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Abstract Chemoprevention of cancer represents a challenge for oncology during this
new millennium. Substantial advances have been accomplished in the last decade,
especially for primary and secondary prevention of breast cancer. In addition to
tamoxifen, raloxifene and other selective estrogen receptor modulators, retinoids
are among the most promising agents, given their ability to inhibit mammary
carcinogenesis in preclinical models.

Fenretinide, the synthetic amide of retinoic acid, inhibits cell growth mostly
through the induction of apoptosis with mechanisms which may partly involve
the retinoid receptors. Because it has a favourable toxicological profile, fenretin-
ide has been extensively investigated in clinical trials. A large randomised phase
III trial for secondary breast cancer prevention has been recently carried out in
Italy. Results showed a reduction of second breast malignancies in premeno-
pausal women. In addition, a significant decrease of circulating insulin-like
growth factor (IGF)-1, a known risk factor for premenopausal breast cancer, was
observed after 1 year of fenretinide administration in premenopausal women with
breast cancer.

Ongoing studies on the validation of the circulating IGF-1 as a surrogate endpoint
biomarker of fenretinide activity and on the effectiveness of the combination with
low dose tamoxifen may provide further insight into the future clinical application
of fenretinide.
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The last decade of the 20th century has accom-
plished substantial improvements in the fight
against breast cancer. Adjuvant systemic treatment
is able to reduce mortality by 20 to 25% in early
stage breast cancer[1,2] and, even in metastatic dis-
ease, a slight improvement in survival has been
gained with new chemotherapeutic drugs and re-
gimens.[3] In addition, systematic mammographic
screening has been shown to reduce mortality by
25 to 30% in women aged 50 to 69 years.[4]

Finally, the leading challenge of the 1990s, i.e.

the goal of preventing the occurrence of breast can-
cer through pharmacological intervention, has
been accomplished,[5] and this has disclosed new
perspectives for the whole strategy of cancer con-
trol in the new millennium.[6]

The term chemoprevention was first used by
Sporn and Newton[7]who defined it as ‘the preven-
tion of cancer by the use of pharmacological agents
that inhibit or reverse the process of carcinogene-
sis’. Since the late 1970s considerable advances
have been achieved in this field, which rather than



being a promising area of oncology, has now be-
come a reality.

Chemoprevention focuses on intervening in the
processes involved in the cascade of carcinogenic
events to prevent final progression to neoplastic
disease, and it is aimed at preventing or treating
premalignant cells.[8]

Focusing on breast cancer, the antiestrogen
tamoxifen has been proven effective in reducing
breast cancer incidence in healthy at-risk women
in a large randomised trial.[5] The results of the
National Surgical Adjuvant Breast and Bowel
Project (NASBP)-P1 study have led to the US Food
and Drug Administration (FDA) approval of
tamoxifen for breast cancer risk reduction in
women at increased risk. Since a 33% reduction in
breast cancer incidence was observed after the first
year of tamoxifen administration, the debate is still
open on whether tamoxifen prevents or delays the
occurrence of a fully transformed phenotype or
treats the occult disease.[6] Whatever its action is,
tamoxifen represents the only drug which has de-
finitively shown a preventive activity in breast can-
cer. Another selective estrogen receptor modulator
(SERM), raloxifene, has shown a promising trend
in reducing breast cancer incidence in
postmenopausal women treated for osteoporosis.[9]

These results, generated from a secondary analysis,
served as a rationale for designing an ongoing
phase III randomised trial, evaluating the activity
of raloxifene in breast cancer prevention compared
with tamoxifen [the Study of Tamoxifen And
Raloxifene (STAR) trial].[10]

However, to a greater extent than other drugs,
the use of retinoids in oncology has met with vary-
ing degrees of success.

1. Retinoids

Retinoids, the natural and synthetic derivatives
of vitamin A, are known to play a crucial role in
cellular and tissue differentiation. Retinoids are ca-
pable of suppressing tumour promotion and modi-
fying some properties of fully transformed malignant
cells, presumably by activating and/or repressing
specific genes.[11]

Two families of receptors have been identified,
retinoic acid receptors (RARs) and retinoid X re-
ceptors (RXRs); each family includes 3 subtypes
α, β, and γ, which have cell-context–dependent ex-
pression patterns. Retinoid receptors dimerise into
RAR-RXR heterodimers and RXR homodimers
and bind to specific DNA sequence-retinoic acid
response elements (RAREs), acting as ligand-
dependent transcriptional regulators for retinoic
acid responsive genes.[11] In contrast to RARs,
RXRs are able to heterodimerise with other mem-
bers of the nuclear receptor superfamily such as the
vitamin D receptor, the thyroid receptor and the
newly discovered ‘orphan’ receptors peroxisome
proliferator-activated-receptor-γ= (PPAR−γ) and
farnesoid X-activated receptor (FXR).[12]

Recently, members of a new class of selective
ligands of RXR, called rexinoids, have been found
to be more active as chemopreventive agents in
preclinical models, while lacking the classic toxi-
cological profile of retinoids such as teratogenicity
and mucocutaneous toxicity.[12] In addition to the
nuclear receptors and RAREs, specific cellular
binding proteins (CRBPs) bind retinoids with high
affinity and regulate their metabolism, although
their role in retinoid signalling remains controver-
sial.[13]

Retinoid receptors are expressed in normal and
malignant epithelial breast cells and are critical for
normal development. The mechanism by which
retinoids inhibit breast cell growth has not been
completely elucidated, but it is likely to involve
multiple signal transduction pathways. In fact, in
addition to binding to the nuclear receptors, several
retinoids are able to interact with the activator
protein-1(AP-1) transcription pathway, which is
activated upon growth factor signalling.[14] As far
as RAR-dependent mechanisms are concerned,
great attention has been paid to the role of RAR-β
as a negative regulator in the carcinogenic process
of different tumours.[15-17] Importantly, its expres-
sion in breast cancer is up-regulated by retinoids
independently of estrogen receptor status and it is
involved either in the inhibition of the AP-1 activ-
ity of some retinoids and in the retinoic acid (RA)-
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induced expression of IGF binding protein 3 (IG-
FBP-3) in breast cancer cells.[17-20] In vivo, RAR-β
expression is progressively lost in human breast
carcinogenesis and may play a role in the progres-
sion from ductal carcinoma in situ (DCIS) to inva-
sive tumour.[6,17,18]

Since knowledge of other retinoid activity in
breast cancer prevention derives mainly from pre-
clinical models, this review focuses on fenretinide,
which has been the most investigated retinoid in
this setting. Literature on fenretinide available in
the MEDLINE database has been reviewed.

2. Fenretinide

The synthetic amide of retinoic acid, fenretinide
or N-(4-hydroxyphenyl) retinamide (4-HPR), was
synthesised in the late 60s, and its biological activ-
ity assayed by Sporn et al.,[21] who also showed the
preferential accumulation of this drug in the breast
instead of the liver. The inhibition of chemically-
induced mammary carcinoma in rats by fenretinide
was first described in 1979.[22] Since then, as a re-
sult of promising in vitro data and a favourable
toxicity profile compared with other retinoids,
fenretinide has been extensively studied in chemo-
prevention trials targeting different organs.[23]

2.1 Mechanism of Action and 
Preclinical Models

Fenretinide has been found to have significant
chemopreventive activity in a large variety of in
vitro and in vivo systems. Although its mechanism
of action is not well understood, it may act through
mechanisms partly distinct from other retinoids.
Current experimental data suggest that fenretinide
may function by both receptor-dependent and
-independent mechanisms.[24-26] A characteristic
feature of fenretinide is the ability to inhibit cell
growth through the induction of apoptosis rather
than differentiation, an effect which is strikingly
different from the parental compound all-trans
retinoic acid.[27] The mechanism underlying the
apoptotic effect of fenretinide is not well under-
stood, but is likely to be cell-dependent and include
the up-regulation of reactive oxygen species (ROS),

RAR-β and transforming growth factor (TGF)-β
expression and/or apoptosis-related genes.[16,28-30]

Additional mechanisms, which may be relevant
both for the therapeutic and for the preventive use
of fenretinide, are currently under investigation. For
example, 4-HPR was shown to decrease telomerase
activity, a biomarker of breast cancer development
and progression, in N-methyl-N-nitrosourea
(MNU)–induced mammary tumours, which was
not simply a consequence of changes in cell prolif-
eration.[31] Interestingly, fenretinide down-regu-
lated c-erbB-2 protein and mRNA in overexpress-
ing breast cancer cell lines (BCCL) and induced
apoptosis in HER-2 neu–transformed BCCL,[32,33]

a phenotype which is known to be tamoxifen-resis-
tant.

2.2 Breast Cancer Chemoprevention

Since fenretinide is selectively accumulated in
the breast,[34] it appeared particularly attractive to
evaluate fenretinide as a chemopreventive agent in
breast cancer. Women with early breast cancer are
at increased risk of a contralateral cancer, with a
risk which is approximately 8/1000, that is 5 to 6
times that of the general population in the same age
range.[35] In the 1980s these women were not can-
didated to adjuvant systemic therapy and, thus,
they appeared a suitable population to test the ef-
ficacy of fenretinide for secondary breast cancer
prevention. A phase I dose-ranging study was com-
pleted and the 200mg daily dose was chosen as the
safest dose for prevention, as one case of a patho-
logical electroretinogram after 24-weeks adminis-
tration was observed with the 300 mg/day dose.[36,37]

Higher doses, up to 400mg, have been used in
women with metastatic cancer in combination with
tamoxifen, with no evident toxicity on liver and
lipid profile, but with an increased incidence of
nyctalopia.[38,39]

The phase I study also provided important in-
formation on the pharmacokinetics of fenretinide.

Fenretinide administration induced a dose-related
linear decrease of plasma retinol levels, which was
associated with diminished dark adaptation. In or-
der to minimise this adverse effect, a 3-day treat-
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ment interruption at the end of each month was
introduced to increase plasma retinol levels, thus
allowing the partial recovery of retinal storage.
Studies of the mechanisms responsible for retinol
reduction have indicated that fenretinide shows a
high binding affinity to retinol binding protein (RBP),
thus interfering with the RBP-retinol-transthyretin
complex formation and the secretion of retinol
from the liver.[40] Additional mechanisms suggest-
ing a specific effect of fenretinide on ocular turn-
over of vitamin A have been advocated to explain
dark adaptation impairment associated with the ad-
ministration of this retinoid.[41] Older and heavier
women showed the higher fenretinide-induced de-
crease in retinol levels.[42]

Long term (5 years) daily administration of
fenretinide 200mg resulted in an average plasma
concentration of 350 µg/L (i.e. approximately 1
µmol/L), which remained constant throughout the
5-year treatment period.[43] Concentrations of N-
(4-methoxyphenyl)retinamide (4-MPR), the major
metabolite of fenretinide, were similar to those of
the parental drug. Retinol levels were reduced by
an average 65% and this reduction was constant
during the 5-year treatment period.[43] After 5
years’ administration, plasma fenretinide concen-
trations were at the limits of detection at 6 and 12
months after drug discontinuation, whereas the
concentrations of 4-MPR were approximately 5
times higher. Baseline retinol levels recovered af-
ter 1 month.[43]

2.3 Phase III Breast Cancer Trial

A phase III, multicentre, randomised trial coor-
dinated by the National Tumour Institute of Milan
was started in 1987. Patients with stage I (T1-2 N0)
breast cancer, aged 30 to 70 years, who had under-
gone breast cancer surgery within the previous 10
years and who had received no systemic adjuvant
therapy were eligible for inclusion. Women were
randomly assigned to receive either no treatment
or fenretinide given orally at a dose of 200 mg/day
for 5 years. A placebo control was not incorporated
into the study design because of the large capsule
size and the objective nature of the main end-point.

A 3-day drug interval at the end of each month was
recommended, in order to allow retinol recovery
and to minimise dark adaptation impairment.[44]

The principal end-point was the occurrence of
contralateral breast cancer as the first malignant
event. Another main end-point was the incidence
of ipsilateral breast cancer reappearance, defined
as local recurrence in the same quadrant or the oc-
currence of a second breast malignancy in a differ-
ent quadrant from the primary tumour. The use of
this endpoint was considered appropriate for a pre-
ventive intervention, because it is at least in part
due to the progression of premalignant or early-
malignant cells. The occurrence of distant metas-
tases (including regional relapse) and death were
recorded, but they were not considered efficacy
end-points as fenretinide was not thought to be ac-
tive in the late phases of breast carcinogenesis.[44]

The study was powered at 90% to detect a 50%
reduction in the incidence of contralateral breast
cancer, with a 5% type I error probability level (for
a 2-sided test), and a 3-year linear lag to obtain a
full intervention effect. A 10% dropout rate was
anticipated.[44]

Accrual started on March 1987 and was closed
prematurely on July 1993, below the expected sam-
ple size of 3500, after the US National Cancer In-
stitute alert which recommended the administra-
tion of adjuvant systemic treatment in node-negative
breast cancer patients. 2972 patients entered the
study, 2867 of whom were assessable, giving a
87% power to detect the expected difference. The
2 groups were well balanced for all patient and tu-
mour characteristics.

The analysis of results after a median follow-up
duration of 97 months has been recently re-
ported[45] and the results are summarised in table I.
No effect on contralateral breast cancer occurrence
and a nonsignificant 17% reduction in ipsilateral
breast cancer incidence was seen with fenretinide.
However, a distinct effect was noted when the ana-
lysis was stratified by menopausal status, with a
beneficial trend in premenopausal women on both
contralateral and ipsilateral breast cancer and a
possible reversed trend on contralateral breast can-
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cer in postmenopausal women. No effect of treat-
ment on distant metastases and death was observed
overall or in the 2 subgroups separately. The fre-
quency of second primary tumours was compara-
ble between the 2 groups (38 in the fenretinide
group versus 40 in the control group) with no sig-
nificant excess of a specific tumour in either of the
2 arms. However, the incidence of ovarian cancer
during the 5-year intervention period was signifi-
cantly lower in the fenretinide group (none versus
6 patients in the control group), whereas ovarian
cancer occurred in 3 patients in the fenretinide
group after treatment discontinuation.[46]

These findings support the role of fenretinide as
a preventive agent, acting at different steps in the
breast carcinogenic process, since it is able to de-
crease both ipsilateral breast cancer reappearance
and contralateral cancer, which are attributable ei-
ther to the proliferation of residual cancer cells or
to the transformation of premalignant cells. How-
ever, the lack of effect on the occurrence of metas-
tases suggests that the retinoid is ineffective on the
progression to a more malignant phenotype, possi-
bly as a result of the loss of retinoid receptor ex-
pression.[38] This study suggests a beneficial effect of
fenretinide in premenopausal women with breast

cancer. Some criticisms have been raised on this
observation, since the analysis of the interaction
between intervention and menopausal status was
not planned at the beginning of the study and it was
a post hoc observation.[47] Results should thus be
confirmed in further studies.

The search for a qualitative interaction between
fenretinide and menopausal status was prompted
by a previous observation on the effect of fenretin-
ide on plasma IGF-1 levels according to meno-
pausal status in a subset of patients participating in
the phase III trial.[48] It was shown that fenretinide
administration for 12 months reduced circulating
IGF-1 levels in premenopausal women, whereas no
significant change was observed in postmenopausal
women. When the analysis was performed using
age as a continuous variable, a significant age by
treatment interaction was observed, with younger
women exhibiting a greater decline in IGF-1 levels
(28%). A slight but significant up-regulation of se-
rum IGFBP-3 was associated with the IGF-1 de-
cline.[49]

Consistently, fenretinide has been shown to in-
hibit IGF-1–stimulated growth of BCCL and to
down-regulate the IGF system in both estrogen re-
ceptor (ER)-positive and ER-negative BCCL.[50]

Table I. Number of events during the phase III Milan study[45] and results of the Cox models on the efficacy end-points (modified from Veronesi
et al.,[45] with permission)

Number of events Hazard ratio 95% Confidence
interval

Wald’s statistic
p-valuefenretinide control

Contralateral breast cancer
Unadjusted analysis 65 71 0.92 0.66-1.29 0.642

Adjusted analysisa 0.045c

Premenopausal women 27 42 0.66 0.41-1.07

Postmenopausal women 38 29 1.32 0.82-2.15

Ipsilateral breast cancer reappearance
Unadjusted analysis 100 121 0.83 0.64-1.09 0.177

Adjusted analysisb 0.045c

Premenopausal women 58 87 0.65 0.46-0.92

Postmenopausal women 42 34 1.19 0.75-1.89

a Adjusted for primary tumour site, lobular histology, menopausal status and interaction between treatment and the menopausal status.

b Adjusted for primary tumour site, size and histology, type of surgery, interval from surgery to randomisation, menopausal status and
interaction between treatment and menopausal status.

c p-Value for testing interaction between treatment and menopausal status.
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In addition, a large prospective study has shown
that high circulating IGF-1 levels and lower levels
of its major binding protein (IGFBP-3) are posi-
tively associated with the risk of developing sub-
sequent premenopausal, but not postmenopausal,
breast cancer.[51] Moreover, the observation that
the modulation of IGF-1 by fenretinide reflects its
clinical effect on second primary cancers[45] sug-
gests that the decline in IGF-1 levels may at least
partially account for the chemopreventive activity
of the retinoid. This effect on the IGF system is
peculiar to fenretinide and is not shared by other
retinoids such as all-trans retinoic acid.[52]

The validation of circulating IGF-1 levels as
surrogate end-point biomarker of breast carcino-
genesis is currently under investigation. The change of
IGF-1 levels between follow-up and baseline will
be correlated retrospectively with the occurrence
of a second breast malignancy in more than 600
premenopausal women participating in the Milan
phase III chemoprevention trial with fenretinide.

2.4 Tolerability

Given the foreseen long term use in healthy in-
dividuals, the other crucial issue in chemopreven-
tion is toxicity. The 5-year administration of fen-
retinide in the Milan phase III trial provided a huge
body of information on the long term tolerability
of this retinoid.[45] In this study, however, the ac-
curate evaluation of fenretinide toxicity was ham-
pered by the lack of a placebo control group. Der-
matological, gastrointestinal, visual and
ophthalmological events were relatively frequent,
but an exact quantification of the fraction actually
related to treatment is not possible. The most com-
mon adverse events reported were diminished dark
adaptation (cumulative incidence 19%) and derma-
tological disorders (18.6%), such as skin and mu-
cosal dryness, pruritus and urticaria.[45] Less common
events were gastrointestinal symptoms (13%) and
alterations of the ocular surface (10.9%). Interestingly,
with the exception of ocular surface disorders, the
incidence of the other adverse effects decreased
with time.[53] Adverse effects were significantly
more frequent in postmenopausal women.[53] How-

ever, only 63 of 1432 women (4.4%) discontinued
treatment for drug-related toxicity and no life-
threatening events were observed.[45]

Finally, the objective assessment of laboratory
values did not show any difference between the 2
arms in the number of patients with abnormal re-
sults.[45] A major concern for retinoid use is liver
toxicity and increases in blood lipid levels, espe-
cially triglycerides. No difference in the 5-year cu-
mulative incidence of abnormal liver tests or of
hypertriglyceridaemia between the fenretinide and
the control group were observed in the Milan phase
III trial.[53] A slight excess (17.7% and 11%, re-
spectively, in the fenretinide and the placebo
groups) of abnormal lipid profile (mostly increase
in triglycerides) has been recently reported in pa-
tients with superficial bladder cancer after 2 years
of fenretinide administration.[54] Consistent with
these long term findings, no significant increase in
triglyceride levels was observed after short term
combination therapy with tamoxifen, even when
fenretinide was administered at a dose of 400
mg/day.[38,39,55] On the contrary, a favourable sig-
nificant increase in high density lipoprotein choles-
terol levels was observed, both in patients with
metastatic breast cancer and in healthy
women.[38,55]

Since ocular toxicity is undoubtedly the major
concern with fenretinide, the pattern of occurrence
of subjective and objective visual and other oph-
thalmological disorders were extensively investi-
gated in the phase III Milan study as well as other
studies.[56-58] The 5-year cumulative incidence of
diminished dark adaptability was approximately
20%. The symptoms occurred more frequently at
the start of intervention, but they tended to recover
without treatment discontinuation.[56]

An objective evaluation of fenretinide-induced
dark adaptation impairment was performed on a sub-
set of patients from the phase III Milan study who had
received treatment for a median of 32 months.[57]

Results of a subjective evaluation through a struc-
tured questionnaire were compared with plasma
retinol levels and with the results of the Goldmann-
Weekers adaptometer test. Mild and moderate al-
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terations of dark adaptability, specifically a pro-
longation of time to the cone-rod break and a
higher final rod threshold were observed in 23.5
and 26.5% of women, respectively, and were asso-
ciated with plasma retinol levels below 160 and
100 µg/L, respectively. Importantly, only half of
the patients with positive dark adaptometry were
symptomatic, thus raising the issue of the real-life
implications of fenretinide-associated visual alter-
ations.

Similar data were reported in another study[58]

after a shorter duration (approximately 4 months)
of fenretinide administration, which confirmed the
low rate of reduced dark adaptability in patients
with alterations of the Goldmann-Weekers test. In
this study, 16 out of 22 (73%) patients receiving
fenretinide 200 mg/day showed a significant delay
of rod-cone break compared with controls, but
only 4 of them reported symptoms of dark adapta-
tion impairment. Importantly, this study also
showed the complete reversibility of this effect of
fenretinide on dark adaptation, with the rod-cone
break measured after a median of 2 months after
drug discontinuation being comparable to baseline
values.[58]

3. Combination Therapy

Similarly to the therapeutic setting, where the
combination of several drugs is superior to mono-
therapy, the concept of combining 2 or more agents
with different mechanisms of action in an attempt
to increase the effectiveness of therapy, while
minimising the toxic adverse effects, is an attrac-
tive option for chemoprevention.

In preclinical models there are several examples
of such synergy between retinoids and other
agents. For example, the activity of 9-cis-retinoic
acid against MNU-induced mammary tumours in
Sprague-Dawley rats is enhanced by combination
with tamoxifen or raloxifene.[59] In addition, the
combined administration of fenretinide and tam-
oxifen has proven additive and synergistic in both
the growth inhibition of MCF-7 cells and the pre-
vention of MNU-induced mammary carcinomas.[60]

The safety and the tolerability of this combina-
tion has been investigated in clinical trials firstly
in patients with metastatic breast cancer and then
in at-risk women.[38,39,55] In a pilot study involving
32 healthy at-risk women, oral fenretinide was ad-
ministered for four 28-day cycles at the daily dose
of 200mg.[55] Tamoxifen was started after the first
month of fenretinide administration at the daily
dose of 20mg and continued for 24 months. This
schedule allowed investigation of the pharmacody-
namics and the toxicity of fenretinide as a single
agent and after tamoxifen administration. No inter-
ference of tamoxifen on fenretinide concentrations
was observed. The incidence of fenretinide-induced
nyctalopia was 6% and reversed completely after
fenretinide discontinuation. Hot flashes (flushes)
were reported in 84% of women after the start of
tamoxifen therapy.

However, concerns regarding the feasibility of
this combination have been recently raised by the
high withdrawal rate (30%) observed in a US trial
of fenretinide 400 mg/day and tamoxifen as adju-
vant treatment in older women with breast can-
cer.[61] In that study, a higher incidence of grade I
to II leucopenia, hypercalcaemia, nyctalopia, and
pulmonary and genitourinary symptoms was noted
in the combination arm. Interestingly, however,
women receiving fenretinide plus tamoxifen ex-
hibited a borderline significant reduction of hot
flashes compared with those receiving tamoxifen
alone.

A 2 × 2 randomised trial of fenretinide and low
dose tamoxifen using change in IGF-1 levels as
principal end-point is currently ongoing in Italy
(table II). Premenopausal women with microinvas-
ive ER-positive, well-differentiated, low prolifer-
ating breast cancer, DCIS, or who are at increased
risk of breast cancer according to the Gail model,
have been randomised to receive fenretinide, low
dose tamoxifen (5 mg/day), the combination of
both or placebo for 2 years.[62]

This study will allow multiple issues to be ad-
dressed. Firstly, to assess the activity of the com-
bination of fenretinide and a SERM compared with
each agent separately. Secondly, to clarify the role
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of IGF-1 as surrogate end-point biomarker of
breast carcinogenesis. And, finally, to explore the
activity of fenretinide as single agent therapy in
patients with DCIS, a pathological feature which is
frequently associated with HER2/neu overexpres-
sion and, potentially, a hormone-resistant pheno-
type.

Women receiving hormone replacement ther-
apy (HRT) may be considered at increased risk of
breast cancer. A randomised trial aimed at investi-
gating the ability of fenretinide to modulate well
recognised surrogate end-point biomarkers of
breast cancer risk, such as circulating IGF-1 and
breast mammographic density, in postmenopausal
women willing to start HRT is currently under way
in Italy (table II).[63]

4. Conclusions

Retinoids are among the most promising agents
for breast cancer prevention. In particular, fenretin-
ide has shown an encouraging activity for preven-
tion of secondary breast malignancies in premeno-
pausal women, while knowledge of other retinoids
is limited to that from preclinical models.

However, the role of fenretinide in breast cancer
prevention needs to be further elucidated. Ongoing
studies on the validation of circulating IGF-1 levels
as a surrogate end-point biomarker of fenretinide

activity and the effectiveness of the combination
with low dose tamoxifen may provide further in-
sight into the future clinical application of fenretin-
ide. Since fenretinide seems to be active in
HER2/neu tumours, its role in the adjuvant treat-
ment of ER-negative and/or HER2/neu over-
expressing tumours in premenopausal women in
addition to chemotherapy may be usefully ex-
plored in the future. Furthermore, since it seems
plausible that the dose of 200 mg/day results in
serum concentrations which are lower than those
active in preclinical models, the feasibility of using
higher doses, possibly in conjunction with vitamin
A supplementation, should be investigated.
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