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Abstract The entry of new anticancer treatments into
phase I clinical trials is ordinarily based on relatively
modest preclinical data. This report defines the battery
of preclinical tests important for assessing safety under
an Investigational New Drug application (IND) and
outlines a basis for extrapolating starting doses of in-
vestigational anticancer drugs in phase I clinical trials
from animal toxicity studies. Types of preclinical studies
for the support of marketing of a new anticancer drug
are also discussed. This report addresses differences and
similarities in the preclinical development of cytotoxic
drugs (including photosensitizers and targeted delivery
products), drugs used chronically (chemopreventive
drugs, hormonal drugs, immunomodulators), and drugs
intended to enhance the efficacy (MDR-reversing agents
and radiation/chemotherapy sensitizers) or diminish the
toxicity of currently used anticancer therapies. Factors
to consider in the design of preclinical studies of com-
bination therapies, alternative therapies, and adjuvant
therapies in the treatment of cancer, and to support
changes in clinical formulations or route of adminis-
tration, are also discussed.
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Introduction

Malignant, nonresectable cancers are life-threatening,
and aggressive measures are used in treating them.
Antineoplastic therapies frequently include toxic
chemicals or biological products that are designed to
destroy tumor tissue or halt cell replication. Despite
the serious toxicities of many anticancer drugs, careful
dosing, clinical monitoring and prompt treatment of
toxicity makes the side effects less threatening to a
patient than their disease. Since it is recognized that
doses of anticancer drugs high enough to kill cancer
cells usually induce serious side effects in patients, the
preclinical testing of oncology drugs differs from test-
ing of nononcology drugs. The Division of Oncology
Drug Products within the Center for Drug Evaluation
and Research (CDER) at the US Food and Drug
Administration (FDA) recognizes the urgency of de-
velopment of new anticancer drugs and the need to
rapidly move promising agents into clinical studies.
This report offers a regulatory perspective on the pre-
clinical development of new anticancer drugs that is
intended to clarify the differences from the preclinical
testing of nononcology drugs and to describe the data
that are important to support human testing and even-
tual marketing.

The types of preclinical studies expected for support
of clinical trials and then marketing of a new drug de-
pend on both the intended use of the drug and the
population of patients being studied and treated. In
situations where potential benefits are greatest (ad-
vanced, life-threatening disease), greater risks of treat-
ment toxicity can be accepted and the required
preclinical testing can be minimal. In cases where the
patient population is free of known disease (e.g. adju-
vant therapy or chemoprevention) the acceptable risks
are much less and preclinical evaluation should be
more extensive [32]. The toxicities of many modulating
agents intended to enhance the efficacy or diminish the
toxicity of anticancer agents are more similar to those of



174

nononcology therapies. However, these modulating
agents could enhance the toxicity or diminish the activity
of cytotoxic drugs by altering their toxicodynamics,
pharmacodynamics, and pharmacokinetics. Thus, toxi-
cological evaluation in combination with the modulated
cytotoxic drug is an important part of preclinical de-
velopment.

The following considerations are offered in an effort
to balance the risks to be borne by the proposed patient
population and the realities of drug testing in humans.
The differences in preclinical testing between cytotoxic,
chronic (i.e. adjuvant therapy, chemopreventive drugs,
hormonal drugs, and immunomodulators), and modu-
lating therapies are emphasized. Issues of chemistry and
manufacturing controls, clinical study design, and de-
velopment of biologic agents for cancer treatment are
beyond the scope of this report. If the appropriate
preclinical development strategy remains uncertain after
contemplating the following considerations, then
sponsors are encouraged to initiate pre-IND discussions
with Division staff regarding their preclinical study
plan.

General considerations for anticancer drug development
Preclinical studies of anticancer agents

The safety of first-time use in humans is assessed
through preclinical studies of pharmacodynamics,
pharmacokinetics (toxicokinetics), toxicity, and their
relationships. The purposes of these safety studies are:
(a) to determine a starting dose for clinical trials that is
both reasonably safe and allows for possible clinical
benefit for the patient, (b) to identify potential end-or-
gan toxicities and determine their reversibility, and (c) to
assist in the design of human dosing regimens and es-
calation schemes for clinical trials. Animal toxicity
studies most effectively accomplish these objectives when
performed using schedules, durations, formulations, and
routes comparable to those proposed in clinical studies.
Use of longer duration preclinical studies may lead to
underestimates of the appropriate clinical dose, while
shorter studies may not identify cumulative dosing tox-
icities. The toxicity studies should generally conform to
the protocols recommended by the National Cancer
Institute for toxicology assessment for anticancer
agents' and are expected to be conducted in accordance
with Good Laboratory Practices (GLP) [16, 17]. When
studies are not performed according to GLP, deviations
should be documented and the potential impact of these
deviations on study outcome and credibility should be
described [16, 17].

Typically, only two toxicology studies are essential to
support initial phase I clinical trials in patients with

"The Developmental Therapeutics Program; Division of Cancer
Treatment, Diagnosis, and Centers; National Cancer Institute
(Rockville, MD USA) may be contacted for protocol details

advanced cancers (Table 1). The first of these is usually a
study in rodents that identifies doses that produce life-
threatening and non-life-threatening toxicity. The sec-
ond study should determine whether doses identified as
tolerable in rodents produce life-threatening toxicity in a
non-rodent species. At least one of these studies should
assess clinical signs, body weight, food consumption,
clinical pathology, and gross pathology over a range of
doses from nontoxic to toxic and should include an ex-
amination of histopathology at doses that cause toxicity
(or at the highest dose tested). Genotoxicity tests are not
generally needed for cancer chemotherapies to support
testing in phase I clinical studies unless healthy volun-
teers will be entered into the study.

While not essential, information on the pharmaco-
dynamics and pharmacokinetics of drugs is extremely
valuable for supporting the safety profile and can sig-
nificantly contribute to the efficiency of drug develop-
ment. A phase I study may be conducted with no in vitro
or in vivo preclinical pharmacodynamic information,
but preclinical studies on biological activity and efficacy
can substantially aid in clinical study design. Such
studies help estimate effective dosages, dosing schedules,
and optimal plasma concentrations. This information is
likely to be particularly useful when developing noncy-
totoxic agents. It may be desirable to develop such
agents (e.g. immunomodulators) by escalating the hu-
man dose to a pharmacodynamically active range rather
than to the maximum tolerated dose (MTD). Pharma-
cokinetic data can be gathered as a part of pharmacol-
ogy or toxicity studies and do not usually need to be
collected separately. Single- and multiple-dose pharma-
cokinetic studies in the most appropriate species are best
performed using dosing schedules, durations, and routes
comparable to those that will be used in clinical studies
[15]. The pharmacokinetic information obtained assists
the evaluation of animal toxicity and efficacy, and may
suggest modifications in the intended dose, route or
schedule for the clinical trial. The importance of the
parameters being measured will vary depending on the
clinical trial design and therapeutic classes as discussed
in the subsections below. In combination with pharma-
codynamic data, this information can be used to help
calculate initial doses in humans that have a greater
likelihood of activity without adversely affecting safety,
and can contribute to optimal dose escalation in early
clinical studies.

The proposed therapeutic indication, the outcome of
early clinical development, the nature of toxicities seen
in animals and in humans, and the projected duration
of clinical treatment all determine the preclinical studies
necessary to support a New Drug Application (NDA).
In general, for oncology drugs, sponsors should con-
duct toxicity studies using the same schedule and du-
ration of administration as the intended clinical
treatment cycle (Tables 1-3). Cytotoxic drugs used to
treat advanced disease rarely need studies with more
than 28 days of dosing submitted with the NDA (Ta-
ble 1). In contrast, for drugs intended for continuous
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Stage  Category Issues to be addressed Studies considered important® Studies considered
useful
IND All cytotoxics Starting dose, Rodent® and nonrodent®
end-organ toxicities toxicology!
Genetic toxicity Genetic toxicity panel®
Effective concentrations, Pharmacokinetics,
schedule pharmacodynamics
Modifications for
Special Categories
Photosensitizer Systemic toxicity Toxicology studies
in subdued light
Phototoxicity In vivo study with
illuminated skin
Plasma t; Pharmacokinetics
Antibody conjugate Stability Stability in plasma
Toxicity of drug alone Toxicology in one species
Specificity Human tissue screen Activity in cell lines
+ target antigen
Pharmacokinetics Pharmacokinetics
Liposomal delivery Drug product toxicity Include free drug and blank
liposomes in toxicity testing
Pharmacokinetics versus Pharmacokinetics
free drug
Depots Drug product toxicity Include free drug and
empty depot in toxicity testing
Toxicity to contacted tissues Histopathology of depot site
NDA  All cytotoxics Rodent and nonrodent Targeted special

toxicology™®,

genetic toxicity,

stage C-D teratogenicity’
in rodents and nonrodents

toxicity

#In general, the schedule and duration of administration in the toxicology study should mimic the clinical trial
®Should determine the dose severely toxic to 10% of the animals (STD)
°Should determine toxicity of one-tenth the rodent STD;o on a mg/m? basis

9 One study should include histopathology

¢Only for phase I testing in normal volunteers or patients believed to be disease-free

fShould be submitted during development
€Studies with more than 28 days of dosing are rarely needed

daily administration such as for chemoprevention, ad-
juvant therapy, or long-term hormonal or immuno-
modulation therapy, chronic studies should be
conducted up to a maximum of 6 months in rodent and
12 months in nonrodent species (Table 2). International
Conference on Harmonization (ICH) stage C-D? re-
productive toxicity studies in a rodent and a non-rodent
species are important components of the preclinical
evaluation of anticancer drugs and should be submitted
early in development [14].

Carcinogenicity studies are not required for cytotoxic
drugs used to treat advanced systemic disease, but can

2ICH stage A-B, C-D, and C-F reproduction toxicity studies
correspond to the previously designated segment I, II, and III
studies which are defined by daily administration of drug,
respectively, during the period from premating to implantation,
implantation to birth (period of organogenesis), and implantation
to sexual maturity [14]

be important in the assessment of drugs intended for
chronic use for chemoprevention, adjuvant, or hor-
monal therapy when patients are likely to have a long
survival [18]. The current standard is the 2-year rodent
bioassay [47], although alternatives may be suitable [20].
Depending upon the nature of toxicities seen with the
drug or drug class in animals and in humans, targeted
special toxicity studies to support NDA filing may also
be needed. For example, in the development of anthra-
cyclines and platinum drugs, which are known to have
cardiotoxic and ototoxic potential, respectively, addi-
tional preclinical cardiotoxicity and ototoxicity studies
have been useful [11, 28, 36, 46]. In addition, neonatal
reproductive toxicology and DNA adducting studies
have been useful in the development of antiestrogenic
agents [5, 30, 31, 37, 44, 45]. A discussion with FDA staff
on the preclinical studies needed for marketing approval
for a particular drug is recommended at or before the
end of phase II clinical studies.
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Table 2 Preclinical studies for noncytotoxic, chronically administered oncology drugs

Stage Category Studies considered important Studies considered useful
IND All noncytotoxic chronic Rodent* and nonrodent® Pharmacokinetics,
therapy toxicology®? -dynamics
Modifications for special
categories
Adjuvant therapy Genetic toxicity panel®
Chemopreventive Toxicology studies should Efficacy studies
also define NOAEL,
Genetic toxicity panel Carcinogenicity®
Stage A-B reproductive toxicity
Stage C-D teratogenicity®
Hormonal 28-day toxicology studies usually suffice for
limited phase I/II testing in advanced cancer,
genetic toxicity panel®
Immunomodulator 28-day toxicology studies usually suffice for
limited phase I/II testing in advanced cancer,
genetic toxicity panel®, define dose versus
immunologic response curve to identify shape
(bell-shaped?) and surrogate markers
NDA All non-cytotoxic chronic Toxicology studies of equivalent duration to

therapy

Additional for hormonal

labeled use up to 6 months in rodents and

12 months in nonrodents, genetic toxicity panel,
carcinogenicity', stage C-D teratogenicity in
rodents and non-rodents

Stage A-B reproductive toxicity

Stage C-F reproductive toxicity,

Additional for
chemopreventive

neonatal reproductive
tract toxicity, DNA
adducting (drug specific)

Stage A-B and C-F reproductive toxicity
carcinogenicity (always)

#Should determine the dose severely toxic to 10% of the animals (STDq)

°®Should determine toxicity of one-tenth the rodent STD;o on a mg/m? basis

“In general, the schedule of administration in the toxicology study should mimic the clinical trial with a duration as long as the intended
clinical study up to 6 months in rodents and 12 months in non-rodents

9 One study should include histopathology

¢ Expected prior to clinical testing in patients with low risk of cancer recurrence, or testing in healthy volunteers

"May be unnecessary depending on intended patient population [18]

Starting doses and dose escalation

As described above, one of the primary goals of preclin-
ical studies is to estimate a safe starting dose for the ini-
tiation of phase I trials in humans. The starting dose for
clinical trials with cytotoxic drugs for oncology indica-
tions has traditionally been one-tenth the dose lethal to
10% of rodents on a body surface area basis (milligrams
per meter squared) [23, 29, 35]. Studies that actually
measure death as an endpoint, however, are not required
so long as the dose range studied includes doses that cause
severe, life-threatening toxicity. Thus, the starting dose is
generally now chosen as one-tenth of the dose that causes
severe toxicity (or death) in 10% of the rodents (STD)

3 This calculation is the same as taking one-third of the toxic dose
low (TDL) [29, 35]. We believe the current expression of ““one-sixth
the highest non-severely toxic dose” is simpler and can be applied
to the data more universally than taking, in practice, “‘one-third the
dose which causes toxicity but when doubled does not kill the non-
rodents”. Frequently, the TDL cannot be technically defined in
many studies

on a milligrams per meter squared basis, provided that
this starting dose, i.e. one-tenth the STD, does not cause
serious irreversible toxicity in a nonrodent species [29,
35]. If irreversible toxicities are produced at the proposed
starting dose in nonrodents (usually dogs) or if the non-
rodent is known to be the more appropriate animal
model, then the starting dose would generally be one-
sixth of the highest dose tested in nonrodents that does
not cause severe, irreversible toxicity3. In some cases,
rodents or dogs may not be appropriate species because
they do not model the relevant human biochemical or
metabolic processes. For example, folate pools in rodents
greatly exceed those in humans [4], so that rodents are
generally inappropriate species for testing antifolates.
Also, dogs poorly predict the toxicity of some platinum
analogues, and an alternate animal model might be pre-
ferred [34]. Knowledge of relevant physiological, bio-
chemical, and pharmacokinetic differences between
humans and animal models can help determine the most
appropriate species to be used for selecting a starting
dose. Whenever feasible, these starting doses should be
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Stage  Category Issues to be addressed

Studies considered
useful

Studies considered important®

IND All modulators Starting dose,

end-organ toxicities

Genetic toxicity
Effective concentrations,
schedule

Additional studies for
special categories

MDR modulator Combination toxicity

Pharmacokinetic perturbations

Chemosensitizer Combination toxicity

Radiation sensitizer Delayed toxicity to normal

tissues

Chemoprotection Combination toxicity, tumor

protection

NDA  All modulators

Rodent® and
non-rodent®
toxicology®
genetic toxicity panel®
Pharmacokinetics

One species at minimally
and significantly toxic
doses of cytotoxic

Pharmacokinetics

In vivo efficacy of
combination

One species at minimally and
significantly toxic doses of
cytotoxic

Skin/leg contracture

In vivo efficacy of combination
with histopathology

Toxicology studies of equivalent
duration to labeled use up to
6 months in rodents and 12 months
in non-rodents, genetic toxicity,
stage C-D teratogenicity in rodents
and non-rodents

Targeted special
studies

#In general, the schedule and duration of administration in the toxicology study should mimic the clinical trial
®Should determine the dose severely toxic to 10% of the animals (STD)
¢Should determine toxicity of one-tenth the rodent STD;, on a mg/m2 basis

9 One study should include histopathology

¢Only for phase I testing in normal volunteers or patients believed to be disease-free

calculated from studies using the proposed clinical route,
schedule, and duration.

The dose escalation scheme for phase I clinical studies
often follows the standard or modified Fibonacci proce-
dure [10]. Examples of other common and acceptable
approaches include modified continual reassessment
methods [13, 39] and pharmacokinetically guided dose
escalation strategies [8]. These alternatives often necessi-
tate a more extensive preclinical evaluation. For example,
pharmacokinetic guidance of dose escalation is most ef-
fectively applied when: (a) linear pharmacokinetics are
observed at drug concentrations spanning the pharma-
cological and toxicological effects, (b) the area under the
drug concentration versus time curve (AUC) at the mouse
STD,q can be defined, (c) protein binding in mouse and
human plasma has been quantified, and (d) it is known
whether metabolites contribute to the toxic effects [7, 8,
27,40]. Although preclinical studies are used to determine
the starting dose for phase I clinical trials, the highest
doses for oncology drugs are rarely restricted by the doses
used in preclinical toxicology studies as long as the tox-
icities of the new anticancer drug can be readily moni-
tored, are reversible, and sufficiently precede lethality in
animals. Instead, the maximum dose is restricted by the
toxicity observed in the clinical trial, judged most often
using NCI/DCTDC Common Toxicity Criteria [38].

Considerations for specific cytotoxic therapies
Combinations of cytotoxic agents

The evaluation of cytotoxic agent combinations has
traditionally been conducted in the clinical setting using
an empirical approach. This has generally been suc-
cessful, but may not be optimal. Preclinical studies
provide an opportunity to explore a variety of doses,
dose ratios, and schedules to optimize benefit and min-
imize toxicity. Nonetheless, unless there is reason to
believe that synergistic interactions occur that would
substantially increase the toxicity of the combination,
preclinical testing is not considered essential provided
that each agent has been fully evaluated in humans.
When synergistic effects may be anticipated such as
when one agent interferes with the metabolism or elim-
ination of the other agent or both cytotoxic agents target
the same metabolic pathway or cellular function, pre-
clinical testing of the combination is desirable.

Photosensitizers

One class of cancer chemotherapeutic drugs is thera-
peutically inactive until irradiated with light. These
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photosensitizers or phototherapy agents usually form
radicals after absorbing light energy that are ultimately
responsible for tumor destruction. In photosensitizer
therapy, tumor tissues are typically irradiated with laser
light. When there is a choice, longer wavelengths of the
irradiating light are preferred because they cause less
direct tissue damage and because they penetrate more
deeply into tumor tissue than shorter wavelengths.

Selective damage to tumor tissue is obtained by di-
recting the activating light to the tumor. In addition,
most phototherapy compounds concentrate in tumor
tissues more than in surrounding normal tissue when
given systemically. This increased concentration of
photosensitizer combined with localized irradiation can
kill tumor cells with great selectivity. Nevertheless, when
these compounds are given systemically they commonly
distribute in appreciable concentrations in all tissues and
this provides the potential for toxicity. When these drugs
accumulate in the eye or skin, patients may suffer irre-
versible retinal damage or severe phototoxicity similar to
sunburn when exposed to ambient light [12]. Thus, it is
important to know the plasma elimination half-life (and,
if possible, tissue elimination half-lives) in preclinical
studies so that the length of time a patient should protect
themselves from light can be estimated.

Standard toxicity studies with multiple dose levels
should be conducted in subdued illumination to clearly
define the systemic toxicities of the photosensitizer. Sub-
dued lighting allows systemic toxicities to be more clearly
distinguished from phototoxicities. In addition to these
standard toxicity studies, it is beneficial to assess photo-
toxicity before phase I clinical investigation begins be-
cause these drugs can cause prolonged photosensitivity.
Acceptable models for these photosensitivity tests are
either hairless or appropriately shaved species. The pho-
tosensitivity assessment should include toxicity testing as
a function of both light dose (total energy) and drug dose
and should ideally determine the duration of sensitivity in
relation to plasma levels of the photosensitizer. Since a
primary concern for the patient is the toxicity related to
sunlight exposure, the light source for these tests should
have a spectral distribution that approximates sunlight.
Frequently, doses that are well below the no observable
adverse effect limit (NOAEL) when the animal is housed
in subdued light are lethal when the animal is briefly ir-
radiated. Even though the photodynamic effect is ex-
pected to affect only tissues that are exposed to the light
source, there is concern that photodegradation products
could cause distant toxicities. Therefore, these photo-
toxicity tests usually include standard assessments of
clinical signs, clinical pathology, gross pathology, histo-
pathology of major organs, and the reversibility of tox-
icities. Clinical photodynamic therapy does not routinely
involve repeated doses, and thus preclinical studies using
daily irradiation during repeat dose testing may not be
relevant to clinical safety concerns.

Without light these photosensitizers may not cause
genotoxicity in standard tests, but subsequent irradia-
tion may cause considerable damage to the DNA of cells

exposed to the compound. Thus, genotoxicity tests are
best done with and without light. The assessment of
clastogenicity and mutagenicity should be done with
increasing compound concentrations at a high light
dose, and with increasing light dose (total energy) using
broad-spectrum light at high compound concentration.
The highest doses of drug of each series of tests should
be consistent with international standards [19, 22].

In many cases an effective dose of drugs in this class is
nontoxic in subdued light and the starting dose can be
chosen based on efficacy studies rather than toxicity
studies. This pertains only if the projected efficacious
starting dose is lower than the safe dose estimated from
the toxicity studies.

Specialized drug delivery

Administration of anticancer drugs as depots, attached
to carriers, or in specialized encapsulated forms has the
potential for significantly improving efficacy. Advan-
tages of specialized drug delivery may include: (a) spe-
cific targeting of the drug to the tumor, (b) minimization
of toxic side effects, (¢) prolongation of therapeutic drug
concentrations, (d) improved delivery of hydrophilic
drugs to tumor cytoplasm, and (e) practical adminis-
tration of very lipophilic drugs. Examples of delivery
systems include copolymer implants, human albumin
microspheres, monoclonal antibody-drug conjugates,
and liposomal encapsulation. Development of antican-
cer drugs administered via carriers or in depots may
necessitate additional preclinical evaluation beyond that
of conventional cytotoxic drugs.

For antibody—drug conjugates, the two main safety
concerns are the potential for toxicity from abrupt re-
lease of the drug and the potential for the antibody—drug
conjugate to cause unexpected, specific toxicity in nor-
mal human tissues. Studies of the stability of the con-
jugate in human plasma as a function of the proposed
release mechanism (e.g. pH if hydrolytic, glutathione
concentration if reductive) help determine the necessity
of conducting additional toxicology studies [21]. When
additional studies are indicated, using the form of the
drug released from the conjugate (i.e. including linker
groups) may identify clinically important toxicities.
Testing the reactivity of the conjugate with a complete
panel of human tissues from at least three different
sources is suggested [21]. When the target antigen is not
expressed in the tissues of the standard preclinical ani-
mal models, a tolerance study in Pongidae apes at a dose
that is at least double the planned human starting dose
should also be considered. Both the reactivity screen
and the tolerance study may reveal sites of potential
tissue-specific toxicity, while the standard toxicology
studies may define nonspecific toxicities. Specificity
studies of binding or cytotoxicity in cell lines with and
without an expressed target antigen also help to assess
whether there is a significant differential between the
toxicity to a targeted and nontargeted tissue. If feasible,



pharmacokinetic studies that distinguish between con-
jugate, free antibody, and free drug are also highly
desirable for interpreting toxicology findings and sup-
porting interspecies comparisons. Selection of a starting
dose for clinical study should consider not only the
results of the toxicity studies with the conjugate, but
also the stability of the conjugate and the potential
toxicity of released drug.

With liposomal drugs, standard preclinical toxicol-
ogy studies of the delivery system, free drug, and the
final formulation are important for evaluating a drug
product’s potential for toxicity. Liposomal formula-
tions usually dramatically prolong systemic exposure.
Thus, when repeated doses are to be used clinically, it is
especially important to study a similar schedule pre-
clinically because of the potential for drug accumula-
tion. When the delivery system is designed to affect
drug absorption, distribution, biotransformation, ex-
cretion or target organ accumulation, small changes in
the design of the delivery system may have substantial
effects on overall toxicity. Conducting the toxicity
studies with the final formulation can avoid concerns
about such effects. Comparative pharmacokinetic
studies of the final formulation versus free drug can be
very helpful in suggesting schedules and interpreting
changes in the spectrum and severity of toxicities. Oc-
casionally, studies of the empty liposomes plus free
drug in combination may also be useful for under-
standing alterations in efficacy seen with the liposomal
preparation. For example, blank liposomes may alter
the pharmacokinetics of the free drug in a fashion
sufficient for therapeutic gain [33].

Preclinical development of depot formulations gen-
erally follows that of liposomal formulations. Addi-
tionally, a study of the toxicity of the depot in the tissue
or compartment intended to be used clinically should be
conducted which includes a histopathologic examination
of the adjacent tissues. Initial clinical doses similar to the
total dose of the drug previously investigated in humans
may be used in the absence of significant changes in
toxicity profile for the depot formulation.

Alternative therapies

“Alternative” therapies include both single agents and
multicomponent entities derived from plants or animals.
Herbal products and tissue or fluid extracts from animal
sources intended for the treatment or prevention of
cancer or precancerous conditions belong in this cate-
gory. The identity of the active ingredient of these en-
tities is frequently uncertain. Consistency in taxonomic
identification, collection, storage, and processing may
pose additional difficulties. A useful initial step is to
prepare a batch of the drug product large enough to be
sufficient for both initial preclinical and clinical studies.
The usual battery of toxicology studies for anticancer
agents should be conducted unless there is adequate
human safety experience. Since it is difficult to correlate
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specific drug product components with pharmacologic
action, attempts should be made early in the develop-
ment scheme to control the manufacturing processes to
produce consistent batches for subsequent preclinical
and clinical study. Further efforts should be made in the
later stages of development to identify biologic assays
which can be used to assure activity and as release
specifications for the marketed product.

Herbal products represent a specialized subset of al-
ternative therapies, as there is often significant human
experience with their use. If there is a documented his-
tory of use of the herbals or if these preparations are
freely marketed in the United States, then no preclinical
pharmacology or toxicology is required for initial trials
using the marketed product. Submission of data on the
traditional use, preparation of the product, and safety
profile of any known components of the herbal prepa-
ration for the IND is encouraged. When a product dif-
ferent from the marketed version is intended for the
clinical trial, information on the preparation of the
product to be tested is important in determining whether
toxicology studies are necessary. If a herbal product is
prepared in a manner different from the marketed
product (e.g. alcoholic extraction instead of an aqueous
preparation such as tea) or administered by an alterna-
tive route, then the standard toxicology studies for an
investigational anticancer drug may be necessary. As the
development of the herbal therapeutic agent continues in
expanded trials, animal data including the histopathol-
ogy, serum chemistry, hematology, reproductive, and
genetic effects of the compound should be obtained ei-
ther through literature data on the individual compo-
nents of the herbal product or through toxicologic
testing.

Considerations for chronic therapies
Chemopreventives

The preclinical development of chemopreventives has
been previously described and should proceed similarly
to most nononcology drugs [32]. The key considerations
are summarized in Table 2.

Adjuvant therapy

The preclinical studies expected for drugs developed for
adjuvant therapy depend on the prior human experience
with the drug, the anticipated risks and benefits for the
intended patients, and the expected mechanism of ac-
tion. Few drugs are initially tested in humans in the
adjuvant setting. Substantial clinical experience with
these drugs is thus usual by the time they are considered
for therapy in patients who have had their primary tu-
mor removed or controlled. Nonetheless, further pre-
clinical testing may be needed, depending on whether
there are changes in the pattern of clinical use.
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Additional preclinical studies that focus on long-term
toxicity should be conducted for agents with which there
is limited long-term clinical experience and intended for
chronic treatment of patients in whom the risk of re-
currence of cancer is relatively low. Cytotoxic drugs
normally do not need additional long-term studies to
support adjuvant use because the clinical experience
with these drugs is usually extensive, they are usually
administered using intermittent cycles rather than daily
dosing, and the risks to patients are already well un-
derstood. When conducted, long-term studies should use
the intended adjuvant route and schedule for at least as
long as the intended clinical treatment duration, up to a
maximal duration of 6 months in rodents and 12 months
in nonrodents (usually dogs). A complete battery of
genetic toxicity tests should be conducted prior to trials
in patients believed to be free of disease. Carcinogenicity
studies are usually expected prior to application for
market approval.

Hormonal drugs

The mechanism of action of hormonal drugs differs sig-
nificantly from that of other antineoplastic agents. These
drugs are usually not directly cytotoxic, but may act as
antiestrogens, progestins, antiprogestins, androgens, an-
tiandrogens, aromatase inhibitors, or gonadotropin re-
leasing hormone agonists. As with cytotoxic therapies,
the preclinical toxicity assessment of hormonal drugs
should use a similar route, schedule, duration of treat-
ment, and formulation of drug substance as that pro-
posed in clinical therapy. Standard 28-day toxicology
studies with daily drug administration usually support
small, phase I and phase II clinical trials with advanced-
stage cancer patients. As clinical studies with longer du-
rations of treatment are planned in patients likely to have
an extended survival, additional preclinical testing usu-
ally follows the standard practice that the duration of the
toxicology study be at least as long as the clinical trial.
Because hormonal agents are generally used over an ex-
tended period, the complete toxicology assessment may
need to focus on long-term effects on organ systems.
Maximal duration of treatment in animals is usually
limited to 6 months in rodents or 12 months in nonro-
dents. Although these agents are customarily developed
for sex-specific indications, preclinical testing of both
sexes allows identification of toxicities unrelated to the
primary hormonal action of the drug that may be ob-
scured in animals of the same sex as the intended treat-
ment population. In addition, sex-based differences in the
nonreproductive organ toxicities, sensitivity, or metabo-
lism of a given drug may not be correlated across species
[6]. Testing of hormonal agents in both sexes is thus more
likely to provide the full spectrum of potential toxicities
associated with a drug’s use.

It is expected that the standard battery of genotox-
icity tests assessing mutagenicity and clastogenicity will
be conducted prior to phase I testing in patients believed

to be disease-free [19, 22]. Carcinogenicity studies are
expected if the hormonal drug is intended for use in
patients believed to be disease-free or as adjuvant ther-
apy. Studies should be conducted to evaluate re-
productive performance and fertility in rats (ICH stage
A-B, segment 1), and teratogenicity in rats and rabbits
(ICH stage C-D, segment II). Depending on the patient
population and the duration of hormonal therapy, ICH
stage C—F (segment III) studies may be needed. Many
estrogen agonists or antagonists are structurally or phar-
macodynamically related to diethylstilbestrol (DES),
which is known to cause reproductive tract malignancy
and abnormalities in humans exposed in utero [25].
Testing the potential of compounds related to DES to
cause reproductive tract changes in neonates and pu-
bescent animals is therefore considered important [5, 31,
44, 45]. Such studies typically focus on reproductive
tract development following 3-5 days of dosing in ro-
dent neonates in order to observe such pathologies as
vaginal adenosis [44, 45].

Immunomodulators

Therapeutic agents that modulate the body’s immune
response to cancerous cells usually do so at concentra-
tions significantly lower than those that cause severe
toxicities in animals of the type seen with standard cy-
totoxic agents. Some biological responses to immuno-
modulators are species specific and may be related to
toxicity to the immune system. Non-species-specific tox-
icities, however, do occur that are not directly related to
modulation of the immune system. Thus, a standard
safety evaluation conducted to identify these non-species-
specific toxicities is important. As for hormonal agents,
standard 28-day toxicology studies with daily drug ad-
ministration are adequate to support initiation of phase I
and phase II clinical trials that enroll advanced-stage
cancer patients. In addition to the toxicology studies,
knowledge of the mechanism of action also contributes to
the evaluation of the safety of immunomodulators and
selection of a starting dose. Studies that combine a
measurement of the appropriate immunological response
in addition to toxicity assessments are particularly useful
because these agents, unlike most other drugs used to
treat cancer, have sometimes exhibited bell-shaped dose
response curves for desired activities. It is therefore es-
pecially important to use a starting dose that does not
exceed the beneficial therapeutic range. The low doses
often administered early in the phase I study sometimes
give plasma concentrations of immunomodulators that
preclude conventional pharmacokinetic study. In lieu of
pharmacokinetic data, it may be useful to provide animal
data on possible surrogate endpoints of activity that can
be used in the clinic to demonstrate that active concen-
trations have been reached. Surrogate markers of activity
that have been assessed include induction of interfer-
on, TNF-a, neopterin, or f—2-microglobulin [41, 49].



Considerations for modulating therapies
Multidrug resistance-reversing agents

Prior to therapy, during therapy, or at the time of
relapse, many tumors develop resistance to a variety of
structurally unrelated anticancer drugs. This phenome-
non is termed multidrug resistance (MDR). Mechanisms
of MDR include, but are not limited to, altered
expression of P-glycoprotein (P-gp), MDR-associated
proteins (e.g. MRP and LRP), topoisomerases, and
glutathione-S-transferases. Currently most MDR-
reversing agents under development target the P-gp-de-
pendent mechanism. P-gp is encoded by the mdrl gene
that is often amplified or overexpressed in MDR-mani-
festing tumors [26]. By functioning as an efflux pump,
P-gp causes decreased drug accumulation and reduced
cytotoxicity of anticancer drugs in tumor cells. P-gp is
also expressed in many normal tissues (e.g. in the gas-
trointestinal tract, brain, kidney, and liver) [9]. One role
of P-gp expression is presumably to carry out the efflux
of toxic substances from these tissues. The inhibition of
the efflux function of P-gp by a MDR-reversing agent
increases intracellular concentrations of the cytotoxic
drug in tumor tissue expressing P-gp. However, inhibi-
tion may also increase levels of cytotoxic drugs in nor-
mal P-gp-expressing tissues, potentially resulting in
alterations of the severity and types of toxicities usually
associated with the cytotoxic drug alone [1]. Further-
more, clinical and preclinical studies have shown that
drugs interacting with P-gp can significantly alter the
pharmacokinetics of cytotoxic drugs [2].

In view of the added risks associated with the com-
bination of a MDR-reversing agent and a cytotoxic
drug(s), the following preclinical studies are considered
important for determining the safety of a proposed
clinical trial. First, a standard profile of toxicology
studies for the MDR-reversing agent alone should be
conducted which take into consideration the likely du-
ration of use in early clinical trials. Second, a study of the
MDR-reversing agent combined with the cytotoxic drug
in one species (usually a rodent) should be conducted to
assess toxicity at both minimally and significantly toxic
doses of the cytotoxic agent (Table 3). This information
may also be derived from in vivo combination efficacy
studies when an assessment of toxicity has been included.
Based on experience to date, a combination study with
one cytotoxic drug from a structurally related thera-
peutic class generally suffices for determining the safety
of the modulator with all cytotoxic drugs in that class.
Third, appropriate pharmacokinetic parameters should
be derived since pharmacokinetic changes have often
been shown to be important in interpreting the toxicity
from such combinations.

There are several approaches for the selection of
starting doses and escalation schemes for combinations
of anticancer drugs and MDR-reversing agents. Some
investigators have chosen to use a relatively high dose
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(or effective concentration) of MDR reverser and to
escalate the anticancer drug. Others have started with a
relatively high dose of the cytotoxic drug and escalated
the MDR reverser. Neither of these approaches has been
established as superior. Preclinical studies can guide ei-
ther approach to dose selection by establishing a ratio of
toxicity or potential toxicity of a given dose of the cy-
totoxic drug in the presence and absence of the MDR
reverser. Acceptable endpoints for establishing this ratio
might include direct measures of severe toxicity, such as
marrow suppression or lethality, or measures of plasma
concentrations. For example, when a therapeutic dose of
a reversing agent increases the AUC of the cytotoxic
drug fivefold in a preclinical model, a starting dose of
the cytotoxic drug that is decreased by a factor of five
from the accepted clinical dose of the cytotoxic drug
alone would usually be appropriate. Further adjust-
ments in the dose of the cytotoxic drug, either up or
down, can then be derived from the initial clinical ex-
perience.

Radiation and chemotherapy sensitizers

Additional preclinical studies are usually important for
the development of sensitizing agents for oncologic in-
dications. In addition to the standard profile of toxi-
cology studies in two species for the sensitizer alone,
data on the ability of a sensitizing agent to enhance the
toxicity of a cytotoxic or cytostatic therapy to non-
neoplastic tissue is highly desirable. As for MDR-re-
versing agents, a study of the sensitizer combined with
the cytotoxic therapy in one species (usually a rodent)
that assesses toxicity at both minimally and significantly
toxic doses of the cytotoxic agent or radiation therapy is
considered important (Table 3). Although this is a
straightforward toxicology study when the sensitizer is
combined with a drug (e.g. L-buthionine-S,R-sulfoxi-
mine and alkylating agents), it is not so simple with
radiosensitizers because radiation toxicity may only be
apparent upon histopathologic examination and because
the toxicity can be substantially delayed. One approach
to address this issue with radiosensitizers is to conduct
skin and leg contracture assays in mice [43] in lieu of
comprehensive toxicology studies of the combination.
The dosing scheme for these animals should be designed
to support the planned clinical trial, but given the
common clinical use of highly fractionated radiothera-
py, this may not always be feasible.

How best to conduct the initial clinical trial is highly
dependent on the combination modality, and advice on
dose escalation and scheduling is product-specific. When
the sensitizer is intended for combination with a therapy
that has curative potential, the starting dose, frequency
of dosing, and dose escalation plan for the new sensitizer
needs to be carefully considered. Enhanced toxicities
from the combination that significantly shorten or delay
cycles of the standard therapy should be avoided so that
efficacy of the standard therapy is maintained. One
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accepted approach is to administer a full standard dose
of radiation or anticancer agent, and a dose of the sen-
sitizer projected to have some activity but that imparts
little toxicity to the treatment regimen. Other ap-
proaches may also be acceptable provided that they are
supported by a sound scientific rationale.

Chemoprotection

Chemoprotection is the use of drugs to mitigate the toxic
effects of antineoplastic compounds. Marketed examples
of this class include dexrazoxane, amifostine, mesna and
leucovorin, which decrease the toxicities of doxorubicin
(heart), cisplatin (kidney), ifosfamide (bladder) and
methotrexate (high dose rescue), respectively. The tox-
icologic testing of the chemoprotective agent alone in one
rodent and one nonrodent species should be based on the
proposed use in the clinical trials. Usually these studies
are done with a similar route, schedule and duration of
administration as when combined with the antineoplastic
agent. Reproductive toxicity testing for the protectant
alone should be considered when the protectant is to be
combined with a chemotherapeutic agent not known to
be teratogenic. When the chemotherapeutic agent is
known to be teratogenic, it may be useful to assess the
ability of the protective agent to prevent this toxicity. The
initial clinical dose for a chemoprotectant should ideally
be chosen based on projected efficacy, but should not
exceed the dose selected by standard toxicity criteria (i.e.
one-tenth the rodent STD,, unless that dose is severely
toxic to nonrodents).

While the primary issue is the toxicity of the chemo-
protective agent alone, additional concerns include the
possibility of protection of the tumor from the antineo-
plastic effects of chemotherapy and the possible augmen-
tation of some of the toxic effects of the chemotherapeutic
agent. For example, leucovorin, while able to mitigate the
effects of an overdose of methotrexate, can also increase
the toxicity of S5-fluorouracil [42]. Diethyldithiocarba-
mate, investigated to decrease the toxicity of cisplatin,
actually increased the rate of tumor regrowth following
the end of chemotherapy in a rat in vivo model when
administered intraperitoneally [3]. In a clinical study, no
change in response to 100 mg/m? cisplatin was noted,
while the patient withdrawal due to toxicity was increased
significantly in the diethyldithiocarbamate plus cisplatin
arm [24]. In another clinical study, treatment with
pyridoxine (vitamin Bg) to reduce the neurotoxicity of
hexamethylmelamine and cisplatin was associated with a
significant decrease in duration of response in ovarian
cancer patients [48]. These clinical findings emphasize
that the potential for tumor protective effects and
changes in toxicity should be examined in preclinical
studies of chemoprotective agents.

Toxicity data on the combination of the chemopro-
tectant and the antineoplastic agent can be derived from
efficacy experiments, provided that histopathologic data

are collected. Although in vitro data are useful, the in-
fluence on tumor protection by the chemoprotectant
should be examined in vivo, where additional factors such
as changes in metabolic profile of either drug may affect
outcome. Comparisons of the duration of response (i.e.
time to tumor regrowth) between an antineoplastic alone
and the combination of antineoplastic and chemopro-
tectant are particularly important. This information on
the interaction between the chemoprotective agent and
the chemotherapeutic agent can be valuable for the de-
sign of pivotal or large scale clinical studies.

Considerations for changes in route or formulation

Changes in the route of administration or in the formu-
lation of anticancer drugs are often pursued with a goal of
improving drug utility. If a clinical trial is proposed by the
oral route for a drug that has already been investigated by
intravenous administration, then additional preclinical
studies should address whether there is enhanced liver
toxicity, direct gastrointestinal toxicity, or altered me-
tabolism (due to microflora in the gastrointestinal tract,
the intestinal wall, or a first-pass effect through the liver).
An oral animal toxicity study with bioavailability data or
an oral animal efficacy study with assessment of gastro-
intestinal and liver toxicity can address these concerns.
The schedule of administration used in such a study
should reflect the planned schedule of administration in
the proposed phase I clinical study. A careful assessment
of the forms of the drug present in blood should also be
attempted, particularly if it is believed that metabolites
contribute to the activity or toxicity. Pharmacokinetic
information in humans for the i.v. formulation would
also be useful for determining the starting dose of the oral
formulation, but is not mandatory.

When i.v. administration is proposed for a drug with
which there is oral clinical experience, the main concern
is that the systemic exposure and resulting toxicity may
be much greater by the i.v. route. Either an i.v. animal
toxicity study (using the same schedule of administration
as proposed for the initial phase I trial) or pharmaco-
kinetic data with the oral formulation in humans that
supports an acceptable exposure after the i.v. adminis-
tration is important before beginning a trial with an i.v.
formulation. Similarly, concerns about increased sys-
temic exposure should be addressed when the formula-
tion of an oral anticancer agent in clinical trials is
changed. The studies needed to support use of the new
formulation depend on the bioavailability of the original
formulation in humans and on whether the potential
exists to significantly increase bioavailability with the
new formulation. For example, if the bioavailability in
humans of the original formulation is near 100%, then
there is little risk of increased toxicity with the new
formulation and no new studies would be needed. On
the other hand, if the bioavailability of the original
formulation in humans is low, then a bioavailability



study comparing the new formulations in an appropriate
species should be considered. An appropriate starting
dose for the initial phase I trial with the new formulation
can be projected from these data. In some circum-
stances, it may be sufficient to test a dose of a new for-
mulation in humans without an animal study, so long as
the dose is reduced to take into account potential
changes in bioavailability.

Summary

Preclinical studies are an essential component of the
drug development process. The preclinical development
of new anticancer drugs is unique because of the life-
threatening nature of the disease and because in most
cases humans will be dosed to toxicity. In oncology,
these studies are particularly useful in determining po-
tentially safe and effective starting doses and schedules
for a clinical trial. These studies also help to predict
clinical toxicities and their reversibility, and provide a
means for the determination of a dose-escalation
scheme. The availability of adequate preclinical data can
minimize the number of patients treated with ineffective
doses or therapies in phase I trials and allow rapid de-
termination of phase Il doses. Preclinical studies are
most useful when conducted using the same schedule,
duration, formulation, and route of administration as
that proposed in the clinical trial.

Basic research continues to provide information
about new cellular mechanisms central to malignancy
and often leads to drugs that attempt to exploit those
mechanisms. The optimal development of a new class of
drugs may differ from successful approaches used in the
development of older well-established classes. New bio-
logical endpoints and new methods in toxicology may
also be discovered and cannot be anticipated. The rec-
ommendations in this report have thus attempted to
avoid being so restrictive and specific as to impede the
development of innovative therapeutics for clinical use.
Instead, the concerns that should be addressed have
been emphasized.

It is assumed that most of the studies conducted to
assess the toxicity profile of a drug follow GLP [16, 17].
Before a phase I clinical trial is initiated in patients with
advanced cancers, two preclinical toxicity studies are
usually conducted. One is a study in a rodent species that
can identify doses that result in life-threatening and non-
life-threatening toxicities. The other is a study to confirm
that doses are identified that are not lethal and do not
cause serious or irreversible toxicity in a nonrodent
species. These studies, to the extent feasible, should be
based on a rational schedule for efficacy and mimic the
schedule and duration proposed in the phase I clinical
trial.

Although not required, pharmacodynamic and phar-
macokinetic studies can provide substantial additional
support for the safety profile (starting dose, escalation,
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and drug combinations) and optimal potential use of the
drug (tumor type, schedule, and route). This informa-
tion is especially important in the development of
noncytotoxic drugs (e.g. MDR reversers and immuno-
modulators) where the objective of the phase 1 or II
clinical study may not be to reach MTD.

Depending on the type of antineoplastic agent under
study, different approaches for estimating starting doses
are appropriate. The phase I starting dose for cytotoxic
agents in humans is generally one-tenth of the rodent
STD;( on a milligrams per meter squared basis so long
as this starting dose does not cause serious irreversible
toxicities in nonrodents. If this dose causes irreversible
toxicities in nonrodents, then the starting dose should be
no more than one-sixth of the highest dose that does not
produce lethality or serious irreversible toxicity in the
nonrodent species. For noncytotoxic agents, starting
dose selection should take into account the drug’s
pharmacodynamically active doses, provided that they
do not cause substantial toxicity. Regardless of the
method used to select the starting dose, the planned dose
escalation scheme should be designed based on the
slopes of the dose response curves for toxicodynamics
and pharmacodynamics, the types of toxicities observed,
and the pharmacokinetics of the drug.

In the later stages of anticancer drug development,
when information is available on toxicity to humans, the
need for additional toxicology studies should be evalu-
ated. For most cytotoxic drugs, toxicity studies of lim-
ited duration suffice. With drugs intended for
chemoprevention, adjuvant therapy, long-term hormone
therapy, or long-term immunomodulator therapy, ani-
mal toxicity studies up to a maximum of 6 months in
rodents and 12 months in a nonrodent species may be
important for assessing safety and for supporting mar-
keting approval. In addition, reproductive toxicity and
carcinogenicity studies should be conducted when ap-
propriate (e.g. for chemoprevention indications). De-
pending upon the nature of toxicity profiles in animal
species and humans, special studies addressing potential
organ system toxicities may also be useful.

The CDER Division of Oncology Drug Products of
the FDA welcomes discussion of specific anticancer drugs
at the early stages of development to facilitate rapid and
efficient drug development. Prior to filing an IND,
sponsors may have discussions with appropriate FDA
staff and request pre-IND evaluations of their study
plan. This may help sponsors to avoid spending time and
resources on unnecessary studies, and may help to
expedite initiation of clinical studies of promising new
drugs.

Acknowledgements We thank Drs. Young Soo Choi, Misoon
Chun, Tao Du, Lawrence F. Sancilio, and Virgil Whitehurst of the
Division of Pulmonary Drug Products, FDA; Drs. Robert J.
DeLap, Robert Justice, and the Medical Officers of the Division of
Oncology Drug Products, FDA; and Dr. Robert J. Temple of the
Office of Drug Evaluation I, FDA for their helpful comments
during the preparation of this report.



184

References

1.

10.

12.

13.

14.

15.

16.

17.

19.

20.

21.

Barbui T, Rambaldi A, Parenzan L, Zucchelli M, Perico N,
Remuzzi G (1992) Neurological symptoms and coma associ-
ated with doxorubicin administration during chronic cyclo-
sporin therapy. Lancet 339: 1421

. Bartlett NL, Lum BL, Fisher GA, Brophy NA, Ehsan MN,

Halsey J, Sikic BI (1994) Phase I trial of doxorubicin with
cyclosporine as a modulator of multidrug resistance. J Clin
Oncol 12: 835

. Borch RF, Katz JC, Lieder PH, Pleasants ME (1980) Effect of

diethyldithiocarbamate rescue on tumor response to cisplat-
inum in a rat model. Proc Natl Acad Sci USA 77: 5441

. Branda RF (1981) Transport of 5-methyltetrahydrofolic acid in

erythrocytes from various mammalian species. J Nutr 111: 618

. Branham WS, Zehr DR, Chen JJ, Sheehan DM (1988) Alter-

ations in developing rat uterine cell populations after neonatal
exposure to estrogens and antiestrogens. Teratology 38: 271

. Choudary J, Contrera JF, DeFelice A, DeGeorge JJ, Farrelly

JG, Fitzgerald G, Goheer MA, Jacobs A, Jordan A, Meyers L,
Osterberg R, Resnick C, Sun CJ, Temple RJ (1996) Response
to Monro and Mehta proposal for use of single-dose toxicology
studies to support single-dose studies of new drugs in humans.
Clin Pharmacol Ther 59: 265

. Collins JM, Zaharko DS, Dedrick RL, Chabner BA (1986)

Potential roles for preclinical pharmacology in phase I clinical
trials. Cancer Treat Rep 70: 73

. Collins JM, Grieshaber CK, Chabner BA (1990) Pharmaco-

logically guided phase I clinical trials based upon preclinical
drug development. J Natl Cancer Inst 82: 1321

. Cordon-Cardo C, O’Brien JP, Boccia J, Casals D, Bertino JR,

Melamed MR (1990) Expression of the multidrug resistance
gene product (P-glycoprotein) in human normal and tumor
tissues. J Histochem Cytochem 38: 1277
DeVita VT Jr (1993) Principles of chemotherapy. In: DeVita
VT Jr, Hellman S, Rosenberg SA (eds) Cancer: principles and
practice. Lippincott, Philadelphia, p 276

. Doroshow JH, Locker GY, Myers CE (1979) Experimental animal

models of adriamycin cardiotoxicity. Cancer Treat Rep 63: 855
Dougherty TJ (1993) Photodynamic therapy. Photochem
Photobiol 58: 895

Faries D (1994) Practical modifications of the continual reas-
sessment method for phase I cancer clinical trials. J Biopharm
Stat 4: 147

Food and Drug Administration (1994) International Confer-
ence on Harmonization. Guideline for detection of toxicity to
reproduction for medicinal products. Fed Register 59: 48746
Food and Drug Administration (1995) International Confer-
ence on Harmonization. Toxicokinetics: the assessment of
systemic exposure in toxicity studies. Fed Register 60: 11264
Food and Drug Administration (1995) Content and format of
investigational new drug applications (INDs) for phase 1
studies of drugs, including well-characterized, therapeutic,
biotechnology-derived products. Center for Drug Evaluation
and Research, Rockville, Md.

Food and Drug Administration (1996) Good laboratory prac-
tice for nonclinical laboratory studies. 21 Code Federal Regu-
lations 58: 265

. Food and Drug Administration (1996) International Confer-

ence on Harmonization. Final guideline on the need for long-
term rodent carcinogenicity studies of pharmaceuticals. Fed
Register 61: 8154

Food and Drug Administration (1996) International Conference
on Harmonization. Guidance on specific aspects of regulatory ge-
notoxicity tests for pharmaceuticals. Fed Register 61: 18198

Food and Drug Administration (1996) International Confer-
ence on Harmonization. Draft guideline on testing for carcin-
ogenicity of pharmaceuticals. Fed Register 61: 43297

Food and Drug Administration (1997) Points to consider in the
manufacture and testing of monoclonal antibody products for
human use. Center for Biologics Evaluation and Research

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

Food and Drug Administration (1997) International Confer-
ence on Harmonization. Genotoxicity: a standard battery for
genotoxicity testing of pharmaceuticals. Fed Register 62: 16025
Freireich EJ, Gehan EA, Rall DP, Schmidt LH, Skipper HE
(1966) Quantitative comparison of toxicity of anticancer agents
in mouse, rat, hamster, dog, monkey, and man. Cancer Che-
mother Rep 50: 219

Gandara DR, Nahhas WA, Adelson MD, Lichtman SM,
Podczaski ES, Yanovich S, Homesley HD, Braly P, Ritch PS,
Weisberg SR, Williams L, Diasio RB, Perez EA, Karp D, Reich
SD, McCarroll K, Hoff JV (1995) Randomized placebo-con-
trolled multicenter evaluation of diethyldithiocarbamate for
chemoprotection against cisplatin-induced toxicities. J Clin
Oncol 13: 490

Giusti RM, Iwamoto K, Hatch EE (1995) Diethylstilbestrol
revisited: a review of the long-term health effects. Ann Intern
Med 122: 778

Gottesman MM, Pastan I (1993) Biochemistry of multidrug
resistance mediated by the multidrug transporter. Annu Rev
Biochem 62: 385

Graham MA, Workman P (1992) The impact of pharmacoki-
netically guided dose escalation strategies in phase I clinical
trials: critical evaluation and recommendations for future
studies. Ann Oncol 3: 339

Gralla EJ, Fleischman RW, Luthra YK, Stadnicki SW (1979)
The dosing schedule dependent toxicities of adriamycin in
beagle dogs and rhesus monkeys. Toxicology 13: 263
Grieshaber CK, Marsoni S (1986) Relation of preclinical toxi-
cology to findings in early clinical trials. Cancer Treat Rep 70: 65
Hard GC, Iatropoulos MJ, Jordan K, Radi L, Kaltenberg OP,
Imondi AR, Williams GM (1993) Major difference in the hepato-
carcinogenicity and DNA adduct forming ability between toremi-
fene and tamoxifen in female Crl:CD(BR) rats. Cancer Res 53: 4534
Iguchi T, Hirokawa M, Takasugi N (1986) Occurrence of
genital tract abnormalities and bladder hernia in female mice
exposed neonatally to tamoxifen. Toxicology 42: 1

Kelloff GJ, Johnson JR, Crowell JA, Boone CW, DeGeorge JJ,
Steele VE, Mehta MU, Temeck JW, Schmidt WIJ, Burke G,
Greenwald P, Temple RJ (1995) Approaches to the develop-
ment and marketing approval of drugs that prevent cancer.
Cancer Epidemiol Biomarkers Prev 4: 1

Kim S, Kim DJ, Howell SB (1987) Modulation of the perito-
neal clearance of liposomal cytosine arabinoside by blank lip-
osomes. Cancer Chemother Pharmacol 19: 307

Lelieveld P, Vijgh WIJF van der, Velzen D van (1987) Preclin-
ical toxicology of platinum analogues in dogs. Eur J Cancer
Clin Oncol 23: 1147

Lowe MC, Davis RD (1984) The current toxicology protocol of
the National Cancer Institute. In: Helmann K, Carter SK (eds)
Fundamentals of cancer chemotherapy. McGraw-Hill, New
York, p 228

Mettler FP, Young DM, Ward JM (1977) Adriamycin-induced
cardiotoxicity (cardiomyopathy and congestive heart failure) in
rats. Cancer Res 37: 2705

Montandon F, Williams GM (1994) Comparison of DNA re-
activity of the polyphenylethylene hormonal agents diethyl-
stilbestrol, tamoxifen and toremifene in rat and hamster liver.
Arch Toxicol 68: 272

National Cancer Institute (1993) Investigator’s handbook,
Bethesda, Md.

O’Quigley J, Pepe M, Fisher L (1990) Continual reassessment
method: a practical design for phase I clinical trials in cancer.
Biometrics 46: 33

Peck CC, Barr WH, Benet LZ, Collins J, Desjardins RE, Furst
DE, Harter JG, Levy G, Ludden T, Rodman JH, Sanathanan
L, Schentag JJ, Shah VP, Sheiner LB, Skelly JP, Stanski DR,
Temple RJ, Viswanathan CT, Weissinger J, Yacobi A (1992)
Opportunities for integration of pharmacokinetics, pharmaco-
dynamics, and toxicokinetics in rational drug development.
Clin Pharmacol Ther 51: 465

Philip PA, Rea D, Thavasu P, Carmichael J, Stuart NSA,
Rockett H, Talbot DC, Ganesan T, Pettit GR, Balkwill F,



42.

43.
44,

45.

Harris AL (1993) Phase I study of bryostatin 1: assessment of
interleukin 6 and tumor necrosis factor alpha induction
in vivo. J Natl Cancer Inst 85: 1812

Poon MA, O’Connell MJ, Wieand HS, Krook JE, Gerstner JB,
Tschetter LK, Levitt R, Kardinal CG, Maillard JA (1991)
Biochemical modulation of fluorouracil with leucovorin: con-
firmatory evidence of improved therapeutic efficacy in ad-
vanced colorectal cancer. J Clin Oncol 9: 1967

Stone HB (1984) Leg contracture in mice: an assay of normal
tissue response. Int J Radiat Oncol Biol Phys 10: 1053
Taguchi O (1987) Reproductive tract lesions in male mice
treated neonatally with tamoxifen. Biol Reprod 37: 113
Taguchi O, Nishizuka Y (1985) Reproductive tract abnor-
malities in female mice treated neonatally with tamoxifen. Am J
Obstet Gynecol 151: 675

Note added in proof The draft ICH S4 document “Duration of
chronic toxicity testing in animals (rodent and nonrodent toxicity
testing)” is under consideration by the EU, Japan, and US. If
implemented in its current form, the maximum duration of toxicity
testing for nonrodents would change from 12 months to 9 months
for most drugs undergoing international development.

46.

47.

48.

49.

185

Taudy M, Syka J, Popelar J, Ulehlova L (1992) Carboplatin
and cisplatin ototoxicity in guinea pigs. Audiology 31: 293
US Interagency Staff Group on Carcinogens (1986) Chemical
carcinogens: a review of the science and its associated princi-
ples. Environ Health Perspect 67: 201

Wiernik PH, Yeap B, Vogl SE, Kaplan BH, Comis RL, Falk-
son G, Davis TE, Fazzini E, Cheuvart B, Horton J (1992)
Hexamethylmelamine and low or moderate dose cisplatin with
or without pyridoxine for treatment of advanced ovarian car-
cinoma: a study of the Eastern Cooperative Oncology Group.
Cancer Invest 10: 1

Witt PL, Ritch PS, Reding D, McAuliffe TL, Westrick L,
Grossberg SE, Borden EC (1993) Phase I trial of an oral
immunomodulator and interferon inducer in cancer patients.
Cancer Res 53: 5176



