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Abstract. An internet/web based artificial neural network has been developed for
use by practicing clinical oncologists and medical researchers as part of a
programme to aid decision making and eventually, the management and treatment
of individual patients with colorectal cancer. We have configured and
implemented a Partial Likelihood Artificial Neural Network (PLANN) and trained
it to predict cancer related survival in patients with confirmed colorectal cancer
using a database provided by the Clinical Resource and Audit Group (CRAG) in
Scotland. The reliability of the trained PLANN was evaluated against Kaplan-
Meier (KM) actual survival plots and shows close agreement with them.

1 Introduction

We have applied artificial neural networks (ANNs) and their associated analytical
techniques to healthcare, with special reference to patients suffering from common
solid cancers. There is increasing complexity in the staging and management of these
cancers, requiring specialist, multidisciplinary knowledge, and management. We
believe that analytical systems such as these will become more readily available to
clinicians with the emergence of web and grid-secure technology, which has the
potential to link large clinical and scientific data sets of cancer patients from various
sources and institutions.

To date, ANNs of varying complexity and types have been used, mainly in
clinical research rather than routine clinical oncology. Their usefulness has been
investigated in the diagnosis, spread of the disease and prognosis in breast, ovarian,
gastrointestinal, bronchial, prostatic and ovarian cancers [1-3]. In breast and
colorectal cancers, ANNs have been shown to be significantly more accurate in
predicting survival than in predicting spread from the primary cancer site [4]. To
date, there have been no reported studies on the use of ANNs to formulate
management plans for the treatment of patients with cancers, and this remains a long-
term aim of the current interdisciplinary work by our group of oncologists in Dundee
and physicists in Manchester. So far, we have trained the ANN by exposing it to sets
of existing data on one type of solid cancer (colorectal), where the clinical outcome of
the patients included in the data base is known over a 5-year follow-up period. This
paper deals with the verification of the prediction of survival by our web-based
system.
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2 Patient Database and Methods

2.1 The data

Following the approval of the Clinical Resource and Audit Group (CRAG), the
Scottish Colorectal Cancer Audit Database was used for this analysis. The significant
event of interest in the study was defined as a cancer-related death occurring within 5
years of clinical follow-up beginning from the date of first diagnosis. Patients who
fell into this category were designated as non-censored, they rest being censored.
Sixteen categorical variables were selected and used for the ANN training. These are
shown in Table 1. The ‘Age group’ variable had 6 attributes (< 50, 50-59, 60-69,
70-79, 80-89, 90 or older). In parts, the 16 variable data set was incomplete and so
we kept only those records with known parameters for the most important variables as
judged by the clinicians involved in the study. This led to a sub-set of about 1500
patient records for analysis. These parameters were age, Duke’s stage, number of
positive nodes, vascular pedicle node identified, chest x-ray, liver US/CT scan,
laparoscopy. For the rest of the set, any missing values were set to be the mean of the
particular variable.

N Variable Attributes
1 Age group 6

2 Duke’s stage A, B,C,D
3 No. of +ve lymph nodes 1-10

4 Vascular pedicel node identifiefd 2

5 Chest x-ray 2

6 Liver US seen (abdomen) 2

7 Laparoscopy 2

8 Operation intent 3

9 Weight loss 3

10 Radiotherapy 3

11 Chemotherapy 3

12 Tumour size in bands 3

13 Tumour differentiation 2

14 Site group 4

15 Anastomosis leak 2

16 Clinical trial 2

Table 1: Variables recorded in the colorectal database

2.2 Modeling survival

Survival modeling was based on a Partial Likelihood Artificial Neural Network
(PLANN) [5, 9], which attempts to solve problems associated with censoring and
classification. The base element of the ANN is used to process the data incorporated
in a Multilayer Perceptron (MLP) with a sigmoid hidden function. The actual
architecture used is a variant of this, known as ‘cascade multilayer architecture’. A
single output unit computes the conditional failure probability. The input layer has
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