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The idea

linking adverse side effects with target interaction
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The predecessor technique
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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
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Key requirements
Analysis and modeling

Results
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Key requirement 1: A curated terminology

MedDRA: the Medical Dictionary for Regulatory Activities

. System organ C|a> [ Immune system disorders ]
26 —

_ iC]h-| evel group te} [ Anaphylactic responses ] [ Primary immunodeficiency syndromes ]
Hiqh-level term> [ Allergic conditions ] [ Anaphylactic shock ]

osted 18 Oct 2007

1

\/\lature rec ings:dWlOSS/npr?}?.lB

1508
Preferred term> Anaphylactic reaction to vaccine
17514 r ‘
Low-level term> Anaphylactic reaction to drug
64824
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Key requirement 2:

Database of chemicals linked with terminology

stomach pain

joint pain

cough

diarrhea

dizziness

upper respiratory tract infection
fatigue

fluid retention
nausea/vomiting
headache

insomnia

pain

urinary tract infection

heartburn

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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Key requirements
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Data preparation and modeling

chemical descriptors (ECFP)

1 2 3 n- n- n

Bayesian models
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Data preparation and modeling
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Rec. 1 1 stomach pain
Rec. 2 joint pain
Rec.3 cough
Rec. 4 diarrhea
Rec.5 dizziness
Rec. 6 upper respiratory tract infection
Rec. 7 fatigue
Rec. 8 fluid retention
Rec.9 nausea/vomiting
Rec. 10 headache
Rec. 11 insomnia
Rec. 12 n-2 pain
Rec. 13 n-1 urinary tract infection
Rec. 14 n heartburn

ECFP descriptors
112 |3 [ [N

o 2 |1
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Agenda

Key requirements
Analysis and modeling

Results
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The outcome: Features linked with AEs

ategory Nervous system disorders: good features from ECFP_4

GE: 1335691903
13 out of 13 good
Bayesian Score: 0.124

- Posted 18 Oct 2 Q)?

*

" o]
=

OH

G19: -1905455774
8 out of § good
Bayesian Score: 0,118

W

*,NH\)\*

G27: 852986225
B out of 6 good
Bayesian Score: 0.114

el NH\*

G28: 1336540477
6 out of 6 good
Bayesian Score: 0,114

Ga0: 1878493340
B out of 6 good
Bayesian Score: 0.114

ategory Skin and subcutaneous tissue disorders: good features from ECFP_4

[¢)

(¢

N *

—

E W,NH\)\w

(@

N

q

EL G8: 1335691903 G37: 852986225 G43: -175146122
[wi 13 out of 13 good B out of 6 good B out of 6 good
o Bayesian Score: 0.144 Bayesian Score: 0,132 Bayesian Score: 0.132
™

Lategory Infections and infestations: good features from ECFP_4

7

G3: 1335691903
13 out of 13 good
Bayesian Score: 0.165

GZ23: 175146122

B out of 6 good
Bayesian Score: 0,152

ategory Investigations: good features fr

om ECFP_4

Nature Precedinags : doi:10.1

GE: 1335691903

13 out of 13 good

Bayesian Score: 0.095

" o]
=

OH

G26: -1905455774
8 out of § good
Bayesian Score: 0.091

w NH\*

G41: 1336540477
B out of 6 good
Bayesian Score: 0.087

G43: 175145122

6 out of 6 good
Bayesian Score: 0.057

13 | Side efect profile prediction | Josef Scheiber | Aug 19,2007 | ACS Conference

') NOVARTIS




Nature Precedings : doi:10.1038/npre.2007.1239.1 : Posted 18 Oct 2007

Example:

The outcome: Features linked with targets

Features linked with AESs

Bayesian Score: 1.483

let’

Bayesian Score: 1.483

AA
IS

s tie it together!

Bayesian Score: 1.463

Bayesian Score: 1.432

Bayesian Score: 1.407

G6: 968822667
8 out of 8 good
Bayesian Score: 1.407

G7:-1752634040
8 out of 8 good
Bayesian Score: 1.407

G8: -1955026064
16 out of 22 good
Bayesian Score: 1.373

QW
oy

G9: 1518840555
10 out of 12 good
Bayesian Score: 1.367

C_._\
G10: 1248995299

17 out of 24 good
Bayesian Score: 1.362
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Good features for the Growth Hormone Secretagogue receptor
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Showcase: Cerivastatin (Baycol®, Lipobay®)

Cerivastatin

From ‘Wikipedia, the free encyclopedia

In pharmacology, cerivastatin (Baycol®, Lipobay®) is a synthetic member of the class of statins, used to lower cholesterol and prevent cardiovascular disease. It was withdrawn from the
market in 20071 because of the high rate of serious side-effects.

Cerivastatin was marketed by the pharmaceutical company Bayer A G, in the late 19905 as a new synthetic statin, to compete with Pfizer's highly successful Lipitor®.

During post-marketing surveillance, 52 deaths were reported in patients using cervastatin, mainly from thabdomyolysis and its resultant renal failure "1 Rizks were higher in patients using
fibrates (mainly gernfibrozil/Lopid®) and in patients using the high (0.8 mo/day) dose of cerivastatin, Another 385 nonfatal cases of rhabdomyolysis were reported. This put the risk of this (rare)
carnplication at 5-10 times that of the other statins.

In 2001, Bayer announced the voluntary withdrawal of the drug from the market. i Predicted AE i Bayes Score

Colour blindness T —— 8715

G715
Systemic lupus erythematosus 7526
Wy opathy 65.30
Meuropathy G417
Diplopia 63.31

6221
Meuropathy peripheral EO0.54
Myositiz B0.03
Sleep dizorder 5594
Thyroid function test abnormal 58.30
Myasthenic syndrome 2441
Module 5331
Hepatic enzyme increased 5251
Peripheral nerve palsy 5251
Facial paresis 5113
Palymyalgia rheumatica a1.01
Cranial nerve dizorder a0.58
Dermatomyositiz 5051
Biliary cirrhosiz 5030
Ophthalmoplegia L0.07
Extraocular muscle disorder 4974
Meuralgis 4929

4577
Lozz of likido 45871
Arthritiz 45.47
Mucosal dryness 4845
Erectile dysfunction 4532
Antinuclear artibody positive 4692
Duodenal ulcer 4530
Alanine aminotransferase increased 46.02
Blood crestine phosphokinase increased 4542
Laboratory test abnormal 4536
Hepatic neoplasm malignant 4512
Red hlood cell sedimentation rate increased 4475
Carcinoma 4470
Myoglobinuria 4438
Hypertonia 4431
Gastroerteritiz 4384
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Showcase: Cerivastatin (Baycol®, Lipobay®)

Targets correlated Targets correlated
to color-blindness to Muscle enzyme
Increased

HMG-CoA Reductase
HMG-CoA Reductase

Cyt-p450-24
JNK?2alphal
ALK-5
Cyt-p450-24
JNK?2alphal
VDR
Cyt-P450-2D1
SkM1
VDR
ALK-5
SkM1
FXR
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Showcase: Cerivastatin (Baycol®, Lipobay®)

Hypothesis based on prediction:

Cerivastatin hits INK2alphal
and causes thereby color-blindness
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Showcase: Cerivastatin (Baycol®, Lipobay®)

JOURNAL OF OCULAR PHARMACOLOGY AND THERAPEUTICS

Ocular Hemorrhage Possibly the Result of
HMG-CoA Reductase Inhibitors

F.W. FRAUNFELDER, M.D.

Casey Eve Institure, Oregon Health & Science University, Portland, OR

ABSTRACT

This retrospective case series describes the association between ocular hemaorrhage
and 3-hydroxy-3-methylgutaryl comenzyme A (HMG-CoA) reductase inhibitors (statins),
The clinical characteristics of 95 case reponts submitted to the World Health Organiza-
tion (WHO), the Food and Drug Administration, and the National Registry of Drug-In-
duced Ocular Side Effects are summarized with classification of this ocular side effect
according to WHO criteria. The average time to onset of ocular hemorrhage was 300 days
with 11 positive dechallenge reports and 2 positive rechallenge cases. Some patients also
received medications known to increase bleeding times. From the collected data, ocular
hemorrhage is “possibly” due to statin therapy.

INTRODUCTION

5

{ydroxy-3-methylgluaryl coenzyme A (HMG-CoA) reductase inhibitors, also referred to as
“statins,” are the most effective and best-tolerated agents for treating hypedipidemia and act by com-
petitive inhibition of HMG-CoA reductase. This enzyme catalyzes an early, rate-limiting step in cho-
lesterol biosynthesis. Statins include lovastatin, simvastatin, pravastatin, pentostating, fluvastatin, ator-
statin and cerivastatin, the latter has been removed from the world market as a result of myopathy.
Clinical wrials have documemed the efficacy and safety of statins in preventing coronary heart dis-
cerebrovascular accidents. and death from hypercholesterolemia related disease (1).

The major systemic side effects reported for statins are hepatotoxicity and myopathy and initial
concem over cataracts, which over time have not been proven to be a side effect (1), Few ocular side
effects are attributed to this class of medication and the Physicians’ Desk Reference mentions eye he-
morrhage as a possible side effect for atorvastatin only (2-4).

The National Registry of Drug-Induced Ocular Side Effects at the Casey Eye Institute in Port-
land, Oregon (www.eyedrugregistry.com) has responded 1o multiple inquiries regarding the associa-
tion of statin use and ocular hemorrhage. Included here is a review of the case reports of ocular he-
maorrhage attributed to HMG-CoA reductase inhibitors collected at the Mational Registry.

cas
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Bleeding in eyes causes
distortion of color-vision!

Seee.g.
http://mwww.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®)

Research Article - .

Suppressive Effects of Statins on Acute Promyelocytic
Leukemia Cells

\ 1 - IR TR B . . 1 . 1 . 1
Antonella Sassano, Efstratios Katsoulidis, Giovanni Antico. Jessica K. Altman, Amanda J. Redig,
v . = L2 . y 1 . . .1
Saverio Minucci, Martin S. Tallman, and Leonidas C. Platanias

"Robert H. Lurie Comprehensive Cancer Center and Division of Hematology/Oncology, Northwestern University Medical School and
Lakeside VA Medical Center, Chicago, Illinois and “Department of Experimental Oncology, Furopean Institute of Oncology, Milan, Ttaly

Abstract In addition to reducing cholesterol levels, statins have potent

MAPK cascade is not engaged by statins (Fig. 15). On the other
hand, treatment of NB4 cells with atorvastatin or fluvastatin
induced phosphorylation of JNK (JNK1 and JNK2/3), although such
phosphorylation/activation was less intense than chemical stress—
induced activation (Fig. 1C). Moreover, treatment of the cells with

downslream engagement o € cjun p-lerminal kinase e T ST T o
kinase pathway, whose function was found to be essential for protein geranylation is essential for lovastatin-induced apoptosis of

the generation of proapoptotic responses. Importantly, differ- huﬁ?hn b (}:lel.ls Efu) ¢ . 1 ) dlati d
ent statins were found to enhance all-frans-retinoic acid ind ng ft € e et;ts o Stf;‘]ugs Oflb (;e CY"EH;E’% i:(m an
(ATRA)-dependent differentiation of APL blasts and reverse - uct{qn of apoptosis are web SR vt?ry e’ls m:vnb on
resistance to the antileukemic effects of ATRA. In addition, the ability of these agents to induce leukemic cell differentiation.
. . . . . There has been some previous evidence that simvastatin (23) and
fluvastatin exhibited growth-inhibitory properties on primary ) in (24 blastic diff o hile th
bone marrow-derived leukemic progenitors from patients ovastatin (24) promote osteoblastic differentiation while they

with AML and enhanced the suppressive effects of ATRA on inhibit ﬂ.dlp()(]‘ftl(? dlﬂerentlatlt?n,but their eff(?cts on differentiation
lenkemic nrocenitor colonv formation. Altogether. these of acute leukemia cells remain to be established. In the present
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Finally ...

@ Laboratory Investigation (2006) 86, 106-115
© 2006 USCAP, Inc Al rights reserved 0023-6837/06 $30.00

wwwi.|aboratoryinvestigation.org

TGFp pathobiology in the eye

Shizuya Saika

o

JNK phosphorylates SMAD 2/3 which also
interacts with TGF[3
Disturbance of the system causes fibrosis

Fibrosis causes bleeding

Laboratory Investigation (2006) 86, 106-115. doi:10.1038/labinvest. 3700375; published online 5 December 2005

B Fihmlin"!;camr;g -
Fiorotic/scarring disease on disease by lens
ocular surface epithelium (EMT)

(cornea, conjunctiva)

d
Com: Retina mn
e
n
g
Fibrotic/scarring s,
disease by retinal h
pigment !
epithelium (EMT) 1 f)'
Callagen
Figure 1 Typical fibrotic diseases or surgical complications that EMT%" )( !
may occur in cornea, conjunctiva, lens, and retina. =
Figure 2 Smad2/3 can be activated by non-TGF §f growth factors at
the middle linker region. S

cular endothelial growth factor (VEGF), as well as  humor of the eye
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Ok ...

Hypothesis based on prediction:

Cerivastatin hits INK2alphal
and causes thereby color-blindness
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But: There’ s no color-blindness with statins

ORIGINAL INVESTIGATION

Risk of Cataract in Patients Treated With Statins

Raymond G. Schlienger, PhD; Walter E. Haefeli, MD; Hershel Jick, MD; Christoph R. Meier, FhD, M5c

Background: Studies inj
droxymethylglutaryl coeq
istatins) are associated
tered in excessive doses. C
garding cataract developn
limited value so far.

Objective: To determine
ins is associated with an i

Metheods: We conducted a
from the United Kingdo
search Database. The main
nosis of cataract and/or ca
40 to 79 years. Controls we
practice, calendar time, and

Only when given in
combination with
erythromycin, a potent
inhibitor of statin
metabolism !

Bioavailability in eyeis
low, therefore no bigger
problems

5 cases and 28327 controls.
=30 prescriptions} was not
cataract risk (adjusted odds

ence interval [CI], 0.3-1.6),

[ other lipid-lowering drugs
3-1.1; and OR, 0.7;95% CI,
und evidence that concomi-
ervthromycin, a potent in-
olism, is associated with an
ted odds ratio, 2.2; 95% con-

frovides evidence that long-
 doses does not increase the
Concomitant use of eryth-
A1y increase the cataract risk.

the database. Use of statins, fibrates, or other ]iﬁ]d-
lowering drugs was compared with nonuse of any lipid-
lowering drug, stratified by exposure duration and dose.

Arch Intern Med. 2000;161:2021-2026
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Showcase: Rofecoxib (Vioxx®)

Rofecoxib
From YWikipedia, the free encyclopedia
(Redirected from Wioxs)

Rofecoxib (IPA: [rofa'knksih]) is a nonsteraidal anti-inflammatory drug (MSAID) developed by Merck & Co. to treat osteoarthritis, acute pain conditions, and dysmenorthoea. Rofecoxib was
approved as safe and effective by the Food and Drug Adrministration (FOA) on May 20, 1999 and was subseguently marketed under the brand narme Viexx, Ceoxx and Ceeoxx.

Rofecoxib gained widespread acceptance among physicians treating patients with arthritis and other conditions causing chronic or acute pain. Worldwide, aver 80 million people were
prescribed rofecoxib at some time.

On September 30, 2004, Merck wvaluntarily withdrew rofecoxib from the market because of concerns about increased risk of heart attack and stroke associated with long-term, high-dosage
use. Rofecoxib was one of the rmost widely used drugs ever to be withdrawn from the market. Inthe year before withdrawal, Merck had sales revenue of US$2.5 billion fram wime [1]

Rofecoxib was available on prescription as tablets and as an oral suspension.

Predicted AE Bayes Score
Endocrine. Changes in spleen weight 3973
Duaodenal perforation 3964
Faecal accult bload 39.58
3935
Endocrine. Changes in adrenal weight 3564
Haemorrhoidal haemorrhage 38.51
| Blood pressure diastolic 3851
Gastric ulcer haemorrhage 3848
Bladder injury 3826
CH E D Gastric outlet obstruction 3826
3 2 Renal failure chronic 38.03
| Bloodpressure e
Endocrine pancreatic disorder 37595
Menopausal symptoms 3754
Behavioral. Stteration of classical conditioning 3763
| Coronary artery thrombasis 7E
3755
I & Gastrointestingl erosion 3755
Gastrointestinal ulcer perforation 3755
Allergy to arthropod hite 37.51
hledian nerve lesion 3751
Wirist fracture 3751
Gastroduodensl hasmorrhage 3751
D Lower gastrointestinal haemarrhage 3751
Tonsllar dizarder 3T s
Breast cancer female 3751
Oral infection 3751
Senge organs and special senses (nose, eye, ear, and taste). Eye: Tumars 37.51
Purpura senile 37.51
Cartilage injury 37.51
Calcium ionized decreased 3724
Haemarthrosis A6
Liver. Changes in liver weight 3706
36.85
Small intestingl haemarthage 36.81
Diaphtagmatic hernia 36.78
Upper gastrointestinal haemarthage 3677
Colon cancer 3671
Painful respirstion 3665
Body temperature decreased 36.55
Large intestinal ulcer 36.52
Microalbuminuria 3652
Gastrointestinal obstruction 36.44
Binchemical. Metabolistn (intermediary) Plasms proteins not invalving cosgulation 36.42
Erozive duadenitis 36.39
3633
Red blood cell court abnarmal 3629
Mephrotic syndrome 3596
Tubulointerstitisl nephritis 35492
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Just last week: Rosiglitazone (Avandia®)
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ed for Avandia

reater risk of heart attack

FDA pan

By Bruce Japsen | Tribune staff reporter
July 31, 2007

GAITHERSEBURG, Md. - A Food and Drug Administration advisory
panel on Monday found that people who use the popular diabetes
pill Avandia face a greater risk of heart attack and urged the FDA,
to slap its strictest warning on its label.

The panel, however, did not go as far as to suggest pulling the
drug off the market as one high-profile FDA, safety reviewer had
urged in his testimony hMonday. The agency typically follows the
recammendations of its panels but is not bound to do so.

Article Tools
Email
Brint
Single page view
Reprints
Reager feedback
teod zize: & v

Still, the committee's recammendation is a blow to Avandia’s maker, GlaxoSmithikline
PLC, which submitted its own studies that showed the drug had no greater risk of heart

N B P

Predicted AE Bayes Score

Wigight 8373
Blood glucose decreased E2.35
Fluid retention o6.84
Pitting oedema 2673
Biochemical. Enzyme inhibition, induction, or change in blood or tizsue levels: Transaminases 2649
Superovulstion 5635
Hypoglycaemia 24 87
Hepéatitis viral 9386
Encocring pancrestic disorder 5335
Haematocrit decreaszed 53.29
Haemoglohin decreased 52.73

5281
Weight increased 5215
Myelodysplastic syndrome 51.49

5087
Generalized ogdema o082
Haematocrit abnarmal 45.82

4978
Lung dizorder 49.32
Drug effect increased 43 86
Hepatitiz granulomatous 45.70

47 .85
High density lipoprotein increased 4791
Haematology test abnormal 4751
Uppet respirstory tract infection 47.39

4555
Izchaemiz 45.29
Alanine aminotransferaze abnormal 4489
Macular oedema 44 96
Hepatocelular damsage 44 11

4389
‘Wigight abnormal 4377

41.20

4053
Visual acuity reduced 393
Blood sodium decreased 3839
Blood slbumin increased 3524

323
Pulmonaty oedems 3795
Blood pressure decressed 7N
Hepatic faiure 37.40

377
Conduction disarder 36.64
Pharyngolaryngeal pain 36.36

35480
White hlood cell count abnarmal 3545

34 .96
Influenza 3465

34.20

White hlood cell court decreased
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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

26 | Side eflect profie prediction | JosefScheiber | Aug 19,2007 | ACS Conference U NOVARTIS



Nature Precedings : doi:10.1038/npre.2007.1239.1 : Posted 18 Oct 2007

Future plans

Incorporate gene expression data to better localize AES

|dentify 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

Targets ——

‘Gastromntestinal disorders

‘Pregnancy, puerperium and perinatal conditions

Infections and infestations
Congenital, familial and genetic disorders
Nervous system disorders
Skin and subcutaneous tissue disorders
Tnjury, poisoning and procedural complications
‘Eye disorders
Metabolism and nutrition discrders
Renal and urinary disorders

General disorders and administration site conditions

‘Reproductive system and breast disarders
Respiratary, thoracic and mediastinal disorders

Cardiac discrders
Endocrine disorders
Neoplasms b¥gign, malignant and unspecified (incl cysts and polyps)
Psychiatric disorders
‘BloWg and lymphatic system disorders
wne system disorders

Surgical and medical procedures

Social ciggurstances
Hepatobillieisorders
‘Ear and labyPih disorders
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How to visualize the quality of many models ? roc
plot

ROC space
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But ...

How reliable are the models ?
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Modeling the DrugBank data

Or: Testing Bayes’ fithess

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

Model number 1 Model quality is consistent,
BUT:

What does that mean for
single categories ?

TPR, vy, y2

‘00 01 D02 03 04 05 06 07 0B 09 1.0
FPR, x

@ TFR Ay By

32 | Side eflect profie prediction | JosefScheiber | Aug 19,2007 | ACS Conference U NOVARTIS



Nature Precedings : doi:10.1038/npre.2007.1239.1 : Posted 18 Oct 2007

Analyzing the categories
Assessing model stability

Eczema infected
1.0 fe

0.9
0.8
0.7
06 100 models!!
0.
E 0.5
" 04
0.3
0.2

0.1

0.0 : : . . . ; . . .
6o 01 02 03 04 05 06 07 08 09 1.0
FPR, x

®@TPR Avy
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Optimal case
Very stable model
Many true positives

Almost no false positives
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Analyzing the categories
Assessing model stability

1.0

Sudden infant death syndrome

0.9
0.8
0.7
> 0.6
E 0.5
0.4
0.3
0.2
0.1

/

100 models!!!

0.0
0.0 01

02 03 04 05 06 07 08 09 1.0
FPR, x

® TPR A VY
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Very stable model
Many true positives

Too many false positives
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Analyzing the categories
Assessing model stability

1.0

Muscular weakness
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Instable model

Direct correlation between
true and false positives

This Is an unwanted case
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Analyzing the categories
Assessing model stability

Nasal discomfort
1.0
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Instable model

No correlation between
true and false positives

Thisis fine
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The conseguence

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

Rank models based on their stability
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