
Phase II Chemoprevention Trial with High Dose Fenretinide for
Oral Pre-Malignant Lesions

William N. William Jr.1, J. Jack Lee2, Scott M. Lippman1, Jack W. Martin3, Hai T. Tran1,
Anita L. Sabichi4, Edward S. Kim1, Lei Feng2, and Vassiliki A. Papadimitrakopoulou1,5

1Department of Thoracic/Head & Neck Medical Oncology, The University of Texas M. D.
Anderson Cancer Center, Houston, TX

2Department of Biostatistics, The University of Texas M. D. Anderson Cancer Center, Houston,
TX

3Department of Dental Oncology, The University of Texas M. D. Anderson Cancer Center,
Houston, TX

4Clinical Cancer Prevention, The University of Texas M. D. Anderson Cancer Center, Houston,
TX

Abstract

Background—In a previous phase II trial, we demonstrated that fenretinide 200 mg/day had

limited activity in retinoid-refractory leukoplakia (34% response rate), possibly due to the lack of

achievement of high serum levels which would be required to elicit retinoid-receptor independent

apoptosis in pre-malignant cells. We therefore designed this single-arm, phase II trial to

investigate whether fenretinide at a higher dose would improve the leukoplakia response rate from

our previous study’s historical control.

Patients and Methods—Patients with high-risk leukoplakia were treated with 4 three-week

cycles of fenretinide (900 mg/m2 orally twice daily, days 1–7). At week 12, objective clinical

responses were determined and blood samples were collected for serum drug level assessment.

The original sample size was 25 patients to detect a 55% response rate (90% power, one-sided

10% type I error rate). A futility analysis was planned after accrual of the first 16 patients to allow

for early trial closure if ≤4 patients responded.

Results—Fenretinide was well tolerated, with only one grade 3 toxicity (diarrhea) observed.

However, only 3 of the initial 15 patients (20%) had a partial response, leading to early trial

termination due to lack of efficacy. Serum levels of fenretinide rose from 0 (baseline) to 0.122 μM

± 0.093 (week 12), indicating that high serum levels of the drug were achieved during the initial

days of the cycle.

Conclusions—Despite high serum levels, fenretinide for oral leukoplakia, at the dose and

schedule studied herein, failed to improve historical response rates.
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Introduction

Fenretinide is a synthetic retinoid with demonstrated (albeit limited) clinical activity in

patients with retinoid-refractory leukoplakia (1). Additionally, at the doses of 200 mg/day,

adjuvant fenretinide treatment for one year has recently been demonstrated to prevent new

lesions or recurrences in patients with surgically resected leukoplakia in a randomized,

placebo-controlled study (2).

The activity of fenretinide in pre-malignat lesions is postulated to occur due to modulation

of cell growth and/or differentiation, or induction of apoptosis. A dual, dose-dependant,

mechanism of action has been demonstrated to mediate the anti-neoplastic effects of

fenretinide – low doses of the drug (i.e., 1 μM) were capable of eliciting cell differentiation

in vitro, whereas higher doses (i.e, 3–10 μM) were required for the apoptosis-inducing

effects (3–6). Of note, the induction of differentiation was not observed in mutant F9 murine

embryonal carcinoma cells lacking expression ofretinoic acid receptor gamma and retinoid

X receptor alpha (RAR /RXR −/−), while apoptosis was demonstrated following exposure to

fenretinide in both wild-type and receptor-negative, mutant cells (3). Taken together, these

results indicate that fenretinide-induced apoptosis is independent of retinoid receptors, in

contrast to the retinoid receptor-dependant cell differentiation effects.

Based on the aforementioned pre-clinical data, we have previously conducted a phase II

clinical trial of fenretinide 200 mg/day for 12 weeks in patients with retinoid-refractory

leukoplakia (1). The primary hypothesis of that trial was that through, in part, retinoid

receptor-independent mechanisms, a short-term treatment course with fenretinide would be

able to eliminate pre-malignant clones via apoptosis, thus producing sustained durable

responses on patients with leukoplakia that had never responded to or that had progressed

during treatment with a natural retinoid. In that study all clinical responses (observed in 34%

of patients) were partial, often short-lived, and correlated with previous response to natural

retinoids (1). These results indicated that the activity of fenretinide observed was most likely

due to retinoid receptor-mediated mechanisms. Additionally, the serum levels of fenretinide

achieved during that study (i.e., 0.230 μM) were at least 10-fold lower than the

concentrations required in vitro for induction of apoptosis (i.e., > 3 μM) (6–8), thus

corroborating the hypothesis that the limited clinical activity observed with fenretinide 200

mg/day probably did not involve high-dose, retinoid receptor-independent apoptotic effects.

In an ongoing phase I trial at that time, Jasti et al. had demonstrated that the dose of

fenretinide of 900 mg/m2 orally twice daily on days 1–7 every 21 days was tolerable and

resulted in peak serum levels of the drug of 3–5 μM (9). Based on the in vitro data described

above, fenretinide, at this concentration, would theoretically elicit retinoid receptor-

independent apoptosis in oral pre-malignant cells in vivo. Therefore, we designed this

single-arm, phase II study to test whether the administration of fenretinide 900 mg/m2 twice
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daily to patients with oral leukoplakia would result in higher response rates than what was

observed in our previous study with fenretinide 200 mg/day.

Methods

This was an open-label, single-arm, phase II trial conducted at The University of Texas M.

D. Anderson Cancer Center. The study was approved by the Institutional Review Board and

was conducted in accordance with the provisions of the Declaration of Helsinki and Good

Clinical Practice guidelines.

Patient Eligibility

Main eligibility criteria included: presence of high risk, bidimensionally measurable or

evaluable OPL (as indicated by the presence of dysplasia – any grade, localization to the

floor of the mouth, ventrolateral tongue, or soft palate complex, and/or being extensive /

symptomatic), adequate liver, kidney and bone marrow function, Zubrod performance status

< 2, no history of cancer within the preceding 6 months (except for non-melanoma skin

cancer), and no exposure to retinoid or carotenoid supplements within the preceding 3

months.

Treatment Plan

Prior to study entry, patients were required to sign an informed consent statement indicating

knowledge of the experimental nature of the treatment. Baseline evaluation included a

complete history and physical examination, serum chemistry and hematologic tests, biopsy

and measurement of oral lesions. Patients were then treated with four cycles of fenretinide

900 mg/m2 orally twice daily days 1 through 7, repeated every three weeks. Toxicity during

treatment was regularly assessed using the National Cancer Institute Common Toxicity

Criteria version 2.0 modified to include retinoid-specific toxicities (10). At the end of the

treatment period, oral lesions were measured and biopsied again. Optional blood collection

for pharmacokinetics analyses (i.e., measurements of serum levels of fenretinide and its

major metabolite, N-(4-methoxyphenyl) retinamide [4-MPR]) were performed at baseline

(pre-treatment) and at 14 days after the last dose of fenretinide (week 12). Details of blood

sample processing and analysis methodology were previously described (1).

Study Endpoints and Statistical Analysis

The primary endpoint of the study was determination of clinical response rate (complete and

partial response) at the end of the 3-month treatment period. Response was evaluated as

follows: complete response (CR) - gross inspection revealed no evidence of a lesion; partial

response (PR) – the size of a lesion or of the sum of the measurementsof all lesions

decreased by at least 50 percent; stable disease (SD) - lesion sizes increased by less than

25percent or decreased by less than 50 percent; disease progression (PD) - increase of at

least 25 percent in the sumof the measurements of all lesions or appearance of any new

lesion (10). Simon’s minimax two-stage design was applied – we planned to accrue 16

patients in the first stage; if there were 4 or less responders, the study would be terminated

and the treatment would be considered inefficacious. If there were 5 or more responders,

additional patients would be added to the study in the second stage to achieve a total of 25
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patients. At the end of the trial, the treatment was considered to be efficacious if there were

11 or more responders. The study had 90% power with a one-sided 10% type I error rate

assuming the null response rate would be 30% and a response rate of 55% or higher would

be of interest (25 % improvement over previously reported of approximately 30% with low-

dose fenretinde (1)). Additional endpoints included toxicity, pharmacokinetics assessments,

and histological response at month 3.

Results

Patient characteristics and treatment

Between February 2003 and April 2004, 21 patients were registered in this study. Six

patients were found to be ineligible due to history of cancer within 6 months (3), non-

measurable disease (2) or refusal of treatment (1). Therefore, 15 patients initiated and

completed treatment with the study drug. Their baseline characteristics are described in

Table 1. All 15 patients received the 4 planned cycles of fenretinide with no dose reductions.

Self-reported compliance (confirmed by capsule count) was > 90% in 13/15 patients.

Toxicity

Treatment was well tolerated, with only 1 patient experiencing grade 3 toxicity (diarrhea

lasting < 24 hours). No grade 4 toxicities were observed. The complete list of adverse events

occurring in more than 1 patient (regardless of grade) is outlined in Table 2.

Efficacy

All 15 patients were evaluable for clinical response assessment at the end of 3 months.

There were no complete responses. Three patients (20%) had a partial response, whereas

stable disease was observed in 11 patients (73%). Only 1 patient (7%) progressed during

treatment, in terms of clinical response. Histologically, 2 patients (13%) had downgrading of

the dysplasia, 7 patients (47%) had no histological change, and 6 patients (40%) had

worsening of the degree of dysplasia. None of the patients developed invasive cancer within

the 3-month follow-up period. After the initial 15 patients had been evaluated, we

recognized that the pre-specified minimum clinical response rate during the first stage of the

trial (i.e., 5 out of 16 patients) would not be achieved. This prompted early termination of

the study due to lack of efficacy of the investigational agent.

Fenretinide and 4-MPR serum levels

Fourteen patients had both baseline and post-treatment blood samples collected for analysis

of drug serum levels. As expected, fenretinide was undetectable in all 14 samples at

baseline. The mean (± standard deviation) serum level of fenretinide increased to 0.122 μM

± 0.093 post-treatment (i.e., 14 days after the last dose of fenretinide). Similarly, 4-MPR (a

major fenretinide metabolite) was undetectable in all 14 samples at baseline and increased to

0.643 μM ± 0.398 (mean ± standard deviation) post-treatment.
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Discussion

In the present study, we found that high-dose fenretinide (i.e., 900 mg/m2 twice daily on

days 1 through 7 repeated every 21 days for four cycles) for oral leukoplakia was well

tolerated, but elicited objective responses in only 3 out of 15 patients (20%). The drug failed

to meet the pre-specified criteria for efficacy during the first stage of the study (i.e, 5

responses in the initial 16 patients) and the trial was, therefore, terminated early.

Retinoids are the most widely studied class of agents for prevention of oral pre-malignant

lesions. The landmark study by Hong et al. established the activity of high-dose 13-cis

retinoic acid in patients with leukoplakia, albeit with intolerable toxicities (11). Attempts at

improving the therapeutic index of retinoids with the use of low-dose 13-cis-retinoic acid or

retinyl palmitate were unsuccessful, either due to low long-term efficacy (retinyl palmitate)

or low long-term tolerance (13-cis-retinoic acid) (10, 12). The development of synthetic

retinoid compounds, such as fenretinide, was a promising new strategy to overcome the

limitations of previous studies, given their tolerability and (possibly more effective)

alternate mechanisms of action; in vitro studies had demonstrated a potential of these agents

for overcoming acquired or de novo retinoid-resistance, through both retinoid receptor-

dependent and independent effects (3, 13–15). Indeed, promising results were obtained in a

randomized study of fenretinide versus placebo in patients with resected leukoplakia,

demonstrating fewer relapses or new lesions in patients exposed to the study drug (2). Our

phase II study of low-dose fenretinide (i.e., 200 mg/day) in patients with retinoid-refractory

leukoplakia indicated that the serum levels of fenretinide achieved were not high enough to

elicit retinoid receptor-independent, apoptotic-inducing effects, which might explain the

limited clinical activity (i.e., response rates) observed (1). This prompted the design and

conduct of the present study, focusing on an alternate dose and schedule.

A number of phase I trials conducted in patients with solid tumors justify the use of

fenretinide at higher doses (i.e., 900 mg/m2 twice daily) (9, 16, 17). In the experience

reported by Villablanca et al. in children, for example, the mean peak and trough levels of

fenretinide during cycle 1 (at the dose of 1860 mg/m2/day, on days 1 through 7) were 6.59

and 5.99 μM, respectively (17). Formelli et al. demonstrated that after a single dose of

fenretinide of 600 or 1700 mg/m2, the mean fenretinide maximum serum concentrations

(Cmax) were 2.6 and 4.3 μM, respectively (16). Therefore, the dose of 900 mg/m2 twice

daily for 7 days is adequate to achieve serum levels ≥3 μM for at least 72 hours, which

would be considered sufficient to produce retinoid-receptor independent apoptotic effects

(6–8), and consequently, elimination of clonal pre-malignant cells. This is further

corroborated by the mean fenretinide and 4-MPR levels obtained in the samples from our

trial (0.122 and 0.643 μM, respectively). Although these concentrations are lower than

previously reported in the literature, the timing of sample collection in our study was

different (i.e., 14 days after the last dose of treatment). Based on the reported termination

half-life of 14 – 25 hours for fenretinide (16, 18, 19) and assuming linear pharmacokinetics,

extrapolation of current data to time of maximal concentration demonstrates that fenretinide

levels during the initial days of the cycle in our patient population, are comparable to the

reported concentration range achieved with high-dose fenretinide (9, 16, 17).
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Despite the administration of high doses of fenretinide, we did not observe improved

response rates in this trial, as compared to historical control. In this study, 47% of patients

had surgery in the past for treatment of leukoplakia and 40% of patients received retinoids

prior to enrolment. This illustrates that the population studied had persistent / recurrent oral

pre-malignant lesions, most likely to harbor genetic abnormalities and, conceivably, less

likely to regress spontaneously or respond to retinoids. Nonetheless, the primary hypothesis

of this study was that high-dose fenretinide would be able to elicit retinoid-receptor

independent effects and, therefore, the study drug would theoretically be active even in

retinoid-refractory leukoplakia. The reasons for lack of efficacy are unknown, but may be

due to a low fenretinide concentration in the target tissue per se. Indeed, although the ratio

of tissue / serum levels of fenretinide are usually high following oral administration of the

drug, Colombo et al. recently demonstrated that, in ovarian cancer patients, the actual

concentration inside the cancer cells are 50-fold lower than the intracellular concentrations

found in cells exposed in vitro to the same drug levels (20). Thus, other factors present in

vivo may prevent accumulation of the drug in tumor cells, and consequently impair its anti-

neoplastic actions.

In summary, fenretinide in the dose and schedule studied herein has not been found to be an

effective chemoprevention strategy in patients with oral pre-malignant lesions. Similarly,

randomized studies of this agent for chemoprevention of breast and bladder cancer have also

failed to demonstrate efficacy (21, 22).

Given the limitations of retinoids for cancer chemoprevention, as illustrated by this and

other previous trials (1, 10–12), our group is now focusing on the development of

molecular-targeted agents for patients with oral pre-malignant lesions. As an example, we

are currently conducting a placebo-controlled randomized study of erlotinib with cancer

development as the primary endpoint. These agents might confer a better therapeutic index

and could potentially become a useful strategy for chemoprevention in the future (23).
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Table 1

Baseline characteristics of eligible patients

Characteristic Number of patients (%)N=15

Median age, years (range) 59 (39–77)

Gender

 Female 7 (47%)

 Male 8 (53%)

Race

 Asian 1 (7%)

 Black 1 (7%)

 White 13 (87%)

Smoking status

 Never smoker 7 (47%)

 Former smoker 6 (40%)

 Current Smoker 2 (13%)

Histology

 Hyperplasia 4 (27%)

 Mild dysplasia 6 (40%)

 Moderate dysplasia 2 (13%)

 Severe dysplasia / carcinoma in situ 3 (20%)

Primary site

 Oral tongue, lateral border 7 (47%)

 Buccal mucosa 6 (40%)

 Floor of the mouth 1 (7%)

 Oral tongue, dorsum 1 (7%)

Prior treatment for oral pre-malignancy

 No surgery 8 (53%)

 Surgery 7 (47%)

 No previous chemoprevention 6 (40%)

 Previous chemoprevention§ 9 (60%)

  13-cis retinoic acid 6 (40%)

  Beta-carotene + retinyl palmitate 1 (7%)

  Fenretinide, low dose† 3 (20%)

  Celecoxib 5 (33%)

§
Five patients received more than 1 chemoprevention regimen in the past. Seven patients received prior retinoids.

†
Fenretinide 200 mg/day
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Table 2

Worst toxicities by grade (1–3) per patient. Only toxicities occurring in more than 1 patient (regardless of

grade) are included.

Grade

Number of Patients (%N=15)

1 2 3

Gastrointestinal (other) 9 (60%)

Diarrhea 8 (53%) 1 (7%)

Ocular visual (other) 8 (53%)

Triglyceride, serum high 8 (53%)

Pain 6 (40%)

Cholesterol, serum high 5 (33%)

Constipation 5 (33%)

Dermatology / skin (other) 4 (27%)

Photosensitivity 4 (27%)

Fatigue 3 (20%) 1 (7%)

Glucose, serum high 3 (20%)

Arthritis 2 (20%)

Conjunctivitis 2 (20%)

Headache 2 (20%)

Hot flashes 2 (20%)

Nausea alone 2 (20%)

Nyctalopia 1 (7%) 1 (7%)
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