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Abstract. New techniques for the prediction of tumour behaviour are 
needed since statistical analysis has a poor accuracy and is not applicable to 
the individual. Artificial Intelligence (AI) may provide these suitable 
methods. We have compared the predictive accuracies of neuro-fuzzy 
modelling (NFM), artificial neural networks (ANN) and traditional 
statistical methods, for the behaviour of bladder cancer. Experimental 
molecular biomarkers, including p53 expression and gene methylation, and 
conventional clinicopathological data were studied in a cohort of 122 
patients with bladder cancer. For all 3 methods, models were produced to 
predict the presence and timing of a tumour progression. Both methods of 
AI predicted progression with an accuracy ranging from 88-100%. This was 
superior to logistic regression. NFM appeared better than ANN at predicting 
the timing of progression.  

 
 
1 Introduction 
 
Transitional cell carcinoma (TCC) of the bladder is the 4th commonest cancer 
amongst men in the UK [1]. At presentation, 70% of TCC are superficial and non-
invasive, which can be managed by local endoscopic resection and intra-vesical 
chemotherapy. Following treatment, these tumours require cystoscopic surveillance 
[2] as 50% will recur as similar non-invasive lesions, and a smaller percentage (20%) 
will progress to muscle invasion. Muscle invasive tumours have a poor prognosis 
(50% 5 year survival rates) and require radical therapy if cure is to be achieved [3]. 
Following radical treatment, adjuvant chemotherapy can be used to reduce relapse 
and possibly mortality rates in selected patients with the highest chance of relapse [4].  
 

The accurate prediction of future cancer behaviour would be of obvious benefit to 
both the patient and the physician. Patients with non-relapsing tumours could be 
safely reassured and discharged, whilst relapsing tumours could be treated more 
aggressively. The most reliable predictors of tumour behaviour are the pathological 
stage and grade at diagnosis (TNM classification) [5]. Specific tumours also have 
additional prognostic information; including lymph node status in invasive disease 
and recurrence in superficial disease. Whilst these parameters stratify patients into 
subgroups, it is impossible to predict individual tumour behaviour. The development 
of molecular medicine has yielded many new molecules that may be useful as 
predictive biomarkers.  Some of the most biologically promising markers are the p53 
and gene methylation. The p53 gene is mutated in over 50% of human cancers [7] and 
has been shown to predict recurrence and survival in bladder cancer [8]. Gene 



methylation occurs in the majority of tumours and is associated with a poor outcome 
[9]. 
 

A solution to the problem of predicting tumour behaviour lies potentially within the 
interpretation of data. Traditional statistical methods, e.g. logistic regression, produce 
probabilities of behaviour, which may be applicable to a population but not predictive 
for an individual. Furthermore, their predictions are only accurate in 70% of tumours 
using the TNM classification [7]. By using Artificial Intelligence (AI) methodologies, 
such as artificial neural networks (ANN) and neuro-fuzzy modelling (NFM), complex 
relationships between dependant and independent variables, in a population whose 
distribution may not be normal, can be identified. As a result prediction of biological 
behaviour from both physiological and pathological data can be performed. 
 

ANN, of which the most commonly used is the Multi-Layer Perceptron, have been 
applied to clinical medicine since 1989 [8]. They consist of three layers; an input 
layer for data entry, a hidden layer of networked neurones and an output layer [10]. 
Previous authors have shown that ANN are superior to standard statistical analysis in 
the diagnosis of chest pain [11], the TNM staging system at predicting breast and 
colorectal cancer outcomes [7] and predicting progression of poorly differentiated 
superficial bladder tumours. However, ANN are not without problems. They can be 
‘over-trained’ to learn the inherent variation (’noise’) of a sample population and the 
network is hidden within a functional ‘black box’. Thus, it is difficult to gain insight 
into the solution used to resolve the clinical data; making subsequent analysis (to 
ensure clinical sense prevails) and interrogation of new variables almost impossible. 
NFM is an alternate AI method, without many of these drawbacks of ANN. 
 
 
2 Artificial Intelligence Modelling 
 
Two models were developed for both ANN and NFM. A Classifier predicted the 
likelihood of a tumour relapse (yes or no), before a second model, used as a 
Predictor, predicted the timing of this relapse (months after surgery). These two 
models were combined together in series; thus predicting if and when a relapse would 
occur. Those tumours without relapse were therefore excluded from the Predictor 
model. To discover the value of the putative molecular biomarkers, the data were 
analysed 4 ways for each model. For the first analysis (A), only the standard 
clinicopathological data were studied (cancer stage, grade, age, sex, smoking, other 
cancers). A second analysis (B) was then performed, which included the additional 
p53 molecular putative biomarker. The third analysis (C) was based on the standard 
clinicopathological data plus the degree of methylation in a tumour (as a percentage), 
while the last analysis (D) was the same as (C) plus methylation at the retinoic acid 
receptor – �� gene (RARB; a particularly sensitive predictor of tumour behaviour). 
 

For both of the AI methods, the input variables used to train and test the models are 
shown in Table 1. The output variable from each model was either the presence 
(Classifier) or the timing of a tumour relapse (Predictor). Both AI methods were 
programmed using commercially available software, Matlab. There were 15 hidden 
neurones within the ANN. 
 










