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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 g v g W
construction of algorithms that can learn from T el ("
and make predictions on data. n V18 O 7 *

« Machine Learning is the foundation of Artificial \ »
Intelligence. LY
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Gradient Boosting Decision Tree (GBDT)

Input: training set {(z;, y; )}, , a differentiable loss function L(y, F'(z)), number of iterations M.
Algorithm:
1. Initialize model with a constant value:
n
Fo(e) = axgmin 3 Ly, ).
Y i=1
2. Form=1to M

1. Compute so-called pseudo-residuals:
laL(ynF(we))]
im —
OF(2:) | p(e)=Fp s ()

2. Fita base learner (e.g. tree) h,, (2) to pseudo-residuals, i.e. train it using the training set {(z;, Tim ) by -

fori=1,...,n.

3. Compute multiplier 7,, by solving the following one-dimensional optimization problem:

Tm = argminZL (y-iaEn—l (me) + 7hm(mi)) .

7 i1
4. Update the model:
F.(z) = F—1(2) + Ymhm(2).
3. Output Fis(z).
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Data Mining in Clinical Trial

Machine Learning Objectives

eeHistorical Trials eeAssociation Rules eeD

eeE|ectronic Health Record eeAnomaly Detection _rug ]

eel ife Style, Vital Signs eeClustering Dlscoverlng

eeDrug database ee(Classification .

eeHospital Data eePrediction eeTime & COSt

eePatent/Scientific Publication eeNatural Language Processing Red UCIﬂg

eeSocial Media . .

eeSite & Subject

Selection

eeQuality Control
eeAdverse Event
alert

eeQuery
Prediction

eeCycle Time Risk

eofEfficacy &
Safety
Assessment

ee\/isualization
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Concomitant Medications

CMTRT CMDECOD CMINDC CMDOSE | CMDOSU | CMSTDTC | CMENDTC | CMSTDY | CMENDY | CMINDAE
MANNITOL HYDRATION 125 mL 2016-01-08  2016-01-08 2 2
H PALONOSETRON PALONDSETRON  PREVENTING V... 0.5 mg 2016-01-08 2016-01-12 2 6
ﬂ PANTOLOC INHIBITS GAST... 40 mg 2016-01-08  2016-01-09 2 3
~ LACTULOSE LACTULOSE RELAXING THE ... 15 mL 2016-01-09  2016-01-09 3 3y
~ CETYLPYRIDINI... PREVENTION O... 15 mL 2016-01-10  2016-01-10 4 4
~ MEGESTROL MEGESTROL PREVENT LOW ... 160 mag 2016-01-10  2016-01-10 4 4
— MOTILIUM MOTILIUM IMPROVE THE ... 10 mg 2016-01-10  2016-01-10 4 4
— MEGESTROLAC.. MEGESTROLACE.. IMPROVES APP... 160 mag 2016-01-13  2016-01-14 7 8y
- CARBOHYDRATE CARBOHYDRATES NUTRITION SU... 558 g 2016-01-14  2016-1 3
- CETYLPYRIDINI... PREVENTION O... 15 mL 2016-01-14  2016-01-14 3 8y
- KANGFUXIN LO... PREVENTION O... 25 mlL 2016-01-14  2016-01-14 8 8y
- LACTULOSE LACTULOSE RELAXING THE ... 15 mL 2016-01-20 2016-01-20 14 14y
- CETYLPYRIDINI... PREVENT ORAL... 15 mL 2016-01-21  2016-01-21 15 154%
- KANGFUXING L... UNSPECIFIED HE... PREVENT ORAL... 25 ml 2016-01-21  2016-01-21 15 15 Y
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Adverse Events

AETERM AEDECOD AEPTCD | AESOC AESOCCD | AESER | AEREL AETOXGR | AESTDTC | AEENDTC | AESTDY | AEENDY
CHEST DISTR...  Chest discomfort 10008463 General disorders... 10018065 UNRELATED 1 2016-01-04  2016-01-06 -3 -1
CONSTIPATION  Constipation 10010774 Gastrointestinal di... 10017347 UNRELATED 2 2016-01-05  2016-01-11 -2 5
CONSTIPATION  Constipation 10010774 Gastrointestinal di... 10017347 UNRELATED 1 2016-01-20  2016-01-21 14 15
CONSTIPATION  Constipation 10010774 Gastrointestinal di... 10017347 UNRELATED 1 2016-03-07  2016-03-08 E1 62
DIZZY Dizziness 10013573 Nervous system ... 10023205 UNRELATED 1 2016-0214  2016-02-15 33 40
DIZZY Dizziness 10013573 Mervous system ... 10029205 UNRELATED 1 2016-04-19  2016-04-20 104 105
HYPOALBUMIN... Hypoalbuminaemia 10020942 Metabolism andn... 10027433 UNRELATED 1 2016-01-05 2016-01-27 -2 21
HYPOALBUMIN... Hypoalbuminaemia 10020942 Metabolism and n... 10027433 UNRELATED 1 2016-02-03  2016-02-14 28 33
HYPOALBUMIN... Hypoalbuminaemia 10020342 Metabolism and n... 10027433 UNRELATED 1 2016-02-23  2016-03-11 43 65
HYPOALBUMIN... Hypoalbuminaemia 10020942 Metabolism and n... 10027433 UNRELATED 1 2016-03-21  2016-04-05 75 30
HYPOALBUMIN... Hypoalbuminaemia 10020342 Metabolism and n... 10027433 UNRELATED 1 2016-0413 98
HYPOCHLORID... Hypochloraemia 10020955 Metabolism andn... 10027433 UNRELATED 1 2016-01-14  2016-01-21 8 15
HYPOCHLORID... Hypochloraemia 10020955 Metabolism andn... 10027433 UNRELATED 1 2016-0413 38
HYPOKALEMIA Hypokalaemia 10021015 Metabolism andn... 10027433 UNRELATED 1 2016-03-21  2016-04-05 75 90
HYPOKALEMIA — Hypokalaemia 10021015 Metabolism andn... 10027433 UNRELATED 1 2016-04-13 38
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The Relationship Between CM & AE

Relationship Between CM And AE
CM n = XXXX AEn =

Extract from FPI: 728 days
R”2 between CM & AE: 0.901947
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The Relationship Between
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Data Space

Expanding CMDECOD (n = 2245) & AEDECOD (n = 2370) by subject by event start date from Day 1 (n = 7858)
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Parameters Setting in PYTHON

gbdt=GradientBoostingRegressor(
loss="Is'

, learning_rate=0.1

, h_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

_AE_AbdonlAE_Hypert AE_Pulmor AE_Fatigue AE_Diarrhc AE_Epistax AE_Skin_ult AE_Dyspnc AE_Dizzine AE_Headai AE_Nause: AE_Vomitit AE_Arthral AE_Hypoai AE_Muscul AE_Neck_g AE_Produc AE_Viral_u;
|-6.02E-05 0.006246 0972191 0016553 0.015887 0.000298 4.45E-05 0.015821 0.0032 0.006636 0.022939 0017067 0.005317 -0.00014 0.000823 0.001404 0.00208 0.002005
|-6.02E-05 0.006246 3.54E-06 0016553 0.015887 0.000298 4.45E-05 0.015821 0.0032 0.006636 0.022939 0017067 0.005317 -0.00014 0.000823 0.001404 0841245 0.774686
| -0.00017 0006246 3.54E-06 0016553 0.015887 0.000298 4.45E-05 0.015821 0.0032 0.006636 0.022939 0017067 0.005317 -0.00014 0.000823 0.001404 0008017 0.057116
| -0.00017 0006246 3.54E-06 0016553 0.015887 0.000298 445E-05 0.015821 0.0032 0.006636 0.022939 0017067 0.005317 -0.00014 0.000823 0.001404 0.00208 0.002005
| 0.000151 0006246 3.54E-06 0016553 0.838284 0.000298 4.45E-05 0.015821 0.0032 0.006636 0.022939 0017067 0.005317 -0.00014 0.000823 0.001404 0.00208 0.002005
| 0.000109 0006246 3.54E-06 0016553 0.015887 0.000298 097737 0.015821 0.0032 0.006636 0.022939 0017067 0.005317 -0.00014 0.000823 0.001404 0.00208 0.002005
|-108E-06 0006246 3.54E-06 0.02224 0.015887 0.000298 4.23E-05 0.015821 0.006379 0.006636 0.026376 0.017067 0.005317 0.000316 0.001259 0.001404 0.00208 0.002005
| 0.009624 0006246 3.54E-06 0016553 0.015887 0.000298 4.45E-05 0.015821 0.0032 0176195 0.022939 0017067 0.037698 0.002828 0.000823 0.029824 0.00208 0.002005
|-108E-06 0006246 3.54E-06 0016553 0.015887 0.000298 4.45E-05 0.070003 0.0032 0.006636 0.022939 0017067 0.005317 -8.57E-05 0.000823 0.001404 0.00208 0.002005
|-108E-06 0006246 3.54E-06 0.016553 0.015887 0.000298 4.45E-05 0.015821 0.0032 0.006636 0.022939 0017067 0.005317 -8.57E-05 0.000823 0.001404 0.00208 0.002005
|-1.08E-06 0006246 3.54E-06 0016553 0.015887 0.000298 4.45E-05 0.015821 0.0032 0.006636 0.022939 0017067 0.005317 -8.57E-05 0.000823 0.001404 0.00208 0.002005
| 0.000151 0006246 3.54E-06 0016553 0.015887 0.000298 4.45E-05 0.015821 0.0032 0.133579 0.022939 0017067 0.010352 -0.00014 0.000823 0.001404 000208 0.01802
| 0.000193 0006246 3.54E-06 0.020278 0.015887 0.000298 4.45E-05 0.014303 0.0032 0.006636 0.028207 0017067 0.005317 -0.00032 0.006311 0.001404 0.00208 0.002005
| 651E-05 061432 354E-06 0020278 0.015887 0.000298 4.45E-05 0.015821 0.0032 0.006636 0.028207 0017067 0.005317 -0.00032 0.006311 0.001404 0.00208 0.002005
| 0.009624 0006246 3.54E-06 0020278 0.015887 0.000298 4.45E-05 0.015821 0.0032 0.120681 0.026376 0017067 0.037698 0.006009 0.001259 0.029824 0.00208 0.002005
| 0.009624 0.006246 3.54E-06 0016553 0.015887 0.000298 445E-05 0.015821 0.0032 0.120681 0.022939 0017067 0.037698 0.002879 0.000823 0.029824 0.00208 0.002005
|-108E-06 0006246 3.54E-06 0016553 0.015887 0.000298 4.45E-05 0.015821 0.0032 0.006636 0.022939 0017067 0.005317 -8.57E-05 0.031553 0.001404 0.00188 0.002005
|-108E-06 0006246 3.54E-06 0020278 0.015887 0.000298 4.45E-05 0.015821 0.0032 0.006636 0.026376 0.017067 0.005317 0.000316 0.0015 0001404 0.00208 0.002005
|-1.08E-06 0006246 3.54E-06 0016553 0.015887 0.000298 4.45E-05 0.015821 0.0032 0.117079 0.022939 0017067 0.012619 0.001988 0.000823 0.001404 0.00208 0.002005
|-108E-06 0006246 3.54E-06 0017426 0.015887 0.000298 4.45E-05 0.015821 0.0032 0.006636 0.022939 0017067 0.100662 -8.57E-05 0.000823 0.001404 0.00208 0.002005
|-108E-06 0006246 3.54E-06 0016553 0.015887 0.000298 4.45E-05 0.015821 0.0032 0.006636 0.022939 0017067 0.005317 -0.00014 0.000823 0.001404 0.00208 0.002005
|-1.08E-06 0006246 3.54E-06 0.020278 0.015887 0.000298 4.45E-05 0.015821 0.0032 0.006636 0.026376 0017067 0.005317 -8.57E-05 0.000823 0.001404 0.00208 0.002005
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Threshold Setting

threshold count
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0.1

threshold

09
0.91
0.92
0.93
0.94
0.95
0.96
0.97
0.98
0.99
1

9134675
14099301
14167335
14192041
14196191
14203204
14205431
14207075
14207866
14208355
14208678

count
14210569
14210509
14210470
14210415
14210365
14210330
14210284
14210261
14209985
14209882
14209779

sum
14219830
14219830
14219830
14219830
14219830
14219830
14219830
14219830
14219830
14219830
14219830

sum
14219830
14219830
14219830
14219830
14219830
14219830
14219830
14219830
14219830
14219830
14219830

sumO_true sumO_pred
14209757 9124988

countO
9124795

Accuracy of True/Pred Data By
Threshold
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Scenario: AE risk

Threshold = 1:
True AE Sensitivity = 29/10073 = 0.29%
Yes No Total Specificity = 14209750/14209757 = 99.99%
Yes 29 7 36 Accuracy of the model = (29 + 14209790)/14219830 = 99.93%
Pred AE No 10044 14209750 | 14219794 False positive rate = 7/14209757 = 0%
Total 10073 14209757 | 14219830 False negative rate = 10044/10073 = 99.71%
AETERM AEDECOD AESTDTC | AESTDY =~
NAUSEA Nausea 2015-10-30 2
CMTRT CMDECOD CMSTDTC | CMSTDY = ’
subject006 2 AE Vomiting H 20% MANNITOL  MANNITOL 2015-10-30 2 l
METOCLOPRAM... METOCLOPRAMIDE DIHYDROCHLORIDE  2015-10-30 2
PIDOTIMOD OR... PIDOTIMOD 2015-10-30 2
AETERM AEDECOD AESTDTC | AESTDY =
NAUSEA Nausea 20151030 2
VOMIT Vomiting 2015-10-31 3
VOMIT Yomiting 2015-10-31 3
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