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Abstract

Administration of the synthetic retinoid Fenretinide
lowers circulating retinol and may thus affect night
vision. We have recently shown that plasma retinol
levels below 100 ng/ml are associated with moderate
alterations of the dark adaptometry test. To identify
which patients are more likely to experience a decrease
of plasma retinol under this threshold, we measured
plasma levels of retinol, Fenretinide, and its metabolite
4-MPR in a cohort of 28 women receiving Fenretinide at
the daily dose of 200 mg and studied their relationship
with clinical characteristics such as age, menstrual
status, body mass index, and time on treatment. Our
results show that patients aged over 55 years with a
higher percentage of adipose tissue had higher plasma
concentrations of 4-MPR, which turned out to be the
major determinant of the retinol decrease. This subgroup
may thus deserve careful ophthalmological surveillance.

Introduction

Retinoids, the natural and synthetic analogues of vitamin A,
have proven effective in inhibiting growth and inducing
differentiation in experimental tumor models (1), and re-
cently, the use of retinoids as chemopreventive agents has
been proposed in the clinical setting (2, 3). 4-HPR,® a
synthetic amide of all-trans-retinoic acid, is safe and well
tolerated after long-term administration for prevention of
contralateral breast cancer (4), a notable finding compared
to other retinoids (5).

A peculiar effect of 4-HPR is to lower plasma levels of
vitamin A (6) and thus potentially affect night vision. Nyc-
talopia and severe alterations of electroretinogram have
been reported as the principal side effects in patients treated
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with high doses (400-800 mg) of 4-HPR as a therapeutic
agent (7, 8).

We recently studied dark adaptation by means of
Goldmann-Weekers adaptometry test in 34 women with
breast cancer who were administered 4-HPR, 200 mg daily,
and in 31 untreated controls (9). Our results showed a
relevant effect of the drug in determining reduced dark
adaptation with 23.5 and 26.5% of patients showing mild
and moderate alterations of measured dark adaptability,
respectively, compared to 6% of mild alterations in con-
trols. However, the high rate of positive test patients com-
plaining of no symptoms (about 50%) implied that the test
was extremely sensitive in detecting even a subclinical
deficiency of vitamin A, thus leaving the real-life implica-
tion of this finding undetermined. Moreover, we showed
that the occurrence of dark adaptation alterations correlated
closely with the decrease of plasma retinol and promptly
reversed after drug discontinuation.

In order to better define the pattern of vitamin A de-
crease in 4-HPR-treated patients and thus identify which
patients are at increased risk for diminished night vision, we
measured circulating levels of retinol, 4-HPR, and its major
metabolite 4-MPR, and studied their relationship with clin-
ical characteristics of patients such as age, menstrual status,
weight, BMI, and duration of intervention.

Our results indicate that women aged over 55 years
with a higher percentage of adipose tissue had higher
plasma levels of 4-MPR, which turned out to be the major
determinant of retinol decline. This subgroup may thus
deserve careful ophthalmological surveillance.

Patients and Methods

Twenty-eight patients with a stage | (T,_,, N,)) breast cancer,
participating in a randomized phase |lI trial of 4-HPR che-
moprevention of contralateral cancer, entered the study. All
patients were aged between 38 and 65 years, had under-
gone surgery within the preceding 10 years and had re-
ceived no adjuvant systemic therapy. A detailed description
of inclusion criteria is reported elsewhere (10). This group of
patients was also part of the larger cohort who went through
an extended ophthalmological evaluation the results of
which have been published elsewhere (9).

Patients received 4-HPR (RW Johnson Pharmaceutical
Research Institute, Springhouse, PA) 200 mg/os daily (two
100-mg capsules after the evening meal) with a 3-day drug
holiday at the end of each month, in order to allow the
recovery of plasma retinol levels.

Body weight and BMI, expressed as weight (kg) divided
by squared height (m?), which is generally considered a
more reliable index of body fat than absolute weight, were
recorded at the time of the ophthalmological examination.
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Table 1 Multiple regression of plasma retinol”

Variable B SE(B) 95% ClI Test P
Constant -1067.54 337.61 —1771.78--363.31 -3.16 0.005
Menstrual status -72.3 38.57 -152.76-8.14 -1.87 0.075
4-HPR 2.31 0.75 0.75-3.88 3.09 0.006
4-MPR -0.29 0.90 —0.48--0.10 -3.23 0.004
Age 21.97 6.42 8.58-35.36 3.42 0.003
BMI 1.31 4.72 —8.54-11.16 0.28 0.784
Time on treatment 3.40 1.14 1.02-57.9 297 0.007
4-HPR X age -0.04 0.01 -0.07--0.01 3.21 0.004

9 Qverall F test = 3.61; P = 0.01; R? = 0.56. B, regression coefficient; SE(B), SE of B; 95% Cl, 95% confidence intervals for B; Test, Student’s t test with 20 df;

P, Student’s t test significance level.

At the same time, a blood sample was drained at a mean
interval of 13 h, 42 min = 40 min after the last drug
assumption. Blood samples were collected into heparinized
tubes, wrapped in aluminum foil, and centrifuged at 1500
rpm for 20 min and plasma was separated and stored at
—20°C until assayed. All assays were performed in the dark.

Plasma levels of retinol, 4-HPR, and 4-MPR were de-
termined by high-performance liquid chromatography as
previously described (11).

All statistical analyses were carried out using SPSS/
PC+ software package (12). Multiple and linear regression
analyses were performed to assess the dependence of each
variable under study (plasma retinol, 4-HPR, 4-MPR) on a
number of covariates, including age, menstrual status, BMI,
and duration of intervention (13). Smoking was not taken
into account as covariate since only 3 of 28 patients were
smokers. Overall F test and R? index were computed to
evaluate the goodness of model fitting, and the SE of each
regression coefficient was used to perform significance test
(Student’s t test) and 95% confidence intervals of each
coefficient. Univariate normality assumption was estimated
by the nonparametric Kolgomorov-Smirnov test for each
dependent variable. Normal probability plot and residual
analysis was carried out to verify any violation of regression
assumption and to detect the presence and the influence of
outlying observations. All data are given as mean * SE.

Results

The mean age of the 28 patients was 56.9 years (range,
42-68), mean BMI was 23.98 * 0.49, and mean weight
was 62.6 * 2.6 kg. Seven women were premenopausal and
21 were postmenopausal. Basal retinol levels were 584.6 *
31.76 ng/ml and decreased to 133.61 * 12.7 ng/ml (P <
0.001) after a median treatment time of 32 months (range,
6-45). No relationship was found between retinol and age,
BMI, or weight. After a mean time of 13 h, 42 min * 40 min
from the last drug assumption, plasma concentrations of
4-HPR were 387.61 * 22.15 ng/ml and plasma levels of
4-MPR, the major metabolite of 4-HPR, were 295.43 +
23.8 ng/ml. No relationship was observed between plasma
levels of retinol, 4-HPR, and 4-MPR and the actual dose pro
kilo administered to each patient (data not shown).

When multiple regression analysis using retinol levels
as dependent variable was performed, a statistically signif-
icant inverse effect of plasma concentrations of 4-MPR on
retinol was clearly indicated, while the dependence of
plasma retinol on 4-HPR appeared more complex because
of the interaction between 4-HPR concentrations and age
(Table 1). Specifically, while plasma retinol decreased with
age in women with higher levels of 4-HPR, an opposite
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Fig. 1. Age-dependent behavior of plasma retinol levels in patients with
plasma concentrations of 4-HPR above (full circles, solid line) or below
(open circles, dashed line) the median value = 380.5 ng/ml (see text for a
detailed explanation). Data are expressed as expected values.

trend was observed in patients with 4-HPR concentrations
below the median (Fig. 1). A positive significant effect of the
duration of intervention on plasma retinol was observed,
while no effect of BMI was found.

Table 2 reports the results of multiple regression anal-
ysis performed using plasma concentrations of 4-MPR as
dependent variable. A significant regression of 4-MPR on
age, BMI, and 4-HPR levels is shown. The effect of all these
variables on 4-MPR concentrations was modified by an
interaction with age, as shown in Fig. 2 for the relationship
between 4-MPR and BMI. Specifically, 4-MPR values in-
creased with age in women with BMI above the median
value, while no age-related effect was observed in patients
with lower BMI. As a result, the difference of 4-MPR values
between high and low BMI patients is negative in younger
and positive in older women. On the other hand, when
patients were categorized according to plasma levels of
4-HPR below or above the median, 4-MPR values increased
with age in both groups, though with a different magnitude
(data not shown).

When multiple regression was performed with plasma
4-HPR as dependent variable, results of univariate analysis
were confirmed, showing 4-HPR levels to be dependent
only on age (data not shown). Duration of intervention
appeared not to affect either 4-HPR or 4-MPR concentra-
tions (data not shown).

Discussion

Natural and synthetic retinoids can supply many biological
properties of vitamin A, including its experimentally proven
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Table 2 Multiple regression of plasma 4-MPR?

Variable B SEB 95% ClI Test P
Constant 6904.22 1754.41 3255.74-10552.71 3.94 <0.001
4-HPR 6.52 2.04 2.29-10.76 3.20 0.004
Age -211.92 52.77 —321.66--102.18 4.02 <0.001
BMI —181.14 68.26 -323.09--39.18 2.65 0.015
Age X age 1.59 0.52 0.52-2.67 3.09 0.006
BMI X age 3.31 1.18 0.86-5.77 2.80 0.010
4-HPR X age -0.11 0.04 -0.19--0.04 3.12 0.005

2 Overall F test = 4.64; P = 0.004; R? = 0.57. B, regression coefficient; SE(B), SE of B; 95% Cl, 95% confidence intervals of B; Test, Student’s t test with 21 df;

P, Student’s t test significance level.
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Fig. 2. Age-dependent behavior of plasma 4-MPR levels in patients with
BMI above (full circles, solid line) and below (open circles, dashed line) the
median value = 24.19 (see text for a detailed explanation). Data are ex-
pressed as expected values.

chemopreventive activity (14). Among various retinoids
tested in clinical studies 4-HPR has been proven safe and
well tolerated (15). However, like other retinoids, it is not
able to supply the fundamental role of vitamin A in vision
and in reproduction. The major clinical drawback in the
administration of 4-HPR is, therefore, diminished night vi-
sion due to the drug-induced decrease of plasma retinol
levels (6). The mechanisms through which the retinoid ex-
erts this effect are not yet clear. 4-HPR has been shown to
compete with retinol for the binding to RBP (16). The com-
plex 4-HPR-RBP, however, does not bind transthyretin and
is rapidly cleared from plasma due to its low molecular
weight (16). In addition, it has recently been shown that
4-HPR induces specifically RBP secretion from the liver and
its rapid accumulation in the kidney, thus suggesting that it
may depress plasma retinol by reducing the amount of RBP
available for the binding to retinol (17).

Our previous work has endeavored to determine a
threshold for plasma retinol under which the occurrence of
side effects, in particular dark adaptation impairment, may
arise. We have shown that women with retinol levels <100
ng/ml are more prone to experience moderate alterations of
dark adaptation (9). The aim of the present work was to
predict which patients are more likely to experience such a
dramatic drop of their circulating retinol during 4-HPR
administration. Moreover, since 4-HPR is administered at
the standard dose of 200 mg daily, it is conceivable that
retinol decrease may be related to the actual dose pro kilo
of the drug received by each patient. However, weight and
the dose pro kilo do not seem to be critical in retinol
decrease, while age and BMI appear to significantly affect,
though indirectly, plasma retinol concentrations.

A major role in determining retinol decrease was
played by 4-MPR. Interestingly, the complex regulation of
plasma retinol and 4-MPR concentrations is attributable to
a real biological (not simply confounding) effect of both
BMI and age. Studies of 4-MPR metabolism in mice propose
that 4-MPR, due to its high lipophilic structure, represents
the storage form of the parent drug in adipose tissue (18). In
humans, 4-MPR has a longer half-life than 4-HPR (54 versus
27 h) and has been found in higher concentrations in
plasma after treatment interruption, suggesting its storage in
tissues as occurs in mice (11, 19). Moreover, 4-MPR reaches
higher concentrations in normal breast tissue (both epithe-
lium and fat) and in nipple discharge than 4-HPR (11, 19).
Our data seem to be consistent with this hypothesis: in
women with higher BMI, 4-MPR may accumulate in adi-
pose tissue, undergo slow release, and thus reach higher
plasma levels. Contrary to the complex regulation of
4-MPR, 4-HPR levels appeared to be strictly dependent
only on age. Previous studies have shown that pretreatment
with drugs inducing the hepatic cytochrome P, system
significantly affect disposition and metabolism of 4-HPR,
thus decreasing serum levels up to 50% (20). The reduction
of cytochrome activity occurring with age might slow down
drug metabolism and thereby account for the increased
circulating levels observed in older patients.

Preliminary data obtained in breast cancer and mela-
noma cell lines suggest that the conversion to 4-MPR is
necessary for the anticarcinogenic activity of 4-HPR (21).
Our data highlight a critical role for the metabolite also in
the toxicological profile related to the retinoid administra-
tion. Moreover, our data indirectly confirm that both the
parent drug and the metabolite do not accumulate, their
levels being stable even after long-term administration (11).
This issue is crucial in a chemopreventive strategy which
requires a prolonged, if not a life-spanning, administration.

Interestingly, plasma retinol levels tend to increase
with time on treatment, so that a reduction in the incidence
of alterations of dark adaptation with time might be ex-
pected. This could be related to the slight decrease of
4-MPR levels observed at 5 years of administration (11). The
small number of observations does not allow to draw further
conclusions.

In conclusion, our results suggest that patients older
than 55 years of age, with higher relative percentage of
adipose tissue (higher BMI), are more likely to have higher
4-MPR levels and consequently, to experience a dramatic
decrease of their retinol levels. A careful follow-up of
plasma retinol (i.e., every 6 months) and an ophthalmolog-
ical evaluation, through a questionnaire and, if needed, the
Goldmann-Weekers adaptometry test, may be warranted in
these patients.
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