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Abstract. Continuous oral dosing with all-trans retinoic 
acid (RA) is associated with a progressive decrease in 
plasma drug concentrations that has been linked to relapse 
and retinoid resistance in patients with acute promyelocytic 
leukemia (APL). Since oxidation by cytochrome P-450 
enzymes is critical in the catabolism of this drug, we 
evaluated whether pretreatment with an inhibitor of this 
system, liarozole, could attenuate this phenomenon. A total 
of 20 patients with solid tumors completed a 4-week course 
of all-trans RA therapy. On days 1, 2, 28, and 29, serial 
plasma samples were obtained from these patients after 
ingestion of a single oral dose (45 mg/m 2) of all-trans RA. 
On days 2 and 29, liarozole was given 1 h prior to ingestion 
of all-trans RA at single doses ranging from 75 to 300 mg. 
The areas under the plasma RA concentration x time curves 
(AUCs) were then compared in the presence and absence of 
pretreatment. Following continuous oral treatment, the 
mean day-28 AUC of all-trans RA was significantly lower 
than the group mean level on day 1 (504 vs 132 ng h -t ml-1; 
P = 0.05). This decline in plasma concentrations on day 28 
was partially reversed by liarozole, which increased the 
mean plasma all-trans RA AUC on day 29 to 243 ng h -1 
ml-1 (p = 0.004). The lowest dose of liarozole that reliably 
produced this effect was 300 rag. No enhanced toxicity was 
associated with liarozole administration. We conclude that 
liarozole at a dose of 300 mg effectively attenuates the 
induced decline in all-trans RA plasma concentrations that 
occurs with continuous treatment. This combination may be 
useful in attenuating or reversing retinoid resistance. 
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Introduction 

All-trans retinoic acid (RA) induces complete remission in 
a high proportion of patients with acute promyelocytic 
leukemia (APL) [4, 5, 13, 28]. These findings have 
prompted broader interest in this retinoid both as a drug for 
cancer treatment and, potentially, as a means of cancer 
prevention. In patients with APL, hematologic remissions 
induced by all-trans RA are relatively brief [4, 5, 10, 13] 
and relapses on therapy are uniformly associated with re- 
sistance to further treatment [4, 10]. 

Recently it has been shown that plasma concentrations 
of all-tram RA progressively decline with continuous 
dosing [20, 22-24] ,  suggesting that all-trans RA might 
induce its own catabolism. Since all-trans RA is catabo- 
lized by cytochrome P-450 oxidative enzymes [18, 26], we 
suggested that the decrease in plasma all-trans RA levels 
might in part result from an increase in the activity of this 
inducible enzyme system. This hypothesis further sug- 
gested that catabolism might be modulated by inhibitors of 
cytochrome P-450 enzymes. In a recent study we showed 
that ketoconazole, a broad-spectrum P-450 inhibitor, sig- 
nificantly attenuated the progressive decline in plasma RA 
concentrations seen with continuous dosing [24]. However, 
the doses required to observe this effect were occasionally 
associated with nausea that would have compromised 
treatment over a prolonged period. 

Liarozole {5-[(3-chlorophenyl) (1H-imidazole-l-yl) 
methyl]-lH-benzimidazole HC1} is a cytochrome P-450 
inhibitor more specific than ketoconazole [19] and has 
exhibited anticancer effects in certain preclinical models 
[6, 14, 27, 29]. This drug was recently noted to increase 
endogenous levels of all-trans RA [16]. In view of these 
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activities, we undertook this phase I study to assess whether 
liarozole could modulate the pharmacokinetics of all-trans 
RA in patients receiving the latter drug on a continuous 
basis. 

Patients and methods 

Patients and treatment plan. Patients with solid tumors comprised the 
group studied. All patients were extensively queried regarding their 
smoking and alcohol histories, diet, and ingestion of prescription and 
nonprescription medications. All-trans RA was given twice daily at a 
total dose of 90 mg/m 2 on days 3-27.  On days 1, 2, 28, and 29, pa- 
tients received only a single dose of all-trans RA (45 mg/m2). On days 
2 and 29, patients also received liarozole at one of three dose levels 
(75, 150, and 300 rag, respectively) given after an overnight fast as a 
single oral dose 1 h prior to all-trans RA. After day 29, patients who 
had stable disease were continued on all-trans RA until progression of 
disease was noted. Signed informed consent was obtained and the 
study was approved in advance by this center's institutional review 
board. 

Pharmacokinetics study design. Capsules of all-trans RA were taken 
immediately following ingestion of 250 ml of a liquid formula with 
defined lipid content (Ensure; 8.8 g fat/250 ml). Heparinized blood 
samples were collected prior to dosing and hourly for up to 8 h. This 
sampling was conducted on days 1, 2, 28, and 29. All samples were 
protected from direct light and transported in amber-colored bags. 

Assay methods. Plasma retinoid concentrations were measured using 
reverse-phase high-performance liquid chromatography (HPLC) as 
previously described [7, 20, 22, 23]. Standard curves for all-trans RA 
were linear at concer~trations ranging from 6 to 200 ng/ml. 

Pharmacokinetic calculations and statistical analysis. The area under 
the plasma concentration x time curve (AUC) over the first 8 h fol- 
lowing a single oral dose of all-trans RA was calculated according to 
the trapezoidal method [11]. The confidence intervals and the P values 
for the tests were obtained by a bootstrap resampling method [8]. We 
generated 1000 bootstrap resamples from the individual relative in- 
creases (decreases) in the AUC, and the corresponding empirical dis- 
tribution was used to obtain the appropriate P values for the tests. 

Results 
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Fig. 1. Plot of individual data points for AUCs after oral administration 
of all-trans RA on the 1 st treatment day 

narcotic analgesics. Altogether, 16 patients had received 
prior anticancer chemotherapy; the median time from the 
last cytotoxic treatment was 129 days (range, 21-793 
days). Two patients with resected stage IV disease were 
treated and remained without evidence of disease at 8+ and 
10+ months after surgery, respectively. 

No antitumor responses were observed. Of the 18 pa- 
tients with active cancer, the median time to disease pro- 
gression was 9.5 weeks (range, 4 - 2 8 +  weeks). Three pa- 
tients have continued all-trans RA treatment for periods of 
6+, 8+, and 8+ months, respectively. 

Patients' characteristics 

A total of 26 patients with advanced cancer were evaluated. 
In all, 22 patients had non-small-cell lung cancer and had 
either active disease (20 patients) or completely resected 
disease with an extremely high risk of recurrence (2 pa- 
tients). The remaining patients had carcinomas of unknown 
primary (two patients), adenocystic carcinoma (one pa- 
tient), or medulloblastoma (one patient). Seven patients 
were inevaluable for complete pharmacokinetic analysis 
either because their therapy was discontinued due to pro- 
gression of disease prior to day 28 (six patients) or because 
pharmacokinetic data were not availaNe (one patient who 
completed the 4-week study). Of the remaining 20 evalu- 
able patients, 17 had previously used tobacco; however, 
only 1 had smoked within the preceding 6 months. Ethanol 
consumption was infrequent; only 4 of 20 patients reported 
ingesting 1 or more drinks per day. In all, 6 of 20 patients 
were taking a multivitamin preparation and 6 required daily 

Effects of continuous all-trans RA dosing 

Oral administration of all-trans RA was characterized by 
considerable interpatient variability in plasma drug con- 
centrations on day 1 (Fig. 1). With continuous all-trans RA 
treatment, however, the mean plasma AUC for all patients 
as a group decreased significantly by day 28, similar to that 
previously described in patients with APL [22]. Continuous 
administration of all-tram RA reduced the mean day-28 
AUC by 74%, from the initial day-1 mean value of 
504_+126 ng h-1/m1-1 to 1324-28 ng h -1 m1-1 ( P =  0.05). 

Effects of liarozole 

The effects of a single dose of liarozole given prior to 
all-trans RA dosing on days 2 and 29 are depicted in Fig. 2. 
Pretreatment with any dose of liarozote on day 2 had no 
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Fig. 2. Effect of continuous all-trans RA administration on the AUC 
(mean • SEM) in 19 patients. Continuous oral dosing significantly 
reduced the AUC for all-trans RA between day 1 (m) and day 28 (ll). 
Pretreatment with liarozole (D) significantly increased the day-29 
AUC for all-trans RA as compared with the day-28 value. * P = 0.05; 
�9 * P = 0.004 
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Fig. 3. Dose-response relationship between the day-28 and day-29 
all-trans RA AUC values (mean _+ SEM) for three different doses (75, 
150, and 300 mg) of liarozole. Pretreatment with 300 mg of liarozole 
significantly increased the day-29 AUC for all-trans RA. * P = 0.002 

significant effect on the mean all-trans RA AUC for the 
entire group of patients (363 ng h t ml 1) as compared with 
the day-1 value (504 ng h-1/ml-0. There was no difference 
in liarozole's effect on the day-2 plasma all-trans RA AUC 
relative to the baseline value on day 1. Between day 28 and 
day 29, liarozole increased the mean plasma AUC for all 
patients by 84%, from 132___28 ng h -t m1-1 on day 28 to 
243 • 57 ng h -t m1-1 on day 29 (P = 0.004). The effects of 
three different doses of liarozole (75, 150, and 300 rag) on 
the day-29 all-trans RA AUC are presented in Fig. 3. A 
single dose of 300 mg of liarozole increased the day-29 
AUC in 6 patients by 118% (P = 0.002), whereas 150 mg of 
liarozole increased this value in 8 patients by 73% (P = 0.60) 
and 75 mg of liarozole increased it in 5 patients by 63% 
(P = 0.23). 

Adverse reactions 

A total of 20 patients completed the 4-week study. Of  the 
six patients who did not complete the study, two died of 
progressive cancer without evidence of drug toxicity. 
Among the other four individuals who were taken off study, 
one patient (a 17-year-old boy with medulloblastoma) de- 
veloped signs of increased intracranial pressure 1 week 
after commencing treatment. Although this event was be- 
lieved to be related to disease progression, a drug-related 
effect could not be definitively excluded. Headache oc- 
curred commonly during the first several days of therapy 
but resolved despite continued therapy. Most patients ex- 
perienced cheilitis and dry skin. In some patients, more 
severe cutaneous reactions occurred as pruritic rashes or 
scrotal excoriations. Complaints of ear congestion were 
relatively frequent and resolved upon discontinuation of 
therapy. Hypertriglyceridemia was common; several pa- 

tients had triglyceride elevations of > 1000 mg/dl. Mild 
hypercalcemia (not requiring treatment) that reversed with 
cessation of therapy was observed in several patients. 
Minor elevations in serum transaminase and alkaline 
phosphatase levels were also observed, but hyperbili- 
rubinemia did not occur. Five patients required reductions 
in the dose of all-trans RA due to adverse reactions in- 
cluding four cases of dose reduction for mucocutaneous 
toxicity. The fifth patient, a vegetarian, developed diarrhea 
that was temporally related to the initiation of RA therapy 
and improved with reintroduction of dietary fat and con- 
comitant dose reduction. No side effect specifically related 
to liarozole was observed. 

Discuss ion 

All-trans RA has engendered considerable clinical interest 
owing to both its striking activity in APL and its unique 
effects on cellular differentiation [4, 5, 10, 13, 15, 25, 28]. 
Recent studies have shown that the clinical pharmacology 
of all-trans RA is markedly different from that of other 
retinoids, particularly its isomer 13-cis RA [2, 3, 12, 16]. 
After oral therapy, peak plasma concentrations of all-trans 
RA are highly variable, but the plasma half-life is short 
(about 40 rain) and its catabolism is inducible [22, 23]. Our 
study corroborated these findings and sought to explore the 
mechanisms of this inducibility and its potential reversal by 
pretreatment with liarozole. 

Ketoconazole, an antifungal agent that inhibits several 
cytochrome P-450 enzymes, has previously been shown to 
modulate inducible catabolism of all-trans RA [24]. We 
found that a ketoconazole dose of 400 mg given 1 h before 
a dose of all-trans RA could reliably attenuate this effect. 
The mechanism of ketoconazole's action in this setting may 
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be multifactorial  and includes inhibition of  cytochrome 
P-450 oxidases responsible for all-trans RA catabol ism as 
well as inhibition of  cel lular  l ipoxygenases  that may act as 
oxidat ive cofactors in retinoid breakdown [21]. However,  
this dose of  ketoconazole  given chronical ly can cause 
nausea and has been associated with hepatotoxicity,  he- 
molytic anemia, leukopenia,  thrombocytopenia,  and gyne- 
comastia.  Ketoconazole  has modest  activity in patients with 
advanced prostate cancer, but the usual dose required 
(400 mg three times per  day) has caused adrenal in- 
sufficiency. 

Liarozole  is a novel imidazole  derivative that may act as 
a more specific inhibitor of  cytochrorne P-450 oxidases. 
This agent has activity as a single agent in hormone-re-  
fractory prostate cancer  and in a human breast-cancer cell 
line (MCF-7) [19, 29]. In a recent phase I study, l iarozole 
exhibited a side-effect profile similar to that of retinoids, 
including xerosis, rash, nausea and vomiting, and ab- 
normali t ies  in l iver-function tests [17]. In clinical  trials 
with prostate cancer, the drug was found to have activity 
without decreasing adrenal androgen synthesis and with 
little evidence of  a blunted response to adrenocort icotropic 
hormone (ACTH) stimulation [19]. Liarozole as a single 
agent has also been shown to increase the p lasma con- 
centrations of  endogenous all-trans RA  [6]. These data 
suggest that l iarozole might  be more useful than ketoco- 
nazole for protracted use in combinat ion therapy. 

In the current study, l iarozole was incapable of  rel iably 
raising plasma AUCs  of  all-trans RA at doses of  75 and 
150 mg. However,  at the cl inical ly relevant dose of 300 mg, 
the drug appeared successful in reconstituting a pharma- 
cokinetic profile similar that observed on day 1. Data from 
a dose-ranging study have also suggested that this oral dose 
is maximal ly  tolerable [17]. It is possible  that the variable 
response seen with the lower doses of  l iarozole was related 
to the relat ively small  number  of patients studied at each of  
these levels,  especial ly in view of  the intrinsic hetero- 
geneity of  all-trans RA metabolism. In addition, we did not 
evaluate the effects of  l iarozole on aItering intratumoral 
levels of  all-tram RA. In a murine mammary  tumor model,  
pretreatment with l iarozole consistently elevated tumor 
ali-trans R A  concentrations without significantly elevating 
p lasma concentrations [9]. The magnitude of increase in 
intratumoral all-tram RA concentration observed was 
comparable  with that achievable with normal oral all-trans 
RA dosing. Thus, the question as to whether lower doses of  
l iarozole might provide ibr  a more selective all-tram R A  
effect and, perhaps, reduced toxici ty should be addressed in 
future studies. Nevertheless,  the l iarozele dose we selected 
(300 mg) has appeared safe and effective for clinical use in 
the present combination.  Conceivably,  ,extended use of  the 
combinat ion may enable a better clinical  test of  the anti- 
tumor effects of  all-trans RA in diseases other than APL 
and will perhaps be useful in reversing acquired resistance 
to this retinoid. 
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