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Abstract 
 
Fourier-transform infrared spectroscopy (FTIR) is an 
efficient, sensitive and computer operated technique that 
can detect changes in cellular composition that may 
reflect the onset of a disease.  As such, it is being 
investigated as a method for automatic early detection of 
pre-cancerous changes.  In previous work, FTIR spectral 
data was first empirically pre-processed and then 
classified using various data clustering techniques in 
order to compare to manually obtained classifications.  It 
was found that accurate clustering could only be achieved 
by manually applying pre-processing techniques that 
varied according to the particular sample characteristics.  
In this paper, two data clustering techniques, 
Hierarchical Cluster Analysis (HCA) and Fuzzy C-Means 
(FCM) clustering, are used to classify sets of oral cancer 
cell data without a pre-processing procedure.  The 
performances of these two techniques are compared and 
their differences are discussed. The FCM method was 
found to perform significantly better. 
 
 
1. Introduction 
 

As a major health problem to human, cancer has 
become a main research area for science researchers in all 
over the world.  There are over 200 different cancer types 
that have been found so far.  In Britain, the lifetime risk of 
developing cancer is more than one in three.  The 
detection of early invasive cancer is essential in reducing 
mortality rate.  Fourier-transform infrared spectroscopy 
(FTIR) technology has been recently developed to study 
biomedical conditions and used as a diagnostic tool for 
various human cancers and other diseases [1-5].  This 
technology is based on Fourier-transform infrared 
spectroscopy.  Different functional groups of chemical 
compounds absorb infrared radiation (IR) at characteristic 
frequencies and the intensities of IR bands depend on 

their concentration.  This technology can detect changes 
in cellular composition that reflect the onset of a disease 
and changes in intermolecular interactions in cells.  This 
makes it a potentially powerful tool in cancer diagnosis, 
as it can help detecting abnormal cells at molecular levels 
that occur before the change in morphology seen under 
the light microscope.  An advantage of the FTIR 
technique is that it may be fully automated and hence be 
less time-consuming than visual inspection.  For one 
sample, measuring the spectrum on FTIR equipment only 
takes approximately one minute.  In addition, it is a 
sensitive, computer-operated system.  Very small amounts 
of samples are adequate and they can be studied 
regardless of the sample’s form and physical state.  These 
attributes make the technique of significant potential 
interest to large scale screening procedures, such as 
routine screening of cervical smears [6].  

The FTIR technique is based on spectral parameters 
that reflect the structural changes at the molecular level.  
If the characteristic spectrum of an abnormal and normal 
tissue component is known, it may be possible to compare 
the spectra in each cluster to these reference spectra and 
hence achieve accurate diagnosis.  

In previous work [12], FTIR spectral data was first 
empirically pre-processed and then classified using 
various data clustering techniques in order to compare to 
manually obtained classifications.  It was found that 
accurate clustering could only be achieved by manually 
applying pre-processing techniques that varied according 
to the particular sample characteristics.  In this paper, two 
data clustering techniques, Hierarchical Cluster Analysis 
(HCA) [7] and Fuzzy C-Means (FCM) [8] clustering, are 
used to classify sets of oral cancer cell data without a pre-
processing procedure.  The performance of these two 
techniques is presented and their differences are 
discussed.  The results are presented in comparison with a 
previous study on the same data where the data was pre-
processed empirically before a diagnosis analysis.  The 
aim of this research is to develop an advanced cancer 
diagnosis system that is easy to use, reliable and efficient.  



2. Materials and Methods 
 

The HCA method is a statistical method for finding 
relatively homogeneous clusters of cases based on 
measured characteristics.  It starts with each case in a 
separate cluster and then combines the clusters 
sequentially, reducing the number of clusters at each step 
until only one cluster is left.  The Figure 1 shows an 
example of a dendogram for HCA classification. 

Figure 1:  A sample of dendogram for HCA 
for classifying a set of data points in a 
plane. 

 
FCM method, also known as Fuzzy ISODATA, which 

was originally introduced by Bezdek in 1981 as an 
extension to Dunn’s algorithm [9] is the most widely used 
fuzzy clustering algorithm in practice. 

FCM is a data clustering technique based on 
optimising the objective function: 

 
            (1) 
       
It requires every data point in the data set to belong to 

a cluster to some membership degree.  The purpose of the 
FCM is to group data points into different specific 

clusters.  Let },...,{ 21 NxxxX =  be a collection of 

data.  By minimising the objective function (1), X is 
classified into c homogeneous clusters.  Where ijµ  is the 

membership degree of data ix  to a fuzzy cluster set jv , 

},{ ,...21 CvvvV = are the cluster centres.  CNijU *)(µ=  is 

a fuzzy partition matrix, in which each ijµ  indicates the 

membership degree for each data point in the data set to 
the cluster j.  The value of U should satisfy the following 
conditions: 
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The |||| ji vx −  is the Euclidean distance between 

ix and jv .  The parameter m is called fuzziness index, 

which control the fuzziness of membership of each 
datum.  The goal is to iteratively minimise the aggregate 
distance between each data point in the data set and 
cluster centres until no further minimisation is possible. 

The whole FCM process can be described in the 
following steps. 

 
Step 1: Initialise the membership matrix U with random 
values, subject to satisfying conditions (2) and (3). 
Step 2: Calculate the cluster centre V by using following 
equation  
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Step 3: Get the new distance: 

CjNivxd jiij ,...1,,...,1||,|| =∀=∀−=            (5) 

Step 4: Update the Fuzzy partition matrix U: 
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Else 1=ijµ  

Step 5:  
If the termination criteria have been reached, then stop. 
Else go back to step 2.  
 

The suitable termination criteria can be set by checking 
whether the objective function is below a certain tolerance 
value or if its improvement compared to the previous 
iteration is below a certain threshold. Moreover, the 
maximum number of iteration cycles can be used as a 
termination criterion as well. [11] 

In this study, HCA and FCM clustering techniques 
were applied to a number of previously obtained clinical 
data sets with ‘gold-standard’ classifications by obtained 
through conventional cytology.  Seven sets of FTIR data 
containing tumour (neoplasm), stroma (connective tissue), 
‘early keratinisation’ and ‘necrotic’ specimens from three 
oral cancer patients were provided by Derby City General 
Hospital to carry out this study.  Figure 2 shows an 
example of FTIR spectra for one of the data sets.  A 
separate analysis of the same data had previously been 
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carried out at Derby City General Hospital.  In the report 
[12] of the previous study, the FTIR data analysis was 
performed by using Infometrix Pirouette, multivariate 
analysis software (Infometrix, Inc.).  Pre-processing on 
the spectra was carried out empirically; all spectral range 
in this study was limited to the 900-1800cm-1 interval.  
The HCA and FCM clustering results obtained during the 
research presented in this paper are compared with the 
results presented in the report mentioned above and 
number of disagreements of classifications is used to 
compare the performances of HCA and FCM techniques.  

In this study, HCA and FCM analysis were performed 
using MATLAB (version 6.5.0, release 13.0.1). 
 
3. Results 
 

The tumour, stroma, early keratinisation and necrotic 
specimens were classified using HCA and FCM 
clustering techniques on seven FTIR data sets.  At this 
stage of our study, we are concerned with asserting 
spectral characteristic of essentially distinct classes of 
tissue cells, rather than gradation process or mixed types.  
So the boundary region points are excluded from the data 
sets 4 and 7 because the stroma region is invaded by 
tumour within the vicinity of the boundary between two 
layers. 
 

Figure 2: FTIR spectra for data set 1 
 

The comparison results shown are based on the 
numbers of classifications that are different than those 
identified in a previous clinical study carried out at Derby 
City General Hospital.  From data set 1 to data set 4, all 
the data is taken from the first patient, the corresponding 
data series number is from #001-#092.  Data in set 5 and 
set 6 is taken from the second patient, the corresponding 
data series number is from #101-#145.  Data set 7 is taken 

from the third patient, the corresponding data series 
number is from #201-#255. The number of data in each 
data set (after excluding the boundary data points in data 
set 4 and 7) is 15, 18, 11, 31, 30, 15 and 42 respectively. 
Tables 1a -7a show the number of actual data samples of 
tumour, stroma, early keratinisation and necrotic, and the 
numbers obtained by using each of the different analysis 
methods.  For instance, in data set 2, 10 data samples 
were clinically identified as tumour and 8 data samples 
were identified as stroma.  By using the HCA technique, 
the number of data deemed to be tumour is 17, and 1 is 
stroma.  By using the FCM technique to classify the same 
data set, the number of data in the cluster deemed to be 
tumour is 9, in stroma 9, and so on.   

Tables 1a - 7a give a general view on the FCM and 
HCA classification results.  In most of data sets, the 
numbers of data points belonging to tumour, stroma, early 
keratinisation and necrotic do not exactly match the 
results from the clinic study.  Some HCA classification 
results even get extreme differences with the clinical 
results in some data sets (such as in data set 2, 5 and 7). 
The reason to make the difference is some data points 
which should be considered in tumour cluster are missed, 
and at the same time, those missed data points are 
misclassified into the stroma cluster as extra data points, 
and vice versa.  For example, in data set 2, by using HCA 
technology, the numbers of data points considered as 
tumour is 17, while 1 is considered as stroma.  Actually, 
in the stroma cluster, 7 data points are missed, meanwhile 
these missed data points are misclassified into tumour 
cluster as extra data points.  We will regard these extra 
data points from HCA and FCM cluster technologies as 
the number of disagreement of classification to compare 
with the results from previous clinic study results.  Tables 
1b - 7b show the comparison results of FCM and HCA 
classifications based on the disagreements with the results 
of the previous clinical study at the Derby City General 
Hospital. 
 
4. Discussion 
 

From the results presented in the previous section, it 
can clearly be observed that the number of disagreements 
of classification by the FCM technique is less than that by 
the HCA technique.  In simple terms, the FCM technique 
appears to achieve better classification than HCA.  Table 
8 shows the total number of disagreement of 
classifications by HCA and FCM methods.  Over all the 
data sets, the HCA incorrectly classifies more than twice 
as many data samples as FCM. Nevertheless the FCM 
technique can produce a fairly high number of 
disagreements of classifications in some data sets (i.e. 
data set 3 and 4).  Based on experimental results, we have 
obtained, we can put forward two hypotheses.  

 



Table 1a:  Data set 1 - distribution number 
of tumour, and stroma in clinic study, HCA 
and FCM.  
 

 
Data set 1 Clinic Study HCA FCM 
Tumour 10 10 10 
Stroma 5 5 5 

 
 

Table 2a:  Data set 2 - distribution number 
of tumour, and stroma in clinic study, HCA 
and FCM.   
 

 
Data set 2 Clinic Study HCA FCM 
Tumour 10 17 9 
Stroma 8 1 9 

 
 

Table 3a:  Data set 3 - distribution number 
of tumour, and stroma in clinic study, HCA 
and FCM. 
 

 
Data set 3 Clinic Study HCA FCM 
Tumour 8 4 4 
Stroma 3 7 7 

 
 

Table 4a:  Data set 4 - distribution number 
of tumour, stroma and early keratinisation 
in clinic study, HCA and FCM.  
 

Data set 4 Clinic Study HCA FCM 

Tumour 12 19 11 

Stroma 7 5 8 

Early 
Keratinisation 

12 7 12 

 
 

Table 5a:  Data set 5 - distribution number 
of tumour, and stroma in clinic study, HCA 
and FCM.  
 
 

Data set 5 Clinic Study HCA FCM 
Tumour 18 1 14 
Stroma 12 29 16 

Table 1b:  Data set 1 - comparison results 
based on number of disagreement of 
classifications by HCA and FCM 
techniques. 

 
Data set 1 HCA FCM 
Tumour 0 0 
Stroma 0 0 

 
 

Table 2b:  Data set 2 - comparison results 
based on number of disagreement of 
classifications by HCA and FCM 
techniques. 

 
Data set 2 HCA FCM 
Tumour 7 0 
Stroma 0 1 

 
 

Table 3b: Data set 3 - comparison results 
based on number of disagreement of 
classifications by HCA and FCM 
techniques. 

 
Data set 3 HCA FCM 
Tumour 0 0 
Stroma 4 4 

 
 

Table 4b:  Data set 4 - comparison results 
based on number of disagreement of 
classifications by HCA and FCM 
techniques. 
 

Data set 4 HCA FCM 
Tumour 7 3 
Stroma 5 4 
Early Keratinisation 0 0 

 
 
 
Table 5b:  Data set 5 - comparison results 
based on number of disagreement of 
classifications by HCA and FCM 
techniques. 

 
Data set 5 HCA FCM 
Tumour 0 0 
Stroma 17 4 

 



Table 6a:  Data set 6 - distribution number 
of tumour, and stroma in clinic study, HCA 
and FCM.  

 
 

Data set 6 Clinic Study HCA FCM 
Tumour 10 10 10 
Stroma 5 5 5 

 
 

Table 7a:  Data set 7 - distribution number 
of tumour, stroma and necrotic in clinic 
study, HCA and FCM.  
 

 
Data set 7 Clinic Study HCA FCM 
Tumour 21 28 18 
Stroma 14 13 16 
Necrotic 7 1 8 

 
 

Table 8: Total number of disagreement of 
classifications by HCA and FCM 
techniques. 

 
 HCA FCM 

Total 48 19 

 
 

First in HCA, each observation represents a single 
cluster initially, and then clusters are merged at each until 
only one cluster remains.  The number of clusters is 
determined subjectively.  If one of the observations is 
erroneous (e.g. that section cell is damaged), then the 
whole classification will be affected.  For instance, in data 
set 2, if we eliminate 33rd datum and do HCA analysis 
again, the number of disagreements of classification in 
that data set becomes zero.  That is, the HCA method is 
very sensitive to what is probably erroneous data.  

Secondly, the FCM technique appears to achieve better 
classification when the cluster’s size and shape are 
approximately the same.  In the given data sets, some 
clusters sizes have big differences.  For example, in data 
set 3.  The number of data belonging to tumour is 8, 
belonging to stroma is 3; FCM gets 4 disagreements 
compared with the gold-standard classification.  However 
in data set 2, the number of data belonging to tumour is 
10, belonging to stroma is 8; FCM gets 1 disagreement 
compared with the known classification. Dae-Won et al 
[10] propose a fuzzy cluster validation index based on 
inter-cluster proximity for solving this problem. 

Table 6b:  Data set 6 - comparison results 
based on number of disagreement of 
classifications by HCA and FCM 
techniques. 

 
Data set6 HCA FCM 
Tumour 0 0 
Stroma 0 0 

 
 
Table 7b: Data set 7 - comparison results 
based on number of disagreement of 
classifications by HCA and FCM 
techniques. 
 

Data set7 HCA FCM 
Tumour 7 0 
Stroma 0 2 
Necrotic 1 1 

 
 
Overall, these results indicate that FCM is a promising 

clustering technique for analysing the non pre-processed 
FTIR data.  In work currently underway, we are 
investigating methods to extend the clustering process 
into a classification (diagnostic) process.  The result of the 
clustering process is simply to split the data into two or 
more unlabelled categories.  In the results presented 
above, the clusters were mapped to the actual known 
classifications in such a way as to minimise mis-
classifications in each case.  In a true diagnostic process it 
is necessary to be able to give the clinical user a predicted 
class for a novel (previously unseen) data sample.  The 
ability to accurately cluster data samples according to the 
known classifications is the first step in establishing 
whether the FTIR technique is likely to be clinically 
useful. 

The ultimate goal of this research is to establish the 
techniques necessary to develop clinically useful tools in 
a number of clinical domains: e.g. oral cancer, cervical 
smear test screening, etc.  Currently, this ambitious goal 
remains a long way off.  Further research for improving 
the FCM technique in order to create an advanced cancer 
diagnosis system is ongoing.  We are attempting to obtain 
significantly larger numbers of samples of known 
classification from a wider range of patients, and are also 
in the process of extending the type of samples to sources 
other than the oral samples presented here.  In particular, 
we are actively engaged on a research programme to 
obtain FTIR spectral data from cervical smear test 
samples.  Other research challenges include developing 
the experimental techniques necessary to obtain reliable 



spectra from the nucleus of a single cell, and the 
development of the analytical techniques necessary to 
aggregate the classifications of multiple single nucleus 
spectra from a given patient into an overall diagnosis. 

 
5. Conclusion 
 

FTIR technology based on detecting abnormal cells at 
molecular levels has become a prominent technology in 
cancer diagnosis in recent years.  In previous work, the 
FTIR spectral data has been first empirically pre-
processed prior to classification using various data 
clustering techniques.  In order to avoid the extra tools, 
time and expertise necessary for the pre-processing 
procedure, it is desirable to avoid pre-processing.  In this 
study, HCA and FCM techniques are used to classify sets 
of oral cancer cell data without a manual pre-processing 
procedure.  The performance of these two techniques is 
presented and their results, which are based on the 
numbers of classifications that are different than those 
identified in a previous clinical study, are shown.  The 
FCM method was found to perform significantly better 
and further research on improving this method is on 
going.  
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