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Objectives

Can we employ cheminformatics approaches to validate

assertions of drug-induced liver effects in different species?
-

Can we identify chemotypes that define species-specific
liver effects?

Can we establish chemistry driven rules for concordance (or lack
thereof) between chemical effects on humans vs. non-humans?




Study Design

Used assertions evidenced by MEDLINE, rather than
EMEA EPARs, because of their greater gquantity

Used rodent and human data to build the model
(knowing that non-rodent data are sparse in MEDLINE)

Used non-rodent data (where a liver effect was
observed) to validate the model




Curation of Chemical Data

Step 1 : all inorganic molecules have been removed, as well as
those having no available SMILE strings. (993 of 1061 molecules remaining)

Examples: Zinc chloride Cl[Zn]CI Ferrous sulfate [Fe+2].[O-]S(=0)(=0)[O-]
Sulfur [S] Cobalt dichloride [CI-].[CI-].[Co+2]
Manganese chloride  [CI-].[CI-].[Mn+2] Activated charcoal C
cis-Diaminedichloroplatinum [NH4+].[NH4+].[CI-].[CI-].[Pt+2]

Step 2 : 2D structures were obtained from the SMILE strings, using JChem software
from ChemAxon. Then, all counter-ions have been removed and molecules have

been neutralized, using ChemAxon Standardizer. (+aromatization,
+normalization of nitro groups) (989 compounds remaining)

Example:

Step 3 : manual molecular cleaning to correct some structures and to remove
compounds with non-sensible SMILES or duplicates
(951 of 1061 molecules remaining)




Data transformation for the revised Venn diagram

Species profile for each compound (951) was retrieved from the
original data automatically with a program written in Delphi.

only only only

For the cheminformatics
analysis, we assumed that
each compound has been

tested in all species, I.e.,
humans, rodents and non-

rodents.

“1” = known liver effect
“0” = no liver effect




The Venn Diagram of the Curated Dataset

RODENT
(685)

Total number
of compounds:
951




1. Clustering of compounds in the chemistry space*

_ C*C*C-C=0
Calculation _of fragment CHC.C=0
descriptors
C-C=0
—_— C-C
C=0
C*C
Sequences of Atoms/Bonds

Inputs for
¢ |ustering

algorithm

*ISIDA is developed in the group
of Prof. A Varnek, Univ. of

Strasbourg.




1. Clustering of 951 compounds in the chemistry space

For cluster analysis we used fragment descriptors, hierarchical algorithm, Euclidean
similarity between compounds, and a complete linkage between clusters.

Small clusters identified with high levels of similarity between compounds.




1. Clustering of compounds in chemical space

Example 1 : Barbiturate derivatives; sedation/anaesthesia

ID =45 ID =76 ID =93 ID =543

HUMAN =0 HUMAN =0 HUMAN =0 HUMAN =0
RODENT =1 RODENT =1 RODENT =1 RODENT =1
NON-RODENT =0 NON-RODENT =0 NON-RODENT =0 NON-RODENT =0

Example 2 : a = cladribine, b = clofarabine, ¢ = cordycepin; all anticancer drugs

a ID =201 b C

HUMAN = 1

RODENT =0

NON-RODENT =0
ID = 208 ID = 223
HUMAN = 1 HUMAN = 0
RODENT =0 RODENT = 1
NON-RODENT =0 NON-RODENT =0




1. Example 1: Assessing potential data gaps

Allobarbital Aprobarbital Barbital Methohexital

HUMAN =0 HUMAN =0 HUMAN =0 HUMAN =0
RODENT =1 RODENT =1 RODENT =1 RODENT =1
NON-RODENT =0 NON-RODENT =0 NON-RODENT =0 NON-RODENT =0

Recent mining of MEDLINE did not identify any evidence for these
compounds having human liver effects

Basic searches in google (e.g. barbital, human, hepatotoxicity) did not
reveal evidence for these compounds having human liver effects

The apparent lack of human liver effects may be due to these
compounds being used for sedation/anaesthesia where lower doses
and shorter exposures may be used than in animal studies




1. Example 2: Assessing potential data gaps

Cladribine @ Clofarabine D Cordycepin
HUMAN = 1 HUMAN = 1 HUMAN =0
RODENT =0 RODENT =0 RODENT = 1
NON-RODENT = 0 NON-RODENT =0 NON-RODENT =0

« Recent mining of MEDLINE
did not identify any new
evidence for 2a and b having
rodent liver effects

However, EMEA EPAR data in the
Safety Intelligence System did
identify b as having rodent liver
effects (no rodent liver effects
identified for a)




1. Example 2: Assessing potential data gaps

Cladribine @ Clofarabine D Cordycepin
HUMAN = 1 HUMAN = 1 HUMAN =0
RODENT =0 RODENT =0 RODENT = 1
NON-RODENT = 0 NON-RODENT =0 NON-RODENT =0

Recent mining of MEDLINE did Recent mining of MEDLINE did
not identify any new evidence for identify an effect of ¢ in a human
2a and b having rodent liver hepatocellular cell line

effects

However, EMEA EPAR data in the
Safety Intelligence System did
identify b as having rodent liver
effects (no rodent liver effects
identified for a)




1. Clustering of compounds in chemical space

Example 3 : a. amiodarone (antiarrnythmic agent), b. benzarone (used for treatment of
peripheral vascular disorders), c. benzbromarone (uricosuric agent, used for gout),
d. benziodarone (vasodilator).

ID =98

HUMAN =1
RODENT =1
NON-RODENT =0

ID =60

HUMAN =1
RODENT =1
NON-RODENT =1

ID =99 ID =100

HUMAN =1 HUMAN =0
RODENT =1 RODENT =1
NON-RODENT =0 NON-RODENT =0




1. Example 3: Assessing potential data gaps

Benziodarone
HUMAN =0
RODENT =1
NON-RODENT =0

 Recent mining of MEDLINE did not identify any new evidence for 3d having
human liver effects

However, a basic search in google (e.g. benziodarone, human,
hepatotoxicity) did reveal that the drug caused hepatotoxicity in humans
(EGED))




1. Clustering of compounds in chemical space

Example 4: Estrogen-like compounds Estradiol

ID = 329
) : b HUMAN =1
I2D r:nSethoxyestradloI RODENT = 1
2. HUMAN = 1 NON-RODENT =1
RODENT =1
NON-RODENT =0

Estrone
ID = 333
HUMAN = 1
_ RODENT =1
Estriol NON-RODENT =0
ID = 332
HUMAN =0
RODENT = 1
NON-RODENT =0

C

Ethinyl estradiol
ID = 338
HUMAN = 1
RODENT =1
NON-RODENT =1




1. Example 4: Assessing potential data gaps

Cc Estriol
HUMAN =0
RODENT = 1
NON-RODENT =0

« Recent mining of MEDLINE and a basic search in google (e.g. estriol,
human, hepatotoxicity) did not identify any new evidence for estriol (c)
having human liver effects




1. Clustering of compounds in chemical space

—> Some clusters have been identified in which compounds share highly
molecular structures and also, toxicity profiles for H, R and NR.

This information is highly important to identify chemotypes that define
species-specific DILI effects.

—> However, in some clusters, similar compounds appear to display
different toxicity profiles.

These cases may correspond to missing or unreported data, and
highlight areas for gap-spotting or additional experimental
Investigation.




2. Analysis of chemical fragment distribution

RODENT

A ONLY

! !

Compounds found to Compounds

show liver effects lacking liver effects
for humans only for humans

Are there some differences in fragment distributions between
compounds displaying human vs. rodent specific effects?
-




2. Analysis of fragment distributions within sets A and B

Fragment type Fragment type
FA B FA I:B

C-N-C 71.6 O-C-C-N-C=0 15.7 4.3
C-C-C-N-C 50.0 C=C-N 15.3 KRS
C-C-C-N 58.9 C-N-C-C=0 19.9 8.6
C-C-N-C 64.0 C-N-C=C 14.0 2.7
C-C-N-C-C 39.8 c*C*C 75.0
C-N 86.4 C-C-C 86.9
C-C-N 76.3 N-C-C-N-C-C-O 12.7
C-N-C-C-N 24.2 . C-C-C=0 47.9

C-C-C-N-C-C 30.9
C-N-C-C-N-C 21.2
N-C-C-N 24.6
C*N 35.2
c*C 80.1
C-C-N-C-C-O0 22.0
C-C-N-C=O0 29.2
C*C*N 33.1
C-C-N-C-C-N 18.6
S-C 23.3
C-C-N-C-C-N-C 17.8
C-S-C 15.3
C-N-C-C-O 29.2
C-N-C=0 37.7
C*C*C*C 70.8
C-S-C-C 13.6
C-C-N-C-C=0 17.4

O=C-C-N-C=0 15.7
C-C-C-N-C-C-N 14.8
S-C-C 14.4
N-C=0 42.8
C*C*C*N 23.3
C*N*C 29.7
C-C-C-C-N 33.1

C-C-C-N-C-C=0 13.1
N-C*N 15.7
C-C=C-N 12.7
N-C-C-N-C-C=0 11.4
C=C-C-O 14.4
C-C-C-N-C-C-C 14.4
C-C=C-N-C 11.4
S-C-C-C 114
N-C-C=0 20.8
C-C-C-C-N-C 27.1

C-C*N 17.4
Etc.

Fragment Frequency (%) for (Human Only — 236 compounds)
Fragment Frequency (%) for (Rodent Only — 257 compounds)




2. Differential fragment frequency distribution

F, = Fragment Frequency in A

Fg = Fragment Frequency in B




3. Binary QSAR based classification

Class A Class B | RODENT

(248) (283) | ONLY

! !

Compounds known Compounds NOT
to affect liver in affecting liver in
humans only humans

Can we predict the compound class from its structure only ?
-




3. QSAR based classification

[ 1

6 5

11 10

20

HUMANS

21

External 5 fold ¢ 2

# 31 30

Cross validation . 35

41 40

46 45

50

N
—
Z
LU
O
O
e

51

55

Etc. Etc.

FOLD1 FOLD2 FOLD3 FOLD4 FOLD5

20% of compounds — ==—pFXTERNAL SET
80% of compounds — =P\ ODELING SET

Models are built using the modeling set ONLY.




3. QSAR based classification

Using SUPPORT VECTOR MACHINES (SVM)

Accuracy (%) = (number of compounds correctly predicted )/(total number of compounds)

Modeling set
5 fold CV

Modeling set
Accuracy

External set
Accuracy

Model ID

Descriptors

62.3%
62.9%

88.2%
77.6%

71.0%
67.3%

fragments

Dragon

64.9%
67.5%

81.2%
81.2%

64.2%
55.7%

fragments

Dragon

62.4%
65.2%

91.3%
91.1%

64.2%
61.3%

fragments

Dragon

64.9%
62.1%

99.3%
84.9%

72.6%
68.9%

fragments

Dragon

63.3%
61.9%

82.6%
94.4%

68.9%
70.8%

fragments

Dragon

NB: Preliminary results; could be improved.




3. QSAR based classification

Class
(283)

RODENT
1
Q_S/ ONLY

EXTERNAL SET

(18 compounds reporting
no liver effects
In humans_ or rodents)

QSAR MODELS




3. QSAR based classification

Modeling set Modeling set External set

Model ID Descriptors
5 fold CV Accuracy Accuracy o P

Compounds

18 62.9% 92.5% o 77.8% Fragments

64.0% 97.9% 66.7% Dragon

14 of 18 compounds are predicted
to lack liver effects for humans.

4 compounds are predicted to have human
liver effects. BUT:

Missing/unreported data ???

IN THE MODELING SET:
Sulfadoxine (ID=820) Sulfadimethoxine (ID=819)
Human =0 Human =1
Rodent = 0 Rodent =0




3. Sulfadoxine: Assessing potential data gap

Sulfadoxine
Human =0
Rodent=0

 Recent mining of MEDLINE  did identify  evidence  for
pyrimethamine/sulfadoxine (fansidar) causing hepatitis in patients

* Normally, combinations would be excluded from these analyses
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Conclusions
B

Cluster analysis allowed us to identify multiple clusters, in which compounds
belong to congeneric series. Similar toxicity profiles are observed for most
clusters but some compounds appear as outliers. Similarity in chemical
space could help focusing on possible gaps in assertional data for liver
effects reported in the literature for different species. Indeed, several gaps
have been filled by re-mining and including other data sources.

QSAR models have been generated to predict the liver effects of
compounds for humans. Despite the apparent diversity of data, models
show good prediction power assessed by five-fold cross validation
procedures, and confirmed by the application of models to an external set of
18 compounds (under the same assumption of the completeness of liver
effects testing across all compounds and species).
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