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The long-term effects of the synthetic retinoid fenretinide (4-HPR) on retinal function were studied
by electroretinogram (ERG) in 24 women treated for a median of 30.5 months and in 18 untreated
controls belonging to a phase III intervention trial. The six outcome measures were: a wave implicit
time, peak-to-peak amplitude and implicit time of b wave following both cone stimulation and
maximal cone-rod stimulation in the dark-adapted eye. Multivariate analysis of covariance was
applied to evaluate the joint effect on the whole set of ERG measures taking into account their
inter-relationship. Predictive factors with a significant effect on ERG measures were: (1) a quali-
tative interaction between age and treatment duration and (2) the squared (parabolic) function of
plasma retinol. Individually, the b wave implicit time following cone stimulation was the only ERG
measure significantly influenced by the predictors, indicating a primary effect of 4-HPR on retinal
photoreceptor sensitivity without significant alterations of the inner nuclear layer. Thus, in contrast
to previous reports at higher dose, administration of 4-HPR at 200 mg/day seems to exert subtle

alterations of retinal function as measured by ERG. € 1997 Elsevier Science Ltd. All rights
reserved.
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INTRODUCTION pound at such doses. Pharmacological studies subsequently
4-HPR (fenretinide or N-4-(hydroxyphenyl)retinamide), a showed that administration of 4-HPR induces a dose-
synthetic amide of all-frans-retinoic acid, is currently under ~dependent decrease of plasma retinol and its binding protein
investigation in controlled clinical trials for the prevention [8] which play an essential function in night vision [9].

of several solid tumours in at risk patients [1]. Interim Conversely, at the daily dose of 200 mg currently used in
chemoprevention trials, a systematic assessment of the long-

term effects on objective ERG measures has not been
carried out.

We recently studied the effects of 200 mg 4-HPR admin-
istration in a cohort of women by means of the Goldmann-
Weekers dark-adaptometer, a psychophysical test which
measures the subjective perception of light by the dark-
adapted eye [10]. Elevations of scotopic thresholds were

> 1 ) found in approximately 50% of the treated women com-
showed significant alterations of ERG (electroretinogram) pared to 6% in untreated controls and were linearly depen-

and impaired dark adaptation [5-7], a finding which  {eny on plasma retinol decline. However, half of the
prompted the halt of further investigation with this com-  parients with elevated rod thresholds were asymptomatic, a
finding in keeping with previous studies in subjects with in-
Correspondence to A. Decensi. testinal or liver diseases [11, 12], thus leaving the real-life
Received 7 Feb. 1996; revised 10 Jul. 1996; accepted 17 Jul. 1996. implications of the findings unsettled.

analyses of some of these studies have demonstrated the
high tolerability of this compound despite prolonged con-
sumption [2, 3], a particularly remarkable finding when
compared to other retinoids {4].

However, one important issue is the precise definition of
the entity and degree of night blindness that has been
associated with 4-HPR administration. Early case reports
employing high doses of 4-HPR (600-800 mg daily)
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These findings prompted us to study ERG measures in a
controlled setting to assess the long-term effects of the drug
(and drug-induced retinol decline) on retinal function.

MATERIALS AND METHODS

A cohort of 42 consecutive patients with previously oper-
ated stage I breast cancer belonging to a large-scale trial of
chemoprevention of contralateral breast cancer [13] entered
the study. 24 women receiving 4-HPR (R.W. Johnson
Pharmaceutical Research  Institute, Spring House,
Pennsylvania, U.S.A.), 200 mg daily (2 capsules at dinner)
with a 3-day drug suspension at the end of each month and
18 randomised, untreated controls were included in
the study. Median treatment time was 30.5 months (range
6-44). Patient characteristics were balanced for tumour
characteristics (not shown) and body mass index (weight/
heightz, mean (+SE) 24.3 (4+0.5) in the cases versus 25
(+£0.7) in the controls), while treated women were slightly
older: mean (+SE) age 57.6 (+1.2) versus 53.5 (40.9)
years. All women were tumour free and in good general
condition and none were receiving medication other than
4-HPR. Informed consent was obtained from each patient
after the study had received Institutional Review Board
approval. All subjects underwent a complete ophthalmologi-
cal examination to exclude ocular diseases or significant
refractive errors.

The ERGs of both eyes were recorded simultaneously
using an Amplaid SD15 amplifier according to the guide-
lines for standard clinical ERG [14], and modified as fol-
lows: photopic testing was first begun 10 min after
adaptation to a Ganzfeld background luminance of 30
cdm™. A standard flash of 3 cdm™.s was delivered to elicit
the cone response. Partial scotopic testing was then per-
formed after the patient adapted to the dark for 15 min.
The maximal combined (cone-rod) response was produced
by the white standard flash in the dark-adapted eye every
5 s. Because the aim of the study was to reflect the real-life
conditions of adaptation, the pure rod response was not
recorded. Since there were no significant differences
between the responses of the two eyes for any of the
patients, the responses were averaged for comparison
between the experimental and control group. The human
ERG shows two prominent peaks in potential, the a and &
waves (Figure 1). Six measures were considered as end
points: the implicit time (ms) from prestimulus baseline to
the a wave peak, and the peak-to-peak implicit time and
amplitude (uvolt) of the & wave, in the photopic and sco-
topic phase of the test, respectively. The a wave amplitudes
were not considered in the analysis since errors in the
definition of the trigger baseline could not be excluded.

Immediately before ERG recording, a blood sample was
taken for measurements of plasma concentrations of 4-
HPR, its principal metabolite N-4-(methoxyphenyl)retin-
amide and retinol, that were performed by HPLC as pre-
viously described [8]. In the treated patients, ERGs and
blood sampling were performed at different intervals from
the monthly drug holiday, but kept at a relatively constant
interval from the last 200 mg drug intake (mean + SE, 13 h,
42 + 40 min).

The effect of 4-HPR on ERG measures adjusted for the
possible confounding effect of a number of covariates (age,
BMI, plasma retinol) was assessed by multivariate analysis
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Figure 1. Example of ERG tracing following cone~rod stimu-
lation in the dark-adapted eye.

of covariance, which has the advantage of estimating the
expected differences on all responses, simultaneously taking
into account their intercorrelations [15, 16].

Treatment was expressed as a categorical predictor with
the control group as reference and the treated group
expressed either as a whole (i.e. drug versus no treatment)
or divided into two subsets by the median duration of treat-
ment, or median plasma concentration of drug (384 ng/ml)
or metabolite (284.5 ng/ml). The effect of each treatment
category relative to the reference category (no treatment)
was assessed using dummy (0, 1) variables.

The final multivariate model was subsequently tested in
univariate multiple regressions (one for each ERG measure)
using Bonferroni’s procedure to adjust the nominal signifi-
cance level for multiple tests, i.e. by dividing the nominal
level by the number of response measures [15]. All analyses,
including model diagnostics, were carried out using SPSS/
PC+ (SPSS Inc., Chicago, Illinois, U.S.A.) and SAS (SAS
Institute Inc., Cary, North Carolina, U.S.A.) packages. All
P values were two-tailed.

RESULTS
Compared to baseline plasma retinol levels decreased by
a mean of approximately 75% during 4-HPR administration
(from basal 587.5 1+ 36.3 to 143.9 + 14.8 ng/ml, P < 0.000),
while no significant variations occurred in control women
(from basal 553.8 + 39.2 to 585.7 + 25.2 ng/ml).

Table 1. Results of multivariate analysts of covariance on the
whole set of ERG measures

Wilks’
Predictor lambda  F-test DF P value
Treatment duration 0.501 1.93 12/56 0.05
Age 0.658 2.42 6/28 0.05
Plasma retinol 0.582 3.35 6/28 0.01
Squared plasma retinol 0.502 4.63 6/28 0.00
Age by plasma retinol 0.696 2.04 6/28 0.09
Age by treatment duration 0.399 2.72 12/56 <0.01
Overall 0.288 3.46 16/64 <0.01

F-test, multivariate test; DF, degrees of freedom; Overall, regression
model including all predictors.
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Table 2. Results of univariate analysis of covariance on individ-
ual ERG measures

Response F-ratio DF P value
Photopic oI T 2.27 8/33 0.25
Scotopic elT 1.15 8/33 0.93
Photopic bA 1.27 8/33 0.87
Scotopic bA 1.59 8/33 0.67
Photopic 61T 3.22 8/33 0.04
Scotopic bIT 2.12 8/33 0.31

IT, implicit time; A, amplitude; F-test, univariate test. DF, degrees
of freedom; P value, significance level adjusted by Bonferroni’s pro-
cedure

The set of predictive factors which explained the joint
variability of ERG measures is shown in Table 1. The data
indicate that the behaviour of ERG measures as a whole
was affected by a significant interaction between age and
treatment duration and by the parabolic correlation with
plasma retinol concentrations. Results were similar when
the treated group was subdivided by the median plasma
concentration of drug or metabolite (data not shown).
Subsequent analysis of covariance on individual ERG
measures demonstrated that the light-adapted b wave im-
plicit time was the only ERG measure significantly influ-
enced by the predictors (Table 2). Figure 2 exemplifies the
behaviour of the b wave implicit time as a function of the
interaction between age and treatment duration. While no
change of b wave implicit time is observed as a function of
age in both untreated and women treated for less than 30.5
months, this measure is delayed in older women and earlier
in younger women who were treated long-term with 4-
HPR. The parabolic dependence of photopic & wave im-
plicit time on plasma retinol levels is illustrated in Figure 3.
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Figure 2. Behaviour of wave implicit time following cone

stimulation as a function of age and duration of 4-HPR ad-

ministration (e, untreated; +, short-term treated; ll, long-

term treated). Points represent observed values; lines rep-

resent interpolations with the values predicted by the re-

gression model ( , untreated; ----, short-term treated; ~ - -,
long-term treated).
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Figure 3. Behaviour of b wave implicit time following cone

stimulation as a function of plasma retinol concentrations.

Data are presented both as observed values (e, untreated; +,

treated) and as curves predicted by the regression function.

No significant effect of treatment duration was observed
(data not shown).

While in the control population, the implicit time tends to
be shorter as plasma retinol concentrations increase, a
reverse effect is observed in 4-HPR treated women, where
an earlier response is observed at minimal retinol concen-
trations. A similar parabolic dependence on plasma retinol
concentrations was observed for the & wave amplitude in the
dark adapted eye (data not shown).

DISCUSSION

Previous case reports employing intermediate-high doses
(400-800 mg) of 4-HPR have shown significant alterations
of ERG entailing severe blunting of the amplitude of the
rod b wave at 800 mg/day [5] or reduction of the same par-
ameter at doses of 400-600 mg/day [6, 7]. At the daily dose
of 200 mg, which is currently employed in cancer chemo-
prevention trials, only anecdotal observations have been
reported [3, 17]. However, because of the obvious interest
in revealing even subtle alterations of retinal function
induced by pharmacological agents in a preventive context
and, similarly, of the inherent difficulty in establishing nor-
mal thresholds for ERG measures, a larger controlled study
was warranted.

Our results show that 200 mg 4-HPR administration
induces an overall pattern of ERG effects that depend on
(1) a qualitative interaction between age and treatment dur-
ation and (2) the squared function of plasma retinol concen-
trations. Individually, the only ERG measure that was
significantly affected by the set of predictors was the light-
adapted 5 wave implicit time, which reflects the photo-
receptor activity [18]. Conversely, the activity of the inner
nuclear layer of the retina, which is commonly reflected by
the trough-to-peak b wave amplitude [18], is not substan-
tially affected at this dose of the retinoid, in contrast to pre-
vious reports at higher doses [5-7]. Taken together, the
data seem to suggest a dose-dependent degree of inhibition
of retinal function induced by the retinoid. In addition, the
biphasic dependence of & wave measures on plasma retinol
illustrates a fine regulatory mechanism through which the
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retinal photoreceptor and the inner neural component
govern the process of visual adaptation.

A trend towards a mild inhibition of retinal receptor func-
tion following prolonged duration of intervention was
observed in the older women. Specifically, changes of b
wave implicit time were contrasting depending on patient
age, with delayed latencies being observed in older women.
Similarly, we previously observed a heightened risk of
altered psychophysical thresholds as measured by dark-
adaptometry with increasing treatment time [10], ageing
and obesity being risk factors for diminished night vision
due to a strong association with lower plasma retinol con-
centrations [19]. However, the alterations of dark-adapt-
ometry normalised upon treatment cessation [10].

A primary effect of 4-HPR on the 5 wave differs from the
results observed with the use of 13-cis-retinoic acid [20, 21]
or with the synthetic retinoid etretinate [22]. Indeed, the
mechanisms of action affecting retinal function appear to
vary among retinoids. For instance, previous reports indi-
cate that night blindness induced by the intake of all-zrans-
retinoic acid may be due to its selective interference with
the 11-cis-retinol dehydrogenase in the eye [23]. As regards
4-HPR, while early experiments in the rat have suggested
the lack of direct inhibition of visual pigment formation
[24], a recent study by Lewis and Phang [25] seems to pro-
vide evidence for a retinoid interference with the compensa-
tory mechanisms that would normally be acting to conserve
a decreased ocular supply of vitamin A. Moreover, the
visual effects induced by 4-HPR may be related to a
reduced availability of circulating retinol [26] due to an in-
hibition of the secretion of the retinol/retinol binding pro-
tein complex into plasma from both liver and extrahepatic
tissues [27, 28]. A selective interference with normal vita-
min A absorption has also been suggested [29].

Interestingly, natural retinoids, such as all-zrans-retinoic
acid and 13-cis-retinoic acid, may also induce similar but
less pronounced effects on retinol levels, presumably
because of the lower bicequivalent doses adopted in the
clinic and the shorter half-life, while aromatic retinoids,
such as etretinate, have a lower affinity than retinol for its
binding protein [30].

In clinical terms, we have recently observed that low-dose
vitamin A supplementation can normalise scotopic
thresholds during conventional or high-dose 4-HPR admin-
istration [10, 31], but it is not known whether this
supplementation may affect the preventive potential of the
retinoid.

In conclusion, administration of 4-HPR at the daily dose
of 200 mg exerts subtle changes on the electrophysiology of
visual adaptation that pertain essentially to the & wave im-
plicit time, indicating a primary effect on retinal photo-
receptor sensitivity.
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