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Article abstract-Cognitive impairment is a common and disabling complication of advanced HIV infection. Antiretrovi- 
ral agents are the only proven therapies currently used for the treatment of HIV dementia, but the response to these 
agents is frequently unsatisfactory, short-lived, or complicated by intolerable side effects. We hypothesized that OPC- 
141 17, a lipophilic antioxidant that acts to scavenge superoxide anion radicals, might ameliorate the toxic interactions 
between HIV infected macrophages and neurons. We conducted a double-blind, placebo-controlled, randomized clinical 
trial to assess the safety and tolerability of OPC-14117 240 mg per day. All 30 patients enrolled (15 per group) had 
cognitive impairment based on performance on neuropsychological tests. The primary outcome was tolerability of the 
study drug as measured by the proportion of subjects able to complete the study on their assigned dosage of experimental 
medication. Overall OPC-14117 was as well tolerated as placebo. Five subjects withdrew because of adverse experiences 
(two placebo, three OPC-14117). The OPC-14117-treated group had better scores on a clinical global impression scale, 
compared with the placebo group. There were trends toward improvement in the cognitive test scores; however, these 
changes were not statistically significant. These results demonstrate that this antioxidant intervention is well tolerated in 
cognitively impaired patients with advanced HIV infection, and suggest that a larger efficacy trial to assess the impact of 
OPC-14117 on cognitive performance is warranted. 
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Cognitive impairment is a common and disabling 
complication of advanced HIV infection. The term 
“HIV-associated cognitive motor complex” (HACMC) 
encompasses the constellation of signs and symp- 
toms that includes not only cognitive impairment but 
also motor dysfunction and behavioral change.’ The 
most severe form of this entity, the HIV-1-associated 
dementia complex (HADC), is a progressive disorder 
with a mean survival of 6 months, and with mortal- 
ity usually attributable to the effects of the neuro- 
logic disease.2 The annual incidence of HADC among 
patients with AIDS is 796, and investigators estimate 
that 20 to 30% of all individuals with AIDS will 
develop cognitive impairment.2 

Antiretroviral agents are currently used for treat- 
ment of HACMC, but the treatment response is fre- 
quently unsatisfactory, short-lived, or associated 
with intolerable side effects. Some antiretroviral 
agents (e.g., didanosine) have relatively poor CNS 
penetrance3 and hence may be less effective for treat- 
ing cognitive impairment. Open-label studies with 
zidovudine in demented individuals showed promis- 
ing improvements in clinical functioning and neuro- 
psychologic performance.-l Larger blinded studies 

suggested that zidovudine improved neuropsycholog- 
ical function in the short term among individuals 
with AIDS, but without overt HADC.5 The only 
placebo-controlled clinical trial of drug treatment for 
HADC showed that zidovudine in doses of 1,000 to 
2,000 mg per day improved cognitive function. The 
beneficial effects were evident within 1 to 2 months 
of the initiation of zidovudine.6 

Our understanding of the mechanisms of neuronal 
injury has e v o l ~ e d , ~ . ~  and clinical trials have evalu- 
ated novel interventions in HIV-related cognitive im- 
pairment. Effective therapy for HADC may depend 
not only on targeting the virus but on blocking 
“downstream” mechanisms of cell injury. Such inter- 
ventions may target the excitatory amino acid 
receptor-mediated or the voltage-sensitive influx of 
calcium ions, cytokines (including tumor necrosis 
factor, interleukin 6), lipid inflammatory mediators 
(including arachidonic acid and platelet activating 
factor), and free radical species.8 

We hypothesized tha t  OPC-14117, a lipophilic 
compound with structural homology to vitamin E, 
which in turn acts to scavenge superoxide anion rad- 
icals, may interfere with the toxic interactions be- 
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tween HIV-infected macrophages and neurons. We 
were particularly interested in the role of oxygen 
radicals since they have been implicated in the 
pathogenesis of neurodegenerative disease, and 
Coyle and Puttfarkeng suggested that glutamate 
neurotoxicity is mediated in part by free radicals. 
Although OPC-14117 has generally been well toler- 
ated by patients with neurologic disorders, it may 
cause elevations in serum liver transaminase lev- 
els.lo We conducted a randomized, double-blind, 
placebo-controlled clinical trial primarily to assess 
the safety and  tolerability of OPC-14117 in patients 
with HIV-related cognitive impairment, and second- 
arily, to assess the impact of OPC-14117 on cognitive 
performance. 

Methods. Organization. This multicenter study was or- 
ganized by the Charles A. Dana Foundation Consortium 
on the Therapy of HIV Dementia and Related Cognitive 
Disorders (University of Rochester, Columbia University, 
Johns Hopkins University) and sponsored by the Charles 
A. Dana Foundation (New York, NY). The study was ap- 
proved by the Institutional Review Board at  each center. 
An independent Safety Monitoring Committee periodically 
reviewed the safety of the study. 

Recruitment and enrollment. Thirty eligible subjects 
were enrolled in the trial. Patients who had HIV infection, 
evidence of cognitive impairment, and who were taking a 
stable antiretroviral regimen for 6 weeks prior to  random- 
ization were eligible. Cognitive impairment was defined as 
performing at  or below one standard deviation from the 
mean on a t  least two neuropsychological tests, or two stan- 
dard deviations below the mean on at  least one test.ll 
Neuropsychological test scores for subjects with 12 years of 
education or less were compared with norms established 
by the ALIW study,I2 and for subjects with more than 12 
years of education norms established by the Multicenter 
AIDS Cohort Study13 were used. Patients were excluded if 
they had a history of opportunistic CNS infection, severe 
premorbid psychiatric illness likely to interfere with proto- 
col compliance, history of chronic neurologic disorder unre- 
lated to HIV infection, serum liver transaminase values 
greater than or equal to  three times the upper limit of 
normal or a history of alcoholism within the past 6 months, 
or any other clinically significant condition or laboratory 
abnormality that, in the investigator’s opinion, would in- 
terfere with the subject’s ability to  participate in the study. 
The active use of illicit drugs was not exclusionary; how- 
ever, individuals were screened for the stability of drug 
use and the likelihood that such use would continue 
throughout the study. Subjects were instructed that dur- 
ing the study they could average only one alcoholic drink 
per day and should not exceed two alcoholic drinks per 
day. 

After informed consent was obtained, subjects were ran- 
domly assigned a t  the baseline evaluation to  receive either 
OPC-14117 or placebo. The computer-generated random- 
ization plan included stratification by center and blocking. 
The OPC-14117-treated subjects received 120 mg daily for 
the initial 6 weeks of the study and 240 mg daily for the 
remaining 6 weeks. Assignment to treatment was per- 
formed through a call-in computer enrollment module that 

maintained the blindness of treatment assignment for all 
subjects and staff involved in the study. 

The subjects took 60-mg tab- 
lets of OPC-14117 or matching tablets of placebo (Otsuka 
America Pharmaceutical Inc., Rockville, MD) orally, twice 
daily, approximately 12 hours apart. Experimental treat- 
ments started on the morning after randomization. For the 
initial 6 weeks of treatment the dosage was 60 mg twice 
daily. The maintenance dosage of 120 mg twice daily was 
started a t  the sixth week of the study. All subjects took 
two tablets twice daily throughout the study. The appro- 
priate combination of 60 mg OPC-14117 and matching pla- 
cebo tablets was used to achieve the appropriate dosage. 
Subjects were re-evaluated a t  2, 4, 8, and 12 weeks after 
randomization. At each visit, subjects were assessed for 
adverse clinical experiences. A battery of safety surveil- 
lance laboratory tests was performed at  each visit and 
included urinalysis, hematology, and serum chemistry pro- 
files. In addition, serum liver transaminase levels (aspar- 
tate aminotransferase, alanine aminotransferase, and al- 
kaline phosphatase) were collected at  l ,  3, 5, 6, 7, and 10 
weeks after randomization. Clinical assessments per- 
formed a t  each visit included vital signs, Karnofsky Perfor- 
mance scale,I4 and pill counting to assess compliance. Neu- 
ropsychological evaluation included the Rey Auditory 
Verbal Learning Test,I5 Digit Symbol Test,16 Grooved Peg- 
board (dominant and nondominant hands),17 and timed 
gait, and was performed a t  baseline and at  4 and 12 weeks. 
A functional assessment, including activities of daily living 
(ADLs) on the Personal Self Maintenance Scalela (range: 
7-14 [least impaired]), instrumental ADLs of Lawton and 
Brodylg (range 9-27 [least impaired]), scales of the Medi- 
cal Outcomes Study,20 and an assessment of mood using 
the Center for Epidemiologic Studies Depression Scale 
(CES-D)21 were performed at  baseline and at  4, 8, and 12 
weeks. A neurologic examination,6 global impression score, 
CD4+ lymphocyte counts, and a serum beta-2 microglobu- 
lin level were performed a t  baseline and a t  12 weeks. The 
global impression score rated the cognitive ability of sub- 
jects as normal (O), mild impairment (11, moderate impair- 
ment (2), or severe impairment (3). 

The investigator was permitted to halve the assigned 
dosage of experimental medication if the subject developed 
persistent or recurrent adverse experiences judged to be of 
moderate (sign or symptom intense enough to interfere 
with usual activity) or severe (sign or symptom interferes 
significantly with ability to do work or usual activity) in- 
tensity. If the adverse experience improved, the full num- 
ber of tablets was resumed. In addition, if the subject de- 
veloped elevated serum liver enzyme levels, an algorithm 
of dosage reduction or suspension was employed. Subjects 
were withdrawn from the study if an adverse experience 
was judged to  be severe and persistent. 

The primary outcome measure of 
the study was whether or not the subject completed the 
study at  the originally assigned dosage of experimental 
medications, regardless of whether dosage halving or sus- 
pension occurred during the study. A secondary measure of 
tolerability was whether or not the subject completed the 
study. Measures of safety included frequencies of adverse 
experiences and abnormal results on laboratory tests and 
changes over time in laboratory tests and vital signs. Mea- 
sures of efficacy included 4- and 12-week changes from 
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baseline in neuropsychological test results, global impres- 
sion scores, and measures of function and mood. 

The sample size of 15 sub- 
jects per group was chosen to provide approximately 909 
power to detect a 45% difference in tolerability (957~ ver- 
sus 50%) between the placebo and OPC-14117 groups US- 

ing a one-sided Fisher’s exact test at  the 5% level of signif- 
icance. If approximately 50% of the subjects assigned to 
the OPC-14117 group could tolerate the assigned dosage, 
then this medication was considered a reasonable candi- 
date for further investigation, due to the inexorable pro- 
gression of HIV dementia and the lack of any currently 
available effective treatment other than zidovudine. 

In accordance with the intention- 
to-treat principle, all 30 subjects were included in all sta- 
tistical analyses. The proportion of subjects unable to tol- 
erate the experimental medications was compared among 
the groups using a one-sided Fisher’s exact test, modified 
using the mid p-value.y2 Similar analyses were performed 
for the secondary tolerability measures and for the inci- 
dences of adverse experiences and abnormal laboratory 
tests. 

Analyses of the efficacy variables used a two-way anal- 
ysis of variance model, with the 12-week change from base- 
line for the variable of interest as the dependent variable, 
treatment group as the factor of interest, and center as the 
stratification factor. F-tests were performed for signifi- 
cance of the treatment effect, and 95% confidence intervals 
for the treatment effect were also computed. Similar anal- 
yses were performed for changes in laboratory test results 
and vital signs. Changes in global impression scores were 
compared between the groups using Fisher’s exact test. 
For subjects who prematurely dropped out of the study, 
the last available observation recorded for the subject was 
carried forward for all subsequent visits for purposes of the 
primary statistical analyses. Separate additional analyses 
were performed that included only subjects who did not 
prematurely drop out of the study; however, the results of 
these analyses did not differ substantially from those of 
the primary analyses and hence are not reported here. 

Sample size considerations. 

Statistical methods. 

Results, Comparability of treatment groups. The treat- 
ment groups were very similar at  baseline with regard to  
demographic and clinical variables (table 1). The average 
duration of HIV infection was approximately 5 years and 
the average CD4+ lymphocyte count was approximately 
230/mm3. The global cognitive deficit ratings of mild and 
moderate correspond with the HADC stages 0.5 and 1.‘j 

There were 
no significant differences between the placebo group and 
the OPC-14117 group regarding the primary or secondary 
measures of tolerability. In the placebo group nine of 15 
subjects (60551, compared with seven of 15 subjects (47.7%) 
in the OPC-14117 group, completed the study on the origi- 
nally assigned dosage. In the placebo group 10 of 15 sub- 
jects (66.74), compared with eight of 15 subjects in the 
OPC-14117 group (53.3%) completed the study on any dos- 
age. Dosage halving occurred in two subjects due to in- 
creases in serum liver enzyme levels, one in the placebo 
group and one in the OPC-14117 group. For the subjects 
dropping out within the placebo group, two discontinued 
participation because of adverse experiences (diarrhea, pa- 
rotid tumor) and three withdrew consent. Within the OPC- 
141 17 group, three subjects experienced adverse experi- 

Tolerability of experimental medications. 
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Table 1 Baseline characteristics 

Placebo OPC-14117 
(n = 15) (n = 15) 

Gender (maleifemale) 

Race (whitehlacWother) 

Age (years) 

Education (years) 

Estimated duration HIV (+) 
(years) 

Weight (kg) 

CD4+ lymphocyte counffmm3 

Karnofsky score 

Global cognitive deficit (mild/ 

Instrumental ADL score 

Self maintenance ADL score 

Role function score 

Physical function score 

Rey AVM (number correct) 

moderate) 

Total 

Recall after interference 

Delayed recall 

Symbol digit (number correct) 

Grooved pegboard (sec) 

Dominant 

Nondominant 

Timed gait (sec) 

CES-D 

1213 

81611 

42.9 i 10.7 

14.1 i 3.2 

4.9 2 3.2 

81.4 2 21.1 

229 2 195 

81.8 i 14.9 

619 

21.8 i 3.4 

17.4 i 1.5 

11.1 i 2.1 

20.3 2 5.9 

45.1 -C 9.8 

8.5 i 2.7 

8.1 i 3.1 

43.1 2 15.4 

92.6 ? 24.1 

110.0 t 32.0 

13.6 i 5.6 

18.1 t 8.7 

1312 

91511 

40.5 t 9.4 

12.9 2 2.8 

5.6 i 3.0 

81.3 t 23.1 

238 2 173 

88.9 f 9.0 

1015 

23.0 2 1.2 

17.9 i 0.3 

11.2 t 2.1 

22.4 i 3.9 

43.1 t 7.6 

7.8 ? 4.1 

7.5 2 3.7 

44.9 i 10.7 

79.4 i 17.5 

85.3 i 17.2 

10.8 t 3.0 

16.5 2 5.3 

Values are mean 5 SD unless otherwise indicated. 
AVM = auditory verbal memory; CES-D = Center of Epidemio- 
logic Studies-Depression Scale. 

ences that prompted withdrawal (rash, diarrhea, renal 
impairment) and four subjects withdrew consent. Those 
subjects who withdrew consent either elected to discon- 
tinue participation or failed to return for follow-up. No 
adverse experiences were known to be the cause for with- 
drawing consent. A total of 60 different adverse experi- 
ences was reported among the study subjects. There was 
no difference in the frequency of adverse experiences 
among the two treatment groups. The most common ad- 
verse experiences were fatigue (five placebo, three OPC- 
141171, diarrhea (two placebo, three OPC-14117), nausea 
(three placebo, one OPC-14117) and cough (three placebo, 
0 OPC-14117). All of the adverse experiences reported to 
be of severe intensity (metabolic encephalopathy, parotid 
tumor, diarrhea, fatigue, pneumonia, nausea) occurred in 
the placebo-treated group. 

There were no significant differences between the treat- 
ment groups regarding changes in laboratory tests. The 
mean compliance rate was 84.1% in the placebo group and 
64.1% in the OPC-14117 group. When excluding subjects 
who dropped out prematurely, the compliance in the OPC- 
14117 group was 78.4% and compliance in the placebo 
group was 83.1%. No illicit drug use was reported during 
the trial, but information was given voluntarily. 



Table 2 Mean changes from baseline to 12 weeks in neuropsychological test change scores 
~ ~~~ 

Placebo (n = 15) OPC-14117 (n = 15) Treatment effect* 95% CI p Value 

Rey Auditory Verbal Memory 

Total number correct -2.0 (9.9) 0.3 (9.6) 

Recall after interference -0.9 (2.0) 0.8 (3.5) 

Delayed recall -0.9 (2.0) 0.6 (3.4) 

Symbol digit (number correct) -0.3 (6.4) 0.1 (4.1) 

Grooved pegboard (see) 

Dominant 0.4 (30.6) -3.3 (13.7) 

Nondominant 6.4 (30.1) -5.0 (20.8) 

Timed gait (sec) -0.8 (2.6) 0.3 (2.1) 

2.1 (-5.2, 9.4) 0.56 

1.6 (-0.6, 3.9) 0.14 

1.4 (-0.7, 3.6) 0.18 

0.2 (-3.9,4.3) 0.92 

-3.7 (-22.1, 14.6) 0.68 

-11.7 (-30.7, 7.3) 0.22 

1.2 (-0.7,3.1) 0.20 

Values are mean (standard deviation); positive values indicate improvement. 

* Treatment effect is the difference in mean change between the OPC-14117 group and the placebo group, adjusted for investigator ef- 
fects in a two-way analysis of variance model. See text for details 

Clinical measures. The 12-week changes from baseline 
in the eficacy measures, with the last available observa- 
tion carried forward for subjects not completing the study, 
are listed in table 2. Although there were no significant 
differences between the groups regarding these mean 
changes, there were trends toward improvement in the 
Rey Auditory Verbal Learning Recall, Delayed Recall Sub- 
scales, and in the timed gait test, favoring the OPC group. 
The 4-week changes were similar (data not shown). There 
was a difference in the changes in global impression of 
cognitive ability scores at 12 weeks with three subjects 
worsened, 11 stable, and one improved in the OPC-14117 
group, compared with nine subjects worsened, five stable, 
and one improved in the placebo group (nominal p = 0.03). 
There were no significant differences between the groups 
on mean changes in function, mood, CD4 lymphocyte 
count, and beta-2-microglobulin levels. 

Discussion. Our study demonstrates that OPC- 
14117 is generally well tolerated in subjects with 
cognitive impairment and advanced HIV infection. 
There were no significant differences between the 
treatment groups with respect to  the predetermined 
tolerability measures. The dropout rate in the pla- 
cebo group was somewhat higher than we antici- 
pated, which adversely affected the power of the 
study to detect group differences in tolerability. Nev- 
ertheless, the observed rates of intolerability were 
very similar in the two groups, as was the profile of 
adverse experiences. The dropout rate in the overall 
study sample probably reflects the severity of the 
underlying systemic disease in these patients. The 
somewhat lower compliance rate in the OPC group 
may have enhanced its apparent tolerability. 

Our results are particularly encouraging since 
prior studies of OPC-14117 found elevations in liver 
transaminase levels.l0 In this study, there were no 
differences between the two treatment groups in the 
frequency of liver function test abnormalities nor in 
the mean changes of liver function tests over time, 
and no severe adverse experiences in the OPC-14117 
treated group. 

Although the study was not primarily designed to 
detect clinical improvement, the global impression 
scores were better in the OPC-14117 treated group 
compared with placebo. Furthermore, analyses of the 
neuropsychologic test scores raise the possibility that 
OPC-14117 may exert a mild beneficial effect on 
tests of memory and timed motor function. However, 
the magnitude of the change observed in the neuro- 
psychological test scores was small and not statisti- 
cally significant and was not associated with im- 
provements in mood or functional capacity. There 
were no significant changes in the depression rating 
scale or in the measures of daily function, although 
the functional measures may not be as sensitive to  
short-term changes as other measures. Longer-term 
improvements in cognitive performance would likely 
lead to functional benefit, as cognitive and functional 
capacity are correlated in HIV dementia.ll 

Our study differs from previous trials that have 
assessed the impact of interventions in patients with 
HADC in that we enrolled patients with less-severe 
cognitive impairment (HADC stages 0.5 and 1.0).6 
Patients in the early stages of HIV-associated cogni- 
tive impairment may be more likely to  tolerate par- 
ticipation in longer-term clinical trials and may ben- 
efit the most from symptomatic improvement as 
these patients might potentially have “reversible” 
neurologic disease, whereas patients with severe de- 
mentia might have irreversible neuronal loss. Our 
study is also different in that there was a high pro- 
portion of women (16%) and ethnic minorities (43%). 
In addition we allowed participation of subjects with 
a history of, or current, illicit drug use. No subjects 
reported illicit drug use during the trial, but unre- 
ported drug use may have influenced cognitive test 
performance. The ethnic and gender heterogeneity of 
the study participants enhances the generalizability 
of our findings. 

We demonstrated that OPC-14117 is safe and well 
tolerated by HIV-infected patients with moderate to 
severe immunosuppression. Further investigations 
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are warranted to assess the influence of OPC-14117 
on the clinical features of HIV-related cognitive im- 
pairment. In addition, future studies may rationally 
assess the effect of the combination of antioxidant 
interventions such as OPC-14117 with antiviral 
agents or other agents that interfere with the cas- 
cade of neurotoxic events. 
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