
Introduction

The validation of alternative tests is the process by
which the reliability and relevance of a test are
established for a particular purpose (1). Over the
last 12 years, the European Centre for the
Validation of Alternative Methods (ECVAM), in
cooperation with international experts, has set up
guidelines for validation, and five stages in the evo-
lution of a new test were defined: development,
prevalidation, validation, peer review and regula-
tory acceptance. These stages reflect the sequence of
steps to be performed for a prospective validation
exercise. They are well documented in a number of
publications (for example, 2–5). The process proved
to be successful and led to the regulatory accept-
ance of several alternative tests (summarised in 6).
Furthermore, these principles can be applied to any
type of test, including in vivo tests.

Advances in new technologies, such as pattern-
based systems (for example, genomics and pro-
teomics), and computer-based models (for example,
quantitative structure–activity relationship [QSAR]
models) and expert systems, impose the need to
adapt the validation process to the generation of
new tests and models. In addition, new approaches

are required, to make the best use of existing data,
including aspects of scientific relevance, and to val-
idate test strategies. These might include assess-
ments of mechanistic basis in weight-of-evidence
approaches. ECVAM therefore proposes to make
the validation process more flexible, by breaking
down the various steps in validation into independ-
ent modules, and defining for each module the
information needed for assessing test validity. Once
all the modules are satisfied, the suitability of a test
to enter the peer-review process is determined. This
information could be provided via prospective or
retrospective validation, or a combination of both.
In many cases, it will be necessary to carry out lab-
oratory work to obtain the information required,
whereas, in other cases, existing information might
be sufficient. In addition, a previously validated test
or model could be re-evaluated with respect to one
or more modules at different times, according to
technological progress. This approach would avoid
the need to completely re-validate tests in cases
where previously obtained information on validity
was still applicable. However, care must be taken to
ensure that a change in one module does not com-
promise the validity of the other modules. Further
details and technical guidance need to be developed
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to assist in the implementation of the modular
approach.

Irrespective of whether a prospective or a retro-
spective approach is applied to complete the infor-
mation for the individual modules, the reliability
and relevance of a test ultimately have to be estab-
lished in accordance with the previously defined
validation principles. For this purpose, an assess-
ment of each module will be conducted by the
Validation Management Group (VMG), and recom-
mendations will be made to proceed with independ-
ent peer review or to acquire additional
information. Only when the information for all the
modules is deemed by the VMG to be adequate,
should the test enter the peer-review process.

Regarding prospective validation, ECVAM pro-
poses to separately address the modules “between-
laboratory variability” and “predictive capacity” in
specially designed studies, with the aim of reducing
the costs and time needed for validation studies.
ECVAM is currently undertaking a pilot study to
evaluate the feasibility of this approach. With
regard to retrospective validation, ECVAM plans to
establish principles for making assessments based
on a weight-of-evidence approach, as well as techni-
cal guidance on how to implement these principles. 

In general, the validation of an in vitro test or in
silico model by ECVAM will begin with an assess-
ment of the extent to which the validity principles

for each module have already been addressed. In
appropriate cases, this will be followed by the con-
duct of the additional experimental and/or statisti-
cal analysis needed to satisfy all the validity
principles. Thus, in general, a combined approach
of retrospective validation and prospective valida-
tion will be adopted. This approach should be appli-
cable to different types of tests and models. For
example, the application of the validity principles to
an experimental test is analogous to their applica-
tion to an in silico model (Table 1).

By adopting this approach, ECVAM will be able
to provide a dossier of information to the peer-
review panel, European Commission services and
regulatory bodies, on the extent to which a given
method meets well-defined validity principles. This
dossier will help the appropriate body to make a
decision on the acceptability of the method within
the context of a particular responsibility or regula-
tory programme.

The Modules

The seven modules proposed for the validity assess-
ment of a test are defined below, and are schemati-
cally depicted in Figure 1. Information should be
provided for all of the modules, unless a particular
module is not applicable to a specific test/method,
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Figure 1: The modular approach for applying the ECVAM principles on test validity

A “yes” indicates that the appropriate information for the module is adequate for entrance into the peer-review process.
All seven modules have to be satisfactorily completed, as judged by the Validation Management Group, before a method
can enter the peer-review process.

ECVAM = European Centre for the Validation of Alternative Methods.
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Table 1: Comparison of information required for each module for experimental tests and in
silico models to enter the peer-review process

Experimental test methods (including alternatives) In silico models (including QSARs)

Test (method/model) definition
Test protocol and SOPs

Definition of endpoint predicted Definition of endpoint predicted

Training set (chemical structures + complete set of data) Training set (chemical structures + complete set of data)

Definition of prediction model/data interpretation Definition of prediction model (developed from training set)
procedure (developed from training set)

(Provisional) domain of applicability (Provisional) domain of applicability

Explanation of mechanistic basis (known or putative) Explanation of mechanistic basis (known or putative)

Within-laboratory variability
Assessment of reproducibility of experimental data in Within-laboratory assessment not normally necessary, 
same laboratory (different operators, different times) since this source of variability is not normally present

For some types of model, which are defined by 
mathematical routines based on the randomised searching 
of optimal solutions, different models can sometimes be 
developed

For these types of model, an assessment will need to be 
made on whether the differences in model definition are
biologically significant

Transferability
Assessment of reproducibility of experimental data in Confirmation of descriptor data by different operator (in 
second laboratory (different operator) the case of descriptors that are themselves estimated)

Ease of transferability (practicability) Confirmation of model definition by a different operator

Confirmation of goodness-of-fit and robustness of statistics

Confirmation of reproducibility of predictions by different 
operator (same version of model [software] should be used)

Assessment of adequateness of documentation on 
development and application of model

Between-laboratory variability
Assessment of reproducibility of experimental data in Between-laboratory assessment not directly relevant, since 
2–4 laboratories (different operators, different times) major source of error is between different operators

Predictive capacity
Assessment of predictive capacity of the prediction model Indication of predictive capacity by performing suitable 
associated with the test system (by using test chemicals cross-validation (usually leave-many-out)
that were not used in the development of the prediction  Assessment of predictive capacity by performing external model) validation (i.e. by using test structures that were not used 

in the development of the model)

Applicability domain
Definition of chemical classes and/or ranges of test method Definition of chemical classes and/or ranges of molecular 
endpoints for which the model makes reliable predictions descriptors for which the model makes reliable predictions

Performance standards
Definition of reference chemicals that can be used to Definition of reference structures that can be used to 
demonstrate the equivalence in performance between a demonstrate the equivalence in performance between a 
new test and a previously validated test new model and a previously validated model

QSAR = quantitative structure–activity relationship; SOP = Standard Operating Procedure.



as could be the case for information on within-
laboratory variability for in silico methods.

1. Test definition.

2. Within-laboratory variability.

3. Transferability.

4. Between-laboratory variability.

5. Predictive capacity.

6. Applicability domain.

7. Performance standards. 

Test definition

For prospective validation, ECVAM defined a set of
criteria which need to be met before a test can enter
the prevalidation process (3). This document aims
to define in a similar way the information that
should be available before a test enters the peer-
review process. 

An adequate test definition for the purpose 
of peer review comprises the following informa-
tion.

1. A definition of the scientific purpose of the test.

2. A description of the mechanistic basis of the test
in view of the broader current scientific knowl-
edge of the test endpoint.

3. A definitive protocol compliant with Good
Laboratory Practice and Good Cell Culture
Practice (7), including: any necessary Standard
Operating Procedures (SOPs); specification of
endpoints and endpoint measurements; deriva-
tion and expression of results; interpretation of
the results via a prediction model; and the inclu-
sion of adequate controls.

As a result of information obtained during the vali-
dation study or once the test has been fully vali-
dated, it may be necessary to redefine the test
definition (for example, when there is an agreed
modification to the SOP or a refinement of the pre-
diction model is needed). In such cases, the possible
consequences for all other modules must be consid-
ered by the VMG. In any event, during the assess-
ment of the predictive capacity of a test, the test
definition should not be changed. 

Within-laboratory variability

Within-laboratory variability will typically follow
the International Conference on Harmonisation
procedures (8, 9), addressing variability over time
and for different operators, but using the same lab-
oratory set-up. 

Transferability

The transferability of a test is a crucial parameter for
robustness. The information should demonstrate
that the test can be successfully repeated in a labo-
ratory different from the one which has developed or
which was involved in the optimisation of the test
(3). This step is necessary to evaluate the practica-
bility of the test and to provide an estimation of the
amount of training that will be necessary to success-
fully transfer the test to a naive laboratory, as well as
to identify possible sources of within-laboratory and
between-laboratory variability.

The “transferability” of an in silico model is
interpreted here as the ability to reproduce the
model definition and model predictions. If the
model definition is reproducible, a different opera-
tor (i.e. an expert other than the developer of the
model) should be able to derive the same model or
an equivalent model from the training set of data. If
the model predictions are reproducible, a different
operator should obtain the same predictions for a
set of reference structures as the model developer
had previously reported. Thus, the transferability
of an in silico model will depend on the adequacy of
the documentation explaining how the model was
developed and how it should be applied.

Between-laboratory variability

According to the current ECVAM validation
process, the between-laboratory variability of a test
is usually evaluated in three or four well-trained
laboratories with a relatively large number of test
substances. A validation study does not necessarily
benefit from a larger number of laboratories; on the
contrary, this can contribute to organisational and
logistical problems.

If the assessment of the between-laboratory vari-
ability and predictive capacity (see below) of a test
are considered to be two separate aspects, in princi-
ple, they can be addressed in different laboratories
or at different time-points.

In general, the between-laboratory variability of
a test can be assessed with a limited number of test
substances. However, the set of test substances
evaluated must cover the full range of toxic effects,
relevant chemical classes and physicochemical
properties. For a sufficiently well-established test,
there is no obvious reason why this variability
should change when a different subset of test sub-
stances is used. This approach will provide the
opportunity to assess the predictive capacity later
and with a larger number of substances in, for
example, one laboratory only. This could result in a
substantial reduction in cost and an increased
throughput of validation studies. 

The necessary number of participating laborato-
ries and test substances should be defined on a case-
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by-case basis and with the help of a biostatistician.
This evaluation should be based on within-labora-
tory variability, transferability, and the availability
of experience with the test.

Predictive capacity

By applying a prediction model, the predictive
capacity of an alternative test demonstrates how
well the test can predict the reference standard (for
example, an in vivo test result, an ecotoxicological
endpoint or a human health effect). Predictive
capacity is influenced by the number and range of
test substances selected and the quality of the ref-
erence standard. In the current ECVAM validation
process, the predictive capacity of a test is assessed
by testing a defined number of substances in at
least three laboratories. The new approach suggests
that, once an acceptable level of between-laboratory
variability had been established, the predictive
capacity of a test might be assessed in one labora-
tory only, or could involve a larger number of labo-
ratories, each of them testing only a different
subset or an overlapping subset of the full set of
substances. The data quality would then have to be
assured by the reference and control materials,
according to the SOP.

In addition to predictive capacity as a measure
of relevance, mechanistic relevance, which refers
to the scientific basis of the test, should also be
considered. Some tests are associated with pre-
diction models that are based purely on the sta-
tistical correlation with the endpoint being
predicted, whereas other tests are also based on
established mechanisms of biological action. Such
mechanistically based models are more likely to
be relevant to the purpose of the test. Since no
objective measure of this quality is possible, it is
suggested that current understanding of mecha-
nism should be described within the test defini-
tion module. 

Applicability domain

The particular purpose for which a test can be
applied should be clearly described — for example,
for which toxicological endpoints, chemical classes,
test materials, physicochemical properties and/or
products. A subsequent change or extension of the
applicability domain might require a new peer
review.

Performance standards

At the end of the validation exercise, performance
standards should be established for each test. Tests
based on a method similar to a validated test could

then be validated much faster (10), as has been
shown in an ECVAM catch-up validation study (11)
or outlined in the (US) Interagency Coordinating
Committee on the Validation of Alternative
Methods (ICCVAM) criteria (12). Performance
standards can be applied to “me-too” developments
or similar tests, but also to any change of a vali-
dated test. In applying this concept, care has to be
taken to avoid test development tailored only to
meet performance standards. While there is an
obvious advantage in restricting the number of
chemicals evaluated, development efforts should
not focus on this limited set of chemicals. 

Catch-up Validation 

The information obtained by performing a compre-
hensive validation exercise on a test can be used to
expedite the future validation of a similar test or an
improved version of the same test, thus broadening
what has been called “catch-up validation” (10, 11).
The application of the modular approach to already
validated tests can then be carried out by re-evalu-
ating the test with respect to one or more modules,
according to technological progress.

It is suggested that a distinction should be made
between minor and major changes to a test or dif-
ferences between tests (criteria to be defined in gen-
eral, and for each test when defining the
performance standards). Minor changes will imply
the need to prove equivalence to the validated test
by using the performance standards only, while
major changes imply the need to define a new set of
reference materials and to perform a reassessment
of each module affected by the change.

It is foreseeable that an increasing number of
validity statements will have to be amended to
reflect scientific progress, for example, for “me-
too” developments, and for improvements in cell
and tissue culture technology, as well as in end-
point measurement or data analysis procedures
(including sensor and array technologies). This
clearly applies when considering technologies
such as QSAR or genomic approaches, which are
still evolving technologies, and where validation,
implying standardisation, should not be at the
expense of innovation and progress. Furthermore,
validated tests might often expand their applica-
bility domains after the assessment of further
types of products/chemicals. It is therefore sug-
gested that an index for the validity statements of
a given method should be created, similar to the
release numbers of computer programs, indicating
full validations and reassessments employing the
performance standards. The need for such peri-
odic reassessments points to the importance of
having international validation bodies which
track the history of specific tests and their valida-
tion status.
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Conclusions

The modular approach to validation being proposed
by ECVAM represents a shift in emphasis rather
than a fundamentally new concept. The approach is
intended to be flexible and efficient, and should be
applicable to all kinds of validation exercises.
However, it needs to be further elaborated, so
ECVAM has scheduled a number of workshops and
task force meetings, so that these proposals can be
discussed with groups of international experts, with
the aim of defining the information required for the
validation of pattern-based systems (for example,
genomics, proteomics), computer-based models and
testing strategies. Detailed guidance will need to be
developed on how this information can be obtained
by using prospective and/or retrospective valida-
tion, depending on the information already avail-
able. The new modular approach for applying the
ECVAM principles on test validity promises to
cover the various types of (alternative) tests and to
be effective in responding to changing technologies.
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