


phase, patients had the option of entering an open-label follow-on 
study. During the baseline and doubleblind phases, patients re- 
corded a daily pain score in a pain diary. At the end of the base- 
line phase, eligible patients were randomized to receive placebo, 
75, 300, or 600 mglday of pregabalin during the double-blind pe- 
riod. Pregabalin or matching placebo capsules were administered 
orally, three times a day for a period of 5 weeks. Patients random- 
ized to the 600 mglday arm titrated to the full dose over the 6-day 
titration period, while patients randomized to receive pregabalin 
75 mglday and 300 mglday began a t  the full dose without 
titration. 

The randomization code was generated with a block size of 
eight and was maintained by the Clinical Pharmacy Operations 
department, with no access by other individuals or departments. 
Medication was shipped to the sites in blocks in unit-dose trays; 
each dose contained three capsules (active medication or placebo 
in both the 25 mg and 100 mg capsule sizes). Each patient was 
assigned the next sequential random number a t  the site and took 
one small and two larger capsules, with the proper mix of active 
medication and placebo, for each dose to achieve double-blinding. 
The first dose of study medication was taken on August 21, 1998, 
and the last observation was recorded on June 24,1999. The blind 
was maintained until all decisions regarding data evaluability 
were made. 

Eligible patients were men and women 18 years of age or older 
with a diagnosis of type 1 or type 2 diabetes mellitus and distal 
symmetric sensorimotor polyneuropathy for 1 to 5 years. Female 
patients were required to be nonpregnant, nonlactating, post- 
menopausal, or surgically sterilized; women a t  risk of pregnancy 
were required to be using an appropriate method of contraception. 
Each patient's antidiabetic medication was to be stabilized prior 
to initiation of the study and held constant throughout the study, 
provided adequate glucose control was maintained to ensure pa- 
tient safety. Patients must have completed a t  least four daily pain 
diaries during the baseline phase, and had to have an average 
baseline daily pain score of 2 4  (on a 0 to 10 scale). Patients were 
also required to have a score of 240 mm on the visual analog scale 
WAS) of the Short-Form McGill Pain Questionnaire (SF-MPQ)lg 
a t  baseline and randomization visits. 

Patients with hemoglobin A,, levels of > 11% were excluded, 
as  were patients with clinically significant or unstable hepatic, 
respiratory, or hematologic illnesses, unstable cardiovascular dis- 
ease, or symptomatic peripheral vascular disease. Since pregaba- 
lin is renally excreted, patients with a n  estimated creatinine 
clearance of '-60 muminute based on serum creatinine levels 
were excluded.2o Patients with any conditions that might confound 
pain assessment (for example, other severe pain or a skin condi- 
tion in the area affected by neuropathy) were excluded, as were 
patients who had failed to respond to previous treatment with 
gabapentin a t  doses 21,200 mglday for treatment of pain associ- 
ated with diabetic neuropathy. Patients were allowed to take up to 
3 g of acetaminophen daily and to continue stable treatment with 
selective serotonin reuptake inhibitors (SSRIs). All other NeP 
medications were prohibited during the course of the study. 

The primary efficacy measure was pain, as recorded by the 
patient in a daily diary; rating was based on an 11-point numeri- 
cal scale that ranged from 0 (no pain) to 10 (worst possible pain). 
Each day on awakening, patients circled the number on the scale 
that best described their average pain over the previous 24 hours. 
Mean pain scores were computed a t  endpoint (the last seven 
scores while on study drug) and for each week in the study. Sec- 
ondary efficacy measures were the daily sleep interference diary, 
SF-MPQ (including the pain descriptors total score, the VAS, and 
present pain intensity [PPI]) completed by the patient a t  each 
clinic visit, and the Clinical Global Impression of Change (CGIC) 
and Patient Global Impression of Change (PGIC) administered a t  
the completion visit. Additionally, the SF-36 Health Survey (SF- 
3 6 P  to assess quality of life and the Profile of Mood States 
(P0MS)22 questionnaire to determine mood stability were admin- 
istered a t  study randomization and completion. For the SF-36, 
scores for eight HRQoL domains-physical functioning, role limi- 
tations due to physical problems, social functioning, bodily pain, 
mental health, role limitations due to emotional problems, vital- 
ity, and general health perception-were calculated, with higher 
scores indicating a better HRQoL. The POMS measured and pro- 
vided scores for total mood disturbance as  well as six mood 
scales-tension-anxiety, depression-dejection, anger-hostility, 

vigor-activity, fatigue-inertia, and confusion-bewilderment 
based on patient assessments of 65 mood descriptors. 

The safety of pregabalin was assessed by examining the occur- 
rence, nature, severity, and relationship of adverse events (AEs) 
to study drug. Adverse events were converted from the 
investigator-reported terms to preferred termsz3 for purposes of 
data analysis. Other safety measures included clinical laboratory 
data, physical examinations, peripheral sensory examinations, 
electrocardiograms (ECGs) with a 2-minute rhythm strip, and 
vision function testing (Snellen visual acuity testing, dilated fun- 
duscopic examination, and Humphrey perimetry [120-point Visual 
Screening using the quantified defects routine]). 

Sample size. The anticipated treatment effect was estimated 
based on the results from two studies of gabapentin vs placebo in 
postherpetic neuralgia and painful diabetic neuropathy, for which 
the differences in endpoint weekly mean pain scores were 1.8 and 
1.3.13J4 It was estimated that 80 patients per group would provide 
90% power to detect a difference of a t  least 1.3 a t  the 2.5% two- 
sided significance level. 

Statistical analysis. All statistical testing was two-sided and 
performed using SAS  procedure^.^^ All analyses were performed 
on available data from the intent-to-treat (ITT) population, de- 
fined as  all randomized patients who received a t  least one dose of 
study medication. For each analysis, the primary comparisons 
were between 300 mglday pregabalin vs placebo and 600 mglday 
pregabalin vs placebo. The 75-mglday pregabalin vs placebo com- 
parison was considered a secondary comparison. Mean pain 
scores, SF-MPQ scores, mean sleep interference scores, SF-36 do- 
mains, and POMS scales were analyzed using an analysis of co- 
variance (ANCOVA) main effects model, with treatment and 
center in the model and the respective baseline as a covariate. In 
each case, adjusted least squares means were obtained from the 
model and 95% CIS on the difference in  least squares means 
between each dose of pregabalin and placebo were constructed. 
Because there were two principal comparisons (300 mglday pre- 
gabalin vs placebo and 600 mglday pregabalin vs placebo), p val- 
ues were adjusted using the Hochbergz5 procedure in  order to 
protect the type I error rate a t  the 0.05 level. 

Estimates of global impressions of change (PGIC, CGIC) were 
analyzed using the Cochran-Mantel-Haenszel (CMH) test with 
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I Randomized Did not take study 
(n=338) medication* (n=l) I 
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300 mglday 

(n=81) (n=76, 93.8%) (n=70, 86.4%) 

600 mglday 
(n=70, 85.4%) (n=70, 85.4%) 

Figure 1. Summary of participant flow during the study. 
*One patient randomized to the 300 mglday group with- 
drew before taking study medication because of concern 
over baseline abnormal ECG. ITT = intention to treat. 
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Table 1 Summary of patient characteristics: intent-to-treat population 

Pregabalin Pregabalin Pregabalin All 
Placebo, 75 mgld, 300 mgld, 600 mgld, patients, 

Characteristic n = 97 n = 77 n = 8 1  n = 82 n = 337 

Sex, n (%) 

Men 

Women 

Race, n (%) 

White 

Black 

Other 

Age, Y 

Mean (SD) 

Median 

Min, max 

Estimated creatinine clearance a t  
baseline (mL/min) 

Mean (SD) 

Median 

Min, max 

Diabetes type, n (%) 

Type 1 

Type 2 

Baseline pain score 

Mean (SD) 

Median 

Min, max 

Antidiabetic medication, n (%) 

Insulin 

Oral 

modified ridit scores, adjusting for center. As specified by the 
protocol, patients who experienced a 50% or greater decrease in 
pain from baseline to endpoint were considered responders. The 
proportion of responders was analyzed using the CMH test with 
table scores, adjusting for center. 

Results. A total of 578 patients were screened and 338 
were randomized to treatment. Of the 240 patients not 
randomized, 238 did not meet the eligibility criteria or 
withdrew because of administrative reasons and 2 had 
severe adverse events prior to taking medication. One pa- 
tient who was randomized withdrew before taking study 
medication and was not included in the ITT population 
(figure 1). The characteristics of the 337 ITT patients are 
summarized in table 1. The treatment groups were well 
balanced with respect to demographic and disease charac- 
teristics. Most patients (306 patients, 91%) were diagnosed 
with type 2 diabetes, and most (319 patients, 95%) were 
receiving medications for their diabetes, either insulin 
(various forms) or oral antidiabetic agents such as met- 
formin hydrochloride, glibenclamide, glipizide, and troglita- 
zone. Pain scores at  baseline were similar across treatment 
groups. A total of 69 patients received concurrent NeP medi- 
cations; 46 (14%) used acetaminophen, the only pain medica- 
tion allowed during the study. Twenty-five patients took 

protocol-prohibited analgesics during the study or with inad- 
equate washout periods prior to study start. 

More than 85% of patients in each treatment group com- 
pleted the study (see figure 1). During the 5-week double- 
blind treatment phase, 35 patients withdrew prior to 
completing the study; 18 of these were due to AEs. More 
patients receiving pregabalin 600 mglday withdrew due to 
AEs (12.2% 1101821) as compared with the other treatment 
groups (75 mglday, 2.6% [2/77]; 300 mglday, 3.7% [3/81]; pla- 
cebo, 3.1% 13/97]). A very high percentage of completers chose 
to enter the open-label phase of the trial (93% of the 75 mg 
group [621671, 92% of the 300 mg group 1701761, 97% of the 
600 mg group [68170], and 97% of the placebo group 1861891). 
An additional 5 patients in the 75-mglday group, 2 in the 
600-mglday group, and 2 in the placebo group entered open 
label without completing the study. 

The primary efficacy measure, endpoint mean pain 
score, was significantly improved by pregabalin 300 and 
600 mglday when compared to placebo (table 2). The effi- 
cacy of pregabalin 75 mglday, as anticipated, was not dif- 
ferent from placebo. 

Both pregabalin 300 and 600 mglday significantly re- 
duced pain compared to placebo as early as week 1 follow- 
ing treatment initiation, the first time point for which a 
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Table 2 EndpointY mean pain scores: results of analysis of covariance 

Treatment comparison 

Least squares Difference from Adjusted? 
Treatment N mean SE placebo 95% CI p value 

Placebo 97 5.06 0.21 

Pregabalin 77 4.91 0.24 -0.15 (-0.76,0.46) 0.6267 
75 mglday 

Pregabalin 81 3.80 0.23 -1.26 (-1.86, -0.65) 0.0001 
300 mglday 

Pregabalin 81 3.60 0.23 - 1.45 (-2.06, -0.85) 0.0001 
600 mglday 

* Endpoint = Last seven available scores while on study medication. 
t Adjustment based on Hochberg's procedure applies to pregabalin 300 mglday and 600 mglday only, per protocol. 

weekly mean could be computed (figure 2). These effects 
were significant at  each week of the study and persisted 
through endpoint. There was a significantly higher propor- 
tion of responders (patients with 250% reduction in pain) 
in the 300-mglday pregabalin group (37181, 46%) and 600- 
mg/day pregabalin group (39181 patients, 48%) compared 
with placebo (17197, 18%). Further, a greater proportion of 
patients in the 600-mglday group achieved higher levels of 
response, such as =60%, 270%, and 280% reduction in 
pain. For example, the proportion of patients achieving a 
270% reduction in pain was significantly higher in the 
600-mg/day group (22181,27%) than the 300 mglday group 
(13181, 16%) or the placebo group (6197, 6%) (figure 3). 
Using the clinically important improvement rate of 30%,26 
response rates were similar in the 300-mglday (50181, 62%) 
and 600-mg/day (53181, 65%) groups and lower with pla- 
cebo (32197, 33%). 

Similarly, the mean sleep interference score was im- 
proved by both pregabalin 300 and 600 mg/day compared 
with placebo by week 1 (figure 4). The sleep interference 
scores for the 300- and 600-mglday pregabalin groups were 
lower than the sleep interference scores of the placebo 
group at each week during the double-blind phase and 
differed by 1.3 and 1.6 (p = 0.0001) for the two doses at  
endpoint. 

Other secondary efficacy measures demonstrated a sim- 
ilar pattern of findings. For the SF-MPQ, treatment with 
pregabalin 300 and 600 mglday significantly reduced total 
score (comprised of sensory and affective scores, both of 
which improved with pregabalin 300 and 600 mg), PPI, 
and VAS compared with placebo (table 3). The PGIC and 
CGIC scores were likewise better for both of these pre- 
gabalin doses compared with the placebo group (p = 0.001 
for each comparison) (figure 5). For the top two categories, 
"much improved" and "very much improved," on PGIC, 
pregabalin rates were 55.7% (44/79) for 300 mg/day and 
69.2% (54/78) for 600 mgfday, while the placebo rate was 
24.2% (23195). For these categories on CGIC, pregabalin 
rates were 58.2% (46179) for 300 mglday and 64.1% (50178) 
for 600 mglday, while the placebo rate was 26.3% (25195). 

Pregabalin treatment also led to improvements in spe- 
cific patient-reported outcomes of health status as mea- 
sured by the social function, bodily pain, and vitality 
domains of the SF-36. Both the 300 and 600 mglday pre- 
gabalin groups were better than placebo in the social func- 
tioning domain (p < 0.05 and p < 0.01) and in the bodily 
pain domain (p < 0.005 and p < 0.0005). Additionally, the 
75 and 300 mglday pregabalin groups were better than 
placebo in the vitality domain (p < 0.05 and p < 0.01). 
Further, the 300 mglday pregabalin group had better re- 

t Placebo +PGB 75 mg 
t PGB 300 mg 6 P G B  600 rng 

4- 
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Figure 2. Least-squares mean pain scores by week, ob- 
served cases. PGB = pregabalin. 
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Figure 3. Cumulative percent reduction in pain from 
baseline to endpoint by treatment group. PGB = 
pregabalin. 
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Figure 4. Least-squares mean sleep interference scores by 
week, observed cases. PGB = pregabalin. 

sults than the placebo group on the tension-anxiety mood 
scale of the POMS (p  < 0.05). 

Pregabalin was generally well tolerated. No age- or sex- 
related differences were noted in the frequency of AEk. 
Among patients receiving the 300 and 600 mglday doses, 
the most frequently occurring AEs were CNS-related and 
usually mild or moderate in intensity (table 4). Dizziness, 
somnolence, and peripheral edema were the most common 
AEs reported. To determine, post hoc, whether CNS AEs 
may have unblinded patients to their treatment assign- 

1 ment, the primary efficacy analysis was repeated after ex- 
H 

clusion of patients reporting dizziness or somnolence. The 
primary results remained significant following this analy- 
sis, with the difference from placebo on endpoint mean 
pain scores being -0.89 for pregabalin 300 mglday (p  < 
0.05) and -1.38 for 600 mglday (p  < 0.005). Thus, it does 
not appear that the presence of dizziness or somnolence 
had an impact on the primary result. A total of eight pa- 
tients experienced serious AEs during the study-one in 
the 75-mglday pregabalin group, four in the 600-mglday 
pregabalin group, and three in the placebo group. Of these 
serious AEs, only one led to discontinuation from the study 
(a patient receiving placebo who withdrew due to an aller- 
gic reaction). No deaths were reported during the study. 

The number of patients who experienced deterioration 
based on the neurologic examinations of gait, muscle 
strength, or reflexes was similar across treatment groups. 
A total of seven patients, three in the placebo group, three 
in the 75 mglday group, and one in the 300 mglday group, 
experienced weight gain 27% between baseline and study 
completion. However, none of these was reported as an 
adverse event. No other clinically significant changes were 
noted in physical examinations, including vital signs and 
orthostatic hypotension. No unusual clinical laboratory 
values were noted during the study. 

Discussion. In this double-blind, placebo- 
controlled trial, pregabalin at 300 and 600 mglday 
was safe and effective for the treatment of NeP asso- 
ciated with DPN. The effect was measurable and 
significant by the end of the first week and sustained 
throughout the 5 weeks of the study. 

The improvement demonstrated on the primary 
efficacy measure (i.e., reduction in endpoint mean 

5 Table 3 Short-Form McGill Pain Questionnaire (SF-MPQ): total score, VAS, and PPZ a t  endpointY': results of analysis of covariance 

Treatment comparisons 

Least squares Difference from Adjusted? 
Treatment (mglday) N mean SE placebo 95% CI p value 

SF-MPQ total score 

Placebo 97 15.06 0.84 

Pregabalin 75 77 15.06 0.94 0.01 (-2.43,2.44) 0.9966 

Pregabalin 300 81 10.17 0.92 -4.89 (-7.29, -2.48) 0.0001 

Pregabalin 600 81 9.88 0.91 -5.18 (-7.58, -2.79) 0.0001 

VAS score 

Placebo 97 53.49 2.46 

Pregabalin 75 77 49.70 2.74 -3.79 (- 10.90,3.32 j 0.2947 

Pregabalin 300 81 37.40 2.69 - 16.09 (-23.11, -9.08) 0.0001 

Pregabalin 600 81 34.48 2.65 - 19.01 (-26.00, -12.01) 0.0001 

PPI score 

Placebo 97 1.79 0.10 

Pregabalin 75 77 1.67 0.11 -0.12 (-0.41, 0.18) 0.4286 

Pregabalin 300 81 1.20 0.11 -0.59 (-0.88, -0.30) 0.0001 

Pregabalin 600 8 1 1.18 0.11 -0.61 (-0.90, -0.32) 0.0001 

* Endpoint = Last observation after randomization while on study medication. 
t Adjustment based on Hochberg's procedure applies to pregabalin 300 and 600 mglday only, per protocol. 

VAS = Visual Analogue Scale; PPI = present pain intensity. 
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