Development of computational models for prediction of virologic
response in a prospective clinical study
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Introduction

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

•

Figure 1: Scatterplot for the combined models’ outputs

Correlations between predicted and actual ∆VL gave r2 values of 0.63 and
0.64 for the RF and ANN respectively.

•

Mean absolute differences between predicted and actual ∆VL were 0.55
and 0.47 log copies/ml for the RF and ANN respectively.

•

The combined outputs (mean) yielded an r2 value of 0.68 and a mean
absolute difference score of 0.49.

•

Here we develop a system combining ANN and RF to predict response to
HAART, including two drugs approved recently that have not been included
in previous RDI modelling: darunavir (DRV) and enfuvirtide (ENF).

•

•

The models were developed for use in an open clinical pilot study of their
utility to assist clinical decision-making, which is currently enrolling.

For the 14 test TCEs containing ENF, the combined predictions of the
ANN and RF models for the whole regimens correlated with the actual ∆VL
values with r2=0.84 and mean absolute difference score = 0.58.

•

When the models were used to obtain predictions for the backbone and
a constant ∆VL value of 0.82 logs was subtracted for ENF, the correlations
with actual ∆VL gave r2=0.79 and mean absolute difference score = 0.83.

Methods
•

•

•

•

•

A comparison sub-analysis was performed for a random selection of 14
test TCEs that did not involve ENF. The resultant r2 was 0.49 with a mean
absolute difference of 0.51 logs.

A single RF model and a committee of 10 ANN models were trained to
predict virologic response (∆VL) using 82 input variables: 58 mutations
(see Table 1), 17 antiretroviral drugs, viral load, CD4 count, treatment
history and time to follow-up.

•

The training data set consisted of 3,188 treatment change episodes
(TCEs) from the RDI database (multiple clinical sources), including 365
and 215 TCEs involving DRV and ENF respectively.

For the 17 test TCEs containing DRV the predictions of ∆VL from the
combination of ANN and RF models correlated with actual ∆VL with an r2
of 0.73 and a mean absolute difference score of 0.57 logs.

•

These models were then tested using the input data from an independent
test set of 100 TCEs: comparing the RF and ANN predictions of ∆VL,
separately and combined (mean), with the actual ∆VL values from the test
set in terms of:

A comparison sub-analysis was performed for the 17 test TCEs that
involved the older protease inhibitor SQV, none of which included DRV, and
the resultant r2 was 0.48 with a mean absolute difference of 0.58 logs.

Table 2: Summary of modelling results (predicted vs actual ∆VL)

1.

The correlation between predicted and actual ∆VL values

2.

The mean absolute difference between the predicted and actual ∆VL
values across the 100 test TCEs.

Since the genotypic data used in the modelling (covering reverse
transcriptase and protease) do not affect sensitivity to the fusion inhibitor
(ENF), alternative predictions for TCEs including ENV were made by
modelling the antiretroviral backbone and subtracting a further 0.82 log
copies/ml from the predicted ∆VL (the mean ENV effect observed in the
TORO studies).

Table 1: 58 mutations used as input variables in the models
HIV reverse transcriptase mutations:
M41L, E44D, A62V, K65R, D67N, 69 insert, T69D/N, K70R, L74V, V75I, F77L, A98G, L100I,
L101I/E, K103N, V106A, V108I, Y115F, F116Y, V118I, Q151M, V179D, Y181C, M184V,
Y188C/L/H, G190S/A, L210W, T215Y, T215F, K219Q/E, P236L
HIV protease mutations:
L10F/I/R/V, V11I, K20M/R, L24I, D30N, V32I, L33F, M36I, M46I/L, I47V, G48V, I50V, I50L, F53L,
I54V/L, L63P, A71V/T, G73S/A, L76V, V77I, V82A/F/S, V82T, I84V, I84A, N88S, L89V, L90M

Test set
(n=100)

DRV TCEs
(n=17)

ENF TCEs
(n=14)

ENF TCEs
(backbone +
constant)

• The performance of the models with DRV and ENF was comparable to that
for older drugs.
• The models were able to produce quite accurate predictions of virological
response for regimens including ENF despite not having relevant genotype
data to work from and these predictions were more accurate than
modelling the backbone and subtracting a constant ∆VL for ENF.

Conclusions
Actual ∆VL

Figure 2: Scatterplot for the ANN committee

• The combination of ANN and RF models is now being used
as part of an RDI treatment decision support system in a
prospective, multi-national clinical trial.
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Figure 3: Scatterplot for the RF model
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• ANN and RF are both accurate predictors of virological response
to antiretroviral therapy with the combination of outputs potentially
being the most reliable.
• Responses to new drugs, including from a new class without
relevant genotype data, can be readily incorporated into the RDI
modelling system.
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Combined models

• The combination of model outputs was marginally better than either ANN
or RF alone in terms of the correlation (predicted vs actual ∆VL), although
the RF model was numerically superior in terms of absolute differences.
• These differences in model performance were not statistically signiﬁcant.

Predicted ∆VL

•

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

The results of the study are summarised in Table 2.

Predicted ∆VL

•

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

Discussion

Predicted ∆VL

•

Results

Actual ∆VL
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