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Abstract

Scientific validation is a necessary prerequisite for the regulatory acceptance of new toxicological tests, and for

acceptance as Organisation for Economic Co-operation and Development Test Guidelines. Validation is defined as the

determination of the reliability and relevance of a test method for a particular purpose. Reliability refers to the

reproducibility of the test within and among laboratories. The relevance of a test addresses how well it measures or

predicts what it is supposed to measure or predict. There are no fixed values for how reliable or relevant a test should

be. Acceptable values depend on the type of test, the inherent variability in the biological systems used, and what

regulatory decisions the test will be asked to support. The validation of in vitro and in vivo tests should follow the same

general principles. The validation process should be flexible, according to the type of test being evaluated and its

proposed uses. If a test is designed to replace a test currently in use, its reliability and relevance should be measured

against that reference test or against the effect that the test is designed to predict. For the evaluation of health effects

where adequate human data are available, the performance of the new test should be measured against the relevant

effect in humans, rather than a surrogate species. All proceedings from the validation process and the subsequent peer-

review of the method should be transparent, i.e., publicly available. It is also recommended that the peer-review of the

validation study be accessible to the interested public.
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1. Introduction

Scientific validation has become a prerequisite

for acceptance of a new or significantly revised

method as an Organisation for Economic Co-

operation and Development (OECD) Test Guide-

line (OECD, 2001). It is also required for regula-

tory acceptance of new methods by US (NIEHS,

1997; USC, 1993, 2000), and other (EEC, 1976)

regulatory agencies. Test validation is currently

defined as the determination of the reliability and

relevance of a test method for its intended purpose
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(Balls, 1995; Balls et al., 1990, 1995; NIEHS, 1997;

OECD, 2001; Zeiger and Stokes, 1998). Although

the requirement for formal test validation is new,

the principles of test validation are not, and are,

essentially, the scientific principles of test reprodu-

cibility and test validity.

Traditionally, new tests have been adopted for

regulatory use based on the history of use and

experience with the test, and confidence that it

would provide sufficiently accurate data to sup-

port a regulatory decision. In addition to this

approach, there have been official or unofficial

sponsored or directed inter-laboratory collabora-

tive (or round-robin) studies to evaluate the

performance of tests of interest to the scientific

and regulatory communities. For the most part,

the design and performance of these efforts have

been informal or guided by general scientific

principles, and not subject to any specific, formal

procedures or oversight, but are influenced by the

nature of the test and the question(s) being asked

of it.

Recently, however, guidance documents have

been developed for the design and performance of

validation studies for tests planned or proposed

for formal guideline development and/or regula-

tory agency acceptance (NIEHS 1997, 1999;

OECD, 2001). These documents generally require

standardised information about the test, a struc-

tured study design and management system, and a

formal peer-review process.

The importance of retaining the flexibility of the

scientific process for designing validation studies is

well recognized. It is possible to maintain design

flexibility yet provide scientific rigor to the system

so that the regulatory agencies will have sufficient,

good-quality information about the test and its

performance characteristics so that they can use

data from the test to support regulatory decisions.

This manuscript will briefly describe the currently

used formal procedures for determining the repro-

ducibility and validity of a test, and the areas in a

validation study where it is important to maintain

flexibility and transparency.

Detailed documents describing test validation

principles and procedures have been published by

the US Interagency Committee to Coordinate and

Validate Alternative Methods (ICCVAM)
(NIEHS, 1997, 1999) and by the OECD (2001).

2. Test validation*/the scientific processes

Validation is defined by the OECD, ICCVAM,

and ECVAM as the assessment of the reliability

and relevance of a test for its intended purpose

(Balls et al., 1990, 1995; NIEHS, 1997; OECD,
2001). Validation is a scientific process designed to

determine a test’s intra- and inter-laboratory

reproducibility (reliability) and its ability to mea-

sure the effect it is designed, or proposed, for

(relevance).

The determination of a test’s reliability and

relevance should, ideally, include a determination

of its limitations and strengths. Not all tests are
equally responsive to all structural and functional

classes of chemicals. For example, a test may be

highly effective with chemicals that are directly

active, but may not be able to approximate in vivo

metabolism, or a cell line may not be effective

against substances with detergent properties be-

cause of their effects on the cell membrane.

A test may be proposed as a definitive test for
effects for which no prior test existed, as a

replacement or substitute test for an existing,

accepted test, as a screening test for prioritisation

of future testing, or as a component of a formal

test battery. Although scientifically rigorous vali-

dation studies are needed for all types of test, the

extent and design of the validation study may be

different according to the type of test and its
proposed use.

Validation has become a prerequisite for reg-

ulatory acceptance of a new or revised test, or for

its incorporation into a Test Guideline. It is a basic

tenet of the process that, while validation is strictly

an objective scientific exercise, the regulatory

acceptance of a validated test is the responsibility

of the regulatory organisation. This means that the
regulatory agency has the sole authority to deter-

mine whether the operating characteristics of a test

are sufficient for that agency’s purposes. As a

result, a test may be accepted for specific purposes

by some agencies, but not accepted by other

agencies with different mandates or requirements.
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2.1. The process of validation*/reliability

The reliability (reproducibility) of a standar-

dised test protocol can be determined in a number

of ways depending on the test and its proposed

uses. The numbers and types of chemicals to be

tested in order to evaluate a test’s reproducibility,

and the numbers of laboratories participating in

the study, will vary according to the type of test
(e.g., in vitro, acute in vivo, longer term in vivo),

and the extent of information already available

about the test. The measure of a test’s reproduci-

bility can be combined with the determination of

its relevance, so that the test substances that are

appropriate for measuring a test’s predictive cap-

ability can also be used to measure its reproduci-

bility. To maintain objectivity in the testing and
analyses of the test results, it is recommended that

the test substances be coded and tested and

evaluated blind. It is also important that the

substances selected encompass a wide range of

activity, from the strongly active to inactive, in

order to model the types of substances that will be

tested if the test is approved for use.

There is no predetermined value for test repro-
ducibility that can be recommended. The reprodu-

cibility of a biological test will depend on many

factors, including the biological variability inher-

ent in the biological system and unavoidable

sampling variability. An acceptable value for

reproducibility would also be a function of the

proposed use(s) of the test data and, where

appropriate, the reproducibility of the existing
test that the new test is designed to replace.

2.2. The process of validation*/relevance

Similar to reproducibility, the relevance of a test

can also be determined in a number of ways. For

example, the majority of new tests are developed

to predict or model an in vivo effect. In these

situations, the in vivo effect, whether it be in
humans or laboratory animals, serves as the

reference standard against which the test perfor-

mance is measured. It is not sufficient for a test to

be able to predict/model only active substances, it

must be able to distinguish between active and

inactive substances. For this reason, the sub-

stances tested in the validation program must
cover a full range of activities, ideally representa-

tive of the classes or types of substances for which

the test will be used, and coded substances should

be used wherever possible.

As with the concept of reproducibility, there are

no predetermined values for judging a test’s

relevance. The effectiveness of a test will depend

on the inherent variability and limitations of the
test, itself, and of the effect that the test is designed

to predict or model. An acceptable value for

relevance will also depend on the proposed use(s)

of the test and the effectiveness of the test (if any)

that it is designed to replace.

2.3. Flexibility

The flexibility (described above) in the criteria

for determining the reliability and relevance of a

test ensures that the test will be evaluated by

criteria appropriate for the test and its proposed

uses, rather than by a predetermined, standard

procedure that does not take into consideration

the mechanism of the test, its proposed uses, and

logistic (e.g., costs; animal use; test complexity)
and scientific (e.g., mechanistic limitations; prior

information) relationships. Despite the flexibility

inherent in the system being described, the quality

of the science will not be compromised if the

validation procedure and protocols are properly

designed.

3. Test validation*/the administrative processes

3.1. Peer-review of the validation study

After completion of a validation study, the

results of the study should be peer-reviewed by

uninvolved experts who do not have a financial, or

other significant, interest in the test. It is not

always possible to find scientists who are expert or
knowledgeable about a specific method who do

not have a bias regarding that method or its

proposed use. However, it is generally agreed

that such a bias does not necessarily mean that

an individual cannot objectively evaluate the

results of a validation study, and make recom-
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mendations for the use of the method. It is

important that the potential biases of the reviewers

be known and balanced within the review panel.

Although the reviewers may have individual

biases, it is possible for the panel, as a whole, be

unbiased.
The results of the peer-review, and the panel’s

questions for clarification, are presented to the

individual or group managing the validation study

for possible rebuttal or additional studies or

analyses. The peer-review panel’s role is to deter-

mine whether the results of the validation study

support the proposed use of the test, whether

additional laboratory work or data analyses is

necessary prior to drawing a conclusion, or

whether the test is not adequate for its proposed

use. If the test is judged to be acceptable, the

panel’s conclusions, and all supporting informa-

tion, are made available to the regulatory autho-

rities to support the use of the test.

3.2. Transparency

The decision as to whether or not a test is

validated for a specific regulatory use, or for

support of a test guideline, affects many parties,

including regulatory agencies, test developers/own-

ers, regulated industries that would be using the

test, and the scientific community. ‘Transparency’

is simply the concept that all decisions, and the

information available to the people making the

decisions, also be available to all interested parties.

This should also include the deliberations of the

peer-review panel and its recommendations.

The test protocols and data used to support

decisions on test validation and the recommenda-

tion for regulatory acceptance should be publicly

available. The participating laboratories should

also be identified; this can be done without linking

specific data sets to individual laboratories. If the

peer-review process cannot be open to public, the

summary report given to the peer-review panel, the

panel’s report and recommendations, and the

responses to the recommendations should be

made public.

4. Conclusions

Because different legislative and regulatory

mandates require different criteria for test data,

the validation process must be separated from the

regulatory acceptance of the test. A test suitable

for one organisation or use may not be suitable for

others. The purpose of the validation process is to

provide the regulatory community with sufficient
information to support a decision to incorporate

the test into a Guideline or testing requirement.

The validation process and the test validation

criteria must be sufficiently flexible to take into

account the nature of the specific test, the available

information about the test, its mechanistic rela-

tionship to the effect of concern and biological

relationship to the species of concern, and the
proposed uses of the test. This flexibility in the

validation process and criteria should not com-

promise the scientific quality of the study.

All stages in the validation of a new test should

involve the people (regulators, managers, scientific

community, and the public) who will use the test

or be affected by its use. The validation process,

including the impartial review of the validation
study and recommendations, should, therefore, be

open to public (including general scientific) scru-

tiny.

Validation does not imply the permanent ap-

proval of a test or its use. The recommended uses

of the test, and its validity, should be reviewed and

reconsidered as experience with the test and new

data become available.
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