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Abstract

The International Agency for Research on Cancer (IARC) convened a working Group of experts in March 1999 to
evaluate the cancer preventive potential of nine retinoids and to compile the fourth volume of th@RC Handbooks
of Cancer Prevention.The handbook provides a comprehensive review of the relevant information in the published
scientific literature through March 1999 on the potential role of alltrans-retinoic acid, 13<is-retinoic acid, 9-cis-
retinoic acid, all-trans N-(4-hydroxyphenyl)retinamide, etretinate, acitretin, N-ethylretinamide, targretin and LGD
1550 in cancer prevention. Of these, the data suggest that alns-retinoic acid, 13<is-retinoic acid and N-
ethylretinamide are not suitable for chemoprevention of cancer in humans either because they are too toxic, may
enhance cancer occurrence or are ineffective. In contrast, @s-retinoic acid, etretinate and acitretin show some
promise, but more data are required, while alltrans N-(4-hydroxyphenyl)retinamide is quite promising. Targretin
and LGD 1550 are of interest, based on theoretical grounds, but there are no significant human and little experimental
data as yet.
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Introduction Remarks’ in which features common to anti-inflammatory
agents and relevant to their impact on cancer are delineated.
In 1997 the International Agency for Research on Canad&@lume 2 concerned ‘Carotenoids’ (IARC, 1998a), while
(IARC) initiated its series ‘IARC Handbooks of Cance¥olume 3 was restricted to Vitamin A (IARC, 1998b), a
Prevention’ with publication of a volume in which the cancescenario which anticipated subsequent evaluation of certain
chemopreventive effects of non-steroidal anti-inflammatorgtinoids which have been employed in the context of
drugs were subject to evaluation (IARC, 1997). Thehemoprevention.
Handbook series has much in common with the IARCThe retinoids are a class of compounds structurally related
Monographs on ‘The Evaluation of Carcinogenic Risks to Vitamin A. In the last 30 years, more than 2,500 retinoids
Humans’ which first appeared in 1972. The first volume dfave been synthesized and biologically tested, with the
the new series contained four sections, each presentingbgective of identifying those with an enhanced therapeutic
systematic summation of published data for a specific am&tio. Within the first generation of retinoids, all trans-retinoic
inflammatory agent (aspirin, sulindac, piroxicam andcid (tretinoin) and 13-cis-retinoic acid (isotretinoin) were
indomethacin) and culminating in an evaluation of evidenientified. The second generation included the aromatic
for cancer chemopreventive activity (IARC, 1997). Thigetinoids etretinate and acitretin with an enhanced therapeutic
volume (in common with all in the series) also containedratio and the third generation the poly-aromatic retinoids with
Preamble in which the organization and principles of tlme without polar end groups. The majority of the retinoids
evaluation process are described, together with ‘Genenave been studied for their cancer-preventive activity in
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experimental models, and some in clinical trials in humarseen reported thus far.

On 24-30 March, 1999, a working group of international The relationship of toxicity of an agent to its beneficial
experts met in Lyon to consider the existing evidence on &féects (the risk/benefit or therapeutic ratio referred to earlier)
cancer-preventive activity of nine retinoids. The resultirig critical with regard to chemoprevention because the
handbook details the evidence considered, and summargdsjects considered for this approach to cancer prevention
the evaluations made by the working group, and shoulddre healthy, and it is likely (with the exception of carriers of
referred to for relevant citations relating to the statemenbe rare dominant cancer-susceptibility genes) that their

that follow (IARC, 1999). probability of not developing cancer is substantially greater
The retinoids subject to evaluation by the working grodipan the risk that they will develop it. These considerations
were: are not so prominent for agents considered for use among
all-trans-retinoic acid patients at risk for second primary tumors, as patients may
13-cis-retinoic acid (isotretinoin) be prepared to tolerate side-effects in this situation, regarding
9-cis-retinoic acid this as an extension of their therapy. Toxic effects also may
all-trans N-(4-hydroxyphenyl)retinamide be less problematic when retinoids are used in dermatology,
etretinate a role for which at least one of the agents considered in this
acitretin handbook has become almost standard therapy (e.g. 13-cis-
N-ethylretinamide retinoic acid in acne). Concerns over toxicity are also likely
targretin (LGD 1069) to be less problematic when the agent is used as therapy for
LGD 1550 a malignancy (e.g. all-trans-retinoic acid in acute

promyelocytic leukemia). But this is not so for most
It was recognized that in view of the many retinoids whiahemoprevention applications, and therefore particular
might be considered for evaluation, the designation of niattention to the toxicity of these compounds was given during
would necessitate omitting a number of compounds includitite evaluation by the working group.
those at various stages of development, or which have beefhe influence of retinoids on plasma retinol has relevant
studied and are no longer under clinical consideration. Soatieical implications as regard to toxicity and it might also
of the newer retinoids are already in preliminary human stuthg relevant for the preventive effect. all-trans-Retinoic acid
Those eventually found to have a better risk/benefit ratimd all-trans N-(4-hydroxyphenyl)retinamide were first
could eventually find a role for use in humans. shown to inhibit the concentrations of endogenous retinol in
Evaluation of chemopreventive effects in humans lsimans and in rats. The same effect has been found to occur
impossible by conventional observational analytiwith 13-cis-retinoic acid, 9-cis-retinoic acid and N-
epidemiology studies (case-control and cohort) if an agethylretinamide. Endogenous retinol level reduction has been
is not in use in the general population, as is the case forralated with the high binding affinity of retinoids bearing
the agents to be considered in this volume. Therefore thedifications in the area of the retinol hydroxyl end group
human evidence that was considered by the working groufth retinol-binding protein, the specific protein that
was derived almost exclusively from randomized trials, eithieansports retinol.
with development of cancer as the endpoint, or utilizing some
biomarker of neoplasia. Thus almost uniquely to date intmckground to retinoid action
series, with the exception of sulindac in Volume 1 of the
Handbook series (IARC, 1997), the human data arose largefyetinoids are involved in signal transduction. Most of their
as a consequence of calculated and orderly usageffacts are believed to be mediated through two families of
characteristic normally restricted to experimental studiggtinoid receptors, retinoic acid (RARs a, b and g) and retinoid
This avallablllty of clinical trial data was a ConSiderablg (RXRa, b and g) receptorsl These receptors be|0ng to the
advantage, as it meant that bias and confounding were larggfijerfamily of nuclear receptors (NR), comprising such
taken care of in the design of the trial. However, it has ofgerse receptors as those for steroids and thyroid hormones,
important disadvantage: conclusions must necessarily fBgnoids and vitamin D3, which are present in vertebrates,
restricted to the population studied in the trial, angthropods, and nematodes. The members of this superfamily
extrapolation to other groups would be tenuous at best, ¢l both as ligand-modulated transcriptional activators and/
potentially in serious error. Further, many of the clinicg) suppressors, while for a large group of so-called “orphan”
trials considered involved individuals already diagnosed wifclear receptors no ligands exist or have not yet been found.
one neoplasm, and hence known to be at substantial risk gfi &lear receptors may have acquired ligand-binding ability
second primary tumor, either at the same or a different siigring evolution, suggesting that the ancestral NR was an
but with similar etiology. In considering these trials, thgrphan. Control of gene expression by retinoid receptors,
working group found that often the evidence fojke all nuclear receptors, results from both direct modulations
chemopreventive efficacy was derived from a secondary dgtathe activity of cognate gene programs, the mutual
analysis (chemoprevention of the relevant cancer site hagrference with the activity of other signalling pathways
not been the primary hypothesis of the trial), and thus thgd regulatory events that occur at the post-transcriptional
findings require independent confirmation, which has nptve| (e.g., mRNA and/or protein stabilization or

196 Asian Pacific Journal of Cancer Prevention, Vol 1, 2000



An International Evaluation of the Cancer-Prevention

destabilization). nitrosodiethylamine-induced liver carcinogenesis, and in one
Retinoid receptors regulate complex physiological everstidy in rats, it was ineffective against N-methyl-N-
that trigger key steps during development, contraitrosourea-induced mammary carcinogenesis.
maintenance of homeostasis, and induce or inhibit cellulain vitro, all-trans-retinoic acid inhibited the transformation
proliferation and differentiation, and cell death. Importantlgf normal cells by carcinogens and of immortalized cells by
retinoid receptors display a strong differentiative and antiral oncogenes. all-trans-Retinoic acid inhibited cell
proliferative activity. Each of the subtypes of retinoigroliferation in monolayer cultures and modulated the
receptors includes three isotypes designated a, b, andifferentiation of a large number of immortalized,
localized to chromosomes 17q21, 3p24,and 12qltBansformed and tumorigenic cell types derived from trachea,
respectively. The RXRa, RXRb, and RXRg genes have beskin and cervical epithelia. all-trans-Retinoic acid also
mapped to chromosome 9g34.3, 6p21.3 and 1q22-28ppressed the anchorage-independent growth of a variety
respectively. The RARs bind both all-trans-retinoic acid amd tumor cell lines and abnormal squamous differentiation
9-cis-retinoic acid, whereas the RXRs bind only 9-cis-retindic immortalized, transformed and arrested cells in the G
acid. These receptors also bind a variety of synthetic retinoidlsase of the cell cycle.
some of which exhibit RAR or RXR selectivity or Inhibitory effects of all-trans-retinoic acid against
preferentially bind to specific RAR isotypes. carcinogen-induced genotoxicity were most often observed
Retinoids induce cellular differentiation or suppresshen agents were used that required bioactivation. Inhibition
proliferation in many malignantly transformed cell linesf carcinogen-induced neoplastic transformation in vitro
including epithelial cancers, melanoma, neuroblastoma aturs when all-trans-retinoic acid is added after carcinogen
leukaemia, and germ cell, bone and breast cancers. The rempbsure. Studies in animals and humans after topical
plausible mechanism by which retinoids may affect varioapplication of all-trans-retinoic acid have demonstrated
aspects of carcinogenesis (both early and late eventsalterations in enzymes that mediate carcinogen metabolism.
modulation of genes whose products regulate cell growth,Most studies of the effects of all-trans-retinoic acid on
differentiation and apoptosis. Indeed, some genes invohaalcinogenesis indicate that inhibition of the post-initiation
in cell cycle control such as pZfY“** and cyclin D1 or in stage is the main mechanism of its putative preventive effects.
differentiation are regulated by retinoid-activated receptoighe mechanisms of action may be related to growth
Immediate evidence that changes in retinoid receptors nirdyibition, induction of differentiation and/or apoptosis.
be associated with carcinogenesis is based on th# was concluded by the IARC working group that there
chromosomal translocation of RAR b in acute pro-myelocytig inadequate evidence that all-trans-retinoic acid has
leukemia and loss of RAR b expression in various malignar@ncer-preventive activity in humans, and inadequate
cells and tissues. evidence that it has cancer-preventive activity in
experimental animals (IARC, 1999). In addition, all-trans-
Summary of the literature and results of the retinoic acid therapy gives rise to significant toxicity, and
evaluations is an established teratogen in experimental animals.

1. all-trans-Retinoic acid 2. 13-cis-Retinoic acid

No studies have been reported of the use of all-trans-retinoi8econdary analyses of the results of one randomized trial
acid for the prevention of invasive cancer in humans. Th&the use of 13-cis-retinoic acid as adjuvant therapy for
results of one randomized, controlled trial indicate thaaincers of the head and neck indicated a statistically
topically applied all-trans-retinoic acid is effective irsignificant reduction in the incidence of second primary
reversing moderate dysplasia of the uterine cervix (cervitamours of the upper aerodigestive tract. A study of use of
intra-epithelial neoplasia-Il) but not against more sevet&-cis-retinoic acid at high doses and in a group at inherited
dysplastic lesions. It was reported to be efficacious agaihgih risk, with no controls, suggested that this compound is
actinic keratosis of the skin in one randomized trial but neffective in preventing basal- and squamous-cell cancers of
in another at a lower dose. Two further trials suggest thhé skin. Two randomized controlled trials among patients
topically applied all-trans-retinoic acid is effective againstt lower risk involving lower doses of 13-cis-retinoic acid
dysplastic naevi. have shown no evidence of preventive efficacy.

The preventive efficacy of all-trans-retinoic acid was High doses of 13is-retinoic acid were shown to be
evaluated in experimental models of skin, liver and mammagffective against oral leukoplakia in two randomized trials,
gland carcinogenesis. The results of several experimentsmi@ with controls receiving placebo and the other receiving
mice indicated that all-trans-retinoic acid was effectivie-carotene. One controlled trial showed no effect of 13-cis-
against two-stage skin carcinogenesis when 7,Ll2tinoic acid in reducing cytological changes in the bronchi.
dimethylbenz[a]anthracene was used as the initiator, wher8asdies of molecular markers suggested that 13-cis-retinoic
it enhanced skin carcinogenesis induced by this carcinogeid increases expression of human retinoic acid receptor b,
alone or with ultraviolet radiation. One study in miceut the relevance of these findings to cancer-preventive
indicated that all-trans-retinoic acid enhanced Nactivity is unclear.
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A single intervention study showed a decrease in 3. 9-cis-Retinoic acid
micronucleus formation in cells of the buccal cavity in
patients, some of whom were smokers, who had been No data were available to the Working Group on putative
treated with 13-cis-retinoic acid for 12 months. cancer preventive activity in humans.
13-cis-Retinoic acid is a confirmed human teratogen. TheThe cancer preventive efficacy of 9-cis-retinoic acid was
potential developmental toxicity associated with maternabaluated in two animal studies on carcinogen-induced
therapy with this retinoid depends on the dose, the stagemaimmary carcinogenesis, one on prostate carcinogenesis and
gestation, the duration of treatment and the route ofie on colon carcinogenesis in rats. 9-cis-Retinoic acid
administration. prevented mammary and prostate tumors but not colon
The preventive efficacy of 13-cis-retinoic acid has be@&mmors; however, it reduced the numbers of aberrant crypt
evaluated in two-stage skin carcinogenesis models in mioei and adenomas in the colon.
and in urinary bladder carcinogenesis models in mice anthgeneral, the in vitro effects of 9-cis-retinoic acid in vitro
rats. 13-cis-Retinoic acid was effective in most studies witfere similar to those of all-trans-retinoic acid, in that both
both models. It was ineffective in models of tracheal, salivainhibited cell proliferation and induced differentiation and
gland, esophageal and renal carcinogenesis. apoptosis in some cell lines; however, the 9-cis isomer was
In vitro, 13-cis-retinoic acid inhibited proliferation inmore potent than the all-trans isomer in several cell systems.
numerous cell lines. 13-cis-Retinoic acid inhibited growt-cis-retinoic acid caused growth inhibition in normal,
in both monolayers of adherent cell cultures and in seritirmortalized and malignant cell lines, often but not always
solid medium (anchorage-independent growth). 13-cig-G, or G.. Induction of differentiation and apoptosis were
Retinoic acid also induced cell differentiation in transformesken in several types of cells. The cells that were sensitive to
cells and triggered apoptosis in a few cell lines. In most celkis-retinoic acid responded to concentrations that are
lines, the response to 13-cis-retinoic acid was similar to tizahieved in plasma with standard pharmacological doses.
to all-trans-retinoic acid. The ability of 9-cis-retinoic acid to inhibit carcinogen-
The ability of 13-cis-retinoic acid to inhibit genetic an¢hduced genotoxicity has not been studied in vitro or in vivo;
related effects in cell cultures has been examined in a limiteslvever, two studies suggest that it might reduce carcinogen
number of studies, and these have yielded mixed resultsinduced DNA damage by altering the activity of some
two studies, a reduction in the frequency of chromosonwitochrome P450 isozymes both in vitro and in vivo.
damage was seen in human lymphocytes exposed to radical9-cis-Retinoic acid suppresses cell proliferation and
generating agents (bleomycin and X-irradiation) when théyreases differentiation and apoptosis. The mechanisms by
were pretreated with 13-cis-retinoic acid; in contrast, a thiwhich proliferation is inhibited may involve antagonism of
study showed an increase in the frequency of diepoxybutaa@-1, decreased concentrations of cyclins, increased amounts
induced sister chromatid exchanges and chromosomélcyclin-dependent kinase inhibitor and inhibition of
damage in human lymphocytes treated concurrently with tpewth-stimulating signalling pathways. Induction of
mutagen and the retinoid. apoptosis and differentiation also appear to contribute to the
Orally administered 13-cis-retinoic acid inhibited thputative cancer-preventive effect of 9-cis-retinoic acid.
induction of micronucleated cells in the bone marrow of The working group concluded that there is inadequate
animals treated with benzo[a]pyrene and reduced the bindingdence that 9-cis-retinoic acid has cancer-preventive
of this carcinogen to DNA in the liver, stomach and lunggctivity in humans (IARC, 1999). There is limited evidence
but not the kidney. Although the mechanism of this protectitieat 9-cis-retinoic acid has cancer-preventive activity in
effect is unknown, it might be related to alterations igxperimental animals (IARC, 1999). This evaluation was
microsomal enzyme activity which has been shown to ocd#ised on the observation of inhibitory effects in two studies
in both liver and skin of mammals treated with 13-cis-retinoisf mammary carcinogenesis and one study of prostate
acid. carcinogenesis in rats. 9-cis-Retinoic acid is a teratogen in
The working group concluded that there is limited evidenggce.
that 13-cis-retinoic acid has cancer-preventive activity in
humans (IARC, 1999). This evaluation was based on #sall-trans N-(4-hydroxyphenyl)retinamide
effectiveness against oral leukoplakia, and preliminary
evidence for prevention of second primary cancers of thdn a preliminary eport of a large randomized trial of use
aerodigestive tract. There is also limited evidence that I3-all-trans N-(4-hydroxyphenyl)retinamide, equivocal
cis-retinoic acid has cancer-preventive activity inesults were obtained with regard to the development of new
experimental animals (IARC, 1999). This evaluation wa®ntralateral tumors among women previously treated for
based on the observation of inhibitory effects in most beiérly breast cancer. There were fewer new cancers among
not all studies with models of skin and urinary bladdereated pre-menopausal women but more cancers among
carcinogenesis. treated post-menopausal women. A decrease in the risk for
However, 13-cis-retinoic acid has a relatively lowvarian cancer was reported among all treated women in this
therapeutic ratio of efficacy to toxicity, and is an establishedhl.
human teratogen. Two studies, only one of which was randomized, of
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intermediate end-points, suggested an effect of all-transé¥perimental animals (IARC, 1999). This evaluation was
(4-hydroxyphenyl)retinamide against oral leukoplakia. Aased on the observation of inhibitory effects in models of
possible effect on ploidy in urinary bladder cells has alspammary carcinogenesis in mice and rats and its
been described. effectiveness in a limited number of studies against prostate
The chemopreventive efficacy of all-trans N-(4and colon carcinogenesis and lymphomagenesis. all-trans
hydroxyphenyl)retinamide has been evaluated in aninidd(4-Hydroxyphenyl)retinamide does not have significant
models of mammary gland, prostate, lung, skin, urinatgxicity in humans with the dose schedule normally used.
bladder, and colon carcinogenesis and lymphomagenesis hiérefore, all-trans N-(4-hydroxyphenyl)retinamide shows
was effective in reducing tumour incidence or multiplicitpromise as a cancer preventive agent in humans.
in 11 of 12 studies of mammary carcinogenesis in mice or
rats. The results of such studies depend critically on theEtretinate
experimental conditions, including the strain and age of the
animals, their diet and the dose of both carcinogen andEtretinate was evaluated in six randomized trials for
retinoid. It was effective in one study in a model of urinamgfficacy in preventing the recurrence of superficial tumours
bladder carcinogenesis in mice and ineffective in anothafrthe urinary bladder. None showed unequivocal evidence
and effective in one study of prostate carcinogenesis but aban effect of treatment; efficacy was suggested in analyses
in two others. It was ineffective in one study of lungf some end-points. Etretinate was not effective in preventing
carcinogenesis in mice. It was effective in one study sécond primary tumours in subjects with head-and-neck
carcinogenesis of the colon and in two studies e&ncer when compared with those given placebo. In two
lymphomagenesis in mice. In one skin carcinogenesis studports of the same study without a separate control group,
in mice, all-trans N-(4-hydroxyphenyl)retinamide wastretinate was reported to reduce an index of metaplasia in
ineffective, or enhanced skin tumor development. bronchial biopsy samples from heavy smokers. In a
In-vitro studies suggest that all-trans N-(4randomized trial involving 150 subjects, however, etretinate
hydroxyphenyl)retinamide can affect carcinogenesis sttowed no efficacy in reducing atypia in sputum samples
several levels: it inhibited the transformation of cultured cellghen compared with placebo. In one study with no controls
and of tissue in organ culture; it inhibited the proliferation @f which etretinate was given orally at a high dose or orally
a variety of tumour cell lines; and it induced apoptosis butt a moderate dose plus topical application as a paste,
rarely induced differentiation. regression of leukoplakia of the mouth was reported, more
There are insufficient data to conclude whether all-transtably when topical application was added. In one study
N-(4-hydroxyphenyl)retinamide can reduce the genotoxiath no controls, oral treatment with etretinate appeared to
effects of carcinogens in vitro or in vivo. Indications that ieduce the severity of actinic keratotic and keratocanthoma
alters the metabolism of carcinogens and thus may afflxtions of the skin. In two double-blind cross-over trials
DNA damage are provided by a study showing alterationsitwolving patients with actinic keratosis, improvement in
cytochrome p450 mRNA levels in cell cultures exposed terms of the number and size of lesions was reported in
the retinoid, and a study in which phase | and phasepHtients treated orally with etretinate.
enzymes were shown to be altered in the liver of animals fedThe cancer-preventive efficacy of etretinate has been
this compound. The altered metabolism was associate@dgsessed in mouse, rat and rabbit models of carcinogenesis
vivo with a reduction in the binding to tissue DNA of and in relation to virus-induced tumours. It was ineffective
carcinogen known to be metabolized by these enzymes.in inhibiting UV-induced skin carcinogenesis in mice, but
Few reports indicate any activity of all-trans N-(4inhibited chemically-induced skin tumours in mice and
hydroxyphenyl)retinamide at the initiation stage ofabbits. In one study in mice, etretinate reduced the size of
carcinogenesis and most suggest it acts on tumour promotgkin papillomas. It was effective in various models of
The mechanisms that may account for the cancer-preventhigestive tract carcinogenesis in mice and rats. In single
effects of this retinoid appear to be associated with its abilgfudies, etretinate was ineffective in preventing either
to inhibit cell proliferation by increasing the amount of Eukaemia or lung tumours but was effective in preventing
cyclin-dependent kinase inhibitor and by down-regulatinginary bladder carcinogenesis in rats. It was effective in a
cyclin D1 and inducing apoptosis which has been extensivaipdel of benign tumours induced in mice by Shope papilloma
studied. Its limited effects on differentiation raise doubts @gus and in models of malignant tumours in hamsters and
to whether this is a mechanism for cancer prevention. Téteickens induced by Rous sarcoma virus. In some
high concentrations required to induce apoptosis in vitexperimental models, etretinate enhanced the tumorigenic
restrict extrapolation of these studies to infer relevancedtffects of carcinogens.
cancer chemoprevention in vivo. Etretinate has been shown to modify differentiation in
The working group concluded that there is inadequateveral models in vitro: in tracheas of hamsters, squamous
evidence that all-trans-N-(4-hydroxyphenyl)retinamide hasetaplasia induced by vitamin A deficiency was reversed.
cancer preventive activity in humans (IARC, 1999)n respiratory tracts exposed to carcinogens, etretinate
However, there is sufficient evidence that all-trans N-(4rhibited loss of mucus secretion and ciliary action. In many
hydroxyphenyl)retinamide has cancer preventive activity studies with human and animal keratinocytes, etretinate

Asian Pacific Journal of Cancer Prevention, Vol 1, 2000199



Miller et al

causes changes in differentiation similar to those seen aftety be associated with modifications in the pattern of keratin
treatment with all-trans-retinoic acid. In contrast to all-tranexpression and membrane glycosylation. The only
retinoic acid, etretinate did not induce differentiation imechanism that has been studied in relation to the anti-
promyelocytic leukemic cell lines. Proliferation was inhibite@roliferative activity of acitretin is inhibition of ornithine

in murine and human melanoma cell lines, in lymphoblastai@écarboxylase activity, which is more marked in
lines and in normal keratinocytes. Because of differenceshiyperproliferative states. The effects of acitretin on immune
the experimental protocols, it is not clear whether etretindtamction have not been studied extensively. It stimulated the
is selectively active against tumour cells. In all cases, it waduction of interleukin-1 both in vitro and in vivo, which
less active than all-trans-retinoic acid. Etretinate has bewight result in activation of lymphoid cells. An effect of
studied in many in-vitro models of immune function, but nacitretin, which might contribute to cancer-preventive

consistent responses were reported. activity, is inhibition of angiogenesis which has been
There have been no detailed studies of the mechanisndetcribed in one study.
action of etretinate. Its ability to inhibit the induction of The working group concluded that there is inadequate

ornithine decarboxylase in keratinocytes after treatment evidence that acitretin has cancer-preventive activity in

with phytohaemagglutinin suggests that, like all-trans- humans and there is inadequate evidence that acitretin has

retinoic acid, it acts in the promotional phase of cancer-preventive activity in experimental animals (IARC,

carcinogenesis. 1999). However, acitretin is a derivative of etretinate, and
The working group concluded that there is inadequate therefore probably has similar cancer preventive efficacy to

evidence that etretinate has cancer preventive activity inetretinate. Further, its toxicity is less than etretinate, though

humans (IARC, 1999). There is limited evidence that it is a potent teratogen in experimental animals.

etretinate has cancer preventive activity in experimental

animals (IARC, 1999). This evaluation was based on the7. all-trans-N-Ethylretinamide

observation of inhibitory effects in studies with models of

skin cancer, and in single studies with models of digestive No data were available to the Working Group on the

tract and urinary bladder carcinogenesis and in three  putative cancer preventive activity of all-trans-N-

models of virus-induced tumors. However, etretinate is ethylretinamide in humans.

toxic, and a human teratogen, and in most countriesisno The cancer preventive efficacy of all-trans-N-

longer available for use. ethylretinamide has been evaluated in models of respiratory
tract and pancreas carcinogenesis in hamsters, of liver
6. Acitretin carcinogenesis, in mice, of urinary bladder carcinogenesis

in mice and rats and of colon carcinogenesis in rats. Tumour
The active form of etretinate is acitretin. In one trial witincidence was enhanced in the trachea and pancreas of
44 renal transplant patients, acitretin reduced the frequeheynsters, in the liver in mice, and in one study, in the urinary
of occurrence of squamous-cell cancers of the skin whgladder in rats. all-trans-N-Ethylretinamide had cancer
compared with placebo. In the same trial, the prevalencepoéventive effects in some studies of urinary bladder
keratotic skin lesions was also reduced by acitretin. Whearcinogenesis in mice and rats but was ineffective in models
treatment was stopped, the numbers of cancers and keratifticolon carcinogenesis. all-trans-N-Ethylretinamide
skin lesions increased. inhibited carcinogen-induced neoplastic transformation at
In singleexperimental studies, acitretin reduced theoncentrations similar to those at which all-trans-retinoic acid
incidence of spontaneous and chemically induced liviead this effect. In the hamster trachea it was less potent than
tumors in mice and rats in conjunction with reductions &ll-trans-retinoic acid in reversing squamous metaplasia;
body weight. when tested in chick skin for an equivalent endpoint, its
Acitretin has been tested for its ability to inhibiactivity was similar to all-trans-retinoic acid.
proliferation or to induce differentiation of tumour and normal The working group concluded that there is inadequate
cells in vitro. Acitretin was more active than etretinate, amd/idence that all-trans-N-ethylretinamide has cancer
both were less active than all-trans-retinoic acid and 13-gigeventive activity in humans, and there is evidence
retinoic acid. Acitretin had an anti-proliferative effect on sonmiggesting lack of cancer preventive activity in experimental
but not all tumour cell lines that were tested. Several stud@smals (IARC, 1999). all-trans-N-Ethylretinamide was
with epidermal cells showed that the effects of acitretimever approved for use in humans and is no longer being
depended on the culture conditions and/ or the proliferatiproduced.
rate. It did not induce differentiation of leukemic cells in
vitro. In normal epidermal cells, it decreased cornifie8l. Targretin
envelope formation and modified the pattern of keratin. In
studies of lymphocyte proliferation in vitro, the effects No data were available to the Working Group on the
depended on the concentration of acitretin and on the mitogemative cancer preventive activity of targretin in humans.
used to induce proliferation. In a single stdy of three months duration, targretin was
The differentiating effects of acitretin on epidermal celksffective in preventing mammary cancer induced by N-
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methyl-N-nitrosourea in rats. In two models of differentiatiobiochemical and molecular mechanisms of retinoid action,
in human cells in vitro, targretin, which preferentially bindsise the hope that new synthetic retinoids can be synthesized
to the RXRs, was less active than ligands binding to retindiiat may be useful in chemoprevention of cancer. Such
acid receptors; however, in both models supra-additigempounds may target specific molecules, and may result in
activity was seen when the cells were treated simultaneouslyfewer unwanted side-effects than those in use up till now.
with targretin and the ligands binding to retinoic acith this regard the new retinoid receptor subtype specific
receptors. agonists hold particular promise.

The working group concluded that there is inadequate
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