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Abstract This is the second publication of Clinical Development Plans from the National Cancer Institute, Division of Cancer Pre-
vention and Control, Chemoprevention Branch and Agent Development Committee. The Clinical Development Plans summarize
the status of promising chemopreventive agents regarding evidence for safety and chemopreventive efficacy in preclinical and clini-
cal studies. They also contain the strategy for further development of these drugs, addressing pharmacodynamics, drug effect meas-
urements, intermediate biomarkers for monitoring efficacy, toxicity, supply and formulation, regulatory approval, and proposed
clinical trials. Sixteen new Clinical Development Plans are presented here: curcumin, dehydroepiandrosterone, folic acid, genistein,
indole-3-carbinol, perillyl alcohol, phenethyl isothiocyanate, 9-cis-retinoic acid, 13-cis-retinoic acid, /-selenomethionine and 1,4-
phenylenebis(methylene)selenocyanate, sulindac sulfone, tea, ursodiol, vitamin A, and (+)-vorozole. The objective of publishing
these plans is to stimulate interest and thinking among the scientific community on the prospects for developing these and future

generations of chemopreventive drugs. © 1997 Wiley-Liss, Inc.

The first volume of 16 Clinical Development Plans
from the NCI, DCPC Chemoprevention Branch and
Agent Development Committee was published in
1994 [1]. As described in the introduction to that
volume, the strategy and planning for NCI, DCPC
clinical chemoprevention studies is carried out
through the Prevention Trials Decision Network. The
Decision Network has three operating committees—
Endpoints and Biomarkers Committee, Large Trials
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Committee, and Agent Development Committee.
The Chemoprevention Branch, working with and
through the Agent Development Committee, pro-
vides scientific and administrative oversight for
chemopreventive drug development, ranging from
drug discovery and preclinical evaluation through
conduct of clinical trials [2-5].

The Clinical Development Plans, prepared by the
Chemoprevention Branch and the Agent Develop-
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ment Committee, summarize the status of promising
chemopreventive agents regarding evidence for
safety and chemopreventive efficacy in preclinical,
epidemiological and clinical studies. They also con-
tain strategies for further development of the drugs,
addressing pharmacodynamics, drug effect measure-
ments, intermediate biomarkers for monitoring effi-
cacy, toxicity, supply and formulation, regulatory
approval, and proposed clinical trials. A significant
aspect of the evaluation is complying with FDA
guidelines for drugs to progress to clinical trials and
for marketing approval. Although no formal FDA
regulations exist specifically for cancer chemopre-
ventive drugs, the Chemoprevention Branch and
FDA have worked together to draft consensus guid-
ance [5].

Sixteen new Clinical Development Plans are pre-
sented in this second volume:

sCurcumin

eDehydroepiandrosterone (DHEA)

eFolic acid

¢Genistein

eIndole-3-carbinol

o Perillyl alcohol

sPhenethyl isothiocyanate (PEITC)

#9-cis-Retinoic acid

e 13-cis-Retinoic acid

o/-Selenomethionine

¢ 1,4-Phenylenebis(methylene)selenocyanate

(p-XSC)

eSulindac sulfone

eTea

e Ursodiol

sVitamin A

o(+)-Vorozole

These agents showed significant promise in pre-
clinical efficacy (e.g., curcumin, PEITC, 9-cis-reti-
noic acid, p-XSC) or epidemiological studies (e.g.,
vitamin A, DHEA, folic acid, genistein, I-se-
lenomethionine, tea). However, with the exceptions
of 13-cis-retinoic acid and vitamin A, which have
been studied extensively in clinical chemoprevention
trials (see the Clinical Development Plans), and folic
acid, which has been evaluated clinically for its pro-
tective effects against heart disease [6] and birth
defects [7], as well as in some limited studies as an
inhibitor of cervical cancer [8-11], the agents de-
scribed are still in the very early stages of drug
development. Among the remaining agents, sulindac
sulfone may be the most advanced in terms of clinical

development specifically as a chemopreventive drug.
It has been evaluated in several Phase I studies in
healthy volunteers, and is just completing a Phase
I/Tla study in patients with familial adenomatous
polyposis (FAP). One objective of this study is a
preliminary and limited efficacy evaluation of the
agent’s effect on colon adenoma regression and pre-
vention. Should the results be promising, the agent
will move on to Phase II/III efficacy trials in FAP
patients. Ursodiol is already marketed for dissolution
of gall bladder stones and has been used to treat other
diseases associated with high levels of bile acid pro-
duction [12,13]. It is currently being evaluated in a
Phase I study in patients at high risk for colorectal
cancer, as part of a project to determine its efficacy
in preventing cancer in this population.

The next furthest along may be 9-cis-retinoic acid
and DHEA, which have sufficient previous clinical
safety information to enter Phase II chemoprevention
trials. Perillyl alcohol has some Phase I testing in
breast cancer patients and will be evaluated in a Phase
I study in high-risk, but asymptomatic patients. (+)-
Vorozole has been tested in several Phase I/II studies
in postmenopausal women to determine its
chemotherapeutic activity in advanced breast cancer
[14-17]. Also, selenized yeast, in which the selenium
formis primarily /-selenomethionine, has been evalu-
ated in large cancer prevention trials [18, 19], and so
[-selenomethionine may also enter Phase I trials. The
remaining agents are either just entering Phase I
clinical studies (curcumin, genistein, indole-3-carbi-
nol, PEITC) or still need chronic preclinical toxicity
data before Phase I studies may start (p-XSC, tea).

The 16 agents in this group present several chal-
lenges for drug development. One is the role of
deficiencies in determining potency and in selecting
doses and populations for clinical studies. For exam-
ple, results on folic acid in preventing cervical cancer
have been inconsistent [8—~11], at least partially be-
caunse factors such as smoking and oral contraceptive
use which deplete folic acid were not fully consid-
ered. Studies with selenium compounds, such as I-se-
lenomethionine, appear to be most successful in
populations with probable selenium deficiency [18,
19]. Also, the determination of selenium status is
particularly important because of the narrow thera-
peutic index observed for many selenium compounds
[18,19]. DHEA has both androgenic and estrogenic
potential. While its potential chemopreventive activ-
ity may be related to restoring tissue and serum levels
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that are depleted during aging, a key factor in evalu-
ating DHEA’s promise is ensuring that the exogenous
drug does not exacerbate hormone-dependent cell
growth and proliferation in precancers or early inva-
sive disease.

Several of the agents are derived from dietary
products—curcumin, genistein, and tea extracts. The
preparation and characterization of optimal stand-
ardized mixtures, and purification of the active sub-
stance are challenges for the development of these
substances. For example, the preclinical efficacy of
curcumin summarized in the Clinical Development
Plan has been determined primarily with food-grade
agent, which is a mixture of curcuminoids ranging
from 40-85% curcumin [20]. The Chemoprevention
Branch is now investigating a purified curcumin,
micronized for increased bioavailability. It is possible
that this preparation will enhance both efficacy and
toxicity. Two soy isoflavone mixtures containing
genistein, other isoflavones (primarily daidzein), fat
and carbohydrate are being developed in collabora-
tion with Protein Technologies (St. Louis, MO). One
is nearly “pure”, containing 90% genistein; the sec-
ond more closely resembles a natural soy product,
containing 43% genistein. Similarly, T.J. Lipton
(New Jersey) is supplying well-characterized tea
polyphenol extracts for evaluation in preclinical stud-
ies.

In the preface to the first volume of Clinical De-
velopment Plans, it was noted that many of the agents
considered were vanguard drugs, and it was likely
that they would be replaced by more efficacious, less
toxic agents with similar or related mechanisms of
action. Nonsteroidal antiiflammatory  drugs
(NSAIDs), which have potent chemopreventive ac-
tivity in colon and bladder, were discussed in this
regard [1]. The toxicity of NSAIDs is apparently
associated with inhibition of cyclooxygenase. One of
the agents discussed here, sulindac sulfone, repre-
sents a second generation of NSAID-derived drugs.
It is one of two major metabolites of the chemopre-
ventive NSAID sulindac, appears to retain some of
the chemopreventive efficacy of its parent, but it is
not a potent inhibitor of cyclooxygenase. Tamoxifen
was the lead antiestrogen described in the first vol-
ume [21]. Several other antiestrogenic compounds
with the potential for higher efficacy and less toxicity
are described in this second set of Clinical Develop-
ment Plans. (+)-Vorozole is antiestrogenic by virtue
of inhibiting steroid aromatase. One effect of indole-

3-carbinol is altering the metabolism of estrogens
toward more easily conjugated and less potent forms
[22,23]. Genistein has weak estrogenic activity, and
by binding to the estrogen receptor may interfere with
the activity of more potent estrogens [24-27].

The Chemoprevention Branch and Agent Devel-
opment Committee is continually preparing plans on
new agents and updating the existing plans as new
efficacy and toxicity data are available. Table I sum-
marizes the current status of chemopreventive drug
development for the 32 agents discussed in the first
two volumes of Clinical Development Plans.

EXPLANATION OF DATA COVERED IN
CLINICAL DEVELOPMENT PLANS

The Clinical Development Plans in this volume
represent the work of the Chemoprevention Branch
and Agent Development Committee from September
1994 through August 1996. The elements comprising
the plans are described below.

DRUG IDENTIFICATION

The chemopreventive agent is usually identified
by the USAN name for the drug substance or the
registered name of the drug product being developed.
Other identifiers are the Chemical Abstracts Service
(CAS) Registry Number and the CAS 9th Collective
Index Name. Also listed are any synonyms, such as
common names, registered drug names in which the
agent is an active ingredient, and alternate chemical
names. Other salt forms and closely related deriva-
tives are cited. The chemical structure of the agent is
also included.

EXECUTIVE SUMMARY

The first part of this section is a brief statement of
the regulatory status and indications of the agent, if
applicable. If the agent is an approved drug or in
clinical trials, the human therapeutic dose range is
included. The reasons for developing the drug as a
chemopreventive agent are then summarized. These
may include relevant mechanism(s) of action, the
tissues in which it modulates carcinogenesis (includ-
ing intermediate biomarkers), and pharmacokinetic,
pharmacodynamic and safety considerations. Com-
parisons with other drugs under development also
may be made.

The progress to date in the agent’s development as
a chemopreventive drug is reviewed. The models in
which preclinical efficacy was demonstrated are
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summarized. A conclusion regarding the adequacy of
these studies in supporting FDA requirements and the
Chemoprevention Branch/FDA consensus guidance
for clinical trials is then reached. Both NCI-spon-
sored and published studies are included in this evalu-
ation. Any assays showing modulation of
intermediate biomarkers of carcinogenesis by the
agent are noted, since this is an important aspect for
the future development of chemopreventive drugs.

Preclinical toxicity data from the Chemopreven-
tion Branch testing program, the manufacturer’s In-
vestigator’s Brochure, other IND or NDA filing
information, and the literature are summarized. The
relevant results are stated, plus an evaluation of their
adequacy in fulfilling FDA requirements for approval
to start clinical trials and complete development of
the drug.

Next, any completed, existing, or planned NCI-
sponsored clinical trials are summarized. Any rele-
vant published epidemiological or clinical trial data
may also be included.

Finally, information on the drug supply and for-
mulation is provided. This may include the status of
the drug supply, patent status, the means of acquiring
the drug, the source, the formulation type, and the
availability of a suitable placebo.

PRECLINICAL EFFICACY STUDIES

This section evaluates the extent to which chemo-
preventive efficacy has been demonstrated in pre-
clinical models/assays. A conclusion regarding the
adequacy of these studies in supporting further devel-
opment is reached. The most compelling evidence for
efficacy is from in vivo tumor modulation studies.
Relevant in vitro assay results may be included to
strengthen the evidence. In keeping with the design
of IND and NDA submissions, NCI-sponsored re-
sults are discussed separately from published data.

Chemopreventive efficacy may also be demon-
strated by at least one in vivo study which shows
statistically significant modulation of an intermediate
biomarker of carcinogenesis. The biomarker should
reasonably predict modulation of tumor inci-
dence/multiplicity or latency. A dose-related effect
should also be demonstrated. Information on modu-
lation of intermediate biomarkers is an important
component of this section. A significant effort in the
Chemoprevention Branch program is to identify and
validate intermediate biomarkers of carcinogenesis
and the potential for chemopreventive agents to

modulate these markers. Such studies may also iden-
tify biomarkers for future evaluation as surrogate
endpoints in clinical trials. The identity of the inter-
mediate biomarkers and the tissues in which they
were measured should be included from both NCI-
sponsored studies and published studies from other
sources.

The effective plasma concentration is included, if
available, for each assay type so that the Phase I
dosing strategy can be pharmacologically guided. If
this concentration is not available, the efficacious
dose is stated in the appropriate units.

PRECLINICAL SAFETY STUDIES

Safety: In this section, the animal toxicity studies
sponsored by the NCI are critically evaluated for
compliance with FDA requirements. Preclinical tox-
icity studies required by the FDA for initiation of
Phase I and II clinical trials include investigations of
acute (single dose) and subchronic (30-day, 90-day
dosing) toxicity (incorporating pharmacokinetics),
reproductive performance and genotoxicity. The tox-
icity studies should be conducted in two species,
rodent and non-rodent, and should be of equal or
greater duration than the proposed clinical trials. The
route of administration should be equivalent to that
for the clinical trial, unless a rationale can be provided
for another route. When possible, the drug substance
should be administered in the same form as the clini-
cal trial formulation. As is usual in FDA-required
toxicology studies, clinical signs, clinical chemistry,
hematology, urinalysis and pathology should be as-
sessed. Segment I (rat) and II (rat, rabbit) reproduc-
tive studies should be performed before clinical trials
of long duration. In addition, deficiencies in the re-
sults or performance of the studies are noted.

Relevant information from published subchronic
or chronic toxicity studies can be included to give an
indication of the agent’s relative toxicity. If available,
toxicity data from the manufacturer’s previous IND
or NDA filing are summarized. In some cases, how-
ever, this information may not be readily accessible.
A manufacturer’s IND or NDA can be cross-refer-
enced if the toxicology studies are adequate and the
manufacturer agrees. For along-used, approved drug,
it may not be necessary to formally make reference
to previous regulatory filings. Instead, the Summary
Basis of Approval for such drugs is obtained and
reviewed for this information. The MTD and the
NOEL from the toxicity studies are listed if available.
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This information may be useful in determining the
human dose range.

ADME: This section summarizes the pharmaco-
kinetics of the agent. ADME represents what the
body does to the drug. Estimates of plasma t1,, AUC,
Cumaxs Crins Css, Va, Cli, Clp and tmax are included, if
available. These parameters provide a dose-concen-
tration profile of the drug for guiding clinical dosing
regimens. Species similarities and differences in the
ADME of the agent are evaluated. The pharmacoki-
netics in certain species may also be relevant to the
applicability of their toxicity or efficacy results to
humans.

CLINICAL SAFETY: PHASE 1 STUDIES

All NCI-sponsored Phase I studies which have
been completed, are in progress, or planned are de-
scribed in this section. Relevant information from
Phase Ila studies also is included. This is a narrative
summary of the information contained in the data
table (usually Table I} accompanying each Clinical
Development Plan. Information from manufacturer-
sponsored or published studies may be included as
necessary, but is clearly designated as such.

Drug Effect Measurement: Drug effect measure-
ments are tissue, plasma and urine indicators of the
pharmacological activity of the drug. A biochemical
change related to the drug should be correlated to an
effective tissue, plasma or urine concentration of the
active drug form. This also serves to estimate com-
pliance. It should be noted that this measurement may
be unrelated to tissue effects producing efficacy (i.e.,
intermediate biomarkers) or toxicity. In this section,
the identity and applicability of the drug effect meas-
urement are assessed. Some of the criteria include
correlation of the measurement level to dose, stability
of the measurement with chronic drug intake, ease of
obtaining a tissue/fluid sample, and accuracy and
precision of the assay method for the drug effect
measurement.

Safety: Single and multidose Phase I clinical trials
are designed to investigate the dose-related pharma-
cokinetics and safety of the chemopreventive drug in
a single-arm trial. The major endpoints are identifi-
cation and incidence of the spectrum of adverse ef-
fects, including determination of a dose-response
relationship. Ideally, dose-escalation should continue
until minor side effects are seen in the majority of
subjects at the highest dose [28]. In this section, the
results of any Phase I trials are presented and evalu-

ated based on the above functions.

Phase Ila trials may also produce safety data,
although the primary endpoint is to identify the mini-
mum dose at which a measurable biological effect
occurs (i.e., using a drug effect measurement or in-
termediate biomarker).

ADME: As for preclinical safety studies, values for
pharmacokinetic parameters are identified. Distribu-
tion to the target tissue, drug metabolism, and the best
dosing interval are addressed as appropriate. The
pharmacokinetic profiles after acute and chronic dos-
ing are compared for impact on the dosing schedule
in future trials. Finally, validation of assays for the
drug and its metabolites in body fluids/tissues are
assessed.

CLINICAL EFFICACY: PHASE II/1ll STUDIES

As mentioned above, the minimum safe dose at
which measurable biological effects can be observed
has usually been determined in non-randomized,
shorter Phase Ib/Ila trials. Phase IIb trials are ran-
domized, placebo-controlied trials with intermediate
endpoints and drug effect measurements as end
points. A significant aspect of these trials is to identify
intermediate biomarkers with the potential to serve as
surrogate trial endpoints, to establish a dose-
biomarker response relationship, and to select a safe
dose for a Phase III trial. Also, potential side effects
with chronic treatment may be more closely evalu-
ated with standardized criteria for degree and fre-
quency.

In this section, completed and ongoing Phase 11
trials are reviewed and evaluated for the charac-
teristics and results described above. For Phase 11
trials in progress, the cohort, endpoints, and rationale
are summarized. Epidemiological evidence of
chemopreventive efficacy can be sufficient to support
Phase II development of a drug. Examples are
DHEA, folic acid, genistein, /-selenomethionine, and
vitamin A. Some published clinical evidence may be
available, such as the prevention of second primary
head and neck cancers in patients treated with 13-cis-
retinoic acid [29]. Proposed Phase II trials are also
reviewed, with a discussion of the rationale.

PHARMACODYNAMICS

The pharmacodynamics of the chemopreventive
agent are described. Influences of the interaction of
the drug with a receptor (used in its widest definition)
to produce a biological effect (toxicity or efficacy)



Clinica! Development Plans 59

are evaluated. Considerations include the concentra-
tion of the drug required to produce an effect in a
target tissue, or the length of time the receptor-drug
interaction lasts.

An important aspect of this section is a comparison
between the effective doses in animals and humans.
When blood levels are available from preclinical
assays, they are also compared with human data.
Critical evaluation of these data can allow pharma-
codynamically guided prediction of the effective hu-
man dose. AUC is considered the most appropriate
predictor of biological effects across species [30].
When blood levels are not available, the magnitude
and range between the toxic and effective doses are
compared between animals and humans.

PROPOSED STRATEGY FOR CLINICAL
DEVELOPMENT

This section recommends strategies for continued
development of the drug, as well as approaches to
solving identified problems or insufficiencies.

Drug Effect Measurement Issues

The applicability and reliability of drug effect
measurements identified in animal and human studies
are issues addressed here. Consideration is given to
the sensitivity, reproducibility, and standardization of
the analytical method for an acceptable drug effect
measurement. Other issues discussed include tissue
sampling and handling. A plan for addressing any
inadequacies is included, if necessary.

Safety Issues

Strategies for overcoming any obstacles to clinical
development of a drug with regard to toxicity are
addressed in this section. This may involve special
studies in preclinical models to characterize the ad-
verse effect and its relationship to the administered
dose.

Pharmacodynamics Issues

Any issues related to the drug-receptor interaction
and the resulting biological effects are discussed in
this section. Special consideration is given to the
adequacy of the estimated therapeutic ratio.

Regulatory Issues

The fulfillment of FDA requirements for clinical
testing is assessed in this section. Any additional
toxicology studies needed are noted; the timing of

these studies relative to the proposed clinical trials is
also discussed.

Intermediate Biomarker Issues

Intermediate biomarkers are biological alterations
in tissue occurring in carcinogenesis before malig-
nant invasion. They include histological changes, and
differentiation, proliferation, and genetic biomarkers.
Preclinical studies identify potential biomarkers,
standardize/validate assays for biomarkers (e.g.,
sampling procedures, analytical techniques, parame-
ters measured, data collection and data interpreta-
tion), demonstrate modulation by a chemopreventive
agent, and evaluate intra/intersubject variability. The
next step is to demonstrate that intermediate
biomarker modulation correlates with decreased can-
cer incidence/multiplicity or increased latency. For
epithelial cancers, the closest causal association ex-
ists between intraepithelial neoplasia (i.e., histologi-
cal/premalignant lesions) and in creased cancer risk.
After the intermediate biomarker has been estab-
lished, chemopreventive efficacy can be measured as
modulation of this endpoint. Phase II clinical trials
then explore similar aspects in human populations.
Demonstrating the correlation between intermediate
biomarker modulation and decreased cancer risk in
longer Phase II chemoprevention trials will begin to
validate the biomarker as a surrogate endpoint for
future trials; final validation will be part of Phase III
trials. All the aspects mentioned above which are
related to identification, modulation, and validation
of intermediate biomarkers are issues evaluated in
this section.

Supply and Formulation Issues

The availability of bulk, finished dosage form, and
placebo drug supply is reviewed in this section. Fin-
ished dosage forms can be procured by several meth-
ods, such as direct purchase, or free from the
manufacturer in an acceptable formulation. Potential
problems which affect supply of the drug for existing
and planned preclinical and clinical studies include
cessation of manufacture by the drug company, expi-
ration or instability of present drug supply, and ne-
cessity to change formulations. When formulations
are prepared from bulk drug, the process can take up
to 12-14 months. All these issues affect the timing of
proposed clinical trials.

Other formulation issues include palatability,
odor, and bioavailability. In cases where the formu-
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lation changes, it is necessary to incorporate a time
period for preparation and testing the dosage forms
in the Clinical Development Plan.

Clinical Studies Issues

This section includes the strategy for the clinical
phase of development. The acceptability of the com-
pleted and existing clinical trials is assessed from a
regulatory viewpoint. Additional proposed and
planned Phase II trials are evaluated critically for
relevance, priority, and need. The final goal of the
development plan is to place chemopreventive drugs
in Phase III trials to validate intermediate biomarkers
as surrogate endpoints and to demonstrate cancer
incidence reduction or extend the period until cancer
onset or recurrence. These planned Phase III studies
are reviewed in this section.

REFERENCES

Full bibliographic references to information con-
tained in the plan are cited.

DATA TABLE (TABLE 1)

This table shows completed, existing, proposed,
and planned NCI-sponsored/funded Phase I, II, and
I1I clinical trials. The first column includes the study
contract or grant number, the title of the study, the
Principal Investigator, the period of performance, and
the IND number and sponsor. The second column
lists the target organ (which is not generally applica-
ble to Phase I trials). The third column includes a
description of the cohort and its size. Next, the doses
of the agent are listed with the duration of the study,
including follow-up. The fifth column contains a
description of all the study endpoints, including drug
effect measurements, intermediate biomarkers, effi-
cacy, and toxicity. If any of the endpoints have not
fulfilled the criteria described above, this is noted. In
the final column, the status (i.e., complete, in pro-
gress, etc.) and adequacy of the study are indicated.
If completed, the findings are listed, including phar-
macokinetics parameters, efficacy measurements,
and adverse effects. References to publications aris-
ing from the study are also listed.

DEVELOPMENT SCHEDULE CHART

This Gantt chart represents the development plan
for the drug. The duration and timing of all preclinical
efficacy, toxicology, and clinical trials are displayed
graphically as bars stretched over a time pertod.
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