Accurate prediction of virologic response to HAART
using three computational modelling techniques
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Performance of ANN has been more accurate for patients from clinics
represented in the training datasets than for patients from unfamiliar clinics.

•

Alternative high level modelling methods such as Random Forests (RF)
and Support Vector Machines (SVM) are resistant to over-fitting and may
be more generalisable that ANN.

ATHENA test set
• The correlations between predicted and actual ∆VL gave r2 values of 0.46,

Here we compare the performance of ANN with that of RF and SVM using
independent tests sets from the RDI database and unfamiliar clinics.

•

The mean absolute difference scores were 0.71, 0.69 and 0.73.

•

The combined outputs produced r2 values of 0.52-0.53 and absolute
difference scores of 0.62-0.63.

•

‘Committees’ of 10 ANN, RF and SVM models were trained to predict
virologic response (∆VL) using 76 input variables (55 resistance mutations
in RT and protease, antiretroviral drugs, baseline viral load, baseline
CD4 count, treatment history and time to follow-up) from 1,154 treatment
change episodes (TCEs) from the RDI database (from a large number of
clinical sources).

50 TCEs involving HAART (≥3 full-dose drugs) selected at random
from the RDI database (different patients from the training set)

RDI test set
Absolute
r2
difference

0.46

0.71

RF

0.71

0.60

0.47

0.69

The committee average predictions (the predictions of ∆VL for each TCE
averaged across all ten models in a committee) were then compared with
the actual ∆VL values in terms of:

SVM
Combined (mean)
Combined (1/variance)

0.61
0.73
0.73

0.61
0.55
0.55

0.48
0.52
0.52

0.73
0.63
0.62

1.

The correlation between predicted and actual ∆VL values

Combined (r )

2.

The mean absolute difference between the predicted and actual ∆VL
values across the 50 test TCEs.

The outputs of the three methods were then combined for each test TCE
in three alternative ways:
1.

The mean of the three committees’ predictions

2.

Combined in proportion to the inverse of the variance of the scores
(differences from actual ∆VL values)
Combined in proportion to the correlations between predicted and
actual ∆VL values

The combined predictions were also compared with actual ∆VL values.

2

0.73

Models combined (mean) (r2 = 0.73)

Actual ∆VL

ATHENA test set
Absolute
r2
difference

0.54

50 TCEs invoplving HAART from clinics in the Netherlands (ATHENA
database) without data in the training set.

RF models (r2 = 0.71)

• As with previous studies, the predictions for ‘familiar’ clinics were
somewhat more accurate than for ‘unfamiliar’ clinics but the
reason for this remains unclear.
Actual ∆VL

0.55

0.53

ANN models (r2 = 0.46)

Actual ∆VL

0.62

•

Examination of the performance of the individual models within each of
the three committees revealed that the correlations between predicted and
actual ∆VL values were significantly lower for the ANN models (r2=0.320.55) compared with RF (0.59-0.75) and SVM (0.30-0.72) (RDI test
set, p<0.05). The same pattern was observed with absolute diferences
between predcited and actual ∆VL values and for the ATHENA data.

•

The RDI and ATHENA test sets were comparable in terms of the degree
of similarity of their data to the training dataset, as assessed by the
frequency of individual drugs, drug combinations, mutations and mutation
patterns,

• Further investigation of alternative methods and the potential
combination of their predictions is warranted.
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Actual ∆VL
Models combined (mean) (r2 = 0.52)

RF models (r2 = 0.47)

Actual ∆VL

• There was no evidence for RF or SVM being more generalisable
than ANN.
• The accuracy of these models, trained using relatively small
datasets, was encouraging.

SVM models (r2 = 0.48)

Actual ∆VL

Conclusions
• All three methods can yield fairly accurate predictions of
virological response to HAART and their combination may
provide a modest improvement in accuracy over any one method.

Figure 2: Correlations with actual ∆VL: ATHENA test set

0.69

3.
•

Table 1: Summary of modelling results

ANN

2.

•

Predictions for the RDI test set were significantly more accurate than for
the ATHENA test set with all three methods (p<0.01).

These models were then tested using the input data from two independent
tests sets:
1.

•

•

Actual ∆VL

Predicted ∆VL

•

There were no statistically significant differences between the three
modelling methods and the combined output for either test set (ANOVA).

• The superior accuracy of the models with the RDI test set vs ATHENA
cannot readily be explained in terms of the similarity between data sets.

Actual ∆VL

0.47 and 0.48 for ANN, RF and SVM respectively (Figure 2).

•

• The committee average methodology improved the performance of ANN
much more than RF or SVM, equalising the accuracy of prediction.

Predicted ∆VL

Methods

• Individual RF and SVM models achieved more accurate predictions than
ANN models and the predictions of RF models were the most consistent.

Predicted ∆VL

Combining the committee average predictions of the three methods
produced an r2 value of 0.73 and a mean absolute difference value of
0.55, regardless of the method of combination.

•

•
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•

The mean absolute differences between predicted and actual ∆VL were
0.54, 0.60 and 0.61 for ANN, RF and SVM respectively

SVM models (r2 = 0.61)

Predicted ∆VL

The RDI has demonstrated that artificial neural networks (ANN) can
predict response to combination therapy from genotype, viral load, CD4
count and treatment history.

ANN models (r2 = 0.69)

values of 0.69, 0.71 and 0.61 for ANN, RF and SVM respectively (Figure 1).
•

• The committee average performance of the three modelling
methodologies was comparable accounting for 61-71% of the variance in
virological response (RDI test set) and 46-48% (ATHENA test set).

Figure 1: Correlations with actual ∆VL: RDI test set

Predicted ∆VL

•

Accurate quantitative prediction of response to optimize HAART selection
is likely to require sophisticated modelling.

RDI test set
• Correlations between predicted and actual ∆VL for the RDI test set gave r2

Predicted ∆VL

•

Virologic response to different highly active antiretroviral therapy
(HAART) combinations is highly complex and dependent on many factors.

Discussion

Predicted ∆VL

•

Results

Predicted ∆VL

Introduction

Actual ∆VL
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