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Abstract

Objective:

A recent pharmacokinetic study with buprenorphine transdermal patches showed similar systemic

exposures of buprenorphine in subjects aged �75 and 50–60 years. The current prospective, open-

label study aimed to verify this in a clinical setting by evaluating efficacy and safety of buprenorphine

patches in patients with chronic osteoarthritis (OA) pain.

Methods:

Patients with chronic, moderate to severe osteoarthritic pain (hip and/or knee) were enrolled: 50–60 years

(younger group, N¼ 65) and �75 years (elderly group, N¼ 57). After 2 weeks on paracetamol only,

patients received buprenorphine patches (5–40 mg/h) for 12 weeks. Paracetamol rescue was provided.

Primary endpoint was the Box-Scale-11 (BS-11) score for pain on average over the last week. WOMAC OA

Index, EQ-5D, Patients’ and Investigators’ Global Assessment of Pain Relief, rescue medication use, sleep

disturbance and quality of sleep were secondary efficacy endpoints.

Results:

Both groups showed a statistically significant (p50.0001) and clinically relevant change from baseline to

last visit in BS-11 score, with no significant difference between groups. The least squares (LS) mean change

from baseline was 2.20 in elderly and 1.87 in younger patients, with an age group difference of 0.33 (95%

CI: �0.42, 1.07). Non-inferiority of the elderly versus the younger group was shown. Both age groups

showed a significant improvement in WOMAC total score, patients’ overall health state (EQ-5D visual

analogue scale) and sleep quality, and a significant reduction in rescue use and nights woken due to

pain, with no significant differences between groups. Elderly patients tolerated buprenorphine patches at

least as well as younger patients.

Conclusions:

Efficacy and tolerability of buprenorphine patches was demonstrated in chronic pain patients, regardless of

age, supporting the conclusion that no age-related dose adjustment of transdermal buprenorphine is

needed. A study limitation is lack of active control but no other opioid was appropriate in elderly patients

or this indication.

Introduction

Buprenorphine is a low molecular weight, highly lipophilic, semi-synthetic
opioid analgesic1–3. Buprenorphine is available in parenteral, sublingual and
transdermal formulations. It has been used in the clinical setting for
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approximately 30 years and has been shown to be effective
for the relief of severe pain in a variety of therapeutic
settings. There are two buprenorphine patches available,
a 4 day patch and a 7 day patch. The 4 day (96 hour) patch
is not available in Sweden where this study was carried out
but, where it is available, it is indicated for moderate to
severe cancer pain and severe pain which does not respond
to non-opioid analgesics. The 7 day patch, however, is
indicated for non-malignant pain of moderate intensity
when an opioid is necessary for obtaining adequate anal-
gesia. Buprenorphine transdermal patches used in the
study described here contain buprenorphine embedded
in an acylated benzyl acetate polymer matrix that allows
for the delivery of a consistent and steady dose of bupre-
norphine with limited fluctuation over a 7 day period4.
Clinical studies have shown buprenorphine transdermal
patches to be effective in the treatment of moderate to
severe osteoarthritis (OA) pain5–8.

Osteoarthritis is a degenerative disease with breakdown
of the cartilage in the joints that leads to pain and loss of
function. Most commonly affected joints are hips, knees,
spine and fingers. It is a common disease in the elderly;
World Health Organization figures estimate that, world-
wide, 9.6% of men and 18.0% of women aged �60 years
will have symptomatic OA9, with radiographic studies of
US and European populations showing even higher
rates10. It is reported that 81% of people with OA suffer
from constant pain or are limited in their scope to perform
everyday tasks11.

Swedish guidelines12, in common with other countries
such as the UK13, have recommended paracetamol and/or
non-steroidal anti-inflammatory drugs (NSAIDs) for the
initial treatment of OA pain. However, published reports
suggest that NSAID treatment among the elderly should
be avoided due to the risk of gastric ulcers/bleeding, kidney
dysfunction, increased blood pressure and heart failure in
this population14–16.

If the initial treatment regimen does not provide opti-
mal treatment of pain, the guidelines suggest second-line
treatment with a high-potency opioid analgesic in a low
dose12,17–20. Buprenorphine transdermal patches, which
are available in low doses, fit the guideline recommenda-
tions in this respect. Buprenorphine patches are con-
sidered to be a suitable pain relief among elderly patients
compared with other low/high potency opioids due to the
pharmacokinetic profile and pharmaceutical form of
administration, since no dose adjustment is needed for eld-
erly patients21,22 or patients with impaired renal func-
tion23–25, and because buprenorphine has been shown to
have a favorable safety profile compared with other opioid
analgesics26. Buprenorphine pharmacokinetics are also
stable in patients with mild to moderate hepatic impair-
ment27. To date, however, few studies have investigated
the efficacy and safety of buprenorphine transdermal
patches in this patient population.

A recently conducted pharmacokinetic study with
buprenorphine transdermal patches compared two age
groups: 50–60 years versus �75 years28. The results
revealed a similar systemic exposure of buprenorphine in
both age groups with a reasonably high level of variability
seen in the individual plasma profiles. This outcome con-
firmed that there is no need to adjust the dose due to the
individual’s age from a pharmacokinetic point of view.
The aim of the present study was to verify the results of
the previous pharmacokinetic study in a clinical setting by
evaluating the efficacy and safety of buprenorphine trans-
dermal patches in patients with chronic, moderate to
severe OA pain in the same two age groups (50–60 years
and �75 years). Non-inferiority of buprenorphine
transdermal patches in elderly patients aged �75 years
compared with younger patients aged 50–60 years with
regard to the primary endpoint, BS-11 pain scores, was
to be inferred if the lower 95% confidence interval (CI)
for the age group difference was less than �1.5.

Patients and methods

Study design

This was a prospective, multi-center, open-label, multiple-
dose, age-group controlled study conducted at six study
sites in Sweden (EudraCT number: 2010-020748-37).
The protocol for this study was approved by the local
Independent Ethics Committee in Gothenburg (registra-
tion number 548-10). The study was conducted in accord-
ance with the International Conference on
Harmonization Good Clinical Practice guideline29, the
Declaration of Helsinki30, and applicable regulatory
requirements. Written informed consent was obtained
from all participating patients.

The study comprised a screening visit to assess patient
eligibility, followed by a 2 week screening period dur-
ing which patients received paracetamol (�2 g/day but
�4 g/day), followed by a 12 week treatment period
during which patients received buprenorphine transder-
mal patch 5–40mg/h, and a 1 week follow-up period
following the end of study treatment.

Participants

A total of 122 patients with chronic OA pain of the hip
and/or knee were enrolled between February 2011 and
August 2012. In accordance with the aim of the study, to
investigate the safety and efficacy of buprenorphine
patches in elderly patients compared with younger
patients, male and female patients were enrolled in two
age-groups: 50–60 years and �75 years.

To be eligible for inclusion in the study, patients had to
have a clinical diagnosis of OA in a knee and/or hip
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fulfilling American College of Rheumatology (ACR)
criteria with radiographic evidence not older than 1
year, and should have been willing to stop their previous
OA pain treatment and replace it with paracetamol (max-
imum tolerated daily dose �2 g but � 4 g) during the
2 week screening period. Patients with primary and sec-
ondary OA were eligible for the study. At the end of
the screening period, patients had to be experiencing
sub-optimal analgesia with moderate to severe pain (con-
firmed by a Box-Scale-11 [BS-11] score �4 for their pain
on average at their primary OA site during the last 7 days
prior to the baseline visit). Patients were excluded from the
study if their average BS-11 pain score prior to baseline was
54, if they had previously been treated with high potency
opioid analgesics (including buprenorphine) for their
OA pain, if they had received a regular dose of tramadol,
codeine or dextropropoxiphene for 41 week within 1
month before the screening visit. Patients were also
excluded if they required NSAIDs (except aspirin for car-
diovascular indications) or COX-2 inhibitors during the
study, or if they had a history of/ongoing chronic condi-
tion(s) other than OA (e.g. frequent migraine) that
required frequent analgesic therapy.

Study treatment

At the screening visit patients discontinued any current
analgesic treatment and received study paracetamol (max-
imum tolerated dose �2 g/day but �4 g/day) during the
2 week screening period. Patients with a BS-11 score �4
for their pain on average during the last 7 days of the
screening period in their primary OA joint started open-
label treatment with buprenorphine transdermal patches
at the baseline visit. All patients received buprenorphine
transdermal patches since no comparative treatment was
considered suitable or ethical for the age groups to be
studied due to the pharmacokinetic profiles of NSAIDs
and other low/high potency opioids. Patients received
study treatment for 12 weeks, and new patches were
applied every 7 days. The 12 week treatment period was
in accordance with the EMEA guideline for the conduct of
clinical trials in patients with chronic pain31.

Patients started on a buprenorphine patch strength of
5 mg/h and were titrated, if necessary, to a maximum of
40 mg/h to achieve stable pain control. Dose levels were
5, 10, 15, 20, 25, 30 and 40 mg/h; each dose comprising one
or two patches of strength 5, 10 or 20 mg/h. An effective
and tolerated dose was determined based on BS-11 pain
scores, amount of rescue medication used and adverse
events. Patients were to be treated for between 7 and 14
days before up-titration to the next dose was considered;
however, the dose could be increased earlier if the patient
was not receiving adequate analgesia and had experienced
no moderate to severe opioid-related adverse events for

4 days. Dose titration (up-titration or down-titration)
was allowed throughout the treatment period. Patches
were applied for 7 days of continuous wear on one of the
following areas (right or left): upper arm, anterior thorax,
lower anterior axillary line and upper back. Once the
patch had been applied to a particular site, the patient
was instructed not to use the same site again for 3–4 weeks.

Paracetamol (as 500 mg tablets) was available as rescue
analgesic therapy throughout the study. Patients were
advised to take 1 g for breakthrough pain up to a daily
maximum dose of 4 g. Aspirin for cardiovascular indica-
tions (up to 320 mg/day), a stable dose of glucosamine and
a stable physiotherapy regimen were also permitted,
but any other analgesic medication and steroids were
prohibited during the study.

Efficacy assessments

Study visits were at screening (14 days before the baseline
visit), baseline (day of first patch application) and weeks 1,
2, 4, 6, 8 and 12. A follow-up visit was performed 1 week
after the last patch was removed.

The primary endpoint was the BS-11 pain score for pain
on average during the last week. Patients recorded their
BS-11 score for pain on average during the day in a patient
diary each evening on a scale of 0 (no pain) to 10 (pain as
bad as you can imagine) in response to the following ques-
tion: ‘Overall, what has your pain been like in the primary
OA joint today?’ The BS-11 score is a commonly used and
accepted pain measure in clinical studies32–34 and has pre-
viously been used to measure pain intensity in patients
with OA5,6.

The following secondary efficacy variables were also
investigated: Western Ontario and McMaster
Universities OA Index (WOMAC OA Index, Version
NRS 3.1), European Quality of Life Health
Questionnaire (EQ-5D), sleep disturbance and quality
of sleep questions, Patients’ Global Assessment of Pain
Relief, Investigators’ Global Assessment of Pain Relief,
and rescue medication use.

The WOMAC OA Index is a standard measure for
clinical studies in patients with OA of the hip and knee
that measures symptoms and physical functioning using 24
specific items relating to pain, stiffness and physical func-
tion. The EQ-5D questionnaire includes the EQ-5D-3L
descriptive system, comprising the following dimensions:
mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression. Each dimension has three levels: no
problems, some problems and extreme problems. The
EQ-5D also includes the EQ visual analogue scale
(EQVAS), which records the respondent’s self-rated
health on a vertical, visual analogue scale from 0 (‘the
worst health you can imagine’) to 100 (‘the best health
you can imagine’)35. The WOMAC OA Index and EQ-5D
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were completed at screening, baseline and the week 12/
completion visit.

Sleep disturbance and quality of sleep were assessed at
all visits using the questions ‘How many nights have you
woken due to pain during the past 7 nights?’ and ‘Please
rate the quality of your sleep over the past 7 nights’ (very
poor, poor, fair, good, very good). Patients’ Global
Assessment of Pain Relief was recorded at the week 12/
completion visit using the questions ‘How would you rate
the study medication at relieving your pain?’ (very poor,
poor, fair, good, very good), ‘How would you rate the study
medication at relieving your pain compared to your regular
(pre-study) medication?’ (much worse, worse, same, better,
much better) and ‘How would you rate the study medica-
tion overall as a treatment for your pain (taking into
account the quality of pain relief achieved and any adverse
events you may have encountered)?’ (very poor, poor, fair,
good, very good). The Investigator’s Global Assessment of
Pain Relief was also completed by investigators at the week
12/completion visit using the same questions with regards
to their patient’s pain.

Patients recorded their daily intake of paracetamol
(rescue medication) in the patient diary.

Safety assessments

Vital sign measurements (supine respiratory rate, blood
pressure and pulse rate), blood chemistry tests and a phys-
ical examination were performed at screening and the
week 12/completion visit; vital signs were also collected
at the follow-up visit. Adverse events were recorded
throughout the study, including details of severity and rela-
tionship to study medication. The patch application site
was assessed for erythema and edema by study site staff
after removal of the patch at each visit during the treat-
ment period.

Sample size estimation

The sample size for the study, based on two sample t-tests,
was calculated based on a non-inferiority margin for BS-11
score of �1.5, an expected age group difference of 0, a
standard deviation (SD) of 2 and 90% power. Using this
calculation a total of 78 patients (39 per age group) were
required for analysis; based on withdrawal rates in previous
studies it was planned to enroll 102 patients (51 per age
group).

Statistical methods

The primary objective of the study was to show non-
inferiority of buprenorphine transdermal patch in elderly
patients aged �75 years compared with patients aged
50–60 years with regard to the primary endpoint, BS-11

pain scores for pain on average during the last week. An
analysis of covariance (ANCOVA) model, including age
group and study site as factors and baseline BS-11 pain
score and gender as covariates, was used to compare the
change from baseline to last visit (i.e. the week 12 or com-
pletion visit) in BS-11 pain scores for the two age groups.
The difference in least-square (LS) means for the �75
years age group compared with the 50–60 years age group
and the two-sided 95% CI for the difference were esti-
mated. Non-inferiority of the elderly age group was to be
inferred if the lower 95% CI for the age group difference
was less than�1.5. A lower non-inferiority margin of�1.5
for the difference between the age groups in BS-11 score
was considered to be clinically acceptable, based on previ-
ous studies with buprenorphine transdermal patches5,6 and
in line with the Initiative on Methods, Measurement, and
Pain Assessment in Clinical Trials (IMMPACT) recom-
mendations36. The test of non-inferiority was performed at
a one-sided 0.025 level.

The differences between the age groups in the change
from baseline to last visit for the WOMAC OA Index
(pain, stiffness and physical function subscales and total
score), EQ-VAS, EQ-5D Index, the sleep disturbance
question and the sleep quality question were analyzed
using the Wilcoxon rank sum test. Within-age group dif-
ferences for these endpoints were tested using a Wilcoxon
signed-rank test. The differences between the age groups in
the EQ-5D-3L, Patients’ Global Assessment of Pain Relief
and Investigator’s Global Assessment of Pain Relief at the
last visit were analyzed using chi-square tests without con-
tinuity correction. Rescue medication use was summarized
using descriptive statistics. All statistical tests performed
on the secondary efficacy endpoints were interpreted at
the 5% significance level (two-tailed).

Efficacy analyses were performed on the full analysis set
(FAS; patients who received buprenorphine patch or study
paracetamol and had at least one post-baseline efficacy
assessment) and the per-protocol population (PP popula-
tion; patients in the FAS population without major proto-
col violations). Both the FAS and the PP population were
required to show non-inferiority in the primary efficacy
analysis for non-inferiority to be concluded between the
age groups. The baseline visit was visit 2 (end of screening
period/start of treatment period). Last observation carried
forward (LOCF) was used to replace missing data for all
efficacy analyses. All analyses performed and presented
here were planned prior to database lock, with the excep-
tion of the within-age group analyses performed on the
secondary efficacy endpoints.

Safety results were descriptively summarized for the
safety population (patients who received buprenorphine
patch or study paracetamol and had any post-baseline
adverse event information). Statistical programming and
analyses were performed using SAS Version 9.2.
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Results

Study subjects

Out of 199 patients screening for eligibility, 122 were
enrolled into the study. Sixty-five patients were aged
50–60 years (hereafter referred to as the younger group)
and 57 patients were aged �75 years (hereafter referred to
as the elderly group). In the younger group, 40 patients
completed the study and 25 were withdrawn; 16 due to
adverse events, 7 withdrew their consent and 2 due
to lack of therapeutic effect. In the elderly group,
39 patients completed the study and 18 were withdrawn;
12 due to adverse events, 3 withdrew their consent, 2
due to protocol violation and 1 due to lack of
therapeutic effect.

The mean age of patients was 55 years (range: 50–60
years) in the younger group and 80 years (range: 75–93
years) in the elderly group. Approximately 60% of all
patients enrolled were female, and all patients were
Caucasian. Comorbidities were reported for more patients
in the elderly group (95%) compared with the younger
group (79%).

The primary OA joint was the knee for 69% of patients
in the younger group and 74% of patients in the elderly
group; the OA radiographic grade was II or III for the
majority of these patients (91% in the younger group
and 74% of patients in the elderly group). The primary
OA joint was the hip for 31% of younger patients and
26% of elderly patients; the OA radiographic grade was
II or III for the majority of these patients (approximately
85% in both age groups). As may be expected, overall
concomitant medication use was higher in the elderly
group than the younger group. A total of 84% of patients
had used analgesic treatment prior to entering the study;
these were mainly anilides (used by 62% of younger
patients and 79% of elderly patients), topical NSAIDs
(used by approximately 25% of patients in both age
groups) and acetic acid derivatives (taken by 35% of
younger patients and 21% of elderly patients).

All patients were included in the FAS and the safety
population; results for these populations are presented
below (FAS for efficacy results and safety population for
safety results). A total of 42 patients (24 in the younger
group and 18 in the elderly group) were excluded from
the PP population due to protocol violations. Results for
the PP population are not presented here but supported
results for the FAS for all efficacy endpoints, except
the WOMAC pain subscale.

Exposure

Percentage compliance was calculated as (number of days
on study patch/84)� 100. Mean (SD) compliance was
78% (37.5%) in the younger group and 79% (32.6%) in

the elderly group, i.e. 66 days in both age groups.
Approximately 64% of patients in both age groups received
study treatment for �70 days. The maximum buprenor-
phine patch dose was between 5 and 20 mg/h for the major-
ity of patients, with only 7 patients (11%) in the younger
group and 3 patients (5%) in the elderly group receiving a
dose of more than 20 mg/h. The median optimal dose
(defined as the last dose the patient received)
for patients in the PP population who completed the
study was 15 mg/h in the younger group and 10 mg/h in
the elderly group and the mean optimal dose was 14.5 mg/
h in the younger group and 11.3 mg/h in the elderly group
(post hoc analysis). These values are representative of use
of buprenorphine patches in the clinical setting.

Primary outcome measure

All data presented here represent the average BS-11 scores
over the 7 days before each visit. The BS-11 score at base-
line was significantly higher in the younger group com-
pared with the elderly group (6.49 vs. 5.91, p¼ 0.008)
(Table 1). Both age groups showed a statistically signifi-
cant change from baseline to last visit in BS-11 score, with
a LS mean change (standard error) of 1.87 (0.305) for the
younger group and 2.20 (0.307) for the elderly group
(Table 2). The difference in LS means for the elderly
group compared with the younger group was 0.33 (95%
CI: �0.42, 1.07; p¼ 0.383, Table 2), therefore the elderly
group was non-inferior to the younger group since
the lower limit of the 95% CI was greater than the pre-
defined non-inferiority limit of �1.5. This conclusion was
supported by results for the PP population (difference in LS
means 0.44; 95% CI: �0.55, 1.42; p¼ 0.380). Although
baseline BS-11 scores were higher for the younger group
than the elderly group, Table 1 shows that the absolute
change and the percentage change from baseline were
very similar in both age groups (1.99/30.1% in the younger
group and 1.87/31.7% in the elderly group). Larger reduc-
tions were observed in the PP population (2.37/35.9% in
the younger group and 2.09/35.6% in the elderly group).
The reduction in BS-11 pain score with buprenorphine
patch was sustained over the entire 12 week treatment
period, with a gradual reduction in BS-11 scores over
time (Figure 1; note that the figure shows BS-11 score on
the day before each visit, and not average scores over 7
days).

Secondary outcome measures

WOMAC OA Index
The WOMAC OA Index is a disease-specific instrument
used to measure symptoms (pain and stiffness) and phys-
ical functioning of patients with OA of the hip and knee.
There was a significant improvement in WOMAC total
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score from baseline to last visit in both the younger group
(mean change [SD]:�1.55 [1.696]; 95% CI:�1.97,�1.13;
p50.0001) and the elderly group (mean change [SD]:
�1.28 [1.569]; 95% CI: �1.69, �0.86; p50.0001). The
improvement is shown as a boxplot in Figure 2. Marked
improvements were also observed for both age groups in
terms of the WOMAC pain, stiffness and physical func-
tioning subscales, although the within-age group changes
from baseline for the WOMAC subscales were not sub-
jected to statistical analysis (Table 3). There were no
significant differences between the age groups for the
change from baseline to last visit in WOMAC total
score (p¼ 0.446), pain subscale (p¼ 0.100), stiffness
subscale (p¼ 0.904) or physical function subscale
(p¼ 0.578). Although not significant, the mean (SD)
change from baseline to last visit in the pain subscale
was larger in the younger group (�1.93 [2.036]) compared
with the elderly group (�1.36 [1.777]) for the FAS; the age
group difference reached statistical significance for the
PP population (mean [SD] change �2.60 [1.884] in the
younger group and �1.52 [1.653] in the elderly group,
p50.003 for age group difference). The smaller change
from baseline in the WOMAC pain subscale score for
the elderly group for the FAS is probably due to a lower
mean baseline score (5.17 [1.568] compared to 5.90 [1.340]

Table 1. BS-11 pain scores at baseline and last visit, and change from baseline to the last visit: full analysis population.

Variable Statistic 50–60 years
(N¼ 65)

� 75 years
(N¼ 57)

All
(N¼ 122)

Baseline values Mean (SD) 6.49 (1.322) 5.91 (1.111) 6.22 (1.257)
95% CI (6.16, 6.81) (5.61, 6.20) (5.99, 6.44)
Median (range) 6.6 (4.0–9.4) 5.9 (4.3–9.4) 6.1 (4.0–9.4)

Last values Mean (SD) 4.50 (1.975) 4.04 (2.011) 4.28 (1.997)
95% CI (4.01, 4.99) (3.50, 4.57) (3.93, 4.64)
Median (range) 4.3 (1.0–9.1) 4.0 (0.6–9.0) 4.0 (0.6–9.1)

Absolute change Mean (SD) 1.99 (1.916) 1.87 (1.877) 1.93 (1.891)
95% CI (1.51, 2.46) (1.37, 2.37) (1.59, 2.27)
Median (range) 1.8 (�1.9–7.0) 2.1 (�3.0–7.0) 2.0 (�3.0–7.0)

Percentage change Mean (SD) 30.1 (27.22) 31.7 (31.04) 30.9 (28.96)
95% CI (23.39, 36.89) (23.47, 39.94) (25.68, 36.06)
Median (range) 29.6 (�31.7–87.01) 34.9 (�50.0–89.5) 33.6 (�50.0–89.5)

Baseline values calculated as average of the last 7 days with BS-11 score before first dose.
Last values calculated as average of the last 7 days with BS-11 score before or at last dose.
Absolute change calculated as baseline values - last values.
Percentage change calculated as ([baseline value - last value]/baseline value)� 100.
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Figure 1. Mean BS-11 pain score by visit: full analysis population.

Table 2. Results of ANCOVA model for change from baseline to the last visit in BS-11 pain score: full analysis population.

Age group LS mean Standard error 95% confidence interval p-Value

50–60 years 1.87 0.305 (1.27, 2.48) 50.0001
�75 years 2.20 0.307 (1.59, 2.81) 50.0001
Age group difference �75 years vs. 50–60 years 0.33 – (�0.42, 1.07) 0.383
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for the younger group), meaning the elderly group had less
scope for large improvements from baseline. The mean
score for the pain subscale at the last visit was similar for
each age group (3.97 [2.118] for the younger group and
3.81 [1.932] for the elderly group).

EQ-5D
Responses in each of the EQ-5D dimensions at the last
visit were broadly comparable across the two age groups,
except that the proportion of patients reporting some prob-
lems with usual activities and anxiety/depression was
higher in the younger group (49% and 39%, respectively)
than the elderly group (30% for both dimensions)
(Table 4). All except two patients in each group reported

at least some problems with pain/discomfort. No signifi-
cant differences between the age groups were identified for
any of the EQ-5D dimensions.

There were significant improvements in patients’ over-
all health state from baseline to last visit for both age
groups indicated by the EQ-5D VAS results (Table 5).
The EQ-5D VAS score increased by an average of 6.8 in
both groups. The age group difference in the change from
baseline to last visit in EQ-5D VAS was not statistically
significant.

Sleep disturbance/sleep quality
At baseline, the mean number of nights the patient had
sleep disturbances due to pain over the past 7 nights was
significantly higher in the younger group than the elderly
group (mean [SD] 4.11 [2.70] vs. 2.77 [2.92]; p¼ 0.004).
There was a significant decrease in the mean number of
nights the patient had sleep disturbances due to pain over
the past 7 days from baseline to the last visit in both age
groups. The mean (SD) change from baseline was �1.91
(2.62) in the younger group (95% CI: �2.56, �1.26;
p50.0001) and �1.67 (2.55) in the elderly group (95%
CI: �2.34, �0.99; p50.0001). There were no significant
differences between the age groups regarding the change
from baseline to last visit in the number of nights with
sleep disturbances due to pain (p¼ 0.761). The mean
number of nights with sleep disturbances due to pain is
shown by visit in Figure 3.

The proportion of patients rating sleep quality as
‘good’ or ‘very good’ increased from 23% to 49% in
the younger group and from 37% to 61% in the eld-
erly group from baseline to last visit. The overall
change in sleep quality rating in the elderly group
was significant (p¼ 0.0037) but the change in the
younger group did not reach statistical significance
(p¼ 0.057); there was no significant difference in

Table 3. Change from baseline to the last visit in WOMAC total score and subscale scores: full analysis population.

Statistics 50–60 years
(N¼ 65)

�75 years
(N¼ 57)

All
(N¼ 122)

WOMAC Total Score
Mean change (SD) �1.55 (1.696) �1.28 (1.569) �1.42 (1.637)
95% CI (�1.97, �1.13) (�1.69, �0.86) (�1.71, �1.13)
Median (range) �1.54 (�5.63–2.17) �1.25 (�4.71–2.96) �1.47 (�5.63–2.96)

WOMAC Pain Subscale
Mean change (SD) �1.93 (2.036) �1.36 (1.777) �1.66 (1.932)
95% CI (�2.43, �1.42) (�1.83, �0.89) (�2.01, �1.32)
Median (range) �2.0 (�7.6–2.8) �1.4 (�5.2–3.2) �1.6 (�7.6–3.2)

WOMAC Stiffness Subscale
Mean change (SD) �1.62 (2.166) �1.67 (2.128) �1.64 (2.140)
95% CI (�2.15, �1.08) (�2.23, �1.1) (�2.02, �1.26)
Median (range) �2.0 (�8.0–3.5) �1.5 (�6.0–2.0) �1.5 (�8.0–3.5)

WOMAC Physical Function Subscale
Mean change (SD) �1.42 (1.697) �1.2 (1.575) �1.32 (1.638)
95% CI (�1.84, �1.00) (�1.62, �0.79) (�1.61, �1.03)
Median (range) �1.3 (�6.0–2.0) �1.4 (�4.5–3.4) �1.3 (�6.0–3.4)
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Figure 2. Boxplot of WOMAC total score by visit: full analysis population.
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the change from baseline in sleep quality ratings
between the age groups (p¼ 0.394).

Patients’ and Investigators’ Global Assessment of
Pain Relief
There were no significant differences between the age
groups in responses to the questions of the Patients’
and Investigators’ Global Assessment of Pain Relief
(Table 6). The majority of patients and investigators
rated buprenorphine patches as ‘good’ or ‘very good’ at
relieving pain (65% and 68%, respectively, in the
younger group and 61% and 59%, respectively, in
the elderly group).

Rescue medication use
At baseline (end of the screening period), the mean (SD)
number of tablets of rescue medication (paracetamol
500 mg) taken each day was 5.7 (1.41) in the younger
group and 5.2 (1.29) in the elderly group. This had dropped
to 2.7 tablets (2.19) in the younger group and 2.8 tablets
(2.59) in the elderly group by the end of week 1 and mean
values remained in the range 2.1 to 2.8 tablets at all sub-
sequent visits (Figure 4).

Safety results

The proportion of patients reporting adverse events was
similar for the elderly group (53 patients [93%]) compared
with the younger group (61 patients [94%]). Patients in the
younger group reported almost twice as many adverse
events (338) as patients in the elderly group (175), but
the number of unique adverse events was similar for both
groups (72 and 65, respectively), indicating that patients
in the younger group reported the same type of adverse
event on multiple occasions. The most common adverse

events reported in both age groups were nausea, dizziness,
fatigue, constipation and headache, which are consistent
with the expected side-effect profile for opioid analgesics
(Table 7). The proportion of patients with treatment-
related adverse events (those adverse events considered
possibly, probably, or definitely related) was higher in
the younger group (92%) than the elderly group (77%),
as was the proportion of adverse events that were con-
sidered treatment-related (279/338, 83% vs. 115/175,
66%). Nausea and dizziness were most frequently con-
sidered to be treatment related. Most adverse events
(90% in the younger group and 95% in the elderly
group) were mild or moderate in severity.

Five patients in the elderly group experienced a total of
10 serious adverse events; pancreatitis, cholelithiasis, foot
fracture, joint dislocation, upper limb fracture and pul-
monary embolism (all rated as not related or unlikely to
be related by the investigators), and increased alanine
aminotransferase, aspartate aminotransferase, alkaline
phosphatase and gamma-glutamyltransferase (all probably
related and occurring in the same patient). No serious
adverse events were reported in the younger group.
Eleven percent of patients in the younger group and 10%
of patients in the elderly group required a reduction in
study medication dose and 17% of the younger group
and 15% of the elderly group were discontinued from
study treatment due to adverse events. Adverse events
leading to discontinuation of more than two patients in
either age group were nausea, dizziness, constipation,
vomiting, fatigue and erythema; all of these adverse
events led to discontinuation of more patients in the
younger group than the elderly group, except constipation,
which more frequently led to discontinuation of elderly
patients (five patients vs. two patients).

Patch site reactions were assessed by study site staff at
each visit. The majority of patients in both age groups did

Table 4. EQ-5D dimension results at the last visit: full analysis population.

Variable Response 50–60 years (N¼ 65)
n (%)

�75 years (N¼ 57)
n (%)

All (N¼ 122)
n (%)

Mobility No problems 13 (20.0) 15 (26.3) 28 (23.0)
Some problems 52 (80.0) 42 (73.7) 94 (77.0)

Self-care No problems 60 (92.3) 55 (96.5) 115 (94.3)
Some problems 5 (7.7) 2 (3.5) 7 (5.7)

Usual Activities No problems 32 (49.2) 39 (68.4) 71 (58.2)
Some problems 32 (49.2) 17 (29.8) 49 (40.2)
Extreme problems 1 (1.5) 1 (1.8) 2 (1.6)

Pain/Discomfort No problems 2 (3.1) 2 (3.5) 4 (3.3)
Some problems 50 (76.9) 50 (87.7) 100 (82.0)
Extreme problems 13 (20.0) 5 (8.8) 18 (14.8)

Anxiety/Depression No problems 37 (56.9) 40 (70.2) 77 (63.1)
Some problems 25 (38.5) 17 (29.8) 42 (34.4)
Extreme problems 3 (4.6) 0 (0.0) 3 (2.5)
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not show any evidence of irritation. Between 11% and
27% of patients in the younger group and between 2%
and 9% of patients in the elderly group showed minimal
erythema at each visit. The overall proportion of patients
with definite/intense erythema was 55% at each visit,
except the last visit where it was 8%. All measured clinical
parameters (vital signs, body weight, blood chemistry par-
ameters) remained relatively constant between baseline
and last visit.

Discussion

The current study demonstrated similar good efficacy and
tolerability of buprenorphine patches in elderly patients
aged �75 years to younger patients aged 50–60 years
with chronic OA pain.

Ageing is a source of variability in drug response and, as
a result, the usual adult dosage regimen may need to be
modified, particularly in the elderly, if optimal therapy is
to be achieved. However, a previous pharmacokinetic

study with buprenorphine transdermal patch 5 mg/h for
14 days showed only slightly lower systemic exposure of
buprenorphine at a steady state in patients aged �75 years
(mean [SD] AUCtau 9940 pg�h/mL [4827 pg�h/mL]) than
in patients aged 50–60 years (mean [SD] AUCtau

11,309 pg�h/mL [3670 pg�h/mL]), suggesting no need to
adjust the dose due to the patient’s age, at least from a
pharmacokinetic point of view28.

The current study aimed to verify the results of the
pharmacokinetic study in a clinical setting. An open
study design was chosen to evaluate the buprenorphine
transdermal patches in a clinically relevant manner. A
total of 122 patients were enrolled (65 aged 50–60 years
and 57 aged �75 years) and 40 (62%) and 39 (68%),
respectively, completed the study. Patients in both age

Table 6. Patients’ and Investigators’ Global Assessment of Pain Relief at the
last visit: full analysis population.

Response Investigators’ assessment Patients’ assessment

50–60 years

(N¼ 63)

n (%)

�75 years

(N¼ 54)

n (%)

50–60 years

(N¼ 63)

n (%)

�75 years

(N¼ 54)

n (%)

Relieving pain

Very poor 0 (0.0) 3 (5.6) 3 (4.8) 4 (7.4)

Poor 11 (17.5) 7 (13.0) 10 (15.9) 8 (14.8)

Fair 8 (12.7) 11 (20.4) 9 (14.3) 9 (16.7)

Good 23 (36.5) 20 (37.0) 26 (41.3) 23 (42.6)

Very good 20 (31.7) 12 (22.2) 15 (23.8) 10 (18.5)

Missing 1 (1.6) 1 (1.9) – –

p-Value 0.315 0.930

Relieving pain compared with pre-study treatment

Much worse – – 3 (4.8) 1 (1.9)

Worse 9 (14.3) 5 (9.3) 10 (15.9) 6 (11.1)

Same 11 (17.5) 18 (33.3) 9 (14.3) 18 (33.3)

Better 26 (41.3) 21 (38.9) 23 (36.5) 15 (27.8)

Much better 16 (25.4) 9 (16.7) 17 (27.0) 14 (25.9)

Missing 1 (1.6) 1 (1.9) 1 (1.6) 0 (0)

p-Value 0.324 0.198

Relieving pain overall

Very poor 9 (14.3) 8 (14.8) 11 (17.5) 8 (14.8)

Poor 16 (25.4) 9 (16.7) 16 (25.4) 9 (16.7)

Fair 10 (15.9) 9 (16.7) 7 (11.1) 8 (14.8)

Good 18 (28.6) 20 (37.0) 20 (31.7) 22 (40.7)

Very good 9 (14.3) 7 (13.0) 9 (14.3) 7 (13.0)

Missing 1 (1.6) 1 (1.9) – –

p-Value 0.883 0.705
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Figure 3. Mean number of nights with sleep disturbances due to pain in last
7 nights by visit: full analysis population.

Table 5. Change from baseline to the last visit in EQ-5D VAS: full analysis population.

Statistics 50–60 years
(N¼ 65)

�75 years
(N¼ 57)

All
(N¼ 122)

Mean (SD) 6.80 (21.14) 6.79 (20.28) 6.80 (20.65)
95% CI (1.56, 12.04) (1.41, 12.17) (3.09, 10.50)
Median (range) 9 (�65–83) 5 (�43–65) 6.5 (�65–83)
p-value for between-group differences 0.914
p-value for within-group differences 0.003 0.014
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groups showed treatment compliance for opioid analgesic
treatment, receiving 66 of the planned 84 days (78%) of
treatment with buprenorphine transdermal patches on
average.

In terms of the primary endpoint, both age groups
showed a statistically significant (p50.0001) change
from baseline to last visit in BS-11 score, with no differ-
ence between the age groups (p¼ 0.383). The LS mean
change from baseline from the ANCOVA model (adjust-
ing for baseline BS-11 score) was 2.20 in elderly patients
and 1.87 in younger patients, with an age group difference
of 0.33 (95% CI: �0.42, 1.07). Non-inferiority of the

elderly group compared with the younger group was
shown since the lower limit of the 95% CI was greater
than the pre-defined non-inferiority limit of �1.5. The
robustness of the primary analysis on the FAS was sup-
ported by similar results for the PP population.

The primary endpoint focused on weekly mean changes
of the patient’s average daily pain measured using the
BS-11 pain score. Farrar et al.37 analyzed the pooled results
of 10 placebo-controlled studies involving patients with
chronic pain syndromes (OA, diabetic neuropathy, post-
herpetic neuralgia, chronic low back pain and fibromyal-
gia) to substantiate the association between change in
pain intensity on an 11-point numeric rating scale and
an improvement in quantifiable measures of clinical
status. The analysis showed that, on average, a reduction
of approximately 2 points from baseline on the 11 point
pain rating scale (equivalent to a 30% reduction on pain
severity from baseline) corresponds to a clinically mean-
ingful improvement. A subsequent study38 has also demon-
strated that on a 0 to 10 numeric rating scale of pain
intensity for patient-reported ‘average’ pain, a percentage
change of 34% most accurately represented a clinically
important difference, namely the Patient Global
Impression of Improvement (PGI-I) category of ‘much
better’ or higher. The BS-11 uses a similar 11 point scale
to that used by Farrar et al.37,38, but on a box scale. The
non-adjusted mean reduction in BS-11 pain scores in the
FAS in the current study was 1.99 (30.1% reduction from
baseline) in the younger group and 1.87 (31.7% reduction
from baseline) in the elderly group, with larger mean
reductions observed in the PP population (2.37/35.9% in
the younger group and 2.09/35.6% in the elderly group).
Although the numerical reduction from baseline was
slightly larger in the younger group, baseline scores were
higher for the younger group than the elderly group (6.49

Table 7. Incidence of common adverse events by MedDRA system organ class and preferred term: safety population.

50–60 years (N¼ 65) �75 years (N¼ 57)

System Organ Class Preferred Term No. of AEs Patients (%) No. of AEs Patients n (%)

Gastrointestinal disorders Constipation 17 12 (18.5) 21 16 (28.1)
Nausea 53 31 (47.7) 22 17 (29.8)
Vomiting 16 11 (16.9) 4 1 (1.8)
Diarrhea 1 1 (1.5) 3 3 (5.3)

General disorders and administration site conditions Fatigue 26 23 (35.4) 14 14 (24.6)
Infections and infestations Nasopharyngitis 10 10 (15.4) 4 4 (7.0)
Musculoskeletal and connective tissue disorders Arthralgia 6 5 (7.7) 2 2 (3.5)
Nervous system disorders Dizziness 30 21 (32.3) 23 19 (33.3)

Headache 28 15 (23.1) 4 4 (7.0)
Paresthesia 6 6 (9.2) 0 0
Somnolence 8 8 (12.3) 3 3 (5.3)
Tremor 1 1 (1.5) 3 3 (5.3)

Psychiatric disorders Anxiety 6 4 (6.2) 1 1 (1.8)
Skin and subcutaneous tissue disorders Erythema 15 10 (15.4) 4 4 (7.0)

Hyperhidrosis 8 6 (9.2) 3 3 (5.3)
Pruritus 12 9 (13.8) 2 2 (3.5)
Rash 5 4 (6.2) 0 0
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Figure 4. Mean number of tablets of rescue medication taken per day by
visit: full analysis population.
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vs. 5.91, respectively) resulting in very similar percentage
reductions from baseline for both age groups. Overall, both
age groups showed a430% mean reduction in pain inten-
sity compared to baseline, which can be considered to be
clinically significant.

The statistically significant and clinically relevant
changes from baseline to last visit for the primary endpoint
were further supported by significant improvements from
baseline to the last visit in WOMAC total score, patients’
overall health state (EQ-5D Index and EQ-5D VAS) and
sleep quality, and significant reductions in the mean
number of nights with sleep disturbances due to pain and
rescue medication use for both age groups. This provides
strong evidence that patients experienced greater pain
relief following the switch to buprenorphine patch com-
pared with the maximal tolerated dose of paracetamol
taken during the screening period. No significant differ-
ences were found between the age groups for any of the
secondary efficacy endpoints, with the exception of
WOMAC pain subscale score in the PP population,
which showed a significantly larger decrease in the
younger group. However, since several statistical signifi-
cance tests were performed and no adjustment for multi-
plicity was implemented, the results from the secondary
efficacy analyses should be interpreted with some caution.

A limitation of the study is the lack of any active con-
trol, but no other opioid analgesics were considered appro-
priate due to their pharmacokinetic profile in the elderly
or due to the indication, strong opioids being indicated
for severe pain. Although the duration of the study was
limited to 12 weeks, this was in accordance with EMEA
guidelines31, and the study was performed at the patients’
usual clinic and closely reflected normal clinical practice.
It is also noted that the elderly group of patients included
in this study had additional co-morbidity and concomitant
medications, as they would in normal practice, and
patients were not excluded from the study for these
reasons. Overall the results of this study are expected to
translate well into a real-life clinical setting.

The results from the current study are supported by the
results from several other studies of transdermal buprenor-
phine in the elderly39. Likar et al.40 studied the efficacy
and safety of buprenorphine transdermal patches in
patients with moderate to severe chronic pain in three
age groups: �65 years, 51 to 64 years and �50 years.
Buprenorphine patches were shown to be at least as effect-
ive at relieving pain in the elderly group (�65 years) as in
patients in the two younger age groups, with no age-related
differences in safety or tolerability. Buprenorphine trans-
dermal patches were also found to be equally effective for
patients with chronic pain aged �65 years, those aged
between 65 and 75 years, and those aged �75 years in a
prospective, observational study41. A further open, obser-
vational study of over 13,000 patients with moderate to
severe cancer or non-cancer pain in Germany found

buprenorphine transdermal patches provided effective,
sustained and dose-dependent analgesia irrespective of
the patient’s age42.

The incidence of adverse events was relatively high in
the present study, but this is not unexpected given the
slightly older population of generally opioid-naive
patients, and the events reported were consistent with
the expected adverse event profile of buprenorphine trans-
dermal patches21 and opioid analgesics in general. The
number of adverse events reported was higher in the
younger group than the elderly group, indicating that eld-
erly individuals tolerated the buprenorphine patches at
least as well as the younger individuals. Although five eld-
erly patients reported serious adverse events during the
study, only one had events (laboratory test abnormalities)
with a likely relationship to study treatment. Adverse
events were generally mild or moderate and patients
demonstrated good treatment persistence compared with
other opioids43, suggesting that the benefits of treatment
in terms of pain relief and improved function outweighed
the effect of adverse events. Other studies have also shown
no increase in adverse events with increasing age41,42.
In common with the current study, more adverse events
were reported by subjects in the younger group (50–60
years) than the elderly group (�75 years) in the previous
buprenorphine pharmacokinetic study28.

Swedish guidelines for treatment of chronic pain in the
elderly state that if paracetamol is not giving enough pain
relief, a high-potency opioid in low doses should be con-
sidered. The guidelines state that weak opioids, such as
tramadol and codeine, should be avoided for long-term
treatment among the elderly due to the risk of side
effects19. It has already been established that, unlike
other opioids, buprenorphine pharmacokinetics are not
altered by increasing age28. This is further strengthened
by the present study. The risk of respiratory depression is
lower than with other opioids44, and buprenorphine is
probably not associated with immunosuppression and
does not activate the hypothalamic–pituitary axis45. In
support of this, Pergolizzi et al.46 describes buprenorphine’s
effect on the immune system as ‘neutral’ and that opioid
agonists vary in their influence on the HPA axis.
Polypharmacy is common in the elderly and drug–drug
interactions through cytochrome P450 enzymes are
common in patients who are using multiple medications47;
however, buprenorphine is rapidly conjugated, and glucur-
onidation is associated with few drug interactions48.
Transdermal buprenorphine formulations have improved
the clinical use of buprenorphine, offering a convenient
form of administration with a continuous release rate that
is not affected by the absorption rate in the gut, which can
be physiologically impaired in elderly patients. All these
factors combined indicate that buprenorphine patches can
be considered a particularly suitable method of pain relief
in the elderly.
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Data from the current and previous studies show no
difference in analgesic efficacy and safety of buprenor-
phine transdermal patches in elderly patients compared
with younger patients, confirming buprenorphine to be
well suited for chronic pain management in the elderly
patient population, with no requirement for dose adjust-
ment due to age.

Conclusions

The study demonstrated good efficacy and tolerability of
buprenorphine patches in patients with chronic OA pain
regardless of age, and supports the conclusions from the
previous pharmacokinetic study of buprenorphine trans-
dermal patches in patients aged 50–60 years and �75
years, that no dose adjustment of transdermal buprenor-
phine is needed due to age in a clinical setting.
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28. Al-Tawil N, Odar-Cederlöf I, Berggren AC, et al. Pharmacokinetics of

transdermal buprenorphine patch in the elderly. Eur J Clin Pharmacol

2013;69:143-9

29. European Medicines Agency, International Conference on Harmonization–

World Health Organization. Guideline for Good Clinical Practice [EMA web-

site]. ICH Topic E6. Geneva, Switzerland: WHO, 2002. Available at: www.e-

ma.europa.eu/pdfs/human/ich/013595en.pdf [Last accessed 29 April 2013]

30. World Medical Association Declaration of Helsinki: Ethical Principles for

Medical Research Involving Human Subjects [WMA website]. Ferney-

Voltaire, France: WMA, 1989. Available at: www.wma.net/en/30publica-

tions/10policies/b3/17c.pdf [Last accessed 29 April 2013]

31. EMEA: CPMP/EWP/612/00. Note for guidance on clinical investigation of

medicinal products for treatment of nociceptive pain. London, 21

November 2002. Available at: http://www.ema.europa.eu/docs/en_GB/doc-

ument_library/Scientific_guideline/2009/09/WC500003525.pdf [Last

accessed 29 April 2013]

32. Jensen MP, Karoly P, Braver S. The measurement of clinical pain intensity:

a comparison of six methods. Pain 1986;27:117-26

33. Jensen MP, Karoly P, O’Riordan EF, et al. The subjective experience of acute

pain. An assessment of the utility of 10 indices. Clin J Pain 1989;5:153-9

34. Kremer E, Atkinson JH, Ignelzi RJ. Measurement of pain: patient preference

does not confound pain measurement. Pain 1981;10:241-8

35. Szende A, Oppe M, Devlin N (eds). EQ-5D Value Sets: Inventory, Comparatory

Review and User Guide. EuroQol Group Monographs Volume 2. The

Netherlands: Springer, 2007

36. Dworkin RH, Turk DC, Wyrwich KW, et al. Interpreting the clinical importance

of treatment outcomes in chronic pain clinical trials: IMMPACT recommen-

dations. J Pain 2008;9:105-21

37. Farrar JT, Young Jr JP, LaMoreaux L, et al. Clinical importance of changes in

chronic pain intensity measured on an 11-point numerical rating scale. Pain

2001;94:149-58

38. Farrar JT, Pritchett YL, Robinson M, et al. The clinical importance of changes

in the 0 to 10 Numeric Rating scale for Worst, Least, and Average Pain

Intensity: analyses of data from clinical trials of duloxetine in pain disorders.

J Pain 2010;11:109-18

39. Davis MP. Twelve reasons for considering buprenorphine as a frontline anal-

gesic in the management of pain. J Support Oncol 2012;10:209-19

40. Likar R, Vadlau EM, Breschan C, et al. Comparable analgesic efficacy of

transdermal buprenorphine in patients over and under 65 years of age.

Clin J Pain 2008;24:536-43
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