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Abstract Retinoids, which include natural vitamin A (retinol) and its esters and synthetic analogues, 
are the best-studied class of agents in chemoprevention. There are more than 4,000 different retinoids 
which have a wide spectrum of preclinical activities, structures, pharmacological profiles, tissue distribu- 
tions, receptor specificities, and toxicities. A number of retinoids have significant activity in many in vivo 
experimental systems including skin, bladder, lung, breast and oral carcinogenesis. In clinical trials, 
several retinoids have achieved significant activity in the reversal of head and neck, skin, and cervical 
premalignancy, and in the prevention of second primary tumors associated with head and neck, skin, 
and non-small cell lung cancer. Since 1984, our group has conducted a series of clinical trials to explore 
the chemopreventive potential of 13-cis-retinoic acid (13cRA) in the aerodigestive tract. We have con- 
ducted two consecutive randomized studies in subjects with premalignant lesions of the oral cavity. 
These studies showed that high-dose 13cRA alone can achieve significant short-term reversal of oral 
premalignancy, and that high-dose followed by low-dose 13cRA can maintain suppression of oral 
carcinogenesis. Three other randomized trials have confirmed significant retinoid activity in this human 
carcinogenic system. We also developed a randomized, placebo-controlled trial of adjuvant high-dose 
13cRA in patients with head and neck cancer. Second primary tumor development was significantly 
decreased in the 13cRA group, but 13cRA had no impact on primary disease recurrence or survival. This 
presentation will update the current status of clinical trials and correlative laboratory studies of potential 
intermediate endpoint biomarkers in retinoid chemoprevention of aerodigestive tract carcinogenesis. 
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Retinoids are a large family of compounds 
which includes the natural and synthetic deriva- 
tives of vitamin A [1,21. They have been studied 
extensively in preclinical and clinical chemopre- 
vention. In animals, various retinoids have sig- 
nificant chemopreventive activity in many sites, 
including breast, bladder, head and neck, lung, 
cervix, skin, and prostate carcinogenesis [1,3-51. 
Clinical trials have observed significant retinoid 
chemopreventive activity in head and neck, lung, 
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skin, and cervical carcinogenesis [51. This paper 
will review the current status of retinoid clinical 
chemoprevention, retinoid biology, and new reti- 
noid development strategies based on receptor 
selectivity. 

EPITHELIAL CARCINOGENESIS 

Two biologic concepts-multistep carcinogene- 
sis and field carcinogenesis-underlie chemopre- 
vention efforts. Multistep carcinogenesis, initially 
observed microscopically, is now under study at 
the molecular level. Molecular studies have 
revealed specific genetic alterations contributing 
to cancer development at various sites. The best 
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studied model of human multistep carcinogene- 
sis comes from molecular studies in the colon. 
Adenoma-carcinoma progression in the colon has 
been shown to involve K-rus mutation and tumor 
suppressor gene loss on chromosomes 5q, 17p, 
and 18q [6]. Study of molecular carcinogenesis is 
proceeding rapidly in other sites, including up- 
per aerodigestive tract cancers, where genetic 
loss on chromosomes 3p, 9p, llq, 13q, and 17p 
are common [71. The timing of genetic changes in 
preinvasive carcinogenesis in the upper aero- 
digestive tract and other epithelial sites is cur- 
rently unknown. How these molecular changes 
may signify intermediate endpoints for chemo- 
prevention has recently been reviewed elsewhere 
[5,81. 

The other major concept of chemoprevention, 
field carcinogenesis, describes the phenomena of 
carcinogenic changes occurring diffusely in a 
large epithelial area. These changes often are 
caused by repeated exposure to specific carcino- 
gens, eg., UV in the skin or cigarette smoke in 
the upper aerodiges tive tract. The clinical seque- 
lae of field carcinogenesis are the development of 
second primary tumors (SPTs), which occur at 
different rates depending on the primary tumor 
site and various environmental and genetic risk 
factors. The basic and clinical characteristics of 
SPTs are best worked out in the aerodigestive 
tract. Molecular studies of p53 strongly support 
the basic concept of field carcinogenesis-that 
SPTs arise from progression of independent pre- 
malignant foci [9-131. The clinical characteristics 
and importance of SPTs in the aerodigestive tract 
are well worked out-SPTs occur at an annual 
rate of 443% and are the major cancer-related 
cause of death in early stage disease [14-161. 

CLINICAL TRIALS 

Head and Neck Trials 

Retinoids have undergone extensive study in 
the reversal of oral premalignant lesions. Five 
randomized studies have been reported, all 
involving natural or synthetic derivatives of vita- 
min A (retinoids). The first study reported in 
1986 included a three-month placebo-controlled 
study of 13-cis-retinoic acid (2 mg/kg/day). The 
complete plus partial response rate in the 44 
evaluable patients was 67% in the retinoid arm 
and 10% in the placebo arm (p = 0.0002). The 

histologic improvement rate (reversal of cytologic 
abnormalities) was also higher in the retinoid 
arm (54% versus lo%, p = 0.01). There were two 
major problems, however, with this high-dose, 
short-term approach. First, high-dose 13-cis-reti- 
noic acid toxicity was substantial and not ac- 
ceptable in this clinical setting. Second, over 50% 
of the responders recurred or developed new 
lesions within 2-3 months of stopping the short- 
term retinoid intervention [17]. 

Based on the results of this placebo-controlled 
trial, a randomized maintenance trial was de- 
signed [181. In this trial, patients initially re- 
ceived a three-month induction course of high- 
dose 13-cis-retinoic acid (1.5 mg/ kg/day), 
followed by a nine-month maintenance course 
with low-dose 13-cis-retinoic acid (0.5 mg/kg/ 
day) or p-carotene (30 mg/kg/day) in patients 
with responding or stable lesions during induc- 
tion. The induction phase response rate was 55%. 
During maintenance, two (8%) of the patients in 
the retinoid group progressed versus 16 (55%) in 
the p-carotene group (p < 0.001). Maintenance 
therapy was well tolerated with no patients dis- 
continuing therapy because of toxicity. 

This trial included a number of clinical-labor- 
atory translational studies. Standard histologic 
features, micronuclei, blood-group antigen ex- 
pression, proliferation markers (e.g., PCNA), 
squamous differentiation markers, nuclear reti- 
noic acid receptors (RARs and RXRs), p53, and 
cytogenetic markers were studied and correlated 
with clinical outcomes [19-251. Important trans- 
lational findings from these interactive clinical- 
laboratory studies include the following: (a) cyto- 
genetic alterations (e.g., polysomy of chromo- 
some 7 and 17) occur in oral premalignant le- 
sions and may be associated with malignant 
transformation [19,201; (b) p53 protein accumu- 
lation is an early event in oral carcinogenesis and 
is associated with retinoid resistance [21,22]; and 
(c) RAR-P expression is suppressed in approxi- 
mately two-thirds of oral premalignant lesions 
and is highly upregulated by high-dose 13-cis- 
retinoic acid [23,24]. 

Three other randomized retinoid studies have 
been reported, two induction trails [26,27] and 
one maintenance [281 trial. All three studies ob- 
served significant retinoid chemopreventive ac- 
tivity. 

In a randomized adjuvant study of high-dose 
13-cis-retinoic acid in 103 head and neck cancer 
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patients, Hong et al. [29] achieved a significant 
reduction in the rate of second primary tumors. 
Following definitive local therapy of stage I-IV 
disease with surgery and/or radiotherapy, 
patients were randomly assigned to twelve 
months of 13-cis-retinoic acid (50-100 mg/m2/ 
day) or placebo. At a median follow-up of 32 
months, there were no significant differences in 
primary disease recurrence (local, regional, or 
distant) or survival. The rate of SPTs, however, 
was significantly lower in the retinoid arm than 
in the placebo group. SPTs had developed in 
only two (4%) of the 13-cis-retinoic acid-treated 
patients compared with 12 (24%) of the placebo- 
treated patients (p = 0.005). More than 70% of 
SPTs occurred in the carcinogen-exposed aero- 
digestive tract fields of the head and neck, lungs, 
and esophagus. Side effects were substantial and 
included dry skin, cheilitis, conjunctivitis, and 
hypertriglyceridemia. Only one-third of the reti- 
noid treated patients were able to complete the 
12-month planned intervention. 

This trial has been recently reanalyzed with 
the median follow-up extended to 55 months 
(versus earlier analysis of 32 months) [30]. The 
retinoid group continued to have fewer SPTs 
within the aerodigestive tract, developing in only 
three (7%) in the retinoid group and 13 (33%) in 
the placebo group (p = 0.008). The results sug- 
gest that the retinoid chemopreventive effect 
persisted well after the 12-month intervention. 
Furthermore, significant reduction in SPTs oc- 
curred in the retinoid arm despite the reduced 
doses in approximately one-third of the patients. 
Based on this high-dose adjuvant trial [291 and 
the recently completed low-dose 13-cis-retinoic 
acid trial in oral premalignancy 1181, a multi- 
center large-scale Phase I11 NCI trial was de- 
signed and is ongoing to evaluate low-dose 13- 
cis-retinoic acid as adjuvant chemoprevention in 
stage I and I1 head and neck cancer. A recent 
report on this large-scale trial indicates that low- 
dose 13-cis-retinoic acid is well tolerated [31], 
confirming toxicity data from the earlier low- 
dose trial in oral premalignancy [MI. 

The synthetic retinoid etretinate underwent a 
recent French trial designed to prevent SPTs fol- 
lowing definitive therapy of early stage squa- 
mous cell carcinomas of the oral cavity and oral 
pharynx [32]. In this randomized, placebo-con- 
trolled trial, the etretinate dose was 50 mg/day 
for one month, then 25 mg/day for two years. 

The rates of SPT development in the two study 
arms were not significantly different. Interpreta- 
tion of this report is hampered by a lack of de- 
tails regarding study compliance and SPT deter- 
mination. This trial did, however, confirm other 
prospective data on the high rate of head and 
neck cancer-associated SPTs [16,33,341. At a me- 
dian follow-up of 41 months, 24% of placebo 
patients developed SPTs. Furthermore, consistent 
with field carcinogenesis, approximately 80% of 
SPTs developed in the head and neck, lungs or 
esophagus [321. 

Lung Trials 

A group of French investigators examined 
the effect of a retinoid directly on the bronchial 
epithelium [35]. Chronic smokers with squamous 
metaplasia of the bronchial epithelium detected 
in initial bronchoscopy specimens were treated 
with etretinate (25 mg/day) for six months. In 
this uncontrolled trial, a decline in the extent of 
squamous metaplasia was observed in most 
treated patients. 

The positive result of this French study led to 
two randomized trials-one in Canada and one 
in the US. The Canadian study evaluated the 
ability of etretinate (25 mg/day) to reverse spu- 
tum atypia in chronic smokers. Changes in spu-- 
tum atypia were assessed at the completion of a 
six-month treatment period. No difference in the 
degree of atypia occurred between the etretinate 
and placebo groups [361. In the US study, 
chronic smokers underwent bronchoscopy with 
endobronchial biopsies taken from six specific 
anatomic sites within the proximal lung field 
[371, as reported in the earlier single-arm French 
study [35]. Ninety-three of the 152 chronic 
smokers who underwent bronchoscopic biopsies 
had squamous metaplasia or dysplasia. Eligible 
smokers with metaplasia or dysplasia were ran- 
domized to six months of 13-cis-retinoic acid or 
placebo. Results on the primary histologic study 
endpoint were recently published. The extent of 
metaplasia decreased similarly (in approximately 
50% of subjects) in both study arms. Only 
smoking cessation significantly predicted a re- 
duction in metaplasia index during the six- 
month intervention. Although the 13-cis-retinoic 
acid arm results were consistent with the French 
findings with etretinate, comparison with a 
placebo control group in the US retinoid trial 
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yielded a negative interpretation, in contrast to 
the uncontrolled French trial. These findings 
underscore the critical importance of placebo- 
controlled designs to establish drug activity in 
chemopreven tion trials using intermediate end- 
points. 

Pastorino et al. [38] tested the natural retinoid 
derivative retinyl palmitate in 307 patients fol- 
lowing resection of stage I non-small cell lung 
cancer. Following surgery, patients were ran- 
domly assigned to either treatment with retinyl 
palmitate (300,000 IU) for one year or observa- 
tion. Greater than 80% compliance indicated that 
the high-dose retinyl palmitate was well toler- 
ated. Only three patients dropped out of the tre- 
atment arm because of toxicity. 

Eighteen patients in the retinyl palmitate arm 
developed SPTs compared with 29 patients in 
the control group. Reduction of tobacco-asso- 
ciated SPTs was more pronounced. After a me- 
dian follow-up of 46 months, tobacco-related 
SPTs developed in 13 retinyl palmitate-treated 
patients compared with 25 control patients. The 
time to development of tobacco-associated SPTs 
also favored the retinyl palmitate arm (p = 
0.045). 

These encouraging results, which add to those 
of several other epithelial sites indicating signifi- 
cant retinoic activity in suppressing carcinogen- 
esis, have led to the design of several large-scale 
Phase I11 retinoid trials [reviewed in 51. There are 
two major ongoing Phase I11 trials studying reti- 
noid prevention of lung cancer-associated SITS, 
one in Europe and one in the US. The European 
multicenter trial (EUROSCAN) is a randomized 
2x2 factorial design, adjuvant chemoprevention 
study of retinyl palmitate and N-acetylcysteine in 
early stage head and neck and lung cancer. In 
the US, there is a large multicenter Phase I11 trial 
of low-dose isotretinoin after complete resection 
of stage I non-small cell lung cancer (intergroup 
NCI 191-0001). 

Breast Trials 

Moon and colleagues [3] showed that fenre- 
tinide was among the most active chemopreven- 
tive agents in early mammary carcinogenesis mo- 
del studies. This laboratory work led to a large- 
scale randomized trial of fenretinide (versus no 
treatment) in more than 3,000 women after 
definitive local therapy of breast cancer. The 

primary endpoint of this study is contralateral 
breast cancer, which occurs at a rate of 0.8% per 
year. The study has completed accrual and is 
under analysis [28]. 

Current NCI plans are to initiate a Phase I11 
trial of fenretinide plus tamoxifen. Mammary 
carcinogenesis studies from Moon and others 
showed that this combination was significantly 
more active than was either agent alone [3]. 
Single-agent tamoxifen chemopreventive activity 
has been shown in several preclinical and clinical 
studies [5,391. There has been controversy over 
tamoxifen use in chemoprevention which is 
reviewed in detail elsewhere [5]. 

Further support for the combination of tamox- 
ifen and fenretinide comes from a recent Phase I 
study in advanced breast cancer patients. This 
study recently showed that the combination is 
well tolerated and produces a substantial reduc- 
tion in insulin-like growth factor (1GF)-I plasma 
levels [40]. Tamoxifen's suppressive effects on 
IGF-I are thought to be a mechanism of this 
agent's anticarcinogenic effects in breast carcino- 
genesis [411. 

Skin Trials 

Retinoids have been studied in several 
Phase I1 and I11 randomized trials in the skin. 
The data suggest that both topical and systemic 
retinoid therapy have significant activity in re- 
versing premalignant skin lesions [5]. Several 
small studies found that 13-cis-retinoic acid or 
etretinate can significantly reduce the number of 
skin cancers in very high risk patients with 
xeroderma pigmentosum or transplant recipients 
15,421. Large-scale Phase I11 data in skin cancer 
are mixed. Trials of high-dose p-carotene 1431 
and very low-dose 13-cis-retinoic acid [44] in 
patients with prior skin cancer are negative. A 
large placebo-controlled trial of retinol (25,000 
IU/day) in patients with prior skin premalig- 
nancy achieved a significant reduction of squa- 
mous cell skin cancers in the retinoid arm [45]. 

Cervical Trials 

Many randomized chemoprevention studies 
have been conducted in cervical dysplasia, in- 
cluding two studies of folic acid, four of inter- 
ferons, one of p-carotene, and one of all-trans- 
retinoic acid (ATRA) [5]. The only positive cervix 
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study was a placebo-controlled trial of topical 
ATRA [46]. This trial achieved a significant re- 
versal of moderate [cervical intraepithelial neo- 
plasia (CIN) 21 but not severe (CIN 3) dysplasia 
in the retinoid group. 

RETINOID BIOLOGY 

Retinoids exert their biological effects by bind- 
ing to and activating specific intracellular recep- 
tors (IRs) resulting in a regulation of gene ex- 
pression within cells [47-501. The modulation of 
gene expression by retinoids determines its regu- 
latory role on cell differentiation, cell prolifera- 
tion and apoptosis. Recent insights into the mo- 
lecular identification of the receptors for reti- 
noids has occurred, beginning with the cloning 
and characterization of the human retinoic acid 
receptor [51,52]. In 1987, Petkovich et al. [511 and 
Giguere et al. [52] independently isolated a hu- 
man orphan receptor gene and using the cotrans- 
fection assay, they demonstrated that it encoded 
the first known retinoic acid-activated transcrip- 
tion factor. This receptor was shown to bind 
ATRA with high affinity. The retinoic acid recep- 
tor (RAR) was found to be structurally and func- 
tionally related to other members of the IR 
superfamily. The discovery of an RAR provided 
a mechanism for understanding the biological 
effects of ATRA. Subsequently, additional RAR 
subtypes were isolated and designated RAR-a, 
RAR-P, and RAR-y [53-551. The ligand-binding 
and the DNA-binding domains of these receptors 
are highly conserved. The discovery of mu1 tiple 
RARs raised the question of whether all actions 
of ATRA were mediated by these receptors and 
whether additional biologically active vitamin A 
metabolites and retinoid receptors existed. 

In 1990, a second class of retinoid responsive 
receptors was identified: the retinoid X receptors 
(RXRs) [56]. Subsequently, three members of the 
RXR subfamily, designated RXR-a, RXR-P, and 
RXR-y, have been identified [50,57]. Although 
these receptors were identified by ATRA's ability 
to activate gene expression, this transcriptional 
response required considerably higher concen- 
trations of ATRA than was needed to activate 
the RARs. Furthermore, RXRs were unable to 
bind ATRA with high affinity [56]. These data, as 
well as the observation that the amino acid se- 
quences of the RXRs were quite different from 

the RARs, suggested that there may be two dis- 
tinct retinoid receptor pathways. These observa- 
tions led to the development of a strategy to 
identify a metabolite of ATRA that bound to and 
activated RXRs [58]. In 1992, two groups work- 
ing independently identified 9-cis-retinoic acid as 
a retinoic acid isomer that binds with high 
affinity to members of the RXR subfamily [58,59]. 
Additional studies demonstrated that 9-cis- 
retinoic acid is a high affinity ligand not only for 
members of the RXR subfamily, but also for the 
RARs (Fig. 1); thus it functions as a pan agonist 
in that it binds and activates both receptor 
pathways [60,611. 

The use of cloned human IRs has allowed the 
development of technologies designed to identify 
novel endogenous hormones as well as synthetic 
compounds which mimic the action of hormones 
and/or have a greater degree of receptor select- 
ivity. Just as the discovery of receptor subtypes 
for the neurotransmitters led to the development 
of more specific and therapeutically improved 
drugs, e.g., cardioselective P-adrenergic blockers 
and receptor subtype-selective antihistamines, 
the discovery of IR subtypes suggests a similar 
potential for improving the selectivity and thera- 
peutic index of IR-active drugs. Identifying 
compounds which selectively interact with dis- 
tinct receptor subtypes should allow the develop- 
ment of drugs with fewer side effects. 

Recently a few compounds with unique recep- 
tor selectivities have entered into human clinical 
trials (Fig. 2). These include an RAR-P/yselective 
retinoid (Tazarotene) for dermatological uses, 
and a RAR/RXR pan agonist (9-cis-retinoic acid) 
and an RXR selective compound 4-[l-(3,5,5,8, 8, 
pentamethyl-5,6,7,8- te trahydro-2-naphthy1)- 
ethenyllbenzoic acid (LDG1069) for oncological 
uses 1621. 

While the discovery of these nuclear retinoid 
receptors has illuminated cellular mechanisms of 
retinoid response, there are retinoids that do not 
bind known receptors yet have potent biologic 
effects. 4-Hydroxyphenylretinamide (4-HPR) is a 
synthetic retinoid which does not bind RARs or 
RXRs, yet it has demonstrated preclinical activity 
in the prevention of prostate, bladder and breast 
cancer [63-651, and in vitm it induces apoptotic 
cell death in several cancer cell lines [661. These 
studies suggest that there may be additional reti- 
noid pathways involving receptors not yet dis- 
covered. Another possibility is that 4-HPR may 
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serve as a prodrug to the naturally occurring 
retinoic acid isomers. 

In conclusion, basic scientific studies into the 
mechanism of retinoid action have enhanced our 
understanding of cellular pathways that control 
growth and differentiation. As our understand- 
ing grows, we will be challenged to harness this 
knowledge to augment the usefulness of reti- 
noids as preventive and therapeutic agents. The 
identification of receptor-selective compounds 
and our increased understanding of the molecu- 
lar basis of retinoic action offers promising op- 
portunities to identify specific retinoids for effec- 
tive chemoprevention and therapy of human 
cancer. Synthetic retinoids are being designed to 
target specific tissues and to induce specific bio- 
logic effects. This progress will depend on inter- 
actions between basic scientific and clinical in- 
vestigators in order to translate laboratory find- 
ings into clinical advances. 
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