
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2016/128764 Al
18 August 2016 (18.08.2016) P O P C T

(51) International Patent Classification: Medicine, Nuffield Building, Crown Street, Liverpool,
G01N 30/86 (2006.01) G06F 19/00 (201 1.01) Merseyside L69 3BX (GB).

(21) International Application Number: (74) Agent: HGF LIMITED; 4th Floor, Merchant Exchange,
PCT/GB20 16/050344 17-19 Whitworth Street West, Manchester M l 5WG (GB).

(22) International Filing Date: (81) Designated States (unless otherwise indicated, for every
12 February 2016 (12.02.2016) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(25) Filing Language: English BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(26) Publication Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

(30) Priority Data: KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
1502447.4 13 February 2015 (13.02.2015) GB MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,

(71) Applicant: THE UNIVERSITY OF LIVERPOOL PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,

[GB/GB]; Foundation Building, 765 Brownlow Hill, Liver SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

pool L69 7ZX (GB). TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(72) Inventors: PROBERT, Christopher Simon John; c/o (84) Designated States (unless otherwise indicated, for every

University of Liverpool, Institute of Translational Medi kind of regional protection available): ARIPO (BW, GH,

cine, Nuffield Building, Crown Street, Liverpool, Mersey- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

side L69 3BX (GB). AGGIO, Raphael Bastos Mareschi; TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

c/o University of Liverpool, Institute of Translational TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

[Continued on nextpage]

(54) Title: METHOD AND APPARATUS FOR CREATING A CLASSIFIER INDICATIVE OF A PRESENCE OF A MEDICAL
CONDITION

(57) Abstract: An embodiment of the present invention provides a method of creating a classifier in
dicative of a presence of a medical condition in a subject, comprising receiving chromatogram data
indicative of a profile of volatile organic compounds in a sample from each of a first plurality of sub -
jects having the medical condition and a second plurality of subjects without the medical condition,
selecting one of the chromatogram data as reference chromatogram data, aligning the remaining chro
matogram data in relation to the reference chromatogram data, extracting one or more features from
the chromatogram data using a Mexican hat wavelet transform of one or more scales, selecting one or
more features of the chromatogram data indicative of the medical condition, and constructing a classi
fier for determining a boundary between chromatogram data indicative of the medical condition and
chromatogram data indicative of an absence of the medical condition.



w o 2016/128764 A i III II II 11 I Illlll 111 III III lllll lllll lllll lllll 111 llll llll 11llll

DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, ΓΓ , LT, Published:
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, . . t t . , , t t

SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
Wl onal search report (Art. 21(3))

GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— of inventorship (Rule 4.17(iv))



METHOD AND APPARATUS FOR CREATING A CLASSIFIER INDICATIVE OF
A PRESENCE OF A MEDICAL CONDITION

Some embodiments of the present invention relate to a method and apparatus for

determining a presence of a medical condition in a subject. In particular, although not

exclusively, some embodiments of the present invention relate to a method and

apparatus for determining a presence of cancer, including prostate cancer, in a subject.

Some embodiments of the present invention relate to a method and apparatus for

creating a classifier indicative of a presence of a medical condition in a subject.

Background

Prostate cancer is the second most common disease worldwide for males with around

1,1 11,000 new cases each year. Many men with bladder outflow symptoms are often

investigated for prostate cancer when they are found to have raised levels of serum

PSA. However, PSA levels lacks specificity and, consequently, these men have to

undergo invasive tests to confirm or refute the diagnosis of prostate cancer. In many,

cancer is not found. This often leaves men worried, rather than reassured, and an

endless cycle of repeated PSA level measurements may follow. Currently, PSA is not

considered a diagnostic marker and has not been approved for use in screening

programs in most countries. Bladder cancer is the 9th most common cancer worldwide

and the most expensive to manage. There are no biomarkers approved for follow-up

and repeated cystoscopies are performed which are invasive, expensive and not

without risk. Inflam ory bowel disease (IBD) is a chronic gastrointestinal disease

caused by an aberrant immune response in the gut, while irritable bowel syndrome

(IBS) is a disorder of the digestive tract with no known cause. There is a pressing

clinical need for a better biomarker that may be used for diagnosis and screening of

medical conditions including prostate cancer, prostate cancer, IBD and IBS. It would

save healthcare providers money, patient misery, and also speed-up much-needed

treatment for the patient.

It is an object of embodiments of the invention to at least mitigate one or more of the

problems of the prior art.



Statement of Invention

According to aspects of the present invention, there is provided methods and

apparatus as set forth in the appended claims.

According to an aspect of the present invention, there is provided a method of

determining a presence of a medical condition in a subject, comprising: receiving

chromatogram data indicative of a profile of volatile organic compounds in a sample

from the subject; aligning the chromatogram data with reference chromatogram data;

extracting one or more predetermined features from the chromatogram data using a

Mexican hat wavelet transform of one or more predetermined scales; and determining

whether the extracted features are indicative of the presence of a medical condition in

the subject using a classifier.

Brief Description of the Drawings

Embodiments of the invention will now be described by way of example only, with

reference to the accompanying figures, in which:

Figure 1 shows a method according to an embodiment of the invention;

Figure 2 shows a system according to an embodiment of the invention;

Figure 3 shows an illustration of chromatogram data;

Figure 4 shows an illustration of inverted chromatogram data according to an

embodiment of the invention;

Figure 5 shows pre-processed chromatogram data according to an embodiment of the

invention;

Figure 6 shows normalised chromatogram data according to an embodiment of the

invention;



Figure 7 shows aligned chromatogram data according to an embodiment of the

invention;

Figure 8 shows a method of selecting the reference chromatogram sample for data

alignment according to an embodiment of the invention;

Figure 9 shows a method of aligning chromatogram data according to an embodiment

of the invention;

Figure 10 shows wavelet coefficients determined for chromatogram data according to

an embodiment of the invention;

Figure 11 shows transformed chromatogram data according to an embodiment of the

invention;

Figure 12 illustrates a method determining a presence of a medical condition in a

subject according to an embodiment of the invention; and

Figure 13 shows a method of aligning received chromatogram data according to an

embodiment of the invention.

Detailed Description of Embodiments of the Invention

Figure 1 illustrates a method 100 according to an embodiment of the invention. The

method 100 is a method of creating a classifier indicative of whether a subject has one

or more medical conditions. The medical conditions may comprise one or more of

cancer, comprising bladder and/or prostate cancer, irritable bowel disease (IBD),

irritable bowel syndrome (IBS), a presence of one or more predetermined bacteria

such as Clostridium difficile (C-dif), one or more predetermined parasites, one or

more predetermined fungi. The method 100 is a computer based method for creating

the classifier and storing the classifier in a computer-readable medium, such as non-

transitory computer-readable medium.



The method may be performed by an apparatus 200 according to an embodiment of

the invention as illustrated in Figure 2 . The apparatus 200 comprises a control unit

210 comprising a processing unit 220 and a memory unit 230. The apparatus 210 is

arranged to receive chromatogram data from a sensing unit 240. The chromatogram

data is indicative of a presence of volatile compounds in a sample taken or obtained

from a subject. The sample may be a sample of breath, urine or faeces from the

subject, although it will be realised that this list is not exhaustive.

The sensing unit may comprise one or more Metal Oxide (MO) sensors. The sensing

unit 240 may be associated with an apparatus such as described in WO/201 1/061308

which is herein incorporated by reference for all purposes. The apparatus 200 may

comprise a gas chromatography column coupled to the one or more sensors. The

column may be associated with an oven for heating the column according to a

predetermined protocol.

The chromatogram data may be communicated between the sensing unit 240 and the

control unit 210 by means of a dedicated communication channel i.e. a direct

electrical connection, or by means of a communication channel formed over one or

more computer networks. The chromatogram data may be received at the control unit

210 in the form of one or more files each comprising chromatogram data for a

respective sample.

To produce the chromatogram data, the sample may be heated according to a

predetermined protocol. The protocol may define a period of heating the sample at

one or more predetermined temperatures before sampling a predetermined volume of

gas from the sample.

An initial temperature of the oven may be held at 40°C for 13.4 minutes, ramped to

100°C at a rate of 5°C/min, hold for 30 minutes and cooled to 40°C using a

temperature ramp of 10°C/minute. It will be realised that other protocols for the oven

heating may be used.

A resistance of the MO sensor is determined over a period of time. The

chromatogram data may comprise data indicative of a resistance of the one or more



MO sensors at predetermined intervals such as 0.5 seconds, although it will be

realised that other intervals may be used.

Figure 3 illustrates chromatogram data according to an embodiment of the invention.

Figure 3 comprises a plot of a plurality of items of chromatogram data from

respective samples. The chromatogram data is plotted over time (x-axis) and indicates

a resistance (y-axis) of the sensor at each respective sample time. The chromatogram

data is received by the control unit 210 in step 105. The chromatogram data may be

stored in the memory unit 230 of the control unit 210.

In order to create the classifier indicative of whether a subject has one or more

medical conditions, chromatogram data from a plurality of samples are provided from

subjects having the respective one or more medical conditions. The classifier is based

upon the chromatogram data from those subjects, as will be explained. Thus a set of

chromatogram data from the plurality of samples having the one or more medical

conditions is received in step 105. A further set of chromatogram data is provided

from a plurality of samples not having the one or more medical conditions which may

be referred to as a control set of chromatogram data.

In step 110, the resistance signals of the chromatogram data received in step 105 are

inverted in order to facilitate their processing using metabolomics tools. This

inversion is performed individually for each sample using the following mathematical

equation:

x = |x —(max(x) + 1)|

where x contains the resistance values registered for a single sample. Figure 4

comprises a plot of the inverted chromatogram data.

In step 120 the received chromatogram data is processed. Step 120 comprises a

baseline removal process. The baseline is a baseline resistance level of the

chromatogram data. The baseline may be contributed as a majority, or only by, a

mobile phase. The mobile phase is the gas which carries metabolites through a

column of a gas chromatogram. In some embodiments the gas may be synthetic air.



A threshold may also be determined in step 120. In some embodiments the baseline

of the chromatogram data is removed by a least squares-fitting process.

In some embodiments step 120 further comprises determining a resistance threshold.

The resistance threshold is defined as an average resistance value in the

chromatogram data from a sample minus the standard deviation of its resistance

values. Any resistance values lower than the resistance threshold are then set to a

predetermined value, which may be zero. Figure 5 illustrates chromatogram data

processed according to an embodiment of step 120.

In step 130 values in the chromatogram data for each sample are normalised. In one

embodiment, the resistance values of a sample are normalized by dividing their values

by the highest resistance value registered for the particular sample. Figure 6 illustrates

chromatogram data processed according to an embodiment of step 130.

In step 140 a reference chromatogram sample is selected for data alignment. Step 140

comprises selecting reference chromatogram data from the chromatogram data

provided from step 130. In some embodiments selecting the reference chromatogram

data comprises determining a coefficient indicative of correlation between each pair

of chromatogram data. The coefficient may be a Pearson product-moment correlation

coefficient, often referred to as a Pearson's coefficient, as will be appreciated by the

skilled person.

A method 700 of selecting the reference chromatogram for aligning the chromatogram

data according to an embodiment of the invention is illustrated in Figure 8 .

Referring to Figure 8, in step 705 two lists containing all the samples in experimental

condition 1, for example, cancer samples, are created. One of these lists may be

named as SampleListRef, while the second list may be named as SampleListTest.

In step 710 a sample may be randomly selected from SampleListRef, loaded into

memory and removed from SampleListRef. For clarity, this sample will be described

here as SampleRef.



In step 715 a sample may be randomly selected from SampleListTest, loaded into

memory and removed from SampleListTest. For clarity, this sample will be described

here as SampleTest. In a first iteration of steps 710 and 715 selected samples may be

first chromatograms in the data set. For example where the chromatogram data are all

allocated an ID, a chromatogram having a lowest value of ID may be selected in the

first iteration of steps 710 and 715.

In steps 720 and 725 the Pearson's correlation coefficient between SampleRef and

SampleTest is determined and stored in a matrix, which may be named R .

In steps 730 to 765 the SampleRef is shifted a predetermined number of sampling

points with a correlation coefficient with SampleTest being calculated after each

sampling point shift and the resultant correlation coefficient stored in the matrix R . It

will be appreciated that the SampleRef, in some embodiments, will be shifted in both

positive and negative time point directions with respect to the SampleTest. In one

embodiment the shift window is ±15 sampling points, although it will be realised that

other sizes of shift window may be chosen.

When the SampleRef has been shifted up to the extremity or extremities of the shift

window, the method moves to step 775. It will be appreciated that when arriving at

step 775, in some embodiments, each chromatogram is associated with P coefficients

as:

P = (2s + \)x (n-\)

where s is a magnitude of the shift window, such as 15 (hence 2s calculating the range

of shifts from negative to positive), and n is the number of samples in experimental

condition 1 . Therefore, in one embodiment, each chromatogram data is associated

with 3 1 correlation coefficients for each of the remaining chromatogram data in

experimental condition 1.

In step 775 the maximum value in the matrix R is obtained, stored in a new matrix

named M and the contents of R are cleared or reset. Steps 715 to 775 are repeated

until the SampleListTest is empty and the method moves to step 785.



In step 785 the mean value of all the values stored in M is calculated, stored in a

matrix named C along with information identifying the reference sample, such as the

ID of SampleRef and the contents of Mare cleared. The steps 710 to 785 are repeated

until SampleListRef is empty and the method moves to step 795. In step 795 the

sample associated with the highest positive value in matrix C is determined as

reference sample for chromatogram alignment. Step 795 may comprise storing the ID

associated with the chromatogram selected as the reference chromatogram sample to

allow other chromatogram data to be aligned at a later time, as will be explained.

Returning to Figure 1, in step 150 chromatogram data is aligned. The alignment aims

to ensure that the same features are compared across samples from the different data

classes or medical conditions under analysis. Step 150 comprises aligning the

chromatogram data in relation to the reference chromatogram sample selected at step

140. A method 800 of aligning the chromatogram data according to an embodiment of

the invention is illustrated in Figure 9 .

Referring to Figure 9, in the method 800 every chromatogram data is aligned in

relation to the reference chromatogram selected at step 140 of the Figure 1 method

100.

In step 805 the reference chromatogram sample selected at step 140 is loaded into

memory. For clarity, the reference chromatogram sample will be described here as

RefSample. In step 810 a list containing all the samples in the one or more data sets

under analysis, for example, Cancer and Control samples, is created. For clarity, this

list will be described here as SamplesToAlign.

In step 815 a random sample from SamplesToAlign is loaded. For clarity, this sample

will be described here as SampleAlign. In steps 820 to 870 the SampleAlign is shifted

a predetermined number of sampling points with a single correlation coefficient being

calculated between RefSample and SampleAlign after each sampling point shift and

the resultant correlation coefficient stored in the matrix R . In one embodiment the

shift window is ±15 sampling points, although it will be realised that other number of

time points may be chosen. It will be appreciated that the SampleAlign, in some

embodiments, will be shifted in both positive and negative time point directions with



respect to the RefSample. When the SampleAlign has been shifted up to the extremity

or extremities of the shift window, the method moves to step 875. It will be

appreciated that when arriving at step 875 in some embodiments the SampleAlign is

associated with P coefficients as:

P = 2s + 1

where s is a magnitude of the time shift window, such as 15 (hence 2s calculating the

range of time shifts from negative to positive). Therefore, in one embodiment,

SampleAlign is associated with 3 1 correlation coefficients. In step 875 the shifting

sampling point associated with the highest value in R is determined and stored as

SamplingPointsToShift. In step 880 the SampleAlign is shifted the number of

sampling points defined in SamplingPointsToShift and the contents of matrix R are

cleared. Steps 815 to 880 are repeated until the SamplesToAlign list is empty. Figure

7 illustrates chromatogram data aligned according to an embodiment of step 150.

Returning to Figure 1, in step 160 the values of the aligned chromatogram data are

transformed to wavelet coefficients using a Mexican hat mother wavelet, which may

also be known as a Ricker Wavelet. Other mother wavelets may be used. In one

embodiment the wavelet coefficients may be determined using a plurality of scales of

the Mexican hat mother wavelet. The plurality of scales may be scales between lower

and upper limits. In one embodiment the upper and lower limits may be 100 and 1,

respectively. In one embodiment a coefficient may be determined at each integer

scale between the lower and upper limits. The coefficients may be determined as a

modulus of a calculated coefficient. That is, values of the chromatogram data for

each sample are converted to the modulus of their wavelet coefficients using the scale

of the Mexican hat mother wavelet, although the original values extracted by a

Mexican hat mother wavelet may be used. The wavelet coefficients are then stored for

future use, as will be explained. One of the wavelet scale values is chosen as a best

match for the chromatogram data. The best match may be the wavelet scale having the

highest classification accuracy, as will be explained. The accuracy of each wavelet

scale may be determined based upon one or more of minimum, median, mean and

maximum accuracy of a validation process. Figure 10 illustrates chromatogram data

transformed to wavelet coefficients according to an embodiment of step 160.



In step 170 one or more of log, range and Spatial Sign transformation processes are

applied to the chromatogram data. In one embodiment, prior to the log, range and

Spatial Sign transformation processes, each value of the chromatogram data has a

predetermined value, such as the value 1 added to it. The chromatogram data may

then be subject to log-transformation using a natural logarithm as base, although it

will be realised that other base values may be used for the log-transformation. In one

embodiment the range transformation is then applied to set the values of the

chromatogram data to be in a predetermined range such as a range between 0 and 1.

The range transformation may determine a transformed value xt at each time point of

the chromatogram data where x is a data value of the chromatogram data and min(x)

and max(x) are minimum and maximum value of the chromatogram data,

respectively. The range transformation may be performed using the equation:

(x - min(x))

(max(x) - min(x))

In some embodiments a further transform may be applied which may be known as a

Spatial Sign transform as described in S. Serneels, E. De Nolf, P. J. Van Espen, Spatial

sign preprocessing: A simple way to impart moderate robustness to multivariate

estimators. Journal of Chemical Information and Modeling 46, 1402-1409 (2006),

which is herein incorporated by reference. Figure 11 illustrates chromatogram data

transformed according to an embodiment of step 170.

In step 180 one or more features of the chromatogram data are selected. The one or

more features are selected to be indicative of the presence of the one or more medical

conditions. In embodiments of the invention, the one or more features are selected by

a feature selection algorithm using random forest. In this algorithm, decision trees are

developed based on different sets of samples and random forest is used to calculate a

loss of accuracy of classification when the values of features are randomly permutated

between sets of samples. One or more features associated with a loss of accuracy of

classification are then selected.



In some embodiments of the invention, one of two different algorithms known as

boruta and rfe based on random forest are applied in step 180 in order to select the

features to be used. The boruta algorithm involves the development of decision trees

based on different sets of samples. Random forest is then applied to calculate the loss

of accuracy of classification when the values of features are randomly permutated

between sets of samples. Features associated with the loss of accuracy are then

selected as indicative features. The rfe algorithm works similarly to boruta, however,

it eliminates features that produce no change in the accuracy level, instead of selecting

features that produce loss of accuracy. The boruta and rfe algorithms are described in

Feature Selection with the Boruta Package" Journal of Statistical Software 36(1 1): 1-

13; and Anderssen, E., K . Dyrstad, F. Westad and H . Martens (2006), "Reducing

over-optimism in variable selection by cross-model validation" Chemometrics and

Intelligent Laboratory Systems 84(1-2): 69-74. These references are incorporated

herein by reference. In step 180 the one or more selected features are stored for later

use.

In step 190 a classifier is determined. The classifier is for classifying a sample as

either being a sample from a subject having the one or more medical conditions or a

sample not having the one or more medical conditions. The classifier may be

determined according to one of: linear discriminant analysis (LDA); partial least

squares (PLS); random forest; k-nearest neighborhood (KNN); support vector

machine (SVM) with radial basis function kernel (SVMRadial); SVM with linear

basis function kernel (SVMLinear); and SVM with polynomial basis function kernel

(SVMPoly). The classifier may be determined using, for example, a software package

such as R package caret (Kuhn, M., caret: Classification and Regression Training.

2014).

Building and testing the classifier on the same dataset may produce biased and

overoptimistic results due to potential overfitting. In step 190 a validation process

may therefore be used to prevent such overfitting. The validation process may be one

of repeated k-fold cross-validation and repeated double cross-validation. In

particular, in exemplary embodiments of the invention two validation processes are

used: 30 repeats of 10-fold cross-validation and 30 repeats of the 3-fold double cross-

validation with an inner loop of 10-fold repeated 5 times. In addition, these two cross-



validation processes are repeated on the same data sets, however, applying a Monte

Carlo random permutation of class labels in each repeat.

As mentioned in the above description of step 160, the method 100 is repeated for a

plurality of wavelet scales. The scale that produces the highest classification accuracy

is then selected as the best match for the processed chromatogram data. As a result of

embodiments of the method 100 illustrated in Figure 1, a classifier is produced which

is capable of classifying chromatogram data as originating from a sample having the

one or more medical conditions or not having the one or more medical conditions.

Figure 12 illustrates a method 1000 of determining a presence of a medical condition

in a subject according to an embodiment of the invention. The method is performed

upon a sample taken from the subject. The chromatogram data may be provided from

an apparatus as described above with reference to Figure 2 . The same may be material

excreted from the subject. The sample may be a sample of breath, urine or faeces

from the subject, although it will be realised that this list is not exhaustive. As noted

above, the medical condition may comprise one or more of cancer, comprising

bladder and/or prostate cancer, irritable bowel disease (IBD), irritable bowel

syndrome (IBS), a presence of one or more predetermined bacteria such as

Clostridium difficile (C-dif), one or more predetermined parasites, one or more

predetermined fungi.

A number of steps of the method 1000 are as-described in conjunction with the

method 100 illustrated in Figure 1 . Therefore repeat description of these steps will be

omitted and the reader referred to the description associated with the equivalent step

in Figure 1.

In step 1050 the chromatogram data is received. For clarity, the received

chromatogram data will be described here as newSample. In some embodiments of

the invention, as previously described, in step 1100 the newSample has its baseline

removed and its data values are normalized in step 1150. In step 1200 the newSample

is then aligned. A method 2000 of aligning the newSample according to an

embodiment of the invention is illustrated in Figure 13.



Referring to Figure 13, in step 2050 the reference chromatogram sample selected at

step 140 of method 100 is loaded into memory. For clarity, the reference

chromatogram data will be described here as RefSample. In step 2100 the

newSample chromatogram data is loaded into memory.

In steps 2150 to 2650 the retention time of the newSample is shifted a predetermined

number of sampling points with a single correlation coefficient being calculated

between RefSample and newSample after each sampling point shift and the resultant

correlation coefficient stored in the matrix R . In one embodiment the shift window is

±15 sampling points, although it will be realised that other number of shift points may

be chosen. It will be appreciated that the newSample chromatogram data, in some

embodiments, will be shifted in both positive and negative time point directions with

respect to the RefSample. When the newSample chromatogram data has been shifted

up to the extremity or extremities of the shift window, the method moves to step

2700. It will be appreciated that when arriving at step 2700 in some embodiments the

newSample chromatogram data is associated with P coefficients as:

P = 2s + 1

where s is a magnitude of the time shift window, such as 15 (hence 2s calculating the

range of time shifts from negative to positive). Therefore, in one embodiment, the

newSample chromatogram data is associated with 31 correlation coefficients. In step

2700 the sampling point associated with the coefficient in R is determined and stored

as SamplingPointsToShift. In step 2750 the newSample chromatogram data is shifted

the number of sampling points defined in SamplingPointsToShift to align the new

sample chromatogram data with the reference chromatogram data from the method

illustrated in Figure 1.

Returning to Figure 12, in step 1250 the newSample chromatogram data is

transformed to wavelet coefficients using a Mexican hat wavelet and a predetermined

scale. The predetermined scale may be that scale determined to have produced a

highest accuracy in method 100 described with reference to Figure 1, as explained

above.



In step 1300 the wavelet coefficients produced by a predetermined wavelet scale,

which may be the wavelet scale associated with a highest accuracy and stored in step

160 of method 100 are loaded. The value of the wavelet scale used in step 160 of

method 100 is the same as the value of the wavelet scale used in step 1250 of method

1000. For clarity, the wavelet coefficients produced in step 160 of method 100 will be

described here as preProcessed data. In step 1350 the newSample is combined with

the preProcessed data in a single dataset named transformData.

In step 1400 the transformData is then transformed as described in step 170 of method

100. The features defined in step 180 of method 100 are then selected from

transformData. The newSample is isolated from the transformData and predicted or

classified by the model determined in step 190 of method 100.

The methods described above were applied to two different datasets. First, they were

applied to classify urine samples from patients with prostate cancer, bladder cancer

and patients with a mixture of urological symptoms - hematuria and or prostatic

symptoms (Control). Table 1 shows the results of the 30 times repeated double cross

validation for the seven classifiers built. SVMRadial was able to classify prostate

cancer and bladder cancer samples with 89.6% and 96.2% accuracy, respectively.

Prostate and bladder cancer samples were differentiated with 93.5% accuracy. Then,

the methods described above were applied to classify feces samples from patients

with inflammatory bowel disease (IBD), irritable bowel syndrome (IBS) and healthy

donors (Control). Tables 2 and 3 show the results of the 30 times repeated double

cross validation for the seven classifiers built. IBD and IBS were differentiated from

Control samples with 88.9% and 94.4%, respectively. IBD samples were

differentiated from IBS samples with 85.2% accuracy. IBD samples were

differentiated from non-IBD samples with 84.9% accuracy. IBS samples were

differentiated from non-IBS samples with 92.1% accuracy. Finally, Control samples

were differentiated from non-Control samples with 86.8% accuracy. Thus it can be

appreciated that embodiments of the invention are able to determine whether a sample

is from a person having a predetermined condition with accuracy.

Methods forming embodiments of the invention may be computer-implemented.



It will be appreciated that embodiments of the present invention can be realised in the

form of hardware, software or a combination of hardware and software. Any such

software may be stored in the form of volatile or non-volatile storage such as, for

example, a storage device like a ROM, whether erasable or rewritable or not, or in the

form of memory such as, for example, RAM, memory chips, device or integrated

circuits or on an optically or magnetically readable medium such as, for example, a

CD, DVD, magnetic disk or magnetic tape. It will be appreciated that the storage

devices and storage media are embodiments of machine-readable storage that are

suitable for storing a program or programs that, when executed, implement

embodiments of the present invention. Accordingly, embodiments provide a program

comprising code for implementing a system or method as claimed in any preceding

claim and a machine readable storage storing such a program. Still further,

embodiments of the present invention may be conveyed electronically via any

medium such as a communication signal carried over a wired or wireless connection

and embodiments suitably encompass the same.

All of the features disclosed in this specification (including any accompanying claims,

abstract and drawings), and/or all of the steps of any method or process so disclosed,

may be combined in any combination, except combinations where at least some of

such features and/or steps are mutually exclusive.

Each feature disclosed in this specification (including any accompanying claims,

abstract and drawings), may be replaced by alternative features serving the same,

equivalent or similar purpose, unless expressly stated otherwise. Thus, unless

expressly stated otherwise, each feature disclosed is one example only of a generic

series of equivalent or similar features.

The invention is not restricted to the details of any foregoing embodiments. The

invention extends to any novel one, or any novel combination, of the features

disclosed in this specification (including any accompanying claims, abstract and

drawings), or to any novel one, or any novel combination, of the steps of any method

or process so disclosed. The claims should not be construed to cover merely the

foregoing embodiments, but also any embodiments which fall within the scope of the

claims.



Prostate vs Control

Accuracy ( ) Sensitivity ( ) Specificity ( )

Classifier Mean SE Median Mean SE Median Mean SE Median

SVMRadial 89.6 0.5 90.7 85.6 0.8 85.0 92.7 0.5 92.0

SVMPoly 88.8 0.4 88.6 85.5 0.8 85.0 91.4 0.6 91.7

RF 88.3 0.4 88.6 82.0 0.8 84.2 93.3 0.6 93.9

PLS 87.7 0.5 88.6 85.6 0.8 85.0 89.4 0.7 91.7

LDA 87.7 0.5 88.6 85.4 0.8 85.0 89.6 0.7 91.7

SVMLinear 83.8 0.5 83.7 81.6 1.0 82.1 85.5 0.7 87.5

KN N 83.0 0.5 83.0 81.7 0.8 84.2 84.0 0.7 83.7

Bladder vs Control

Accuracy ( ) Sensitivity ( ) Specificity ( )

Classifier Mean SE Median Mean SE Median Mean SE Median

SVMPoly 96.2 0.3 96.9 87.2 1.2 87.5 99.2 0.2 100.0

SVMRadial 96.2 0.3 96.9 85.0 1.1 87.5 99.9 0.1 100.0

PLS 94.4 0.4 93.9 86.3 1.1 87.5 97.1 0.4 98.0

LDA 93.6 0.5 93.8 87.4 1.1 87.5 95.7 0.5 95.8

SVMLinear 93.6 0.3 93.8 85.6 1.1 87.5 96.3 0.4 96.0

KN N 91.0 0.5 90.8 81.3 1.4 87.5 94.2 0.5 95.8

RF 86.8 0.4 87.5 46.8 1.6 50.0 100.0 0.0 100.0

Bladder vs Prostate

Accuracy ( ) Sensitivity ( ) Specificity ( )

Classifier Mean SE Median Mean SE Median Mean SE Median

SVMPoly 93.5 0.4 92.9 83.5 1.1 87.5 97.6 0.4 100.0

SVMRadial 93.0 0.4 92.9 82.8 1.1 87.5 97.2 0.4 100.0

SVMLinear 91.8 0.5 92.6 85.6 1.5 87.5 94.4 0.5 94.7

KN N 91.2 0.4 92.6 81.9 1.2 87.5 95.1 0.5 95.0

PLS 90.9 0.6 92.6 80.0 1.5 87.5 95.3 0.5 95.0

RF 89.5 0.5 88.9 70.3 1.5 75.0 97.5 0.3 100.0

LDA 87.8 0.7 88.9 77.9 1.6 75.0 91.9 0.7 94.7

Table 1



IBD vs Control

Accuracy ( ) Sensitivity ( ) Specificity |

Classifier Mean SE Median Mean SE Median Mean SE Median

SVMPoly 88.9 0.6 88.0 94. 1 0.8 93.3 80.8 1.2 80.0

SVMRadial 86.6 0.7 87.5 92.8 0.9 93.3 77.0 1.3 77.8

SVMLinear 86.5 0.6 87.5 89.8 0.7 86.7 81.3 1.3 80.0

PLS 85.9 0.8 87.5 90.3 1.0 93.3 79.2 1.5 80.0

LDA 85.9 0.7 85.8 89.3 0.9 93.3 80.6 1.2 80.0

RF 84.9 0.6 84.0 95.6 0.5 100 68.2 1.5 70.0

KN N 82.4 0.7 83.3 91.9 0.8 93.3 67.6 1.5 70.0

IBS vs Control

Accuracy ( ) Sensitivity ( ) Specificity ( )

Classifier Mean SE Median Mean SE Median Mean SE Median

SVMRadial 94.4 0.6 94.4 93.9 1.0 100 94.9 0.8 100

SVMPoly 94.4 0.5 94.4 94.0 1.0 100 94.8 0.7 100

SVMLinear 93.4 0.6 94.4 93.2 1.2 100 93.6 0.7 90.0

PLS 92.9 0.7 94.4 90. 1 1.1 87.5 95.3 0.8 100

RF 92.9 0.7 94.4 92.2 1.1 100 93.5 0.8 90.0

KN N 91.9 0.7 94. 1 91.3 1.1 87.5 92.6 0.9 90.0

LDA 78.7 1.1 77.8 76.8 1.4 75.0 80.3 1.7 80.0

IBD vs IBS

Accuracy ( ) Sensitivity ( ) Specificity ( )

Classifier Mean SE Median Mean SE Median Mean SE Median

RF 85.2 0.6 87.0 96.3 0.5 100 64.4 1.8 62.5

SVMRadial 82.2 0.7 82.6 90.7 0.9 93.3 66.1 1.8 62.5

SVMPoly 82.2 0.7 82.6 91.6 0.8 93.3 64.6 2.0 62.5

SVMLinear 81.6 0.8 82.6 85.6 1.1 86.7 74.0 1.7 75.0

PLS 80.3 0.8 82.6 89.0 0.8 86.7 64.0 1.7 62.5

KN N 77.7 0.8 78.3 91.7 0.9 93.3 51.5 1.9 50.0

LDA 75.3 0.9 78.3 82. 1 1.1 86.7 62.5 2.0 62.5

Table 2



IBD vs non-IBD

Accuracy ( ) Sensitivity ( ) Specificity |

Classifier Mean SE Median Mean SE Median Mean SE Median

SVMPoly 84.9 0.5 84.8 82.2 1.0 80.0 87.2 0.8 88.6

SVMRadial 84.0 0.5 84.4 80. 1 1.0 80.0 87.3 0.8 88.2

SVMLinear 82.8 0.7 81.8 81.4 1.2 80.0 84.1 1.0 83.3

RF 81.9 0.7 81.8 79.5 1.1 80.0 84.0 1.0 83.3

LDA 81.5 0.5 81.8 80.7 1.0 80.0 82.2 0.8 83.3

PLS 80.4 0.5 81.3 78.8 1.1 80.0 81.7 0.9 82.4

KN N 76.5 0.7 75.8 75.3 1.1 73.3 77.6 1.0 77.8

IBS vs non-IBS

Accuracy ( ) Sensitivity ( ) Specificity ( )

Classifier Mean SE Median Mean SE Median Mean SE Median

PLS 92.1 0.5 90.9 80.3 1.5 81.3 96.0 0.4 96.0

SVMRadial 89.7 0.4 90.6 61.4 1.7 62.5 98.9 0.2 100.0

SVMLinear 89.6 0.5 90.6 78.6 1.6 75.0 93.2 0.5 92.0

SVMPoly 89.5 0.4 90.6 66. 1 1.6 62.5 97.1 0.4 100.0

LDA 88.6 0.5 87.9 76.8 1.6 75.0 92.4 0.6 92.0

RF 83.4 0.5 84.4 36.9 1.9 37.5 98.5 0.2 100.0

KN N 82.9 0.5 81.8 39.2 1.9 37.5 97.0 0.4 96.0

Control vs non-Control

Accuracy ( ) Sensitivity ( ) Specificity ( )

Classifier Mean SE Median Mean SE Median Mean SE Median

SVMPoly 86.8 0.4 87.5 64.5 1.6 60.0 96.2 0.5 95.7

SVMRadial 85.0 0.4 84.8 61.2 1.7 60.0 95.1 0.5 95.7

LDA 85.0 0.6 86.2 74.6 1.6 77.8 89.5 0.7 91.3

SVMLinear 84.5 0.6 84.8 73.5 1.6 77.8 89.2 0.7 91.3

RF 83.5 0.5 84.4 51.0 1.9 50.0 97.2 0.3 95.7

PLS 82.8 0.7 84.4 67.3 1.5 70.0 89.4 0.8 91.3

KN N 80.2 0.6 81.3 54.0 1.9 55.6 91.2 0.6 91.3

Table 3



CLAIMS

A method of creating a classifier indicative of a presence of a medical

condition in a subject, comprising:

receiving chromatogram data indicative of a profile of volatile organic

compounds in a sample from each of a first plurality of subjects having the

medical condition and a second plurality of subjects without the medical

condition;

selecting one of the chromatogram data as reference chromatogram

data;

aligning the remaining chromatogram data in relation to the reference

chromatogram data;

extracting one or more features from the chromatogram data using a

Mexican hat wavelet transform of one or more scales;

selecting one or more features of the chromatogram data indicative of

the medical condition; and

constructing a classifier for determining a boundary between

chromatogram data indicative of the medical condition and chromatogram data

indicative of an absence of the medical condition.

The method of claim 1, wherein the selecting the reference chromatogram data

comprises:

determining a correlation coefficient between each of the first plurality

of chromatogram data; and

selecting chromatogram data having a highest positive correlation

coefficient as the reference chromatogram data.

The method of claim 2, wherein:



the correlation coefficient is determined between each of the first

plurality of chromatogram data at each of a plurality of sample points within a

predetermined shift window; and

the selecting the chromatogram data comprises selecting a shift interval

of the chromatogram data having a highest positive correlation coefficient.

4 . The method of claim 3, wherein remaining chromatogram data is aligned in

relation to the sample point of the reference chromatogram data having the

highest positive correlation coefficient.

5 . The method of claim 2, 3 or 4, wherein the correlation coefficient is a Pearson

product-moment correlation coefficient.

6 . The method of any preceding claim, wherein the extracting of the one or more

features from the chromatogram data comprises determining a coefficient for

the chromatogram data at each of plurality of scales of the Mexican hat

wavelet.

7 . The method of claim 6, wherein the plurality of scales are between upper and

lower limits; optionally the upper and lower limits are 100 and 1, respectively.

8 . The method of claim 7, wherein the coefficient is determined at each integer

scale between the upper and lower limits.

9 . The method of claim 6, 7 or 8, comprising selecting one of the plurality of

scales as a best match for the chromatogram data.

10. The method of claim 9, wherein the scale is selected as a best match based on

an accuracy of a validation process.

11. The method of any preceding claim, wherein the one or more features of the

chromatogram data indicative of the medical condition are selected using a

selection algorithm based upon random forest.



12. The method of claim 11, wherein in said algorithm one or more features of the

chromatogram data are selected which, when omitted, lead to a loss of

accuracy.

13. The method of any preceding claim, comprising transforming a range of the

chromatogram data.

14. The method of claim 13, wherein the range transformation is applied to set the

values of the chromatogram data to be in a predetermined range; optionally the

range is between 0 and 1 .

15. The method of claim 13 or 14, wherein the range of the chromatogram data is

transformed according to the equation:

( - min ))

(max( ) - min(x))

where a transformed value x t at each time point of the chromatogram data

where x is a data value of the chromatogram data and min(x) and max(x) are

minimum and maximum value of the chromatogram data.

16. The method of any preceding claim, wherein the classifier is constructed

according to one of: linear discriminant analysis (LDA); partial least squares

(PLS); random forest; k-nearest neighborhood (KNN); support vector machine

(SVM) with radial basis function kernel (SVMRadial); SVM with linear basis

function kernel (SVMLinear); and SVM with polynomial basis function kernel

(SVMPoly).

17. A method of determining a presence of a medical condition in a subject,

comprising:

receiving chromatogram data indicative of a profile of volatile organic

compounds in a sample from the subject;

aligning the chromatogram data with reference chromatogram data;



extracting one or more predetermined features from the chromatogram

data using a Mexican hat wavelet transform of one or more predetermined

scales wherein the one or more predetermined features are features selected in

a method according to any preceding claim; and

determining whether the extracted features are indicative of the

presence of a medical condition in the subject using the classifier constructed

according to any preceding claim.

The method of claim 17, wherein the determining whether the extracted

features are indicative of the presence of the medical condition in the subject is

based upon values of the extracted features.

The method of claim 17 or 18, wherein the aligning the chromatogram data

comprises:

determining a correlation coefficient between the chromatogram data

and the reference chromatogram data at each of a plurality of sample points

within a predetermined shift window; and

aligning the chromatogram data to the reference chromatogram data at

a sample point time having a greatest correlation coefficient.

The method of claim 19, wherein the correlation coefficient is a Pearson's

coefficient.

The method of any of claims 17 to 20, wherein the reference chromatogram

data is selected in a method of creating the classifier.

The method of any of claims 17 to 21, wherein the reference chromatogram

data is chromatogram data associated with a predetermined identifier.

The method of any of claims 17 to 22, wherein the extracting one or more

predetermined features comprises:



obtaining data indicative of a scale of the Mexican hat wavelet

transform; and

converting the chromatogram data to a modulus of wavelet coefficients

using the scale of the Mexican hat wavelet transform.

24. The method of any of claims 17 to 23, comprising obtaining feature

information indicative of the one or more predetermined features to be

extracted.

25. The method of claim 24, wherein the feature information is obtained from a

computer-readable medium.

26. The method of any of claims 17 to 25, comprising transforming a range of the

chromatogram data.

27. The method of claim 26, wherein the range transformation is applied to set the

values of the chromatogram data to be in a predetermined range; optionally the

range is between 0 and 1.

28. The method of any of claims 17 to 27, comprising applying a SpatialSign

transformation process to the chromatogram data.

29. The method of any of claims 17 to 28, comprising combining the

chromatogram data with pre-processed chromatogram data.

30. Computer software which, when executed by a computer, is arranged to

perform a method according to any preceding claim.

31. The computer software of claim 30, stored on a computer-readable medium.

32. An apparatus arranged to perform a method according to any of claims 1 to 29.
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