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Abstract

In this study, we collect various side effect pairs which are appeared frequently at many drugs,

and select side effect pairs that have higher severity. For every selected side effect pair, we extract

common genetic networks which are shared by side effects’ genes and drugs’ target genes based on

PPI(Protein—Protein Interaction) network. For this work, firstly, we gather drug related data, side

effect data and PPl data. Secondly, for extracting common genetic network, we find shortest paths

between drug target genes and side effect genes based on PPl network, and integrate these shortest

paths. Thirdly, we develop a classification model which uses this common genetic network as a

classifier. We calculate similarity score between the common genetic network and genetic network of

a drug for classifying the drug. Lastly, we validate our classification model by means of AUC(Area

Under the Curve) value.
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1.1 Side effect information
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Fig. 2. System Overview

2. Data collection and preprocessing
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3. Extracting side effect pairs
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Table 1. Example of extracting side effect pairs
Severity Severity
Side Side Score Score Frequenc
Effect 1 | Effect 2 | of Side of Side ey
Effect 1 Effect 2
Dys‘i’fp_s Rash 0.317 0.155 213
Hypoten—
Rash ‘ 0.155 0.372 194
sion
Anorexia Rash 0.427 0.155 187
Rash | racvea= | 455 0.603 187
rdia
Rash Anxiety 0.155 0.236 181

4. Extracting common genetic network
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5. Classification model for predicting side
effect pair
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Fig. 4. Extracting drug network which are used in
experiment

V. Results

1. Experimental environment and Data
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Table 2. Distribution of drug target genes,
genes and drug side effect genes

drug related

AVG | STD | MIN | MAX |Median
Drug-Target | 5 55 | 75 1| 48 3
gene
Drug related | 1 74 | 40 g5 1| 49 6
gene
Drug=side | ) >0 | g9 1 41 13
effect gene

2. Selected Side effect pairs
B AFollA = Z 146719 F-2H8ol diste] BE 248 4
Adsdt). dH 10,58571¢] 48 4 5 FF H7IR
HEAE F52T 748 S Adsty] Aste] 24 #4448
o] oE &3 NIwe; FAE-o A7 S 1elstqlth 10,58570
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44 4L DSl 3¢ AFHoR Fehal 167 AL
4 olc}
Table 3. 16 Side effect pairs used in the experiment
Severity | Severity
Side Effect 1 | Side Effect 2 ofcgirje ofcgiﬁe Frequency
Effect 1|Effect 2
Rash Tachycardia 0.155 0.603 187
Tachycardia Hypotension 0.603 0.372 17
Tachycardia Tremor 0.603 0.361 145
Tachycardia Anxiety 0.603 0.236 144
Dyspepsia Tachycardia 0.317 0.603 143
Tachycardia Syncope 0.603 0.480 141
Anorexia Tachycardia 0.427 0.603 129
Tachycardia Vertigo 0.603 0.285 129
Tachycardia Throm?g‘;ﬁg 0.603 | 0579 17
Cough Tachycardia 0.150 0.603 112
Tachycardia Flushing 0.603 0.124 111
Angioedema Tachycardia 0.463 0.603 110
Alopecia Tachycardia 0.216 0.603 95
Pancreatitis Rash 0.631 0.155 94
Ataxia Rash 0.634 0.155 93
Rash Renal failure 0.155 0.856 92

3. Validation of classification model
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3.2 ROC(Receiver Operating Characteristic) Curve
and AUC(Area Under the Curve)
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Fig. 5. Confusion Matrix
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Table 4. The number of genes of common networks
Side Effect 1 Side Effect 2 1Fold | 2Fold | 3Fold | 4Fold | 5Fold | 6Fold | 7Fold | 8Fold | 9Fold | 10Fold | AVG
Rash Tachycardia 246 292 282 303 265 279 328 286 300 300 288.1
Tachycardia Hypotension 89 103 86 107 85 94 102 107 89 98 96
Tachycardia Tremor 125 121 127 141 130 141 143 139 144 131 134.2
Tachycardia Anxiety 141 145 149 165 152 168 168 158 161 160 156.7
Dyspepsia Tachycardia 64 77 78 99 79 90 84 99 89 82 84.1
Tachycardia Syncope 119 127 96 124 122 123 124 126 126 118 120.5
Anorexia Tachycardia 87 87 95 113 84 103 107 100 103 94 97.3
Tachycardia Vertigo 72 84 59 96 62 74 79 84 93 93 79.6
Tachycardia | Thrombocytopenia 96 105 93 104 95 97 105 105 104 98 100.2
Cough Tachycardia 83 54 53 84 88 76 82 96 98 88 80.2
Tachycardia Flushing 64 101 87 79 87 105 97 103 98 102 92.3
Angioedema Tachycardia 151 162 176 160 166 165 161 170 175 169 165.5
Alopecia Tachycardia 83 106 78 109 108 106 113 116 110 100 102.9
Pancreatitis Rash 158 228 229 261 228 248 253 231 251 203 229
Ataxia Rash 204 206 188 220 223 221 199 250 236 254 220.1
Rash Renal failure 1l 169 94 176 106 170 136 131 179 134 136.6
Table 5. AUC Results
Side Effect 1 Side Effect 2 1Fold | 2Fold | 3Fold | 4Fold | 5Fold | 6Fold | 7Fold | 8Fold | 9Fold | 10Fold | AVG STD
Rash Tachycardia | 0.76 | 0.77 | 0.68 | 0.61 | 0.81 | 0.83 | 0.70 | 0.72 | 0.64 | 0.76 | 0.729 | 0.066
Tachycardia Hypotension | 0.79 | 0.68 | 0.82 | 0.73 | 0.79 | 0.78 | 0.76 | 0.69 | 0.82 | 0.80 | 0.766 | 0.049
Tachycardia Tremor | 0.81 | 0.81 | 0.75 | 0.75 | 0.71 | 0.80 | 0.76 | 0.75 | 0.73 | 0.76 | 0.762 | 0.032
Tachycardia Anxiety | 0.82 | 0.79 | 0.69 | 0.71 | 0.83 | 0.82 | 0.80 | 0.72 | 0.78 | 0.73 | 0.769 | 0.050
Dyspepsia Tachycardia | 0.83 | 0.78 | 0.71 | 0.62 | 0.72 | 0.80 | 0.71 | 0.75 | 0.72 | 0.71 0.734 | 0.057
Tachycardia Syncope | 0.81 | 0.70 | 0.82 | 0.69 | 0.77 | 0.79 | 0.85 | 0.72 | 0.81 | 0.76 | 0.772 | 0.052
Anorexia Tachycardia | 0.70 | 0.69 | 0.67 | 0.67 | 0.66 | 0.79 | 0.75 | 0.74 | 0.61 | 0.74 | 0.702 | 0.049
Tachycardia Vertigo | 0.76 | 0.75 | 0.81 | 0.72 | 0.75 | 0.73 | 0.86 | 0.70 | 0.63 | 0.76 | 0.747 | 0.059
Tachycardia | Thrombocytopenia | 0.78 | 0.78 | 0.82 | 0.64 | 0.73 | 0.81 | 0.72 | 0.73 | 0.65 | 0.72 | 0.738 | 0.060
Cough Tachycardia | 0.78 | 0.85 | 0.71 | 0.71 | 0.61 | 0.83 | 0.68 | 0.78 | 0.67 | 0.79 | 0.741 | 0.074
Tachycardia Flushing | 0.88 | 0.55 | 0.83 | 0.69 | 0.75 | 0.85 | 0.84 | 0.63 | 0.83 | 0.78 | 0.763 | 0.105
Angioedema Tachycardia | 0.81 | 0.80 | 0.68 | 0.77 | 0.79 | 0.82 | 0.82 | 0.70 | 0.82 | 0.73 | 0.773 | 0.050
Alopecia Tachycardia | 0.75 | 0.77 | 0.79 | 0.72 | 0.70 | 0.87 | 0.80 | 0.69 | 0.66 | 0.72 | 0.748 | 0.058
Pancreatitis Rash | 0.62 | 0.46 | 0.51 | 0.46 | 0.62 | 0.61 | 0.57 | 0.57 | 0.59 | 0.55 | 0.557 | 0.057
Ataxia Rash | 0.69 | 0.52 | 0.64 | 0.65 | 0.75 | 0.78 | 0.66 | 0.44 | 0.64 | 0.49 | 0.626 | 0.105
Rash Renal failure | 0.70 | 0.60 | 0.75 | 0.58 | 0.67 | 0.68 | 0.59 | 0.61 | 0.65 | 0.68 | 0.653 | 0.052
AUC Average and Standard Deviation | 0.724 | 0.061

4. Experimental Results
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4.2 AUC Result for each side effect pair
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o2 &7 3tk 28 4 ¥ HF AUC dFe % 59 2
t}, Z+zte] Foldel wisted AUCTT ALk =] 1070 Fold<]
AUCH 3ol 3l 28 <] F AUC gho = AtEdnt
AUCZ} 7V =& 32H8 “(Angioedema-Tachycardia)9] 10
Fold Cross-validation AUC A4 ﬁﬂé % 60 HH-3hct.
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Table 6. 10 folds' AUC of Angioedema-Tachycardia side
effect pair
ini Test Set

Fold Tr%gl[ng Positive | Negative .

1 99 11 48 0.81

2 99 11 48 0.80

3 99 11 48 0.68

4 99 11 48 0.77

5 99 11 48 0.79

6 99 11 48 0.82

7 99 11 48 0.82

8 99 11 48 0.70

9 99 11 48 0.82

10 99 11 48 0.73

Average 99.0 11.0 48.0 0.773
Stan. DIV 0.050
Total 110 48

V. Conclusions
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