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EXECUTIVE SUMMARY 

4-HPR is a synthetic amide of all-trans-retinoic 
acid. As a retinoid, 4-HPR is an antiproliferative 
and differentiation-inducing agent when admin- 
istered during the promotion and progression 
phases of carcinogenesis [eg. ,  11, although so far it 
has not been shown to bind retinoic acid receptors. 
It  has been specifically shown to inhibit ODC activ- 
ity induction [2] and prostaglandin synthesis [3-51, 
as well as to enhance immune responses [6,71, 
modulate protein kinase activity [8,91 and cyto- 
skeletal organization [ 101, decrease circulating insu- 
lin-like growth factor-I (IGF-I) [Ill,  and induce 
apoptosis [I]. 4-HPR is an effective inhibitor of 
mammary gland, skin, and urinary bladder car- 
cinogenesis in animal models. Concomitantly, both 
the agent and its less polar metabolites [e.g., N44- 
methoxypheny1)retinamide (4-MPR)] have been 
demonstrated to accumulate in many of these tar- 
get tissues. Since 4-HPR is less toxic than other 
efficacious retinoids, its development as a chemo- 
preventive drug was undertaken by the NCI. 

4-HPR has inhibited carcinoma formation in rat 
mammary glands, hamster lung, rat and mouse 
prostate, and mouse bladder and liver. These stud- 
ies are more than adequate to support clinical de- 
velopment of the retinoid as a chemopreventive 
drug. Additional studies are in progress in trans- 
genic skin and lymphoma models of carcinogene- 
sis. 4-HPR is also effective against the development 
of premalignant lesions in mouse mammary glands 
in vitro and in vim, and of mouse skin papillomas 
and rat colon adenomas and aberrant crypt foci in 
vim. An important aspect of the development of 
this drug in chemoprevention trials is the identifi- 
cation, standardization and modulation of inter- 
mediate biomarkers of carcinogenesis and, ulti- 
mately, the validation of these endpoints as surro- 
gates for cancer incidence reduction. 

Adequate subchronic and chronic rodent and 
dog toxicity assays of 4-HPR have been completed. 
However, treatment-related hemangiosarcomas 
were seen at doses above the MTD in the two-year 
mouse carcinogenicity bioassay. A repeat study at 
doses below the MTD has been undertaken by the 
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CB. The combination of 4-HPR and tamoxifen ci- 
trate is also being tested in 90-day toxicity studies 
in dogs and rats. No synergistic toxicity was dem- 
onstrated in dogs; however, a NOEL was not 
achieved. The comparable study in rats is in prog- 
ress. 

Phase I trials funded by the Italian National 
Research Council identified a well-tolerated human 
dose of 200 mg qd. A dose-related decrease in plas- 
ma retinol has been associated with decreased dark 
adaptation and abnormal rod function (excitation 
threshold, wave amplification) measured by elec- 
troretinogram (ERG) at 200-800 mg 4-HPR qd. The 
effect appears to be reversible. A three-day drug 
holiday per month was added in subsequent stud- 
ies to reduce the potential for ophthalmic toxicity. 

NCI-sponsored clinical trials of 4-HPR are sum- 
marized in Table I. A Phase I11 trial is in progress 
in patients surgically treated for Stage 1/11 breast 
cancer to assess prevention of a second primary in 
the contralateral breast after five years. Four 
Phase I1 trials in target tissues other than breast are 
in progress; a significant aspect of these trials is the 
identification and evaluation of intermediate bio- 
markers (histological, genetic, proliferative and dif- 
ferentiation) as surrogate endpoints for long-term 
cancer chemoprevention trials. A Phase IIa trial 
evaluating normalization of bladder cell cytology 
and DNA content showed a decrease in the inci- 
dence of aneuploidy in the 4-HPR-treated group; 
three patients with positive cytology also reverted 
to normal. Drug has been received to start Phase 
IIb. Two Phase I1 trials involving modulation of 
CIN I11 and actinic keratosis were recently re- 
moved from clinical hold following FDA review of 
the mouse carcinogenicity data and relevant 
clinical data from the Phase I11 trial of 4-HPR. Fi- 
nally, the protocol for a Phase I1 trial evaluating 
modulation of squamous metaplasia/dysplasia in 
chronic smokers with a prior, resected smoking- 
related malignancy (lung, head/neck, bladder, etc.) 
has been approved by FDA; the study is awaiting 
receipt of 4-HPR. Based on the final evaluation of 
efficacy in the Phase I1 trials in cervix, bladder, 
lung and skin, 4-HPR may be further developed in 
these tissues. 

Four additional CB-sponsored Phase I1 trials 
began in 1994. One trial with 4-HPR involves mod- 
ulation of a histological intermediate biomarker 
(dysplastic oral leukoplakia) as the endpoint. A 
second Phase I1 trial is evaluating modulation of 
histological, genetic and proliferative biomarkers in 
superficial bladder cancer patients after surgery 
and BCG treatment. Two additional trials are eval- 

uating the effect of treatment on intermediate bio- 
markers in the period between cancer diagnosis 
and surgery. 4-HFR is being administered to 
biopsy-diagnosed prostate cancer patients until 
definitive surgery. The remaining trial is evaluating 
the combination of 4-HPR and tamoxifen citrate in 
DCIS/breast cancer patients scheduled €or surgery. 
The development of this agent combination by the 
CB is supported by animal efficacy data in mam- 
mary glands; it also takes advantage of potentially 
complementary mechanisms of retinoids and 
tamoxifen, such as modulation of growth factors 
(e.g., TGF-P), and inhibition of prostaglandin and 
polyamine synthesis. 

Other NCI programs are contributing to the 
development of 4-HPR and tamoxifen as a breast 
cancer chemopreventive regimen. Two Phase I1 
trials are being administered through the Clinical 
Oncology Program. The first is a feasibility study 
of tissue sampling by three methods €or assessment 
of proliferative intermediate biomarkers and their 
modulation, and of TGF-P isoforms as drug effect 
measurements, in women at high risk for breast 
cancer. The other trial will evaluate similar end- 
points in areas of CIS and proliferation adjacent to 
breast cancer; combination treatment will take 
place between diagnostic biopsy and definitive 
surgery. Finally, a combination Phase I1 trial ad- 
ministered by the Eastern Cooperative Oncology 
Group (ECOG) is being designed. This trial will 
compare tamoxifen with tamoxifen plus 4-HPR as 
adjuvant therapy in women surgically treated for 
node-negative breast cancer. 

4-HPR is produced as a proprietary formulation 
(100 mg/gelatin capsule; Fenretinide) by McNeil 
Pharmaceutical (Spring House, PA), a division of 
R.W. Johnson. A Letter of Agreement for the clini- 
cal development of 4-HPR, which includes clauses 
related to supply and formulation, has been negoti- 
ated between NCI and McNeil Pharmaceutical. 

PRECLINICAL EFFICACY STUDIES 

More than sufficient evidence of carcinogenesis 
inhibition has been obtained in vivo in the CB pre- 
clinical testing program. The agent appears to act 
primarily during the promotion and progression 
phases of carcinogenesis. In completed studies, 
4-HPR reduced tumor incidence or multiplicity in 
the MNU- (0.5 mmol/kg diet, or ca. 0.025 mmol/ 
kg-bw/day) and DMBA-induced rat mammary 
gland (1 mmol/kg diet, or ca. 0.05 mmol/kg-bw/ 
day), DEN-induced hamster lung (1 mmol/kg diet, 
or ca. 0.12 mmol/kg-bw/day), [121 and DMBA-in- 
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duced/TPA-promoted mouse skin (0.75 mmol/kg 
diet, or ca. 0.09 mmol/kg-bw/day) models of carci- 
nogenesis. Studies of 4-HPR in the "K- and 
B(a)P-induced mouse lung, and transgenic mouse 
lymphoma (pim oncogene) and skin (ruslkeratin 
K1) models of carcinogenesis have been initiated. 
Preliminary results from the lymphoma model sug- 
gest that 4-HPR alone and in combination with 
DFMO improved survival following initiation with 
ENU 1111; histopathological evaluation is in prog- 
ress. In short-term test systems, the agent inhibited 
chemically induced morphological transformation 
of rat tracheal epithelial cells (B(a)P), and human 
foreskin fibroblasts (platelet-derived growth factor) 
and epithelial cells (propane sultone). 4-HPR also 
inhibited anchorage-independent growth in the 
human lung tumor A427 cell assay and formation 
of hyperplastic alveolar nodules (HAN) in mouse 
mammary organ cultures (DMBA). 

In published reports, 4-HPR inhibited rat colon 
(DMH) 1141, mouse liver (DEN) [15], rat mammary 
gland (DMBA, MNU) [16-241, mouse skin (DMBA/ 
P A )  [2,25,261, mouse bladder (OH-BBN) [18,27], 
mouse prostate (ras/myc transduction) 1281, and rat 
prostate (MNU/ testosterone) [291 carcinogenesis. 
Interestingly, both independent and CB-sponsored 
studies found that MNU-induced rat mammary 
tumor development could be enhanced or unaf- 
fected by 4-HPR in rats fed a semipurified diet (ie.,  
AN-76A) rather than a grain-based diet (Wayne 
Lab Blox, NIH-07) 124,301. The pharmacokinetics 
appeared to be altered, with lower levels of circu- 
lating drug 1241. This suggests that dietary interac- 
tions should be considered in clinical trials of 

Assessment of 4-HPR in a battery of CB-funded 
in vivo intermediate biomarker assays is also in 
progress. In completed studies, the agent inhibited 
formation of spontaneous HAN in mouse mam- 
mary glands [31] and AOM-induced aberrant crypt 
foci in rat colon (391 mg/kg diet, or ca. 
0.05 mmol/kg-bw/day). The endpoints in assays in 
progress include enzyme-altered foci in the ham- 
ster buccal pouch (DMBA); histological changes in 
the B(a)P/silicone-implanted hamster lung; pre- 
malignant lesions, and oncogene and PCNA ex- 
pression in rat mammary glands (MNU); K-ras 
mutations in the hamster pancreas (BOP); and dys- 
plasia and epidermal growth factor receptor 
(EGFR) levels in the rat urinary bladder (OH-BBN). 
Published reports have also demonstrated modu- 
lation of histological intermediate biomarkers by 
4-HPR, i.e., mouse skin papillomas [2,25,261 and rat 
colon adenomas [14]. A proliferation-related inter- 
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mediate biomarker, ODC activity, was modulated 
in TPA-promoted mouse skin [2]. 

In the standard MNU-induced rat mammary 
gland model, both CB-sponsored and independent 
studies 121 I have shown that combining tamoxifen 
with 4-HPR enhances inhibition of carcinogenesis 
compared with 4-HPR alone. In CB-funded studies, 
dietary 4-HPR (1 mmol/kg diet, or ca. 0.05 mmol/ 
kg-bw/day) with tamoxifen citrate (0.5 mg/kg 
diet) showed synergistic activity against MNU-in- 
duced mammary carcinogenesis in older rats [321. 
Interestingly, a similar combination (4-HPR, PO; 
tamoxifen, sc) was even more effective in an adju- 
vant study using the induction of subsequent 
mammary carcinomas following surgical removal 
of the first cancer as the endpoint. Synergistic com- 
binations in other organ systems with 4-HPR in- 
clude DFh40, oltipraz [33], p-carotene plus oltipraz 
1331, p-carotene plus vitamin A, and sodium sele- 
nite plus vitamin E in hamster lung, and with 
oltipraz or DFMO in mouse bladder [34]. 

PRECLINICAL SAFETY STUDIES 

Safety NCI has sponsored acute toxicity studies 
in rats and 30-day and 90-day oral toxicity studies 
in rats and dogs. McNeil Pharmaceutical has pro- 
vided results of one-year toxicity studies in the 
same species. In the one-year rat study, the NOEL 
by dietary admixture was 10 mg/kg-bw/day 
(0.026 mmol/kg-bw/day). In the one-year toxicity 
study in dogs, moderate increases in serum cho- 
lesterol were dose-related at 10, 90 and 800 mg 
4-HPR/kg-bw/day administered by capsule. Car- 
cinogenicity studies in rats and mice have been 
performed by the CB. Reproductive and develop- 
mental studies (FDA Segment I, 11, 111) of 4-HPR 
have been performed by the manufacturer. 

Final results are available from the carcino- 
genicity portion of the CB-sponsored two-year 
rodent bioassays. In the rat study of 10, 30 and 
100 mg 4-HPR/kg-bw/day (0.03, 0.08, and 
0.3 mmol/ kg-bw / day), trea tment-rela ted benign 
pheochromocytomas were observed only at the 
two highest doses. Non-neoplastic microscopic 
changes in the liver, heart and kidneys were also 
identified at all doses at the one-year interim and 
two-year terminal sacrifices. In contrast, heman- 
giosarcomas occurred at all dose levels (100, 300 
and 1,000 mg 4-HPR/kg-bw/day, or 0.3, 0.8 and 
2.6 mmol/kg-bw/day) in the mouse study. The 
incidence appears to be treatment-related, and sug- 
gests that doses above the MTD were used for life- 
span administration. Since the tumor incidence in 
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females (16%) at the lowest dose (100 mg/kg-bw/ 
day) approached control values (5%), the assay will 
be repeated at doses of 10,30 and 100 mg/kg-bw/ 
day. Parallel groups at the highest and lowest dose 
will be placed on basal diet for three daydmonth 
to model the treatment interruption protocol used 
in clinical trials. All doses are still higher than 
planned human exposure of 200 mg qd (ca. 
0.007 mmol/kg-bw qd). 

The CB will not sponsor studies specifically ad- 
dressing reproductive and developmental toxicity 
unless those performed by McNeil Pharmaceutical 
are inadequate. One CB-sponsored chemopreven- 
tion study found normal estrus cycles in female 
rats at doses to 782 mg/kg diet (ca. 0.1 mmol/ 
kg-bw/day) [16]. In a published study, spermato- 
genic arrest and testicular tubule necrosis were 
observed in mice and rats receiving the 21-day 
LD,, (NOS) [35]. McNeil Pharmaceutical [36] has 
performed Segment I reproductive performance 
and fertility studies in rats. No effect on male ger- 
formance, estrus, pregnancy rate, gestation length 
and litter size and sex ratio were found. Published 
Segment I1 studies found that 4-HPR is teratogenic 
in rats and rabbits, although it was less potent than 
retinoic acid [37,38]. Specific effects included 
resorptions, craniofacial abnormalities, and hemor- 
rhagic and cardiac vessel defects. The NOEL in rats 
and rabbits was 0.05 mmol/kg-bw/day. A Seg-  
ment 111 study in rats by McNeil Pharmaceutical 
found intraocular hemorrhage, cataracts and micro- 
phthalmia at doses of 20-800 mg 4-HPR/kg-bw/ 
day (0.05-2.0 mmol/kg-bw/day). Phase I1 trials 
should stipulate use of dependable birth control 
(e.g., Norplant, IUD) for female participants. 

To support clinical development of combinations 
of 4-HPR with tamoxifen, the CB has sponsored 
90-day toxicity studies in rats and dogs. In female 
Beagle dogs, no synergistic toxicity was observed 
with a capsule formulation of the combined agents 
(0.03, 0.3 and 2.1 mmol 4-HPR/kg-bw/day plus 
0.4, 4 and 32 mg tamoxifen citrate/kg-bw/day, 
respectively); however, a NOEL was not estab- 
lished, primarily due to tamoxifen-related histo- 
pathology. The comparable study in Sprague- 
Dawley rats with 0.03-1.0 mmol 4-HPR/kg-bw/ 
day plus 0.4-16 mg tamoxifen citrate/kg-bw/day 
is being repeated due to protocol deficiencies. 

ADME In studies reported in the literature, 
absorption was low and variable after oral admin- 
istration of 4-HPR in rodents, and C,,, occurred in 
four hours [39]. The parent drug was extensively 
metabolized to less polar compounds, such as the 
primary metabolite 4-MPR [39,40]. Due to the lipo- 

philicity of the metabolites, 4-HPR had a sub- 
stantially longer elimination half-life than all-trans- 
retinoic acid (12 hrs us. 20 min) I391. 

Differences in the metabolism of 4-HPR appear 
to exist across species. Comparison of proposed 
pathways revealed similarities between rats and 
dogs [361. Rats and mice, however, appear to show 
substantial differences in the metabolism of 4-HPR 
1411. Mice tended to produce more metabolites and 
significantly higher tissue concentrations of them 
than rats. However, in both species, the tissues 
with greatest drug concentrations were bladder, 
liver and mammary glands [39]. 

CLINICAL SAFETY: PHASE I STUDIES 

The CB has not funded Phase I studies of 
4-HPR; however, such studies are addressed in the 
manufacturer’s IND. A dose-titration study (100, 
200, and 300 mg qd for 6 months) was funded by 
the Italian National Research Council to identlfy 
the highest tolerable long-term dose i42-471; at the 
two highest doses, a low incidence (8%) of visual 
disturbances was obtained [42]. As a result, McNeil 
Pharmaceutical suggested a three-day drug holiday 
per month to avoid the potential ophthalmic toxic- 
ity, and no further adverse effects were reported in 
the remaining 6 months of the Phase I trial at a 
dose of 200 mg qd with the drug holiday. The 
NCI, DCPC began a Phase 111 trial of 4-HPR in 
March 1987 using the same regimen in women 
with resected breast cancer. Eleven of the Phase I1 
trials which are in progress or planned include 
measures of the adverse effects noted in the Italian 
dose-titration study and may provide additional 
data on an effective, safe dosing regimen. 

Drug Effect Measurement In both the ADME 
studies supported by McNeil Pharmaceutical [36, 
48501 and the Phase I trials supported by the 
Italian National Research Council [42-45], the most 
sensitive drug effect measurement was plasma 
retinol levels. The relationship between dose and 
plasma retinol appears to be linear over 100- 
300 mg 4-HPR qd (ca. 0.004-0.01 mmol/kg-bw qd). 
The onset and reversal of the effect were rapid. 
The ongoing and planned Phase I1 studies will. 
provide a further opportunity to validate and 
standardize the methods for sample handling and 
plasma retinol measurement. An HPLC method 
used in the Phase I11 breast cancer c’hemopre- 
vention trial allows separation of 4-HPR, 4-MPR 
and retinol. 

One problem with using plasma retinol as a 
drug effect measurement is that functional vitamin 
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A deficiency manifests as ophthalmic toxicity (see 
Safety below); the 4-HPR dose used in clinical 
trials should have as small an effect on this 
endpoint as possible. A second problem is that the 
levels may not decrease linearly at doses under 
100 mg qd, a possibility with 4-HPR doses used in 
future combination regimens. However, both retin- 
oids and tamoxifen decrease plasma IGF-I [1%,51- 
531 and induce different tissue TGF-P isoforms 
154,551, which may serve as a substitute drug effect 
measurements. For example, tamoxifen predomi- 
nantly induces TGF-PI and retinoids induce TGF- 
02 and $3; the combination may then achieve a 
greater total induction of TGF-P. The utility of this 
approach needs to be investigated in dose-titration 
studies. 

Safety In the NCI-funded Phase I11 breast and 
Phase IIa bladder trials and the Italian Phase I trial, 
the main toxicities were ophthalmic disturbances 
(decreased dark adaptation, abnormal ERG), plas- 
ma retinol reduction, and minor dermatological 
complaints. The dose used in the bladder study 
(200 mg qd, three-day holiday/month) produced a 
33% incidence of nyctalopia which was not con- 
sidered to be severe enough to reduce or end treat- 
ment. After extension of the Italian Phase I trial to 
30 months, a low incidence (4%) of ophthalmic 
disturbances was observed using the same dosing 
regimen [43,441. In the Phase I11 trial, 1,398 of the 
2,803 evaluable patients had been treated with 
200 mg 4-HPR qd with a three-day drug holiday 
for an average of three years by February 22,1993, 
and only 3.6% had interrupted drug intake due to 
adverse effects 1521. In preliminary results, mild 
and moderately diminished dark adaptation oc- 
curred at plasma retinol levels of 160 and 
100 ng/ml, respectively; however, only half of the 
subjects reported symptoms [52,563. A recently 
published analysis of the vanguard cohort in the 
Phase 111 trial showed a 65% reduction in mean 
retinol levels to 170 ng/ml after 5 years of 4-HPR 
treatment [571. This suggests that altering the dose 
regimen or using combinations of agents at lower 
doses should be evaluated to reach a NOEL in 
clinical trials. 

In published studies at doses of 2200 mg qd, the 
most common adverse reactions occur in the gas- 
trointestinal tract (nausea), skin (pruritus, rash, 
dryness) and eyes (dryness, night blindness, light 
sensitivity, abnormal ERG), and clinical chemistry 
(increased serum cholesterol and triglycerides, de- 
creased retinol and retinol binding protein (RBP) 
levels) [47,58-611. At the doses used in clinical tri- 
als, these reactions appear to be reversible upon 

reduction or withdrawal of the drug in the absence 
of preexisting conditions. 

A Phase I trial of the combination of 20 mg tam- 
oxifen qd with increasing doses of 4-HPR has been 
published 1621. In consecutive cohorts of three met- 
astatic breast cancer patients, the levels of 4-HPR 
were 100,200,300, and 400 mg qd with a three-day 
drug holiday per month. Duration of treatment 
ranged from 2-14 months, with six patients receiv- 
ing 26 months of therapy. Adverse effects (anemia, 
altered hepatic enzymes) were felt to be due to 
progressive disease, and all combinations were safe 
and well-tolerated. No ophthalmic or dermatologi- 
cal effects were observed. 

ADME Data in the literature appear to corre- 
spond to studies undertaken by McNeil Pharma- 
ceutical [36,48-501. In both normal volunteers and 
cancer patients, the time to maximum plasma con- 
centration of the parent drug after administration 
of 200 mg 4-HPR was 4-8 hrs, with the major me- 
tabolite, 4-MPR, peaking about four hours later. 
C,,, and AUC appeared to be linear and pro- 
portional to dose following a single administration 
of 4-HPR (25-600 mg, or 0.0009-0.02 mmol). The 
pharmacokinetic parameters for the dose used in 
most clinical trials (200 mg) are AUC,,,,= 
4.5 pmol/L.hr and C,,,=70.5 pg/ml; these values 
change significantly if the dose is administered 
following a high-fat diet. The elimination t, was 
16-20 hours for 4-HPR and 22 hours for the metab- 
olite. 

The kinetics of the parent drug do not appear to 
change with multiple daily doses (5 months); plas- 
ma steady-state was reached with the second dose. 
It has been suggested that the kinetics of 4-MPR 
are nonlinear following multiple doses, indicating 
accumulation; however, the vanguard cohort in the 
Phase 111 trial had the same plasma t, for 4-MPR 
after 28 days and 5 years of 4-HPR treatment [571. 

CLINICAL EFFICACY: PHASE 11/111 STUDIES 

Proposed, current and completed NCI-funded 
clinical trials of 4-HPR are summarized in Table I. 
One Phase I trial has been completed (see above), 
and a Phase I11 trial is in progress in surgically 
treated breast cancer patients. Seven Phase I1 trials 
are ongoing in high-risk bladder, lung, oral cavity, 
prostate, cervix and skin cohorts, and two ad- 
ditional Phase I1 trials in a lung and an oral cavity 
cohort are planned for 1995. Finally, four trials of 
combinations of 4-HPR and tamoxifen are in prog- 
ress in breast cancer cohorts under several pro- 
grams at NCI (ECOG, CB and DCT). 
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The Phase 111 clinical trial (Dr. U. Veronesi, 
Istituto Nazionale Tumori) of 4-HPR to evaluate 
chemoprevention of a second primary breast cancer 
in patients with a previously resected cancer in the 
contralateral breast began in March 1987, and ac- 
crual has stopped at 2,972 patients [63]. An interim 
analysis of patients in the fourth year of interven- 
tion was scheduled to begin in June 1993, but in- 
formation is as yet unavailable. The trial involves 
five years of intervention with 200 mg 4-HPR qd 
with a two-year follow-up period. 

The NCI-sponsored Phase I1 trials of 4-HPR in 
progress are in the early stages. A significant as- 
pect of these trials is the identification, standard- 
ization and modulation of intermediate biomarkers 
as surrogate endpoints for cancer incidence reduc- 
tion. The Phase IIa portion of a trial (Dr. A. 
Decensi, National Institute for Cancer Research, 
Italy) in patients with resected superficial bladder 
cancer evaluated the feasibility of using genetic 
(ploidy), proliferative (S-phase fraction) and histo- 
logical (cytological grade) intermediate biomarkers 
164,651. The results were very promising. Using 
cells obtained from bladder washings, improve- 
ment was obtained in ploidy and cytology in a 
portion of the 4-HPR-treated group. Drug has been 
received to begin the IIb portion of the trial. 

The protocols for three funded Phase I1 trials to 
study 4-HPR modulation of intermediate biomark- 
ers in skin, cervix and lung were recently ap- 
proved by the FDA. A trial (Dr. B.A. Conley, Uni- 
versity of Maryland) in patients with >15 actinic 
keratosis lesions will investigate improvement of 
the clinical lesion, and modulation of histological 
and other intermediate biomarkers (PCNA, ODC, 
EGFR) in the skin. Histological regression will also 
be correlated with changes in other types of inter- 
mediate biomarkers (PCNA, DNA content, TUS ex- 
pression, EGFR, TGF-a, TGF-p, involucrin and 
transglutaminase) in a Phase I1 study of CIN I11 
(Dr. M.F. Mitchell, University of Texas, M.D. An- 
derson Cancer Center) after 6 months of 4-HPR. 
Finally, the third Phase I1 trial (Dr. W.K. Hong, 
University of Texas, M.D. Anderson Cancer Center) 
will evaluate improvement of squamous metapla- 
sia/dysplasia in chronic smokers with prior 
resected lung, head/neck or bladder cancer, as 
well as modulation of genetic and proliferation 
biomarkers. All these studies will attempt to iden- 
tify biomarkers most closely related to premalig- 
nancy in a specific tissue, and, second, determine 
their modulation by 4-HPR. 

Four CB-administered Phase I1 trials of 4-HPR 
alone or in combination with tamoxifen began in 

1994. One cohort is to receive adjuvant 4-HPR 
treatment following surgery and BCG for super- 
ficial bladder cancer. A second Phase I1 trial is 
evaluating the effect of 4-HPR on clinical aspects, 
and histological and other biomarkers in dysplastic 
oral leukoplakia. In women with recently diag- 
nosed ductal carcinoma in situ (DCIS) or carcinoma 
of the breast, modulation of histological lesions 
and related biomarkers (nuclear pleomorphism 
index, ploidy, proliferation index) by 4-HPR and 
tamoxifen administered between the diagnostic 
core biopsy and resulting surgery are being evalu- 
ated in the third trial. Finally, in the fourth trial, 
prostate cancer patients are administered the reti- 
noid up to 8 weeks between diagnostic biopsy and 
radical prostatectomy; modulation of histological 
(e.g., PIN, nuclear polymorphism) and other inter- 
mediate biomarkers are the endpoints. This will 
replace a previous trial of two doses of 4-HPR in 
men with elevated PSA, but a negative biopsy for 
carcinoma. Recruitment was stopped due to a pos- 
sible increase in prostate tumors; however, no pla- 
cebo control group had been included for compari- 
son. 

Phase I1 trials of 4-HPR combined with tamoxi- 
fen in cohorts at high risk for breast cancer are a 
priority at NCI. As mentioned above, the CB re- 
cently funded a trial in which women with DCIS 
or breast carcinoma are administered the combi- 
nation between diagnostic core biopsy and defini- 
tive surgery. The Clinical Oncology Program has a 
trial (Dr. J. O'Shaughnessy, NCI) in progress in a 
similar cohort in which modulation of intermediate 
biomarkers is evaluated in DCIS and proliferative 
lesions adjacent to the carcinoma. A second trial 
(Dr. J. O'Shaughnessy) administered under the 
same program is comparing three types of tissue 
sampling for measurement of endpoints in women 
at increased risk for breast cancer. The effect of 
4-HPR and tamoxifen on drug effect measurements 
and intermediate biomarkers in breast tissue, as 
well as adverse effects on the endometrium, are 
being evaluated. Finally, the Cooperative Clinical 
Oncology Program (i.e., ECOG) is assessing tamoxi- 
fen vs tamoxifen plus 4-HPR as adjuvant treat- 
ments in women surgically treated for node-nega- 
tive breast cancer. 

Two clinical trials of 4-HPR sponsored by other 
organizations are in progress in Italy. A study 
evaluating 200 mg 4-HPR qd with a three-day drug 
holiday/month for one year in preventing recur- 
rences and new lesions and carcinomas in patients 
surgically treated for oral leukoplakia began in 
1988 [63,661. Preliminary results from 137 random- 
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ized subjects show that the risk of recurrence and 
new occurrences of oral leukoplakia are 6% in the 
treatment arm and 30% in the control arm [63]. A 
preliminary study using topical application of the 
same dose to oral leukoplakia and lichen planus 
demonstrated at least 75% clinical response within 
a month 1671. A second study is evaluating oral 
200 mg 4-HPR qd in terms of decreasing recur- 
rences or new occurrences of basal cell carcinoma 
of the head and neck after surgical excision [63,68]. 
As of June 1993,709 patients had been randomized 
[@I. 

PHARMACODYNAMICS 

The concentrations of 4-HPR in mouse tissues 
following multiple doses (0.012 mmol/kg-bw/day 
for 5 days, iv) were highest in the bladder, as fol- 
lows: bladder, 8.2 mg/g; liver, 4.1 mg/g; mam- 
mary glands, 2.7 mg/g; and serum, 0.7 mg/ml 
[41]. Following oral treatment of mice (0.025 mmol 
4-HPR/kg-bw/day for 3 days), the tissue AUCs 
were 13.4,60.5 and 77.3 pg.hr/g tissue for bladder, 
mammary glands and liver, respectively, and 
14.1 pghr/ml for serum [691. In published reports, 
4-HPR inhibited bladder, liver and mammary 
gland carcinogenesis in the mouse, the same tis- 
sues with high parent drug concentrations. Rat 
tissue concentrations followed the same order after 
multiple iv doses (0.012 mmol/kg-bw/day for 
5 days), although the values were higher than in 
the mouse: serum, 1.8 mg/ml; mammary glands, 
6.3 mg/g tissue; liver, 11.5 mg/g tissue; and blad- 
der, 35.4 mg/g tissue [411. In this species, chemo- 
preventive efficacy has been observed in the mam- 
mary glands. 

Since the major metabolites of 4-HPR are less 
polar, they tend to accumulate in tissue. The major 
sites of distribution are fat, mammary glands, blad- 
der, skin and kidney; although the liver concen- 
tration is also high, it is not a storage site 141,691. 
In the mouse, chemopreventive efficacy has been 
demonstrated in four tissues (mammary glands, 
bladder, skin, liver) with high 4-MPR accumula- 
tion. Following iv administration [411, the propor- 
tion of tissue retinoids represented by 4-MPR ap- 
proached that of the parent drug. For example, 
4-MPR and 4-HPR were each approximately 43% 
of retinoids in the mammary glands; in the blad- 
der, 33% and 44% of tissue retinoids were 4-MPR 
and 4-HPR, respectively. In the rat, a smaller pro- 
portion of tissue retinoids was represented by 
metabolites. In the mammary gland, only 6.3% was 
4-MPR, while more than 82% was parent drug. 

Although 4-MPR and 4-HPR have been shown 
to share at least one retinoid activity (reverse kera- 
tinization of vitamin A-deficient rat trachea organ 
culture) [40], the relative chemopreventive effi- 
cacy/toxicity of the specific metabolites has not 
been extensively investigated. 4-HPR has been 
shown to inhibit ODC activity induction and pros- 
taglandin synthesis, as well as to modulate protein 
kinase activity and immunoglobulin secretion; 
however, it is unknown if it is actually acting as a 
prodrug. The CB may consider sponsoring studies 
which correlate tissue levels of specific metabolites 
and parent drug with efficacy after chemopreven- 
tive doses of oral 4-HPR. Another question for in- 
vestigation is whether binding to retinoic acid re- 
ceptors is necessary for efficacy, and, if so, which 
metabolites are responsible. 

The relative contribution of 4-HPR and the ma- 
jor metabolite, 4-MPR, to the proposed chemopre- 
ventive efficacy in human breast tissue is un- 
known. In a study of 9 participants in the Phase I 
trial of women at risk for a second primary cancer 
in the contralateral breast, both 4-HPR and 4-MPR 
concentrated in breast tissue compared with plas- 
ma, but to different degrees [701. The ratio of 4- 
MPR to 4-HPR was close to unity in plasma, but 
increased to 5.7 in breast tissue. 4-MPR was stored 
primarily (85%) in the fat cell fraction. It should be 
noted that a relationship between plasma 4-MPR 
and toxicity was suggested recently in a Phase I11 
trial subset; increased circulating 4-MPR was a ma- 
jor determinant of decreased retinol in elderly 
women who had a high percentage of adipose tis- 
sue [71]. 

In a subset of Phase 111 participants, 4-HPR 
treatment has been shown to decrease circulating 
IGF-I levels significantly, especially in younger 
women [521. Preliminary data suggest that the 
chemopreventive activity of this drug is also most 
evident in women <45 years of age. The relation- 
ship of IGF-I reduction to circulating 4-HPR and 
4-MPR levels, as well as to breast cancer risk 
reduction, should be investigated for 4-HPR alone 
and in combination with tamoxifen. 

PROPOSED STRATEGY 
FOR CLINICAL DEVELOPMENT 

Drug Effect Measurement Issues 

Consideration should be given to replacing reti- 
no1 or RBP as drug effect measurements. These 
endpoints are related to toxicity, and may not be 
altered at lower doses. Since serum IGF-I is altered 
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by both 4-HPR and tamoxifen, it should be inves- 
tigated as a drug effect measurement in dose-titra- 
tion studies using either a single agent or combina- 
tion protocol. 

Currently, tissue TGF-P isoforms are being eval- 
uated as substitute drug effect measurements in a 
Clinical Oncology Program-administered Phase I1 
trial of 4-HPR combined with tamoxifen. Since 
tamoxifen predominantly induces TGF-Pl and reti- 
noids induce TGF-P2 and $3, the combination may 
acheve a greater total induction of TGF-P. 

Safety Issues 

Although the threshold for ophthalmic toxicity 
was 200 mg qd in a published Phase I trial, de- 
creased dark adaptation and abnormal ERG con- 
tinue to be reported at this dose, even with the 
three-day drug holiday/ month. These conditions 
result from a significant decrease in plasma retinol. 
The changes appear to be reversible. One pharma- 
cokinetic study demonstrated that plasma retinol 
normalized between three and seven days after 
4-HPR treatment interruption [46]. Recent analysis 
of the vanguard cohort in the Phase 111 breast can- 
cer chemoprevention trial demonstrated that plas- 
ma retinol increased from 38% of baseline to 71% 
after the three-day treatment interruption [57]. In 
a Phase I11 trial subset, dark adaptation did not 
recover sufficiently within the three days [561. 
Thus, three days of drug holiday after each 28 days 
of 4-HPR treatment may not prevent ophthalmic 
toxicity. The dose titration portion of the Phase I1 
trial in actinic keratosis patients may define the op- 
timal dosing strategy by correlating adverse reac- 
tions with plasma retinol levels. Also, drug combi- 
nations (e.g., 4-HPR and tamoxifen) are planned for 
future clinical trials to decrease the potential for 
toxicity while retaining efficacy. 

Pharmacodynamics Issues 

Consideration should be given to the biologi- 
cally effective dose of 4-HPR and/or 4-MPR. It has 
been shown that systemic metabolism of 4-HPR is 
necessary for chemoprevention of skin tumors and 
that high levels of 4-MPR accumulate in other tar- 
get organs (mammary gland, bladder). The chemo- 
preventive and the toxicological potential of 4-MPR 
is unknown. This aspect may need to be incorpo- 
rated into the planned Phase I1 trials. Investigation 
of a small subset of Phase I trial participants sched- 
uled for tumor removal or breast reconstruction 
suggested that 4-MPR accumulates in this tissue 

approximately 6-fold higher than the parent drug 
1701. It is unknown if the metabolite binds to any 
retinoic acid receptors or if this binding is neces- 
sary for chemopreventive efficacy. 

Regulatory Issues 

Two Phase I1 trial applications (actinic keratosis, 
CIN 111) were recently removed from clinical hold 
following FDA review of the final results of the 
first mouse carcinogenicity assay, and determina- 
tion of availability to NCI of patient follow-up data 
from the Phase I11 breast cancer trial. The mouse 
carcinogenicity study showed a treatment-related 
incidence of hemangiosarcomas at doses which 
appear to be above the MTD. A protocol for 
repeating the mouse carcinogenicity study at lower 
doses has been funded by the CB, with parallel 
groups incorporating the three-day drug holiday 
protocol used in clinical trials. These doses are still 
approximately 3-30-fold higher than the clinical 
dose. It should be noted that no change in the inci- 
dence of non-breast second primary tumors us. 
control have been reported in the Phase I11 breast 
trial after up to 5 years of 4-HPR treatment [57]. 

Intermediate Biomarker Issues 

Seven Phase I1 trials are assessing modulation of 
intermediate biomarkers by 4-HPR. For example, 
the Phase IIb trial in actinic keratosis patients will 
correlate modulation of clinical, histological and 
intermediate biomarkers with AUC at the dose 
selected from Phase IIa. This information will con- 
tribute to validation of individual markers as sur- 
rogate endpoints for long-term trials, as well as 
determine the 4-HPR dose required. 

Supply and Formulation Issues 

A Letter of Agreement for the clinical develop- 
ment of 4-HPR has been negotiated between NCI, 
DCPC and McNeil Pharmaceutical. The terms of 
this agreement include clauses addressing the ac- 
quisition and formulation of 4-HPR, which is un- 
der patent. Sufficient drug is available to support 
the clinical development outlined below and addi- 
tional drug will be acquired to support Phase 111 
development as appropriate. 

Clinical Studies Issues 

Clinical development of 4-HPR as a breast can- 
cer chemopreventive drug by the CB will be lim- 
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ited to short-term trials involving modulation of 
intermediate biomarkers, pending results from the 
ongoing Phase I1 trial. Based on this strategy, a 
Phase I1 trial was recently funded to evaluate the 
effect of the retinoid with and without tamoxifen 
citrate when administered during the 2-4 week 
period between diagnostic biopsy and definitive 
surgery for DCIS or carcinoma; histological (eg.. 
nuclear polymorphism, DCIS), proliferative (e.g., 
PCNA, S-phase fraction) and genetic (e.g., ploidy) 
biomarkers will be compared in the two tissue 
samples. 

A second strategy is development of 4-HPR as 
a chemopreventive for target organs in which ani- 
mal efficacy data exist. Funded Phase I1 studies 
include protocols investigating modulation of pre- 
malignant lesions in the skin (actinic keratosis), 
lung (squamous metaplasia/dysplasia), oral cavity 
(dysplastic leukoplakia), bladder (BCG-treated 
cohort), and prostate (PIN in presurgery cohort). A 
Phase I1 trial investigating modulation of prema- 
lignant lesions in the cervix (CIN 111) was also in- 
cluded because CIN I11 is well-characterized, has a 
low confounding rate of regression (<lo%) [72], a 
relatively long latency for progression (10-13 years) 
[721, and the tissue is more easily accessible than 
breast, prostate or lung. 

Finally, development of the combination of 
4-HPR and tamoxifen for modulation of prema- 
lignant breast lesions and breast cancer risk is a 
high priority. Complementary mechanisms may 
allow lower doses of both agents to decrease 
potential toxicity while retaining efficacy. One CB- 
sponsored Phase I1 trial as well as two Phase I1 
trials and one Phase I11 trial sponsored by other 
NCI programs are contributing to this strategy. 
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