬂﬁhnﬁbgﬂéyt !al%@riﬁﬂderﬁ,*feftﬁétndrﬁﬁl|zéti6rﬁihrough the

egra a spectrumor” said predefined area of th
s pmtﬂgrahmf tlhélrkonesponldmg rpeakaandfmayathusrmiﬂﬂblﬁérﬁlgmflcaf\t'}’ to the

di é)wggtgg? onepngt‘%y l‘\‘i’lfggagrk%%ltypeAéf Q@gﬁeﬁg Egggé) Woth®r analytical

paéssgbmhaﬁé )zsombanﬁgrrﬁgf@@@ VARHe thé appedrateusten unkrhmn

known nethod relieS on: a) obtaining a _set of sargP
s pmntammarti mnm dlcomplarativety hlghmn@gntrg@mp might signjfigantly affect the

o P F el 8t St DRl IR sboctiym®

san‘pl e spectra to be normalized, conputing i ntensi ty
rati os 20 between the sanple spectrum and t

r oh enethod fepeuantifieation Ofaclnerp@akmlﬂwesr quaowr&astteq\e%w mass
ol P ophnE Y5 A0SOl AL prciny

H 0040 ofisdid ducensaritythedtrionm methotheeliebone
rret hod relies on the fact that under many practi cal

circunstances the mmjority of said intensity ratios

4, R 35 B By SlecBORSR3F LA oF e e

and rééotfspmtmpeomDuSInﬁrpeaiusrhmringzpeabmtémhes‘ may
then be conmputed fromsaid 30 intensity ratios using a
non paranetric neasure. Preferably, the normalization

torsélé%ﬂboé?é]‘el'&é%esﬂé%ﬁuﬁ?d' an of said intensity

ra I OS

c) for any of said sample spectra to be normalized, computing intensity ratios
between the sample spectrum and the reference spectrum for all peaks or

for a fraction of the total number of peaks; and

d) mutiplying the sample spectrum with a normalization factor that is

computed from said intensity ratios.

The above method relies on the fact that under many practical circumstances the
majority of said intensity ratios will be substantially equal, representing
components whose concentrations do not vary between the sample and
reference spectra. The normalization factor may then be computed from said
intensity ratios using a non-parametric measure. Preferably, the normalization
factor is chosen to be the median of said intensity ratios.
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As further pointed out in Paragraph 0031 of US |
2003/ 0111596 Al, the known normalization nmethod is |
applicable to any type of spectroscopy or spectronetry

yi el di ng spectra contai ni ng sig@gls (or peaks) whose

intensities or areas are proportional to conponent

concentrations. In particular, it should thus be 5

appl i cable to NMR spectroscopy. However, the nethod

di Aslfartieetr pointdd AAGB Patagraph 003 1dfddS 26030dd4 686 Alhthe known

P OerTalation (PR B PPIGERI 1 B PR SPAGLPS QIR spectrometry
gLYiiQIer 5p&cttd e%t%\fm?qﬁ@gﬁelse(t@{/ BEaRs ) Whesd mtertifiesbidreas are

pectra pe of" deviati on, eidg.
dupraporticrehto cainpbaehtcanceotratignsidg piasticulan it sheuld thus be
problemis jcularly inportant in quantitative
anﬁ?@)&%\%ﬁﬁ&{%ﬁp?ﬁ ‘rb%‘r’gy'of spectra, such as in
nmet abonom cs studies. Sunmmary of the Invention 15 It

Is the principal ogj ect of the present invention to
ovepwener, the method disclosedan S 20031416964 dges not address the

C Bl BRSPS B8 Sl At oy ich i otably be
f UhbiveIue ik §oﬁ?iﬁaﬁﬁé‘ﬂ©ﬁﬁ@' digtortes] eahifattof buthaso entire spectra

present 20 invention. Accordi n? to.claiml, there is.. .
prwith semestypeios deyiatian: e-gadug tafechaical fjluse dugpg jacgpisition. This

[ ; ' t
< JBpREh 6o i mHERCR B ERRE! SAIRSE 1drdF pumbers of
C ospetitral, 8Oclk ag il htetabomsraics stidies. i ntensities or 25
areas are proportional to conponent concentrations,
the nethod conprising the steps of: a) selecting a
rénci-n .range; 30 b) recording a pluralit
gf&ﬁﬂ" ! fy;ﬁfﬂ%Lﬁe@#Léﬁl g sai d pZi nci pal sgect Pal rangg;
- 4t isctheqiringipal object béfrrr presentinventigrato syercomerthedimitations and

:glﬁga %?éfgé’é'gf éfrg;r;tm%qp&?nngme; <f fo(?gﬁjrg[yl ',t_'l”vé’ 5?¢c§s%ing of spectra,
iﬁ’érﬁ&fﬂﬁ Ingmﬁeslp%&r?ci pal spectrum by said reference
f sp m

d
princl pa ectru 0 obtain a

The foregoing and further objects are achieved by the method of the present

invention.

According to claim 1, there is provided amethod of automated discarding of
outliers in a set of spectra obtained by spectroscopy, the spectroscopy yielding
spectra, such as NMR spectra, containing signals or peaks whose intensities or
areas are proportional to component concentrations, the method comprising the

steps of:
a) selecting a principal spectral range;

b) recording a plurality of principal spectra in said pfincipal spectral range;
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5 correspondi ng set of spectral quotients; and e)

calculating, for at |east one of said principal

spectra, an associated set of statistical neasures

derived fromthe corresponding set of spectral

quotients, said set of statistical neasures

corresponding to a principal 10 spectrum conpri sing

the nedian of its spectral quotients and an

i ntpr qobtdinihg adieférenea pencipabspendruny inssaid ipgiocipay speeral range;

first quartile of its spectral quotients fromthe

third quartile of its spectral quotients; f) carrying

oufyy f l s bfrdlvise division of
oLy E8rAng B Hor 86 Bhe TA SRR spoBirah breiee

vvhet hetheoprmmpaltslpectmrrrhy paid retmemmpﬂmasalcﬁmeﬂrum to obtain a

therevvlthlsa out dISC ing said
princi ﬁ%l W%ﬁ?ﬁqﬁqﬂecﬁ'ﬁgq%@ mned to be an
outlier. 20 Wiile the nethod of the pr esent inventi on

is useful for and exenplified b applications in
spett r calculating; for ahleast ene ioé saidpringipal speetiaran 99@,&@@ set of

oaks) Sisten ST 8B FrpEE' AtdsBndind R bt sBectral
CONPONgQibtichAs, cRiid st bfostatistival h@%ummdw principal
or various types of optical spectrosco

n
pr esentPeAMB comprising termedigaf itsispes E@bﬂ@l@&!@ apgan
used -
o ORISR ofiied B b nE i ptlo
par ti cpentral quetients fdm tmtlﬁrdoauartileeafetstspm:yrabquetlents
plurality of spectral regions each containing a
cert ain nunber of signal peaks. The attribute _
inc .
L. 2 0 e B3R 1 S8 3oL ORISR N 'an utier

t hl S i d\eter?fimmmst tm gemrm;;mwaethérmrlmtthmprimripaltspﬂctrum

range" w use Q denote a -5- spectral range

that c3¥Rosiate meWFthd%?E qué\'eervﬁﬂé signal peaks of a

certain sanple. It should be noted that spectra are
typically acquired in an overall spectral range that

cog) ai discarding said prinpipal spectrunalif it hagbeendetermined to be an outlier.
applicable - an auxiliary spectral range; noreover,

the overall spectral range may contain further

While the method of the present invention is useful for and exemplified by
applications in NMR spectroscopy, it may also be applied to other types of
spectroscopy yielding spectra containing signals (or peaks) whose intensities or

areas are proportional to component concentrations, such as mass spectroscopy

or various types of optical spectroscopy.

In the present context, the term "spectral range" shall be used - as the case may
be - for a single region in a spectrum or for a plurality of disjoint regions. In
particular, a spectral range of interest may be a plurality of spectral regions each
containing a certain number of signal peaks. The attribute "principal" shall be
used here in contradistinction to "auxiliary" as adopted for certain embodiments
of this invention. In particular, "principal spectral range" will be used to denote a



5 spectral ranges that are not used for further

anal ysis. For exanple, 1H NMR spectra in nmetabonom cs
studies are often recorded in an overall spectra

range from-8 to +14 ppm wherefromthe principal
spectral range is selected as consisiting of two

regions froml to 4.5 ppmand from6 to 9.5 ppm
respectively. 10 In essentially all spectroscopy

ap spectedlirange thataoatains one oo marereleypotsigaal ma&; ofigcertain

kel R HRT AN NI i on pr

|ng IBfaH Heat coRfdifs §£|dVB"ﬂrﬁ:i'bal %pééﬁél(raﬂg@dmtjo |faapp||cable an
par |cu pectral channel” or "bin". Thereby

t eauxmalyrSpemml tange; marepvery the overall §pepﬁﬁalerﬁggpynay contain further

N e T A

heé?eétﬁa irfietebondnit e ERitked arevsftarerdcorded ineain everaliispectral range
he first spectrum _ dividing it by the inteps

vafrom i&itor Htd ppime whierefrem the @ngg@gh@p@cg {aNgR IS setlgcted as
2= Sh0bifo b F4BhE ok T b1 Bl End O Q150 pi rospectely

procedure for all the bins in the spectral range of
interest. It will be understood that

10 a\,m esgantially all §PABIFOSRAPY:2AP icatiQns '&%’@‘6@@ oy roaq;ﬂlgs spectral data

EJ &gﬁm‘& fﬁlséxé}ﬂé %He—éin@d%nd’ﬂa‘l"m nge‘étrGﬁ Wil generally be

nse o I nventi on
neae@umm@ae atéeﬂuenae)of zmtehsxg/ wglaes, re.ac:h)raf which is assocuated toa

ted t d ta £ abl
E?Eéﬁk@%ﬁege@a@%@%b%\n Thefkbyatae lariy T o iso refer to a
?lg@scff if@nsity valies! &E&Brd 'as'ttilr?-ﬁhsé@ﬁﬁsllﬁr?“ ofsdfivst spectrum by a

0 any ‘hunber ose SiZe indicates

15 rrasmdmﬂspeﬂtnm s’aam bennideystood heteas taking tl@ indensity value in a

25

30

f Léegg gg)ua,pf g'nedqe r]csfl é%ﬁ@hg |vI A% gﬁgglig tmt&&s%ﬁélﬁé 'iPthe same bin
UUR8-s gﬁ?ﬂfﬁo 'a%§|§qhﬂ1r§ ﬂh@%m@h&esumw gHesame bin of a

corre atlon C cl’'ent d many others. 30 The term
o:&sluitmg setiodispectralequatientsgnd mpeqtlng thisrproeedure for all the bins in

SR, AT A o

E;lt?r%eaﬁal fBI'rH e@né’ abildHonetifoless earry out a b|ﬂ-W|se
su‘bst ant Ira fro fined numerical range.

Acdigisitmin the smsemittlne aresmt inventian Ehis' wcgﬂ@lSlmalé! necessitate that
d t ood
oany ﬁp%lgggsisﬁqg@t%p f%&eq?g{veﬁeg 16 gnlﬁ@;@:f?@rqs ‘means of a suitable

binning procedure as known in the art of signal processing.

The term "statistical measure" shall refer to any number whose size indicates the
magnitude of some quantity of interest, e.g. the strength of a relationship, the
amount of variation, the size of a difference or the shape of a distribution.
Examples include means, variances, correlation coefficients and many others.

The term "outlier" shall refer to any entity - particularly a signal peak, a spectrum
or part thereof comprising several signal peaks, or even an entire set of spectra - -



be considered an outlier in respect of a given test
criterion. 5 The nethod according to this invention
may readily be inplenented in automatic processing of
spectral data. As will be exenpldfied further below,
the actual type of outlier detection tests to be
applied in the processing sets of NVR spectra nmay be

adapted to any application of interest. The nmethod may
bewhaise ddore on algivem varable deviates: substantiallyfeom a prgdefined

exanpl e, spectrum i dentif,jed. tlj@r I

G BuRedical TG AGPOFTON, AN e SRR shalt B dhdefstood as
engRg W&ﬁp@bsdm@aiﬁﬁ;@ Atiidtéenidmpannether of abha giveh éntity should
the enbodi nent according to claim?2, said outlier
debeconsidered an ouitfieriin eespegboba giviendgstgidenan. sai d
interquartile difference exceeds a predefined

threshold w dth. Such a large interquartile

di Themeekedisecbiiing & thiginventioh hadredidity betinplemented in automatic
spectral quotients and thus neans th

t the int i
2 prassssing afspestral daachs Wil De@xamRlGed durhey balpw, thécactual type

sp " . o ' ,
<1 FEPUNER iRt 1uts REbe Sppldd It oarg bets iR Shoctra
t hresttsd ddaptetiito ianydaipticatioreof inferest. The niethodirpay berembedded in
of said interquarti]e differences taken, o

10 on@h QweEall ropodgia WeprsH. 1O @RS, PoPEITUIN Heiied grgn outier
fi ' ' S | f th
iln epﬂé?f#érﬁqﬁéﬁ@bég?E%ﬁ%% (rjlnalol thg spectra of

a given set in order to then define a threshold wdth
for the outlier detectjon test. 25.1n.the odi.nent
achdvantageous embadimentsarg deliner &7 b emsndat SR
conprises determ ning whether said nedian of spectral

quotients differs froma constant by nore than a )
15 pr koiibiei emblodiient lactordingta daim 2esaidioutlier dedeetion tegt gamprises

?ﬁ I%%tgr:rfri;lnéﬁvhplﬁggr: ¥ ao% hﬁgrqgl%gﬁ? %ﬁfﬁr&é{:@?ré{efs‘é& k%ﬁned threshold
gi Wﬂ.ﬁ?@&?éﬁ&g‘éﬂht&gu&ﬁ@diﬁbf&c’e% Hditative oftdibroad distribution of

threshol d quoti"ent deviation is determned fromthe
di spedttalguotients and thuswoeans that eciotensity pesessthednstant spectrum

SN 1 Tk Bo0 G Bho¥h b ERBFa AR At bfiust
20  simple scaling behavior. According to claim 3, the threshold width is determined
from the distribution of said interquartile differences taken over the entire set of
principal spectra. In other words, one first obtains an overall impression of the
interquartile differences found in all the spectra of a given set in order to then
define a threshold width for the outlier detection test.
25
’ In the embodiment according to claim 4, said outlier detection test comprises
determining whether said median of spectral quotients differs from a constant by
more than a predefined threshold quotient deviation. Such a large deviation is
indicative of a deviation in overall intensity of the instant spectrum relative to a
30 given standard value. According to claim 5, the threshold quotient deviation is
determined from the distribution of said median of spectral quotients taken over



i npression of the nedian of spectral quotients found
in all the spectra of a given set in order to then
define a threshold deviation for the outlier detection

‘test. 5 Another advantageous enhadi nent is defined in
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claim6, according to which the nethod further
conprises the steps of: a) selecting an auxiliary
spectral range that does not overlap with said

pr thecentite sebot pringipal:apgstraltn ether wosdsiions, firgh ebfainscan overall

o piindresionorfhe eadié of Sicintal gLBlgs faltid BaiPfe spectra of a given
saiékt inbridi rthef RItfihe A threshatd deviatiohfarithe outlier detection test.

reference auxiliary spectrumin said auxiliary
spectral range; 15 d) carrying out, for each one of

saj L ] i
o sigihoBBGE ftoghBh il HeTfed Wl BID, oobngto whih the
SDﬁﬁtmmfdrmwbbmpmses tih@stepsoindi ng set of aUX| liary
spectral quotients; and 20 e) calculating, for each
one of said auxiliary spectra, an associ ated set of
i's £ i
o) o lbeing 5 Uidian idotf hide el BofE hOFERARA) Wih said
st ati spmrmbalmpestrablsmgerrespondl ng to an auxiliary
spectrum conprising the nmedian of its spectral
quoti ents and an interquartile difference obtained by

lg’% r %Ebﬂﬁn% ibééﬁ oﬂé%’f%hid%rﬁfmbél%p@étré m?%fd%rmmpal spectral

ients hird quartile of its spect
quot | enange, amlassadiateslaukiliany bpectrumtm @aicbauxﬂwv spectral range;
conprises conparing said set of statistical neasures
corresponding to a principal spectrumand said set of

st@t i dutaming APeRYER% 5@:&5&&?%9@6&&@1 |h%aid1§uﬁliéﬁy| dpdictral range;

spectrum assom ated with said principal 30 spéctrum
-8- In particular, the auxiliary spectral range may be

ardh £ R O0E b PPl SR aL pRectR B division of the
spect rél]xmarry”lﬁﬁéct'r@mmﬂ re@rawdeeéumary RPBtrum tb&)HtalﬁSa

suscepti bl e’ to probl ens and
corresponding set of auxiliary spectral quotients; and

e) calculating, for each one of said auxiliary spectra, an associated set of
statistical measures derived from the corresponding set of auxiliary spectral
quotients, said set of statistical measures corresponding to an auxiliary
spectrum comprising the median of its spectral quotients and an
interquartile difference obtained by subtracting the first quartile of its
spectral quotients from the third quartile of its spectral quotients;

wherein said outlier detection test comprises comparing said set of statistical
measures corresponding to a principal spectrum and said set of statistical
measures corresponding to the auxiliary spectrum associated with said principal

spectrum.



artifacts. The auxiliary spectrummy then be used as
a sort of diagnostic tool. 5 As nentioned earlier, any
of the spectral ranges discussed here nay consist of a
single spectral region or it may consist of two or
even nore disjoint spectral regi®ns. Yet a further
advant ageous enbodinent is defined in claim?7,
according to which 10 step 1 e) is carried out for

3 Bl 5 oAk BAEA bl i fegon wheron

der leXpécta pr6blenis & Mfcts ol 188 hioré tikélywhetgasthegrihcipal spectral
wherein said outlier detection test |s carried out for

sal fangseis ahosgn i alregioatknowntgl beress susseptible 4@ Regblems and

?ﬁgaﬂ T@# tﬁg@%p}j fr}eecgﬁ:'n? ﬁ}afyet%mb%nu éév g%o&lﬁf diagnostic tool.

@nt Asemestioredd darlien emyral thebpedtral ranges dlskassdabhémhay consist of a
as objective as possible. In principle, it is

to &hglespratral FrRIi OF ddvay p@eﬂ§fs%fcrwgcpff%46nw°[§3ﬁg>lnt spectral

spe';édéglj] data uncorrected for intensity. In nost
app AT ons, however, it will be preferable to apply
the method defined in claim 8, according to which each

Sgip{%gﬂ 25@?&% r ke Iq%%éqrpggc%t Tant éj%f neié{jgf}g@p'bz a%’('gpogdmg to which
or glv%‘b é %rr@d%ﬁqif EadEbR6 Bf g‘f@’ ;SHr\ I%‘f.'kcfrﬁ%o as to obtain a

IVIS on dvant ageou Is I's done
ac comrdphage set ofhstatistivall measures frm1na~lmcb is deleva;d a setaf gobal

norgtggg qﬁ?ail e ocedu @B%%Eq §%§ qoqlinlgersc{eé% t%sg rrled out for said
appsp d??léﬁ’al%?ét%ﬂé@ﬁﬁbééh%@ I Gt Qefds: ithé oliflieP Befddiion test is

pre-processe spectrun b) calcul ating an i ntegrated
i nt earsied oubmakingluge ef ptatushsai énfospation detivadhfromaan eptire set of

15,0 Az WAt s 0 o e G SEa BB af st

i nverse of said int egrat ed intensity. The type of
pre-processing procedure will generally depend on the
t ypla pringiple, it is possible to carry out the methods discussed so far by using

spectral data uncorrected for intensity. In most applications, however, it will be
preferable to apply the method defined in claim 8, according to which each one
20 of said principal spectra and - if applicable - each one of said auxiliary spectra is
subjected to a normalization procedure before carrying out the bin-wise division.
Advantageously, this is done according to the embodiment of claim 9, wherein
said normalization procedure for any one of said principal or auxiliary spectra
comprises the steps of:
25
a) applying to said spectrum a pre-processing to obtain a pre-processed
spectrum;

b) calculating an integrated intensity of said pre-processed spectrum; and
30
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5 quality of spectra. It may include a snoothing or
filtering procedure in case of noisy data; in

particular it may include a baseline correction or
subtraction procedure, which wdl be appropriate for
spectra with a substantially flat or slowy varying
background conponent. In particular for NVMR spectra,

the pre- processing may include zero-filling, phasing, )
app) | caltiplying said\predprocessed spactaom dyd homaalization factor that is
predi ction. Further pre-prgocessing steps.may include

i nt egr qum'%ﬂﬂitmg@ﬁwﬁﬁ%o&c s %%Qr?&%ff'r'lt?f‘%ﬁyacti ce,

the normalization factor contains a proportionality

constant that ensures that any normalized spectrum
wi The lypeeobpre-processing procasyrawdlligeneraliy idepend ondhefype and

as 1 qr 100 or ot.her .convenj.ent . T

=S ol of R e e Gl 8 RV BRI AP mar Rt gase o
f OhoRY AaesSh Particulsat maly inflaeé abadeline @vhrertion of subtraction
could”be a cal cul ated réference spectrum a referen

s 3 e
sppracedire, adieh wilbbe appeapiite forgpestradt asubsiantially flat or slowly

or Vi shadkERai Bompine. F} Paffodter e RMEERAEGRE Tre pre-
ﬁgmggﬁ? ;rnﬂ(] iohlde zeroffiling phasings applicdtionsfet window function

) he corresponding principal or auxiljary .
10 spaed Haear Rregiction cEpdher RerRrocesing Stans/epy ,mCEQ%F@?Jrahon and
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t oyl a8 reference principal or auxiliary
sp%%ﬂaﬁfr%wﬁﬁép%gﬁgbt ained froma subset of said

principal or auxiliary spectra. This subset could

CohseiSh d Borpafiariripus hrians Miondodil opstat ha

th : i . .
L nsu 8§ Ridt Ay n@ﬁl?&ﬁpgﬁrgtp%ll ?@V@'d‘ﬁl@d@ﬁﬁed fiite§fifed intensity

an or urality of spectra.

Fi sugh gs 1idr 190 ahybstheptenventient vahee.t er m " subset "
shoul d be understood as including the case where the
subset is identical to the entire set of spectra. 30

e S gl At etk forprocossin
i nev set ofcspemtra. Foe examples it aoiulchbé iacsalogjatadoreference spectrum, a
ber% qungg %Se&prtﬁ)ﬁqlrtgﬂén ?rgﬁl élgiiafc’abians\ée&rté %drctaflsc%ll fspé“ét'n':m. According
to claim 10, the reference principal or auxiliary spectrum is obtained as the
median of a plurality of blank or control spectra recorded in the corresponding
principal or auxiliary spectral range, respectively. Alternatively, according to
claim 11 the reference principal or auxiliary spectrum may be obtained from a
subset of said principal or auxiliary spectra. This subset could consist of just a
single spectrum or it could consist of a plurality of spectra; in the latter case, the
reference spectrum could be obtained e.g. as the median or the mean of said
plurality of spectra. Finally, it should be noted that the term "subset" should be
understood as including the case where the subset is identical to the entire set of

spectra.



be better understood by reference to the follow ng
description of various 5 enbodinents of this invention
taken in conjunction with the acconpanyi ng draw ngs,
wherein: Fig. 1: shows, for four sanples of a

nmet abonom ¢ study in respect of-1B08 vari ables (bins),
the distributions of spectral quotients with respect
to a 10 reference sanple of the sane study; Fig. 2:

sh | ot,. Oof ' rence of quartile 3 m nus

qu .r fdgBcrint fttg { uartile difference (d))
vergiesabdve medticmed ahd btHerdedtupéscand objeictsbofithis invention and the
study; squares represent spectra that are not

outmanngy of ashieying thep: willdbcome mare apparenandthisdpygtion itself will
(n i i i . .
55 fmaBlood B dfSrendPolne thiRinG Ecfftion of various
5i I lepghddimientsesf thispinkerstiondiakgn iire banjadctiamith ible accompanying
extraordinary anmounts of a netabolite...); fixed
t hidEAWiBgasWBerel: (0.8 and 1.2) and of d (1) for the
detection of outliers were set; 20 Fig. 3: shows a
plot of the data fromFig.. 2, but with study specific
t hiFigsHol ds shows feafburfsaimplesi ofib snétabenomicsthdy irs respect of 208

all thresholds, n was set to.3.. Fig. 4. shows .

“Gol den”  1FPRAHES (ER) R AiStUtiRes o sPRctra iftieifs with respect to a
10 Syst emat i crdfBfriceCsMMEB Df thd Same:stadygws four data sets

of series of spectra differing by systematic

variations: (A) systematic variation of sanple

OB o a0y Gt SYbEHRBov8Rt Biaiih SimfyS akfe 1 (caled

variation pheRpBRIIE dFffIEREY gqe)) vérsus e plediars gmyfar Pplcal
intensity; systematic variations of blocks of 10 bins;

_11- Fig. metabenamicsiudysauatesoepresent spaeira thataramot outlying,
no. 30 and . | f.fe j ' - :
15750 and - 1068 refrasshh sPectEbfl hubad BaftfidesTng sfibié bad receiver
regi ons shgaif, dford phasiagl..)vneteas dears represent spectra with local
irregularities (spikes, drug related compounds, extraordinary amounts
of a metabolite...); fixed thresholds of m (0.8 and 1.2) and of d (1) for

the detection of outliers were set;

20
Fig. 3:  shows a plot of the data from Fig. 2, but with study specific thresholds
instead of fixed absolute thresholds; for all thresholds, n was set to 3;

Fig. 4: shows a "Golden" 'H NMR spectrum in binned form, used for

25 systematic modifications;

Fig. 5: shows four data sets of series of spectra differing by systematic
variations: (A) systematic variation of sample concentration; (B)
| sytematic variation of a single peak intensity; (C) systematic
30 simultaneous variation of sample concentration and of a single peak
intensity; systematic variations of blocks of 10 bins;



5 Fig. 7: shows the recovery achieved by different
normal i zation procedures for the four data sets of
Fig. 5; a recovery rate of 1 neans that the
normal i zati on procedure rescal es analytes with the
sanme relative concentration in1idi-fferent sanples to
the sane normalized concentration; 10 Fig. 8: shows
the results for quotient normalization using different

r ef, ce : El : fQr. anL nal
and G o, SHBRELpd spept of uf aplials'@hinidls 1B S0 2a i 28) at
regi on coniiferemcim@ipbints $16hab I2hhaid Aghrtot168hrrespeetively) with
to metabonom ¢ responses (1.44-1.84 ppré) ;.. the top row
shows quot Zeameddegigns sbawngnethe dghthand sidei e r ow
shows vector |ength normalized spectra and the bottom
row shows vector length nornmalized spectra; 20 Fig.

5 ;LOF i va\ﬁ_ 'sh?ws gnmréddver}daéﬁiev@ by differest mrmarrizdtimm prouedures for
or graphica et ection _of tliers in C ospor,in
study (I of hesfout falneets of Kio. &8 reopverydale of T mpensitht the
side); Fig nli f i { §4 i
s oUt 11 er LOHalRRBHProRE roios BRAVISS W e s fplative
poor suppr eescantratibniin tifferertssamples 40 tessamegwrmatized
basel i ne; é?% bl.ank sanple and (D) spectrumtaken wth
t echni cal SWEIsuch as air bubbl es; and Fig. 12:

10 shows, for the signal bin corresponding to a chem cal
shift of 6.04 30 ppm as a plot versus sanple nunber,
t hBigs Bect r showsithe rasults forquoatient borraakizationyisingdiffergntseference
signal by fhe . nedian of all quotients; values -12-
strongly d¥"§49t%'ng from 1 indicate problems with the
suppression of water resonances in the corresponding
sanpl e. Detailed description of the invention 5 The

f oFige$% ng shaws.dor arimals pe. 30 angd 28« gt diffesertitme points, a spectral
15 ¢ echni quesre@?o%dggntgﬁiﬁgf’ maYnly signals that do not vary due to metabonomic
responses (1.44-1.84 ppm); the top row shows quotient normalized
spectra, the middle row shows vector length normalized spectra and

the bottom row shows vector length normalized spectra;

20 Fig. 10: shows interquartile differences d versus medians m for graphical
detection of outliers in a cyclosporin study (left side) and in a
rosiglitazone study (right side);

Fig. 11: shows some of the spectra identified as outliers in the right side plot of
25 Fig. 10: (A) poor suppression of water resonances; (B) negative
baseline; (C) blank sample and (D) spectrum taken with technical
problems such as air bubbles; and

Fig. 12:  shows, for the signal bin corresponding to a chemical shift of 6.04
30 ppm, as a plot versus sample number, the spectral quotient obtained
by dividing the sample signal by the median of all quotients; values



the nmethod of this invention, including nost notably,
a discussion of various normalization approaches.
Wil e these nmethods could be applied to various types
of spectroscopy, the follow ng discussion will be
exenplified by NVR spectra, parrcularly 1H NVR
spectra. 10 In general, an NWR spectrum of interest
woul d be described in ternms of its intensity | as a
function o i ' il i
assumed « harongy 3t fidm 3, iRy Bloniarhs With thfBuppression of
digitized fvaten resdnarimes inithé cbrresponding sampld.), where

i is a running i ndex denoting a given bin. The

"signal™ 1(i) may be 15 understood as the result

obqj—gt R Psdribtied oriHd @vERfors! 9nal across the spectral
n‘g@‘%—mm%rn‘e—@"rﬁ%n

. In nost cases, the
5 b| ﬂ'herfglkvwnhg section destribentite backgrounchand techniquestneeded to apply

e

I nh@gﬁallizaﬁ@h fﬁidr@@éﬂé@” Wisilectheb8 infisth6@s BBlIld25 appliednd various
vector length normalization. Subsequently, quotient

notymlsudzspeewos@nynthe)mowmg digeussion will bé exemplified by NMR

L i S.C be expressed as specific
DosERA. m&'é’iﬁgﬂwﬁqﬁi’&%% lold (2) I(i) A
1of(|(x))dx (1) k Jk 25 Herein, 101d(1) and 1(i) are
the spectral intensities before and afte

notmaenerat iaeNMR: speatam ek inferest woulghbe ﬁ@éﬁnbﬁd inferms of its
"Ry £ 58 4 Bt io ot R Bl GE HoWavely s B g pgsurgpa that

ens%‘:érrea% %llggleonﬂ liiegnﬁé? ng ﬂ%d foﬁ'ﬁt i aps Wi be written as I(j),
noﬁvﬁﬁ}é 7i8'd Rining index denoting a given bin. The "signal" I(i) may be

15  understood as the result obtained by integrating the signal across the spectral
ranged spanned by the i-th bin. In most cases, the binning will be equidistant.

1. Normalization of spectra
This section describes three commonly used techniques for normalization of
20 spectra, namely: integral normalization, creatinine normalization and vector

length normalization. Subsequently, quotient normalization is introduced. The
first three normalization techniques can be expressed as specific cases of the

general equation:

I(l) _ : quld (l)

> [y dx *

25  Herein, I°() and I(j) are the spectral intensities before and after normalization,

respectively, k is an index of the spectral region used for normalization, ji' and j"



5 Wth integral normalization it is assuned that the
integrals of spectra are mainly a function of the
concentrations of sanples. A linear concentration
series of urine should thus result in a |linear series
of integrals of the correspondi-ng-spectra. The

i nfl uence of changes of individual concentrations of
single analytes is assuned to be small as conpared to

C 3 it Ry i Ui Hord a8t RRLERNAY, dttnd shBBtral 8aiB% for which
b%tlﬁ@ﬁow&ﬁ%fﬁteﬁéltﬁ Irex) is medratsd.or by a part thereof

he power n i'n general equation (1) is taken as
1. In the field of NWR neasurements for nmetabononi cs,

t i1s co n rocedure to select a spectral range
&—&IZSQ@EEE@%E@Z'B@% two spectral .regions, 15
5 naW*th/ |rk§1§r5PH8rrﬁﬁiiéﬁ8H itds %%s@rﬂ@dfth&&h@ﬁmegf’élsbhgpéaﬁa are mainly

bet ween 0 and O. ppm Moreover, it is customary
t o affunctios ofthietdgpicgntrationsspfesarmplas b linearcengeniation series of urine

S peBePRPURreAnen iR Feie oF oAl ALt Shofihg spectra. The
' nirﬁTu@ﬁE@%F@ﬁéHgé& ofindVidual cefcéhtidtions|of sirgky apalytdssis assumed
strong signal wll cause the normalization procedure ,

t oto be smallasigormparachte changes sif theaoverall mgceetﬁenqmoft yine.
an apparent reduction of the concentration of all
analytes in the mxture. 1.2 Creatinine normalization

25Tﬁ@ﬁntbbﬁal indrealization procedure diviees’eabhrspestrandby the integral of the
ani nal s, is a comon_procedure to nornal

coﬁlé%‘ﬁfufﬁtql’@b{sa part dhefiepf. dhugn thesprwer 4 'fbgen%réing%@) is taken
ggan ﬁ’{eﬁ{ld of Wﬁ%éé‘élpgme-ﬁ'&e{o‘f ?ﬁ&%b&h?ﬁu&s ftli'éTEtdo?f'ihlon

¢on excreti on Creatinine rnto uf
Th procedufsid select a spéetkal rlaage thatiactually comprises two spectral regions,

15 ﬁgﬁé’»&&ty}%&l QP atwsen2.68 2 & B8 PP B e Ang bedesrs 4.50 and 0.22
?nt More f"é(li g Igleh%%n%y% it mt?lhgflﬂi'é"éﬁh ﬁé&rﬁ%b?% factor of

ion creatinine rel ated
SI 900, thus rendh'fg WWlttlrmtdtalumegTailcrf 108tfoeeacke spectrumn be
-14- expressed as a special case of integral
normalization In terms of the general equation (1),

pea rBBI%ﬁg@ng‘?ﬂteb?ﬂ'r@?ﬁnaﬁié%fdﬁﬁﬁ@%téﬂjéﬁén%ﬁéy bhkigAals.
20  Obviously, any single strong signal will cause the normalization procedure to
scale down all the other signals, thus leading to an apparent reduction of the

concentration of all analytes in the mixture.

10

1.2 Creatinine normalization
25  For the investigation of urine of humans and animals, it is a common procedure

to normalize concentrations of analytes and spectra by means of the
concentration of creatinine. The underlying assumption is a constant excretion of
creatinine into urine. Thus, creatinine is taken as indicator of the concentration of
urine. Two possibilities exist for normalization: The level of creatinine can be

30 determined externally by clinical chemical procedures or internally by integration
of creatinine related signals in the NMR spectrum. This latter method can be



and 4.05 ppm) and a power of 1 are used. 5 Yet, the
practical application of the creatinine normalization
faces technical and biological difficulties. If the
concentration of creatinine is determ ned by the NWR
spectrum netabolites wi th overlidppi ng peaks can
interfere wwth the determ nation of the concentration
of creatinine (e.g. creatine at 3.04 ppm. A second

di fficul 0 r g, [ i mi '

TRl el A4 spedel s g agRinalieat. f Wit te general
Cr ggjuation ¢1)) 686 irﬁe?ﬁtibﬁ regions licerrespdntingtd: orebtininefpeaks at 3.04
the sanple. Therefore, elther a peak picking
al @5di4-Bmpem)and:a ReweppbA@re 4864 of the spectrum has

to be used for the normalization. Biological

chal | enges for the creatinine nornmalization are
5 c hafegetheqiracticahapplication1dd the creatinire hormalizatiow faces technical and

nmet abonom ¢ _responses, as found in several, studies. At
¢ hbvologigal Qe the cpareriiatign.a capaining isaelgmainedihy the NMR

cr %Efe{:ﬂlﬂ?n{eﬂﬁélﬁé’é‘ﬁﬁtﬁ ‘b¥eﬁsb§‘i§§g{é§ik§ CaRIRENEFRS with the

usu Yy not yet nown. here creati ni ne-- ased
nodetermiraticomofi the moncentrationcofadreatining {e.ge ceaadinerat 304 ppm). A

Noveturs Bk TpEin a8 inalish ok fleaine Wiing 10 NYIR specta s tha

10 | NYRSERSAICRI Shift of Grédtiniige ABAOA 08I Bependsibhthe EH-vaIue of the
| evel and the nornmalization factors obtained wt

vasampie. Thenefose, feithen apaakepicking sigarithm atrarather kroadgange of the
correltati n hetween £9 centratli %88| evel and

cr BBETHIM S °|H$o‘dﬁ?‘{ or gormaitzaliofy o | engt h

normal i zati on 25 A nornalization technique applied in

many scientific fields is based on | ooking at spectra |
asBinlegigalchallenges for the creatininenewaalization &re chaages of creatinine

15 2 oieriebaicst @ tacpRol e ERPe AL GRRRREPERY Hudies. Atthe

| etipelofaiormafiation) @Cpeusiblé intréasebNte drgatifine level due to
concentration of the correspondi ngi sanpl e; the

cofgirhanashicaesponsesds dsually netyed : ihaeefere: coratinine-based
di [ .0f . cardinal 2 i L \

S PEHBRIEH HLH SRRl R AR o aRMER R dicussec

t hizirthen bekein oiNeverthialess, tthe tredtiniree péalts willi e used to investigate the

equi valent to -15- setting the power n of general ) )
20 o cRT8lation bptwepncregtininejpyel 9 t@gmwﬁn&n faglors (pbtained with
various methods for a subset of spectra where a strict correlation between
concentration level and creatinine is known to hold.

1.3 Vector length normalization

25 A normalization technique applied in many scientific fields is based on looking at

spectra as vectors. In other words, the sequence of intensity values I(j) is taken

to represents the components of an associated vector. It is further assumed that
the length of such a vector is determined by the concentration of the
corresponding sample; the composition of a sample will thus determine the

30 direction of the vector. Accordingly, the adjustment of different concentrations is
performed by setting the lengths of vectors to 1. Note that this is equivalent to



all the peaks in a spectruminfluence each other due
to the calculation of a conmmon vector length. 5 1.4
Quotient normalization Quotient nornmalization rests on
t he assunption that changes in concentrations of
single analytes only influence darts of a spectrum
wher eas changes of overall concentrations of sanples
i nfluence the conplete spectrum OQher than with

| n | S N - . .
or SERLnE ot f S agtbraliprt) 8 22k ifiibtegral nomalization,
r efatirthe peaky #th spectruvni influencet eaoht other dbe o theecaltulation of a
obtain a normplization or scaling factor. For this

pr GOBUNPR Veetopiengifi-se di vi sion of the spectrum and a
previously selected reference spectrumis carried out

to obtain a set of spectral quotients. It will be 15

5undes M_ ient hermalizatiomr ocedure is made in sone
SRS BSUEE e P e B 3R s Bgonvtons o
t hirlgléhhalfies 6?(}? infRRAEE Parts TP Rsctrth l,fwmérfeé_é ichBhges of overall

concentr at_l ons, he re§pect lve spect ra quot lents .
wi conegnittationsef satpies influenhee theeemplete spectrum; Otherghan with

The .nos r obabl.e spectral 0}, ent [
deturaieh afirigantar 8 aBuiate tie BbsttiakaBi oty pgtween a

10 of ghRRGPRCEraii AN altefeieRce SpectAafiPivRichrfliotiént is then used to obtain
reference. Panel A of Fig. | shows the distribution of
spadwraalizatinn enscalipgfaeton sanpl e R14r 30h+000 of a
nmet abonom ¢ study and of a reference sanple of the
same study. This sanple is found to be slightly nore

coRoethis prtovedube i bihawige divisionasftiee spatthem amdl 4 previmusly selected
probabl e quotient, (approximated as the maxi mum of the, .
hi Eafeanemspestruatisicadried euthle abtain apet pisnackal qualirnts. It will be

pa i . .

15 Ao PPy praeLes el Y omelpgfopriately sgied spectal
| srarigeu tdkdlly, thevdistibaticn of spécthdl qquatienisewill bef narbowt in the limit of
0.6 corrraar ed to the reference sa
h ,

( \ ) le. 30 -16- If,
e, el sacenles Mh-A TBRet GpnaeTHEAtons - the espoctia grectral
dugudtient® WaPaif8FaEcording to the concentration ratio.

20 The most probable spectral quotient, which may be determined by several
methods, represents the ratio of concentrations between the sample and the
reference. Panel A of Fig. 1 shows the distribution of spectral quotients between
sample R14r30h+000 of a metabonomic study and of a reference sample of the
same study. This sample is found to be slightly more concentrated than the

25 reference sample, as the most probable quotient (approximated as the maximum
of the histogram) is located around 1.1. On the other hand, panel B of Fig. 1
shows the result for a comparatively diluted sample of the same study, which is
found to have a most probable quotient of about 0.6 compared to the reference
sample.

30




changes, only certain parts of the correspondi ng
spectrumwi || be affected. The result is a w der

di stribution of spectral quotients. Panel C of Fig. 1
shows distribution of spectral quotients of a sanple
with extreme intensity variationé-5 across its
spectrum due to a strong netabonom ¢ change. This
results in a broad distribution due to parts of the

sp i . r i i ’ )
- 55 bltBY I BROHTBRORERY SERHE Hfiel ot dug to metabonomic
valHangés, thlypcertaiaysed dfthe eorresparating spectrimakill be affected. The
gl ucose excreted in this specifi

| e. \
Nevesititis aoyider distription of spectahaustiants. RanelC of Fige 1;shows

1 . | . .o

oo SR lot PR of ShE U Sk g yariatons

5 Fi gcrobsstsspectriom dbe $0 agtmmgahetabsaopliechande. ddtisresults in a broad

effects,. i.e. eci figc chan d to,stro . .

e SistRHSian e B RA ef theFPEETIMWiD eahRBREd And reduced intensity,

sa ¢ A . .

PRty LS o r X LEIANY AR U 19blo caused by
andn extreftesamount ofiglucese excretethbinAhisi spesificcsamplepblevertheless, as
of otient normalization is th et er.m nati gn of
ottt BiaicBagpalralan S s feseniaCiiEngan, By fost pfovable

10 US§Fledfal YedtibRds stift cRise tbM . IR Gon®asty pakal D aF Fiyf. aPshows the
t he nost probabl e spectral quotient was determ ned by

t akistagrameofrmsample with beth affectsgierapscifisahanggs due to'strong

ﬂ;ﬁfﬁ@m@ggéﬁqegﬁqedoﬁfég?@L%iﬁjgigﬁﬁit% ggm?)ﬁ]%fiﬂg to enhanced urine
W gidtetiod Réir@ingly, the dreiithi of g?@%iéﬁﬁdtﬁ)ti@hts is broadened and

hi st ogranms presented so far cann regarded as a

r ohifed 4o lowrrmalugs.net hod to define the optinum
quotient. Using a too rough binning |eads to a rather
| arge quantization error (for exanple, the difference

beAns@poftaftadpedtof qliotledtbrinalizativrn isthe déterhtination of the most

quanti zation error of 25 10%, whereas a to?_ fine
bi Biabable ereciral guatiento gingadhisiwil beusedasssalingfagior, In the

. | . . _
<SPI0 ooty o ik RS e by
melt@ﬁmg the maxitriuen of theThistogamndfapectral qustiente.dilowever, the exact
met hqc

)d is that no discrete grqupin i nNi .of the
20 quRASItioN of thermaxinyingof @r%lﬁﬁﬂgytl ssgaégﬁﬁnélﬂéq Lmnmg width.
ar P efr; thE CeHERAtR e <18 Ot AlstGNant pes¥nied" far cannot be
regarded as a robust and general method to define the optimum quotient. Using
a too rough binning leads to a rather large quantization error (for example, the
difference between a quotient of 1 and 1.1 comresponds to a quantization error of
25 10%), whereas a too fine binning leads to histograms without a clear maximum,
as shown in panel D of Fig. 1. A practical approach approximates the most
probable quotient by using the median of quotients. The advantage of the
median method is that no discrete grouping (binning) of the quotients for a
histogram is needed, which is arbitrary. The median method allows a very fine
30 adjustment of spectra without the danger of extreme quotients significantly

15

influencing the adjustment.



30 adjustnment of spectra w thout the danger of extrene
guotients significantly influencing the adjustnent.
-17- The reference spectrumused for calculating the
spectral quotients can be a single spectrum obtai ned
froma "golden" reference sanpl-@7-Alternatively, a
medi an or average spectrum of several spectra can be
used The influence of the type of reference spectrum

" e o ot o B b G o

postidhe epedif@mhaibtaifed frons a “E@I@@ﬁﬂmféﬂs‘hde%amd)bmhematlvely,
the reference spectrum as_the nedi an spectrum

pl tmedian pr gverage sRestYMs ahesvesal sRestrAstanskeEs fH?ﬁjinﬂuence of
pr‘?hé’%gd%%%@bﬁ S J& rﬂlfsoaisﬁﬂgsc%bo "?A(é%ﬁ f@ ﬁ?%f&ﬁd that the

prece y an in norna I'za usua

5an réfetaweaépedtruhﬁ)ahoul&ﬂbesw represéntative asrpassnbga Fhedéfore it is
measured with different ectroneters resg_lltln

ai Fecramended & caloulaia the B RRSOMPOCHUM Ao fig median spectrum of a

BB ARG fnln  Bor IR R DSl roles)
| nt egral normalization (typically a constant integral
ul ate,a reference

00
o 'eaﬁe?rré%?ﬁae G pigafied bkl BiFtehRdHizgon (usually
10 ”ofb Qﬁ%ﬁ@gﬁa?'&?ﬁ 06). T sv;ﬁ’g)hf ie8 icoih bﬁb‘ihgﬁ;%t@dlés%é@sured with different

di vi sion 0of the sanp e ectrum e reference
S pepeq:tmmetarsw pesuiltinginodifferen abaolugp sreale valugsafithaispectra.

084 DA 8 e REb Bt Rt IEBES Rl e folowing
nug{épg[yl ng it with the inverse of said nedian. As

remarked earlier, step Al is optional, but will be
advant ageous i n nost cases. 30

15  A1. Perform an integral normalization (typically a constant integral of 100 is
used).

A2. Choose or calculate a reference spectrum (best approach: calculate

median spectrum of non-dosed samples).

20
A3. Carry out a bin-wise division of the sample spectrum by the reference
spectrum to obtain a comresponding set of spectral quotients.
A4. Calculate the median of spectral quotients.
25

A5. Re-scale the sample spectrum by multiplying it with the inverse of said

median.

As remarked earlier, step A1 is optional, but will be advantageous in most cases.
30



-18- 2. CQutlier detection 2.1 Back rc round The

nmet hodol ogy underlyi ng quotient normalization was
further developed to 5 provide for an autonmated
detection of outliers. During automated sanple
preparation, nmeasurenent and data-processi ng, nany

t hi ngs can happen that influence the quality of data
obt ai ned. For exanple, technical problens |ike an

I ngor t ?iq.of the detector, insufficient
su%pﬁézéﬂéﬂU@iﬁ¥%e wat er resonance, spikes at both
borders of the spectrum or problens during processing
of the data 10 like incorrect referencing, wong

bagel Baekarotindcti on and non-appropriate phasing all

;gig%gﬁg{gp%@%y &k@%&ﬂ\f ﬁ?ﬁﬁ%@zgpbﬁ v?%di'uwhgpde\tlaﬁped to

5 Saprdvide oG éihtbmaf!ék! detictionlof yutliers Mwrthg dutomated sample
nmet abonom ¢ studies (or e. NMR spectra o%al ned for
quarenqramtm@aswemmt pnéaﬂg@&a pmcqgatngh E@nyipings can happen that

mﬂxl%ﬁg? Wagéﬁtg%'f 8a Foith| n\é% fzﬂf ‘éggltng?é 't@éhnl ‘i)ré Bﬁ1$ like an

he ma) I"gna pea g acco |ng
| ninconietbgain ofthe dptettor, mmoimtlwppl"égsldraaiethe water resonance,

di fferent gl obal shape, which resul n.an unusual |
wi 8Rikeg s bpthobenders ‘é&@rﬁﬁ’@ﬁfrﬂm SO iqm% dydng BmﬁSéH‘\@ of the data
1010 lké‘{n%f'reﬁ RFieRcing wrorh ?b&éﬁjeg@cg'r?&ﬁn%ﬁﬂnér?bpbﬁﬂ)nate

de ection o outlrers an Inition o
mepbasing allcanwtgar #henavmeasuring MR gpedtrarda sdditionnthe absence or

perfor d on cally. simlar sanples., 2.2 tljer

ot 46 [om cnerriiation of WingdB sanpies Phagid e Aytppatical Setected.
detection of outliers (here "offline"” neans that the
detection is performed after conpletion of the
eximemietabunpniic studies (arfeengMl%ape@ra obtaineshior quality control of

o b3 S el DA b A b, nd s
Sp@l‘éﬁhﬂj@r@@ﬂé@ﬁa%@vﬁmb@hawféc@@ﬁﬁﬁbl . aRdontast, cdPrupted

out bi n-wi se division of the sarrple
spmotlawmaliymavea differers global shape, which results in an unusually wide

distribution of spectral quotients as compared to intact spectra. This feature can
be used for the detection of outliers and for the definition of measures to judge
20 overall quality of measurements performed on chemically similar samples.

2.2 Outlier detection procedure
A procedure for an off-line detection of outliers (here "offline" means that the
detection is performed after completion of the experiment) involves the following

25 steps:
B1. Perform an integral normalization for the entire set of spectra from a study.

B2. Calculate a reference spectrum (median spectrum of non-dosed samples).

30



spectrumto obtain a correspondi ng set of spectra
guotients. B4. Calculate, for each one of the spectra,
t he nedi an of spectral quotients 5 (henceforth denoted
as n) and the difference between the first and the
third quartile of spectral queti®ents (henceforth
called "interquartile difference" and denoted as d).
The medi an m may be used for quotient nornalization
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requir eﬂhetmstentespen&mm@ctaa&wbx using tbeinverse obm asa scaling
only a ég subset of spectra. The nodifications for an
onllne %lon of the above procedure, which can be

joused for real time controlling of spectral detecti on
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and processing, are rather noderate as only step
neBls Campeoutanioutliar detegtiondest &ior expmpis; the sntgfquartlle difference

cont r of "2t BF (i Vb shonich e petori 3PBeftntifers from that of

neasurma&efé?enéb SP&GtAIm! AESoraimesy, wﬁéﬁbﬁﬂ’fomdtl‘a@ would bea
calcul ated on the basis of this set of spectra.

t he rovalde ofiddhatrexceedsa preselegtassireshald wadtBeFtlahﬁr Sutlier tests
erce ta to be present in the
Pefereé‘@%s@‘lﬁsgaﬂ#&bﬁg ol | owi ng sltoeps of the above

procedure are based on a spectrum per 30 spectrum
basis and thus are well suited for an on-1line versi

of A$ Fremarkegh earties, stepB1is gpppm}, hut willhe advantageous i m most cases.
dapRgediyS R&H B2 is performed for all the spectra of a measurement series, but

this is no stringent requirement, i.e. one may also carry out step B4 for only a

subset of spectra.

The modifications for an online version of the above procedure, which can be
used for real time controlling of spectral detection and processing, are rather
moderate as only step B2 needs to be modified. A practical approach is
measuring a reference set of pre-dosed samples or control samples at the
beginning of a series of measurements. A median reference spectrum is then
calculated on the basis of this set of spectra. Using the robust median allows the
presence of a certain percentage of corrupted data to be present in the reference
set. All the following steps of the above procedure are based on a spectrum per
spectrum basis and thus are well suited for an on-line version of the algorithm.



Most outliers due to technical failure during
acquisition will result in spectra with totally
di fferent shapes (for exanple, lines and curves of
arbitrary shape instead of real spectra). Thereby, a
different shape results in a ver2p-broad distribution
of 5 the spectral quotients of the correspondi ng
spectrum The consequence is an atypically large
. lgugh arbitrary, a
n to be a reasonabl e
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15 extraordi nary animals and technical problens can be
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due to animals with extraordinary metabonomic responses. Although no
discrimination between extraordinary animals and technical problems can be
made, the outlier detection indicates the samples that will have to be further

25 investigated. A rule of thumb for the detection of outliers concerning mis a
deviation of £ 0.15 from the ideal value of 1. Again, instead of using these hard
thresholds, one may use study specific thresholds like the median mm of

medians m and the interquartile difference dm of medians m. Thereby, critical

thresholds for the medians can be set according to: m,,,,, = mm*nedm with the

30 parameter n determining the sensitivity and specificity.



30 paraneter n determning the sensitivity and
specificity. -21- 2.4 Finding specific technica
problens If a region within a spectrumis known t hat
is typically affected by a specific technica
problem this region can be sel-e¢ted as an auxiliary
spectral range. The spectral quotients within this
auxi liary range can then be conpared with the 5

sp%c,I F?}‘ﬂ@gg” ﬁﬁéﬁe;hﬂm&hﬁ ﬂﬂégect ed spectral

ceforth call ed

plﬂawmgmi withinca spéctrurn g€ known tisdtds typicaliyedffected bﬁ a specific
speci fic praoblens. The procedure thus involyes t

f otercé\mq@@ peqblen, this regign éen bg salegted g§|arb§}@@learx|sppsmlerange The
gcg?%lﬁé’lm héﬁ{?ﬂmﬁﬁﬁ ‘rf]ll(izl% %Igﬁﬁlggg%n&;@a&andtﬂ%ﬁ be@rﬂ@zéred with the

5a ppen'teél iquptiehtspin Ithne: upaffectpe speetralregion(g)rofithe ppbctrum

10

15

20

25

30

33 Shéorh 2o e soeSfelranga: i orgerdpBetdd spepifc problems.
tena\prodddiid 1RASTHYERbs 176 Blowhy SbpsCHtai n a

nce principal spectrumin The pr| nci pal spectral
range and a reference aUXI liary spectrumin said

of CtneSHlbehE %&bﬁ%'@bge?&aa' rahis Adb e P Sl fafes that does

20 Pri netl AnapRafH theprineipdl Speefrsr rangs, Pri nci pal
spectrumto o ta| n a correspondl ng Set of spectral

quoti ents; and carry out, for each one of the
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spectral quotients. Cal cul ate, for at |east one

of sailf the janxiliga sm@ f%ﬂg& he nedian of principal
spectral quotients, called np. C6. Calculate, for each
auxi liary spectrum associated with said principal 30

spcleist I(rj@btalima reRfénce plincipAl spettrins Petbermincipabspéctral range and a
call ed mm
reference auxiliary spectrum in said auxiliary spectral range.

C4. Carry out, for each one of the principal spectra, a bin-wise division of the
principal spectrum by the reference principal spectrum to obtain a
corresponding set of spectral quotients; and carry out, for each one of the
auxiliary spectra, a bin-wise division of the auxiliary spectrum by the
reference auxiliary spectrum to obtain a corresponding set of auxiliary

spectral quotients.

C5. Calculate, for at least one of said principal spectra, the median of principal

spectral quotients, called mp.

C6. Calculate, for each auxiliary spectrum associated with said principal
spectra, the median of auxiliary spectral quotients, called ma.




-22- C7. Calculate the quotient of np and ma, called
gs. C8. Carry out an outlier detection test by
conparing qs with the reference value of 1. 5 If this
quotient substantially deviates from 1, the spectrum
in the specific, auxiliary regi2an is substantially
different fromthe rest of the spectrum which is a
strong indication for a specific pr obl em Again, fixed
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whi ch can be 10 treated |n thls way is the quality of
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varl e met abonom c responses
us parpqseL ﬂtealspe:cmdwaumhmg/ rangaﬁs selacteditacgatain the spectral regions

ctr ective of a nmetabonom c
stfﬂﬁ??@"?’@toﬁﬁgé@z{?b’&s@ ¢€hononi c responses, "the
qual ity" of a netabonom c study can be judged by
| ooki ng for non-localized changes of the shape of

sp@cﬂ Detergiiming the quakity of & complete $tudil y not due to
T RRAR e EBo AN gl S e A yldorabie
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out step ( accordingly step C6) for all th
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| ntreeére ueaééla Iaeruéi Iofr fsSB&QﬁSe.th?é sbg@tréq{h%' miBhsured will show variations
due to inherent inter-animal variations, due to metabonomic responses and due
to inter-measurement variations (technical problems...). Among all these
variations, the metabonomic responses usually lead to the most localized
changes in the spectra. As usually the objective of a metabonomic study is to
investigate metabonomic responses, “the quality” of a metabonomic study can
be judged by looking for non-localized changes of the shape of spectra, since
these are most likely not due to metabonomic responses. An overall quality
measure of a study can be obtained if the algorithm introduced in section 2.2 is

extended by a further step:

C9. Carry out step C5 (and accordingly step C6) for all the spectra and
calculate for each spectrum the interquartile difference d of the quotients
and the medians m of the quotients. Then calculate the interquartile



and the nedians mof the quotients. Then cal cul ate the
interquartile -23- difference dmfor all nedians m of
the study. After that calculate the median nmm of all
medi ans m of the study. Cal cul ate al so the nedi an of
all differences d of the study28turther called nd).
Finally calculate the interquartile difference dd of
all interquartile differences d of the study. 5 If a
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20 T 08.6"GRIphical detection of outliers

A graphical tool for the detection of outliers can be obtained by plotting d versus
m. Thereby, normal spectra will cluster around m=1 with low values of d. In Fig.
2, these spectra are shown as squares. Spectra with broad damages have
values of d higher than a specific threshold, which is typically set to 1. In Fig. 2,

25 these spectra are located above the thick horizontal line and are represented by
circles. Spectra which are outlying due to strong metabonomic responses, due to
contaminations or due to local damages of the spectra are located below the
threshold of d but significantly deviate from m=1. Typically, thresholds for m of
0.80 and 1.20 are set. In Fig. 2, thes_e spectra lie within the two boxes and are

30 represented by stars. Carrying out the same procedure with flexible thresholds
using a parameter n=3 leads to the results shown in Fig. 3.




0.80 and 1.20 are set. In Fig. 2, these spectra lie
within the two boxes and are 30 represented by stars.
Carrying out the same procedure with flexible
thresholds wusing a paraneter n=3 leads to the results
shown in Fig. 3. -24- 3. Exanpl-@8-Four types of data
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in realistic situations.

3.1 Simulated data sets used for normalization

For the simulations of the stability of normalization methods, a “golden spectrum”
was systematically varied. The golden spectrum was calculated as median
spectrum out of more than 4000 spectra of urine of non-dosed rats. Thus it is
believed that the golden spectrum represents a typical spectrum in the area of
metabonomics with rat urine. The spectral range (9.96-0.4 ppm) was segmented
into integral bins of 0.04 ppm each. The bins of the range between 4.48 and 6
ppm (water and urea) were excluded and the bins of the range where
resonances of citrate occur (2.72/2.68 ppm and 2.56/2.52 ppm) were merged
into two bins resulting in 201 bins in total. The spectrum was normalized to a
total integral of 100. The intensity of the 201 bin (0.4 ppm) was artificially set to
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typical spectrumin the area of netabonomcs with rat
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of 20 sanples were 1 ncreased in steps of 10% and
simul taneously 10% of the integral intensity of the
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pathe! first arid Sécbndbsimulated data set. Thereby, unspecific concentrations of
20 samples were increased in steps of 10% and simultaneously 10% of the integral
intensity of the golden spectrum was added to the peak at 2.7 ppm for each step.
The corresponding spectra are shown in panel C of Fig. 5.

For the fourth set of simulated data, blocks of 10 bins were systematically

25 modified simulating specific changes of several peaks. Thereby the intensity of
the first 10 bins was increased by 1% of the integral intensity of the golden
spectrum for each of the 10 bins. For the second spectrum the first 20 bins were
increased. In total, 20 spectra were generated always increasing then more bins
from step to step ending up in 300% integral intensity for the last spectrum

30 (compared with the golden spectrum). The systematic variations are visible as
blocks of bins in panel D of Fig. 5, whereby only the first and last spectra of the
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3.3 Control samples for normalization
To validate the performance of the different normalization procedures not only
under difficult conditions of strong metabonomic responses but also under
normal conditions, a collection of NMR spectra of non-dosed rats was set up.
25 Thereby, 4023 samples out of 4521 sample from control animals and pre-dosed

samples were selected on the basis of least extreme variations. This collection of

samples represents normal variations of metabonomic profiles of rats.

As all animals had not been dosed, the creatinine level of the samples was not
30 influenced by metabonomic changes and thus represents a good measure for
the overall concentration of samples. Hence, the perfformance of the
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nmet abonom ¢ responses but al so under norma
conditions, a collection of NVRZJpectra of non-dosed
rats was set up. 25 Thereby, 4023 sanples out of 4521
sanple fromcontrol aninmals and pre-dosed sanpl es
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t hastostatitybagetiné aoe@ction Bnd phasing. The data of this study were also
20 manually baseline corrected and phased. In addition, the samples of this study

were measured again using an optimized pulse sequence (Bax pulse) resulting

in the best visual quality of spectra.

4. Results
25 The results are presented in following order. First, the integral normalization, the
“vector length normalization and the quotient normalization are compared using
the simulated data sets. Then the comparison is made for the spectra of the
metabonomics study. Finally, the possibility of using the quotient normalization
for the detection of outliers is demonstrated using several metabonomics studies.
30



probl ens concerning the suppression of water
resonances resulting in poor automatic baseline
correction and phasing. The data of this study were
al so 20 manual |y baseline corrected and phased. In
addition, the sanples of this st28dy were neasured
agai n using an optim zed pul se sequence (Bax pul se)
resulting in the best visual quality of spectra. 4.
ged in follow ng
zation, the vector
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normalized to the same constant concentration. As expected, all three
20 procedures are capable of adequately normalizing spectra of an ideal series of

dilution.

The second data set, which contains only specific changes of one single signal
and no dilution, shows the three procedures to perform rather differently. The

25 normalization to vector length is highly sensitive to changes of the single peak.
Thereby, the increase of the length of the concentration vector due to the
increase of a single bin of the spectrum is dramatic as the length is calculated
using quadratic terms. The rescaling of the vector length is equally distributed
over all bins, which results in an underestimation of the unchanged bins. For

30 integral normalization, the deviations from ideal performance are less dramatic,

as the effect of an increased intensity of one bin is distributed equally but without



show an optinmal normnalization. The recovery rate of 1
nmeans that the peaks and the analytes that only vary
with total concentration (like dilution of sanples)
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of systematical changes in the same direction for more than half of the bins is
very unrealistic. For systematic variations of 5 to 25% of the bins, which can be
considered as realistic scenarios, and even for systamtic variations of 30% to
50% of the bins, which are already very extreme scenarios, quotient

normalization performs well.

4.1.2 Influence of noise

The data analysis with the four datasets listed above was repeated twice,
whereby artificial noise was added to the spectra. For the first repetition, uniform
noise with a standard deviation of 0.6% of the average intensity per signal was
added to each signal. This amount of noise was estimated as typical



the integral normalization, but both nmethods show a
deviation fromoptinmal normalization already for the
first spectrum On the other hand, quotient
normal i zati on shows an optimal normalization all the
way to a systematical increase39f intensity for 100
out of 201 bins. For spectra with systematical 20
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20 spectrum is constructed by using the median for each signal bin out of all
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candidate spectra.

(3) Median spectrum of all spectra that differed only by unspecific changes, by
noise and by specific changes that are less or equal to 20% of the total
integral.

(4) Median spectrum of all spectra that differed only by unspecific changes, by
noise and by specific changes that are less or equal to 100% of the total

integral.

(5) Median spectrum of all spectra (all three times four data sets).



spectrumis needed for quotient normalization. The

i nfl uence of the reference spectrumon the

per formance of quotient normalization is investigated
in this 15 section. Besides of using the "gol den
spectrumt (1) as reference spect3tum the follow ng
reference spectra were also used: (2) Median spectrum
of all the spectra of the three tines four sinulated
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by using the nedian for each signal bin out of all
candi date spectra. (3) Mdian spectrum of all spectra
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erences between the reéeference spect ra can
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r einégnsilyds igssstabie: Asithe spmpletesataset 6 gontains an unrealistically
high number of spectra with exceedingly high specific changes of many bins, the

simulation with all data shown in Fig. 8 is clearly an exaggeration of the influence
of the reference spectrum. Nevertheless, the simulation demonstrates that the
best way of normalizing a study is using a spectrum representing data of non-
dosed animals such as control animals and / or pre-dosed time points as
reference spectrum. A feasible way of calculating a representative spectrum is to
use the average or median of a number of control spectra or pre-dosed spectra
respectively. The advantage of calculating the median instead of an average is a
higher tolerance for outliers among the spectra. This is often encountered in

metabonomic studies.

The purpose of the simulated data sets was to test the different normalization
procedures under realistic, extreme and to some extent unrealistic conditions.
The specific changes of signals were all performed in only one direction



possible to a representative spectrumw thout specific
changes (unspecific changes are allowed). It is also
seen that specific changes of up to 20% of the 15
total intensity do not significantly influence the
normal i zati on, whereas the nor+482l-i zati on using
spectra with up to 100% specific changes of the
integrated intensity is |less stable. As the conplete
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normal i zation procedures are effected only by changes
of 5 signals. Thus, for realistic conditions the
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20 ¢ opRAfIgese M hisi fonmetabenampissipastrarthe optimal reference spectrum should
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time-points (for example calculated as median spectrum).

4.2 Normalization Procedures — Cyclosporin Study

In this section, the performance of the three normalization procedures is
compared using data of a complete metabonomic study described in section 3.2
in detail. By visual inspection it was found that all signals between chemical
shifts of 1.44 ppm and 1.84 ppm are very constant for different animals and
different time points. These signals are not influenced by specific metabonomic
changes in this study and are only subject to differences of the urine
concentration. Thus, the relative standard deviations of the integrals of this part



different realistic and extrenme conditions. Especially
when single bins are changed extrenely, which can
happen i n metabononi ¢ studi es, the quotient
normal i zation still finds the optiml normalization
factor, whereas both other nor488l-i zati on procedure
distribute the effect of the excess intensity of
S|ngle bins 15 over all bins. Thereby an artificial
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20 deviation o %. The linear regression of the normallzatlon factor versus the

creatinine peak shows a correlation coefficient of 0.87.

The plots of the vector length normalization (Fig. 9, bottom row) show a poor
normalization. Several spectra of both animals show too low or too high signals

25 Dbetween 1.44 and 1.84 with the two Glucose samples (animal 28, 48h and 72h)
most extremely outlying. The signals within this region differ among all samples,
as seen by a relative standard deviation of 15.0%. Also the correlation with

creatine is poor (r=0.62).

30 Inspection of the top row of Fig. 9 reveals that quotient normalization is superior
for the samples plotted here. The signals between 1.44 and 1.84 are very



10 the normalization factors of the different
procedures and the concentrations of creatinine
deternmined as integral between 4.02 and 4.10 ppm For
integral normalization, the spectra of aninmal 28 and
30 are shown in the mddle rowdf- Fig. 9. It is

obvi ous that the spectra of aninmal 30 show rather 15
congruent signal s between 1.44 ppmand 1.84 ppm
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cowtleteasrthé integral normalization has a low relgg\zgztandard deviation of 7.6%
and the quotient normalization has the best performance with 6.7%. This means
that even when looking at control animals, specific variations due to
metabonomic fluxes are so high that significant differences between
normalization procedures exist, whereby quotient normalization shows the best

performance again.

4.4 Qutlier Identification

The cyclosporin study including the outliers detected by visual inspection of the
spectra was normalized by the quotient normalization procedure (see section 3.4
for details about the data sets). For the automatic identification of outliers, the
interquartile differences between the third and first quartiles d of the spectral
quotients were calculated in addition to the medians m of quotients for each




of control animals and pre-dosed sanples. The sel ected
4023 non-dosed 10 sanples (see section 3.3 for

details) do not contain strong netabonom c responses
or drug rel ated conpounds. Therefore, it is expected
that all three normalization pRdcedures should show a
simlar performance. As the non-dosed animls should
have a rather constant relative creatinine |level, the
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57. e8spinsesdintthis caseteﬁzermel amuaintz of glacose are thecdied at low values of

per formance with 7% Thi s t hat .even

| odkansigatawwc\aw%vf Anwtifess @533%9@%1&%8&3@3@%68 and

t
ne%?ms %&aﬁﬁ %ﬁbﬁ%ﬁ%ﬁ@aﬂ?ﬁ?.‘@ﬁ% féo Cegﬁ?gﬁ%&( all located at high

vvhealuley ocﬂddhlghar tan 8| Thisreansdhata sinple ikeashold of d> 1 detects
per Qutlier .ldentification, Th

Cyell Sullers fu i apmmERBINRGTS RAGH oA Al 2 BRrg(He dlucose
10 Vi SHRplds'GAEBE U@fé&éd &8 ‘éxtr%ﬁ%cﬁkﬁabmnﬂ@ ré&pdnted vhth S|mple

t he quot| ent normalizati on_l_groce ure (see section

f othreshelds of dirotiandim <i8.6a ewplvtymiwrt oka sacanhsdy (see section

ai PRGN Lo narel ir Pl 30 RorP B iRl thrdshold of o>

t hae&%:éu alitliefs iat RAH previbasly @e@hh@émﬁeurbyaﬁduén un@pécmon of all
t he nmedi ans m of quotients for each -35- sanple

t hthe spectiaSemeof thegutlying spedraus taypicel @@yemar% ﬁhOWf\ in Fig.
15 al i1saml es of the study. The outliers found by

i sual inspection of the spectra are shown as dots,

triangles and dianonds. It is obvious that all

non outlgl ng sanples cluster at very |ow values of d

a2 g idemasrstrated for the mgl!tegomﬁ siydy,haweguotient
f %ﬁ%%%&?n AR r ol SHERAR (SbIEFHE (AT Bdmple the

quality of the suppression of water resonances is monitored. First, a quotient
20  normalization for the study was performed. Then, the spectral quotients of the
spectrum at 6.04 ppm divided by the median of all quotients was calculated. If
the corresponding value strongly deviates from 1, the spectrum is significantly
different from the reference next to the water resonances. It is obvious that four
samples have a poor water suppression. These four samples have also been
25 manually identified and are shown as triangles A in the right panel of Fig. 10.



d and at |ow values of m Qutliers due to technica

i ssues, blank sanples and sanples with a poor
suppression of the water resonances are all |ocated at
hi gh values of d (higher than 3). This neans that a
sinmple threshold of d > 1 detect38- all outliers due to
non- met abonom c rel ated i ssues. Al so, the extrene

gl ucose 10 sanpl es can be detected as extrene

re . Yalbsoflthe quali

seféatares répfesent nidre Wimilar sHapesidfitihe fa tHrofrglouttAe complete
Agal n, a sinple thresho 0 > 1 detects all

oué&lﬂe‘.lts that had previously been identified by visual

i nspection of all the spectra. Sonme of the outlying
spectra due to typical issues are shown in Fig. 15

11. In Fig. 12 itlg'bgadgé{onstrated fomat he  dd

rosi glitazone st udy—hew-guoti-ent—rrerwalzat+en can be
used for detecti ngFisgtaoeaswremenbl ¢nd.38 n| t Bi6H exanpl e
the quality of tgaRURPT €SSI 0N Off wat er|resonances is
moni tored. First,| aquqlient 20 nor P33 zht 0S8 flor the
study was perfor I'ltsn e —the—spgctrat—puotient s of
the spectrum at .%‘Z‘P:ﬁ;m di.vi ded |b9.2he| n@@%an of all
quoti ents was cal @M8Mt  { helcorreshonding val ue
Sstrongly deviates from1, the spectrumis
Si @ fii qjf f he . .
¢ n Tukh & Shnbatich o1 SUBfent igtialiPSicP s ok BV Fin Pl 1pr a third data
haget (3epsettiomBsy). Therir,nedians O irter-fuartilesdiffetercesand and the

Cr Aliagamegs ot intey Auartle Aiepansas G (§8e socion 24 dor Setaly) are shown.
1 TRy fﬁf‘ﬁrﬁ@ésﬂ?ﬁ{eﬁ%ﬁaé ﬁ?‘:{/ﬁ@t&&&%%@ﬁoﬂ%@s@@érﬁl samples, which

Lower values o es represent nore

10 si negativebhinflaencdd thecaustpataticphasmguaritbaseline carrgutioneA manual

b on St 651 T i ol S rese
samples. Nevertheless, a second measurement of the samples with optimized
pulse sequences significantly improved the water suppression and the quality of
spectra (as confirmed by visual inspection). From Table 1 it is obvious that all

15  three outlier criteria agree with the visual impression of the quality of the spectra.

Thereby md expresses an average inhomogenity within spectra. As only some
spectra are affected by a poor water suppression, md decreases only
moderately. On the other side, dd, which describes the variance of this
inhomogenity between different spectra, decreases dramatically, as the re-

20 processing and re-measurement of the samples mainly improved samples with a

bad water suppression. Both quality features allow to assess the homogeneity
within spectra and between spectra without the need of inspecting spectra.



nmeasurenent 5 A further application of quotient
normal i zation is shown in Table 1 for a third data

set (see section 3.4). Therein, nedians of

inter-quartile differences and d the differences of
inter quartile differences dd (5ee section 2.5 for

details) are shown. The first neasurenent had a poor

wat er suppression for several sanples, which 10
negat i @rlimsi nfl uenced the automati c phasi ng and

basel i ne correction. A manual Dbaseline correction and
phasi ng could i nprove the visual quality of these

Safp! ea mitSEI ek SiRStecruiS A SRARKUISIH B st of bécira obtained by
sanpl es W opt1m ze pul se Sequences significantly

i npr ovspedtiuscopy,che speptrescopyryielding speai@aisucly agiNMR spectra,

5 -Srggférc?oétgﬁ\irggogifgbégel& q%i@ruqaslelii Pq?ﬁﬁﬁgtgi c%@rp?g Ir@f)érbroportional to
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crit eré&n?S{Iﬁ@ MricBntrford, IHé methdd esfippisingfthelkteps of:

quality o spectra. 1hereby and expresses an
aver age i nhonogenity within spectra. As only sone

spectra, ar ffected by, a or er suppression, and
decreaé)essegﬁevgﬂﬁagp'g%b?eﬁcq@r S0t her side, dd,

whi ch describes the variance of this inhonogenity

between different spectra, decreases dramatically, as

the rebporesoding eiplyralifeofrprineinal spestsain saiduin pegtral range;
mai nly i nproved sanples with a bad water suppression.

Both quality features allow to assess the honogeneity

Wi t hi ne)s pststhalning 8 Fefepénseprirgipaltspectiutrhinugaid pencipatispectral

i nspecting spectra. 37 aims 1. A nethod of

aut omat edaid€cardi ng of outliers in a set of spectra

obt ai ned by spectroscopy, the spectroscopy yielding

spectra, such as NVWR spectra, 5 containing signals or

peaks dihaseTying oot ifor escroonaofsaidrincipabd spectrarabintwise division

conponent concentrations, the nethod conpri Si’éa t he to obtai

steps of ;ofdhepeingtpaf ﬁ@eqnﬂmhmagérefgﬁém%ﬂ"q' §aectfym to obtain

b) recordl Al | NG/ %rain sai d

princi paldé g%’é@?‘?% |€é\§g§éop§p§‘&ﬁgggg%n% a reference

principal spectrumin said principal spectral

e) calculating, for at least one of said principal spectra, an associated set

of statistical measures derived from the corresponding set of spectral
quotients, said set of statistical measures corresponding to a principal
spectrum comprising the median of its spectral quotients and an
interquartile difference obtained by subtracting the first quartile of its

spectral quotients from the third quartile of its spectral quotients;

f) carrying out, for at least one of said sets of statistical measures, an
outlier detection test to determine whether or not the principal spectrum

associated therewith is an outlier; and

g) discarding said principal spectrum if it has been determined to be an

outlier.
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range; 15 d) carrying out, for each one of said

princi pal spectra, a bin-wise division of the

princi pal spectrum by said reference principal
spectrumto obtain a correspons'%ng set of spectral
quotients; and e) cal cul ati ng, r at | east one of

said principal spectra, an associated set 20 of
statistical neasures derived fromthe correspondin

sepR. of Thpenéthel acgoringtu cains 4; wheesin shidoutliesdeteation test

Conpr | SPRGTEFR SR EAmING el s KiSaughle At hos grageds o
i nt erqg%&éﬁhﬁd(ihrfe%ﬁbﬁr\ﬁi@tfpbt ai ned by subtractl ng the

first quarti Its spectral quotients fromthe
third quartile of its spectral quotients; 25 f)

t, f { t
5 2251 VL FFe Soeiat Bor Bt bl F, Bhefdh Sebftfesiag vign s
det er N8R mtid P6mhe ARtribltorP61 diid Iilﬁbrcﬁl@ﬂﬂérdmrences taken over
associ at ed therewmth is an outlier; and 30 Q)

di scar therentieiset of principallspestdt rum i f it has been
deternmined to be an outlier. 38 2. The nethod
according to claim1, wherein said outlier detection

t el CPRPMEtAS %b@fdﬁmtd@am 4} Whereinisdid mt&elqdetettlmretest
di fference exceeds a_ predefined thresho} 5 %
c(gra quotlen s differs

o BT el vt

entire set of principal spectra. 4. The net hod
70" TohS mginod Soring o s ber s br S et detatin
spectrgl dquﬁ’l;uh@a o id ﬁl@:ﬁ’lotl)uftlbﬂ Gf 3afdPvebiRN o@?e‘éﬁéﬁg}uoﬂents

than a predefined thres uoti ent devi ati

15 met hodtaken@ver the emlrelsatmfpnnmbatspectmal d threshol d

20

25

30

quotient deviation is determned fromthe
di stribution of said nedian of spectral quotients

6. The method according to claim 1, further comprising the steps of:

a) selecting an auxiliary spectral range that does not overlap with said

principal spectral range,

b) recording, with each one of said principal spectra in said principal
spectral range, an associated auxiliary spectrum in said auxiliary

spectral range;
c) obtaining a reference auxiliary spectrum in said auxiliary spectral range;
d) carrying out, for each one of said auxiliary spectra, a bin-wise division

of the auxiliary spectrum by said reference auxiliary spectrum to obtain
a corresponding set of auxiliary spectral quotients; and



15 taken over the entire set of principal spectra. 6.

The met hod according to claim1, further conprising

the steps of: a) selecting an auxiliary spectral range

that does not overlap with said 20 principal spectra

range, b) recording, with each ol8-of said principa

spectra in said principal spectral range, an

associ ated auxiliary spectrumin said auxiliary

spectral,r g i_ni {: XL :

spect r ufl  GoeGayng, Bt BEh Pre F3aR pEEETARRCR oh a8bdciated set of
carryi ng ostatisficsl measdures defifed froth thexédriesppndingadet af auxiliary

a bin-wise division_ of the auxiliary spectrumby said |,
reference HPKGtral guptiepiscsaidiset of statislical measyres corresponding to an

cor r espondj St LA an ; ' ' ;

Ot e PRI s B 368kl picmrebtents anc

% pectr g, f aan zirstg:qdaaﬁlediif@bgpé obtaied ]p'y sabt_raetuu;ﬂh&sfl Bt irst quartile of its
erive rom-t cor.respondi.ng . set of _auxiliary . .
spectral gSRRG ﬂé‘?t'%@ﬁgr%fh%ﬂ“@t%qrﬂ'@i‘i}dﬁs shestrgl guotients;
corresponding to an auxiliary spectrum conprising the

medi an of its spectral quotients and 5 an

i nt er quatherdir sdidf dutliendetecticrefest domprised cosparing sakieset of

thi T qraisaeL mirashiSs oRBRaRIRAInG o7 ARGPal SHRHH and said set of

1o5ai d oudthtisticall sty cdrfsdpon@ify fosthd diiTiRdy spéctffh Gssociated

set of statistical measures corresponding to a

pri nci paith saidopringipalispestium. set of 10 stati stical

nmeasures corresponding to the auxiliary spectrum

associated wth said principal spectrum 7. The

method B AlethdWaécoraing B claimMakkéreirs 5@p fle)ds chfried out for each
carried out for each one of said principal 'spectra so

as to cmepfisaid ponpipst spenita g as taobtain exiomplete set of statistical

155 at | < nearte i Weich § HekEl ofset B dfpngl shat@lical measures, and

det ect ivlierereéaitl duditr detsttionitestds capist 66t fopbaid sHhaf global
statistical measures.
statistical measures.

8. The method according to any one of claims 1 to 7, wherein each one of
said principal or auxiliary spectra is subjected to a normalization procedure

before carrying out said bin-wise division.

9. The method according to claim 8, wherein said normalization procedure for
any one of said principal or auxiliary spectra comprises the steps of:

a) applying to said spectrum a pre-processing to obtain a pre-processed
spectrum;

b) calculating an integrated intensity of said pre-processed spectrum; and
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8. The nethod according to any one of clains 1 to 7,
wherein each one of 20 said principal or auxiliary
spectra is subjected to a nornmalization procedure
before carrying out said bin- mnie di vision. 9. The
met hod according to claimS8, Yein said
normal i zation procedure for any one of said principa
or auxiliary spectra conprises the steps of: 25 a)

appl yi¢)g mmtigwwg Sﬂdqirewmeessedl smerctmersbwg fmmahmmd@mf that
pre-processe spectrum ca n n,integrate

i nt ensi t yiSGroReftigngite tb@a‘e) tﬁafﬁ%‘éﬂﬂen%’

c) nultiplying said pre-pr ocessed spect rum by a

normal i zation factor that is proportional to the
i M@&r SEheMmethod accardingatoeahyi oriecabclaims 160 STwhergin I$§tﬂ reference

according,t ne of | ai o | sgi d

ref er e?ft@'pg %K@?B’a?p um, i§ ?P@Wd(s)%se@fe ﬁ?ﬁgo‘? aplurality of
obt ai in@%r EBﬁtr&Psgi g'a%c&dabtiﬁ é Erreédporfdisg srincipal or auxiliary
contr spectra re I'n the correspondi ng

pri ncigpectral range, I’espeptlvelpect ral range, respectively.

11. The method according to any one of claims | to 9,

wherein said reference 10 principal or auxiliary

SPPL! I'THR ettt atbeRdiny Brary cridsfélaimhs $a6 @, whiersinsald reference

or auxiliary spectra.
principal or auxiliary spectrum is obtained from a subset of said principal or

auxiliary spectra.



