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Introduction

oxicologists involved in regulatory testing are respon-

sible for collecting data on the toxicity of substances,

for determining how these substances produce their
effects, and for making reasonable predictions of their haz-
ard and impact on humans, animals, and their environment.
The main tasks of safety evaluation in nonrodent species
include evaluation of the spectrum of toxicity, prediction of
adverse effects, and evaluation of safe exposure levels. This
Breakout Group addressed current best practices and future
possibilities for safety evaluation using nonrodent species,
in terms of reducing, refining, and replacing nonrodent spe-
cies within the regulatory testing framework for safety
evaluation (Russell and Burch 1959). Internationally, there
is a spectrum of approaches currently in place, some of
which have more of an impact on nonrodents than others.

Current Considerations

Participants in the group (listed at the end of this report) had
previously reviewed a number of key background refer-
ences (also listed at the end of the report), which had been
selected by the group’s leaders before the meeting. Nonro-
dent species were considered to include the beagle dog,
rhesus monkey, cynomolgus monkey, marmoset monkey,
and miniature swine. Participants were asked to consider the
questions listed below as part of their general discussion:

1. What are current experimental practices involving
safety evaluation with nonrodent species?
2. What criteria are used in dose selection for single and
repeat dose exposure?
a. What information should be obtained from each
dose group and how many dose groups are needed?
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b. Are surrogate markers used as endpoints and what
is their level of acceptability by regulatory
agencies?

c. What dose-escalation strategies are used in pilot
studies: How can studies be designed to provide for
accumulation of toxic effects with repeat dosing or
accommodation to effect with repeat dosing?

3. How can endpoints be selected that meet the 3Rs and
provide characterization of potential toxicity?

a. What scientific justification is needed to establish
an endpoint involving pain/distress: Does the ani-
mal care committee (ACC") provide a cost-benefit
evaluation before approval?

b. What endpoints are necessary before human
exposure?

c. Are surrogate endpoints accepted by regulatory
agencies?

4. What criteria are used in animal model selection for
toxicology studies in nonrodent species? Provide:

a. Scientific justification/mechanistic interpretation;

b. Historical database;

c. Regulatory acceptance.

5. How can animal use be minimized in toxicology studies
involving nonrodent species? Provide

a. Number of animals per sex per group;

b. Size of control and treatment groups;

c. Reuse of animals: number of times and criteria to
discontinue.

6. Consider international consistency among agencies in-
volved with welfare of animals used in regulatory test-
ing in the categorization of pain and distress.

Future Improvements

1. How can the use of nonrodent species be minimized?
a. Could the use of a control group be avoided?
b. Can regulatory testing be conducted in only one
sex?

! Abbreviations used in this presentation: ACC, animal care committee;
MTD, maximum tolerated dose; NOEL, no observed effect level; OECD,
Organisation for Economic Co-operation and Development; SOP, standard
operating procedure.
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2. To what extent are housing refinements compatible with
safety evaluation?

3. What criteria should be used/developed for endpoints
and anticipated euthanasia?

Report on Group Discussion: Current
Best Practices

For the large majority of substances, nonclinical safety stud-
ies are generally successful. The use of nonrodent species
largely contributed to this achievement by supporting the
selection of appropriate doses and safe substances (Ger-
bracht and Spielmann 1998; Morgan et al. 1994; Parkinson
and Grasso 1993). The group discussed current experimen-
tal practices, including restraint, dose administration (vol-
ume and route), and blood collection.

Training of animals and acclimation to procedures com-
prise standard practice and are critical to the success of the
study. Acclimation to restraint and other experimental pro-
cedures is commonly achieved by training dogs in a breed-
ing colony. It is in the interests of good science, as well as
animal welfare, that stress be kept to a minimum.

Dose administration is a broad topic: Many substances,
vehicles, or adjuvants may be administered by a variety of
routes for a variety of purposes. The route of administration
is usually dictated by the anticipated action of the substance
or by protocols that are generally accepted for toxicity test-
ing. For dose volume and route of administration, institu-
tions generally develop standard operating procedures
(SOPsl) based on the current literature, and justification is
required for exceeding these limits. Furthermore, accep-
tance by regulatory agencies should be considered when
establishing SOPs for these practices.

Blood collection is commonly performed in regulatory
toxicology studies to assess exposure to the test compound
or for evaluation of hematological and clinical chemistry
parameters. Guidelines for volume to be collected are pub-
lished in literature (Diehl et al. 2001; Morton et al. 2000).
For large volume removal, fluid replacement is not standard
and presents many clinical and scientific issues. Despite
guidelines, it is often difficult to monitor actual blood vol-
ume collected from animals versus the amount approved for
collection by the ACC as detailed in the protocol. Addition-
ally, there are no published guidelines on the frequency or
maximum number of times venipuncture should be con-
ducted, or on the criteria for use of alternative collection
methods (e.g., catheter placement).

Judicious selection of dosages at the beginning of a
study governs the outcome of the study, the quality of the
data generated, and, ultimately, the value of the study for
safety evaluation. Pain and distress may be minimized by
conducting pilot studies using dose escalation. The initial
dose should be based on estimated therapeutic dose or rat
acute toxicity data. A control group can be excluded if
historical data exist, although a control group is needed if a
new vehicle is involved. The control group can be very
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important for assessment of toxicity inasmuch as it provides
information on environmental or other factors that may af-
fect studies. Generally, three dose groups (no observed ef-
fect level [NOEL'], mid-dose, and maximum tolerated dose
[MTD']) are evaluated. There was some debate by the
group about which criteria should be used to establish an
MTD.

Pharmacological properties of the compound should be
considered in establishing a surrogate marker. Surrogate
markers may include clinical pathology, endocrine or im-
mune parameters, or QT interval (i.e., time required for
complete electrical excitation of the heart and recovery of
the ventricles) prolongation. However, professional judg-
ment is needed because strict guidelines cannot be applied.
Toxicokinetic data (i.e., saturation) may also be used in
evaluating surrogate markers.

The decision process for the euthanasia of an animal
should be described in an SOP approved by the local ACC.
Communication between the study director and the veteri-
narian is critical. Ideally, scientific and humane endpoints
should be the same. The group discussed the case of maxi-
mum tolerated dose in anticancer studies in particular.

The consensus of the group was that the number of
animals used for toxicology studies should be science
driven. On average, three nonrodents are used for 1- and
3-mo studies, and four nonrodents are used for each 6-, 9-,
or 12- mo study. On average, two nonrodents are used for
recovery arms. The reuse of nonrodent species is a common
practice, particularly for pharmacokinetic studies and in
studies in which telemetry is used. Early pilot non-good
laboratory practice studies for dose selection purposes may
also involve the reuse of animals. However, it may not be
appropriate in all instances to reuse animals based on the
level of invasiveness of the procedure, the degree of pain
and distress, or the potential for underlying toxicity from a
previous compound.

When testing is performed on a novel compound or an
innovative family class, or when a rare effect is expected,
minimization of animal numbers per study group could be
risky or counterproductive. Repetition of studies may result
in the use of more animals. The working group suggested
several approaches to developing future guidelines for re-
ducing the number of nonrodents used without compromis-
ing the scientific integrity of studies (see recommendations
below).

To investigate a possible gender effect, regulatory test-
ing should be performed on both genders. The working
group agreed that one gender could be used for investigative
and exploratory studies (e.g., mechanistic studies). Such an
approach may also be possible in pilot studies when the
absence of a gender effect had already been confirmed. In
the European Union, phase I clinical trials in male human
subjects can be supported by studies in one gender only.

In safety and toxicity studies, the use of a control group
is justified based on scientific and/or regulatory need. Cur-
rent guidelines recommend the use of control groups in
regulatory studies. In most toxicity studies, control groups
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are necessary to evaluate compound and noncompound re-
lated effects. Individual animal variation among nonrodent
animals remains an important variable. The control group is
critical when evaluating subtle clinical effects or histologi-
cal lesions because such findings can be hidden by sponta-
neous anomalies and individual animal variability. In most
toxicity studies, a control group is required. However, in
some cases, a control group may not be required (e.g. in
pilot, exploratory, or dose-finding studies, or when there are
adequate in-house historical data of the vehicle used in the
formulation). Consideration should be given to factors such
as the impact of environmental conditions and the value of
a control group on study results. Use of ex vivo organ
studies could reduce the total number of studies.

The group discussed issues relating to the compatibility
of group housing with toxicity study evaluation. In particu-
lar, they discussed the suitability of solid-bottom caging for
toxicity studies and the impact that environmental enrich-
ment may have on toxicity studies.

The consensus of the group was that consistency among
international agencies monitoring animal welfare is needed
and that studies on nonrodents species are important and
essential for safety assessment. Careful attention to experi-
mental procedures used, dose selection criteria and justifi-
cation of endpoints, or, when appropriate, the use of
surrogate markers can improve the welfare of nonrodent
species used in regulatory testing.

Recommendations: Current Best Practices

Experimental Practices: Dose Administration,
Restraint, Acclimation, and Blood Collection

* The route of administration that causes the least discom-
fort and least anticipated pain response should be used,
without compromising the scientific goals of the study.
Appropriate route and volume (e.g., maximum accept-
able volume) and physiochemical properties (e.g.,
formulation, solubility, concentration, viscosity, bio-
compatibility) should be considered.

e SOPs should guide decisions, and justification should be
provided for dose administration procedures outside the
SOPs. The scientific literature should be used to estab-
lish guidance (e.g., acceptable volumes) (Diehl et al.
2001). Acceptability of the procedure and dose levels
tested by regulatory agencies assessing safety must be
considered in developing SOPs.

Dose Selection

» Pilot dose escalation studies should be used to provide
data to help minimize pain and distress in subsequent
studies. The starting dose should be based on the esti-
mated therapeutic dose or rat acute toxicity data.

e Control groups can be excluded if historical data are
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available but should be included if a new vehicle is
used. Typically, three dose groups (NOEL, mid-dose,
and MTD) should be evaluated. Toxicokinetics and
pharmacodynamic endpoints should be used in dose se-
lection strategies to improve the evaluation of toxicity
with repeat dosing.

Surrogate Markers

* Surrogate markers should meet certain criteria, includ-
ing occurrence before signs of toxicity and a well-
established relation between the surrogate marker and
signs of toxicity. In the case of therapeutics, surrogate
markers should provide an assessment of clinical ben-
efit.

e In selecting surrogate markers, the pharmacological
properties of the compound must be considered. Strict
guidelines cannot be applied inasmuch as professional
judgment is necessary.

Justification of Endpoints

e With advances in knowledge and technology, investiga-
tors in animal research will be able to identify more
specific, earlier humane endpoints and reduce pain and
distress. Ideally, this advance would permit interna-
tional harmonization of endpoints.

* Accurate and detailed observations of the animals dur-
ing studies should be encouraged to improve the scien-
tific quality of studies, allow earlier detection of
toxicities, and improve animal welfare.

* Each institution should delineate key processes for a
euthanasia decision. Institutions should clearly define
the euthanasia decision process in an SOP based on the
country’s regulations.

* FEach institution should define potential endpoints for
the euthanasia of nonrodents in an SOP using references
such as the Organisation for Economic Co-operation
and Development (OECD") document (OECD 2000) on
endpoints and/or any local guidance documents. The
SOP should provide flexibility, and the final decision
should be made by the study director and veterinarian in
close cooperation with the animal care committee. Pro-
tocol specific guidance may be necessary (Stokes 2000;
Toth 2000).

* Regulatory agencies and the OECD should state clearly
that the criteria for endpoints and the ultimate decision
for the euthanasia of an animal rest with the institutional
veterinarian or, in the case of a conflict, with the ACC.

Minimization of Animal Use

e Selection of the numbers of animals, as well as the
reduction of nonrodent use, should be based on scien-
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tific analysis. Knowledge of the drug substance is key to
establishing the numbers of animals used.

e Studies should be designed to maximize the data as-
sessed per study to reduce the number of studies.

e The collection, dissemination, and review of data (e.g.,
vehicle control) would avoid unnecessary duplication of
studies.

* Using methods such as statistical analysis of in-house
data could optimize animal numbers.

¢ In preliminary studies, the use of a control group may
not be required. For example, in pilot, exploratory, and/
or dose-finding studies, the objective of the studies is to
assess dose level or acute toxicity. In addition, when
adequate in-house historical data of the vehicle used in
the formulation are known, it may be possible to mini-
mize the control group in preliminary studies.

e Pooling of data from both sexes could increase the
power of the analysis and thereby help reduce the num-
ber of animals. Such an approach is possible when the
absence of gender effect has been confirmed. Addition-
ally, the use of one sex to support initial clinical trials
could be considered for harmonization.

e Consideration should be given to the elimination of
some repeat dose toxicity studies. Accelerated develop-
ment plans may, in some situations, reduce the number
of studies. Thus, the number of nonrodents used should
be evaluated by compound rather than by studies.

* In some cases, clinical trials may be supported by using
data obtained from noninvasive or nondestructive tech-
niques such as biomarkers, surrogate markers, or imag-
ing techniques. Such investigative techniques would
help in supporting clinical trials in combination with in
vivo studies.

* Mechanistic investigations involving the use of ex vivo
organ studies could reduce the total number of studies.

e Animals used in telemetry studies may be used for mul-
tiple studies.

* It may not be appropriate in all instances to reuse ani-
mals based on the level of invasiveness of the proce-
dure, the degree of pain and distress, or the potential for
underlying toxicity from a previous compound. The re-
use of nonrodent animals should be carefully managed.
We recommended a washout period of 3 to 4 wk be-
tween studies and a maximum of three uses.

Housing Refinements Compatible with
Safety Evaluation

e Further work is needed to evaluate and develop group
housing systems with regulatory testing (Reinhardt and
Reinhardt 2000). Other forms of enrichment should be
developed for incorporation into safety studies with the
goal of improving the quality of the data and animal
welfare (Diehl et al. 2001).

e A thorough knowledge of the biology and behavior of
the animal is necessary for making pertinent observa-
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tions. Appropriate education and training of animal care
personnel are prerequisites for improving animal care
practices. The working group supports these refine-
ments within the constraints of the study requirements.

International Consistency Among
Regulatory Agencies

e International accumulation of nonproprietary historical
data would assist in rationalization of nonrodent species
use. The working group strongly encourages the collec-
tion, dissemination, and review of data such as vehicle
information to avoid unnecessary duplication of studies.

* International consistency is needed among international
agencies evaluating safety studies as well as animal wel-
fare regulatory agencies.

* True global harmonization of test requirements is
needed for the acceptance of refined endpoints in one
country to have an impact on other countries.
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