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EXPLORE ADVERSE EVENTS ASSOCIATED 
WITH CONCOMITANT MEDICATIONS 
USING PREDICTION MODEL 
ESTABLISHED ON GRADIENT BOOSTED 
DECISION TREE (GBDT) METHOD



Data Mining

Data Mining is the process of discovering patterns in large data sets involving 
methods at the intersection of machine learning, statistics, and database systems.

Data Mining is the analysis step of the "knowledge discovery in databases" process, 
or KDD.

“We’re drowning in 
information, but starving for 
knowledge.”



Machine Learning

Machine Learning is a field of computer science that uses statistical techniques to 
give computer systems the ability to "learn" (i.e., progressively improve 
performance on a specific task) with data, without being explicitly programmed.

• Machine Learning explores the study and 
construction of algorithms that can learn from 
and make predictions on data.

• Machine Learning is the foundation of Artificial 
Intelligence.



Gradient Boosting Decision Tree (GBDT)



Data Mining in Clinical Trial
Data Sources

••Historical Trials
••Electronic Health Record
••Life Style, Vital Signs
••Drug database
••Hospital Data
••Patent/Scientific Publication
••Social Media

Machine Learning

••Association Rules
••Anomaly Detection
••Clustering
••Classification
••Prediction
••Natural Language Processing

Objectives

••Drug 
Discovering

••Time & Cost 
Reducing

••Site & Subject 
Selection

••Quality Control
••Adverse Event 

alert
••Query 

Prediction
••Cycle Time Risk
••Efficacy & 

Safety 
Assessment

••Visualization



Concomitant Medications



Adverse Events



The Relationship Between CM & AE



The Relationship Between R2(CM vs AE) & Study Days
study n r2

Merck001 8 0.085714

Merck002 219 0.074881

Merck003 64 0.583836

Merck004 142 0.390423

Merck005 230 0.60832

Merck006 395 0.867134

Merck007 276 0.833937

Merck008 206 0.682628

Merck009 224 0.827393

Merck010 9 0.054054

Merck011 153 0.669992

Merck012 39 0.121783

Merck013 95 0.434316

Merck014 137 0.306424

Merck015 5 0.10101

Merck016 224 0.815517

Merck017 6 0.045455

Merck018 21 0.132726

Merck019 78 0.35424

Merck020 84 0.592257

Merck021 225 0.833028
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Data Space
Expanding CMDECOD (n = 2245) & AEDECOD (n = 2370) by subject by event start date from Day 1（n = 7858)



Parameters Setting in PYTHON

gbdt=GradientBoostingRegressor(

loss='ls'

, learning_rate=0.1

, n_estimators=100

, subsample=1

, min_samples_split=2

, min_samples_leaf=1

, max_depth=3

, init=None

, random_state=None

, max_features=None

, alpha=0.9

, verbose=0

, max_leaf_nodes=None

, warm_start=False)



Predicted AE Values
Predicted AE values are floating-point number

A threshold is needed for 0-1 classification



Threshold Setting

· · ·

threshold count sum rate count0 sum0_true sum0_pred rate0_true rate0_pred count1 sum1_true sum1_pred rate1_true rate1_pred
0 9134675 14219830 64% 9124795 14209757 9124988 64% 100% 9880 10073 5094842 98% 0%

0.01 14099301 14219830 99% 14090922 14209757 14092616 99% 100% 8379 10073 127214 83% 7%
0.02 14167335 14219830 100% 14159691 14209757 14162120 100% 100% 7644 10073 57710 76% 13%
0.03 14192041 14219830 100% 14184858 14209757 14187748 100% 100% 7183 10073 32082 71% 22%
0.04 14196191 14219830 100% 14189162 14209757 14192206 100% 100% 7029 10073 27624 70% 25%
0.05 14203204 14219830 100% 14196459 14209757 14199787 100% 100% 6745 10073 20043 67% 34%
0.06 14205431 14219830 100% 14198851 14209757 14202344 100% 100% 6580 10073 17486 65% 38%
0.07 14207075 14219830 100% 14200616 14209757 14204230 100% 100% 6459 10073 15600 64% 41%
0.08 14207866 14219830 100% 14201463 14209757 14205133 100% 100% 6403 10073 14697 64% 44%
0.09 14208355 14219830 100% 14201999 14209757 14205716 100% 100% 6356 10073 14114 63% 45%
0.1 14208678 14219830 100% 14202373 14209757 14206141 100% 100% 6305 10073 13689 63% 46%

threshold count sum rate count0 sum0_true sum0_pred rate0_true rate0_pred count1 sum1_true sum1_pred rate1_true rate1_pred
0.9 14210569 14219830 100% 14209550 14209757 14218604 100% 100% 1019 10073 1226 10% 83%
0.91 14210509 14219830 100% 14209555 14209757 14218674 100% 100% 954 10073 1156 9% 83%
0.92 14210470 14219830 100% 14209563 14209757 14218729 100% 100% 907 10073 1101 9% 82%
0.93 14210415 14219830 100% 14209572 14209757 14218802 100% 100% 843 10073 1028 8% 82%
0.94 14210365 14219830 100% 14209576 14209757 14218860 100% 100% 789 10073 970 8% 81%
0.95 14210330 14219830 100% 14209586 14209757 14218915 100% 100% 744 10073 915 7% 81%
0.96 14210284 14219830 100% 14209593 14209757 14218975 100% 100% 691 10073 855 7% 81%
0.97 14210261 14219830 100% 14209609 14209757 14219030 100% 100% 652 10073 800 6% 82%
0.98 14209985 14219830 100% 14209680 14209757 14219448 100% 100% 305 10073 382 3% 80%
0.99 14209882 14219830 100% 14209705 14209757 14219601 100% 100% 177 10073 229 2% 77%
1 14209779 14219830 100% 14209750 14209757 14219794 100% 100% 29 10073 36 0% 81%
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Scenario: AE risk

Threshold = 1:

True AE Sensitivity = 29/10073 = 0.29%

Yes No Total Specificity = 14209750/14209757 = 99.99%

Pred AE

Yes 29 7 36 Accuracy of the model = (29 + 14209790)/14219830 = 99.93%

No 10044 14209750 14219794 False positive rate = 7/14209757 = 0%

Total 10073 14209757 14219830 False negative rate = 10044/10073 = 99.71%

subject006 2 AE_Vomiting



Q & A


