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Abstract

Computer-aided prediction of rodent carcinogenicity for the external test set consisting of
293 chemicals was performed by PASS (Prediction of Activity Spectra for Substances)
and by CISOC-PSCT. The set included 64 carcinogens from ISS Carcinogens Data Bank
and 229 noncarcinogens from the Prestwick Chemical Library. We calculated the accuracy

of carcinogenicity prediction by PASS and CISOC-PSCT in apart, and by the two
programs together (the consensus model). Sensitivity, specificity and accuracy
(concordance) were calculated for the external test set by PASS (0.81, 0.74, 0.76), by
CISOC-PSCT (0.36, 0.89, 0.77) and by the consensus model (0.69, 0.86, 0.83). Thus, taking
into account the prediction results of two computer programs for rodent carcinogenicity

the consensus model increases the accuracy of prediction.

1 Introduction

Dozens thousands of chemicals are used and many more
are being synthesized today. It is necessary to have the ef-
ficient methods for the assessment of action of these com-
pounds on the environment and human health. Experi-
mental testing is both time-consuming and rather expen-
sive. A major driving force behind the success and growth
of (Q)SAR:s for the prediction of toxicity is the implemen-
tation of the European Union REACH (Registration,
Evaluation and Authorization of Chemicals) legislation
[1]. It is anticipated that, under the REACH legislation,
(Q)SARs will be more extensively used to reduce the
need for in vivo toxicological assessment of existing chemi-
cals. Many SAR methods were developed to predict the
carcinogenicity (MultyCase, DEREK, OncoLogic and the
others) [2]. Nevertheless owing to the complexity of carci-
nogenic effect there is no adequate method at the present

Abbreviations: CISOC-PSCT: computerized information system
for organic chemistry — predictive system for carcinogenic toxici-
ty; IAP: independent accuracy of prediction; PASS: prediction
of activity spectra for substances; SAR: structure-activity rela-
tionship.
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time. The most of SAR methods have the accuracy of pre-
diction less than 70% [2]. Thus, there is a pressing need in
accurate in silico methods to predict the carcinogenicity.
Currently the (Q)SAR community continues the discus-
sion on advantages and disadvantages of consensus predic-
tion with the final result of prediction formed by integra-
tion of the results predicted by several models [3, 4]. It is
considered that the consensus models decrease variance of
individual models. All individual models contain varying
amounts of predictions with uncertainty and the averaging
of them leads to more reliable predictions [5]. Neverthe-
less the other authors suppose that the consensus models
do not offer significant improvements over single regres-
sion models and their accuracy is usually less than that of
the best model [4]. The above mentioned statements on
the consensus models were made on the basis of QSAR
models. The purpose of this investigation is the evaluation
of the consensus prediction for SAR models of carcinoge-
nicity prediction. With this aim in view we evaluated the
accuracy of the consensus model created on the basis of
PASS [6] and CISOC-PSCT [7] prediction results. For
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more objective validation of prediction we created the ex-
ternal test set consisted of compounds not included into
the training sets.

2 Materials and Methods

2.1 PASS (Prediction of Activity Spectra for Substances)

PASS is a computer program for the evaluation of general
biological potential in a molecule on the basis of its struc-
tural formulae [6]. The list of predictable biological activi-
ties contains 3300 types (PASS 2007 version) including the
main and side pharmacological effects (antianginal, anal-
gesic, antiviral etc.), mechanisms of action (alpha-2 adren-
aline antagonist, angiotensin-converting enzyme inhibitor,
serotonin uptake inhibitor, etc.), specific toxicities (muta-
genicity, carcinogenicity, teratogenicity, etc.) and metabol-
ic terms (CYP1A2 substrate, CYP2D6 inhibitor, CYP3A4
inducer, etc.). The mean independent accuracy of predic-
tion (IAP) calculated by leave-one-out cross-validation
procedure is 94%. Earlier we have already shown the abil-
ity of PASS to predict rodent carcinogens [8]. PASS 2007
version includes 1210 of the known carcinogens. The other
116122 compounds from PASS training set are considered
as noncarcinogens. IAP of carcinogenic prediction calcu-
lated by leave-one-out cross-validation is 92.8%. The re-
sults of PASS prediction are represented as a list of proba-
ble biological activity types, for which the probability to be
active (Pa) and the probability to be inactive (Pi) is calcu-
lated. In the present study we used the difference between
Pa and Pi as a value of PASS carcinogenicity prediction.

2.2 CISOC-PSCT

CISOC-PSCT is a SAR-based carcinogenicity prediction
system, which consists of two principal parts: construction
of the structure-carcinogenicity model and prediction of
toxicity using this SAR model [7]. The training set includes
2738 of carcinogenic compounds extracted from the SY-
MYX MDL Toxicity database [9] and 4130 of noncarcino-
genic compounds selected from the MDL CMC database
[10]. The results of CISOC-PSCT prediction are represent-
ed as the list of values for Predictability, ToxicPossibility
and ToxicImpossibility. Predictability reflects the belong-
ing of a particular molecule to the model’s applicability
domain. It varies from 0% to 100% and compounds with
predictability more than 50% are considered as appropri-
ate for the prediction. Predictability in CISOC-PSCT is
close to the distance to model [11]. ToxicPossibility and
ToxicImpossibility mean a probability of presence and ab-
sence of carcinogenic effect in compounds. They vary from
0 to 1. In the present study we used the difference between
ToxicPossibility (Tp) and ToxicImpossibility (Ti) as a value
of CISOC-PSCT carcinogenicity prediction.
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2.3 External Test Set

The external test set consisted of 293 chemicals and includ-
ed 64 carcinogens and 229 noncarcinogens. The carcino-
gens were retrieved from ISS Carcinogens Data Bank [12].
The Data Bank on Carcinogens (Banca Dati Cancerogeni,
BDC) is a factual data bank, available from the Istituto
Superiore di Sanita website, aimed at supporting the risk
management decision making by central and local admin-
istrators. Noncarcinogens were selected from the Pre-
stwick Chemical Library [13]. The Prestwick Chemical Li-
brary contains 1120 small molecules: 90% of which are
marketed drugs and 10% are bioactive alkaloids or related
substances. All these molecules were selected for their
high chemical and pharmacological diversity as well as for
their known bioavailability and safety in human. In this
study only those compounds were selected that were ab-
sent in CISOC-PSCT training set. Because all compounds
from the external test set were initially in PASS training
set they were excluded from PASS training set during the
study. The charged structures were transformed to the
neutral form. Only compounds with CISOC-PSCT Predic-
tivity values more than 50% were included into the test
set. Such compounds fall to the applicability domain of the
model. The structures of compounds from the external test
set are available in supplements.

3 Results and Discussion

The prediction of carcinogenicity for compounds from the
external test set was performed by PASS and CISOC-
PSCT on the basis of their training sets. The compounds
having positive predicted values are considered as carcino-
gens and those with the negative predicted values are con-
sidered as noncarcinogens. Table 1 shows the values of
sensitivity, specificity and accuracy of carcinogenicity pre-
diction, and also the number of true positives (TP), true
negatives (TN), false positives (FP) and false negatives
(FN) predicted for each method used in apart and with the
two programs together (consensus prediction).

Table1. Accuracy of prediction for the external test set using
PASS, CISOC-PSCT, and consensus model. TP: true positive
(the number of carcinogens predicted as carcinogens); TN: true
negative (the number of noncarcinogens predicted as noncarci-
nogens); FP: false positive (the number of noncarcinogens pre-
dicted as carcinogens); FN: false negative (the number of carci-
nogens predicted as noncarcinogens).

TP TN FP FN Sensi- Speci- Accu-
tivity  ficity  racy
CISOC-PSCT 23 204 25 41 0.36 0.89 0.77
PASS 52 170 59 12 081 0.74 0.76
Consensus 44 198 31 20 0.69 0.86 0.83
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Figure 1. Comparison of PASS and CISOC-PSCT prediction results.

Carcinogenicity prediction by PASS displayed high sen-
sitivity (0.81) and low specificity (0.74), while CISOC-
PSCT showed high specificity (0.89) and low sensitivity
(0.36). On the basis of these results one may suggest that
the results of PASS and CISOC-PSCT complement each
other. On the other hand, low correlation between predic-
tion results obtained by PASS and CISOC-PSCT also pro-
motes their joint application. Comparison of prediction re-
sults between PASS and CISOC-PSCT are shown in Fig-
ure 1. X axis corresponds to the PASS prediction results; Y
axis corresponds to the CISOC-PSCT prediction results.
Their correlation is about 18% for carcinogens and 20%
for noncarcinogens. Thus, these data may be used as inde-
pendent variables for further modeling and complement-
ing each other.

Based on two previous prerequisites (significant differ-
ence in specificity and sensitivity of both programs and
low correlation between their prediction results), we de-
cided to create the consensus prediction. The consensus
prediction is based on a simple unweighted consensus
model [3, 4] that calculates the sum of prediction results of
PASS and CISOC-PSCT. Positive value of the consensus
model means that compound is a carcinogen, while the
negative one of the consensus model means that com-
pound is not carcinogen. The analysis of correlation be-
tween the prediction values of PASS and consensus model
shows that for carcinogens it is 0.62 and 0.71 for noncarci-
nogens. Correlation between the prediction values of CI-
SOC-PSCT and consensus model for carcinogens is 0.79
and 0.74 for noncarcinogens.

We have also calculated the sensitivity, specificity and
accuracy for the results of consensus prediction (Table 1).
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It turned out that the accuracy of consensus prediction is
the highest (0.83) in comparison to CISOC-PSCT (0.77)
and to PASS (0.76). Sensitivity of the consensus model
(0.69) is higher than that of CISOC-PSCT (0.36) and less
than that at PASS (0.81). Specificity of the consensus mod-
el (0.860) is higher than that of PASS (0.74) and less than
that at CISOC-PSCT. Sensitivity depends on the number
of true positive and false negative prediction (TP/(TP+
FN)). Specificity depends on the number of true negative
and false positive prediction (TN/(TN+FP)). The total
number of wrong predictions at consensus model consists
of 51 predictions (31 false positives and 20 false negatives).
It is far less than 66 wrong predictions at CISOC-PSCT
(25 false positives and 41 false negatives) and 71 wrong
predictions at PASS (59 false positives and 12 false nega-
tives). Both the numbers of false negative and false posi-
tive predictions are very important for the environmental
studies. To reveal all harmful compounds false negative
predictions should be close to zero. On the other hand
false positive predictions increase the number of animal
experiments. Therefore, the developed methods should
provide a possibility to optimize the rate of false negatives
and false positives. Such possibility of the studied methods
could be realized using the curves for sensitivity and spe-
cificity depending on the prediction results (Fig.2). All
values demonstrated in Table 1 were calculated with zero
threshold.

In most cases, the curves of sensitivity and specificity of
the consensus model lie between those of sensitivity and
specificity of PASS and CISOC-PSCT that lead to more
balanced results of carcinogenicity prediction. Sensitivity
and specificity may be changed by the threshold of predic-
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Figure 2. Sensitivity and specificity of PASS, CISOC-PSCT and Consensus model depending on the estimates of carcinogenicity pre-

diction.

tion values. For all studied models, shifting of the threshold
to the left increases the sensitivity and decreases the spe-
cificity. On the contrary, threshold shifting to the right
leads to specificity increase and sensitivity decrease.

Reliability and nonreliability are the other important
characteristics of prediction results. The molecules with
nonreliable predictions should be experimentally tested.
In contrast to PASS, CISOC-PSCT outputs the value of
Predictability that displays the adequacy of the model to
predict the appropriate compound. It was considered that
if Predictability is less than 70% the results of prediction
are inconclusive. There are four compounds in the test set
with Predictability less than 70% (No 11 for carcinogens;
No 60, 104 and 121 for noncarcinogens), see supplementa-
ry materials. On the other hand, the prediction results may
be considered inconclusive when the value of probability
to be carcinogen is close to the value of probability to be
noncarcinogen. In this case the difference between these
values is close to zero. We calculated how many com-
pounds have prediction values fall to the interval
[—0.05:0.05]. Twenty four compounds with PASS predic-
tion results fall to the interval. For CISOC-PSCT and con-
sensus model this number is 18 and 14 compounds, respec-
tively. Thus, consensus model may decrease the number of
compounds with inconclusive prediction.

QSAR Comb. Sci. 28, 2009, No. 8, 806-810 www.qcs.wiley-vch.de

4 Conclusions

“Which is better: the best (Q)SAR model or the consen-
sus?” This question often arises at the analysis of several
(Q)SAR models. In this study we have found the parame-
ters of SAR models that may help to answer this question.
In our opinion the difference between sensitivity and spe-
cificity of initial models and their low correlation may be
the reason for creation of the consensus model. Thus, on
the basis of these prerequisites we used the well known
consensus approach to combine the results of rodent carci-
nogenicity predictions made by PASS and CISOC-PSCT
programs. The consensus model increased the accuracy of
prediction from 0.77 (the best prediction accuracy ob-
tained by a single computer program) to 0.83. It confirms
the reasonableness of the consensus model based on the
results of PASS and CISOC-PSCT for rodent carcinoge-
nicity prediction.
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