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The idea
linking adverse side effects with target interaction

Gastrointestinal disorders
Pregnancy, puerperium and perinatal conditions

Infections and infestations
Congenital, familial and genetic disorders

Nervous system disorders
Skin and subcutaneous tissue disorders

Injury, poisoning and procedural complications
Eye disorders

Metabolism and nutrition disorders
Renal and urinary disorders

General disorders and administration site conditions
Reproductive system and breast disorders

Respiratory, thoracic and mediastinal disorders
Cardiac disorders

Endocrine disorders
Neoplasms benign, malignant and unspecified (incl cysts and polyps)

Investigations
Psychiatric disorders

Blood and lymphatic system disorders
Immune system disorders

Surgical and medical procedures
Vascular disorders

Musculoskeletal and connective tissue disorders
Social circumstances

Hepatobiliary disorders
Ear and labyrinth disorders

SOC_TXT

Targets
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The predecessor technique

Analysis of Pharmacology Data and the Prediction of Adverse Drug Reactions and Off-
Target Effect From Chemical Structure 
A. Bender, J. Scheiber, M. Glick, JW. Davies, K. Azzaoui,  J. Hamon, L. Urban, S. Whitebread, 
JL. Jenkins. 

ChemMedChem Volume 2, Issue 6, Date: June 11, 2007, Pages: 861-873 

 1 model based on World drug index as data pool 

 Hand-curated terminology 

 Predicted side effects
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Agenda

Key requirements

Analysis and modeling

Results
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Key requirement 1: A curated terminology

Immune system disorders

Anaphylactic responses Primary immunodeficiency syndromes

Allergic conditions Anaphylactic shock

Anaphylactic reaction to vaccine

Anaphylactic reaction to drug

System organ class

High-level group term

High-level term

Low-level term

26 

327

1508

17514

64824

Preferred term

 MedDRA: the Medical Dictionary for Regulatory Activities
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Key requirement 2: 
Database of chemicals linked with terminology

heartburn 

urinary tract infection 

pain 

insomnia 

headache 

nausea/vomiting 

fluid retention 

fatigue 

upper respiratory tract infection 

dizziness 

diarrhea 

cough 

joint pain 

stomach pain 

Currently limited to compounds that made it to the market
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Data sources

Compound structures from DrugBank and PubChem

Side effects from Facts & Comparisons 4.0 (WoltersKluwer) 

In total: 669 drugs
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Agenda

Key requirements

Analysis and modeling

Results
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Data preparation and modeling

chemical descriptors (ECFP)

Bayesian models

nn-
1

n-
2…321
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Data preparation and modeling

ECFP descriptors

heartburn 

urinary tract infection 

pain 

insomnia 

headache 

nausea/vomiting 

fluid retention 

fatigue 

upper respiratory tract infection 

dizziness 

diarrhea 

cough 

joint pain 

stomach pain 

nn-
1

n-
2

…321

n

n-1

n-2

.

.

.

3

2

1

Rec. 14

Rec. 13

Rec. 12

Rec. 11

Rec. 10

Rec. 9

Rec. 8

Rec. 7

Rec. 6

Rec. 5

Rec. 4

Rec. 3

Rec. 2

Rec. 1

N
at

ur
e 

P
re

ce
di

ng
s 

: d
oi

:1
0.

10
38

/n
pr

e.
20

07
.1

23
9.

1 
: P

os
te

d 
18

 O
ct

 2
00

7

http://upload.wikimedia.org/wikipedia/en/3/3a/Thomasbayes.jpg


12 | Side effect profile prediction | Josef Scheiber | Aug 19, 2007 | ACS Conference

Agenda

Key requirements

Analysis and modeling

Results
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The outcome: Features linked with AEs
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The outcome: Features linked with targets

 Now, let’ s tie it together!

Features linked with AEs

Example: 
Good features for the Growth Hormone Secretagogue receptor
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Showcase: Cerivastatin (Baycol®, Lipobay®)
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Targets correlated 
to Muscle enzyme 

increased

HMG-CoA Reductase

Cyt-p450-24

ALK-5

JNK2alpha1

Cyt-P450-2D1

VDR

SkM1

FXR

Showcase: Cerivastatin (Baycol®, Lipobay®)

Targets correlated 
to color-blindness

HMG-CoA Reductase

JNK2alpha1

Cyt-p450-24

VDR

SkM1

ALK-5
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Showcase: Cerivastatin (Baycol®, Lipobay®)

Hypothesis based on prediction:

Cerivastatin hits JNK2alpha1 
and causes thereby color-blindness
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Showcase: Cerivastatin (Baycol®, Lipobay®)

Bleeding in eyes causes 
distortion of color-vision!

See e.g. 
http://www.psych.ucalgary.ca/
pace/va-
lab/Brian/acquired.htm
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Showcase: Cerivastatin (Baycol®, Lipobay®)
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Showcase: Cerivastatin (Baycol®, Lipobay®)
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Finally …

JNK phosphorylates SMAD 2/3 which also  
  interacts with TGFβ 

Disturbance of the system causes fibrosis

Fibrosis causes bleeding
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Ok …

Hypothesis based on prediction:

Cerivastatin hits JNK2alpha1 
and causes thereby color-blindness
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But: There’ s no color-blindness with statins

Only when given in 
combination with 

erythromycin, a potent 
inhibitor of statin 

metabolism !

 Bioavailability in eye is 
low, therefore no bigger 

problems
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Showcase: Rofecoxib (Vioxx®)

N
at

ur
e 

P
re

ce
di

ng
s 

: d
oi

:1
0.

10
38

/n
pr

e.
20

07
.1

23
9.

1 
: P

os
te

d 
18

 O
ct

 2
00

7

http://en.wikipedia.org/wiki/Image:Rofecoxib.png


25 | Side effect profile prediction | Josef Scheiber | Aug 19, 2007 | ACS Conference

Just last week: Rosiglitazone (Avandia®)
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Summary

Prediction of AEs and link to targets is established

Model quality can be analyzed and utilized in future work

Results give a very good match with reality
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Future plans

Incorporate gene expression data to better localize AEs

Identify pathway combinations that cause AEs

Find AE/AE correlations

In general: A better understanding of side effects
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The vision: Expanding the knowledge
A better understanding of side effects

Metabolic/Signalling Network

Gene Expression 
Profile
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from Wikipedia

How to visualize the quality of many models ? ROC 
plot
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But …

How reliable are the models ?

N
at

ur
e 

P
re

ce
di

ng
s 

: d
oi

:1
0.

10
38

/n
pr

e.
20

07
.1

23
9.

1 
: P

os
te

d 
18

 O
ct

 2
00

7



32 | Side effect profile prediction | Josef Scheiber | Aug 19, 2007 | ACS Conference

Modeling the DrugBank data
Or: Testing Bayes’  fitness

Multicategory Bayesian modeling in Pipeline Pilot Preferred term 
level
100 different MCM models (each ~ 1700 categories)

Model quality is consistent, 
BUT:

What does that mean for 
single categories ?
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Analyzing the categories
Assessing model stability

100 models!!!

Optimal case

Very stable model

Many true positives

Almost no false positives
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Analyzing the categories
Assessing model stability

100 models!!!

Very stable model

Many true positives

Too many false positives
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Analyzing the categories
Assessing model stability

100 models!!!

Instable model

Direct correlation between 
true and false positives

This is an unwanted case
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Analyzing the categories
Assessing model stability

100 models!!!

Instable model

No correlation between 
true and false positives

This is fine
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The consequence

Prefer models with at least a 2:1 TP/FP-rate

Rank models based on their stability
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