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. " . - Figure 2. Received Operating Characteristic curve showing the use of clinical variables (blue
|ntr0d UCtlon to Ra ndOm ForESt Cl aSS”:l Catlon - ntrOd UCtlon line) and clinical variables along with single nucleotide polymorphisms (SNPs) (red line) as
predictors of first year growth response to recombinant human growth hormone by random

Overview ® Prediction of response to r-GH is currently based on regression modelling1. This approach forest classification (389 GHD patients)
generates a prediction equation which can be applied to data from an individual child.
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® Random forest' is a machine learning method, based on use of an ensemble of However this method can underestimate the effect of inter-dependent variables. Random 100 9
d':'_:'s'“" trees, i.e. a forest (Panel A). This process is repeated multiple times to forest classification (RFC) is an alternative prediction method based on decision trees that is not
build an overall model. sensitive to the relationships between variables? (see Poster P1-83, Abstract 953). 0.75 -

Panel A: Schematic Decision Tree z
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® Jo assess the predictive value of RFC in first year growth response to recombinant L
human growth hormone (GH) in GHD children 000 1= ' . . '
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/\ ® However SNPs alone could act as weaker but distinct predictors of growth response
-13 .
O f." f‘: ’ (p< 1.9 x10"3) (Figure 3A & 3B)

T 7" — Accuracy 65.4 %
® We used pre-pubertal GHD children (peak GH <10ug/L) from the PREDICT LTFU study (n=113)

and PREDICT validation (VAL) study (NCT01419249, n=293). - AUC 71.6%
o f': o f": o — The SNPs with predictive value were:
- s ® Single nucleotide polymorphisms (SNP) previously identified to be associated with first year  rs1024531 (GRB10)

th to GH d® (Table 1).
growth response to GH were genotyped® (Table 1) « rs7101 (FOS).

Random forest classification (RFC) was undertaken to identify variables associated with growth
response (change in height [cm]) categorised using the median value in relation to the baseline
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Figure 3A. Received Operating Characteristic curve showing the use of clinical variables (red

clinical variables of: line) and just single nucleotide polymorphisms (SNPs) (blue line) as predictors of first year
Key R LN - gender growth response to recombinant human growth hormone categorised by median value by
O . O L random forest classification (393 GHD patients)
Endpoint - age
— GH dose (average daily dose by body weight [mg/kg/day]) 1.00 - = .
O - distance to target height SDS (DTH) -
- mid-parental height SDS (MPH) 075 -
=
: : — GH peak (pgfL). S
How does Random Forest Classification (RFC) work? . . . z 0504
® Accuracy ([true positives + true negatives]/ total population) of the RFC models was assessed & . == SNPs
® A different subset of the training data are selected to train each tree and a variable importance score (VIS) calculated by permutation. 095 T === (linical variables
- el b e e e e 2 e 2 2 L e ® Area under the curve (AUC) of the Received Operating Characteristic curve is a measure of how
® (Class assignment is made by majority vote across all the trees well a parameter can distinguish between two diagnostic groups (disease vs. normal). 0.00 1 1 1 ]
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Features of RFC 1-Specificity
Pro's ‘Mia
® Unrivalled in accuracy among current algorithms o _ _ _ Figure 3B. Variable importance of single nucleotide polymorphisms (SNPs) as predictors of first
e Runs efficientlv on large databases e HF_C demonstrated that bas_al clinical variables could predict growth response (Change in year growth response to recombinant human growth hormone categorised by median value
X g height [em]) (p<1.1x107) (Figure 1a) identified by random forest classification (393 GHD patients)
® (Gives estimates of what variables are important in the classification _ Accuracv 80.6 % 0.0075 —
. _ _ o Y ' Threshold of significance - — - -
® Maintains accuracy when a large proportion of the data are missing _ AUC 88.3% , 000501
® No problem with overfitting g 00025+
. o . S 0.0000 -
® Not very sensitive to outliers in the training data Figure 1A. Received Operating Characteristic curve showing the use of clinical variables as = 00095
® Generates computations of accuracy and variable importance predictors of first year growth response to recombinant human growth hormone categorised 00050

by median value by random forest classification (402 GHD patients)
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® Cannot generate a classical regression equation Single nucleatide polymorphisms (SNPS)
Example 0.75 5
® |f we try and build a basic linear model to predict y using x, the result is a straight line > Table 1. SNPs with previously identified association with growth response used in study
that roughly bisects the log(x) function (Panel B). Whereas if we use a random forest, = 0.50 - _
it does a much better job of approximating the log(x) curve and we get something that E ' —— = Il Lt S S R
looks much more like the true function (Panel C). CYP19A1 rs10453592 GG T
L= === (linical variables FOS rs7101 C
0.25 - P rs933360 T C
£5 Panel B: Predicting log(x) using Linear Regression .o GRB10 rs4521715 AA G
.- SHD Change in 510248619 cc T
=k 0.0 : : : : height (cm) rs1024531 G AA
0.00 0.25 0.50 0.75 1.00 IGE2 rs3213221 cC G
o 1-Specificity INPPL1 rs2276048 G AA
— 3 S051 rs2888586 T CC
= S0S2 rs13379306 A CC
© log(x) using true function
i e ® ¢ Linear Model ® The variables were ranked by VIS as follows (Figure 1b):
14 - GH peak
- gender : : oy emes .
0 - J ® The Ranke regression model’ predicts 65% of the variability in first year response in
—age GHD with GH peak as the most significant variable.
- o ['} 2'0 4I[} EID BID 160 150 - mid-parental height SD5 ® The set of clinical variables in this study also generates a very good predictor of growth
- distance to target height SDS response using RFC (AUC~9000).
X
® |nterestingly, two genetic markers alone are positively predictive with an accuracy of
_ _ _ - _ _ ) 720% (compared with 889% for clinical variables (rs1024531 [GRB 10] and rs7101 [FOS]).
6 Panel C: Predicting log(x) using Random Forest Figure 1B. Variable importance of clinical variables as predictors of first year growth
response to recombinant human growth hormone identified by random forest classification
5 - (402 GHD patients)
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