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ABSTRACT 
Chemotherapy treatment for cancer is a complex optimisation 
problem with a large number of interacting variables and 
constraints. A number of different heuristics have been applied to 
it with varying success. In this paper we expand on this by 
applying two estimation of distribution algorithms to the problem. 
One is UMDA and the other is hBOA, the first EDA using a 
multivariate probabilistic model to be applied to the 
chemotherapy problem. While instinct would lead us to predict 
that the more sophisticated algorithm would yield better 
performance on a complex problem like this, we show that it is 
outperformed by the algorithms using the simpler univariate 
model. We hypothesise that this is caused by the more 
sophisticated algorithm being impeded by the large number of 
interactions in the problem which though present, do not 
complicate the search for optima. 

Categories and Subject Descriptors  
I.2.8 [Artificial Intelligence]: Problem Solving, Control 
Methods, and Search;  

G.3 [Probability and Statistics]: Probabilistic Algorithms, 
stochastic processes;   

J.3 [Life and Medical Sciences]: Health 

General Terms 
Algorithms, Performance, Theory. 

Keywords 
Estimation of Distribution Algorithms, Complexity, Medical 
Applications. 

1. CANCER CHEMOTHERAPY 
Cancer chemotherapy treatment is a complex optimisation 
problem with a large number of variables and constraints. A 
delicate balance of drug doses must be struck which controls 
tumour size while minimising toxic side effects. Finding a 
treatment regime from the numerous possibilities can be viewed 
as a classic search problem suited to evolutionary algorithms.  

 

 

2. APPLICATION OF EAs 
Previous research [5, 9] has shown that a large range of 
probabilistic algorithms can be applied to the chemotherapy 
problem with varying degrees of success – these have included 
genetic algorithms (GAs), particle swarm optimization and 
estimation of distribution algorithms (EDAs). Related work 
applying evolutionary algorithms to chemotherapy can also be 
found in [1, 4, 7, 10]. 
EDAs are a development of GAs, replacing the traditional 
crossover and mutation operators with the building and sampling 
of a probabilistic model. Previous applications of EDAs to 
chemotherapy have used algorithms employing a univariate 
model [9]. Here we show the application of the multivariate EDA, 
the Hierarchical Bayesian Optimisation Algorithm (hBOA) [8] 
which uses a Bayesian network to factorise the joint probability 
distribution of good solutions. For comparison we also applied a 
further univarate EDA – the Univariate Marginal Distribution 
Algorithm (UMDA) [6]. We report the performance of each and 
then compare this to previously reported results. 
As in most of our previous experiments here we use a binary 
representation where clusters of four bits represent the level of 
one drug in one treatment interval. There are 10 drugs and 10 
treatment intervals overall giving a 400 bit chromosome length. 

2.1 Problem Complexity 
Like many real-world problems, the chemotherapy problem has a 
large number of interactions between variables. We ran the 
Linkage Detection Algorithm [3] 30 times on the problem to find 
the interactions (linkage) present between the 400 variables. Of 
the 79800 possible bivariate interactions, the mean number of 
interactions discovered was 50491 with a standard deviation of 
109.5. This means that to perfectly learn the fitness function 
would require a highly complex probabilistic model which would 
be computationally expensive to construct. While it must be noted 
that this does not mean that a multivariate model is needed for 
optimisation of this problem, this does provide motivation to 
consider the application of a multivariate EDA to the problem. 

3. EXPERIMENTAL PROCEDURE 
For each experiment, the algorithms were run systematically with 
a number of different parameter configurations to find their 
optimal performance. We ran two experiments on each algorithm. 
The first investigated algorithm efficiency. Often the fitness 
function is the most computationally expensive part of an EA – 
especially with complex real-world fitness functions. Thus it is 
important to reduce the number of fitness evaluations the 
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algorithm requires to find a solution. For this problem, we 
measure the number of evaluations required to find a feasible 
solution (one in which all constraints are satisfied and the patient 
survives). The second experiment recorded the quality of solution 
found. In this case, this is the best fitness value found by the 
algorithm in a fixed number of evaluations (to allow comparison 
with our previous results this was set to 200 000).  

4. ANALYSIS AND CONCLUSIONS 
In both experiments we see that the GA is outperformed by all the 
EDAs, reinforcing the findings of previous comparisons between 
GA and EDA. As described in section 2.1 the multi-drug 
chemotherapy problem is highly complex with a large number of 
variable interactions. On many other problems with multivariate 
interactions hBOA has been shown to significantly outperform 
univariate EDAs [8]. Indeed, in many cases the difference 
between the algorithms is tractable vs. intractable. Given these 
facts, it is perhaps unexpected that the univariate algorithms do 
better than hBOA, both in the number of evaluations and the final 
fitness reached. We believe the reason for this is that a large 
number of the interactions within the problem are unnecessary for 
optimisation. Thus hBOA constructs a complex model of the 
problem which is very expensive to search and ultimately 
counterproductive – in essence being preoccupied by the 
additional complexity while the simpler algorithms are able to 
ignore it. The bigger model will also need more computation, 
both in building the model and in the number of solution 
evaluations. Intuitively we would expect a more precise model of 
the data to result in a more precise location of optima. However if 
the benefits gained are small, the computation required to do so 
may render the algorithm uncompetitive. It would be interesting 
to further explore the relationship between the costs and benefits 
of detecting multivariate interactions for other multivariate EDAs 
and on similar highly multivariate problems.  

Further, though a complex problem, this instance of the 
chemotherapy problem uses a relatively simple tumour growth 
model. More complex models including factors like more 
antagonistic drugs and cancers are likely to include higher order 
interactions. Multivariate EDAs such as hBOA could exploit this 
to give a more pronounced performance improvement. 

It is feasible that given an unlimited number of fitness evaluations 
the algorithm employing a more complex model will be more 
capable of finding the true global optimum, but with a huge 
computational expense. In comparison, the algorithms using a 
univariate model can get very close to the global optimum – in 
this case close enough that the reduced overhead is worthwhile. 
The addition of a local search operator such a deterministic 
hillclimber could improve the performance of UMDA and PBIL 
further and this would be another area for further investigation. 

A technical report [2] with full results from the experiments is 
also available. 
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