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Abstract
Background—Hot flashes are a complication of androgen deprivation therapy given to men
with prostate cancer. A previous clinical study indicated that use of low dose gabapentin (900mg/
day) was well-tolerated and decreased hot flash frequency to a moderate degree for 4 weeks. The
purpose of this current study was to examine the efficacy and toxicity of gabapentin over a longer
term.

Methods—In this open-label continuation phase study, men in a previous phase III trial of
gabapentin for hot flashes, were studied. These patients were allowed to start, or continue,
gabapentin and to titrate the dose to maximum efficacy, up to 900mg/day. They were to complete
a hot flash diary daily and keep weekly logs of toxicity, satisfaction with hot flash control, and
effect on QoL, for eight additional weeks.
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Results—The moderate reduction in hot flash frequency and severity appeared to be maintained
during the continuation phase. Those originally on the placebo or lowest dose of 300mg/day had
improved hot flash control. Minimal toxicities reported.

Conclusions—Low dose gabapentin appears to provide moderate efficacy for long term
treatment of hot flashes in men undergoing androgen deprivation therapy for prostate cancer and
seems to be well tolerated.
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Background
Hot flashes are a problematic issue for many men diagnosed with prostate cancer, affecting
up to 75% of those on medical or surgical androgen deprivation therapy1,2. Along with the
physical symptoms of hot flashes, men describe accompanying feelings of anxiety,
irritability, and being out of control, significantly affecting their perception of quality of
life3.

At present, there are few therapeutic options for treating men who suffer from hot flashes.
Clonidine, which demonstrated some effectiveness in treating hot flashes in women, failed
to show significant benefit in men when subjected to a randomized, placebo-controlled,
double blind trial4. Estrogen and progesterone analog treatments have shown significant
reductions of hot flashes in placebo-controlled trials in men, with approximately a 75%
reduction, as compared to a 25% reduction with a placebo5,6. However, these hormonal
therapies have undesirable side effects, including breast enlargement and tenderness with
estrogen agents and increasing prostate-specific antigen (PSA) levels in some men taking
progesterone analogs7.

Pilot data suggest smaller benefits for hot flash reductions from low dose selective serotonin
reuptake inhibitors/selective serotonin-norepinephrine reuptake inhibitors, but these data
have yet to be confirmed in larger Phase III trials8,9.

A recent phase III clinical study demonstrated that gabapentin (Neurontin), a non-hormonal
antiepileptic often used to treat neuropathic pain, reduced hot flash frequency and severity to
a moderate degree, as compared to a placebo, in men undergoing androgen ablation therapy
over a four-week period, with mild side effects10. The study also demonstrated significantly
improved quality of life measures and relief from self-reported hot flash distress in the
patients who received a target dose of 900mg/day gabapentin. This current manuscript
reports results for the efficacy and toxicity of gabapentin in an open-label, continuation
study that extended eight weeks beyond the initial four-week randomized treatment period
in this patient population.

Methods
Patient eligibility characteristics

This study population consisted of a subset of patients who completed an original
randomized, double blind phase III trial comparing gabapentin with placebo for the
treatment of hot flashes in men10. Eligible men for the original study had a history of
prostate cancer and troublesome hot flashes, and were on stable androgen deprivation
therapy with a good performance status. They had no significant history of renal
insufficiency, had not previously used gabapentin, and were not concurrently using or
planning to use any of the following agents while participating in this study: chemotherapy,
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androgens, estrogens, or progesterone analogs. Antidepressant use was allowed if the
patients had been on a stable course for at least one month and did not plan to modify
treatment during the study. Informed written consent was obtained and local Internal Review
Boards monitored the study.

The previous randomized gabapentin trial lasted five weeks. After one week, used for
baseline documentation of hot flash frequency and severity, patients received one of four
oral treatment regimens: 300mg gabapentin daily for 28 days, versus 300 mg gabapentin
daily for 7 days and then twice daily for 21 days, versus 300mg gabapentin daily for 7 days
then twice daily for 7 days and then thrice daily for 14 days, versus placebo × 28 days.
Gabapentin was provided by Pfizer Corporation, New York. Patients recorded hot flash
frequency and severity daily (in hot flash diaries), answered symptom/side effect/quality of
life questionnaires weekly, and completed the Profile of Mood States-Brief (POMS-B)11

after the baseline week and again after the four weeks of treatment. Descriptions of hot flash
severity rankings were given at protocol initiation12.

After all documentation from the initial phase III study was submitted for each individual
patient, the study code was broken and each patient was given the option to continue
gabapentin therapy, or start active drug therapy if he was on the placebo, as part of this
eight-week open-label continuation phase study. Patients who had been randomized to
receive gabapentin were advised to continue with their current dosing regimen if hot flashes
were well controlled with minimal toxicities. However, patients were allowed to titrate their
dose to the next lower dose if desired or, alternatively, to the next higher dose if hot-flash
control was less than ideal and toxicities were not very appreciable. These modifications
were to be made per clinical discretion and at one step (300 mg/day) intervals per week, not
exceeding a total dose of 900mg/day.

Patients were to be called every other week by study nurses to confirm their current dosing,
answer questions, and encourage compliance. As in the initial study, patients were given a
questionnaire booklet with instructions, a set of daily hot flash diaries, weekly symptom
experience diaries, and a POMS-B, the latter for completion at the end of the eight-week
period. The symptom experience questionnaires addressed the following possible side
effects of gabapentin: increased appetite, nausea, dry mouth, dizziness, fatigue, trouble
walking or balance problems, muscle pain, difficulty with concentration, constipation,
sleepiness/sleep problems, blurred vision, anxiety, and mood changes. Also included on the
weekly questionnaires were queries about quality of life and satisfaction with hot flash
control. These questions were scaled from 0–10, with 10 being most severe.

Data analysis
Efficacy measures calculated from the hot flash diaries included hot flash frequency, as well
as a hot flash score. Hot flash frequency was simply the number of hot flashes reported in
each 24-hour period. The total hot flash score was a combination of the frequency and
severity of the hot flashes. A number was assigned for each level of hot flash severity: 1 for
mild, 2 for moderate, 3 for severe, and 4 for very severe. The hot flash score was determined
by multiplying the patient’s mean hot flash severity for the day times the hot flash
frequency. The Symptom Experience Diary was used to assess the side effects, using a
numeric analogue scale to rate each item where 0 indicated ‘no incidence’ and 10 indicated
‘as bad as it can be.’ The results of all patient-reported outcomes were transformed onto a 0–
100 scale with 100 indicating the most positive outcomes and 0 the most negative. Summary
statistics were compiled for baseline characteristics of this population and Kruskal-Wallis
methodology was employed to compare study endpoints between the study arms assigned
during the double-blind portion. Change from baseline in patient reported side effects were
calculated and ANOVA and Bonferoni techniques employed to identify any significant
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differences. Frequency counts and chi-square tests were conducted to determine
relationships in study endpoints over time.

Results
Participant Profile

In the double-blind portion of the study, a total of 223 patients were randomized. Eight
patients canceled and one patient was ineligible during this phase, resulting in 214 evaluable
patients. The results of the double-blind portion of the study have been published10. In
summary, the randomized portion of this trial demonstrated that low dose gabapentin
decreased the hot flash score to a moderate degree, without significant toxicities, in men
receiving androgen ablation therapy for prostate cancer. Mean hot flash scores decreased by
4.1 units in the placebo group and by 3.2, 4.6, and 7.0 units in the gabapentin 300mg,
600mg, and 900mg per day treatment groups, respectively. The drug was well tolerated and
patients reported increased quality of life and satisfaction with hot flash control.

Of the 214 evaluable patients, 147 (67%) registered to remain on the protocol-continuation
phase following the first 4 weeks of gabapentin/placebo therapy. Data were provided by 117
(80%) of these patients – 34, 32, 21, and 30 from the placebo, 300 mg/d, 600 mg/d, and 900
mg/d arms, respectively. The demographic characteristics of the men who participated in the
continuation phase were representative of the patients in the double blind portion of the
study (Table 1), although there were better performance scores (p =0.02) in the men opting
to continue treatment on this open label portion of the protocol.

Dose Levels
The mean weekly gabapentin dose levels during the eight continuation study weeks are
depicted in Figure 1 for the four initial study arms. Throughout the eight-week continuation
phase, regardless of their starting dose regimens, patients from each of the original treatment
or placebo arms gravitated towards a mean gabapentin dose of about 600 mg/d, a trend
displayed in Figure 1.

Changes in Hot Flashes
Hot flash changes in score and frequency from baseline in the four study arms during the
initial 4-week double blinded treatment period and the subsequent 8 week open-label
continuation period are illustrated in Figures 2 and 3. These Figures demonstrate that hot
flashes decreased in the initial placebo and 300 mg/d gabapentin arms when they began
treatment or titrated to higher doses. By the end of the continuation phase, patients in all
original placebo and treatment groups had achieved similar levels of hot flash frequency and
score reductions. Comparing the data in the 12th treatment week (at the conclusion of the
initial 4 weeks of the randomized trial plus the 8 week continuation trial period) to the
baseline week, mean hot flash scores decreased by 44%, 46%, 48%, and 49% in the original
placebo and the 300 mg/d, 600 mg/d, and 900 mg/d gabapentin groups, respectively.
Correspondingly, hot flash frequencies decreased by 49%, 57%, 51%, and 51% from the
baseline week in the placebo, 300 mg, 600 mg, and 900 mg/day arms, respectively.

Using the 4th week (the last week of the initial randomized study period) as a new baseline
for the continuation period, median hot flash scores decreased by 57%, 39%, 19%, and only
4% in the original placebo and gabapentin 300mg/d, 600mg/d, and 900mg/d arms
respectively.
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Toxicity
From the randomized, placebo-controlled portion of the study, the only statistically
significant differences between the combined gabapentin arms and the placebo arm were
appetite loss and constipation, with the significant differences favoring the gabapentin arms
(i.e., patients on the placebo arm reported more trouble with both appetite loss and
constipation). Among patients who were evaluable for the continuation phase analysis, there
were no suggestions of increased toxicity from the baseline week as assessed by the
Symptom Experience Diaries (including items listed in the Methods Section).

Discussion
Management of hot flashes

Prior to the longitudinal data presented here, there was no readily available information
describing the long-term efficacy and potential toxicities of low dose gabapentin for treating
hot flashes in men. The results from this continuation phase evaluation support that
gabapentin moderately decreases hot flash scores and frequencies without significant
toxicities, consistent with the results seen in the placebo-controlled portion of this trial10.

The data suggest that a dose of 600–900 mg/d of gabapentin is better for treating hot flashes
than is 300 mg/d. This is demonstrated in Figure 2, which shows that the 300 mg/d arm had
further reductions of hot flash scores when patients were allowed to titrate their gabapentin
dose upward, to a maximum of 900 mg/d. This is also supported by Figure 1, which shows
that patients tended to end up at higher doses than 300 mg/d when allowed to modify their
gabapentin regimen, changing daily dosing to achieve maximal efficacy.

It is interesting that a majority of the patients on the open label continuation phase migrated
toward a dose of 300 mg twice daily. This may speak to the possibility that thrice daily
dosing is inconvenient for patients and less likely to be adhered to.

Additionally, the results corroborate that gabapentin effectively decreases hot flashes for
eight weeks beyond the initial four weeks, which were tested in the randomized portion of
this protocol. This is illustrated in Figures 2 and 3, which show sustained reductions in hot
flash scores and frequencies, respectively, during the continuation phase. These figures also
show a relative plateau in hot flash reduction achieved for each study arm.

This sustained effect of gabapentin therapy is consistent with what has been observed in
women, where randomized, placebo-controlled trials demonstrated that gabapentin, at a dose
of 900mg/d, performs better than placebo out to 12 weeks duration, with a 54% reduction in
hot flash score, compared to a 29% reduction with placebo13.

With regard to toxicities, the continuation phase portion of the study did not suggest any
toxicity on average, which was consistent with the relative lack of significant side effects
reported in the randomized portion of this particular trial. While this is somewhat surprising,
as gabapentin is known to cause a variety of side effects, one explanation for this lack of
toxicity may be that the beneficial effects of the therapy on hot flashes decreased some
patient-experienced symptoms. This may have countered-balanced the toxicities that
patients would have otherwise attributed to gabapentin.

The words “support,” “suggest,” and “corroborate” are purposely utilized in the preceding
paragraphs, as opposed to more definitive words such as “demonstrating,” “prove,” and/or
“confirm.” This is because this was an open-label, observational study, as opposed to the
first part of this study, which was a double blinded, placebo-controlled clinical trial.
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Based on results from the randomized trial and the supporting evidence gained through the
open-label continuation phase of this study, gabapentin appears to be a relatively well
tolerated non-hormonal option for the management of hot flashes in men undergoing
androgen ablation therapy for the treatment of prostate cancer.
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Figure 1.
Mean gabapentin doses over time, segregated by the initial 4 study arms.
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Figure 2.
Mean hot flash scores over time, segregated by the initial 4 study arms.
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Figure 3.
Mean hot flash frequencies over time, segregated by the initial 4 study arms.
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Table 1

Demographic Baseline Characteristic of Evaluable Patients

Continued on
Study

(N=117)

Did Not
Continue
(N=97)

P
Value

Treatment Arm 0.065

    300 mg/d 32 (27%) 22 (23%)

    600 mg/d 21 (18%) 32 (33%)

    900 mg/d 30 (26%) 24 (25%)

    Placebo 34 (29%) 19 (20%)

No. of Hot Flashes per Day 0.477

    2–3 13 (11%) 13 (13%)

    4–9 51 (44%) 48 (50%)

    >=10 53 (45%) 36 (37%)

Hot Flashes Duration (Month) 0.160

    <9 75 (64%) 53 (55%)

    >=9 42 (36%) 44 (45%)

Performance Score 0.017

    0 100 (86%) 70 (72%)

    1 17 (15%) 27 (28%)

Race 0.328

    White 110 (94%) 87 (90%)

    Black or African American 6 (5%) 9 (9%)

    Asian 0 (0%) 1 (1%)

    Not reported: patient refused or not available 1 (1%) 0 (0%)

Age 0.0694

    N 117 97

    Mean (SD) 69.4 (7.64) 69.6 (8.50)
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